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PREFACE 

This manual updates the content of the original Purex 
Technical Manual (HW-31000), altering the descriptions of 
the process flowsheet, process technology, and plant and 
equipment designs which have been changed since the original 
manual was issued in 1955. Not included, or only briefly 
noted, are those changes which, at the time this manual was 
published, were not fully defined. Amon~ the latter changes 
are the addition of the plutonium dioxide process, the dis
position of sugar denitration of the high-level waste, modi
fications to the backup facility acid absorbers, and the 
choice of organic diluent for the solvent extraction process. 
These and other .changes should be added to the manual as soon 
as enough details for adequate descriptions are available . 

In preparing this manual, the authors have gathered 
infonnation from the original manual, from the many refer
ences cited in the text, and from personal experience or 
experiences of others acquired in Purex Plant operation. 
In recognition of their efforts, the editors gratefully 
acknowledge the major contributions of the following people: 

C. J. Evoniuk G. A. Nicholson 
J. w. Gehrke K. H. Oma 
R. G. Geier A. L. Pajunen 
0. W. Jeppson G. J . Raab 
s. J. Larson R. E. Van der Cook 
B. H. Nicholson 

; i 
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CHAPTER l .0 - INTRODUCTION 

This updated Purex Technical Manual ~ocuments the technical bases 
of the current Purex process and provides a physical description of the 
plant, equipment, and pro~ess at Hanford. Included are process, facility, 
and equipment changes which have occurred since the original Purex Tech
nical Manual (HW-31000} was published in March 1955. This manual is in
tended for use in training and educating personnel unfamiliar with the 
process and as a reference handbook for personnel responsible for the 
startup and operation of the plant. 

1.1 ARRANGEMENT AND CONTENT 

Chapter l .0 contains a summary of general infonnation about the manual, 
plant, and process. It is written to provide the reader with a synoptic 
description of the process and to aid in reading the manual. 

Chapter 2. 0 describes the site, plant, and supporting facilities. 

Chapter 3.0 describes the equipment currently used in the plant, and 
some of the reasons for equipment changes since plant startup; it also ref
erences blueprints describing the equipment in detail. 

Chapter 4.0 describes the process, process control techniques and 
methods for correcting typical off-standard conditions. 

Chapter 5.0 discusses the technology involved in fuel element declad
ding, uranium dissolution, and feed preparation. 

Chapter 6.0 discusses the solvent extraction technology used in pro
viding the separation of uranium, plutonium, neptunium, and fission products. 

Chapter 7.0 discusses the technology associated with the concentration 
of uranium and plutonium aqueous solutions . 

. Chapter 8.0 discusses the technology associated with concentrating aqueous 
neptunium nitrate, final purification of neptunium using ion exchange, and 
safety aspects involved with the ion exchange resin. 

Chapter 9.0 discusses the technology for the recovery of nitric acid and 
oxides of nitrogen (NOx) from off-gases, concentration of dilute acids into 
higher strength acid for reuse in the plant, and treatment of gaseous, aqueous, 
and solid wastes. 

Chapter 10.0 presents basic information concerning nuclear criticality, 
radiation and chemicai handl i ng safety applicable to the Purex Plant. 

l -1 
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1. 2 PUREX PLANT FUNCTION 

The Hanford Purex Plant, located in the 200 East Area, was designed 
and constructed to provide supplemental fue l reprocessing capability to 
separate plutonium and uranium products from irradiated fuel. The Purex 
(plutonium, uranium, reduction-extraction) process, developed at Oak Ridge 
National Laboratory (ORNL), Oak Ridge, Tennessee, as an improvement over 
the Redox (reduction oxidation extraction) process is used. The Purex 
Plant and process were designed to reprocess aluminum-clad uranium rnetal 
fuel to recover weapons-grade plutonium and depleted uranium, but have 
been modified to reprocess zirconium alloy (Zircaloy) clad fuel from 
N Reactor to recover fuels-grade plutonium, slightly enriched uranium, and 
neptunium. The plant is operated by Rockwell Hanford Operations (Rockwell) 
under the direction of the U.S. Department of Energy (DOE). 

Since the Purex Plant began processing spent fuel in 1956, a variety 
of fuels have been reprocessed. The fuel enrichments have varied from 
0.72 to 2. 1~ U-235; fuel exposures have varied from 300 to about 3,000 
megawatt-days per ton of uranium (MWd/t); and cooling times have varied from 
120 days to 7 years. Aluminum-clad and zirconium-clad fuels have been pro
cessed at Purex. Types of fuels processed include uranium metal, uranium 
and plutonium oxides, and thoria targets. During operations, improvements 
were made to increase production rates, provide diverse capabitity to handle 
various fuels, provide higher quality products, decrease environmental. 
releases, and improve the safety of the operation. · Additional changes have 
been made while the plant has been on standby since September 1972, and more 
are being developed and implemented. 

Purex Plant is operated to reprocess the inventory of stored N Reactor 
fuel to provide plutonium for research, reactor development, safety pro
grams, and United States defense; plus, provide slightly enriched uranium 
for fuel in reactors generating electricity and plutonium. 

1.2.1 Feed Material 

The current supply of feed to the Purex Plant is N Reactor fuel 
elements made of uranium metal with Zircaloy cladding. The fuel elements, 
consisting of tube-in-tube design, are of two enrichments: one designed 
with both tubes 0.947% U-235, and the other with the inner tube 0.947% U-235, 
and the outer tube 1.25% U-235 ("spike fuel"). ihe fuel element assembly 
is about 2.4 inches in d~ameter and from 15 to 26 inches in length (most 
being 26 inches). The fuel elements are black due to the formation of zir
conium oxide on the surface during fabricati~n and irradiation in the 
reactor. ihe exposure of the fuel elements to be processed ranges from 
about 1 ,OO.O to 3,000 MWd/t. _ The fuel is discharged from M Reactor, stored 
in N Reactor or K-East or K-West basins, cooled 180 days or longer, and 
shipped in cask cars to Purex for processing. 

1-2 
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About 18 tons of pressurized water reactor· ( PWR) fue 1 e 1 ements with 
Zircaloy cladding are scheduled to be processed also. A new head-end 
flowsheet will be required for processing this fuel at Purex. In addition, 
about 3.2 tons of aluminum-clad uranium-metal fuel elements, stored in 
four buckets in the Purex fuel storage basin since 1972, will be processed. 
This material is highly depleted uranium (0.2 to 0.3% U-235) containing 
3.7 kilograms of plutonium with an approximate 26% Pu-240 content. 

1 .2.2 Plutonium Product 

The plutonium product of the Purex Plant is a nitrate solution contain
ing approximately 350 g Pu/land about 7M nitric acid. The uranium content 
is less than 2,000 parts per million (ppm) parts plutonium. Other plutonium 
product specifications are listed in Section 7.2. The plutonium, depending 
on its isotopic content, is used to make breeder reactor fuel or weapons. 

1 .2.3 Uranium Product 

The uranium product of the Purex Plant is a concentrated uranyl 
nitrate hexahydrate (UNH) solution containing about 4.2 lb U/gal and less . 
than 0.1 lb HN03/gal. The plutonium content is less than 10 parts per bil
lion parts uranium. The maximum allowable fission product concentrations 
are as follows: 

ZrNb-95 10 1-1Ci/lb uranium 
Ru-103 and 20 uCi/1 b uranium 

RuRh-106 
All others, 20 1-1Ci/lb uranium 

excluding Tc-99 

The maximum allowable concentrations of other impurities are: 
iron 40 ppm parts uranium 
chromium 16 ppm parts uranium 
nickel 12 ppm parts uranium 
sodium 20 ppm parts uranium 
organic r~ondetectabl e 

The uranium product solution is shipped to 224-U Building in the 
200 West Area for calcination to uranium trioxide. This product is then 
shipped offsite for enrichment with U-235 and reuse as nuclear fuel. 

1-3 
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1.2.4 ~eptunium Product 

The Purex Plant neptunium product is a nitrate solution containing 
about 40 g Np/t, and greater than 0.3M nitric acid. At these conditions, 
the neptunium valence is stabilized at the (V) state. Maximum allowable 
actinide concentrations are: 

plutonium 
uranium 

thorium 

Th-234 

1.0 wt% of neptunium 
1 .0 wt% of neptunium 

3.0 wt~ of neptunium 

<25 ~Ci/g neptunium 

Allowable ZrNb-95 and ruthenium total concentration is less than 25 ~Ci/g 
neptunium. Neptunium was shipped to Savannah River, where it was used to 
produce Pu-238. While awaiting demand, the neptunium solution is stored 
in the canyon vessel TK-J2. This tank holds about 1,200 gallons, which is 
equivalent to the volume produced during many years of Purex operation. 

1 .2.5 Plant Processing Rate 

The Purex Plant processes r1 Reactor fuel at a nominal rate of 10 tons 
of uranium per day through the solvent extraction system on a campaign 
basis. The limiting parts of the process are the coating removal and coat
ing waste treatment steps in the head-end . . During a campaign, the batch
operated head-end is started to build up a feed inventory of about 35 tons 
of uranium as UNH solution in the solvent extraction feed tanks. The sol
vent extraction system is then started while the head-end is operated to 
provide a continuous feed supply. The solvent extraction system, consist
ing of 14 pulse columns, various feed tanks, pumps, concentrators, and 
associated equipment, operates as a continuous process. The plutonium and 
neptunium processing rates are dependent on the uranium processing rate 
and on the plutonium and neptunium concentrations in irradiated fuel ele
ments. The plutonium and neptunium concentrations depend on irradiation 
history of the fuel elements. The neptunium content in the fuel is 
also dependent on the U-236 content of the uranium used in making the 
fuel elements. Approximate plutonium and neptunium processing rates 
at various irradiation levels (MWd/t) of N Reactor fuel, corresponding 
to a uranium processing rate of 10 tons per day, are tabulated in 
Table 1-1 for 0.947 and 1 .15% U-235 enriched fuel. 

1-4 
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TABLE 1-1. Approximate Plutonium and ileptunium 
Processing Rates 

N Reactor -Processed per day at 10 tons 
Irradiation Level, Pu-240, ~a uranium per day 

JO 

MWd/t . 
Neptunium, g Plutonium, 

0.947% U-235 enriched 

2435 12 'v300 18.3 
1670 9 '\,220 l 3. 5 
1030 6 'v140 9.0 

1.15% U-235 enriched 

2950b 12 '\,280 16 . 0 
2030 9 'v240 14.4 
1280 6 'vl 50 9.8 

of 

kg 

~ In total plutonium. 
Decontaminated uranium solution i~ blended with this fuel to meet 

criticality specifications for solvent extraction processing. 

1.3 BASIC CHEMICAL PRINCIPLES OF THE PUREX PROCESS 

The Purex process is designed for i~dividual separations of uranium, 
plutonium, neptunium, and fission products which are combined in irradi
ated fuel elements. The desired components are separated and purified in 
this solvent extraction process by controlling their relative phase distri
butions between aqueous solutions and an immiscible organic solvent, tributyl 
phosphate (TBP), dissolved in a hydrocarbon diluent, normal paraffin hydro
carbon (NPH). I~ the followin~ subsections, the basic principles of the 
process are briefly described and the process is outlined. This section is 
intended only as an introduction to the process. More complete information 
is contained in Chapter 4.0. 

1.3.1 Properties of Uranium of Process Importance 

The Purex process utilizes the preferential extractability of uranyl 
nitrate by TBP to separate uranium from plutonium and the fission product 
elements. 

Metallic uranium is soluble in nitric acid forming an aqueous solu
tion of U0 2(N03)2•XH20. 
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The salts of uranium consist chiefly of two classes: the uranous 
uranium at a valence state of (IV) (green color), and the uranyl, uo2+2 
(yellow in color with a strong greenish fluorescence). Uranium may exist 
in other valence states, but only the tetravalent and hexavalent forms are 
comparatively stable in aqueous solutions. Uranium (IV) is a strong reduc
ing agent, and is not nonnally present in Purex process solutions since it 
is difficult to reduce uo2+2 to uranium (IV). The product of uranium metal 
d_issolution in nitric acid, UOz(rl03)z•XHzO, is very soluble in aqueous solu
tions, and in TBP. \.Jhen aqueous sol uti ans of uranyl nitrate are contacted 
with TBP, the uranium will distribute preferentially into the organic* phase 
if sufficient nitric acid is present as a salting agent in the aqueous phase. 
The uranium forms a complex compound [UOz(rl03)z•(TBP)z] in the organic phase 
of TBP and hydrocarbon. Advantage is taken of this preferential distribu
tion and the relative nonreducibility of U0z+2 in accomplishing the separ
ation of uranium from plutonium and fission products in the Purex process. 

1 .3.2 Properties of Plutonium of Process Importance 

The Purex process utilizes the preferential extractability of the 
plutonium (IV) and plutonium (VI) nitrates by TBP, and the virtual non
extractability of plutonium (III) nitrate to separate plutonium from ura
nium and the associated fission products. 

The dissolution of irradiated uranium fuel elements in nitric 
acid results in a solution in which the plutonium is chiefly in the 
(IV) valence state. · 

Solutions of trivalent (blue-violet), tetravalent (brown-green), 
pentavalent (colorless), and hexavalent (pink-orange)" plutonium have 
been produced. Plutonium (V) is unstable, and soon disappears by dis
proportionation to other valence states. Plutonium (III) is more 
stable than plutonium (V), but in the presence of mild oxidants is con
verted to p~utonium (IV). Both plutonium (IV) and plutonium (VI) nitrates 
can be made to distribute preferentially from an aqueous solution salted 
with nitric acid into TBP in the same manner as uo 2(M03)z, while the · 
plutonium (III) nitrate always favors the aqueous phase. Plutonium (IV) 
and plutonium (VI) form complex compounds in solution with 2 molecules 
of TBP. Plutonium (VI) acts as a plutonyl ion, Pu0z+2, and forms a 
complex with 2 molecules of TBP similar to that formed by uranium. The 
solvent extrac"tability of the (IV) and (VI) valence states makes possible 
the separation of plutonium from the fission products, while the relatively 
easy reduction of plutonium to the virtually nonextractable (III) valence 
state makes possible the separation of plutonjum from uranium in the Purex 
process. 

~organic phase is often-referred to as solvent or extractant as re
quired for clarification of the text. Some aqueous streams are used as 
solvents or extractants of specific constituents. Supportive text of 
these terms should clarify meaning. 
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1.3.3 Properties of Neptunium of Process Imoort~nce 

The Purex Plant utilizes the preferential extractability of the 
neptunium (IV) and neptunium (VI) nitra~es by TBP, and the nonextrac
tability of neptunium (V) to separate neptunium from plutonium, uranium, 
and the majority of the fission products. Further separation from fission 
products and thorium is attained by preferential sorption of neptunium (VI) 
to Amberlite IRA-97 ion exchange resin. 

The dissolution of irradiated fuel elements in nitric acid results 
in a solution in which the neptunium is chiefly in the (V) valence state. 

r·teptunium (V) is the most stable state and its nitrate solution is 
emerald green in color. 

1.3.4 Properties of Fission Products of Process Importance 

Fission products such as I-131, I-129, Kr-85, ' C-14, and Xe-13lm are 
volatilized from the dissolver during uranium metal dissolution. A silv·er 
reactor and acid absorbers collect part of these fission products, while 
the remainder is released to the atmosphere. Iodine-131 and Xe-131 have 
such short half-lives that they are essentially decayed prior to processing. 
Ruthenium-103 and -106, tritium, and Sb-125 are partially volatilized, 
and except for Sb-125, are essentially collected from the off-gases prior 
to release. Part of the Sb-125 is collected in the silver reactor, part 
in the backup facility acid absorption towers, and a -small amount (pre
sently unknown) is released to the atmosphere. 

The fission products remaining in the metal solution are, in general, 
relatively inextractable into TBP, even when the aqueous phase contains a 
salting agent, and thus largely remain in the aqueous phase at the condi
tions under which plutonium and uranium are extracted. The presence of 
residual fluoride from the coating removal process in the uranium feed 
provides a "tonic" effect for increased Zrtlb-95 decontamination in the 
first cycle of the solvent extraction system. Most of the iodine remain
ing in the feed is extracted into the organic stream and is later removed 
with the carbonate-pennanganate wash. 

1.3.5 Decontamination 

The gamma-emitting fission products_ associated wijh irradiated 
uranium fuel elements are reduced by factors of l x 10 for uranium, 
>l x 108 for plutonium, and >l x 108 for neptunium.

7 
Uranium is sepa

rated from plutonium product by a factor of >l x 10 . Plutonium is 
separated from uranium product by a factor of >4 x 104 . 
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The factor by which the concentration of radioactive contaminants 
is reduced is tenned the decontamination factor (OF), which can be ex
pressed mathematically as follows: 

_ Contaminant radioactivity initially present 
OF - Contaminant radioactivity present at step in consideration 

Either the beta or ganma radiations may be used as an index of the 
fission product radioactivity present, and the decontamination thus de
tennined is called the beta OF or ganma DF. A logarithmic method of ex
pressing decontamination factors (dF) is also used, and is expressed 
as follows: 

dF = log,o (OF) 

Therefore, a OF of 105 is equivalent to a dF of 5; a OF of 20 equals 
a dF of 1.3; etc. 

1 .4 PUREX PROCESS DESCRIPTION 

Figure 1-1 is a process flow diagram of the Purex process, including 
feed preparation, solvent extraction, solvent treatment, neptunium ion 
exchange, acid recovery, and waste handling steps. Individual parts of 
the process are discussed in the following subsections. 

This flow diagram shows the code letters usually used to identify the 
main process streams in the Purex process. For example, the HAF stream 
is the uranium-plutonium feed stream to the HA column, the first solvent 
extraction column in the process. The first two letters (or numeral plus 
one or two letters) of this code identify the equipment piece or cycle (the 
HA column in the preceding example). The last letter (or two-letter group) 
identifies the stream. Influent stream abbreviations end in F, X, R, · S, 
or IS, which stand for feed (uranium, plutonium, or neptunium), extractant, 
recycle, scrub, and intennediate scrub, respectively. Effluent stream 
abbreviations end in P, U, N, W, D, A, or C, which stand for plutonium 
or product, uranium, neptunium, waste, distillate, acid, and concentrate, 
respectively. Effluent streams containing uranium, plutonium, and nep
tunium end only in P. Thus, the HAP is the .eff1 uent stream from the 
HA column containing uranium, plutonium, and neptunium. 
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, . 4., Feed Preparation 

The purpose of the feed preparation process is to prepare a solu
tion from the irradiated fuel elements which is suitable as a feed to the 
solvent extraction battery. The feed preparation process includes the 
following steps: · 

1 The Zircaloy_jackets are.removed by dissolution in a boiling 
solution of 5.SM ammonium fluoride and a.SM ammonium nitrate. 
The resulting jacket removal waste is processed through a 
centrifuge to recover small amounts of uranium and plutonium 
which react with the fluoride during jacket removal. The 
waste is then reacted with caustic to remove anmonia and 
sent to the 242-A Evaporator for concentration to a slurry 
ac·ceptable for storage in underground double-shell·· tanks. 

• The sJurried centrifuge cake and the declad fuel elements 
are contacted with potassium hydroxide to convert the 
fluoride compounds to oxide compounds (metathesis). Most 
of the fluoride is transferred jn the waste from this opera
tion as soluble potassium fluoride, .thus minimizing the 
corrosion rate during cake or uranium metal dissolution and 
subsequent processing operations. 

• The remaining uranium metal and the centri·fuge cake contain fng 
plutonium, neptunium, and· fission products are dissolved in 
10.4M and 12.2M nitric acid, respectively, with sufficient 
aluminum nitrate nonahydrate to complex any residual fluoride 
remaining from the metathesis step. 

1 The dissolver solution is moved to feed tanks where it is 
sampled for product accountability. Any high exposure "spike" 
fuel is blended with decontaminated uranium solution to meet 
criticality specifications for processing in the solvent 
extraction system. 

1.4.2 Solvent Extraction 

Solvent extraction pulse columns are employed in the Purex process to 
effect the decontamination necessary to produce acceptable products. A 
number of cycles make up the total solvent extraction process. 

1.4.2. 1 First Decontamination and Partition Cycle 

The first decontamination and partition cycle separates the feed into , 
a fission product-containing aqueous stream (HAW), a uranium and neptunium 
aqueous stream (lCU), and a plutonium aqueous stream (lBP). 

1-ll 
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The feed solution ·(HAF) from the feed preparation section is contin
uously fed to the intermediate feed point of the HA column. This feed 
contains uranium, plutonium, neptunium, fission products, and nitric acid 
salting agent. A countercurrent flow of TBP in a hydrocarbon diluent 
(HAX) rises through the aqueous phase in the column~ and extracts the 
uranium, plutonium, and neptunium into the solvent phase, but leaves the 
radioactive fission products quantitatively in the aqueous phase. A back
cycle waste stream (3WB) containing some product from other column waste 
streams and nitric acid is added to the HA column just below the feed 
point to provide most of the salting strength in the column. An aqueous 
scrub stream (HAS), introduced at the top of the column, further decon
taminates the uranium, plutonium, and neptunium by washing rission products 
back from the solvent phase to the aqueous phase. Uranium is in the (VI) 
valence state, and plutonium is chiefly in the (IV) valence state in the 
HA column. A small stream of sodium nitrite is added near the bottom of 
the column to oxidize neptunium to the (VI) valence state to effect a more 
complete extraction into the organic. The organic stream (HAP) containing 
the uranium, plutonium, and neptunium overflows to the feed tank of the 
partition cycle. . 

This organic stream is mixed with four organic recycle streams (lBSU, 
2BW, 38W, 2P\·l) to form the lBXF feed stream, which is pumped tc the bottom· 
of the partitioning column (lBX). An aqueous stream, containing ferrous 
sulfamate reductant added to the top of the lBX column to reduce plutonium 
to the inextractable (III) valence state, descends through the column and 
carries the plutonium from the bottom of the lBX column to the top of the 
lBS column· in the lBXP stream. The small amount of uranium in this stream 
is scrubbed out by contacting with organic flowing up through the 18S column. 
The aqueous plutonium stream (lBP) leaves the bottom of the column, then 
goes to the second plutonium cycle. The organic stream (lBSU) leaving the 
18S column goes b~ck to the lBX column feed tank. · 

"' The uranium and neptunium leave the top of the lBX column in the 
organic stream, and go to the bottom of the lC column where they are 
countercurrently stripped into a dilute acid ~crub stream (lCX), which 
is then fed to the lCU concentrator where it is concentrated as feed 
(lUC) for the final uranium cycle. 

1.4.2.2 Final Uranium Cycle 

The final uranium cycle completes the decontamination of uranium from 
neptunium, residual traces of radioactive fission products, and plutonium 
with uranium from the partition cycle. 

Nitric acid and hydrazioe are added to the lUC stream to increase the 
salting strength and provide a holding reductant in the feed (2DF) to the 
20 column. Organic, added at the bottom of the column, extracts uranium 
from the feed as the organic moves up through the 20 column, and overflows 
(20U) to the 2E column. A scrub stream (28IS) containing hydroxylamine 
nitrate as a reductant, is added to the top of the 20 column to reduce any 
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plutonium-to the inextractable (III) valence state. The column is oper
ated at-a low organic-to-aqueous ratio (L/V) to keep the organic saturated 
with uranium, thus forcing fission products, neptunium, and plutonium to 
1 eave in _the aqueous 2DW stream en route- to the bac kcyc le waste. 

The uranium in the 2DU stream is stripped by a dilute acid aqueous 
scrub stream (2EX) in the 2E column, and is then concentrated in the 2EU 
concentrator to fonn the LINH product which is shipped to the 224-U Building 
(uo3 Plant) for calcination. 

1 .4.2.3 Second and Third Plutonium Cycles 

The second and third plutonium cycles complete the decontamination of 
the plutonium. The aqueous product stream from the iB scrub column (lBP) 
contains plutonium in the (III) valence state •. This plutonium is oxidized 
to the (IV) valence state in the 2AF tank (TK-JS) by the addition of sodium. 
nitrite and, sometimes, nitric acid. The oxidized solution (2AF) is fed 
to the center feed point of the 2A column. In the bottom section of the 
column, the plutoni"um is extracted into a TBP-~lPH solution (2AX). In the 
upper portion of the-column, the organic stream is contacted with nitric 
acid solution (2AS) which is fed to the top of the column to scrub fission 
products from the plutonium. The organic solution cas~ades to the bottom 
of the 2B column where the plutonium is transferred back into the aqueous 
phase by countercurrent extract,on with an aqueous strip solution (2BX) 
containing hydroxylamine nitrate and hydrazine as a reductant arid holding 
reductant, respectively. A second organic stream (2BS) is added near the 
bottom of the column to provide additional uranium decontamination. 

The aqueous plutonium product from the 28 column (2BP) flows to the 
3A column feed tank (TK-L3) where additional nitric acid is added to fonn 
the (3AF) feed stream which is introduced to the midpoint of the 3A column. 
Organic is added at the bottom, and extracts plutonium from the feed as it 
moves up through the 3A column to fonn the product stream (3AP). A scrub 
stream (3AS) is added to the top of the column.to scrub fission products 
from the organic, and flows countercurrently to fonn the 3AW stream. 

The 3AP stream containing the plutonium goes to the bottom of the 38 
column, where it is stripped -back into an aqueous dilute nitric scrub 
stream (3BX). The plutonium nitrate leaves the bottom of the 38 column 
as the 38P stream. Aqueous wastes from the second and third plutonium 
cycles (2AW, 3AW) are routed to the backcycle waste and the organic waste 
streams (2BW, 38W) are recycled to the 1BX feed tank. 

The 3BP stream is butted with nitric acid to prevent plutonium polym
erization during subsequent process steps. The plutonium nitrate is then 
stripped of organic in the 38P stripper and concentrated to its Purex pro
duct form in the 38P concentrator. Process condensates from the 3BP stripper 
and concentrator are routed to the third plutonium cycle feed tank for rework. 
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1.4.2.4 Final Neptunium Cycle 

Neptunium is collected from the backcycle waste on a batch basis and 
decontaminated in two solvent extraction columns and an ion exchange column. 
Collection of neptunium (operating Phase I) is started by diverting part of 
the backcyc1e wa~te concentrate (3WB) to the midpoint of the 2N column. A 
scrub stream (2NS) containing ferrous sulfamate reductant is then introduced 
at the top of the column and an organic stream (2NX) is introduced at the 
bottom. These streams flow countercurrently through the column while the 
neptunium is reduced to the extractable (IV) valence state and the plutonium 
is reduced to the inextractable {III) valence state. 

The neptunium 1 eaves the top of the _2f·l column in the organic 2NP stream, 
enters the 2P column where it is stripped back into dilute nitric acid, and 
is returned as 2PN-R to the 2N column feed tank. The major portion of the 
plutonium and fission products exit the 2N column in 2NW, which is routed to 
the backcycle waste system. 

When a batch of neptunium (~2,000 grams) is collected, the feed from 
'the backcycle waste to the 2PN feed tank is replaced with nitric acid 
and the two columns are operated as Phase II for neptunium.decontamination. 
The 2NS and 2PX scrub stream flow rates are increased somewhat, and the 
columns are operated until the fissio~ product and plutonium content of 
the 2PN-R is reduced to an acceptable intermediate level. Most of the 
uranium exits the system in the organic stream leaving the·2p column (2PW) 
to the lBX feed tank during Phases I ·and II. 

When the.collected neptunium is sufficiently decontaminated, Phase III 
is started to remove neptunium. During Phase III, the scrub stream flow 
rates are reduced to a minimum, nitric acid is used as feed to the 2N column, 
and the 2PN-R is routed to Q Cell as 2PN. In Q Cell, the 2PN is concentrated· 
and loaded onto an ion exchange column which contains Amberlite IRA-97 ion 
exchange resin. The column is scrubbed with several streams to attain final 
fission product and plutonium decontamination and is eluted with dilute ni
tric acid giving a product solution containing 40 g Np/1. Loading and scrub 
waste streams are collected, sampled, and routed to the backcycle waste sys
tem or to underground storage, depending upon product content. The fore-
cut and after-cut from the elution step are recycled to the 2PN stripper
concentrator. 

1.4.3 Solvent Trsatment 

The solvent treatment section of the plant reclaims the combined TBP 
and hydrocarbon diluent for recycle to the process. Two solvent treatment 
systems are employed: system_l processes the solvent from all of the sol
vent extraction cycles, except for the final uranium cycle, which is pro
cessed by system 2. 
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Solvent treatment system 1 receives organic (lCW) from th~ lC column. 
The organic is contacted by passing through packing in TK-Gl concurrent 
with a solution of sodium carbonate and potassium permanganate to remove 
fi s.s ion products and degraded organic. The o·rgani c is then scrubbed with 
dilute nitric acid in the 10 column and returned to the process as HAX, 
1 BS, 2AX, 28S, 3AX, and 2NX. . . 

System 2 receives organic (2EW) from the 2E column. This liquid is 
treated similarly as in system l and returned to the process as 20X. 
Since there are fewer fission products ·and degradation products associ
ated with this solvent, the spent wash solutions from this system are 
usually transferred to system 1 for reuse. 

1 .4.4 Backcycle Waste System 

Aqueous waste streams containing nitric acid, uranium, plutonium, 
neptunium, fission products from various columns in the plant and conden
sates from some plant condensers, are collected and concentrated in the 
backcycle waste system. Streams entering the backcycle waste system in
clude, 20W, 2AW, 3AW, and 2NW, T-L6 and E-L7-l tube bundle steam conden
sates, and condensates from condensers E-FS, E-U6, E-Ll2, and E-Q9. The 
3AW stream is fed to the backcycle waste concentrator receiver tank, while 
all other streams are fed to the concentrator feed tank. Part of the con
centrated waste (3WB) containing high acid concentration is fed to the HA 
column· to provide salting strength and for product recovery. The remaining 
3WB is ·fed to the final neptunium cycle for collection of neptunium. 

1.4.5 Acid Recovery and ~aste Treatment 

The principal aqueous process wastes from the Purex Plant receive the 
fol 1 owing treatment:· 

• Highly radjoactive waste (HAW) containir.g nitric acid is concen
trated, with simultaneous recovery of the acid. The concentrate 
is denitrated with sugar with partial recovery of the MOx gases 
produced. 

1 Organic wash and sump wastes are made alkaline. 

• A1TU11onia scrubber waste collected during coating dissolution 
and coating waste treatment is evaporated, driving off ammoni.a 
which is then absorbed and condensed with the water overheads 
from the evaporator. The remaining concentrated waste contain
ing the radionuclidei is periodically emptied from the evaporator 
and routed to underground storage. 

• Process condensates from high-level waste concentration, back
cycle waste concentration, acid frationation, and partition 
cycle concentration are recycled as scrub streams to various 
columns instead of being discharged to cribs (covered, rock
filled trenches). However, condensate from the final uranium 
cycle is discharged to a crib because of its very low fission 
product concentration. 
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• Recovery of nitric acid from dissolver off-gas NOx is accom
plished by two acid absorbers (T-XA and T-XB). This dilute 
nitric stream is routed to the vacuum fractionator (T-U6) with 
the dilute acid recovered from the high-level radioactive 
waste. These streams plus nitric acid recovered at the Uranium 
Oxide Plant are processed in the vacuum fractionator to produce 
a 10.4M acid, which' is reused in the plant. 
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CHAPTER 2. 0 - PUREX PLANT DESCRIPTION 

This chapter presents a general description of the buildings and 
other facilities constituting the Purex Plant with emphasis on architec
ture, general equi.pment layout, and utility services. Detailed descrip
tions of equipment are presented in Chapter 3.0. 

2. 1 SITE DESCRIPTION 

The Purex Plant is located in the southeast corner of the 200 East 
Area .in the center of the 570-square-mile Hanford Site (Figure 2-1) in 
southeastern Washington State. In the Purex Plant, irradiated fuel ele
ments are processed for separation and recovery of uranium, plutonium, 
and neptunium. Major facilities in 200 East Area (Figure 2-2) include: 
Purex Plant; the Waste Fractionization and Encapsulation Plant (221-B 
and 225-B Buildings), where strontium and cesium are separated from 
reprocessing wastes and encapsulated; the Waste Evaporator-Crystallizer 
(242-A Building), used far dehydration of liquid radioactive waste; and 
tank fanns used far storage of high-level waste salt crystals and 

· solutions. 

The Purex Plant is a complex of several buildings and support facil
. ities. A detailed map of the plant is given in Figure 2-3. 

2.2 PUREX PROCESSING BUILDING, 202-A 

The 202-A Building, in which the fuels are reprocessed, is a rein
forced concrete structure 1,005 feet long, 119 feet wide at its maximum, 
and 100 feet high, with about 40 feet of this height below grade. It 
consists of three main structural components: (a) a thick-walled, concrete 
11 canyon 11 in which the equipment for radioactive processing is contained 
in cells below grade; (b) a pipe, sample, and storage gallery section; and 
(c) a steel-and-transite annex that houses offices, process control rooms, 
laboratories, and the building services. The basic features and arrange
ment are shown by vertical cross section and plan views in Figures 2-4 
and 2-5, respectively. The portion of the canyon below grade is sub
divided into a row of process equipment cells paralleled by a ventilation 
air tunnel and pipe tunnel through which intercell solution transfers are 
made. The air tunnel exhausts the ventilation air from the cells to. the 
main ventilation filters and stack. 

Running nearly the full length of the canyon building above the cells 
and the pipe trench is a craneway for three gantry-type maintenance 
cranes that are used to handle cell cover blocks, remotely remove and re
place process cell equipment, and charge irradiated fuels into the 
dissolvers. 

The galleries contain service piping to the cells, samplers for 
obtaining process samples, and electrical switchgear. 
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The service section next to the galleries consists of two separate 
annexes. The larger annex contains the maintenance shops, offices, lunch
room, locker room, radiation zone entry lobby, blower room, a switchgear · 
room, compressor room, centra 1 contra l room,- and the aqueous makeup (AMU) 
facility. The smaller annex contains the analytical laboratory, the head
end control room, and a switchgear room. These general features are 
illustrated in Figure 2-5. 

2.2. 1 Canion 

The canyon contains a single row of 12 process cells, 813 feet long 
overall. The cells run east and west with each cell 14 feet wide and 
39.5 feet deep; lengths of the cells vary depending on function. In 
Cells A, B, and C (the first three cells from east to west), fuels are 
chemically declad and dissolved. These cells are essentially identical 
in function and equipment content. In addition to the-dissolver, each 
cell contains dissolver off-gas treatment equipment including a downdraft 
condenser, ammonia scrubber and absorber, steam and electric heaters, 
silver reactor, and filter. 

Cells D and E are used for preparation of the metal solution feed 
for the solvent extraction columns. Also in E Cell, the coating waste 
-is centrifuged and reacted with caustic prior to transfer to underground 
storage. The off-gas from the caustic reaction is water scrubbed to 
remove ammonia, and the centrifuge cake is metathesized and dissolved 
to recover uranium and plutonium. 

F Cell is used for the recovery of nitric acid used in the process, 
for treatment of the aqueous high-level waste from the fuel processing 
steps, and to concentrate a1T1T1onia scrubber wastes from the dissolver and 
E Cell. 

In G Cell, all the spent process organic solvent, except that from 
the second uranium cycle, is washed and prepared for reuse. 

The solvent extraction processing steps are carried out in H, J, K, 
and L Cells, which contain the tanks, pulse columns, concentrators, and 
auxiliaries needed in the continuous countercurrent aqueous-organic 
stream flow operations. 

The pool cell for storing contaminated equipment, M Cell for equip
ment decontamination, and the 11 hot 11 maintenance shop are located on the 
west end of the cell row at cell floor level. M Cell is separated from 
the hot shop by a 3-foot-thick concrete wall. 

A 6-foot-thick concrete wall separates the cells from the galleries. 
The wall above the cells is 4 feet thick, and the extension of this wall 
upward forms a shielded cabway (crane cab gallery) for the two gantry
type 40-ton-capacity master cranes. A 40-ton-capacity slave crane, which 
may be operated either directly or remotely from the master crane 
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controls, is located on railways above the master crane level. Crane 
maintenance platforms are located at crane cab 1eve1 on both east and 
west ends of the craneway. · l 

At the east end of the canyon is the basin where irradiated fuel 
may be stored either dry or under·water. Casks containing the fuel are 
brought into the canyon through a railroad tunnel running north and 
south on the west side of the storage basin. The tunnel, which is also 
the route for removing and delivering process equipment, connects to a 
railroad spur outside the 202-A Building. 

The pipe tunnel, or 11 hot 11 pipe trench, contains an array of pipe 
headers connecting the cells permitting intercell solution transfers, 
and also contains piping for transfers to and from cells to facilities 
external to Purex. The pipe trench, which parallels the cells, is 30 feet 
deep and 12 feet wide at the top. _ It narrows to 11 feet as the wall 
between the cells and pipe trench.widens from 1.5 feet to 2.5 feet. The 
wall between the cells and trench supports one edge of the 3-foot-thick 
concrete blocks which cover the cells and the 2.5-foot-thick blocks 
which cover the trench. 

The air tunnel, which lies directly under the pipe trench, is 11 feet 
wide and 7.5 feet high. Through this tunnel, air from the cells is drawn 
to the ventilation exhaust filters and the outside stack. The south wall 
of the canyon at the air tunnel and pipe trench levels is 5.5 feet thick. 
From the canyon deck level to the master crane level, the south wall is 
4 feet thick and narrows to 2.5 feet from the crane level to the roof. 
The roof is fanned as a concrete beam 2.5 feet thick at the edges and 
1 foot thick in the center. No internal trusses support the canyon roof. 

2.2.1. l Canyon Piping· 

Short intracell transfers between adjacent pieces of equipment are . 
made by direct jumper piping connections within the cell. Longer trans
fers require jumpers to the pipe trench wall, and the connections are 
made via the trench piping which terminates on the trench wall opposite 
the equipment piece being connected. The pipe trench also contains 11 hot" 
process and servicing headers for the equipment in the cells. The pipe 
trench contains three spare piping systems in addition to the spare 
process line intended for occasional use. These spare systems are known 
as General Spare Systems l, 2, and 3. System l consists of a series of 
lines bent in semiloops in the pipe trench. The ends of each semiloop 
penetrate the trench wall and terminate with male connectors inside the 
cells. Adjacent lines can be connected with ·short 11 hairpin 11 jumpers to 
accommoda.te most jet or pump transfers. ~~ith System 2, connectors exist 
on both pipe trench and cell-sides of the line penetrations. By in
stalling hairpin jumpers in the trench and cells, liquid transfers can 
be made as with System l. System 3 consists of pipe stubs spaced at 
40-foot horizontal intervals in the pipe trench. These stubs originate 
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as vertical connectors in the pipe trench and tenninate with blanked ends 
outside the south shield wa 11 of the bui 1 ding. By connecting Sys.terns 2 
and 3, it is possible to join canyon vessels to outside facilities. 

2.2. 1.2 Cel1 Washdown Nozzles 
_.,. 
Washdown nozzles for decontamination are located in the cell walls 

5 feet above the cell floors. Specially located nozzles are installed 
at different levels to aim at equipment with relatively high potentials 
for contamination. Flows from these special nozzles are controlled indi
vidually with controls separate from those of the main washdown nozzles. 

2.2. 1.3 Vessel and Condenser Vent Systems 

Canyon vessels not used for boiling or denitration are vented to 
the vessel vent header which runs the length of the pipe trench. Vacuum 
on this header is maintained by a jet in F Cell. Boilup and denitration 
tanks for acid recovery and waste treatment in F Cel 1 are exhausted 
through a condenser to a process vent system. All other tanks used for 
boiling solutions in the canyon are vented through condensers to the 
condenser vent header in the pipe trench. Vacuum on both boilup vent 
systems is maintained by separate jets located in F Cell. The jets on 
all three vent systems discharge to a condenser in F Cell where condensate 
is removed f.rom the vent stream. Noncondensab 1 es are routed from· the 
condenser through a heater, a silver reactor, and a filter, all in F Cell, 
before being discharged to the air tunnel. Vacuum on all of the vent 
systems is regulated by air bleed. 

2.2.2 Galleries 

The storage, sample, pipe and operating, and crane cab galleries 
parallel the north wall of the canyon and are located at different levels, 
one above the other. The storage gallery is 19.5 feet wide and has a 
floor area of 15,900 square feet, while the pipe and operating, crane 
cab, and the sample galleries are 20 feet wide and have floor areas of 
about 19,000 square feet each. The gallery locations with respect to the 
rest of the 202-A Building are shown in Figure 2-5. 

2.2.2. 1 Storage Gallery 

This area is used primarily for storage of dry chemicals and spare 
equipment •. A 5-ton-capacity elevator serves the storage and pipe and 
operating galleries, as well as the four floors of the aqueous makeup 
area. 

2.2.2.2 Sample Gallery 

The sample gallery contains remote equipment for taking process sol~
tion samples from the cell equipment. Samples are sent on a dumbwaiter 
to the sample receiving room in the analyt1cal laboratory. A shielded 
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pipe chase behind the remote sampler boxes contains headers for recovered 
nitric acid, organic solvent, sampler drains, and sampler lines to and 
from cell equipment. Spares for the acid and solvent headers are also 
installed in the pipe chase. Unshielded lines bearing recovered solvent 
and process condensate are located on the wall above the pipe chase. 
Other facilities in the sample gallery include: 

• Diaphragm-operated valves and rotameters for flow control of 
recovered acid, recycled process condensate, and solvent feeds 
to the columns. 

• A centrally located dumbwaiter to convey solid waste material 
between the sample gallery and the outside loading dock. 

• Two vacuum pumps located in the west end of the gallery for 
sampling air throughout the building. 

2.2.2.3 Pipe and Ooerating Gallery 

The pipe and operating gallery (P and O gallery) provides space for 
the electrical switchgear, instrument racks, nonradioactive piping, and 
associated gang valves which serve the in-cell equipment. Since most of 
the valves are controlled from the control panels, only a few operations 
are required in the gallery. A few batch chemical addition tanks are 
located in this gallery. 

Shortly after plant startup, a wall about 9 feet high was installed 
across the gallery opposite the middle of K Cell after the gallery west 
of the wall location had become contaminated. After cleanup, the wall 
was put in to serve as a ventilation barrier in case this area became 
contaminated in the future. Protective special work permit (SWP) cloth
i·ng is required to be worn for entry to the area west of the wa 11 , now 
known as the White Room. 

2.2.2.4 Crane Cab Gallery 

The crane cab gallery is located above the P and O gallery, and is 
the corridor of travel for the two master crane ·cabs. The south wall of 
the gallery shields the cabs and cab operators from canyon radiation. 
Cran~ maintenance platfonns are located at both ends of the gallery. 

2.2.3 Product Removal Room 

The product removal (PR) room, which is ·used for filling shipping 
containers with plutonium nitrate solution, is located at the west end 
of the storage gallery adjacent to L Cell. This room is 41 feet long 
and 19.5 feet wide, and contains two plutonium sampler tanks (only 
TK-L9 is currently used) and a receiver tank shielded from the working 
area by concrete walls. The receiver tank (TK-Lll) is used to collect 
various plutonium solutions for rework. 
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The·container loading facilities and decontamination equipment are 
inside enclosures made of stainless steel panels containing glass 
windows. The equipment within the encl~sures is operated from outside 
by extension handles on the valves. An overhead electric-powered hoist 
is used for handling the containers and for weighing and placing them in 
jackets before shipment or storage. 

A doorway from the PR room provides access to L Cell for contact 
. maintenance of the third pl_utonium cycle equipment. The room layout is 

shown in Figure 2-6. 

2.2.4 Q Cell 

The neptunium purification facility, known as Q Cell, is located in 
the west end of the storage ga 11 ery adj ac·ent to the east wa 11 of the 
PR room. As shown in Figure 2-7, Q Cell includes a control room, a 
shielded hot cell, a maintenance room with shielded access gloveboxes, 
a product loadout room, and an aqueous makeup (AMU) area. The AMU area 
is on a separate floor above the control room. Entry to Q Cell is from 
the SWP lobby. 

2.2.5 N Cell 

N Cell is located in the star.age gallery west of the PR room. This 
cell was fonnerly used for plutonium product purification by ion exchange, 
but was replaced for·this purpose by the L Cell third plutonium cycle. 
At present~ N Cell is being modified for future use as a calcination 
facility for preparation of plutonium oxide. 

2. 2. 6 R Cell 

The equipment in R Cell is used to wash and prepar~ the organic 
waste stream from the second uranium cycle for reuse. R Cell, also 
designated as the 11 cold 11 solvent building, 276-A, is located at the 
northwest corner of the 202-A Building .. 

2.2.7 UCell 

U Cell, the acid storage vault, is located along the north wall 
of 202-A Building, just east of the head-end control room. It is con
structed below grade with removable concrete blocks 1 foot above grade 

. fanning the roof. The cell has 1.5-foot-thick reinforced concrete walls 
and is 98 feet long, 20 feet wide, and 35 feet deep. It contains four 
large tanks: two for collecting and sampling low-activity laboratory 
waste, and two for storage of recovered nitric acid that is returned to 
the process through a header in the sample gallery. Entry to the cell 
is from the sample gallery through an electrically-operated door and an 
air lock, or through a hatchway at cover block level. 
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2.2.8 Service Areas 

The service section of the 202-A Building lies just north of the 
galleries and consists of two separate annexes. The east annex is a 
t\'IO-level structure 216 feet long, 56 feet wide, and 34 feet high. 
The west annex consists of five levels 490 feet long, 56 feet wide, and 
62 feet above grade at the highest point. The larger annex contains the 
maintenance shops, offices, lunch room, locker room, radiation zone entry 
lobby, ventilation supply room, switchgear room, compressor room, central 
control room, and AMU area. The smaller annex contains the analytical 
laboratory, head-end control room, and a switchgear room. A general 
layout of these sections is illustrated in Figure 2-5. 

2.2.9 Laboratory 

The Purex analytical and control laboratory, located in the western 
end of the east service annex, is 144 feet long and 34 feet high. The 
first floor, containing the laboratory work area and lunch and change 
rooms, is on the same 1 eve l as the pipe and operating ga 11 ery. The 
floor and walls of the first floor are made of reinforced concrete for 
radiation shielding. The second floor, which houses the ventilation 
equipment and service piping, has transite walls. Figure 2-8 shows the 
layout of the laboratory work area and outside loading docks. 

2.2.9. l Laboratory Utilitie•s 

The ventilation and equipment room (ventilation loft) on the second 
floor of the laboratory houses all the piping, ventilation duct work, 
and miscellaneous equipment for.servicing the laboratory. The venti
lation equipment is discussed in Section 2.2. 12.4. Utilities and services 
are supplied to the laboratory through headers routed in common raceways 
located in the ventilation loft. Services to each room of the laboratory 
are brought through the ceiling and terminated at work stations. Service 
branches from the main building. utilities include sanitary water, instru
ment air, 57% nitric acid, ·air sampling piping, and mask breathing air. 
A still and two vacuum pumps are located in the ventilation loft to 
provide distilled water and vacuum for the laboratory. 

Industrial gases including methane, oxygen, hydrogen, nitrous oxide, 
helium, acetylene, and propane are piped to the laboratory from a central 
gas cylinder station located on the laboratory's north loading dock 
(Dock 6). 

2.2.9.2 Laboratory Waste Disoosal Facilities 

Packaged solid waste from the laboratory is stored in a small rec
tangular vault located at the end of the corri~or leading to Loading 
Dock 5. The vault has 8-inch-thick concrete walls, and contains a lead 
box with 5-inch-thick walls. -The highly radioactive solid wastes are 
stored in the lead box, while the less radioactive wastes are stored out
side the box on the floor of the concrete vault. Waste is removed through 
doors in the box and vault and transferred to a vehicle for transportation 
to the waste burial grounds. 
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Laboratory sink drainage is collected in one of two 8,000-gallon 
stainless steel tanks (TK-U3 and TK-U4) located in U Cell. The tank 
solution is sampled, made alkaline, and jetted to underground tank stor
age with ultimate evaporation in the 242-A Waste Concentrator. 

"Hot" liquid wastes accumulated in the decontamination room receiv
ing and slurping hoods are routed to the acid waste accumulation tank 
(TK-FlO) in the backcyle waste system. A water jet (asp_irator) is used 
to slurp and dilute the waste. 

2.2. 10 Utilities 

2.2.10.1 Steam 

The powerhouse, 284-E Building, supplies steam at 225 pounds per 
square inch gage (psig) and 450°F to the Purex exclusion area through 
an 18-inch· overground line. At the northwest corner of the exclusion 
area, the line divides into an 8- and a 16-inch line. The 8-inch line 
supplies high pressure steam to outside facilities such as 203-A, 211-A, 
and 244-AR Buildings, then enters 202-A Building where it supplies the 
heating and ventilation system and one end of the silver reactor steam 
header. 

The 16-inch line divides into two 14-inch lines which enter 202-A 
Building at opposite ends- of the P and O gallery. A loop is formed 
within_ the ga 11 ery by connecting the 14-i nch 1 i nes wi tn a 16-i nch header 
and a· 2-inch header. The 16- and 2-inch headers are maintained at 
100 and 25 psig, respectively, by pressure reducing stations. The 100-psig 
header supplies steam jets, some tank coils, and 29-psig steam to the con
centrators through individual pressure-reducing valves. The 25-psig header 
supplies most of the tank coils and all service outlets. 

A 2-inch line branches off the 225-psig line at the east end of 
the building to supply the silver reactor steam header and to connect 
with the outside facilities' heating and ventilation steam supply. 

High-pressure steam to the emergency exhaust turbine-driven fan is 
supplied from the 14-inch line before it enters the east end of the 
building. The steam turbine and off-gas heaters have first priority on 
high-pressure steam. If the steam demand causes the supply pressure to 
drop below 185 psig, other flows are throttled manually to raise the 
supply pressure to at least 185 psig. 

While the plant is operating, about 85% of the Purex steam consumption 
(100,000 to 125,000 pounds per hour at full operation) is directly 
related to processing activities and is discharged as condensate to the 
216-A-30 Crib via a radiation-monitored tank. The remaining 15% is 
consumed in space and water heating with condensate discharge to the 
chemical sewer. 
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2.2. 10.2 Compressed Air 

2.2. 10.2. 1 Process Air 

RHQ.:.MA-116 

Process air is used for purging jet transfer lines, operating vent 
jets, purging tank jackets, coils, and steam sparge lines, and operating 
sampler jets. · 

Process air at 100 psig is prov.ided by two 1,000-standard cubic 
feet per minute (scfm)-capacity, and one l ,110-scfm-capacity two-stage 
air compressors. The 1,000-scfm compressors are driven by 200-hp 
synchronous motors, and the 1,100-scfm compressor by a 200-hp induction 
motor, This equipment is located in the compressor room in the annex of 
the 202-A Build_ing. While two of the compressors are operated, the 
third is maintained in standby in case of malfunction of one of the 
others. 

Air flows from the compressors through an aftercooler into a 4-foot
diameter by 12-foot-high air receiver. The~receiver supplies air filtered 

· to remove oil vapor to an 8-inch line. The line then divides into a 
6-inch header for P and O gallery service and a 4-inch header for the 
sample gallery. 

2.2. 10.2.2 Instrument Air 

Instrument air compressed to 80 psig is supplied by one of two rotary 
water-sealed compressors of 370-scfm capacity driven by 200-hp e.lectric 
motors located in the compressor room. The second. compressor _is maintained 
on standby. The air flows_from the compressors through water separators 
into ·a 4-foot-diameter by 12-foot-high receiver. The air then passes 
through one of two regenerative-type air dryers containing activated 
alumina absorbent. From the dryer, the air flows through a 4-inch line 
which joins at the mid-point of the 3-inch header in the P and O gal-
lery. Subheaders furnish instrument air to the AMU area and to facilities 
outside the building . 

2.2. 10.2.3 Breathing Air 

Breathing air for mask use is provided at SO~psig pressure by a 
water-sealed rotary compressor of 105-scfm capacity driven by a 40-hp 
electric motor located.in the compressor room. The compressed air 
passes through a water separator into a receiver tank 3.5 feet in diameter 
by 9 feet high. 

From the receiver, the air passes through a filter to a 3-inch 
line which branches into 2-inch headers in the sample gallery, P and 0 
gallery,_ and the laboratory ventilation loft. Outlets and branch lines 
from these headers provide breathing air at atmospheric pressure in 
the 1 aboratory, regu 1 a·ted shop, ra i 1 road tunne 1 , decontami nation ce 11 , 
hot shop, PR room, R Cell, crane maintenance platforms, U Cell, sample 
gallery, an~ laboratory ventilation loft. 
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2.2. 10.3 Raw Water 

Raw water drawn from the Columbia River is used for process cooling, 
process air and compressor cooling, fire fog supply, and ce11 washdown. 
It is supplied at 100 psig to the Purex area from the 282-E Reservoir 
through an underground 24-inch pipe. This pipe divides into two 20-inch 
lines which enter opposite ends of the P and O gallery, and connect to 
an 18-inch header to form a service loop. A 6-inch fire fog supply 
connects into each end of this header, and runs through the gallery as a 
separate line. Raw water to the sample gallery is supplied by a 3-inch 
header running the length of the gallery. This header connects to both 
ends of the P and O gallery 18-inch header. An 8-inch supply line to 
the tank farm emergency cooling water supply tank, 251-A-201, ties into .. 

___ t_he east end of the 18-i nch raw water header . 

Raw water requirements for Purex are about 240 million gallons per 
month. Essentially all raw water used at Purex is discarded to the 
Gable Mountain Pond (Disposal Site 216-A-25), and to B Pond (216-8-3). 

2.2.10.4 Filtered Water 

Filtered, sanitary, chlorinated water is used at the Purex Plant 
for safety showers, fire protection, drinking and toilet facilities, 
operating area washdown, and for making deminera1ized water (see Chap
ter 4.0 for details on the qemineralized and·distilled water processes). 
The filtered water is supplied to the Purex area through a 12-inch 
underground line from the 283-E Filter Rlant. This line services facil
ities within the exclusion area, then branches to enter the 202-A 
Building at both ends of the P and O gallery. The gallery 12-inch 
header runs the length of the gallery and completes a 1oop. 

Since this water is the source of domestic supply to the area, care 
must be taken to avoid contamination of the system by backup flow from 
a raw water system or introduction of harmful chemicals. The major 
headers are equipped with antisiphon valves, and connections to process 
systems or potentially contaminated services are avoided. 

The exclusion area elevated tank, 2901-A, which holds 50,000 gallons, 
provides an emergency supply of filtered water in the event of a filter 
plant failure or a rupture in the distribution system. 

Seven fire hydrants are located on the filtered water 1ine around 
the building. 

2.2. 10.5 Main Power Supply 

Electric power is supplied to Purex through the 251-W Substation 
which is located about 4 miles northwest of the Purex area. Incoming 
power to the substation is supplied by the Bonneville Power Administra
tion by two parallel 230-kilovolt (kV) lines, with either line capable 
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of providing the necessary power demand. At the substation, the 230-kV 
·power is reduced to 13.8 kV and is sent in two overhead lines to a 
switching station located about 200 yards north of the 202~A Building. 
If one line is impaired, the load is al.{te:>matica11y switched to the other 
line. A third 13.8-kV line is also available, but requires manual switch-
ing at the plant. · 

From the switching station, the two buried 13.8-kV lines run to two 
3,750-kilovolt-ampere (kVA) transformers at the northeast corner of the 
202-A Building. These transformers reduce the voltage to 2.4 kV. Current 
from the 2.4-kV supply is delivered through two nonnally closed buses to 
the east switchgear room, then to two substations, one at the east end and 
one at the west end of the building. Each of these substations has two 

· 1,000-kVA transfonners and one 500-kVA transformer to convert the 2.4-kV 
supply to .. 480 volts. The 1,000-kVA transformers are used for normal ser
vice, and the 500-kVA transfonners are for emergency power (see discussion 
of emergency service below). 

2.2.10.6 Emergency Power Supply 

An emergency power supply is available from the 284-E Powerhouse 
steam turbine generator. When the main power supply fails, this 750-kW 
generator automatically delivers 2.4-kV service to the emergency circuit 
through the Purex east switchgear room to supply the two.soo~kVA trans
fonners at the east and west transfonner banks. An electrical outage of 
15 to 20 s.econds occurs until the emergency generator reaches ful 1 1 oad 
speed, at which time the emergency circuit is automatically energized. 

The following equipment is on the emergency power circuit: 

A. One instrument air compressor (either) 

B. Emergency lighting throughout the 202-A Building 

C. Motor Control Center 1 (MCC 1) 
• One laboratory exhaust fan (either) 
• Agitator in waste denitration tank (TK-F16) 
• Instrument power and emergency lighting to 203;..A and 

211-A Tank Farms 
• Breathing air compressor 
• Emergency lighting in 291-A Ventilation Stack Building 
• Rectifiers for centrifuge DC brake power 
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D. Motor Control Center 3 (MCC3) 
• One sample gallery vacuum pump (either) 
• Solvent Pump RS-1 
• Instrument recorder, exterior south wall of 202-A Building 
• Rectifiers for centrifuge DC brake power 
• White Room exhaust fan 
• PR room exhaust fan (EF2-7A) 

E. Motor Control Center 60 (MCC 60) 
• Agitator in acid feed tank (TK-US) 
1 Acid Pump US-1 

·•··~~ 1 Acid Pump US-2 
' r::~ .. -:jt· ., 
:·r,.~ .. · 1 206-A Building lighting -: ' .a::·· , Agitator in chloride purge tank (TK-U7) 

F. Instrument power panels at both ends of the 202-A Building. 

2.2. 11 Fire Protection System 

In the 202-A Building, most of the canyon cells, especially those 
containing the large inventories of organic solvent (viz., G, R,·H, J, 
and K Cells), are equipped (or will be equipped before plant startup) 
with a temperature-activated automatic sprinkler foam system using the 
Light Water Aqueous Film Forming Foam system which simultaneously 
applies foam to the adjoining ventilation tunnel. Detection of fire in 
these .cells is by rate-compensated thermal detectors that sound alarms 
locally and at the central fire station located between 200 East and 
200 West Areas. Detectors are spaced approximately every 20 feet, and 
are tested and supervised. Fire fighting personnel and equipment can 
arrive on the scene from the central fire station within 6 minutes. 

Fire protection in the other canyon process cells is provided by 
a system of peripherally mounted spray nozzles controlled by manual 
gate valves. The nozzles were installed at the .time of construction, 
and are mounted at 9- to 12-foot spacing in the cells. 

Manual actuation of the systems is dependent upon the detection of 
abnormal condi ti ans by "Fi reye" photoe 1 ectri e: flame detectors, set appro)(i
mately every 50 feet through the cells. The fire detection units activate 
alanns in the central control room and in the dispatcher's office. The 
Fireye detectors will be replaced, if they fail, with Fenwal "Detect-a
fire" elements, which actuate alanns when the elements reach 275°F. 
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Fire detectors of the products of combustion type are installed in 
the canyon cranes. The detectors sound an alann in the central control 
room and in the central fire station. The crane electrical panels are 
enclosed and provided with a Halon-1301 extinguishing system connected 
to the fire alarm syste~. 

Automatic sprinkler protection on standard wet and dry pipe systems 
is installed in the hot shop and the storage portion of the storage 
gallery in the canyon building. In addition, N Cell, Q Cell, and the 
plutonium storage area have automatic wet-pipe sprinklers with both local 
and 200 Area central fire station alarms. All sprinkler installations 
are low-temperature closed-head systems. i 

_ Automatic sprinkler protection on standard wet and dry pipe systems 
is also installed in the 202-A annex9 including the laboratories, 
laboratory storage area, aqueous makeup area, offices, and shops. 

2~2.12 Ventilation 

The ventilation system in the 202-A Building is designed and operated 
to keep nonnal work areas free of radioactive contamination by maintaining 
airflow from zones with no radionuclide content into zones of progressively 
greater contamination potential. The ventilation air is supplied by four 
systems:. canyon, samp 1 e ga 11 ery, service area, and 1 aboratory. 

2.2. 12. 1 Ventilation System 1 

This system serves the areas of greatest radioactivity (the canyon 
and process cells), including all process vessel vents except the metal 
dissolvers, the ammonia scrubber waste concentrator, and all E Cell 
vessels except TK-E6. Figure 2-9 is a schematic diagram of Ventilation 
System 1. 

Air which has been filtered, washed, humidified, and temperature
adjusted is supplied into the canyon at ceiling level and dispersed 
through ducts located above the craneway. The air then flows down to 
the canyon deck where it is drawn down around the cell cover blocks into 
each of the cells. From the cells, the air is exhausted through ports 
into the air tunnel, then through the 291-A Filter to the stack. 

The supply air is delivered by three air-handling systems. Blowers 
SF-1 and SF-lA, rated at 73,000 scfm each, are located in the process 
blower room in the west service annex. Nonnally these blowers operate in 
parallel, throttled sufficiently to maintain the desired static pressure 
in the canyon. Either blower will furnish the minimum safe airflow to the 
canyon. A booster fan (BSF-1 ), which can furnish 6,640 scfm, augments the 
air supply to the hot shop. Blower SF-1B, rated at 19,100 scfm and located 
in the end of the east crane area, supplies ventilation air to the east 
crane maintenance platform and exhausts to the canyon. 
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The exhaust side of the system from the canyon air tunnel consists 
of two fiberg1ass filters and one standby high efficiency particulate air 

. (HEPA) filter in parallel, three electric exhaust fans (EF-1-1, EF-1-2, 
EF-1-3), and a steam turbine fan (EF-1-4.) for emergency standby, which 
exhaust to the 291-A-1 Stack. These four fans are mounted on a concrete 
platfonn near the base of the stack. In addition, the vent flow from the 
dissolver off-gas treatment facilities is discharged to the stack. 

Equipment Disposal Tunnel 218-E-15 is exhausted through a high effic
iency, replaceable cartridge filter to Exhaust Fan EF-1-7. Tunnel 
218-E-14 vents back through its -partially sea1ed entrance into the rail
road tunnel and the canyon. 

-:The vent system is designed to maintain safe differential pressures 
between the process area and the personnel-entry portions of the building, 
assuming that the ventilation systems in these areas are functioning 
properly. In the event of a power failure or loss of instrument air which 
shuts down the supply and exhaust blowers, the steam-driven fan (EF-1-4) 
automatically starts and the supply fan dampers open. 

If the canyon pressure increases above 0.05 inch of water below 
atmospheric, the supply fans shut down with their dampers open so the 
pressure can be reduced.· Gravity dampers (vacuum breakers) in the canyon 
open to admit air to prevent the canyon pressure from decreasing below 
0.7 inch of water below atmospheric.· 

2.2. 12.2 yentilation System 2 

This system services the areas of the building which are routinely 
occupied or entered by the work force, but are regulated because of a 
potential for contamination. As shown in Figure 2-109 the areas serviced 
by this system include the sample gallery, regulated shop, canyon lobby, 
PR room and corridor, N Cell, R C~ll (276-A Vault), Q Cell, and U Cell . 

The supply air is filtered, water-washed, temperature-adjusted, and 
delivered by two air-handling systems. Blowers SF-2 and SF-2A, both 
rated at about 40,000 scfm, are located in the process blower room and, 
except for R Cell and U Cell, supply the serviced areas through ducts 
extending to both ends of the sample gallery. The R Cell and U Cell air 
supply streams are delivered at atmospheric pressure through evaporative 
coolers and steam coil heaters, with either the heaters or coolers oper- · 
ating, depending upon the seasonal conditions. 

From Figure 2-10, it can be seen that air from-this system is 
exhausted through HEPA filters in five streams by five electrical motor
driven fans. A sixth fan (EF-2-7A) is maintained for emergency backup 
for EF-2-7, which exhausts the PR room and N and Q Cells. From the fans, 
each stream is vented to the atmosphere through five 70-foot-high stacks 
outside the building. 
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2.2. 12.3 Ventilation System 3 

This system, shown schematically in Figure 2-11, services the areas 
considered to be uncontaminated and to have the least potential for 
becoming contaminated. These areas include the pipe and operating 
gallery, the storage gallery, the pulser motor-generator room (PIV room), 
the aqueous makeup 1 eve 1 s, and the service areas ·(shops, offices, 1 unch
room~ etc.) except for the analytical laboratory. 

The supply air is filtered, water-washed, humidity-adjusted, and 
delivered by two air-handling systems. Fans SF-3 and SF-3A in the service 
blower room, located west of the process blower room in the west service 
annex, supply the serviced areas through ducts, dampers, and local area 
reheat coils. Each fan has a capacity of 70,000 scfm, which is approxi
mately 50% of the required flow for the system. Booster Supply Fans 
BSF-6 and BSF-7 are employed to increase airflow from the PIV room to 
the storage gallery. Fans BSF-8 and BSF-9 recirculate PIV room air 
through water coil coolers to remove the heat produced by the motor
generator sets. 

The exhaust side of the system contains several individual fan~. All 
exhaust streams are presently urfiltered. However, a single stage of HEPA 
filters will be installed in the White Room exhaust air duct prior to 
plant startup.· Radiation detection devices, which will automatically close 
the air vents if radioactive material is entrained in the exhaust air, will 
also be installed in the other exhaust air ducts of the P and O gallery. 
Several other fans not show_n in Figure 2-11 are used to exhaust the office 
and shops areas. 

2.2. 12.4 Ventilation System 4 

System 4 services the Purex laboratory. and is largely independent of 
other building ventilation systems. As shown in Figure 2-12, the supply 
air is filtered, water-washed, humidified, and delivered by two air
handling systems. Supply Fans SF-4 and SF-4A are located in the laboratory 
ventilation loft, which is the floor above the laboratory. The.air supply 
of 30,000 cfm is furnished by operating both of these identical fans in 
parallel. A portion of this air is used for makeup of constant-humidity 
air to replenish losses from the supply (furnished by two refrigeration 
air conditioners) to the laboratory- counting room and instrument shop. 

The exhaust side of the system consists of two parts. The decon
tamination room, laboratory hood rooms, and sample storage room are 
exhausted through high-efficiency filters by Fans EF4-1 and EF4-2. These 
fans are operated together, and are both connected to the emergency power 
supply. If the nonnal power supply is interrupted, one of the fans will 
be automatically switched to emergency power. The fan must be manually 
switched back to nonnal power for resumption of service. Each fan ex
hausts to a separate 70-foot stack (296-ASA and 296-ASB). 
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2.3 OUTSIDE FACILITIES 

In the outside vicinity of the 202-A Building are facilities for air 
filtration, chemical storage, solid and liquid waste disposal, cask load
ing, acid recovery, and office space. 

2.3. 1 Air Ventilation System, 291-A 

The.'291-A facility discharges filtered process ventilation air and 
gases from Purex to the atmosphere. The equipment includes the venti
lation air filters, fans, stack, and stack sample house. 

2.3. 1. 1 Ventilation Air Filters 

. There are three ventilation air filters located south of the 202-A 
Building for removal of solids from Purex process air before it is dis
charged to the atmosphere. The two older filters were designed to remove 
99.9% of the particulates from the air stream. These two filters, oper
ated in parallel, are similar in design but have significant differences. 
Each has two glass fiber bed sections--the prefilter and the cleanup 
filter. The overall dimensions of each filter are 82 feet long by 52 feet 
wide by 13 feet deep. In the northern filter (Filter 1), the prefilter is 
one bed, 7 feet deep, packed with 115-K Fiberglas (Ower.s-Corning Fiberglas 
Company, Inc.). In the middle fflter (Filter 2), the prefilter consists 
of five separate layers, each packed with a different density of Fiberglas. 
The airflow direction is downward through Filter 1 and upward thro~gh 
Filter 2. The cleanup filter in each unit consists of 132 American Air 
Filter Company "Deep Bed Filter" units 1 inch thick with a total area of 
approximate1y SO square feet per unit. The filters are designed for a 
pressure drop of 4 inches of water with air velocities of SO feet per 
minute in the prefilters, and 20 feet per minute in the cleanup filters. 

A third main filter (Filter 3), which could operate in parallel ~ith 
the older two filters, is under construction and will be put into standby 
service. The filter cell, which is below grade, is about 56 feet long, 
44· feet wide, and 13 feet deep. The cell is equipped. with two banks of 
85% ASHREA bag-type prefilters and three banks of HEPA filters, all in 
series. The two prefilter banks and 'the first bank of HEPA filters are 
designed to permit the upper quarter of the banks to be lowered while the 
remaining three-quarters of the banks stay in place. This feature permits 
bypassing pf a bank or banks of filters in case an excessive pressure 
drop from particulate loading occurs across one or more of the filter 
banks. The final· two HEPA banks cannot be lowered. 

Fire screens are installed in the inlet .duct to the new filter cell .-~ 
and in front of all the filters except the final HEPA bank. A water seal, 
which when filled with water_will stop airflow, is in the exit air duct. 
The seal is automatically filled by gravity discharge from a 10,000-gallon~ 
capacity water storage tank when fire is detected by a sensing element 
located in the filter cell inlet duct. or by a manually operated switch 
located in the 291-A Sample House 4. 
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Instrumentation is provided to monitor differential pressure across 
the filter, the individual filter banks, and the fire screen in the 
filter inlet duct. Differential pressure indicators and high-level alarm 
switches are located in Sample House 4. - Differential pressures in excess· 
of established limits are annunciated in the 202-A Building power control 
room. 

2.3. 1.2 Process Stack 291-A-1 

Located immediately south of the southeast corner of the 202-A 
Building is Process Stack 291-A-1, which is constructed of reinforced 
concrete and rises to 200 feet above grade. The exhaust air rises through 
a free-standing 7-foot-inside-diameter, stainless steel liner. The top 
of the stack is capped to cover the annulus between the stack and the 
liner. The bottom of the liner has a dished head which drains to a collec
tion tank. The inlet breaching for the ventilation air is baffled and is 
we.lded to the liner at an angle of 45 degrees upward. 

Six 8-inch nozzles enter the liner below the ventilation air breach
ing. Three are for routing dissolver off-gas to the stack, while the 
other three are spares. 

Stack gas sampling points are located near the top and bottom of the 
stack. Lines from these points run to Sample House 292-A, located east 
of the stack. Radiological sampling and monitoring equipment is located 
in the sample house. The stack is also equipped with flow rate and 
totalizing instrumentation. A wash system including a booster pump is 
installed to flush the inside wall of the liner. 

2.3.2 293-A Building 

The 29.3-A Building is a small reinforced concrete structure near the 
291-A-l exhaust stack. The building has• four processing cells on. two 
levels containing two absorption towers which remove some of the oxides 
of nitrogen from dissolver off-gas before it is released through the pro
cess stack to the environs. The oxides of nitrogen are recovered as nitric 
acid which is recycled for concentration and process use. The building 
cells and pipe pit are vented through a single-stage HEPA filter by a 
fan, and are exhausted to a SO-foot stack (296-A-14). 

2.3.3 294-A Building 

The 294-A Building, located north of the 293-A Building, consists of 
an above-grade steel shack over a covered below-grade cell which contains 
three filters, one for each of the dissolver off-gas streams from the 
202-A Building. Each filter provides secondary de-entrainment of the off
gases prior to treatment in the 293-A Building. 
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2.3.4 212-A Building 

This building, now inactive, was formerly used for ·delivering or. 
withdrawing liquid radioactive waste to or from the 202-A Building. The 
212-A Building is located against the outside south wall of the 202-A 
Building, and is constructed of steel. A roll-up door for entry of 
trucks transporting casks or tank trailers is located in the west end of 
the building. 

Underground pipes connect Purex cell tanks with a shielded cubicle 
in the 212-A Building, where connections are made to transfer the· solu
tions into or out ~f the transport vessel. The building contains tanks 
for makeup of chemical solutions for flushing transfer lines and casks. 

2.3.5 213-A Building 

The 213-A Bui1ding, located south of the 202-A Building, is a steel 
"Butler Building 11 which was formerly used for transporting liquid waste 
from shipping casks to Purex cells. Afte~ the· solution transfer lines 
became permanently plugged, the solution load-in function was moved to 
the 212-A Building. The 21_3-A Building is currently used for temporary 
storage of contaminated dry waste. 

2.3.6 Contaminated Equipment Storage Tunnels, 
218-E-14 and 218-E-15 

An earth-covered tunnel with two parallel branches extending south
ward from the 202-A Building is used ·for storage of large pieces of fai1ed 
process equipment. The tunnel is an extension of the rail spur on which 
reactor fuels are delivered to the plant for chemical processing. Failed 
equipment, too radioactive and bulky for immediate removal from the canyon, 
is· loaded on railroad cars which are moved southward into the tunnel 
branches, where the cars are uncoupled and stored. When significant decay 
of the radioactive fission products contaminating the equipment has 
occurred, the equipment may be retrieved and sent to the burial ground for 
permanent disposal. Railroad cars in the tunnel are moved by a remotely 
controlled, battery-powered locomotive. 

Both tunnel branches are nominally 19 feet wide and 22 feet high. 
The older branch (218-E-14) is a straight extension of the main tunnel 
from 202-A Building, while the newer branch (218-E-15) angles off east~ 
ward from the main tunnel about 150 feet south of 202-A, then straightens 
and parallels the older branch. The older br~nch is supported by wood 
shoring, but steel is used to line the ceiling of the newer branch. Both 
branches are isolated by water-filled shielding doors. The older branch 
extends 358 feet south of the shielding door, while the newer branch is 
1,680 feet in length. 
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2.3.7 Uranium Storage Tank Fann, 203-A 

The 203-A Tank Fann is used for storage and shipping of uranyl 
nitrate-hexahydrate (UNH) product from Purex. In addition, UNH waste 
solutions from the U03· Plant are concentrated for rework, and nitric 
acid recovered at the U03 Plant is stored in the 203-A tanks. The 203-A 
Area is located about 100 yards north of the 202-A Building, and contains· 
four 100,000-gallon stainless steel tanks for UNH storage, and two 
7,300-gallon tanks and one 13,800-gallon tank for storage of nitric 
acid. A 14,000-gallon tank, which contains a steam coil and vents to a 
condenser, is used to concentrate waste UNH and for organic removal. 
Condensate from waste UNH concentration is collected in a 4,000-gallon 
tank. 

The storage tanks are mounted on concrete pads and are surrounded by 
dikes which provide·containment basins •in the event of tank leaks. 

Uranyl nitrate-hexahydrate solution is pumped from the 203-A storage 
tanks to tank-trailers for shipment to the U03 Plant. The 203-A Building, 
located outside the containment dike, houses the pumps and controls .for 
solution transfers. 

2.3.8 205-A Building 

This structure is a transite shack containing lead-encased silica 
gel beds fonnerly used for decontamination of UNH product. The building, 
now unused, sits on a concrete pad located inside the 203-A Tank Fann 
enclosure. 

2.3.9 Acid Fractionator Building, 206-A 

The 206-A Building houses the vacuum fractionator and associated 
equipment used for concentrating nitric acid recovered from Purex and 
the UO Plant. The concentrated acid is stored in U Cell before it is 
return~d to the Purex process. The 206-A Building is a reinforced con
crete structure located at the northwest corner of U Cell. Outside 
dimensions of the building are 28 feet by 35 feet by 4i.5 _feet above 
grade at its maximum height. Inside the building, a pit containing the 
condensate tank extends 10 feet below grade. Equipment may be removed 
through.a port in the building ceiling normally sealed with 8-inch-thick 
cover blocks. On the east wall of the building are two personnel access 
doors secured with e 1 ectri ca 11 y operated ·1 eeks. 

2.3. 10 Chemical Tank Farm, 211-A 

· Bulk liquid chemicals for use in the Purex process are stored in the 
211-A Tank Farm, ·which is located north of the 202-A Building. The 
service, capacity, and material of construction of each tank are given in 
Table 2-1. 
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TABLE 2-1. Tanks in 211-A Tank Farm. 

Tank Service Volume, Materi a 1 gallons 

TK-10 Cd(N03)2 4,300 309 stainless steel 
TK-11 NH4F - NH4No3 100,000 304-L stainless steel 
TK-12 

I 
57% HN03 100,000 304-L stainless steel 

TK-20 I 50% NaOH 30,000 Carbon steel 
TK-21 45% KOH 30,000 Carbon steel 

TK-30 Demineralized water 100,000 Aluminum 
TK-40 Hydrocarbon diluent 65,000 Carbon steel 

(NPH) 
TK-41 Tributyl phosphate 30,000 Carbon steel 

(TBP) 
TK-42 AL(N03)3•9H20 (ANN) 7,850 347 and 304-L stainless steel 
TK-50 93% H2so4 8,400 Carbon steel 

Adjacent to the tanks, a building constructed from steel and transite 
contains ·pumps to supp 1 y chemi ca 1 s from the tanks to the aqueous makeup 
area in the 202-A Building. The process water demineralizer equi.pment is 
also located in this building. 

2.3.11 Chemical Storage Warehouse, 2714-A 

Dry and liquid containerized chemicals for Purex are stored in the 
2714-A Building, which is located north of the 202-A Building. The cor
rugated steel building is set on a cqncrete dock.next to a railroad spur. 
A paint shop is housed in the north end of the building. 

2.3. 12 Low-Level Radioactive Liquid Effluent 
Disposal Facilities 

The principal low-level radioactive liquid effluents from Purex in
clude process cooling water, cheJTlical sewer waste, steam condensate, 
process condensates, and ammonia scrubber waste condensate. 

2.3.12.l Ponds 216-A-25 and 216-8-3 

Cooling water and chem.ical sewer liquids are usually uncontaminated 
and are discharged to surface ponds. Cooling water is routed through a 
diversion station with capability for emergency discharge to a covered, 
lined trench (216-A-42) in case the liquid is radioactive. Normal flow 
goes to a second diversion box where flow can be directed to the Gable 
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Mountain Pond, 216-A-25, or.to the 216-B-3 Pond. Gable Mountain Pond is 
an artificial lake occupying about 11· a~res 2.5 miles north of the 202-A 
Building. The 216-8-3 Pond, which also receives chemical sewer waste, 
is an artificial lake covering several acres about 1 mile northeast of 
the 202-A Building. Chemical sewer waste is routed through a diversion 
sta.:tion with capability for proportional sampling, radiation monitoring, 
and emergency routi_ ng to the 216-A-42 1 i ned trench. 

2.3. 12.2 Cribs 

Steam and process condensates and anmonia scrubber waste condensate, 
which are low-activity liquids, are sent to rock-filled caverns located 
in various sites in the vicinity of the 202-A Building. Typically, a 
cavern, or crib (see Figure 2-13) consists of a perforated pipe laid at 
a slight slope on a bed of coarse rock covered with layers of gravel ~nd 
sand. This bed is covered with paper or plastic sheeting to prevent 
silt from seeping into and plugging the gravel bed. The upper portion 
of the crib is backfilled to grade with dirt. The distributor pipe is 
vented to the surface through a riser pipe in the end of the distributor. 

· Liquid waste entering the distributor pipe leaks out through the perfora
tions and disperses throughout the porous bed. A percolation rate of 
200 gal/day-ft2 of crib is estimated for this disposal method. 

Process condensate from the final uranium cycle (and occasionally 
from Concentrators E-JS-1 and E-H4-1) is sampled, monitored for radio
activ~ty (alarm sounds if preset limits are exceeded) and discharged 
through an 8-inch-diameter stainless steel pipe in the 216-A-10 Crib 
located south of the west end of the 202-A Building. The distributor 
pipe, which is 222 feet long, is buried 30 feet below grade and is paral
leled by an abandoned 8-inch-diameter vitreous clay distributor p.ipe. 
The crib runs north and south and is vee-shaped in cross section. 

Steam condensate from Purex is routed through a tank south of the~)-
202-A Building before final crib disposal. The liquid is continuously 
checked for radioactivity with an in-line monitor, with automatic flow 
diversion to Retention Trench 216-A-42 if radioactivity is detected.- Crib 
216-A-30 for disposal of steam condensate is located about one-fourth mile 
east of the 202-A Building. The crib contains two distributor pipes 
arranged so that either or both ends of the crib can be used. One pipe 
made of 15-inch-diameter, perforated, corrugated, galvanized steel extends 
for 700 feet along the center of the crib. Another 16-inch steel pipe 
parallels the first pipe for 700 feet, then angles across to the center-
line of the crib and extends another 700 feet down the center of the crib. 

For the final 700 feet, this pipe is made of corrugated, 15-inch
diameter steel, and is perforated for water drainage. Because of the 
uneven surface of the crib, the pipes are buried beneath from 4 to 18 feet 
of fill. -
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Ammonia scrubber waste condensate is sent to the 216-A-368 Crib 
located south of the 202-A Building. In this routing is a sampling 
station with a radioactivity monitor which alanns when preset limits are 
exceeded. The active portion of this crib is 500 feet long. The front 
100-foot-long portion Df the crib was deactivated soon after initial 
operation when it became too radioactively contaminated for further use. 
(The radionuclide content of this waste stream was significantly reduced 
after the off-gas discharge from the then new annular dissolvers was 
changed.) Liquid is discharged through a perforated 4-inch stainless 
s·teel distributor pipe which is inserted into the original 6-inch pipe 
used for distribution prior to deactivation of the front section of the 
crib. In the deactivated section, no holes exist in the inner pipe, 
thus preventing liquid leakage to this portion of the crib. The pipe 
lies about 23 feet below grade. 

Steam and process condensates and acid overflow from the 203-A 
Area tanks were fqnnerly,sent,,to.,the .. 216,~i;:-3 Crib located outside the 

.Purex perimeter fehc'e; .. tnorth:cif:.:the' :20.'a~A.tank Fann~ .. The crib, however, 
· ~s now plugged, so the liqui,ds.;~re,.b.at.cf.io~lectecf, sampled, and, ·depend
, ng upon samp 1 e radi cacti vtty-;·:,,ar.~ .. iiouted \t:o either the chemical sewer 
or 'Purex solvent extraction for rework. 
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CHAPTER 3.0 - EQUIPMENT DESCRIPTION 

In this chapter, functional and design descriptions of the Purex Plant 
process equipment are qiven with an emphasis on physical features important 
from a processing standpoint~ Illustrations and tabulated infonnation, in
cluding references to construction drawings or certified vendors' infonna
tion (CVI) files, are given for most of the equipment. Descriptions of 
major equipment pieces are given in more detail than those for some of the 
auxiliaries such as instrumentation, agitators, jets, and pumps, since 
these latter pieces are numerous and their descriptions are relatively 
familiar to technical personnel. 

3". 1 GENERAL GUIDEL'INES 

3. 1.1 Ce11 Eguipment Identification Symbols 

Except for instrumentation, a cell equipment piece is identified by a 
sequential combination of letters and numbers designating its description, 
cell location, and cell equipment number. For example, TK-Fl2 designates 
a tank (TK) in F Cel1, vessel number 12. The principal desc·riptive identi
fication letters are summarized in Table 3-1 below. Instrumentation iden
tification symbols are explained in Section 3. 10. 

Table 3-1. Canyon Equipment Identification Letters. 

Equipment Piece Letter 

agitator 
condenser, concentrator, heater (steam) 
filter 
centrifuge 
heater (electric) 
jet 
jet gang valve 
pulse generator 
pulse motor 
pump 
sampler pot 
tank 
tower (column) 
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A 
E 
F 
G 
H 
J 

JGV 
PG 
PM 

p 
SPLP 

TK 
T 
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3.1.2 Definition of Terms 

Throughout Chapter 3.0 and other parts of the manual, special terms 
and conventions are used for convenience in descrtbing the physical fea
tures of equipment pieces. These terms are ·defined below: 

• Carbon Steel. The tenn "carbon steel II is used generically 
to include all types of steel except stainless steel and 
special alloys. Carbon steel includes such classifications 
as 11mi 1 d steel , 11 11 b 1 ack i ran, 11 11 soft i ran, 11 11 structura 1 
steel, 11 and 11 boiler plate. 11 

• Insulated. Unless otherwise noted, the adjective 11 insulated 11 

indicates that the vessel is covered with a 2-inch-thick layer 
of fiberglass. The fiberglass is protec:ed by a shield of 
0.0375-inch-thick (20-gauge) stainless steel sheet. 

• Pipe and Nozzle Size. Unless specifically stated to the con
trary, all piping used in process equipment fabrication is of 
the standard iron pipe size, Schedule 40. Likewise, pipe 
flanges not designed for remote maintenance are 150-psi standard, 
with raised faces. A "remote flange 11 is similar to a sta-ndar::i 
flange, except that it is equipped with aligning dowels and 
captive studs for remote assembly. A 11 connector nozzle 11 is 
one which is equipped with a Hanford remote male connector. 

• Stainless Steel. Unless otherwise designated, the term "stain.;. 
less steel 11 indicates Type 304L or Type 347 stainless steel. 
Type 304L is preferred and is generally specified, but Type 347 
may, in certain instances, have been substituted. 

3. 1.3 Process and Mechanical Requirements 

Major considerations in the design of Purex Plant process equipment 
include: (a) economical and satisfactory fulfillment of the chemical pro- -
cess requirements, and (b) satisfactory fulfillment of those special re
quirements associated with the construction and operation of radioactive 
processing plants.- Mechanical designs satisfying these requirements are 
guided by specifications and general criteria which are summarized below: 

• Applicable codes and specifications related to design, fabrica
tion and quality of materials are followed. For example, 
process vessels are fabricated in accordance with the American 
Society of Mechanical Engineers (ASME) Boiler Construction Code, 
Section VIII; equipment piping is specified to be in accordance 
with the applicabTe American Standards Association (ASA) code; 
and materials are governed by American Society for Testing 
Materials (ASTM) Specifications, modified to suit special 
requirements. 
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• Maximum interchangeability of process equipment is provided 
by designing only the necessary standard sizes compatible with 
process requirements. 

• Final acceptance of process vessels is generally based on 
tests, such as hydrostatic pressure tests, perfonned at the 
construction site. The type and conditions of testing are · 
detennined by the particular equipment piece. 

3. 1.4 Vessel Classifications 

. . For convenience in specifying designs and construction practices, non-
mechanical equipment pieces which contain a liquid or gaseous stream during 
Purex Plant processing are generally designated as "vessels." Vessel speci
fications are not directly applicable, however, to major equipment pieces, 
such as dissolvers, which perfonn a specific unit operation. Construction 
specifications for some of these equipment pieces are discussed in o.ther 
sections of thii chapter. 

Vessels are divided into three classes, depending on their intended 
use. Detailed criteria and specifications for design and construction are 
followed for equipment pieces or vessels of a particular classification. 
The following discussion summarizes the principal vessel design features. 

3. 1.4.1. Class I Vessels 

In the Purex Plant, Class I vessels are constructed of stainless steel 
and designed to contain radioactive materials. These vessels are located 
in the canyon~ PR room and Q Cell. The vessel designs are characterized 
by special features required for processing radioactive materials by r~mote 
control methods. Thus, in nearly all cases, they are designed for remote 
maintenance. Also, they can be flushed and drained to the extent that they 
can be filled with liquid to wet essentially the entire interior surface, 
and they can be emptied without leaving appreciable liquid holdup. External 
and internal surfaces are free of retention pockets, cracks, and crevices. 

Remote maintenance of equipment necessitates the use of special con
struction features to allow installation or removal by use of a remotely 
operated crane. Thus, the equipment piece must be: (a) provided with 
remote connectors for nozzles up to the 4-inch size and remote flanges for 
larger sizes; (b) provided with lifting bails placed so that the vessel, 
when suspendedi will be balanced and will hang essentially in its installed 
position; (c) designed using dowels and aligning holes or trunnions and 
trunnion guides for alignment at installation; and (d) fabricated to un
usually close tolerances, so that replacement equipment or parts may be 
readily installed. 

Class I vessels are of stainless steel,, all-welded construction, with 
carbon steel (protected with Amercoat 74) used only for necessary external 
attachments not in contact with the process fluid. Double butt welds are 
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used for pressure holding seams wherever possible, and weld quality is con
trolled by radiographing or by other specialized techniques, depending on 
weld location. Vessels are welded by Types 308L or 347 weld rod, using 
either the coated rod or inert gas-shielded rod-welding technique. Formed 
heads are specified to be solution heat-treated prior to welding, and stress 
relieving following welding is prohibited. Completed stainless steel 
assemblies are pickled in nitric acid or nitric acid-hydrofluoric acid 
solutions. 

In general, the basic internal design pressure for Class I vessels was 
assumed to ·be 5 psig or 11-0% of the operating pressure, whichever is great
er. The external design pressure was generally assumed to be 5 psig. How
ever; these general specifications have been amended to cover various 
specific equipment types or parts, such as condensers and ·tank coils. 

3.1 .4.2 Class II Vessels 

Class II vessels are of all-welded stainless steel construction with 
carbon steel used only for supports and attachments not in contact with a 
process fluid. Since processing or storage of highly radioactive materials 
is not required of these vessels, standard methods a.re used for their de
sign, fabrication, and installa~ion. For purposes of preparing detailed 
design and fabrication specifications, Class II vessels are divided into 
two groups: (a) nonradioactive process vessels (tanks) in the 202-A and 
276-A Buildings, normally considered to be pressure vessels, and (b) atmos
pheric pressure storage tanks located in the 211-A chemical tank farm and 
the 203-A uranium storage tank farm. 

For the design and fabr·ication of Class II vessels as pressure vessels, 
the general requirements of the ASME Boiler Construction Code are followed. 
Basic design pressures are taken to be an internal pressure of 15 psig or 
110% of the operating pressure, whichever is greater, and an external pres
sure of 5 psig.. With few exceptions, standard flanged and dished heads, and 
standard flanged connnections are used. Fabrication of Class II vessels 
also includes solution heat-treating of fonned heads, pickling of stainless 
steel assemblies (or, for large vessels, internal pickling and external 
sandblasting) and hydrostatic and/or pneumatic testing according to code 
requirements. 

For the design and construction of Class II storage tanks, the general 
requirements of the American Petroleum Institute (API) Standard 12C are 
followed. Designs are for the maximum internal pressure imposed by a liquid 
of 1.8 specific gravity, with loads du.e to wii:td pressure and earthquake 
forces also considered. Fabrication features of Class II storage tanks in
clude the use of double-welded butt joints for shell-plate welds, internal 
cleaning by sandblasting, testing according to code, and hydrostatic test
ing of tank coils at 150 psig. For nitric acid storage tanks, external 
carbon steel attachments (e.g., reinforcing) are painted with Amercoat 55. 
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3.1 .4.3 Class III Ves~els 

Class III vessels, like those of Class II. are divided into two groups: 
pressure vessels and atmospheric pressure storage tanks, depending on design 
and fabrication methods. Except for the fact that they are fabricated from 
carbon steel or aluminum, specifications for these two groups are similar 
to those for Class II vessels of the same types. Exceptions to the speci
fications include the storage vessels for water {Tank 223) and solvent 
{Tanks 40 and 41 in the 211-A tank farm), which are designed for a maximum 
internal pressure from a liquid of 1.0 specific gravity, rather than 1.8. 
Other exceptions are carbon steel caustic storage tanks, which are painted 
internally with a chlorinated rubber-base paint, as opposed to the speci
fication for Class II vessels prohibiting internal painting. 

3-~ 2 ... FUEL TRANSPORT AND UNLOAD ING EQUIPMENT 

Irradiated fuel elements are delivered from the reactor storage 
basins to the 202-A Building in shielded railroad cars. The cars enter 
the east end of the building through a railroad tunnel where canisters 
containing the fuel elements are remotely removed from fuel casks and 
emptied into the dissolvers with an overhead crane. This section describes 
the equipment used for transporting and unloading the spent fuel. 

3.2.1 Fuel Element Canisters 

The N Reactor fuel is stored and transported in six different types 
of canisters (see Figure 3-1), of which there .. are two main types~- short 
and tall. Basically, both types consist of two nominally 8-inch-diameter 
tubes, each flared at the top~ connected together side-by-side at three 
points by short cylindrical bars, one at the top and two at the bottom 
of the canist.er. The top bar serves as the lifting trunnion- and the lo_wer 
bars as tipping trunnions. The bottom of the canister is perforated with 
1-inch holes to allow water circulation around the fuel elements, and is 
covered with screen. 

The short canisters are made of 0.09-inch-thick aluminum and are 
28 inches in length. The bottom of each tube is 3/8-inch thick aluminum. 
There are two types of short canisters; one type (shown in Figure 3-1) 
has a round flare on the top of each tube, while the other type_ has an 
octagonal flare. The round-flare type is used only for handling 0.95 
fuel and the octagonal flare type is used exclusively for 11 spike 11 fuel. 
The capacity of a short canister is .14 fuel elements (approximately 700 1 b 
of uranium), or one tier of 7 fuel elements, positioned vertically, per 
tube. 

The tall canisters are made of 16-guage, 300-series stainless steel, 
and are 71 inches long. The bottom of each tube is 1/4-inch-thick stain
less steel. Each tube has a round flare on top. The tall canisters are 
used entirely for handling 11 spike 11 fuel and have a capacity of 42 fuel 
elements (approximately 1500 lb of uranium), or 3 tiers of 7 fuel elements 
per tube. · 
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3.2.2 Fuel Casks 

The fuel casks are large, heavily shielded containers used to trans
port canisters between the reactor basins and Purex. Two types of casks 
are used -- K basin cas~s and NPR (N Reactor) basin casks. 

AK basin cask is shown in Figure 3-2. The sides and bottom of the 
cask are 10-inch-thick lead clad on the inside with 3/8-inch-thick carbon 
steel and on the outside with 1/2-inch-thick carbon steel. Tubes pene
trate the sides of the cask ta allow cooling water circulation around 
the fuel. The cask lid is 10-inch-thick lead clad with 3/4-inch carbon 
steel. The lid is held in place by locking cogs operated with an impact 
wrench. The overall dimensions of the cask are approximately 59 inches 
by; 57 inches by 75 inches tall. The lid weighs approximately 5700 lb and 
the cask 39,300 lb for a total weight, empty, of approximately 45,000 lb . 
The cask cavity, which is divided into three sections by two carbon steel 
dividers, will hold three short fuel canisters. ' 

· A NPR basin cask is shown in Figure 3-3. The sides and bottom of 
the cask are 10-inch-thick lead, clad on the inside with l/2-inch-thick 
stainless steel and on the outside with 3/4-inch carbon steel. There are 
penetrations in the side of the cask to allow cooling water circulation 
around the fuel. The cask lid is 10-inch-thick lead clad with 1/2-inch 
carbon steel. The lid is held in place by locking cogs operated with an 
impact wrench. The overall dimensions of the cask are approximately 
57 inches by 78 inches by 128 inches tall.· The lid weighs approximately 
8250 lb and the cask 95,450 lb for a total weight, empty, of around 
103,700 lb. The cask cavity, which is divided into four sections by a 
stainless steel insert containing 1% boron for neutron absorption, will 
ho 1 d four ta 11 or 12 short canisters. 

3.2.3 Canister Handling Basket 

When using a NPR basin cask and short canisters to transport fuel, 
special baskets, called N-fuel canister carriers, are used. The use of 
the baskets decreases the dissolver charging time by allowing the crane 
operator to remove three canisters at a time from the cask, instead of 
having to grapple for each individual canister. A basket, rectangular 
in shape, is approximately 14· inches by 20 inches by 83 inches tall and 
is constructed of 3/16-inch carbon steel. The bottom of the basket is 
perforated with 1-inch holes to allow water circulation. A basket will 
hold three short canisters and a NPR basin cask will hold four baskets. 

3.2.4 Cask Cars 

Two types of railroad cars are used for·transporting the fuel casks 
from the reactor basins to the 202-A Building. Both types are basically 
a rectangular water tank (for holding and cooling the fuel casks) on top 
of a railroad car, the difference between the two. being size and capacity. 
The first type, called a 11 short 11 car, is a 30-foot-long flat-bed car with 
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a load capacity of 100 tons. The water tank on top will hold a single 
N Reactor basin cask. The second type, or 11 long 11 c;;,ar, is SO feet long 
and has an underslung frame carried by two six-wheel trucks. This car 
has a capacity of 200 tons and will hold three K Reactor basin casks. 
The water tanks on both car types have hinged doors on top, which are 
opened by a hand wheel-operated mechanism. 

3.2.5 Railroad Tunnel 

. The ra i 1 road tunne 1 is the route through which the irradiated fue 1 
and equipment for canyon use enter the 202-A Building. The tunnel runs 
north and south, fanning a 11T11 on the east end of the building, and enters 

·.·the building on the north side at a level approximately 15 feet below 
grade. A concrete tunnel enclosure extends north from the building 
approximately 95 feet .. Located on the south end of the tunnel as it 
leaves the building are two burial tunnels (see Section 2.3.6). Access 
to the tunnel from the railroad cut is through a 19- by 32~foot vertical 
rolling steel door. The tunnel is separated from the canyon by a 19- by 
32-foot horizontal, aluminum ventilation cover in the ceiling of the 
tunnel. The cover travels horizontally along rails on the sides of the 
railroad tunnel and is driven by six 1-hp electric motors .. · For venti
lation control in the canyon, this cover is closed whenever the outside 
tunnel door is open. 

As many as three cask cars may be in the tunnel ·at one time with the 
outside door closed. This will still allow crane access through the 
ventilation cover opening to unload and charge fuel from the first car. 

3.2.6 Car Puller. 

The railroad cars are positioned under the horizontal ventilation 
cover in the railroad tunnel for equipment and fuel unloading by means 
of a car puller. The car puller is an ann connected to a continuous 
chain which travels along steel guide rails on the east wall of the 
tunnel. The ann has a hook on the end that can be connected to a bracket 
on the side of the railroad cars. The puller is driven by a reversible 
15-hp electric motor through a 204 to l gear ratio speed reducer. The 
arm is hooked onto the last car into the tunnel so that a car cannot be 
pushed through the unopened outside door. The car puller can be operated 
either by the crane operator or from a local control box in the tunnel. 

3.2.7 Fuel Dumoing Equipment 

To aid the crane operator in charging the dissolvers, two types of 
dumping assemblies are used._ The first, used with the short fuel canisters, 
is basically a stainless steel cylinder, approximately 6 feet 5 inches in 
diameter and 2 feet 6 inches tall, with an upper lip that projects out . 
approximately 3 inches. This assembly fits inside the top of the dissolver, 
with the lip of the cylinder resting on the upper lip of the dissolver. 
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With this arrangement, the dissolver lid can be placed on the dissolver 
without removing the dumping assembly. Equally spaced around the inside 
of the cylinder are four hook-like projections which engage the dumping 
trunnions on the bottom of the fuel canister when the canister is lowered 
into the dissolver with ~he crane for dumping. The four dumping positions 
allow an even distribution of fuel in the dissolver annulus. 

The second type of dumping assembly is used with the tall fuel canis
ters. The stainless steel assembly, basically three vertical columns 
welded to a base plate, is approximately 15 inches by 24 inches by 64 inches 
tall. The center column has a hook-like projection, or pivot point, approx
imately 26 inches from the top which engages the dumping trunnions on the 
fuel canisters. The outer columns, 4- by 6-inch box beams, serve as 
guides for positioning a canister on the assembly. A 1- by 2-foot steel 
plate located just above and behind the pivot serves as both a canister 
positioning guide and lifting bail for the assembly. It also helps pre
v"ent accidently tipping the fuel canister backwards away from the dissolver 
and spil 1 i ng the fuel. . The assembly is fastened to brackets located on the 
outside of the dissolver approximately 15 inches below its upper lip. 
This puts the pivot point·approximately 4 feet from the centerline of the 
dissolver and 2 feet above the upper lip. There are three such dumping 
assemblies equally spaced around the top of the dissolver. The position
ing of the assemblies is such that the dissolver lid can be taken on 
and off with the assemblies in place. 

For an added safety measure when dumping tall canisters, a special 
trunnion guard is used. · It is roughly half a cylinder, 30 inches in 
diameter and 45 inches tall, that fits around the dumping assembly, pre
venting the accidental spilling of fuel when dumping canisters into the · 
dissolvero 

3.2.8 Cranes 

The overhead cranes located in the Purex canyon are shown in perspec
tive in Figure 3-4. There are two master cranes -- an "east" and a 11west 11 

-- plus a slave crane. The master cranes are used for the majority of the 
routine remote maintenance work involving the canyon equipment, and for 
perfonning the process function of charging the fuel to the dissolvers. 
The slave crane is used to assist a master crane in those operations 
which require two cranes, or to perfonn maintenance operations in low-
radiation-level areas. · 

3.2.8.1 Master Cranes 

The east and west master cranes are essentially identical. The 
bridge of each crane spans two rails 54 feet apart, 26 feet above the 
canyon deck, and rides on eight steel wheels with a wheel base of 18 
feet. Each master crane is electrically driven by a 65-hp motor and 
can travel the length of the canyon at speeds of from 2 to 160 ft/min. 
Limit switches and rail stops are provided to prevent bridge over
trave1. 
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A 40-ton hoist, a 10-ton hoist, two 1-ton hoists and· two l /2-ton 
hoists are suspended from the crane bridge. The 40-ton and 10-ton hoists 
are mounted on a main tro11ey which spans the bridge~ while the 1-ton and 
1/2-ton hoists are mounted on two monorail trollies hung under the bridge 
girders. With this arrangement, all the hooks have three directions of 
movement; the bridge travels lengthwise through the canyon, the trolleys 
travel across the canyon, and the hoists travel vertically. In addition 
to this, the 10-ton hook can rotate 360° on its axis, driven by a 1/30-hp 
electric motor via reduction gears and an electric clutch. Hoisting 
speeds and trolley speeds are as follows: 

Hoist Capacity, Trol 1 ey Speed,. Hoisting Speed, 
tons, (number) ft/min ft/min 

40 ( 1 ) 1 to 50 1/6 to 8 
10 ( 1 ) 1 to 50 1/2 to 50 
1 (2) 1 /2 to 25 1/2 to 28 

1/2 (2) 1/2 to 25 1/2 to 28 

All the nonrotating hooks are set up with the throat opening towards 
the crane operator except for the west 1--ton hoist, which opens away from 
the crane operator.. Limit switches are provided to prevent trolley and 
hoist overtravel. 

The cranes are powered by Amplidyne variable-voltage, variable-speed, 
d.c. drive systems, which provide high torque at low speeds. Each driving 
motor, with the exception of those operating the monorail trolleys, has a 
separate a.c. motor-d.c. generator set. One motor-generator set supplies 
the power for both monorail trolleys, with the result that both trolleys 
cannot be used at the same time. The power supply for the cranes' 440-volt, 
3-phase current is carried by three 4- by 4-inch steel angle irons fastened 
to the north wall of the canyon, approximately 9 feet above the crane rails. 
Spring-loaded, L-shaped, electrical contact collector shoes attached to 
the crane ride along the bottom on the angle iron. 

A short section of five 3- by 2 1/2-inch angle irons at the east end 
of the canyon beneath the power conductor angles connects controls in 
the crane with the car puller (described in Section 3.2.6) located in the 
railroad tunnel. Telephone communication with the crane cab is provided 
by two copper wires suspended next to the canyon wall about 6 feet above 
the crane rails. Radio communication to the crane cab is also provided 
over the 202-A Building PAX telephone system. 
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Movements of the crane are controlled from an approximately 9- by 
14-foot totally-enclosed, steel-shielded cab, which travels behind a 
2-foot-thick concrete parapet wa11. The cab 1 s steel shielding is about 
3 inches thick. There is an air lock on the crane cab entrance through 
which the crane operator must travel to enter the cab. Crane operations 
are observed from the cab by means of two variable-power binocular-type 
periscopes mounted on either side of the crane bridge. Powers of 0.75, 
2.5, and 5 with the corresponding angles 9f vision of 68°, 25°, and 
12.5° may be selected by the operator. The objective of each periscope 
may be moved across the canyon.and rotated about its axis to permit 
increased vision. 

There are several lights on the cranes to provide illumination for 
the crane operator. Beneath the bridge there are sixteen 1000-watt, 
120-volt lights, eight on either side. Mounted on the main trolley are 
four 1500-watt, 208-volt_lights. Two 500-watt, 32-volt 11 engineering 11 

lights are mounted on the l~ton hoist and can be tilted as required by 
the crane operator. The west crane has a 1000-watt, 120-volt spotlight 
mounted on both periscope objectives which rotate with the objective. 

3.2.8.2 Slave Crane 

The slave crane is a standard industrial model with one 40-ton hoist. 
The bridge of the slave crane, riding on eight steel wheels, spans two 
rails, 18 feet directly above the rails for the master cranes .. The slave 
crane has a wheel base of approximately 20 feet. The bridge can travel 
the length of the canyon at speeds of 2 to 160 ft'/min and, with its 
40-ton hook fully retracted, can pass over the master cranes. The 40-ton 
hoist is mounted on a trolley which spans the bridge. It has hoisting 
speeds of 1 to 22 ft/min and trolley speeds of 1 to 25 ft/min. As with 
the master cranes, limit switches prevent bridge, trolley, and hoist 
overtravel. The power pickup and drive systems of the slave crane are 
also similar to those of the master cranes. · 

The height of the slave crane places its cab above the concrete wall 
used to shield the master crane cab. Hence, the slave crane is operated 
from its cab only when working in low radiation areas. The cab is approx
imately 13 feet wide and 14 feet long. Large shatterproof glass windows 
allow the operator a direct view of the work below, so no special viewing 
aids are required. \-!hen being used for work in high radiation areas, the 
slave crane can be controlled from the master crane by means of a special 
umbilical cord which connects the slave crane controls to the master crane 
controls. To provide illumination for the-wor-k area under the slave crane, 
there are four 1000-watt lights mounted beneath the main trolley. 

3.2.9 Impact Wrenches 

An important attachment to the crane for doing remote work is the 
impact 111rench. There are two types used at Purex -- the 11 Hanford 11 impact 
wrench and the standard Purex impact wrench. 

3-14 



~·~•~!.••· . . ,,. 

·,)_:°'i.if':i:?" '; 
U':J(.· .• 

. ::~f. 
¥ 

,~-~~,. 
,JE':,,J . 

(-'l.N,;~· 
i·'~• 

i:~ 

,,. .. 

RHO-MA-116 

The Purex wrench is used to make or break remote connections and to 
operate the holddown nuts on tanks, columns, and other equ~pment~ The 
wrenches are attached to the 1/2-ton monorail hoists on the master cranes 
and can be operated either horizontally or vertically, depending on the 
point of suspension, whjch the crane operator can change by setting the 
wrench on the canyon deck and sliding the suspension hook along the wrench 
handle. A positioning device on the wrench which engages a special stop 
on the connector heads prevents the wrench from turning during operation. 

. The wrench is driven by a reversible 3/4-hp electric motor via a 
train of gears. It can be operated in either direction by reversing 
the motor rotation. The wrench will deliver a steady torque up to 
400-500 ft-lb, after which the wrench will start impacting. Loose nuts, 
when removed from their studs, are retained in the socket of the impact 
wren,c_h by a snap ring until they can be placed on dummy studs for future 
use.: The overall dimensions of the wrench are approximately 25 inches 
long by 17 inches by 6 1/2 inches. The socket size on the standard Purex 
wrench is a 2-inch hexagon. 

The second type, or Hanford impact wrench, i-s used exclusively to 
unlatch the lids on the cask cars for fuel unloading. The Hanford wrench 
is physically larger than the Purex wrench and uses a 3-inch hexagonal 
socket. 

3.2. 10 Storage Basin 

The storage basin, which is an unlined concrete pool located on the 
east side of the railroad tunnel, was used for underwater storage of 
aluminum-clad fuel elements, which were fonnerly processed in the Purex 
Plant. At the time this manual was issued, the basin contained four 
buckets of aluminum-clad elements to be processed. The N Reactor fuel 
elements have not been~ and are not planned to be, stored in the storage 
basin, since costly design modifications would be necessary to meet nuclear 
safety requirements. The fuel elements are stored in the shipping casks 
from which they are removed when they are charged directly to the dissolvers. 

3.3 DISSOLVERS 

Three dissolvers (TK-A3, TK-B3, TK-C3) of nearly identical design, 
located in A, B, and C Cells, respectively, are used for chemically 
removing the Zircaloy cladding and dissolving the uranium, plutonium, 
neptunium, and fission products in the fuel elements. A typical dissolver 
and its associated off-gas equipment is shown schematically in Figure 3-5. 
Equipment blueprint numbers are given for each piece of apparatus. 

A dissolver, consisting basically of two annuli separated by a slotted 
wall, is about 285 inches tall by 111 inches in outer diameter at the 
bottom. All surfaces which come intq contact with process vapors or 
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lfquids are stainless steel. The 12-inch-wide inner annulus (11-inches 
for the new A Ce11 dissolver) in the bottom section of the dissolver is 
formed between a central, cylindrical, ~admium-jacketed, concrete neutron 
moderator and the slotted wa11 made of vertical stainless steel bars. 
The fuel elements are dumped onto a stainless steel distributor cone sur
mounting the concrete moderator and are thus distributed around the inner 
annulus. A raised grid of bars on the bottom. of the inner (fuel) annulus 
supports the weight of the dumped fuel elements and protects the air and 
steam sparger (air-lift circulators in Band C Cell dissolvers) from the 
weight of the fuel. 

The fuel annulus is surrounded by a 12-inch-wide (14 inches wide for 
·A,.Cell dissolver) solution annulus containing heating and cooling coils 
made of 915 feet of 2-inch Schedule· 80 pipe, a sparge ring (air-lifts in 
Band C dissolvers), and several dip tubes for solution transfers and in
strumentation. The jet for transferring the dissolved metal solution is 
attached to an external nozzle on a suction leg in the solution annulus. 
The position of the jet is below the normal liquid level in the dissolver, 
since the jet suction could not overcome the hydraulic head of the liquid 
if the jet were installed on top of the dissolver. 

Vapors generated during dissolver operation exit to a downdraft con
denser (see Section 3.4.1) through a 16-inch off-gas line extending from 
the side of the upper section of the dissolver. The 85-inch-diameter 
dissolver lid is water-sealed, with a capability of holding about 8 inches 
of water vacuum. ·· 

The original three Purex dissolvers were pot-type vessels. Because 
of its design geometry, this type of dissolver could be used only for 
dissolving natural uranium. Starting in 1965, the pot dissolvers were 
replaced with annular dissolvers, which are geometrically favorable for 
criticality safety to allow for processing of enriched fuel. Since that 
time, the annular dissolvers have evolved through four designs. A dis
solver of the latest design is installed in A Cell. This design differs 
from that of the Band C Cell dissolvers in the annuli width and the 
sparger type, as mentioned above. In addition, the raised grid in the 
fuel annulus of the A dissolver is 9 inches above the bottom of the 
dissolver, as compared to 11 inches for the other two dissolvers. 

3.4 DISSOLVER OFF-GAS EQUIPMENT 

This section describes the equipment used for the removal of some of 
the ammonia, oxides of nitrogen, iodine, and particulates from the dis
solver off-gas stream. Figure 3-5 is a schematic of the equipment involved. 
Eac~ of the three dissolvers has its own off-gas handling equipment. The 
order in which the equipment is described corresponds to the route followed 
by the dissolver off-gas after it leaves the dissolvers. 
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3.4. 1 Dissolver Towers (T-A3-1, T-B3-1, T-C3-1) 

Each dissolver.tower is basically a vertical, countercurrent condenser 
with two main functions. First, during fuel decladding, it acts as an 
ammonia absorber as the condensing water vapor in the off-gas absorbs some 
of the ammonia in the off-gas and cools the off-gas to a temperature favor
able for ammonia absorption downstream in the ammonia scrubber. Second, 
during fuel dissolution, the tower acts as a nitric acid absorber via the 
same condensation-absorption mechanism, with the condensing water vapor 
absorbing some of the oxides of nitrogen. The condensate from the tower 
can be routed to either the dissolver or an ammonia scrubber catch tank 
using controls in the head-end control room. 

The·tower itself is a cylindrical vessel 4 feet 4 inches in diameter 
and approximately 19 feet 7 inches long. The shell and the lower dished 

· head are 1/4-inch-thick stainless steel; the top head is a flat stainless 
steel plate 1.5 inches thick. Running around the shell approximately 
9 feet from the bottom is a single corregation expansion joint. The off-

. gas enters near- the top of the- tower via a 16-inch pipe attached to a 
distributor ring, 6 feet 6 inches in diameter and 20 inches wide, on the 
outside of the tower. Near the end of the 16-inch pipe is a six 
corrugation - close pitch expansion joint. The distributor inlets to the 
tower are ten 4- by 18-inch slots, spaced 15° apart, centered opposite to 
the point where the 16-inch line enters the distributor ring. This arrange
ment prevents channeling through the condenser and provides for an even 
flow distribution. There is a 11 U11 -shaped spray ring adjacent to the slots 
for rinsing the inside of the tower. The off-gas flows shell-side do~nward 

.through the condenser and leaves through a 10-inch pipe. 

The tube bundle, which carries the tower cooling water, is made up 
of·s11 stainless steel tubes, each 1 inch 00, 14 BWG, and 18 feet long.· 
On the central 15 feet of each tube are 20 radial fins, 1/2-inch wide 
by ·21 gauge thick, which are cut and twisted once per foot to preclude 
straight-line condensate and off-gas flow through the condenser. Inserted 
in each tube is a sealed 3/4-inch-OD tube; 14 BWG, and 18 feet long. The 
resulting annulus between inner and outer tube increases the (upward) water 
velocity through each tube. Based on the inside tube surface, the total 
area available for heat transfer is approximately 1675 ft2. Based on the 
outside tube and fin surface, the area available for condensation is -
approximately 15,000 ft2. The entire tower, except for the top plate, 
is insulated with 2-inch-thick fiberglass sheathed with 20-gauge stain
less steel. 

The tower and the ammonia scrubber (described in Section 3.4.2) are 
fastened to dunnage approximately 5.5 feet by 5.5 feet by 22 feet tall. 
The dunnage is made out of a:inch carbon steel I beams. The tower sits 
inside the dunnage, while the ammonia scrubber is fastened to the outside. 
This entire assembly then sits on top of the dunnage supporting the ammonia 
scrubber catch tank, described in Section 3.8. 1. 
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3.4.2 Ammonia Scrubbers (T-A3-3, T-83-3, T-C3-3) 

An ammonia scrubber is installed downstream of the dissolver tower 
to remove ammonia from the off-gas not removed by absorption in the 
dissolver tower. The a1T1110nia-bearing solution from the scrubber is col
lected in a catch tank, described in Section 3.8.1, from where it is 
transferred with a steam jet to the anmonia scrubber waste concentrator 
feed tank, TK-F12. 

The anmonia scrubber is approximately 30 i~ches in diameter and 
12 feet tall. The top of the scrubber is a dished head, and the. bottom is 
a flat plate at a 10° angle with the horizontal. The entire shell is 

-constructed of 1/4-inch stainless steel. The off-gas from the dissolver 
tower enters the scrubber via a 10-inch line through the bottom plate 
and exits via a 10-inch flanged pipe on the top. As the off-gas enters 
the scrubber, it impinges against an 0-inch-diameter baffle plate. It is 
then funneled through a de-entrainment pad, 17 inches in diameter, 6 inches 
thick, made of 5-mil Tophet M wire with a mesh density of 10 to 12 lb/ft3. 
Directly above the de-entrainment pad is a 1/2-inch spray head used for 
rinsing the pad. 

The off-gas then goes through a chimney~baff1e arrangement into the 
packed section of· the scrubber, where the anmonia absorption takes place. 
The chimney-baffle allows the off-gas to enter the packed section, but 
will not allow the scrub water coming down off the packing to enter the 
de-entrainment section. Instead, the scrub water collects around the 
chimney and drains to the ammonia scrubber catch tank. 

The packed section of the scrubber is approximately 42 inches long. 
and consists of 18 ft3 of 1-inch-diameter stainless steel Pall rings. 
The packing is supported by a metal grid covered with 3/4-inch mesh 
stainless steel wire cloth. Directly above the packing is a distributor 
plate to distribute the scrub water over the top of the packing. The 
plate consists of 41 weir pipes, each approxi~ately 2 1/2 inches in dia
meter and 3 1/2 inches tall, fastened to a 1/4-inch stainless steel plate 
in three concentric circles. There is a 11 V11 groove cut into the top of 
each pipe to maintain a water depth on the plate of 2 3/4 inches. The 
scrub water is fed to the center of the plate via a 2-inch pipe with an 
outlet below the water level on the plate. 

Above the distributor plate, the off-gas is funneled through another 
de-entrainment pad, 17 inches in diameter, 4 inches thick, made of 5-mil 
tantalum wire with a mesh density of 12 to 19 1b/ft3. After passing 
through this pad, the off-gas leaves the scrubber. 

3.4.3 Steam and Electric Heaters 

As shown in Figure 3-5, the dissolver off-gas leaving the a1TDT1on.ia 
scrubber is heated to 380°F by a steam heater (E-A2, ~82, -C2) and an 
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electric heater (H-A2, -B2, -C2) in series before entering the silver 
reactor (see Section 3.4.4) for removal of iodine from the gas stream. 
The steam heater, ·operated with 185-psig steam, serves as a preheater, 
and the electric heater provides the additional energy to raise the gas 
temperature to the desired level. 

The steam heater is a horizontal, finned-tube, stainless steel, in
sulated, heat exchanger, 2 feet 8 inches 0.0. by 11 feet long. The 
heater contains 171 steam-bearing tubes, 1 inch 0.0. and 8 feet long. 
Each tube is finned to 2-inch O.D. over its central 6 feet with 20 
longitudinal fins. The 1/4-inch-thick heater wall has an expansion joint 
near the"gas inlet. The heater has 3/8-inch-thick dished heads and 

· ··· 10- inch flanged nozz 1 es for gas in 1 et and out 1 et. 

The electrical heater consists of a vertical duct made from 3/16-inch~ 
thick stainless steel, 10 1/4 inches by 21 1/8 inches in inside cross
section by 5 feet 10 inches long. The duct, which is-insulated and sheathed 
with stainless steel sheet metal over the insu.lation, contains 24 11 U11 -shaped 
resistance heating elements with a total heating capacity of 96 kW. The 
elements are inserted horizontally through two opposite walls of the duct. 
Off-gas from the steam heater enters the top of the duct through a 10-inch 
pipe, passes down over the heaters in the duct, exits through a 10-inch 
flanged pipe in the bottom, and enters the si.lver reactor. The electrical 
input to the heating elements is automatically controlled to maintain· a 
set temperature (380°F) i_n the off-gas exit 1 ine from the heater. 

3.4.4 Silver Reactors (T-A2, T-B2, T-C2) 

Off-gas from each electrical heater enters downward through a silver 
reactor containing silver nitrate-coated packing, which removes iodine 
from the off-gas stream. The reactor vessel is 4.5 feet 0.0. and about 
13.5 feet tall. The top and bottom are flat 3/4-inch stainless steel 
plates, and the vessel shell is 3/8-inch stainless steel. 

The vessel contains two beds of packing, each consisting of a 12-inch 
depth of 1-inch unglazed Berl saddles under a 34-inch depth of 1/2-inch 
unglazed Berl saddles .. The two beds are separated vertically by a dis
tance of about 2 feet, and each rests on a support made of angle iron 
and coarse screen. The packing is coated with silver nitrate for iodine 
retention. Heated off-gas enters the silver reactor through a flanged 
10-inch nozzle into a plenum above ~he top packing bed in the top of the 
vessel, passes through the two packing beds, and exits from a bottom 
plenum through a 10-inch pipe leading to filters described in Section 3.4.5. 

The reactor is heated b~ an external steam coil made of 2-inch 
Schedule 40 pipe wrapped around the side walls of the vessel. The coil, 
off-gas nozzles, and external surfaces of the reactor shell are insulated 
with the insulation covered with 20-gauge stainless steel sheet~ 
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Two 3-inch nozzles on the top of the reactor allow regeneration of 
the packed beds by spraying them with silver nitrate solution. One of 
the nozzles extends down through the top bed and above the lower bed so 
the lower bed can be independently regenerated by inserting a spray nozzle 
on a long wand down thr-ough the extended nozzle. 

. .-' 

The design of the silver reactors has changed since the original 
installation. The B Cell reactor, however, still has a single 8-foot 
bed of packing, a characteristic of the original reactors, instead of 
the two beds described above. · 

3.4.5 Off-Gas Filters 

For removal of any remaining particulate matter, the dissolver 
off-gas from each s i 1 ver reactor is pas·sed through two Fiberglas ( trade 
name of Owens-Corning Fiberglas Corporation) filter beds (F-Al, -Bl, -Cl, 
and F-lA, -1B, -lC) in series. Only the first filter bed is shown in 
Figure 3-5. Both beds and their containment vessels, however, are identi
cal in design • 

Each filter containment vessel is an insulated, dished-head, stain
less steel tank, 9 feet in outer diameter (exclusive of insulation) by 
8.75 feet high. Ten-inch f1anged nozzles are located in the side wall 
near the bottom head, and in the top head, for gas inlet and outlet, 
respectively. The Fiberglas filter (Type 115K) is in four layers of 
different densities held between screen-covered supports. Fiberglas Type 
115K has a mean fiber diameter of 0.00115 inch. As seen in Figure 3-5, 
the layers range in density from 1.5 1b/ft3 at the bottom (gas inlet) 
with increasing density to 9 lb/ft3 for the top (gas outlet) layer. The 
top layer was changed to Type 11 SK from the ori gi na 11 y i nsta 11 ed 1 i.nch 
of AA medium, which, unlike 115K, was found to be very susceptible to 
water damage. . 

One set of filters (F-Al, -Bl, -Cl) is located in the Purex canyon 
just downstream of the silver reactor, while the second set (F-lA, -18, 
-lC) is in a vault (294-A Building) outside the 202-A Building in the 
line leading to the backup facility (see Section 3.4.7). 

3.4.6 Vacuum Control Valves 

The vacuum control for the dissolver is maintained by two stainless 
steel diaphragm~operated valves (OOVs) in the off-gas train in the canyon 
downstream of the canyon filters described in Section 3.4.5. One of the 
valves, a 6~inch plug valve, operates with low flows, and a 6-inch butter
fly valve controls at high flows. Both valves are installed in a large 
remotely handled jumper called the 11 donut jumper 11 because of its shape. 
From the control valves, the off-gas train is connected to nozzles on the 
canyon wall with three 4-inch-diameter jumpers. The off-gas then goes 
through the wall, through- the pipe trench, to the filter in the 294-A 
Building, and to either the backup facility for nitric acid recovery or 
directly to the 291-Al stack. 
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3.4.7 Backup Facility 

The backup facility equipment, added to the Purex Plant after 
startup, was originally intended for additional iodine removal from the 
dissolver off-gas in case the silver reactors broke through. Nitric 
acid was to be recovered in the first absorption tower (T-XA), with the 
second tower (T-XB) serving as a caustic scrubber for the off-gas. The 
first tower, however, did not remove enough nitrogen oxides, causing 
the caustic solution to be depleted rapidly, and resulting in a depleted 
caustic disposal problem. Therefore, bath towers are now used for nitric 
acid absorbers, as well as a backup iodine removal system. When uranium 
metal is not being dissolved, the dissolver·off-gas bypasses the backup 
facility since no acid recovery nor iodine removal service is needed. 

The backup facility is housed in.the 293-A Building, described in 
Section 2.3.2, and contains the two acid absorber towers and coolers, 
described in Section 3.13, and two acid collection tanks (TK-XC and 
TK-XD), described in Section 3.8. 

The off-gas is pulled from the dissolver and the downstream equip
me~t by three steam jets, which may operate singly when the backup _ 
facility is being bypassed, or in unison when pulling through the backup· 
f.acility. The jets discharge into the bottom of the 291-Al ventilation 
stack just above the entrance of the 202-A Building ventilation flow. 
The backup facility bypass is operated from the dissolver panel board. 

3.5 CENTRIFUGES 

Two centrifuges located in E Cell are ·used to remove the 
(primarily uranium tetrafluoride) from Zirflex coating waste. 
are then metathesized to hydrated uranium dioxide, dissolved, 
ferred to solvent extraction feed. 

solids 
The solids 

and trans-

Two sizes of Bird solid-bowl centrifuges are used at the Purex 
Plant. The centrifuges are similar in design and construction except 
for bowl diameter. Principal components of a machine include: (a) a 
solid cylindrical bowl, (b) a vertical spindle from which the bowl is 
axially suspended, (c) an electric motor, direct-connected to the spindle, 
and (d) the outer cylindrical case, which encloses the rotating bowl. 
The components are .rigidly supported by a structural steel frame. measur
ing 7 feet by 10 feet by 13 feet high. The entire assembly is designed 
for remote operation and maintenance. All pa~ts in contact with process 
solutions or fumes are stainless steel. 

Centrifuge G-E2 (see Figure 3-6), the type originally installed at 
Purex, has a 48-inch bowl diameter, while the G-E4 machine, shown in 
Figure 3-7, is a modified 40-inch-bowl-diameter model like those in the 
Hanford Band T Plants. The centrifuges have stainless steel Bowls, 
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spinning volumes of 90 and 60 gallons, skimming speeds of 550 and 850 rpm, 
and exert 900 and 1740 G (force of gravity), at the working speeds of 
1150 and 1750 rpm, respectively. 

Important centrifuge auxiliaries include a hydraulically operated 
skimmer which contacts and sucks up liquid for reducing the liquid holdup 
in the spinning bowl at the end of centrifugation, and a high-pressure 
spray for dislodging or washing down the solids. In operation, centri
fuge feed is introduced via a dip tube to near the bottom of the rotatinq · 
bowl and flows to the bowl wall. Over an extended period of operation, 
solids collect on the bowl wall, while liquids escape to the centrifuge 
case over the bowl lip. Liquid holdup in the rotatinq bowl is partially 

._removed b)toperationof the skimmer. Solids are removed by spraying, 
slurrying, and jetting. 

Both centrifuges operate from a 440-volt, 60-Hz electrical supply. 
They are braked from their low speeds by d.c. excitation of the motor 
field, bringing the centrifuge to a stop, but not reversing its direction, 
as an a.c. braking current would. 

Motor heating can be a problem during the ?lurrying and cleaninq 
.proce~s, because the centrifuge is started a number of times from stop 
to only 10 to 80 rpm. It is essential that, at the ~pecified frequency, 
the centrifuge is run long enough at slow .speeds to cool off the motor, 
or thennal relays will shut down the machine until the motor cools. 
The G-E2 centrifuge.·motor has the capability of being run with a 550-volt, 
75-Hz supply to get a 1500 rpm operation, and hence, greater throughput, 
but this mode is not used because it uses some of the switchgear that 
would be used by G-E4, which cannot tolerate a 550-volt, 75-Hz power 
supply. 

3. 6 PULSE COLUMNS AND ASSOCIATED EQUIPMENT. 

The pulse columns are the heart of the Purex Plant. In these col
umns, a solvent extraction process is used to separate uranium, plutonium, 
and neptunium from fission products and metallic impurities for recovery 
as concentrated nitrate product solutions. The organic solvent consists 
of 30 vol% TBP with NPH diluent. 

The pulse columns are vertical contacting devices containing a series 
of stationary perforated plates of various designs to provide the desired 
mixing and flow characteristics. The plates are assembled into cartridges, 
which in most cases can be installed and removed remotely by the canyon 
crane. Pulse generators are used to transmit an up-and-down pulsinq motion 
to the solutions to provide intimate mixing and increase the countercur
rent flow of the aqueous and organic phases through the plate perforations. 
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The technical bases for the design and the performance characteris
tics of the pulse columns are discussed in Chapter 6.0. The significant 
design features of the pulse columns, cartridges and associated· pulse gen
erators are des·cribed in this section. 

3.6.1 Column Design 

The designs of the 15 pulse columns and cartridges installed in the 
Purex Plant (only 14 columns are used in the process as the HS column, 
T-H3, is bypassed) are surm1arized in Tables 3-2, 3-3 and 3-4. · Simplified 
drawings of the pulse columns and cartridges are presented as Figures 3-8 
through 3-22 and are discussed in Section 3.6.l.3 below. These tables and 

·figures are based on information from the last 11 In-Cell Equipment Table 
202-A." This table, which is maintained current and issued periodically 
by the drafting organization, should be consulted to de~ermine the status 
of installed and spare equipment. 

3.6.1.1 Design Capacity 

The pulse columns were designed for a nominal instantaneous proc.es
si ng. rate of 3.33 tons of uranium per day. However, early test operation 
of column prototypes, or near prototypes, demonstrated good performance 
over a wide throughput range with instantaneous rates extending to at 
least as low as 3 terns and up to 16 to 20 tons of uranium per day during 
short runs with unirradiated natural (cold) uranium. Subsl;!quent equipment 
modifications have enabled prolonged operation at a rate of 30 tons of 
uranium per day, with 'lery short operating periods at 33.3 tons of uranium 
per day during processing of irradiated aluminum-clad fuel. The proces
sing rate of irradiated Zircaloy-clad fuel, however, is restricted to a 
maximum rate of about 10 tons of uranium per day due to head-end and waste 
·handling capacity lim~tations. Operation at rates below about 7.5 tons of 
uranium per day is difficult due to problems in controlling the flow of 
many streams at this low throughput with installed equip~ent . 

3.6. 1.2 Cascade Arrangement 

The columns are placed in the cells to allow gravity flow of product 
streams from the HA column to the lBX feed tank (HS column is ·now by
passed), from the lBX column to the lBS and lC columns, from the 2A column 
to the 2B column, from the 2D column to the 2E co 1 umn, from the 2n co 1 umn 
to the 2P column, and from the.3A to the 38 column. The relative eleva
tions of all column tops with respect to one reference plane are listed in 
Table 3-2. 

3.6.1 .3 Column and Cartridge Drawings 

Drawings of installed columns and cartridges are shown in Figures 
3-8 through 3-22. The C-type (stripping) columns (lC, 2E) are essentially 
identical in construction. The 20 column has been modified to allow re
mote replacement of the cartridge. The 20 column differs from the 10 
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TABLE 3-2. Solvent Extraction Columns. 
-

Oidlll, Cartridge l11lerfacea Cu11li11uous Elev. of Co lw1111 Ohenyagl11g 
Cuhuun lleighl lop Above Ref. 

In. fl Heasurement Phase Pl.i11e,b ft. Sections 

IIA (1-112) 
Exll'dCtion 26 IJ.2 Float Organic )!i.9 Tanks 
Scrub 26 18.1 

IIS (T-lll)c 14 18 Floill Organic 21.6 Td11k (Top) 
Col1111111 (llollom) 

IBX (T-,16) 12 ll Float A11ueous ll.6 T.in~ (Top) 
Cohuun (Ooll0tu) 

IC (I-J1) 14 18 Div Tube Aqueous 21.6 Tank (Top) 
CuluuY1 (Bottom) 

20 (1-K2) 
Ex lrac lion 24 13.9 Float Organic ll.9 lanh 
Scrub 12 ll.2 

?E (1-K.I) 14 18 Dip Tulle Aqueous 21.6 Ta11k (Top) 
Colu11K1 (801t11111) 

1115 (1-,14) 8 13.1 Float Aqueous ill.6 Jank (Top) 
lluri,onlal Slabs 

(Bottom) 

2A ( 1-11) 1 Float Organic )8.8 Hor lzonta I Slabs 
[xtractlon 20.9 
"crub 9.8 

20 (T-l2) 1 21 F loal Aq~eous 14.6 llurl zon ta I SI abs 
(ButlOtH) 

Am,ular lloul --
JA (l-14) 4 Flo,ll Orgdnic 18.U Annoldr 

[~t,·,1c l 11111 20.l 
<;o·ub 12.6 

lll ( 1-1 5) 4 2d Flo.it Aqueous ll. I Annuldr 

2N (J-,122) 1 Float Organic 38. I 

Cxti·dcl ion 20 llur i Zoll ld I Slab 
Scrub II (llo>ltom) 

Annul.tr (lop) 

2P (J-.121) 1 IY.l float Aqueous 27.8 Annuldr (Top) 
Uurlzonlal Slab 

(llollotn) 

IO (T-li2) 14 26.l Flo,it Orydnlc 14.6 T,111k (To11) 
Column (Botto,n) 

20 ( 1-112) l4 26.l Float Organic 15. I Tank (Top) 
Column (Doltom) 

" alnlerla,:e ls.al top ol dqueuus conllm,ous columns anJ di Loollo111 ol orga11lc co11tlnu11us u,lu111ns. 

1'11elen,uce 11lane elevdl ion Is 674 fl 4 1/4 In. 

clhe IIS column h Lypassed. 

dllu, lA and JO coluuu1s are air pulsed. ll1e 1111lse d111plilude and volume dl'e therefore lunctlous of 
pulse air pressure and lrequency. 

- ~· '"' \ 

.. 
Pulse 

Volumj• · li\111111 ilude, l'ul·se le!J Fre11ue11cy 
111. l,1. Diam, h1. cycles/min 

910 1.116 12 J!, lo I ID 

910 1.111 12 l!i to 110 

485 0.60 12 )!i lo 110 

910 1.07 12 ]!i tu 110 

48~ I.DI ll l!i Ill 1111 
0.60 

Y10 1.01 12 15 lo IIU 

44 0.04 4 25 lo 100 :;o 
::c 
0 
I 

44 I. I 4 25 lo IOO 3: 
)> 
I 

I 

44 I. I 4 25 lo lllO --' 
O'l 

Varlabte0 i 311 tu llll 

Varldbleu I JO lo 120 

44 I.I 4 25 lo 1ll0 

ll 0.86 4 25 to 100 

485 O.!il 12 15 to 110 

405 0. 53 12 l!i to 110 

' 
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TABLE 3-3. · Cartridge Tie Rods and Spacers. 

Tie Rods 
Column 1------,.----t 

Diam, . No. 
,n. 

HA 9 

HS* 1/2 9 

2D l /2 9 
Extraction 

2D 
Scrub 

1C,2E 
10,20 

lBX 

18S 
2A,2B 
2N,2P 
3A 
38 

1/2 

1/2 

7/16 

1 
7/16 
1 

5/16 
5/16 

21 

49 

17 

1 
3 
1 
3 
3 

Circle 
Diam, 
in. 

0 
14 
23 

0 
18-5/8 
31 

o 
12 
21 

0 
14 
23 
29 

0 
10 
20 
30 

I 
! a 
I 10 

14 
21-1/2 
29 

0 
5 
0 
2-1/4 
2-3/4 

I Tie 
I Rods 
1 on 
I Circle 

l 
4 
4 

1 
4 
4 

l 
4 
4 

1 
4 
8 
8 

1 
8 

16 
24 

1 
4 
4 
4 
4 

l 
3 
l 
3 
3 

* HS column is currently bypassed 

3-28 

Spacers Tie Rods 
Connected~-------

to Support I 
Spiders 

Diam, Schedule 
in. 

l 
4 
4 

1 
4 
4 

l 
4 
4 

1 
4 
a 
4 

l 
8 
.8 
8 

1 
4 
4 
4 
4 

l 
3 
l 
3 
3 

l 

I 

I 1/2 

l /2 I 

I 112 

I 
I 
I 

I 
I 1/2 
I l/2 
I 

I 

I I 

I 

3/8 

1 
3/8 
l 

1/4 
1/4 

40 

40 

40 

40 

40 
80 

a.a 

40 
40 
40 
40 
40 
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Column 
Cartridge 

HA Ext (T-H2) 

HA Scrub (T-H2) 

*HS (T-.H3) 

l8X (T-J6) 

l8S (T-J4) 

lC (T-J7) 

2A Ext (T-Ll) 

2A Scrub (T-Ll) 

28 (T-L2) 

3A Ext (T-L4) 

3A Scrub (T-L4) 

38 (T-L5) 

2D Ext (T-K2) 

2D Scrub (T-K2) 

2E (T-K3) 

2N Ext (T-J22) 

2tl Scrub (T-J22) 

2P (T-J23) 

10 (T-G2) 

20 (T-R2) 

* 

Plate 
Spacing, 

in. 

2 

3 

2 

2 

2 

2 

3 

2 

2 

3 

2 

2 

1 
1 

2 

3 

4 
4 

12 

4 

4 

... 

,, 

.. 

Pl a,te 
Material 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

**Fl 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

**Fl 
ss 
ss 

**Fl 

ss 
ss 
ss 
ss 
ss 
ss 
ss 

**Fl 

**Fl 

**Fl 

HS colur.m is currently bypassed. 
** 

Plate 
Type 

Nozzle 
Louvera 

Nozzle 
Louvera 

Nozzle 
Louver 

Sieve 
Louvera 

Nozzleb 
Louver 

Nozzlec 
Sievec 

Nozzle 

Nozzle 

Sieve 
Louverf 

Nozzleb 
Louver 

Nozzleb 
Louver 

Sieve 
Louverb 

· Mozzl e 
Louvera 

Sieve: 
Sieve 
Louvera 

Nozzl~c 
Sieve 

Nozzleb 
Louver 

Nozzleb 
Louver 

Nozzled 
Nozzle~ 
LouveH 
Sieve 

Sieve 

Sieve 

No. of Free Area, Nozzle 
Plates % Direction 

58 
4 

61 
4 

96 
2 

138 
6 

71 
2 

74 
· 28 

· 126 

23 
26 

23 
26 

10 
16 

23 
22 

23 
30 

23 
23 

23 

Down 

Down. 

Down 

Up 

Up 

Down 

Hole 
Diam, in. 

3/16 · 

3/16 

1/8 

1/8 

3/16 

3/16 
3/16 

l/8 
: ,'; ;- :,, ~ . ; ... ~ . ,.,.,., " ' -, ... - . ,- .· . .:, 

40 

136 
. 1 

113 
3 

41 
2 

118 
4 

62 . 
4 

64 
64 

3 

74 
28 

109 
2 

38 
2 

18 
39 

l 
16 

80 

80 

23 
15 

23 
21 

23 
21 

23 
21 

23 
17 

21 
23 
22 

23 
23 

23 
23 

23 
23 

10 
23 
23 
23 

23 

23 

Down 

Down 

Down 

Up 

Down 

Down 

Up 
Up 

'. l /8 
.:-·· ' 

3/16 

3/16 

1/8 

3/16 

0.085 
3/16 

3/16 
3/16 

3/16 

3/16 

1/8 
3/16 

3/16 

3/16 

3/16 

Fl is the abbreviation of Fluorothene, the trademark of Union Carbide Corp. for 
poly-trif1uoromonochloroethylene. 
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Notes: 

aLouver plates are generally located adjacent to the feed distributors and at approximately 
4-foot intervals. 

bLouver plates are located adjacent to feed distributors. 

cThe lC column and the 2E column cartridges are.composed of five different configurations 
as follows (from bottom up): 
1. Alternate (8 each) Fluorothene sieve and SS nozzle plates; 3-inch space, sieve plate, 

1/2-inch space, nozzle plate, 3-inch space, sieve plate, 1/2-inch space, nozzle plate, 
etc. - total. height= 29 inches. 

2. Alternately, two nozzle plates (14) and on~· sieve (7) plate; nozzle plate, 3-inch 
space, nozzle plate, 3-inch space, sieve piate, 1/2-inch space, nozzle plate, etc. 
total height= 46 3/8 inches. 

3. Similar to Item 2, but three nozzle plates (24) and one sieve (8) plate in each group. 
Total height= 77 inches. 

4. Alternately, six nozzle plates (25), and one sieve plate (4) in each group. Two-inch 
spacing except 1/2-inch between sieve plate and next higher nozzle plate, - total· 
height= 50 1/2 inches. 
Three nozzle plates at 2-inch spacing, 2-inch space, sieve plate, 1/2-inch space; 
nozzle plate, - total height= 8 5/8 inches. 

dThe 2P column cartridge is composed of three different configurations as fol lows (from 
bottom up): 
1. A group of 11 SS nozzle plates, 1/8-inch diameter holes, 10% free area, with 4-inch 

plate spacing. Total height= 3 feet 4 in~hes. 
2. Two groups of one Fluorothene sieve plate and three SS nozzle plates, 1/8-inch dia

meter holes, 10% free area, Spacing; 2-inch space, Fluorothene plate, 2-inch space, 
nozzle plate, 4-inch space, nozzle plate, ~-inch space, nozzle plate, 2-inch space, 
Fluorothene plate, etc. Total height= 24 'inches. 

3. · Gtoups of one Fluorothene sieve plate and .~hree SS nozzle plates, 3/16-inch diameter 
holes, 23% free area. Spacing is similar.to spacing in the center configuration of. 
plates. One louver plate is located at top of cartridge. Total height approximately 
13 feet 4 inches. 

eThe 2D scrub section cartridge configuration consists of alternate pairs of SS sieve 
and Fluorothene sieve plates. 

fLouver plate is located 2 1/2 feet below 28F entry. 

TABLE 3-4. Column Cartridge 
Description. 
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c~l~mn in havi~g contact-maintained flanges with standard welding-neck 
p1 p1 ng connect, ens e 1 sewhere rather than remote maintenance flanges and 
connector nozzles. The 20 column piping connections are, therefore, some
what longer than remote connector nozzles to facilitate manual access to 
the flange bo 1 ts. 

These drawings sho.w the basic geometry of the columns and the exact 
positions ~f the column nozzles. Details such as column bracing, supports, 
nozzles, kick-plates, etc. are either omitted or simplified to permit clar
ification of the dimensions which are of process importance. The sketch of 
a typical column support is shown in Figure 3-23 • 

The columns are constructed of Type 304-L stainless steel, with welds 
made with Type 347 stainless steel welding rod. The wall thickness of the 
column shells is 1/4 inch (0.226 inch for 3A and 38); that of the disen
gaging sections ranges from 1/4 and 3/8 inch for the cylindrical and slab
type disengaging sections to 1/2 inch for the box-type and annular disen
gaging sections. All pipes are Schedule 40S, except the 8- and 12-inch 
pipes which are Schedule 10S. Standard Hanford 2-inch, 3-inch, 4-inch, and 
2-inch 3-way connector nozzles are used for all pipe connections with the 
exception of the 2-, 3-, and 4-inch pipes of the 20 column, which use stand
ard welding-neck flanges, and the 12-inch pulse legs, which use a special 
remote maintenance fl ar1ge. 

3.6~1.4 Cartridge Construction 
. . 

The louver, nozzlE! and sieve elates .which make up the column cartridges 
are supported in a horhontal position by 5/16- to 1-inch-diameter rods con
nected at the top and bottom of the cartridge to support "spiders." The 
plates are held apart by sections of 1/4- to 1-inch Schedule 40 or 80 pipe 
slipped over the rods. This type of construction allows removal of the 
cartridge from the column for modification or (more likely) replacement. 
A11 columns, except th1:! installed 10 column, have been modified to permit 
remote removal of the cartridge using the Purex cranes. Removal of the 
10 column cartridge would require a contact-maintenance operation to remove 
the top flange of the column and cut off the hold down lugs welded to the 
shell above the top support spider. 

Table 3-3 describes the tie rods and spacers for the installed cart
ridges. 

3.6. 1.5 Plate Design 

The countercurrent flow sections of the ~ulse columns are fitted with 
horizontal sieve plates (see 3.6.1.5. 1) or nozzle plates (see 3.6.1.5.2) 
of various designs. Louver plate redistributors, described under 
3.6. 1.5.3 are also used in many cases. Data for column plates are summar
ized in Table 3-4. 
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3.6.1.5.l Sieve Plate~ 

Perforated stainless steel sieve plates are used in the 20 column 
scrub section, the lBX 1, 28 and 3B columns. The stainless steel sieve 
plates used in the 28 ctnd 3B columns have 1/8-inch-diameter holes spaced 
on 1/4-inch center-to-center equilateral triangles, giving a 23% free 
(perforated) area. The free area of the stainless steel sieve plates in 
the lBX column is also 23%, but the holes are 3/16-inch diameter spaced 
on 3/8-inch center-to-center equilateral triangles. The stainless steel 
sieve plates in the 20 column have 21% free area with 0.085-inch holes on 
0.170-inch equilateral triangles. The plates are spaced 2 inches apart, 
except in the 20 column scrub section where the spacing is l inch and 
pairs of stainless steE,!l sieve plates are alternated with pairs of Fluoro
thene* sieve plates, a1so at 1-inch spacing. This plate combina.tion was 
detennined to be the bm~t for use in the scrub section of a compound ex
traction scrub (A-type) column operated with a continuous organic 
phase (Ref. l). • . .· • . 

Perforated Fluorothene (an organic-phase-wetted plastic) sieve plates 
are used in the lC, 10, 2E, 20 and 2P columns in addition to the 20 column. 
The Fluorothene pla_tes are 3/32_ inch thick with 3/16-inch-diameter holes 
on 3/8-inch center-to-<:enter equilateral triangular spacing, giving 23% 
free (perforated) area. The plat~s are spaced 4 inches apart in the 10 and 
20 columns and are inte!rmixed with stainless steel sieve (20} or nozzle 
(lC, 2E, 2P) plates elsewhere (·see Table 3-4 and ·Figures 3-12, 13, 14 
and 18}. · 

3.6.1.5.2 Nozzle Plates 

The use of stainless steel nozzle plates instead of sieve plates 
generally results in increased column capacity_and efficiency. Stainless 
steel nozzle plates, pe!rforated with 1/8-inch holes on 1/4-inch center-to
center equilateral triangles {2A), 3/16-inch holes on 3/8-inch center-to
center equilateral triangles (HA, lBS, lC, 2N, upper 2P, 20 extraction, 
2E, and 3A}, or 1/8-inth holes on 3/8-inch center-to-center equilateral 
triangles (HSilr-ll-, lower 2P, spare 10), are also used. The free (perforated) 
areas of the three plate types are 23%, 23% and 10%, respectively. The 
nozzles are fanned by cleanly punching the plate to fonn sharp-edged holes. 
The nozzles extend O. QL~Q to 0. 050 inch from the pl ate surface and are in
stal 1 ed pointing toward the column interface. The nozzle plates are 2 

· inches apart, except in the HA, 2A and 3A scrub sections, where the plates 
are 3 inches apart, and in the lC, ~E, and lower 2P columns, where the 
pl ates are 4 inches apclrt. 

* Trademark of Uni6n Carbide Corporation for poly-trif1uoromono-
chloroethylene. 

~ 

The_ HS column js currently bypassed~ 
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3.6.1.5.3 Louver Plates 

Louver-plate phase redistributors are provided at selected locations 
in the cartridges of the A-type columns {HA, 20, 2~J, jA) and the lBX col
umn to break up channeling, and in the HS*, lBS, and 38 columns, primarily 
to stabilize the column·operation at high throughput rates. One louver 
plate is used at the top of the 2P column cartridge to achieve better 
mixing of the 2PX stream, and in the lower 2B column cartridge to achieve 
better mixing of the 2AP (2BF) and 2BS streams. · 

The louver plates each consist of a 1/8-inch-thick stainless steel 
disk with 3, 4, or 8 rectangular louvers opening upward from the disk and 
oriented to i_mpart a swirling motion to the column contents (counterclock
wise as seen from above) during the upward phase of the pulse movement in 
the _column. Vertical baffles are placed in front of the louvers in the 
large diameter columns (HA, HS*» 18X, 2D) to provide additional agitation. 
The free areas of the louver plates range from 14.7 to 30.3%. Design de
tails of the nine different louver plates are shown in Fig~re 3-24. Louver 
plate positions are shown in Figures 3-8 through 3-11, 3-13, and 3-15 
through 3-20. · 

3.6.1.6 Distributors 

The different types of influent stream distributors, shown in Fig-
ure 3-25, are designed to provide a reasonably uniform phase distribution 
over the column cross section. The numbers and sizes of discharge holes or 
nozzles result in discharge velocities (typically 0.1 to 1.1 ft/sec at 
a Purex processi~g rate of 10 tons U/day) which are sufficiently high to 
cause some mixing and, hence, good distribution of the influent stream, 
but are not high enough to promote flooding in the column due to excessive 
turbulence. To limit the pressure drop across individual discharge points 
and thus assure relatively uni form fl ow rates from the several .discharge 
holes or nozzles, the approach piping is sized for flow velocities of about 
10 to 20% of the discharge velocities. 

The feed distributor for the A-type 20 column (i.e., the 2DF dis
tributor) employs 4 nozzles with a tangential orientat,on, sized for a 
relatively high discharge velocity (about 1.5 ft/sec at 10 tons U/day), 
to provide good mixing and blending of the incoming aqueous feed solution 
with the aqueous spent-scrub solution in the column. While such jet
mixer-type distributors are not used at the intermediate scrub introduction 
points in the columns, a similar function is accomplished by the louver 
plates located just-below these inlets. As shown in Figure 3-25, relative
ly high discharge velocities are also provided by the 18U(1CF), 1BX, 18XF, 
1BXP(1BSF), 1BX, 1CX, lOF, and 2EX distributors. 

The design of the external ring-type distributors for the lBS stream 
and for all influent streams to the 2A, .28, 2rl, 2P, and 38 columns was in
fluenced by nuclear safety considerations. 

* The HS column is currently bypassed. 
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3.6. 1.7 Disengaging Sections 

Phase-disen~aging sections of all columns were designed to provide at 
least 3 minutes (generally 6 or more minutes) holdup time for the phases 
leaving the column at an instantaneous processing rate of 10 tons U/day. 
The designs of the diSE!ngaging sections are indicated in Figures 3-8 
through 3-22. · 

Where safe geomet1--y criticality control is not provided (i.e., in con
junction with the HA, HS, lBX, 20, 10 and 20 columns and the top of the 
18S column), rectangulc~r box-type top disengaging sections and vertical 
·or near-horizontal cy1·indrical bottom disengaging sections are used. A 
liquid depth of at 1ea:;t 18 inches is provided for good disengagement. 
The enlargement of the cross-sectional area in the disengaging sections 
over that of the adjac1!nt plate sections pennits the needed disengaging 
volume to be provided ,,..,ith a minimum-expenditure of cell height, and also 
results in a sufficiently decreased pulse amplitude from the plate-section 
amplitude that does not inhibit disengagement. The cylindrical bottom 
end designs combine fa·irly simple types of construction with mechanical 
strength to withstand the working pressures. The relative rigidity of the 
cylindrical bottom end.sections minimizes distortion of the transmitted 
pulse. Wall flexing due to pressure variations during pulsing causes the· 
distortion. The ceilings of the bottom end sections are sloped to prevent 
·the accumulation of ail'" buj:jbles, which would partially absorb or augment 

. the pulse. 

Three-inch-deep, near-horizontal, slab.shaped C'beavertail 11
) disengag

ing sections are provided for the 2A column and for the bottom of the 18S, 
2B, 2N and 2P columns. Two-inch annular disengaging sections are provided 
for the 3A and 38 columns, and 3-inch annular disengaging sections are used 
in the top of the 2B,~2N and 2P columns. The slab and annular designs are 
used to provide the nec:essary disengaging volume in a section geometrically 
safe from a slow neutr~m chain reaction. 

Table 3-5 lists tt1e· volumes and holdup times for all disengaging 
sections. The holdup times are based on flows for an instantaneous proces
sing rate of 10 tons U/day using the flowsheet in ARH-F-103.(Ref. 2) 

3.6. 1.8 Column Instrumentation 

Interface positior!1 and static pressure are detennined for all columns. 
ihe specific gravity of the organic stream is detennined in all but the 10, 
2A, 2N, and 2P columns~ The 10 and 20 column~ also contain liquid-level 
or pressure alanns at the top of the columns to detect incipient loss of 
solvent to the vent system. -Air-purged dip tubes are used as the sensing 
elements for all stati~ pressure and specific gravity measurements and 
for the lC and 2E column interface measurements. Interface floats are 
used in a 11 co 1 umns exc:ept the 1 C and 2E co 1 umns. The interface, specific 
gravity and static pre~sure dip tubes or interface floats are installed by 
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TABLE 3-5. Pulse Column Disengaging Section Data 

Disengaging Volume*, F1ow Raterw of Holdup Disengaged Stream, Section gallons ga1/min Time, min 

HA Top 408 24.0 17 
HA Bottom 202 10.6 19 

1BX Top 141 33.0 4 
1ax· Bottom 61 4.0 15 
lBS Top 42 4.6 9 
1 BS ·ao.ttcm 30 3.9 7 _-.,-. 

.r-

lC Top · ., 91 32.0 3 
1 C Bottom 583 27.4 21 
20 Top 216 20.7 10 
2D 6ottom 230 5.9 39 
2E Top 90 20.0- 4.5 
2E Bottom 583 18.4 32 
2A Top 18 1.0 17 
2A Bottom 21 6.2 3 
2B Top 17 1.4 . 12 
28 Bottom 19 0.4 47 
3A Top 6 0~2 36 
3A Bottom 4 0.8 5 
3B Top 7 0.2 39 
3B Bottom 7 o. 1 65 
10 Top 397 32.0 12 
10 Bottom 265 4.0 66 
20 Top 397 20. 0 20 
20 Bottom 316 5.6 57 
2N Top 23 3.4 (2.6) (1.1) 7 ( 9} (21) 
2N Bottom 24 4.3 (3.1) (2.1) 6 (8) (12) 
2? Top 11 3.4 (2.6) (1.1) 3 (4) (10) 
2? Bottom 17 1.0 (1.3) (0.5) 17 ( 13) (34) 
HS Top 226 Bypassed 
HS Bottom 236 

,r 

Eff1uent-phase volume, (a) for disengaging sections at the opposite 
end of the column as the interface: the volume betw~n the nearest influ
ent distributor and the column outlet; and (b) for interlace-end sections: 
the volume from the midpoint between the interface dip tubes or of the 
float position to the outlet. 

~ 

F1ow rates and holdup times for the 2N and 2? columns are listed for 
second neptunium cycle phases I, II and III, respectively. 

3-53 



RHO-MA-116 

removable pipe jumpers for all but the 3A column specific gravity dip tubes, 
which are permanently ·installed. More detailed descriptions of the column 
instrumentation are provided in Section 3.10 and Chapter 4.0. 

3.6. 1.9 Spare Nozzles 

A spare bottom (ac~ueous) outlet for each column is provided to permit 
continued operation if the normal outlet should become plugged or other.-1ise 
inoperable. Steam jeti; are connected to these nozzles to pennit emptying 
the columns. 

Spare nozzles are placed on the top disengaging sections of the HA, 
lBX, 2A, 2B, 20, 10 and 20 columns. The suction leg of a steam jet may be 
i nsta 11 ed in these noz:~l es to permit jet-out ( to Tank Fl 3 vi a the interface 

.. jet-out header) of excessive "crud" which may gather at the interface. 
Spare feed nozzles or distributors are also available on the HA~ HS, lBX, 
18S, 20, 2N, 3A and 38 columns as indicated on Figures 3-8, 10, 11, 12, lt, 

.19 and 20. These spari:!S allow some flexibility in processing. For example, 
spare lBX column nozzl1:!s were used in the test of uranium (IV) as a plutonium 
reductant, and 2B column nozzles, which were formerly spares, are now used 
in tne uranium decontamination flowsheet in the second plutonium cycle. 

3.6.1.10 Overflow Lin~ 

To ~inimize aspiration of air into the overflow line, the diameters 
of the organic overflow lines are 8 inches for the large diameter (26- to 
34-i nch) co 1 umns, 3 i n1.:hes for the 7- and 8- inch-diameter columns, and 
2 inches for the 4- i ncli-outer diameter ( 3A and 38) columns. The overflow 
line for the 28 column is also connected to the vessel vent system. The 
other columns are vent~d ihrough a separate nozzle to the vessel vent 
system directly from the top disengaging section. · 

3.6.2 · Mechanical Pulse Generators 

The pulse generatprs· for all but two of the solvent extraction columns 
(the air pulsers for the 3A and 3B columns are described in 3.6.4) are re
ciprocating piston mechanisms. Mechanical drive components reciprocate 
the piston at a fixed amplitude and frequencies which can be varied to 
suit process requirements. The pulse is transmitted to the column through 
a "pulse leg 11 

-- a pip~line, filled with essentially stagnant liquid, 
which connects the pulse generator to the bottom of the column. Figure 
3-26 shows the location of a column relat,ve to its mechanical pulse gen
erator. 

3.6.2.1 Design Principles aAd Bases 

Process requirements for the pulse generators are summarized in Table 
3-2. }he pulse displacement .volume is 33 in. 3 for the 2P column and 
44 in. for the lBS, 2A, 2B and 2N columns. The pulse frequency is adjust
able to any value with~in the range of 25 to 100 cycles/min. Pulse volume 
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Mechanical Pulse Generator. 
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and frequency range for the remaining large diameter columns are 485 or 
970 in.3 and 35 to 110 ¢yc1es/min. The stroke lengths of certain pulse 
generators have been modified and the outer. dimensions of some of the 
smaller generators vary so that the units are not interchangeable. The 
maximum theoretical hydraulic horsepower of the pulse generators varies 
from 7.2 hp for the larger columns to 0.26 hp for the 18S column. 

In addition to the process requirements stated above, three major 
mechanical considerations guide pulse generator d~sign: 

• Reliability in remote operation. The reciprocating piston and 
the driving c15mponents which comprise the pulse generator must 
be time-proven machine elements offering maximum service life. 

• Variable pulse amolitude-freguency product. Process requirements 
for a variable pulse amplitude-frequency product are met by operat
ing the pulse generator piston at a fixed stroke over the frequency 
ranges shown in Table 3-2. This results in a simpler and cheaper 
design than would result from one with a variable stroke. 

• Piston leakage. The leakage rate of solution-from the pulse 
leg around the p"i ston through the vent should be 1 ow and should 
be contained in the system for satisfactory operation of the 
pulse generator. Excessive leakage could pose a disposal pro
blem. Also, if leakage were a large fraction of stream flows 
or pulse volume, and if leakage were to vary with time, the 
result could affect process performance. Although undesirable, 
constant high leakage rates could be compensated for in many 
cases by adjusting operating conditions. 

3.6.2.2 Descriotion of Pulse Generators 

The pulse generator designed from the above considerations is a 
piston reciprocated by a variable speed electric motor acting through re
duction gears and a conventional crank arrangement as shown in Figure 3-27. 
The 10 large pulse generators (designated Size 2) have cylinder bores and 
piston strokes of 21.2 inches and 1-3/8 inches or 2-3/4 inches, respec
tively. The five small pulse generators (designated Size l) are used on the 
18S, 2A, 2B, 2N and 2P columns. These pulse generators are scaled-down 
models which have cylinder bores of 7.5 inches and piston strokes of 
l inch, except for the 2P column generator which has a stroke of 0.75 inch. 
Drawings of all mechanical pulse generators used in the Purex Plant are 
shown in Figure 3-28. 

The pulse generatGr consists of three major subassemblies: the 
piston and cylinder, the motlon box, and the power supply system. 

3.6.2.2.1 Piston and Cylinder Assembly 

The piston, which pulses the liquid, is a cup-shaped, stainless 
st"eel casting, machined to diameter to provide clearance in the cylinder. 
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FIGURE 3-27. Mechanical Pulse Generator 
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Two Graphitar* No. 41 rider rings guide the piston during reciprocation. 
Four expanding-type Graphitar No. 41 piston rings, consisting of 3 or 6 
segments, seal against fluid leakage past the piston. Expanders behind 
each piston ring force the ring segments against the cylinder wall with 
pressures varying from. 1/2 to 2 psi. The ends of each expander segment 
are. drilled for helical compression springs, which force the segments 
outward. A helical compression spring lying behind the piston ring is 
used as the expander in small pulse generators. 

The flat lower face of the piston is drilled through (1/32- to 3/32-
inch-diameter hole) to prevent fonnation of air pockets and to vent the 
pulse leg. Liquid which jets through the vent hole is blocked by a 

- splash guard. The stainless steel rod extends upwards through the piston 
· .for connection to the upper horizontal piston rod yoke •. 

The cylinder is a welded assembly bored and honed to diameter. The 
lower and ·upper flange faces mate with the cylinder support and the cyl
inder cover, respectively. The cylinder support is integral with the 
pulse-leg transition pipe. A flanged nozzle welded to the cylinder barrel 

· overflows piston 1 eakage to appropriate process vesse 1 s. Centered in the 
cylinder cover, the Graphitar No. 41 vapor seal bushing restricts vapor 
and liquid leakage from the cylinder. Integral with the cylinder cover, 
and diametrically opposite, are two drilled housings for the yoke spacer
bar guide bushings. Upper and lower bronze bushings are pressed into each 
housing. Two shaft seals in each housing retain grease and exclude foreign 
matter. 

3.6.2.2.2 Motion Box 

The motion box· reduces drive motor speed, translates rotary to recip
rocating motion, and transmits the reciprocation to the piston. Its prin
cipal components, shown in Figure 3-27, are the drive motor, the speed 
reduction and motion translation system, and the lubrication system. 

For the Size 2 generator, the variable speed, flange-mounted drive 
motor is a General Electric Co. gear-motor, rated at 15 hp, and a 190-rpm 
output speed with 440-volt, 3-phase, 60-Hz power supply (2-hp, 280-rpm out
put for Size l). 

The speed reduction and motion translation system, enclosed in the 
drive housing, reduces the rotary output speed of the gear-motor shaft 
and converts this rotation to reciprocation. Speed reduction gears con
sist of a single helical pinion~ attached to the tapered gear-motor shaft, 
and a mating gear attached to the crankshaft. Double spherical roller 
bearings (double row ball bearings for Size 1) support the crankshaft 
load. The drive end (inboard) bearing is fixed in its housing to main
tain gear alignment; the outboard bearing is free to slide axially in its 
housing for compensation of shaft thermal expansion. 

* Trademark of Wickes Engineering Co., Saginaw, ~ichiqan 
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The crank for motion translation is a turned eccentric shoulder inte
gral with the crankshaft. The crank bearing, mounted on the eccentric 
shoulder, is a double row spherical roller bearing (ball bearing for 
Size 1). The connecting rod links the rotating crankshaft to the recip
rocating crosshead yoke by an eccentric pin through the connecting rod 
bushing. The pin ends are retained by the two horizontal bars of the 
crosshead yoke, which is restricted to linear vertical motion. Thus, 
the rotation of the crankshaft generates the reciprocation of the yoke 
through the connecting rod link. 

Moving parts enclosed in the motion box drive housing are principally 
oil-bath lubricated. The upper oil ieve"I in the drive housing, maintained 
by remote fi 11 i ng, is fi >~ed by the overflow connection to an externa 1 

· waste-oil tank. A separate oil bath in the gear-motor housing overflows 
to the drive housing. 

· Oil is force-fed to the upper yoke rod guide bushing by the crank
shaft-driven pump. Excess oil is returned to the reservoir by ports 
drilled in the upper ·crosshead yoke rod. 

3.6.2~2.3 Power Supply~ 

The power supply S¥Stem (not shown in Figure S-27) delivers variable 
frequency a.c. power to the variable speed-drive motors. Principal compo
nents, located in the east end of the storage gallery, are a.c. motor
generator sets, one for each pulse generator, and 2 d.c. motor-generator 
sets ·for a. c. generator· field excitation. · 

The a.c. motor-generator sets consist of the following components 
mounted on·a conunon bedplate: a Fairbanks-Morse constant-speed induction 
motor (25-hp, 1200-rpm, 3-phase, 60-Hz, 440-vo1t rating for Size 2; 5 hp 
for Size 1) driving a Fairbanks-Morse a.c. generator (18.7-kVA, 0.8 power 
factor, 3-phase, 60-Hz, 480-volt output at 1,800 rpm for Size 2; 3.75 kVA 
for Size 1) through a Link-Belt variable speed mechanical drive. The 
Link-Belt drives have manually controllable no-load speed outputs of 
1,850 to 560 rpm for Size 2 and 1,850 to 412 rpm for Size 1. 

Three-phase power leads electrically interconnect the pulse generator 
drive motor and the corresponding a.c. generator output. Drive motor speed 
is proportional to supplied power frequency; thus, variable pulse fre
quency control is obtained from manual control of the Link-Belt unit out
put speed. 

The a.c. generators require field excitation by an external source of 
d.c. power. Two bedplate-mou~ted units for this service each consist of a 
d.c. generator, rated fbr 5 kW, at 1,200 rpm and 120 volts, direct-coupled 
to a 7.5-hp, 3-phase, 60-Hz, 440-volt induction motor. 
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3.6.2.3 Operation and Perfonnance 

By factory acceptance test, pulse generator operation satisfied pro
cess requirements for variable pulse frequency and for pulse volume. 
Piston leakage rates (measured with 11 feet of static head at the piston, 
with a test solution of water plus soluble oil) were in the 0.3 to 0.6 -
gal/min range for the large pulse generator, compared with the 0.5 -
gal/min rates predicted by calculation. Input horsepower to the large 
pulse generator under test was 2.5 at 110 cycles/min. The pulse leakage 
rates measured in the plant have averaged 0.25 gal/min for the large 
pulse generators and a factor of 10 less for the small pulse generators. 
The weep hole in the 2B column pulse generator piston was welded shut 

. prior to, installation to reduce the pulse leakage for that column. The 
piston rings are dependent upon liquid in the pulse leg for lubrication. 
Therefore, time must be allowed for pulse leg filling before startup of 
the pulse generator . 

3.6.3 Pulse Transmission Lines 

The pulse is transmitted from the pulse generator piston to the 
bottom of the column through the liquid in the pulse transmission line or 
"pulse leg." This pulse leg must be of sufficient height to balance most 
of the hydrostatic head of liquid in the. column, to minimize the volume of 
process solution leaking past and through the p~lse piston, and to pennit 
this 1 eakage to f1 ow by gravi-ty to the proper receiver. The diameter of 
the pulse leg must be sized to prevent cavitation, as discµssed in 
Section s.·2. 7.4. 

The 1arge-diameter (26- to 34-inch) pulse columns have 12-inch-diameter 
pulse legs 15.5 or 17.5 feet high. The small-diameter (7- and 8-inch) col
umns have 4-inch-diameter pulse legs from 10 to ·1a feet high. Pulse leg 
dimensions for all Purex columns are listed in Table 3-2 • 

3.6.4 Air Pulser System 

Although air pulsers had previously been used for years in the 234-5 
and 236-Z Buildings and other facilities both on and off the Hanford Site, • 
the first application of air pulsers in the Purex Plant was in the 3A and 
38 columns of the third plutonium cycle. The air pulsers were installed 
in 1971. 

Air pulsing_ is produced from a compressed air supply located higher 
than the columns and controlled by valves that alternately open to let 
air into the pulse leg and then vent the pulse leg. The air pressure is 
controlled by pressure reducing valves (PRV's) to the desired value, with 
accumulator tanks used to.minimize pressure variations. The pulse leg is 
normally 1-inch-diameter pipe (based on consideration of excessive fric
tion losses in smaller pipes and pulse dampening effects in larger pipes). 
The pulse frequency is determined by an adjustable device with the pulse 
amplitude varying as a function of both frequency and pulse pressure. 
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3.6.4. l Description 

Pulsing of the 3A and 3B columns is produced by compressed air intro
duced at a controlled pressure and frequency via separate solenoid-operated 
valves located in a pipe and operating gallery White Room glovebox. The 
valves are connected to the columns by hydraulic (pulse) legs consisting 
of about 20 feet of 1/2-•inch piping and 30 to 55 feet of 1-inch piping 
(see Figures 3-29 and 30). Alternate pressurization and venting of the 
pulse leg displaces the liquid contained therein and thus forces liquid 
in the column back and forth through the holes in the cartridge plates. 

The air supply to each of the pulser systems from the high pressure 
(90 psig) air header is piped through a PRV, a pressure indicator, a dia
phragm-operated valve (DOV) and a manual valve to a cylindrical accumula
tor tank. The 1. 75-cubic-foot accumulator tank ;-s used to minimize changes 
in pulse-air pressure due to pressure fluctuations in the air ~upply. 
The air pressure in the accumulator tank is measured and .transmitted to 
a pressure recorder controller located on the central control room panel 
board. In the normal automatic control mode, the controller maintains the 
desired pressure in the accumulator by adjusting the DOV as required. 

Pulse air is piped from the accumulato.r tank through a manual valve 
to the 3/4-inch model HCS00-75 Hannifin valve. The Hannifin valve is 
operated by two solenoid valves (EV-A and EV-B) connected to a pilot air 
supply (Figure 3-29). Momentarily energizing the solenoid permits pilot 
air pressure to drive the main valve pistons apart, seating th• poppets 
in the normal 11 at rest 11 position, which is maintained when both solenoids 
are de-energized. In this position, the pulse leg is vented via closed 
piping through the glovebox into the cell. When solenoid EV-A is energized 
momentarily, the space between the pistons is exhausted. Line pressure 
within the main valve drives the pistons together, sealing the poppets in 
the shifted position and ~pplying pulse air pressure to the pulse leg. 
The pilot air line is equipped with oilers (shown in Figure 3-30), adjusted 
to supply one or two drops of oil per minute for internal lubrication of 
the Hannifin valve. 

The operating frequency of the solenoid valves, and thus the pulse 
frequency, is controlled by an instrument located on the central control 
room panel board. The frequency control instrument includes an on-off 
switch and an adjustable dial for frequency control. Fr.equencies of 30 
to 120 pulses per minute are attainable. As shown in Figure 3-31, which 
is based on mockup test data obtained immediately prior to plant install a-

~ tion, the dial reading is linearly proportional to the desired pulse fre
quency. During operation, both the setting and desired pulse frequency 
are specified on the process rate sheet~ 

The glovebox containing the Hannifin valves is normally not contam
inated. However, due to the potential for air leaks within the box, it is 
vented to the west sample gallery hood exhaust system, which is filtered. 
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3.7 CONCENTRATORS 

In the Purex pr6cess, five concentrator vessels of similar design 
are used for organic solvent stripping and volumetric reduction of uranium 
and waste solutions. Plutonium solution is concentrated in two vessels 
designed for criticality prevention, and a combined stripper-concentrator 
is used for neptunium solution concentration. Evaporation in all of the 
vessels is effected with steam-heated tube bundles. 

3.7.1 Uranium Concentrators, E-J8-1 and E-K4-1 

Organic stripping and concentration of the lCU and 2EU uranium 
streams are carried out in concentrators E-J8-1 and E-K4-1, respectively. 
Designs of these two vessels, shown in Figures 3-32 and 3-33, are identi
cal except for the tube bundles. Both concentrators are insulated and 
are made of 304-L stainless steel. Each concentrator is a vertical-tube, 
thennal recirculation evaporator containing two bundles of 1-inch-diameter 
by 10-foot-long tubes, sunnounted by a 9-foot-diameter, 14-foot-high 
bubble-cap column and packed section. Both tube bundles in E-J8-1 and the 
bundle in the east section of E-K4-l each contain 718 tubes. The west 
bundle in E-K4-1 contains 630 tubes. 

The lower portion of the concentrator consists of a central draft 
tube 2 1/2 feet in diameter connected on opposite sides to two cylindrical 
reboilers, 4 feet 7 inches in diameter. The reboilers, which contain the 
removable tube .bundles, are connected to the draft tube at the bottom by 
21-inch-diameter pipes, and at the top by rectangular ducts which are 
4 feet 7 inches wide by 6 fe~t high-. 

The stripping and de-entrainment tower is centered above the draft 
tube and is welded to the top of the ducts joining the reboilers and draft 
tube. In the tower are seven trays, each with 162 eq1ially spaced 4-inch
diameter bubble caps. Weirs and down-comers on the trays are arranged to 
split the flow of liquid across the trays. In this manner, flow direction 
on each tray is reversed from the flows immediately above and below it. 
Above the top tray is a 3-foot-high section packed with 1-inch Raschig 
rings. Vapor leaves the top of the tower through a 16-inch flanged 
nozzle, which is connected to a condenser (see Section 3.12 for condenser 
description) mounted on top of the tower. Vessel pressurization is 
relieved through a seal pot attached to the side of the tower. 

Operation of the concentrators is continuous. Aqueous uranium solu
tion enters the tower, and as the solution descends from .tray to tray, the 
solution is stripped of any entrained organic solvent by the vapors ascend
ing through the bubble-cap t~ays. The stripped solution enters the central 
draft tube from the tower and mixes with the concentrated solution which 
circulates through the reboiler tubes. The boiling action inside the tubes 
promotes upward flow of the liquid through the tubes and the return of the 
liquid to the bottom of the reboilers via the central draft tube. 
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Entrained droplets of uranium sol ut.ion are removed by impingement 
from the overhead vapors to minimize uranium losses to the cond~nsate. 
Part of the droplets issuing with vapor-from the reboiler tubes are de
flected downward to the central section of the concentrato·r by impinge
m~t plates above each ·tube bundle. De-entrainment of droplets also 
occurs as the vapors rise through the flooded bubble-cap trays and in 
the packed section at the top of the tower. 

Concentrated solution overflows from the vessel through a chamber 
connected to the draft tube. 

3.7.2 Ammonia Scrubber Waste Concentrator, E-Fll-1 

Ammonia scrubber waste and dissolver off-gas condensate from fuel 
element coating dissolution are concentrated in vessel E-Fll-1, which is 
made of type 304-L stainless steel. The concentrator, shown in Figure 
3-34, is similar in design to the E-JS-1 and E-K4-l concentrators. Like 
these vessels, E-Fll-1 has a central draft tube, 2 1/2 feet in diameter, 
in the lower portion of the concentrator connected on opposite sides to 
two cylindrical reboilers, each 4 1/2 feet in diameter. The reboilers 
are connected to the draft tube by ducts at the top and bottom. Unlike 
the JS and K4 concentrators, in.which the draft tubes are welded to the 

· towers, tne Fll tower is removable, being connected to the draft tube. 
with a bolted flange. 

Differences also exi"st between the concentrators in reboiler and 
draft tube design. Unlike the JS and K4 concentrators,-the bottoms of 
the Fll reboilers are elevated above the bottom of the draft tube, and the 
reboiler bottoms are dished downward for effective liquid drainage. Also, 
the bottom of the Fll draft· tube is dished upward to the center so that 
liquid heel volumes will be minimized. 

The internals of the two E-Fll-1 reboilers are different. The east 
reboiler contains a tube bundle for steam heating with 687 vertical tubes 
l 1/4 inches in diameter by 10 feet long. A cooling coil made of 2-inch 
pipe is inserted into the west reboiler. This coil was installed for use 
in the 1970 thoria processing campaign for concentration of thorium solu
tion, but is no longer used. In the upper central section of the concen
trator, a baffle made of 5-foot-long vertical strips of angle iron is 
mounted for impingement separation of liquid droplets from the_rising 
vapor. 

Concentrated waste is jet-discharged in batches ·to underground tank 
storage (via TK-Fl8) from a 20-inch-diameter cylindrical chamber connected 
to the dr.a ft tube. 

The concentrator vents to the removable de-entrainment tower connected 
to the top of the central portion of the concentrator with an- lS-inch flange 
and vent pipe. Since E-Fll-1 has no stripping function, the tower, which 
is 5 1/2 feet in diameter and about 12 1/2 feet. long, contains only a 
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12-inch-thick de-entrainment pad made of Tophet-M wire mesh for impinge
ment removal of liquid droplets from the overhead·vapors. A seal pot for 
vessel pressure relief is mounted on the side of the tower. 

From the tower, vapors are routed through a 16-inch flanged nozzle 
connected to a condenser, which is mounted on top of the tower. The con
denser (E-Fll-2) is described in Section 3.12. 

3.7.3 Waste Concentrator, E-F6-1 

In concentrator E-F6-1, shown in Figure 3-35, the high-level aqueous 
waste (HAW), containing nearly all of the process fission products, is 
boiled to recover the -nitric acid and to reduce the volume of the remain
ing solution which must be processed in the waste management facilities. 

Except for the tube bundles, the designs of the concentrator reboilers 
and central section are identical to the corresponding parts of E~Fll-1. 
The east reboiler contains 630 1-inch-diameter tubes, and the west re-
boi 1 er ho.l ds 687 tubes, which are 1 1 / 4 inches in diameter. A 11 of the 
tubes are 10 feet long. 

Vapor from the concentrator passes through two stages of liquid de
entrainment for fission product removal before going to the T-FS acid 
absorber for recovery of nitric acid. The de-entrainment tower and seal 
pot assembly mounted above the· concentrator are identical to those of 
E-Fll-1, except that the de-entrainment pad in the F6 tower is made of 
tantalum instead of the Tophet-M used for the Fll pad. An additional de
entrainment section (T-F6-2) is located in the off-gas iine above the 
concentrator tower. This section, which is about 6 feet high and 5 feet 
in diameter, contains a 10-inch-thick tantalum wire mesh de-entrainment 
pad. 

The HAW, after addition of a sugar solution for suppression of 
ruthenium volatilization, becomes the lWF stream, which is fed to the 
center section of the concentrator. The solution circulates upward 
through the inside of the tubes in the reboilers while process steam con
denses on the outside of the tubes in the steam chests. Concentrated 
solution (lWW) overflows from the discharge chamber and is routed to TK-F26. 

3.7.4 Backcycle Waste Concentrator, E-H4-l 

Aqueous waste streams from second cycle uranium, plutonium, and nep
tunium solvent extraction systems, and condensat~ from the acid recovery 
system are concentrated for recycle in vessel E-H4-l, shown in Figure 3-36. 
The E-H4-l concentrator is very similar in design to and functions the same 
as the uranium solution concentrators, E-J8-l and E-K4-l. Liquid feed 
solution (3WF) enters the E-H4-l concentrator through the removable strip
ping tower, which contains six trays, each holding 88 bubble-caps for 
organic stripping and vapor de-entrainment. Above the top tray, a tantalum 
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wire mesh pad is mounted for de-entrainment of the vapors as they pass 
to the condenser (E-H4-2) mounted on top of the tower. The condenser is 
described in Section 3. 12. 

The tower, which has a seal pot attached for pressure relief, is 
made of 304-L stainless steel, and is 102 inches in diameter and about 
11 1/2 feet high. The tower is bolted with an 18-inch flange to the top 
of the concentrator cer,1tra l sec ti on. Except for the bottom, which is flat 
for criticality prevention, the central section is identical to those of 
E-Fl 1- l and E-F6- l. 

The two reboilers are each 54 inches in diameter and have flat bottoms 
for cri ti cal i ty prevention. Like the reboi 1-ers of concentrators E-JB-1 and 
E- K4- l , the H4 reboil ers extend down s l i g ht l y below the bottom of the 
central draft tube and discharge section of the concentrator. Each re-. 
boiler contains a steam chest with 687 tubes l 1/4.i!lches in diameter by 
l O feet 1 ong. 

3.7.5 Stripper, T-L6, and Plutonium Concentrator, E-L7-l 

Organic is stripp1:!d from the plutonium solvent extraction product 
stream (PSF) after nittic acid concentration adjustment and the nitrate 
product is concentrated in vessel T~L6. This vessel, shown in Figure 3-37, 
consists of a strippin9 and de-entrainment tower connected to the top of a 
thennosyphon ·reboil er. 

The tower is made. from 3-inch-diameter _titanium pipe containing an 
8-foot vertical section filled with tantalum Raschig rings. Vapors rising 
through the tower vent to a horizontal condenser (E-L6), described in 
Section 3. 12. 

The reboiler shell, made from Type 430 stainless steel rolled tubing 
approximately 5 inches in diameter, contains a tube bundle with 10 tantalum 
tubes 3/4 inch in diami!!ter by 72 inches long. The thennosyphon down-comer 
loop is made from 4-inch titanium pipe. 

During operation of the stripper~ feed is introduced through a nozzle 
above the packed section in the tower. Organic is stripped from the in
coming feed by the asc1ending vapors from the reboiler section. The strip
ped product is concentrated further in the reboiler before exiting from the 
bottom of the reboiler and flowing to E-L7-1 for further concentration. 

Concentrator .E-L7- l , a 1 so shown in Fi gur:e 3-37, is used for final con
centration of the plutpnium nitrate product. The design of this vessel is 
nearly identical to th:at of J-L6. Unlike T-L6, however, E-L7-l does not 
contain packing in its: tower. In E-L7-1, the feed stream (PSC) enters the 
bottom of the reboil er: instead of in the tower, as with T -L6. Vapors f ram 
E-L7-l are condensed in horizontal condenser E-L7-2, described in 
Section 3. 12. 
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3.7.6 Neptunium Stripper-Concentrator, T-Q2 and E-Q2 

Neptunium nitrate solution (2PN) from the 2P solvent extraction col
umn is treated in a stripper-concentrator prior to final purification by 
ion exchange. Organic is removed from the 2PN in the stripper (T-Q2), 
which is mounted on top of the concentrator vessel (E-Q2) used for final 
concentration of the 2PN. 

Stripper T-02, shown in Figure 3-38, consists of two parallel col
umns approximately 12 feet high. The columns are made of 6-inch pipe 
joined at the top and b.ottom by horizontal 4-inch pipe sections to form 
an enclosed loop. All pipe in the stripper is made of 304-L stainless 

, .. steel. A 6-foot section of each column is packed with 1-inch Pall rings 
to promote liquid-vapor contact for organic stripping. Feed enters the 
stripper through a dis~ributor nozzle above each of the packed sections. 
Above each nozzle is a tantalum wire mesh de-entrainment pad 6 inches 
thick. Column washdown nozzles are located above each de-entrainment 
pad. 

Vapors from the stripper-concentrator vent to condenser E-Q9 (de
scribed in Section 3. 12) through a 4-inch port in the top of T-Q2 . 

. Concentrator E-Q2, shown in Figure 3-39, is made of titanium, and 
is connected ·to the bottom of T-Q2 with a 4-inch flange. E-Q2 is a one
piece thennosyphon concentrator with a tube bundle containing 13 1-inch 
titanium tubes. The tubes, 6 feet long, are welded ·in the reboiler made 
of 6-inch pipe. The down-comer and connecting sections forming a· loop 
with the reboiler are made of 4-inch pipe. Concentrated neptunium 
nitrate (2PC) exits the bottom of E-Q2 through a 1-inch pipe to a feed 
makeup tank (TK-Q3) for ion exchange purification. 

Flanged extensions of the concentrator titanium service lines extend 
through the concrete shielding wall into the Q Cell maintenance hood, 
where thJ flanges are connected to stainless steel service piping. 

3. 8 TANKS 

Tanks are used in the Purex Plant for reaction vessels, receivers, 
in-process storage, ancl process solution makeup. Many tanks are con
structed with special shapes such that the contained solution remains 
critically safe by georr1etry. Other tanks are designed to perform special 
functions, such as decanting and organic wash.mixing. Design specifica
tions for tanks are ba$ed on process requirements discussed in Chapter 4.0 
of this manual. The tanks are described in this section with an emphasis 
on physical features in1portant from a processing viewpoint. Major dimen
sions, material specifications,. and construction details are discussed 
and tabulated. Detailed design data are reserved for reference drawings, 
which are listed in th~ figures and tables of this section. 
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3.8. l Radioactive Service Tanks 

The radioactive service tanks described in this section include the 
vesse1s located in all the processing cells of the canyon, PR room, and 
Q Cell, except for the dissolvers (described under Section 3.3). All of 
these tanks are Class I vessels. A complete listing of the tanks in the 
canyon, PR room, and Q Cell is given in Table 3-6. 

3.8.1.1 Standard Tanks 

The following three types of vessels are designated as 11 standard 11 

tanks for canyon use as reaction vessels, receivers, storage, and ·head 
tanks: (a) the 5,000-gallon, general purpose. tank (Figure 3-40); (b) the 

-1,725-gallon, general purpose tank (Figure 3-41); and (c) the 15,000-
gallon oval tank for solvent storage (Figure 3-42). These tanks are fab
ricated with cylindrical (or oval) shells welded to flanged, flat heads 
and contain coils for heating and cooling arranged in banks of concentric 
helices. 

3.8.l.2 Unigue Design Tanks 

The tanks described below are designed to fulfill a specific process 
function. 

• NH Catch Tanks Tanks A3-4, B3-4 and C3-4). The three 
identica ammonia catch tanks receive waste liquid from
the ammonia scrubber in the respective dissolver off-gas 
system. Waste liquids are stored in-the 2,200-gallon 
tanks before being sent to the E~Fll-1 concentrator. A 
sketch of the tanks is shown in Figure 3-43. 

•·Uranyl Nitrate Storage Tank (TK-03-D4). The 03-04 tank, 
shown in Figure 3-44, is a 15,500-gallon oval tank used 
for storage of uranyl nitrate solution from the dissolvers 
prior to transfer to the HA column feed tank. The tank 
is divided in half by a partition which allows solutions 
to overflow from one-half of the tank to the other. 

1 E Cell NH3 Catch Tank (TK-E3-2). The E'Cell ammonia catch 
tank is a 250-gallon stainless steel tank for holding waste 
scrub liquid from the T-E3-l ammonia scrubber. The tank, 
as shown in Figure 3-45, contains coils in the fonn of two 
concentric helices. · 

• Vessel Vent Condensate Tank (TK-Fl). Condensate from the 
process vent condenser (E-Fl) is routed to Tank Fl2 through 
Tank Fl. The tank, shown in Figure 3-46, is constructed 
from a 10-foot length of 12-inch Schedule 10 stainless 
steel pipe. 
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TABLE 3-6. Radioactive Service Tanks. 

'l'inK 
Numer Furic:1 an• 

Al• N"3 ~Cdl (c) 
33• ~ ~Cdl (c) 
C3-4 ~ ~Cdl (cl 
01 fllftftatftff 1 S S tl.lMICJI ( C: ) 
02 eo..1:1n9 ilasu iteeehft' (c:) 
03-.)4 Mr.al Solu't1on Staraqe (c:) 
OS '41U.I Salut1an Staraqe (c:) 

E1 .. ~ICINel'9CI Zh•,"I ex i'l"QduC't ( c:) 
0 Canu1fuqe Feeu (c:) 
EJ-2 E Call IIH] Cud! (c:) 
ES Co•1:1n9 ·,1111:1 (c) 
E5 HA F..a 14aUUD ( c:) 

F1 Yassel 'lent CollldoftlaCI (c:) 
F'J ~c1d Rec11ver (c:) 
F7 1W Fftel (cl 
Fa ilas'tl Re.on ( c:) 
F'10 3WF Oeanur ( i:) 
F1Z ltH-3 ScM ConC::111-cr11car Fffd (c:) 
r'TJ Ut111 ty 01' 0Pqan1c ~KCIYel"/ (c: l 
F1" Ut111cy a.cant•r, Oisconnacua (c:l 
F15 1W Oen1tn't1on (c:) 
F16 lWW Den1tnc1on (cl 
F17 Tuoe aunal• F1us11 (c:l 
F18 Sllll!D ilasu Rica; ver ( c ;. 
F'Z6 lWW Reca1 ver ('c) 

G1 10 Feea (cl 
G2 10 W&sc• (cl 
GS 100 Fffd (c:) 
~ Oecanter (cl 
G7 100 ~ec•1ver (cl 
Ga WISII ii&SU (c:l 

HI HA Fftd (c) 

Jl 3WB 'ilast• ( c:) 
J2 Pcss;b11 -~D Stange, Oisconnac:.•d (c:l 
JJ 
JS 
.J21 

Kl 
:<S 
IC6 

i.J 
L.8 
!.9 
L.10 
1.11 
1.13 i 

I 

181 Fffd (c:) 
ZA Ffld (c:) 
ZN Feea (cl 

2ll Ffld ( c: ) 
ZUC itec• her (i:) 
ZUC 5.uqaler ( c: l 
JA Feed (cl 
iltp Raa1ver (cl 
P'!P SdmOler (PR) 
Altl1"MCI ;,i:p Saaler (PR) 
l'u itellor1C and 'lilCWII (PR) 
~ P'l"IICSUC: I.OlldeluC (PR) 

141 1 
• o.c=numtnu1an Sony (i:) 

Oecanaa1n.'t1an (HS) 

Ql 
•~3 
'JS 
06 
Q7 
Q8 
Q11 
Q13 

"".aation: 

m Feed (Q) 
3X FftCI (Q) 
JX · • .su : a i 
JXN il'l"IIGU~ ~J!Cll1Yer ( Q l 
~o il~cuc: L.01dout (Ql 
Hat Ca 11 SIIIIII ·: Q l 
Coal1nq ·,11c• r ?:n, (Or 
O'len1ial ~dd1t1on (Q) 

(cl ?urwx Cdnyon 
) HS l :-lot Shoo 
1?R) PR~ 
(Q) Q C.11 

. 

iminal 
•101 .... 

~I 

z.100 
z.100 

z.100 
s.ooo 
s.ooo 

1s.sao 
s.ooo 
1,iZ'S 
s.~ 

zso 
:,JOO 
s.000 

55 
5,~ 
4,000 
5,000 
5,000 
5,000 
5,000 

4.50 
S,000 
5,000 
1,ZCO 
5,000 
4,000 

5,000 
1,7ZS 

1s.000 
JSil 

15,000 
5,000 
S,J00 
5,000 
1 • .ioo 
5,000 

370 
JZ0 

5,000 
=,000 
s.coo 

130 
10 
10 
14 
ZS 
z.s 

-l,QOO 
1.750 

12 
110 
600 

ZS 
1.3 

,&6 
315 

9 

I ::ieterenc• 
F1qure 

I 
I 
I 
I 
I 

I 
! 
i 
; 

I 
I 
i 

I 
I 
I 
I 

i 
I 

3-'3 
3-43 
3-'3 
3-'0 
3-40 
3-'4 
3-'0 

3-'1 
3-'0 
3-1.S 
J-40 
3-'0 
3-'6 
3-40 
3-'7 
3-'0 
3-40 
J-'O 
3-40 
J-;2 
3-40 
3-40 
3-48 
l-'O 
3 ·-_, 
3-51 
3-a.1 
3-a.z 
3-5Z 
l-'Z 
J-.:o 

J-"0 

Z-'O 
3-58 (i) 
3-'0 
3.53 
3.5; 

3-40 
l-'O . 
J-1.Q 

3.;4 
3-S5 (al 
J-55 (b) 
3-56 
3.55 (i:l 
l•55 (d) 

3-1.9 
3-:o 
3-58 (al 
J-5a (b) 
3.;a (i:l 
3-5a (d) 
3-5a (el 
J-sa (f) 
3-58 (g) 
J-5a (nl 
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FIGURE 3-40. 5,000~Gallon Standard Tank (Typical of 21 Tanks) . 
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FIGURE 3-42. 15,000-Gallon Standard T~nk (TK-GS, G7). 
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FIGURE 3-43. Ammonia Catch Tank (TK-A3-4, B3-4, C3-4). 
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FIGURE 3-45. E Cell Ammonia Catch Tank (TK-E3-2). 
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• Waste Concentrator Feed-Receiver Tanks (TK-F7-F26). Tanks F7 
and F26 are two 4,000-gallon half-oval tanks placed together 
to fonn a single oval shape. The tanks, shown in Figure 3-47, 
are used as feed and concentrate receivers, respectively, for 
the lWW concentrator E-F6-l. 

1 Tube Bundle Flush Tank (TK-F17). The tube bundle flush tank, 
shown in Figure 3-48, is a 1,200-gallon tank constructed with 
a large flange opening at the top and spray nozzles in the 
tank shell. The tank is used for decontamination of used tube 
bundles from the concentrators. 

• Decontamination Spray Tank (TK-Ml). Small vessels and pieces 
of equipment are decontaminated in the decontamination spray 
tank shown in Figure 3-49. Tank Ml is a 4,000-gallon tank 
equipped with .a stationary internal spray nozzle system, which 
allows flushing of the outer surfaces of contaminated equipment 
pieces inserted into TK-Ml. 

1 Hot Shop Tank (TK-M2). The hot shop tank, shown in Figure 3-50, 
is a 1,750-gallon vessel located in the Purex hot shop. Con
taminated equipment is immersed in decontaminating solution 
prior to .maintainence work or-removal from the facility. 

1 Or anic Contactor Tanks TK-Gl and TK-Rl . The 5,000-gallon 
lOF and ZOF tanks TK-Gl and TK-Rl, respectively, shown in 
Figure 3-51) are the feed tanks for the 10 and 20 columns, 
but are also designed to function as co-current continuous 
contactors for treating the organic streams. Each tank is 
10 feet OD and 9 feet 3 inches high with a shell, heads 
(except for nozzles), and coil similar to the standard. 
5,000-gallon tanks. A central cylindrical chimney (4 feet 
7.75 inches ID) leaves an annular space 2 feet 8 inches wide 
within the tank. A packing support grate located in the 
annulus, 2 feet 9 inches above the tank bottom, supports a 
4-foot depth of 1-inch stainless steel Raschig rings: - or·ga·nic-· 
phase and aqueous-phase distributors are located above the 
·packing to provide co-current fl ow downward through the pack
ing and into the disengaging space below the packing support. 
The lower·portion of the cylindrical chimney is perforated to 
allow liquid passage to the central space where organic and 
aqueous pumps are located. 

1 Decanters (Tanks F14, G6, and R6). The utility decanter, TK-Fl4, 
and organic decanters, TK-G6, and TK-R6, shown in Figure 3-52, 
are used to continuously separate entrained aqueous phase from 
organic streams. The three decanters are similar except for 
minor differences in external piping and brackets. The vessels 
are 4 feet OD by 5 feet 10 inches high. The aqueous and organic 
outlets are 4-inch flanged nozzles. Adapters are attached to 
the nozzles with remote connectors. Liquid feed to the decanters 
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FIGURE 3-47. lWW Concentrator Feed-Receiver Tank (TK-F7-F26). 
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is introduced to the middle of the tanks through a system 
of distributing baffles. The settled aqueous phase rises 
through a jack leg to the aqueous discharge nozzle, 4 feet 
3 inches above the bottom of the tank. The organic overflows 
through a we~r, located 5 inches above the aqueous outlet. 

3.8. 1.3 Final Plutonium Cycle Tanks 

The vessels described in this section are used in the final plutonium 
cycle. Since each vessel may contain concentrated solutions of plutonium, 
the vessels are designed to be geometrically favorable for criticality 
safety. The majority of these tanks are located within L Cell and the 
PR room. 

• fA Feed Tank (TK-JS). The 2A feed tank, shown in Figure 3-53, 
is a 370-gallon annular tank lined with a concrete neutron 
moderator. The tank is designed for blending the lBP to 2AF 
specifications prior to feeding to the 2A column. The tank 
contents are mixed with air by sparging. Although the tank 
geometry will allow for handling plutonium solutions concen
tr~ted to 450 g/i, feed solutions are limited to 6 g/i since 
the tank contents could ·leak to a critically unsafe sump. 

, 3A Tank (TK-L3). The 3A feed tank, shown in Figure 3-54, is 
a 115-gallon annular tank lined with a concrete neutron 
moderator. The tank acts as a receiver tank for the 28 column 
and feed tank for the 3A column. Mixing of the tank contents 
is maintained by air sparging. Six 1-inch-diameter holes pene
trate through the bottom of the tank under the moderator to allow 
drainage to the cell floor of any liquid which may leak through 
the annulus wall. The drainage would eliminate a potential 
criticality hazard which may result from an accumulation of plu-

. tonium in the concrete. 

1 PCP Receiver Tank (TK-L8). The plutonium concentrate product 
receiver tank, shown in Figure 3-55(a), is a 10-gallon tank 
constructed of two vertical sections of 4-inch Schedu1e 10 
titanium pipe, 8 feet long, joined at the top and bottom by 
1-inch Schedule 10 titanium pipe. Tank LS receives concen
trated plutonium solutions from the 38P concentrator. 

1 PCP Sample Tank -(TK-L9). The sample tank, shown in Figure 3-55(b), 
is a 10-gallon vessel used for sampling the contents of the PCP 
receiver tank (TK-L8). The sample tank is constructed of three 
vertical lengths of 5-inch Schedule 40 stainless steel pipe 
spaced 2 feet apart and interconnected by horizontal cross 
pieces made of 1-inch, 2 1/2-inch and 3-inch Schedule 10 pipe. 
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FIGURE 3-53. 2A Feed Tank (TK-JS). 
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1 Plutonium Rework Receiver and Vacuum Tank TK-Lll . The 
plutonium receiver tank, shown in Figure 3-55 c , is an auxiliary 
receiver tank for rework plutonium or waste solutions. In addi
tion, the evacuated tank acts as a iacuum source to effect the 
transfer of 1 i quid from TK-Lf to TK-L9. The 25-ga 11 on-capacity 
tank is constructed from three lengths of 4-inch Schedule 40 
stainless steel pipe spaced 29 inches apart and connected at the 
top and bottom by 3-inch Schedule 40 cross pieces. 

1 Plutonium Loadout Head Tank TK-Ll3. The plutonium loadout 
head tank, shown in Figure 3-55 d , consists of a calibrated 
glass pipe used to meter the volume of plutonium product 
removed from the final plutonium cycle. The capacity of the 
loadout head tank is 2.5 gallons. 

1 Plutonium Container. Design of the plutonium loadout con
tainer is not complete at the time of this writing. Previously, 
plutonium-nitrate was shipped to Z Plant in PR cans inserted 
into carrying containers. 

The original PR can design con~isted of a 23-inch length of 
6-inch Schedule 80 pipe with a rounded bottom, and shielded 
with a lead-cadmium jacket, which, in .turn, was encased in a 
stainless steel jacket. The can was sealed with a solid poly
thene stopper held in place with a spider clamp and screw. A 
modified PR can used later was similar to the original except 
that· it had no shielding. 

The carrying containers for the original cans were 22-inch 00 
by 32-inch-high cylinders mounted on two 6-inch channels. 
The PR can was centered in an upright position in the carrying 
container by four guide rods. A modified 55-gallon drum was used 
to carry the unshielded cans. 

1 Alternate PCP Sam le Tank TK-LlO . The alternate PCP sample 
tan , sown ,n 1gure - , is a 14-gallon tank providing an 
alternate sampling system for the plutonium product. The tank 
is constructed from lengths of 3-inch Schedule 40 and a 
5. 5/8-inch-IO, 3/16-inch-wall pipe joined together horizontally 
end-to-end. The tank is sized such that the entire contents 
of the PCP receiver tank (TK-LB) can be transferred to Tank'LlO 
prior to sampling. 

3. 8. l. 4 Final Neptunium Cycle Tanks 
The final neptunium cycle tanks are used in the recovery of neptunium 

from the backcycle waste. The majority of these tanks are located in 
Q Cell. 

1 2N Feed Tank (TK-J21 ). The 2N feed tank is an annular 
320-gallon tank lined with a concrete neutron moderator 
containing a centrally located standpipe pump boot, shown 
in Figure 3-57. The tank contents are agitated by sparged 
air and heated by steam coils, which run approximately 200° 
around the circumference of the tank. 
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1 2PN Feed Tank (TK-Ql). The 2PN feed tank, shown in Figure 3-58(a), 
is a 12-gallon, geometrically favorable cylindrical tank, which 
receives 2PN from the J Cell package and allows the 2PN stream 
to be mixed with nitric acid prior to being pumped to the concen
trator (E-Q2). In addition, the Ql tank acts as a surge tank 
between the continuous solvent extraction cycle and the concen
trator. Mixing is achieved by recycling 90% of the tank contents. 
The remaining solution overflows by gravity to the 3X feed tank. 

• 3X Feed Tank (TK-03). The 3X feed tank, shown in Figure 3-58(b), 
is a 120-gallon-capacity annular vessel containing a cadmium-lined 
concrete ring for a neutron barrier. A cooling coil is placed in 
the annulus between the inner wall of the tank and the cadmium 
liner of the barrier. Chemicals are added to the tank contents 
through a distribution ring located near the top of the annular 
space. Trre chemicals are mixed by a recirculating pump. 

1 3X Waste Tank (TK-QS). The 3X waste tank, shown in Figure 3-58(c), 
is a 600-gallon geometrically unfavorable tank with dished heads 
and a cooling coil. Tank QS receives all wastes from the batch 
washing operations, plus any flush chemicals from other equipment 
in Q Cell. Mixing in the tank is achieved by an air sparger. 
Use of a spray nozzle system for recirculation and decontamina
tion was abandoned due to excessive amounts of entrained liquid 
lost to the vent system. 

1 3XN Product Receiver Tank (TK-06). The 3XN product receiver 
tank is a geometrically unfavorable, flat-bottomed, 25-gallon, 
stainless.steel tank containing a coil supplied with steam or 
water for temperature control and an air sparge mixing system. 
The tank, shown in Figure 3-58(d), is used for adjusting the 
valence of the neptunium product prior to loadout for shipment. 

1 Nectunium Loadout Head Tank TK- 7 . The neptunium loadout 
head tank, s.hown in Figure 3-58 e , consists of a l.5-gallon
capacity calibrated glass pipe for detennining the volume of 
neptunium product removed from the final neptunium cycle. 
The ends ot the glass pipe are sealed by metal flanges con
taining nozzles for inlet and outlet of product solution. 

1 Neptunium Container. Neptunium is removed from the loadout 
hood in 1-gallor:i plastic bottles. The use of these bottles 
may be delayed, however, with the neptunium product being 
pumped from TK-Q6 to TK-J2 for storage of up to several years. 

1 Hot Cel 1 Sump Tank- (Tl<-08). The hot cell sump tank, shown in 
Figure 3-58(f), is a 46-gallon geometrically unfavorable tank, 
which is buried in the floor of the hot cell portion of Q Cell. 
Tank QB is used for the accumulation of all sumps for sampling 
prior to disposal. Previously, the tank was used to receive 
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the used resin from the 3X ion exchange column (T-Q4), but 
now resin will be removed in bottles for transfer to burial. 
A unique water swirler similar to a dentist's fountain, which 
was designed into the tank for agitation to aid in the removal 
of the resin, will now be used to rsmove solids which may 
accumulate in the tank. 

• Coolin Water Pum Tank TK- 11 . The cooling water pump 
tank, shown in Figure 3-58 g , is a geometrically unfavorable 
315-gallon tank, used to dispose of all cooling water and 
AMU chemical wastes without returning these materials to the 
process. A dual pump system, automatically controlled by 
weight factor, and a temperature control system are provided 
to route any water collected to the Purex chemical sewer header. 

• Chemical Addition Tank TK- 13 . The chemical addition tank, 
shown in Figure 3-58 h , is a 9-gallon cylindrical stainless 
steel tank, which allows the direct addition of small volumes 
of wash solution to the 3X ion exchange column, bypassing 
the 3X feed tank. 

• Neptunium Storage Tank (TK-J2). Tank J2, a 1~400-gallon 
cylindrical tank, is currently unused and is being considered 
as a storage tank for neptunium product solutions. Tank J2 
is shown in Figure 3-58 ( i). 

3.8.2 Nonradioactive Service Tanks 

The tanks discussed in this section are not intended for radioactive 
service. Therefore, a majority of the tanks were designed and fabricated 
according to the criteria for Class II and Class III vessels (see Sec-
ti on 3. 1. 4) . 

3.8.2. 1 Aqueous Makeup Tanks 

Cylindrical aqueous makeup tanks are used for chemical makeup adjust
ment, blending, storage, and delivery of nonradioactive aqueous solutions 
to the process equipment. The number, use, dimensions, nominal volume, 
and construction material are summarized for each AMU tank in Table 3-7. 
Three tanks are constructed of carbon steel; one tank is aluminum and two 
tanks are calibrated glass-metering·tanks. The remaining tanks are con
structed of stainless steel and most have dished heads. The largest 
openings in the 2-foot-00 tanks are 4-inch flanged nozzles, but larger 
tanks have up to 16-inch flanged nozzles, to be used for solids addition 
where necessary. Certain tanks are equipped with coils, agitators and/or 
discharge line filters. -

The AMU facilities for the Q Cell operation make Q ce·11 completely 
independent of the remainder of the Purex Plant. Seven primary tanks 
are included on the secon~ level of Q Cell above the control room. In 
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TABLE 3-7. Aqueous Makeup Tanks. 
( General Reference: H-2-67056) 

I" Dimensions 11omina1 Construc:ti onb Tank Function :Jiameter, 1 :ieight, a Volume, Referenc,c ~umber ft I ft gal Material _,,. 
I 
I 

51 Resin \~ash 2.5 2.2 i5 ss C\II-8285 
101 Fe(MH2SOf)2 Add. 5.0 5.0 750 ss H-.:-59450 
101A HN03 to K- l 01 ,. 9 2.8 55 ss AA 
103 HN :-takeuo 5.0 5.0 750 ss H-2-59450 
104 NaN03 ,·lakeup a.a a.a 3,000 cs I C'Jr-i429 
105 Utility Makeup a.o a.a 3,000 ss ·:'II-7i03 
106 MaNO-, r~akeup 5.0 5.0 750 cs C'II-7429 

:$....~;':;.' 107 : Na-,C03 • !<Mn04 Makeup a.a a.a 3,000 cs CVI-7703 
.(:"!," .... ,.Jt, :,/, ,. 108 Utility r~akeup 5.5 11.0 2,700 ss H-2•59661 

· .. ':..J"~j.: t,· ..... ~ 150 3BX Makeup 5.5 4.0 700 ss H-2-59452 c:,;:r .... . .· 151 Cd(N03)2 Add. 5.5 4.0 700 ss H-2-59452 - tJr 152 ~N03 Feed 5.5 4.0 700 ss H-2-59452 .it.~~·:_ 
t-;--.,~ 153 NaOH Add. 5.5 4.0 700 ss H-2-59452 
~~,J; 155 3BX Feed 4.0 I 4.5 425 ss H-2-63649 
(:~,: 156 3AS reed 4.0 I 4.5 425 ss H-2-03649 
:~~ 201 NaOH to TK-AJ 5.0 I 5.0 750 ss H-2-59450 st:: 202 NaOH to Ti<-aJ 5.0 ! 5.0 750 ss H-2-59450 

203 ~OH to TK-C3 5.0 
! 

5.0 750 ss H-2-53450 
204 Sugar Makeup 5.0 5.0 750 ss H-2-59450 
205 ~1 (rl03)3 Makeup 5.0 5.0 750 ss H-2-59450 
206 KOH Makeup 5.0 5.0 750 ss H-2-59450 
207 11atlOQ Feed a.a a.a 3,000 ss CV!-7i03 
208 Na,c 3 - ~n04 Feed a.a a.a 3,000 ss C'JI-7703 
209 lBX r~akeup a.a a.a 3,000 ss :VI-7703 
210 iBX Makeup a.a a.a 3,000 ss C'll-7703 
211 3AS Makeup 5.0 5.0 750 ss H-2-59450 
2T2 NH4F-NH4N03 Makeup 5.0 5.0 750 S5 H•2-59450 
213 29X Makeup 5.0 5.0 750 ss H-2-59450 
'214 29X :-lakeup- 5.0 5.0 750 ss i H-2•59450 
215 57:': HN03 :-1etering 2.0 2.5 50 ss ! !IA ·-
216 i re(NH-,S03)2 Metering 2.0 /. 4.0 100 ss C'JI-7703 
217 r~zH4 Add. . 2.0 i 4.0 100 ss CVI-7103 
218 HN Add. 2.0 I 4.0 100 ss C'II-7703 
219 HN reed Tank 2·.0 i 4.0 100 ss CV!-7703 
220 2r1s Makeuo Tank 5.0 5.0 750 ss ~-2-59450 
220/221A N2H4 Head and Metering iank 0.5 2.0 3 s NA 
221 2NS Makeup Tank 5.0 5.0 750 ss H-2-59450 
222 HN03 Head Tank 5.0 5.0 750· ss H-2-59450 
223 Oemin. Water Head Tank a.a 12.0 5,000 A C'I I-7933 
224 2!'X Makeup Tank 5.0 5~0 750 ss H-2-59450 
224/225A HN03 Meter1ng Tank I 0.5 2.0 3 G NA . I 

225 2!':: Makeua iank 5.0 5.0 750 ss H-2-59450 
324 Utility Makeup Tank a.a a.a 3,000 ss CVI-7703 

aHeight of cylindrical section only, does not include heads 
bcanstruction Matel"ials - A - Aluminum 

CS - Carbon Steel 
G - G1ass 

SS - Stainless Steel 
c'.:/! - Certified Vendol"'s Information 

NA - Not Available 
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addition, a chemical addition tank (TK-Q31) for the stripper-concentrator 
E-Q2 is located in the sample gallery. The Q Cell AMU tanks, listed in 
Table 3-8, are constructed of stainless steel. 

TABLE 3-8. Q Cell Aqueous Makeup Tanks. 

Dimensions 
Tank Function Diameter, Height, Volume, Reference 

Number in . in. i Drawing 

. Q21 Wash Tank 18 24 81 1:1-2-59516 
Q22 · Wash'-·Tank 42 48 968 H-2-59517 
Q23 Resin Add Tank 12 25 45 H-2-59518 
Q24 NaN02 Add Tank 24 30 220 H-2-59519 
Q25 ANN Add Tank 12 24 49 H-2-59520 
Q26 Fe(NHzS03)2 Add 12 24 44 H-2-59521 

Tank 

Q47 NzH4 Add Tank 1~ 12 18.5 H.;.2-59521 
Q31 HN03 Rinse Tank 14 24 57 H-2-59547 

3.8.2.2 Pipe and Operating Gallery Tanks 

The dissolver drown tanks, the centrifuge spray tank, and various 
addition tanks are located in the pipe and operating gallery. These 
tanks are listed as to function, size, and material of construction in 
Table 3-9. 

3.8.2.3 Recovery System Tanks 

The tanks discussed in this section are associated with the second 
organic and acid recovery systems. The tanks are not intended for con
tainment of highly radioactive materials, but the potential for contam
ination exists. The tanks are all made of stainless steel and designed 
for contact maintenance. 

• Organic Recovery Tanks. The 276-A Building (solvent treatment) 
contains six vessels for treatment and washing of organic sol
vent . .Three are similar to corresponding canyon vessels, except 
that they have standard flanged nozzles in place of remote 
connectors. Dimensions and reference drawings of these tanks 
are tabulated in Table 3-10. 
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TABLE 3-9. 202-A Building Pipe and Operating Galler~_Tanks . 

Tank Function Number 

A3-A Dissolver Drown 
83-A Dissolver Drown 
CJ-A Dissolver Drown 

81-A 25% Caustic Add. 
C2-A AgN03 Add. 

E2-A Centrifuge Spray 
E3-A Not Used 
Fl 5-XA- l Antifoam Add. 
Fl 5-XA-2 Not Used 
G3-A Not Used 
G5-A Organic Storage Add. 
J6-A Not Used 

(Uranium (IV) Test) 
J6-B Not Used 

(Uranium (IV) Test) 
L3-A 3AF Add. 
L9-A Plutonium Cell Add. 
Ml-A Ml Solution Add. 
Rl-A Organic Blend Add. 
R3-A Not Used 
R5-A Organic Treatment Add. 

aConstruction Material 
A-Aluminum 

SS-Stainless Steel 
bCVI-Certified Vendor's Information 

NA-Not Available 

Nominal 
Volume, 

gal 

3;000 
3,000 
j,000 

250 
40 

90 
160 
60 
10 

90 
3,000 

250 

250 

15 
20 

725 
3,000 

90 
3,000 

. , 

Dilliens1ons 
Constructiona Diameter, Height, 

ft ft Materia 1 

7.5 9.0 A 
7.5 9.0 A 
7.5 9.0 A 
3.0 5.0 ss 
l.5 3.0 ss 
2.0 4.0 ss 
3.3 2.7 ss 
2. 1 2.2 ss 
0.54 6.0 ss 
2.0 4.0 ss 
8.0 8.0 ss 
3.0 5.4 ss 
3.0 5.4 ss 

1. 375 l. 375 ss 
1. l 4.0 ss 
5.0 5.0 ss I 

8.0 8.0 ss 
2.0 4.0 ss 
8.0 8.0 ss 

Reference b 

CVl-7704 
CV 1-7704 
CV 1-7704 
H-2-56226 

NA 

CV 1-7703 
NA 
NA 
NA 

CVl-7703 
CVl-8690 

NA 

NA 

H-2-56603 
CVl-7703 
CVl-8661 
CVI~7703 
CVl-7703 
CVl-7703 
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• Acid Recovery Tanks. Vessels designed for the recovery and 
concentration of nitric acid are located in the Backup Facil Hy 
(293-A Building) and U Cell. Dimensions and reference drawings 
of these tanks are shown in Table 3-11. 

TABLE 3-10. 276-A Building Solvent Treatment Tanks. 

Nominal Dimensions 
Function Volume, Reference 

ga 1· Diameter, Height, Drawing 
ft ft 

20 Feed 4,800 , o. o 9.25 Fig. 3-51 

20 Waste 1,800 7.0 6.75 Fig. 3-41 

20 Receiver 9,250 10.0 14.0 H-2-54l7l 

Decanter 430 4.0 5.8 Fig. 3-52 

200 Receiver 9,300 10.0 14.0 H-2-54172 

1.-Jash Waste 5,100 1 o. o 9.25 I 1:1-2-54172 l 

3.8.2.4 Chemical Storage Tanks 

· The chemical storage tanks are located in the 203-A uranium storage 
and 211-A tank farms. The storage tanks were fabricated according to the 
sp~cifications fo~ Class II or Class III vessels. The 203-A tanks are 
constructed of stainless steel and listed in Table 3-12. The 211-A 
chemical storage tanks are listed in Table 3-13. 

3.9 PUMPS, JETS AND AGITATORS 

The transfer of liquids i~ effected in the Purex Plant by pumps and 
jets. Remotely installed, deep-well, turbine-type pumps function in 
canyon areas and standard centrifugal pumps in non-canyon areas. Steam 
jets, operated by sequence-controlled gang valves, are used as standbys 
for pumps, for exhauster service, for batch transfer of process solutions, 
for draining sumps, and for removal of heels from process vessels. Air
operated jets are used for sampling and in a few other selected applica
tions. A jet motivated by ei•ther cadmium nitrate solution or dilute 
nitric acid is used to transfer plutonium solution from TK-Lll to TK-E6. 
Agitators are used for blending tank contents in both the canyon and non
canyon areas. 
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Tank 
Number 

XC 
XO 

function 

XA Recycle 

XB Recycle 

) 

TABLE 3-ll. Acid Recovery Tanks 

Nominal 
Volume,· 
gal 

Dimensions 
Diameter, Height, 

ft ft 

Backup facility or 293-A Building 

5,000 
3,000 

10.0 
8.0 

9.25 

8.0 

Reference 

H-.2-57003 

H-2-57004 
____ .. ___________ , _______ -4--________________ ..__ _____ _ 

U Cell and 206-A Building 

Ul 50% ttN03 Storage 15,000 10.5 X 16.0 (oval) 14.0 fig. 3-42 
U2 50% IIN03 Storage 15,000 10.5 X 16.0 (oval) 14.0 fig. 3-42 
U3 Lab Waste Receiver 8,250 10.0 14.0 H-2-54171 

U4 Lab Waste Receiver 8,250 10.0 14.0 H-2-54171 
U5 AF feed 9,000 10.0 14.0 ·CVI-10170 #l3a· 

U7 Chlorine Purge 90 2.0 4.0 H-2-56264 
U8 AFD Condensate l ,000 6.0 5.0 CVl-10170 #l5a 

aCVI - Certified Vendor's Information 
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TJ\BLE 3-12. 203-A Uranium Storage Tanks 

Tank Nominal Dimensions Coil -Area, Reference 
Number Function Volume, Diameter, Height, ft2 Drawing 

gal ft ft 

Pl Recovered UNH 100,000 25 30 100 H-2-54805 
Storage 

; 

! 

P2 Recovered UNH 100,000 25 30 100 H-2-54805 
Storage 

P3 Recovered UNH 100,000 25 30 100 tf-2-54805 
I Storage 

P4 Recovered UNH 100,000 25 .. 30 100 H-2-54805 
Storage w ;;cl 

I :C 
_, 0 

P5 Waste Storage 4.000 9 9 NAa _, I ---
O 3 

P6 Waste Rework 14.000 

Pl3 'Recovered Acid s.ooo 
Recejver . 

P14 Recovered Acid a.ooo 
Receiver 

Pl5 Recovered Acid 15.000 
Storage 

aNA - Not Available 

10 X 16 14 
(oval) 

10 14 

10 14 

10.5 X 16 14 
(oval) 

144 H-2-58430 

--- H-2-54895 

--- H-2-54895 

--- Fig. 3-42 
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Tank 
Number function 

10 Cd(N03)2 Storage 

11 AFAN Storage 

12 HN03 Storage 
20, 21 Na OIi- KOtl Storage 
30 Demin. Water 

Storage 

40 Diluent Storage 

41 TBP Storage 

42 Al(N03)3 Storage 

50 u2so4 Storage 

aConstruction Material 
A - Aluminum 

CS - Carbon Steel 
SS - Stainless Steel 

' I 

TABLE 3-13. 211-A Chemical Storage Tanks 

Nominal Dimensions Constructiona 
Volume, · Diameter~ Height, Material 
gal ft ft 

4,600 9.5 9.8 ss 
100,000 25 30 ss 
100,000 25 30 ·ss 
30,000 15 24 cs 

100,000 25 · 30 A 

65,000 22 24 cs 
30,000 15 24 t::S 
8,000 10 14 ss 
8,400 8 24 cs 

- ' ,. - ., .. 

Coil ~rea, 
ft 

---
170 

---
24 
90 

---
24 
21 

---

Reference 
Drawing 

H-2-54803 
H-2-60105 

H-2-54803 
H-2-54804 
H-2-54804 

H-2-54803 
. 'H-2-54803 

H-2-·60105 
H-2-58870 

;;o 
::c 
0 
I 
~ --
1 ...... _. 
0\ -.,, 

-.I 
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3.9. 1 Pumps 

Pumps used inside and outside of the Purex canyon are described 
below. Although technically a non-canyon service pump, the Q Cell meter
ing pump is described separately because of its unique design. 

3.9. 1. 1 Canyon Service Pumps 

Twenty-four deep-well turbine pumps, remotely installed and main
tained, are used _in the Purex canyon for handling radioactive process 
streams. Seven deep-well turbine pumps, designed for contact maintenance, 

.are also classed as canyon pumps because of their location. The salient 
features of each of the remotely maintained and the contact-maintained 

,.pumps are given in Tables 3-14 and 3-15, respectively. The remotely 
maintained pumps. are divided into groups on the basis of shaft lengths 
and the number and sizes of the stages required to meet head and capacity 
requirements. 

·3.9. 1.1.1 Bases of Selection and Design 

The selection of pumps for solution transfer service in the canyon 
is based on the following requirements: 

, Head and Capacity Characteristics. Pumps are required to 
meet a wide range of head and capacity.conditions in the 
processing building. Pump heads, specified in design, range 
from 20 to 150 feet of fluid with flow rates· ranging from 
5 to 200 gal/min. 

, Materials of Construction. Construction materials must re
sist corrosion and erosion by the pumped solutions. 

, Life Expectancy. A minimum expectancy of 1 year without 
maintenance is desired. 

, Leaka1e. No leakage of radioactive solutions from the pump 
1s to erable. 

, Flushing and Draining. - The pump must contain no pockets tl'lat 
are not flushable fro~ the discharge line and must be com
pletely drainable through the suction port. 

t Structural Strength. The pump must.be strong enough to with
stand impacts and strains imposed by remote-handling equip
ment. 

Muitistage, vertical, submerged, deep-well, turbine-type pumps meet 
the above criteria and are used for canyon service. 
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TABLE 3-14. Remotely Maintained Canyon Service Pumps. 
-

Pump Pump No. of Column and Flow, Total Specific Length, Desig. fta Stages Shaft Size, hp gal/min Head, ft Gravity 
in. 

P-D5 9.4 4 3 and l 3 25 55 1.52 
P-Fl3 

t l l t 22 46 t P-G2 25 55 
P-H1 ! 10 . so I i P-Jl 10 51 
P-Kl 9. 4 ', .. 4 3 and l 3 10 I 51 

I 

1.52 i 
I ' 

P-G5-l 14. l 8 3 and l 5 70 93 I 1.05 
P-GS-2 l t t t 70 93 I 

~ I 

P-GS-3 20 46 I 
I 

P-G7-3 8 3 and l 5 20 46 
I 

1.05 
P-J2 14. l · 6 . 2 ~nd 1 7.5 5 65 1.25 

I 

P-G7-l 5.4 4 3 and l 5 90 105 1.05 
P-G7-2 5.4 4 3 and l 5 90 105 1.05 

P-F3 9.4 . ·s 4 and l 10 50 · 51 l. 60 
P-F7 

I t I l 
64. 5 51 

I P-FlO 50 51 
P-F12 j 5 150 
P-Gl-1 200 21 
P-J3 40 72 
P-K6 9.4 6 4 and l 10 l 00 108: i 1. 60 

P-Gl-2 . 6. 8 6 4 and l 10 l 00 l 08 I l. 60 I 
; 

P-J5 9.8 5 2 and l 1.5 10 61 I l. 15 
. I 

P-J21 14.5 3 2 and l 1.5 10 24 ! 1.15 
-

P-L3 12. 7 3 2 and l 3 .s 58 l. so 

aincludes thickness of top flange. 
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TABLE 3-15. Contact-Maintaineda Canyon Service Pumps. 

Pump Pump No. of Column and Fl ow, Length, Shaft Size, hp Desig. ftb Stages in. gal/min 

' 
P-Rl-1 9.2 6 4 and 1 10 200 
P-Rl-2 9.2 6 4 and 1 10 100 
P-R2 6.7 4 3 and 1 3 25 
P-Ul-1 14.0 4 4 and 1 10 84 
P-Ul-2 14.0 4 4 and l 10 84 
P-U2-l 14.0 4 4 and l 10 84 - -
P-U2-2 14.0 ... 4 4 and l 10 84 

aClassed as canyon pumps only because of location. 
b!ncludes thickness of top fl~nge. 

Total 
Head, 

21 
108 

51 
110 
110 
110 
110 

3.9.1. l.2 Principles of Operation for Deep-Well Turbine Pumps 

Specific 
ft Gravity 

1. 6 
1.6 
1.02 
1. 37 
1.37 
1. 37 
1. 37 

The pumped fluid enters the axial suction port at the bottom of a 
deep-well, turbine pump.and passes directly into the eye of an impeller. 
The fluid is accelerated as it passes between impeller blades: The accel
eration is termed an 11 impulse 11 and is due to the difference in peripheral 
speeds between the outer and inner ends of the impeller blades. In gen
eral, for constant shaft speeds; the acceleration is proportional to the 
square of the. impeller diameter. 

After leaving the impeller, the fluid enters a diffuser, which con
sists of a set of channels leading to the eye of the impeller of the 
second stage. Since the fluid enters the pump at the same rate it 
leaves, the increase in velocity head gained by successive impulses is 
converted to pressure head in the diffuser. The head developed by' a 
multistage pump is approximately equal to the head developed in one 
stage times the number of stages. 

3.9. 1.1.3 Effect of Process Variables on Pumo Characteristics 

The head-capacity characteristics of a pump are not affected by 
differences in density of the fluid being pumped, but the discharge 
pressure and the brake horsepower at any flow rate are directly propor
tional to the density of the fluid. Viscosities up to 25 centipoises do 
not significantly affect the head developed at any flow rate compared to 
the head developed when pumping water. _.,. 
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3.9. l. 1.4 Description of Canyon Pumps 

An assembly drawing of a typical canyon pump is shown in Figure 3-59. 
The original pumps were built by the Johnston Pump Company, Los Angeles, 
California, but pumps are now supplied by many vendors. Each pump is 
supported on the vessel nozzle flange with a mounting flange. A vertical 
torque tube extends downward from the flange and contains the pump stages 
as integral parts of the column assembly. The torque tube length is de
tennined by the depth of the vessel from which the liquid is pumped, and 
the number of stages is established by the required head-capacity charac
teristics of the pump. 

Solution enters through the suction port at the lower end of the 
pump and passes vertically upward through each succeeding stage and 
then through the torque tube. It is discharged radially through a side 
ann at the top of the torque tube section, below the mounting flange. 
The side ann bends to pass vertically through the mounting flange and 
emerges adjacent to the pump flange. This construction was employed to 
reduce the overall height of the connector assemb.ly for the discharge 
line connection. 

The pump shaft extends concentrically through the mounting flange 
and torque tube and is guided by sleeve bearings lubricated by process 
solution. An impeller is fixed to the shaft at each stage. The pump 
s~aft is rigidly coupled to the shaft of a vertical, hollow-shaft elec~ 
tric motor mounted.above the pump mounting flange. The weight of the 
shaft assembly and axial thrust are carried by the motor bearings. A 
throttle bushing is provided at the point where the shaft emerges from 
the torque tube section. The close clearances between the shaft and 
the bushing restrict the flow of- solution. ; Leakage past the throttle 
bushing is returned to ·the process vessel by gravity flow. 

3.9.1. 1.4. 1 Diffuser Bowls and Impellers 

The semi-shroud~d pump impellers are cast Type 304 stainless steel. 
Tapered, split lock collets of Type 304 stainless steel are used to 
attach the impellers to the shaft. 

The diffuser bowls which separate the impellers of adjacent stages 
are of cast Type 304 stainless steel. These diffusers act as channels 
to guide the discharge from the periphery of one impeller into the suc
tion eye of the next stage. Each bowl is provided with a tongue-and
groove registered fit to ensure proper alignment of adjacent bowls. All 
bowls of any one group of pumps are similar and interchangeable. Sleeve 
bearings in each bowl, above and below the impeller, guide the shaft and 
serve to restrict intrastage recirculation of the pumped fluid. Tables 
3-14 and 3-15 list the number of stages in each pump. 
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ELECTRIC METER 

BY-?ASS PORT 

-,,,.__ THROTTlE aUSHING 

DISCHARGE 
SIDE ARM 

ALL BOLTS ANO CAP SCREWS 
, / DRILLED AND WIRED -NliH 16 GA. 
1/ STN. STL TYPE 304 'II I RE 

TORQUE TUBE 
SCH. NO. 40 COLUMN 
TYPE 347 STN. STL 

FOUR GUIDES !TYPICAL> 
AT rJf' • l6 GA. STN. STL 

-----,_,__-.. SEMI-OPEN IMPELLERS 

C 
SECURED WITH TAPERED 
SPLIT-LOCK COLLETS 

' 
' . 

. FOOT aEARING 

RCP7907-58 

FIGURE 3-59. Typical Canyon Pump. 
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3.9. 1. 1.4.2 Torque Tube 

The function of the torque tube is to support the pump stages, to 
protect the shaft, to retain bearings net. contained in bowls, and to 
carry the discharge stream through the pump to the .discharge nozzle. A 
Schedule 40, 2- to 4-inch-diameter International Pipe Standard (IPS) 
flanged-pipe torque tube, fabricated from Type 347 stainless steel, 
fixes the position of the stages from the mounting-flange head assembly 
and suspends the stage assembly. The length of the torque tube section 
depends on the depth of the vessel. 

Triangular guide fins of stainless steel are welded to the torque 
tube above and below the torque tube flanges to guide the pump through 
the tank opening and to reduce the possibility of the pump catching on 
the tank during installation or removal.-

3.9. 1. 1.4.3 Shaft 

The vertical pump shaft runs concentrically within the torque tube. 
All shafts are nominally 1 inch.in diameter with lengths varying from 
5.4 to 14 feet. Alignment of the shaft is essential to operation of 
any pump and becomes of critical importance in the case of long-shafted 
pumps employing a number of bearings. 

3.9. 1. 1.4.4 Bearings 

Process-solution-lubricated sleeve bearings are used to guide the 
shaft. One sleeve bearing is mounted in the diffuser section of each bowl 
or stage. A large bearing, called a 11 foot 11 or suction bearing, is mounted 
in the suction bell at the lower end of the shaft. Additional bearings, 
mounted. in "spiders" (bearing retainers which allow pumped solution to pass 
freely around them), are positioned at intervals along the shaft so that 
the greatest length of unsupported shaft is 5 feet. The arrangement pro
vides a bearing above and below each impeller. In addition to adequately 
guiding the shaft, these bearings restrict intrastage circulation of the 
pumped fluid. The sleeve bearings are fabricated from CSGBF (Cleves coke, 
standard coal-tar pitch, gas-baked finish) graphite used in the construction 
of the reactors at Hanford. The bearings are manufactured by the National 
Carbon Company from coke produced by the Cleves Refinery of the Gulf Oil 
Company. The bearings are provided with diametral shaft clearances of 1.5 
to 2.5 mils. To prevent scoring and accelerated wear on the bearings and 
shafts from lack of lubrication, the pumps must never be operated without a 
flooded suction. 

Standard ball motor bearings are used to absorb developed axial thrust 
and to support the weight of the shaft and attached impellers, as well as 
to guide the upper portion of the shaft. The bearings are mounted in 
grease chambers in the motor. The chambers are packed with Shell Oil 
Company 11 Alvania No. 2, 11 or equivalent grease, at the ·time of manufacture, 
and require no further lubrication. 
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3.9. 1. 1.4.5 Shaft Seal 

A shaft seal, consisting of two throttle bushings, is provided at 
the mounting flange where the shaft emerges from the torque tube. The 
seal serves to prevent leakage of process fluids and vapors into the 
cell and thus prevents the spread of contamination. The throttle bush
ings are located at the top and bottom of a concentric sleeve surround
ing the shaft. The sleeve is in an integral part of the discharge head 
casing. The lower, or liquid, throttle bushing is a plain sleeve bear
ing, fabricated from CSGBF graphite, that serves as a guide bushing in 
addition to restricting leakage. The upper, or vapor, throttle bushing 
is made from Graphitar* No. 2 and is designed as a labyrinth trap (alter
nate. grooves and lands) to contain mists and vapors within the vessel. 

The discharge case has two diametrically opposite vents or ports 
extending through the column, above the liquid throttle bushing. Solu
tion which leaks past the bushing into the shaft sleeve drains through 
these ports back into the vessel. A slinger ring secured to the shaft 
near the top of the ports deflects solution rising along the shaft. 
The ports are located at least 2 inches-above maximum liquid level in 
the tank. 

" 

3.9.1. 1.4.6 Coupling 

An adjustable, cast-iron, rigid, flange-type coupling is used to · 
. connect the pump and motor shafts. The hollow motor shaft is -fabricated 

to form one of the f1 anges of the coupling. The second- flange ·is secured 
to the motor-shaft flange by means of extended pins or bolts,_and to the 
pump shaft by means of a gib-head key that prevents rotation of the 
coupling with respect to the shaft while permitting axial freedom. An 
adjusting nut, threaded to the upper end of the shaft, provides for 
ax·ial adjustment of the shaft and secures impellers as a unit during 
assembly. The nut is secured to the shaft coupling by means of a 
machine screw inserted axially through the nut into one of four equally 
spaced holes in the coupling, permitting quarter-turn adjustments of the 
nut. . The coup 1 i ng is coated with Amercoa t No. 33, or equal . 

3.9. 1.1.4.7 Motor 

The vertical, hollow-shaft, flange-mounted motors 
3-phase, 440-volt, squirrel-cage-type induction motors 
enclosed and fan cooled. Sizes range from 3 to 10 hp. 
are protected with Amercoa t i~o. 33, or equal . 

are 1750-rpm, 
that are totally 
External surfaces 

The hollow motor shaft is machined to provide alignment fit with 
the pump shaft at the upper end of the motor shaft, and is relieved 
through the balance of the bore for ease of assembly. 

* Trade name of Wickes Engineering Co., Saginaw, Michigan 
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3.9. 1.1.4.8 Mounting 

Each canyon pump is mounted on a circular adapter flange, which pro
vides support for the pump, discharge-ptpe, connector nozzle, and a male 
electrical connector. The flange is located on the tank by means of dowel 
pins and is fastened to the dowels with free nuts. A bail is provided for 
lifting the assembly. 

3.9.1.2 Non-Canyon Service Pumps 

There are numerous pumps in the Purex Plant used to transfer non
radioactive soluti.ons. The pumps are located in the 202-A, 203-A, 206-A, 
211-A, and 276-A facilities. Table 3-16 lists the pumps currently in use. 

3.9.1 ~2.1 Basis· of Selection 

Each pump is se 1 ected to meet the fa 11 owing requirements: 

• Performance characteristics. A pump with the proper head
suction-capacity characteristics is selected for each 
application. 

• Corrosion resistance.· The materials of construction are 
specified tQ resist corrosion by the solution to be 
pumped. 

Standard single-stage centrifugal pumps and self-priming centrifugal 
pumps, operating at-1800 rpm, meet the above criteria and are used for 
non-canyon service. 

3.9. 1.2.2 Standard Centrifugal Pumos 

These pumps are manufactured by several manufacturers, principally, 
Pacific Pumping Company, General Machinery Company, and Byron-Jackson 
Company. All of the pumps have single rotary mechanical seals, except 

. the· pumps for transferYoing from the uranium nitrate and 50% caustic 
storage tanks, which have double rotary mechanical seals. The pumps are 
of the open-impeller, single-stage horizontal, vertically-split design 
and operate at 1800 rpm. Jheir rated capacities range from 12 to 
350 gal/min, and discharge heads from 30 to 150 feet. 

3.9.1.2.3 Self-Priming Centrifugal Pumps 

Self-priming centrifugal pumps, which must be primed before they 
can be operated for the first time, are used for unloading chemical 
solutions from drums and tank cars. These pumps, located in Building 
211-A, range in rated capacity from 10 to 100 gal/min. and in discharge 
head from 50 to 80 feet. Suction lifts vary from 3 to 8 feet. 
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TABLE 3-16. Non-Canyon Service Pumps. 

9UILDING PUMP SOLUrlON ORIGIN OESTINATION 01 SCHARGE C-l.PACITY SE~VICE 
~ ~ H£AO Ft. ~ 
202-A P-101 FE I NHz S~ 13 TK•l01 TK·216 35 l7 CONTINUOUS 

202·A ?-103 :<lHi()H-l!N03 TK·103 TK-218. m as 17 

202-A P·l04 NA NOJ TK·l04 TK·ZUT 58 100 INTERMITTENT 
202·A P-Uli WASH SOLUTION TI<-105 TANKS FEEDING C-l.NYON TANKS 75 120 
202-A ?-106 -~NO,, ,1<-106 TK·LS2 71 50 
202•A ?-107 N3"z C03-KMn04 TK·I07 TK·ZOS 72 100 
202·A ?·108 UTILITY MAKEUP TK·I08 TK·204, ?05. 207. j24 35 32 
ZOZ·A P·ISO JBX TK·lSO TK·!SS 130 10 CONTINUOUS 

ZOZ·A 
'3As1a1 nc-211I· 

,\IQTIVE FLUID FOR TK·Ul !'Q TK--:6 ,ET 230 I lffi:RM I rnNT P·l51 • Cd INOJiz TK·LSI i ~.:a.1.?: .. 
t--.i'f,,.,.i'C 202-... ?-GJA G·lA SOLUTION TK·GJA CENTRIFUGE SPRAYS G-GJ ANO G-G4 DJ tel ta.3 01 SCONNECTEil 

202·A ?-W TK-:Z. a4 SOLUrlON TK·£2. o4 CINTRIFUGE SPRAYS G-iZ ~NO G--€4 aoo IcI 13.8 ... ...,t::j.'"4' 202·.,. · · ?·R3A TK·'OA SOLUTION TK·!lJA ~TRIFUGE SPRAYS G·.U •na G-~4 lOO ICI :a.a 
(~~ 202-A ?-QlH TK-QLI 'NASTE TK-Qll CHEMICAL SEWER 63 JO i NTERM I TTENT 

JiJ 202·A ?-Qll-2 TK-Jll WASTE ANO CONDENSATE TK-011 CHEMICAL SEWER 63 JO 
.!l:,J::r 

!;;.,._~- 203-A ?·~! UNH IJNH STORAGE TK UNH STORAGE OR UNLOAD ING 38 lZO ~· ......., 
(".,'....._~ 203·A ?·?'3 UNH UNH STORAGE iK UNH STORAGE OR UNLOADING 38 120 

-'';;fh·~~ 203·A ?·13-1 :J03 ?LANT HN03 TK•?!S TK·US LIO ;o 
·-.:r~--- 203-,1 ?·tJ-2 U03 ?I.ANT HN03 TK·Pl5 TK-1'6 OR TK·'J5 LIO ;o 
•-~._;'.,.: Z03·A 0-!3-J U03 ?I.ANT HN03 TK·l3, :4, 15 TK·13, 14, 15 llO lO 
··0. .... 1,. 203·'\ ?·LS ;;N03 TANK C-l.R TK·i3, 14, !5 76 ;o 

206-• P•US•i HND-j TK·U5 ~CID FRACTIONATOR 67 26 CONTINUOUS 
206-A ?-US-2 HN03 TK·US ACID FRACTIONATOR 67 26 
206-A P·U8-l 'NATER TK-U8 202·A BUILDING 1411 35 
"°6•A P·U8-2 WATER TK-ua 202-.~ 8UILOING 140 35 

m-A P-10 C4IN031z TK•lO TK·!SI 
Zll·A P-IH ~FAN AFAN TANK CAR TIH! ~ 96 !NTERMlrnNT 
2l!·A ~-ll·2 5°"HN03 60'fe HN03 TANK C-l.R TIH2 OR 202-1 SUILDING l2 'l6 
Zll·A P-IH . AFANtbl TK·ll TK·212 at 50 
2Il·A P-ll•4 AFANlbl Tl<-11 TK·212 31 ;o 

, Zll·A P·l2·1 ;Q'fe HN03 ( TK•l2 20Z·A SUILOING 35 12 Zll·• ?-!2-2 oO're HN03I 
Zll·A P-.21 KOH TK-21 TK·:106. 21 60 60 
21l·A P·20 ;o'I, NaOH ;o-. NaOH TANK ~R TK·ZO 38 ;o 
Zl!·A ?-ZH ;Q'fe NaOH !K·20 2CIZ·A 3I1lg. OR OEMIN. JO :0 
!ll·A ?-21-2 ;o'fe ,'lalJH TK·ZO WZ·A 81dq., JEMIN .. rRuCK LOAOOUT JO ~ 

Zll·A P•lO•l, OEMIN, WATER TK·JO TK·ZZ3 OR 2lh\ 810!, PUMP SEALS 150 350 CONTINUOUS 
Zlhl ?•J0-2 I 
m-.~ ?•4IH !BP or DILUENT TANK C-l.R TK·41l OR TK-41 l2 l6 INTEilMITTENT 
Zll·A ?·40-2 OIU£NT TK•JO 202·~ ar°'I, OR DRUM LOADOUT o6 3tJ 
Zll·.~ ?-41-1 .~NN TK·J2 TK·2115 76 ,0 

2ll·A P•41•2 TBP iK•41 zoz •. ,1 8IClll. OR ORUM LOADOUT 66 !O 
ZlH P-50 tryS04 , TK•;Q TK·CX4 57 12 
2ll·A P-51 ~501' 

Tr6-.•. P-RS-1 ORGANIC I I IZO 12 •:ONTINUOUS 
276-A P-R5+1 ,:)RGANIC TK·RS. RT ?ROC.:SS · 12D )2 
276-A ?·RS-2 ORGANIC 1 I lZO )2 
276·.~ ?-R5·3 ORGANIC TK·R6 35 32 
276•A ?·R5•4 ORGANIC TK-R6 35 )2 

1aI ]AS IS USED FOR TRANSFERRING SOLUTIONS OF LOW PLUTONIUM CONCENTRATIONS. CADMIUM NITRATE IS USED FOR TRANSFERRING SOLUTIOIIS ,JF 'ilGH 
PLUTONIUM CONCENTRATIONS. 

, bI AMMONIUM FLUORIDE·· ~MMONIUM NITRATE \IIXTURES. 

'CI ?OUNOS ?ER SQUARE INCH GAGE 

~C?7Q(J7-,Zl 
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The pumps were manufactured by the Duriron Company, Dayton, Ohio, 
and are standard horizontal, self-priming, centrifugal pumps with ver
tical split cases. The shafts of the acid and organic unloading pumps 
are sealed against leakage by a single rotary mechanical seal. A double 
rotary mechanical seal, lubricated by water, is employed to seal the 50% 
caustic unloading pump.- · 

3.9.1.3 Q Cell Metering Pump 

A Pulsafeeder, which is a reciprocating, combination piston-diaphragm, 
positive displacement metering pump made by the Interpace Corporation 
of Rochester, New York, is used to transfer neptunium solution from 
TK-Q3 to the ion exchange column (T-Q4) for neptunium purification . 

In pump operation, an electric motor drives a shaft at a constant 
speed through a wonn gear reduction, which, through an eccentric, drives 
a piston in a reciprocating motion. Reciprocation of the piston in its 
cylinder hydraulically moves liquid (oil) against one side of a flexible, 
dished, elastomer diaphragm, imparting the reciprocating motion of the 
piston to the diaphragm. On the opposite side of the diaphragm is the 
pump compression head through which the process solution (neptunium 
nitrate) ii discharged by the motion of the diaphragm. On the discharge 
stroke (forward motion of the piston), the diaphragm is expanded by 
displacement of the oil, closing the check valve in the solution inlet 
line to the pumping head and forcing the solution out through the outlet 
check valve. The diaphragm retracts to its-original shape by its own· 
elasticity during the suction stroke of the piston, closing the outlet 
check valve and drawing solution into the pump head. 

The piston stroke length and, hence, the solution flow rate, is 
controlled automatically by a pneumatic signal from a flow recorder
controller which senses the output from the process solution flow meter. 
To control the flow rate, the pneumatic signal adjusts the position of 
a rod which positions the rotational center of the connecting rod that 
drives the piston. The controller can be adjusted to give any flow 
rate from Oto 100% of the pump's flow rating. An accuracy of .:,1~~ of 
rated capacity for delivery of the pumped solution is attainable in 
.the range of 10 to 100% of rated capacity. 

Hydraulic oil leakage past the piston is slight and is automatically 
replaced through a compensator valve from an oil reservoir. A second 
compensator valve is used for pressure relief to blow off any excess oil 
and, more importantly, to vent the compression cylinder to the atmosphere 
in case the process line is plugged or a line valve downstream of the 
pump is accidentally closed. An automatic air bleed valve is positioned 
at the highest point in the hydraulic system to continuously purge air 
or vapor to maintain a noncompressible transfer fluid. 
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3.9.2 Jets 

Jets operated with steam, air and chemical solutions are used. in 
the Purex Plant. Steam-operated jets are employed for gas transfer, 
sump draining, solution transfer, heel removal from process vessels, 
and as standby equipment for pumps. Air-operated jets are used for 
sampling. A jet motivated by either cadmium nitrate solution or dilute 
nitric acid is used to transfer plutonium from a plutonium nitrate re
ceiver tank back to the head end of the process for rework. Variable 
controlled-flow steam jets are used to transfer solution from extrac
tion columns to the uranium concentrators. 

··.,.·,-:,.The capacities, physical dimensions, motive fluids and operating 
conditions of the jets in use in the Purex Plant are given in Table 3-17. 
The identification of the jets of each group classification· is shown in 
Table 3-18. 

3.9.2.1 Liquid-Transfer Jets 

Liquid-transfer jets, used to drain sumps, remove heels from pro~ 
cess vessels, and serve as standbys for pumps, are of standard design 
and are made from Type 304-L or Type 347 stainless steel. The jet connec
tions range from 0.5- to 3-inch-diameter inlet, 0.5- to 8-inch-diameter 
dischar.ge, and 0.5- to 8-inch-diameter suction. A sectional view of a 
typical liquid-transfer jet is shown in Figure 3-60. 

Steam jets are classified into a number of g~oups according to 
capacity rating when supplied with steam at pressures between 65 and 
185 psig, with 90 psig being used in the majority of cases. The jet 
capacities r~nge from l to 240 gal/min against heads of from 40 to 50 
feet. Specific gravities of the solutions handled range from 0.8 to 
l .8, and static suction lifts range from 2 -1:'o 22 feet. The performance 
of the individual jet groupings is _included in Table 3-17. 

The plutonium rework solution transfer jet, suppiied with 100-psig 
cadmium nitrate solution in nitric acid as the motive fluid, delivers 
a flow of 3 gal/min against a 60-foot discharge head of 1 .23 specific 
gravity solution, with a suction lift of 20 feet of water. 

3.9.2.2 Sampler Jets 

Sampler jets, which are classified in Group 12, are designed for 
continuous small-flow delivery when supplied with 90-psig air pressure. 
Sampler jets have a capacity ranging from 0.026 to 0.056 gal/min 
against a negligible discharge head. The specific gravity of the 
solutions to be sampled lies between 0.8 and 1 .6. 

Sampler jets have 1/2-inch pipe suction, discharge, and air supply 
connections. All jets are fabricated from Type 347 stainless· steel and 
have the same configuration as that shown in Figure 3-60. 
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TABLE 3- 17 . Purex Service Jets --
Process Specifications and Operating 
Conditions of Standard Groupings 
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TABLE 3-18. Purex Service Jets Standard Groupings. 
(Reference Drawing H-2-58078, Sheet 2) 
~ !~ iCant) ~ ' C'2nt i 

~ 
J-611 
,-Al-1 
J-AJ•Z 
J•Al•l 
..J-.\J.4 
J•SA 

Build1ng 

?OZ-~ 
~ 
.i-FlS-1 
J-FlS-3 . 
J°F26-1 
J-SFA 
J-SFB 

3u1lcling ~ 
zaz.,1 .;.,z.z 

·~ 
Building ,i!L!. :u1lding ~ ,.u1ldin9 

293-A 
~ 
JXl• IA 
JX3-i S 
JXJ-lC 

~ ~ 

~0iES: 

,;.93.1 
J-83-2 
J-83-3 
J-83-4 
J-SB 

J-CJ-1 
J-CJ•Z 
J-CJ-3 
.;.e3.4 
J-sc 

J-01-1 
.;.01-z 
J-01-3 
J-01-5 
J-02-1 
J-OJ•Z 
J-03-3 
j•04-1 
J-04-2 
J•0S-1 
.;.os-2 
J-SD 

J-El -z 
,J.£5-1 
.J.£5-3 
J-E6-1 
J-•6-2 
J-SE 

J-F3-3 
J.;5.1 
J°F7°2 
J-Fa-s 
J•Fll-1 
J-•15-1 
J-Fl&-3 
J-Fl&-4

4 J-•16-6 

293-A 

J 0 Gl 0 2 
J~G2-1 
J.;z.z 
J-G7-1 
J•GB-2 

J•Hl-2 
J-M4-1 

J-Jl-Z 

J•K4 
J°KS 0 Z 
J•K6• I 
J°K6-2 
J-K&-3 
..l•K6-4 

J-Ml-2 
J-111-3 .;_,,.z 
J•SMC 

J-R2-1 
J-R2•2 
J.a2-~ 
J-RS-Z 
J 0 R8°3 
.;.RS-4 

J-Sl 1 

J-U3 
.;.04 

J-SXJ-1 
J•SX3•2 

•· These jets a" not· in service. 

203-A J•SPA 
J.5p9 
J-SPC 
.;.spa 
.;.sPE 

t.aQY!.1. 
241-A J•JOZA 

§!!2!!Ll. 
ZOZ-A J•BZ-1 

J-EZ-1 
.;.;:3.;; 
J•EJ-o 
J.;:4.3a 

J.F1,a 
J-Fl~•S 

J-HZ-2 
J-HJ-3 

J-JJ-1 
; • .;5.3 
j.J7 .3 

.;.(1-2 
J-O-3 

J-05-1 
.; •• ,5.3 

j.5MA 
,;.SM9 
J-SUA-1 
J-SUA-2 4 

J-SUA-3 
J-SUB 

~- Jets uncat"'!Orizlld: J-04•1. 10 ,cnn. stl!Uliet 
.;.;11-z. 40 gpm. active fluid: •.ter 
J•U6-i ancl J••J6•2 n1ve tne following sc•c1f;cat10n~: 

202-A J-£3-1 
,;.E3-4 

J-G2-3 

J.Jl .3 
J-J4 
J.J5 
J-J6-2 
.;.JZl-1 
J-JZ2-1 
J-J23-1 

J•Kl-1 
J•K2·2 
J•KS•l 

J-~1 
J-LZ 
J-L4-1 
l•LS•S 
J-Sllt 

J.QJ-1 
J-05-2 
J-05.4 
J-08-1 
J-08-3 
J-S0-i 
J-50-2 
J-SQ-3 

~ 
?02-A J-F7-1 

J-Fl0• 1 

J-SG 

J•U6-1 J•U6•2 
Scnucte ana KD• rtinq 1~. 
-:"ail orifice diUteter, in. 
~ozzle orifice. in. 

~ SJ 
J.577 ~.578 
0. 076 J.206 
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202-A J.JZ-1 

J-SK 
J-SL~ 

J-Rl-4 

~EQJ!Ll. 

?02-A J-Gl • I 
J-G6 

J-SH 

J-Rl-1 
.;.R6 
J-SR-1 
J-SR-2 

~ 
202-A J-02 

J-08-2 
J-SQ•Z 

!IBQ!!!..ll 

202-A J-Lll•Z 

~ 
Used in accroxi• 
1111t• ly 50 miscel• 
laneaus samoler 
4DDl 1Cltians •nd 
foe ZPN :o •X••'ll 
transfer. 

3Q!!Lll 
216-A J-i 

J-2 

~ 
202-A J-51-"3 

~ 
202-A J-Fl. i 

~ 
202-A J-EJ- 7 

~ 
2~Z-A .i-i. 11 • 1 

~ 
202-A .J.F1-2 

~ 
291-A 912-.JI 

~ 
291-A ;12 • .;z 

912-J3 

~ 
ZOZ-A .J-AJ-~ 

.i•AB 

J-CZ-A 
J.cJ-~ 

~ 
20Z-A J-S1-.J7 

.J.J7-1 

.i-J7•Z 

202-~ ..i-Si-<3 
.i•o\J-i 
.i 0 (J•Z 

~ 
202-• ; .. i:-, .. 3 
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FIGUHE 3-60. Typicdl Steam Jet for Liquid or Gas Transfers.· 
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3.9.2.3 Gas-Transfer Jets 

Steam jets are employed for gas transfer or exhauster service and 
are connected to the vessel vent system and the off-gas stack. The 
capacities of these jets, listed in Table 3-17, range up to 1600 cfm 
against a back pressure of 0.5 to 1.5 psig, with suction pressures 
ranging from 25 to 28 inches of mercury, absolute. Gas transfer jets 
are of standard design. They are fabricated from Type 347 stainless 
steel and are intended for continuous operation. 

3.9.2.4 - Variable Flow Jets 

_ ·Four variable fl ow jets are used for the transfer of the 1 CU and 
2EU streams from the 1C and 2E extraction columns to the stripping sec
tions of concentrators E-JB-1 and E-K4-l, respectively. Variations in 
the flow rates are controlled by the position of the column interface. 

The jets, shown in Figure 3-61, are specially designed stainless 
steel ejectors manufactured by the Penberthy Injector Company. The 
discharge capacity of each jet is variable over a 4 to 1 range by 
regulation of the s~ction-line throttling valve, and also variable 
over a 3 to 1 range by adjustment of the steam flow. The capacity 
range-is from 10 to 40 gal/min, which is accomplished by a specially 
designed, precision-machined nozzle and throat section. The jet is 
capable of operating at a constant discharge 'head of 25· feet with a 
variable _$uction of from minus 3 to plus 21 feet. The jet.is designed 
to operate with the steam supply valve open at all times. If the suc
tion valve is closed for periods up to 3 minutes and is then opened, 
the jet will start operation il'llt1ediately. 

During nonnal operation, the steam supply to the jet is set manually· 
as close as possible to the required flow, and the suction throttling 
valve activated by the column interface position provides the fine 
control. 

3.9.2.5 Gang Valves 

Gang valves, the majority of which are two-position, are used to 
operate the steam jets in the Purex Plant. These automatic-sequence
operated valves admit the flow of the jet motive steam and prevent back
flow of radioactive solutions into the partial vacuum created by con
densation of steam in unpurged lines when the motive steam supply is 
shut off. The backflow is prevented by pressurizing the lines with air, 
thereby eliminating the vacuum which could cause the backflow. 

Gang valves consist of four air-operated diaphragm valves (DOV 1 s) 
with respective functions of supplying steam, air, block flow, and vent 
to the jet inlet. The valves are operated remotely through one of three 
types of manually operated controll~rs located in the central control 
room or head-end control room. 
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FIGURE 3-61. Variable Flow Jet. . 
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3.9.2.5.l Two-Position Controller -- Pneumatic Activation 

The controller used to pneumatically activate the four DOV'S has 
an "On-Off" handle. In the "Off" posit,on, the steam. air, and shutoff 
(block) valves are closed, and the valve header is vented to the jet vent 
header. When the operating handle is turned to "On, 11 the block valve and 
steam valve are opened, the vent valve is closed and the jet operates. 
I!1'111ediately after the handle is turned to 11 0ff, 11 the steam valve is 
closed and the air valve is opened to purge the l~ne of steam, thereby 
preventing condensation and reverse flow of process solution into the 
steam line. Air purge time is dependent upon the length and size of the 
transfer lines involved. The position is held automatically for a 
period that may be adjusted from 10 to 90 seconds or longer before all 

· valves return to the normal "Off11 position. 

The positiQns assumed by the four air-operated diaphragm valves 
corresponding to the manual.ly set position of the remote air controller 
a re shewn b.e l ow: 

Manual Control 
Switch Position 

On 
Off (immediate 

action) 
Off (10- to 90-

second 
delay or 
longer) 

Steam 
Valve 

Open 
Closed 

Closed 

Air 
·Va 1 ve 

Closed 
Open 

Closed 

Block 
Valve 

Open 
Open 

Closed 

Figure 3-62 is a- schematic diagram of the valving system. 

3.9.2.5.2 Two-Position Controller -- Electrical .i~ctivation 

Vent 
Valve 

Closed 
Closed 

Open 

Another type of two-position controller operates in the same manner 
as the pneumatic controller, except that with this controller, the DOV's 
are activated electrically. 

Figure 3-62 contains a schematic of the electrical-controlled valving 
system. 

3.9.2.5.3 Three-Position Controller -- Electrical Activation 

Jet gang valves having three-position controllers are used in several 
locations.· While the designs differ somewhat, the controllers all operate 
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REFERENCE DRAWINGS: 

H ·Z • 32:!7 ~-Z -<i3236 

:.oNENC:.A TUR£ 

A· lU PSIC INSTRUMENT .llR 

aLK • BLOCK 

~av·. OIAPHR.\G.Y OPERATED V4LVE 

E'I - ELECTRIC '/ALVE 

JC · JE1' CONTROLLER 

.~C - 'IORM~LLY CLOSEO 

~O • '!ORM All Y OPEN 

?•S • PRESSURE ACTIVATED SWITCH 

'! · •~ESSURE INOIC~TOR 

?RC - P~ESSURE_qECORDER. CONTROLLER 

>T • •~ES SURE TRANSMITTER 

qo · ~ESTlllCTINC ORIFICE 

!X - ?111£UM.lTIC qEVERSING ~EL.lY 

FIGURE 3-62. _Typical Jet Gang Valve Assemblies. 
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in the same manner. When the switch handle is moved manually, the follow-
i ng sequence of events occur automatically: 

Manual Control Steam Air Block Vent 
Switch Position Valve Valve Valve Valve 

Steam Open Closed Open Closed 
Off ( immediate Closed· Open Open Closed action) .. 
Off (10- to 90- Closed Closed Closed Open second 

delay) 
Ai'r or Water 

(after switch- a Closed Open Open Closed ing from 11 Off 11 

or "Steam") 
Off ( i mmed i ate l y 

after switch-
ing from Closed Closed Closed Open 
11 Air 11 or 
11Water 11

) 

aWater will not come on until air blow i~ finished~ 

Figure 3-62 shows a schematic drawing of a typical electrically 
activated valving system with a three-position controller. 

3.9.3 Agitators 

Agitators are used inside and outside of the canyon in the Purex 
Plant to mix and blend tank contents, to promote chemical reactions, and 
to improve heat transfer coefficients. These agitators are designed to 
provide three degrees of agitation: mild, medium, and violent. Mild mixing 
is described as a degree of agitation which causes no disturbance of the 
liquid surface other than a swirling effect. Medium agitation is that 
which causes waves but no breaks in the liquid surface. Violent mixing 
produces waves, seething, and splashing. Design differences between 
"canyon" and 11 non-canyon 11 agitators are based primarily on the criterion 
of remotability. Canyon agitators are designed with remotable electrical 
connectors, lifting bailsj and self-lubricating seals. Non-canyon agitators, 
however, are selected from vendors' standard models and require no modi
fications for remotability. 

Table 3-19 lists the agitators in both canyon and non-canyon locations 
in the plant and their operating characteristics. 
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TABLE 3-19. Purex Tank Agitators. 
.~otor Shaft 

Tank and 
.l.gitatar Sceed, Horseoower I ~angtn, ;Jiameter, Scffd, 

llumller ~ ft in. rpm 

101 1150 1 5.3 1.25 . 1150 
103 1150 I i 6.3 1.ZS 1150 
104 1750 7.5 10. 1 3.5 100 
105 1750 I 7.5 10. l 3.5 100 
106 1150 

I 
1 6.3 1.25 1150 

107 1750 I 7.5 10.1 3.5 100 
108 1740 I 5 12.0 3.5 100 
150 1155 : j 4.3 1.25 1150 
151 1140 3 4.J 1.25 1140 

Z04 1155 1 6.J 1.0 -1155 
205 1155 1 5.3 1.0 1155 
206 1155 1 10.0 1.0 1155 
209 1750 7.5 10.::l 3.5 100 
210 1750 7.5 6.3 3.5 100 
m 1155 1 6.3 1.0 1155 
212 1155 1 6.3 1.0 1155 
213 1155 1 6.3 1.0 1155 
214 1155 1 6.J 1.:J 1155 
217 1750 IIK11 2.5 0.5 1750 

· 220 1150 3 5.d 1.25 1150 
221 1150 J 5.8 1.25 1150 
224 1160 1 s.o l'.O 116,J 
225 1150 3 5·_5 1.25 1150 

~1 600 15 3.5 2.0 500 
J2 500 15 a.5 2.0 500 
J3 500 15 a.5 2.0 600 
[)4 600 15 8.5 2.0 600 
JS 600 15 8.5 2.:J 600 
E1 600 15 8.5 2.0 500 
;ZA 1750 o. s 4.5 1.0 1750 
C:3 500 15 a.5 2.0 sao 
ES ,600 15 8.5 2.0 600 

. E5-l 600 15 8.5 2.0 600 
E6-2 500 15 3.5 2.0 iiOO 
F3 600 15 3.5 2.0 500 
Fa 600 15 8.5 2.0 500 
FlO 600 15 a.s 2.0 sao 
F12 500 15 8.5 2.0 5ao 

I F13 600 15 8.5 2.0 600 
Fl 5 500 15 8.5 2.0 500 
Fl 6 600 IS a.s z.a 500 I F18 soc 15 3.5 2.0 .. 500 
;:zs 600 15 a.3 2.0 600 I 

GJA 1750 0.5 ... ; 1.0 1750 
GS-1 600 15 a.s 2.5 600 
~5-2 sao I 15 8.5 2.5 500 
~~Ao 1750 

I 
7.5 to. s 2.5 100 

,, -1 
G7-2. 600 15 3.5 z.s 600 
:;a 600 15 8.5 2.5 500 
~1 600 15 3.5 2.0 600 
-~1 600 15 3.5 2.!) :00 
.l3 600 , -

I~ a.s 2.0 500 
Kl 600 15 3.5 2.0 600 I 

I 

<S 500 15 a.3 z.a 500 I 
K6 600 15 a.s 2.0 600 I ~lA 1150 I 5.J 1.25 1150 I 

RlA 1750 i i.5 10.0 2.5 100 I ::!:lA 1750 i 0.3 4.5 1.0 1750 
~5 1750 15 14.!) 3.5 ~00 i 

I ~SA 1750 i.5 10.0 2.5 100 I 

R7 1750 I 15 14.0 3.5 100 
~8 1i50 i 7.5 '3. 3 2.5 100 
•m 1750 0.25 2. 1 O.i5 1750 

I 
022 1750 : 0.33 .:. . .1 0.75 1750 ~, 1750 5 3.: 3.5 100 
uz 1750 s 3.5 3.5 100 

I U3 :iso 5 .1,:J 3.5 100 
~4 17:0 s 4.J 3.5 100 

I U7 1750 0.33 J..'3 0. 7S 17S0 

3"1ot '<nown 
0,an1e :i7- i c::inu ins a tul"!lomi xe,- ~nit. 
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1 i 5 
' 6 I 

1 25 
1 26 
1 5 
1 26 
1 26 
1 5.3 
1 5.9 

1 6.9 
1- 5.9 
1 5.9 
1 25 
1 25 
I I 5.9 
1 I 5.9 
1 I 5.9 
1 ! 

-~K 1· 5.9 
IIK 4. 

1 5.3 
1 6.9 
1 6.3 
1 5.3 

z 9 
2 9 
z 9 
2 9 
2 9 
2 9 
3 4 
2 9 
2 9 
2. 9 
2 .9 
2 9 
2 9 
2 9 
2 9 
2 9 
2 9 
2 9 
z 9 
2 9 
3 6 
3 9 
3 9 
1 4 
3 
3 'j 

2 9 
2 9 
2 9 
2 9 
~ 9 -z ~ 
2 9 
1 6 
1 26 
1 6 
2 ZS 
1 25 
2 25 
2 18 
1 4 
2 4 
2 i 21 
2 I 21 

I 
26 

2 26 
2 4 
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3.9.3. 1 Canyon Agitators 

Figure 3-63 ·;s a drawing of a typical canyon agitator. With few 
exceptions, the agitators are driven by-15-hp electric motors with a 
rotational speed of seq rpm. 

The upper end of the agitator shaft passes through the hollow shaft 
of a vertical 440-volt, 60-Hz, 3-phase electric motor. The bore of 
the motor shaft is precision fitted to the agitator shaft at the top and 
bottom ends of the motor to provide a registered fit. This arrangement 
ensures concentricity and alignment during assembly. 

The motor bearings guide the rotating shaft, support ·the weight of 
the agitator, and absorb axial thrust developed during operation. 

A single labyrinth seal or throttle bushing fabricated from Graphitar 
No. 2 serves to restrict the leakage of process vapors and mists from the 

· tank at the point of emergence of the agitator shaft • 

Two or three 9-inch-di ameter turbine impe 11 ers are attac-hed to ~the 
agitator shaft. 

3.9.3.2 Non-Canyon Agitators 

Off-the-shelf. (vendor's standard design) agitators.are used in 11 "cold 11 

service in a variety of locations ~hroughout the Purex Plant. Figure 3-64 
is a drawing of a typical agitator. 

The motor of a non-canyon agitator is supported above the tank by a 
steel frame. The motor speed is either 1150 or 1740 rpm. On agitators 
requiring no speed. reduction, the motor shaft is coupled to the agitator 
drive shaft just below the motor. On ·agitators with ]arge diameter im
pellers (21 to 26 inches), which must be run at 100 rpm, a speed reducer 
is inserted between the motor and the top of the tank. 

The agitator shaft passes through a packing gland, which requires 
periodic lubrication, and into the tank. Near the lower end of the shaft, 
one or two 4-b 1 aded prope 11 er-type i mpe 11 ers are a_ttached. 

3. 10 INSTRUMENTATION 

Remote control of much of the Purex process, with massive radiation 
shielding interfaced between personnel and radioactive process areas, 
necessitates the use of extensive process control instrumentation. Over 
600 process control instruments are employed in the Purex Plant. ihe 
instrume~ts comprise on the order of 5,000 separate sensing, transmitting, 
indicating, recording, controlling, and other component elements. The 
purpose of this section is to describe the designs, applications, and limit
ations of the various instruments. The principles on which the -instruments 
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FIGURE 3-63. Typical Canyon Agitator. 
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function are briefly explained. Characteristics such as accuracy, sensi
tivity, and range are given only for those instruments for which this in
fonnation is readily available. 

3. 10. 1 Purex Plant Instruments 

Automatic instrumentation is used in the Purex Plant to measure lnd/or 
control the following process variables: (a) flow, (b) static and dif
ferential pressure, (c) liquid level ~r weight factor, (d) specific gravity, 
(e) temperature, (f) liquid-liquid interface position, (g) pH, (h) sound, 
(i) centrifuge speed, (j) iodine, neptunium, plutonium and nitrite ion 
concentrations, and (k) gamma, alpha, a.nd neutron radiation. 

Only infrequently can a single instrument element perfonn a measure
ment and/or control function. Generally, several of the following dis~ 
tinct component elements are integrated into an instrument system which 
carries out the intended function: an element which ''senses" the vari
able in question; an element which transmits and often amplifies or other
wise modifies the signal from the sensing element; an element which· re
cafves the signal and indicates or records it; controlling and controlled 
elements, as in an automatic controller; and alanns needed to call im-
mediate attention to some off-standard condition. · · 

An instrument is usually identified by a sequential combination of 
symbols for the process variable being monitored, the instrument's func
tion, and the cell and vessel in which the variable is being monitored. 
Thus, SGR~Fs designates the specific gravity recorder for the acid ab
sorber (T-FS) in F Cell. Certain instrument identification symbols, 
such as those- for diaphragm-operated valves (DOV's) and pressure-reducing 
valves (PRV's), d~ not include the process variable prefix, however. The 
instrument legend, which lists the various symbols U$ed for functional 
identjfication of instruments throughout this chapter and on the Instru
ment Engineering Flow Diagrams (IEFO's), is given in Table 3-20. 

The indicating and controlling portions of Purex Plant instruments 
are miniature type and are mounted on graphic panels which depict the 
flow of the process streams. The panels, by indicating clearly at which 
point in the process the variables are measured and/or controlled, help 
to avoid confusion which might otherwise result from the large number 
of instruments involved. · 

The process streams are represented on the graphic panels by the 
following colors: · 

Plutonium streams 
Uranium streams 
Combined uranium and 

plutonium streams 
Organic streams not 

bearing uranium or 
plutonium 

_ Gal d 
Yellow 
Orange 

Blue 

3-136 

Aaueous waste 
"Cold" aqueous 

streams 
Instrument air 
Steam, water, and 

air service lines 
Off-gas 

Red 
Green 

Silv'er 
Black 

Dark Red 
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Symbol· 

A 
AMP 
AN 
ASP 
B 
C 
CVT 
OM 
DOV 
DP 
E 
F 
I 
IF 
J 

.K 
• KK 

L 
LS 
M 
MCC 
MK 
p 
PB 
pH 
POV 
PRV 
PU 
Q 
R 
RO 
s 
SG 
SNC 
SP 
SPK 
SRV 
T 
TRV 
V 
VIS 
w 
WF 
X 
z 

RHO-MA-116. 
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TABLE .3:-20. .Instrument ,L~g~,nd .·. 

Process Variablea 
Or Function Modifier 

Ampere 

Batch 
Conductivity 

Differential Pressure 
Electric 
Fl ow Rate 

Interface Location 

Liquid Level 

Manual 

Pressure 

Acidity 

Radiation 

Speed 
Specific Gravity 

Temperature 

Valve 
Vibration 
Wobble 
Weight Factor 

Instrument Functi-0nb 

Alann 
Amplifier 
Analyzer 
Automatic Set Point Adjustment 

Controller 
. Converter 
Displacement Meter 
Diaphragm Operated Valve 

Element 

Indicator 

Jet 
Relay 
Fire Eye (Flame Detector) 

Limit Switch 
Meter 
Motor Control Center 
Microphone 

Pushbutton 

Piston Operated Valve 
Pressure Reducing Valve 
Pulser 
Integrator 
Recorder 
Restricting Orifice 
Switch 

Scintillation Counter 
Set Point 
Speaker 
Safety Relief Valve 
Transmitter 
Temperature Regulating Valve 
Valve 

Reversing 
Pneumatic Relay 

aif present, designated by first one to three letters of the instrument 
identification symbols. 

bDesignated by one to three letters. If process variable symbol is used,. 
functional symbol follows it. 
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The Purex Plant has central, head-end, Q Cell, and power control 
rooms. The central and head-end control rooms each have a main and an 
auxiliary graphic panel. 

The graphic panels in the central control room contain instrumen
tation for the solvent extraction, waste treatment, acid recovery, process 
vent systems, and 11 cold 11 aqueous tanks and sumps. 

The head-end control room graphic panels contain instrumentation for 
the irradiated uranium feed preparation system, backup facility, acid 
fractionator, recovered nitric acid storage tanks, cell waste collection 
tank, and ionization chamber radiation recorders. 

The power control room graphic panels contain the instrumentation 
required for proper ventilation of the canyon, operating gallery, lab
oratory, shops, and offices. 

The Q Cell control room graphic panels contain the instrumentation 
required for operation of the neptunium purification system. 

3. 10.2 Flow Instrumentation 

The following types of flow metering and/or control systems are used 
in the Purex Plant: (a) electronic rotameter, (b) pneumatic rotameter, 
(c) orifice meter, and (d) magnetic flow meter. The choice of system 
depends upon the accuracy of measurement desired, the flow rates and -the 
range of flow rates likely to be encountered, cir other particular require
ments of the stream involved. 

3. 10.2. 1 Electronic Rotameter (FT) 

A ipecially designed, Fischer and Porter, all-stainless steel elec
tronic rotameter is used to measure the flow of most radioactive streams 
within the Purex Plant canyon and sample gallery. 

3. 10.2. l. 1 Principle of Operation 

All rotameters utilize a constant differential pressure across a 
variable-area annular restriction to measure the flow rate of a fluid. 
The general equation for flow through rotameters is: 

where 

Q = CA VH 
_,,. 

Q = flow rate; 
C = orific~ coefficient; 
A= annulus cross-sectional area (variable); 
H = fluid pressure difference (constant) across the annular 

restriction. 
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In a rotameter, the fluid whose flow rate is being measured passes 
upward through a vertical, truncated, conical metering tube having its 
maximum diameter at the top. A float inside the tube adjusts its ver
tical position with variation in the fl~w rate and, in so doing, changes 
the annular area between the tube and the maximum diameter of the float. 
As seen from the above· equation, the area, specified by the float position, 
is directly proportional to the fluid flow rate, and with proper calibra
tion, the float position gives a direct indication of the flow rate. 

Electronic rotameters, as shown in Figure 3-65, have an annature 
consisting'of a vertical stainless steel tube, the lower half of which 
is filled with a soft iron core attached to the bottom of the float. 
As the flow rate increases, both the float and the annature rise. 

':t '.; .... · A transmitter, consisting of two inductance coils around a stainless 
:·s~eel flow pipe, is attached to the bottom of the metering tube. Move

ment of the soft iron core of the annature changes the inductances of the 
two coils which fonn an impedance bridge with an electric-to-pneumatic 
converter. Conversion of ~he electrical signal to flow rate indication 
is described in Section 3. 10.2. 1.3. 

3. 10.2. 1.2 Description of Sensing Element 

. As shown in Figure 3-65, the.metering tube and stainless steel coil 
housing of an electronic rotameter are joine9 together by flanges and 
sealed with a Teflon 0-ring. The fluid passes through and around the 
transmitting·coil and converges to pass through the metering tube, which 
is approximately SO mm in active length. The metering tube has an en~ 
larged section immediately above the actfve length to prevent obstruction 
of flow when the float is against the top stop, and also to allow purging 
of foreign matter to prevent the float from sticking. The lower float 
stop is at a point approximately 10% up the metering tube to allow 
backflushing of the tube. All parts in contact with process solution are 
Type 347 and 304L stainless steel. 

3. 10.2. 1.3 Flow Indication and Control 

A schematic drawing of the flow metering system utilizing an elec
tronic rotameter is shown in Figure 3-66. The rotameter transmits -an 
electrical signal proportional to the flow rate to an electric-to-pneu
matic converter that is located in the central control room. The con
verter changes the electrical output of the rotameter to a proportional 
air signal, which is transmitted to a miniature recorder-controller lo
cated on the graphic panel in the control room. The recorder-controller 
sends an air signal to a diaphragm-operated control valve (DOV), usually 
installed in the same process line as the rotameter. The air signal 
positions the valve plug to produce the flow rate set into the recorder
controller. 
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The rotameter systems that meter extraction column feeds from tanks 
in the canyon have solenoid valves, located in the air signal line to the 
control valve, that close the control valve whenever the feed pump motor 
circuit is de-energized. In this manner, the column contents are pre
vented from draining back to the feed tank. 

3. 10.2. 1.4 Electronic Rotameter Characteristics 

Rotameters having minimum flow indications as low as 0.004 gal/min 
and those with maximum flow indications as high as 100 gal/min are used 
in the Purex Plant. The rotameters generally have a maximum-to-minimum 
flow range of 10:1. 

Flow rates can be measured with an accuracy of approximately 3% of 
the rotameter's range, and the instrument is sensitive to flow rate 
changes as low as 2% of the range. 

3.10.2.2 Pne.umatic Rotameters (FT) 

The pneumatic transmitting· rotameter is used to measure the flow 
rate of nonradioactive process streams when the maximum flow rate is 
greater than approximately Q.2 gal/min, and the instrument can be located 
in the pipe and operating gallery. 

3. 10.2.2. 1 Principle of Operation 

The operating principle for a pneumatic rotameter is the same as that 
outlined for the electronic rotameter, except for the methods of signal 
generation and transmissioi. 

An armature, attached to the upper part of the float, consists of 
a stainless steel tube containing two cylindrical permanent magnets in 
the upper portion, placed so that the north-seeking poles are adjacent. 
An additional pair of magnets is mounted around the outside of the stain
less steel tube with their south-seeking poles adjacent to the north
seeking poles of the magnets inside the armature. Thus, as the armature 
moves, the external magnets follow, and through a mechanical linkage 
system, operate a pneumatic transmitter to give an air signal proportional 
to float position. 

3. 10.2.2.2 Description of Sensing Element 

The rotameter contains a glass metering ·tube which is fluted to 
guide a float designed to minimize the effects of variation in fluid 
viscosity. The fluid enters- horizontally at the bottom of the rotameter, 
then flows upward through the metering tube, and leaves horizontally at 
the top. The stainless steel extension housing for the float armature is 
mounted on top of the rotameter. ihe magnetically coupled pneumatic 
flow transmitter is mounted around the extension housing. 
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3. 10.2.2.3 Flow Indication and Control 

A schematic drawing of the pneumat,c rotameter metering system is 
shown in Figure 3-66 .. The rotameter transmits an air signal to a minia
ture recorder-controller located on the graphic panel. The controller 
and control valve are the same as those described for electronic rota
meter systems. 

3.10.2.2.4 Pneumatic Rotameter Characteristics 

The pneumatic rotameters have a maximum-to-minimum flow range of 10:l, 
and minimum flow rate capabilities vary from 0.036 to 6.0 gal/min, depending 
upon the rotameter used. 

The rotameters are accurate to within approximately 3% of full scale, 
and have sensitivities of approximately 2% of full scale. 

3.10.2.3 Orifice Meters (FE) 

The orifice meter system, used chiefly for steam and water flow 
measurements, is also used to measure the flow of several radioactive 
off-gas streams. 

· 3.1.0.2.3.1 Principle of Operation 

Orifice meters operate on the principle that the pressure drop in 
a fluid flowing through a restriction (orifice) of cons:ant cross-sectional 
area will vary in direct proportion with the square of the flow rate. The 
relationship of the flow rate and pressure drop is expressed in general 
fonn by the equation: 

Q = CA VH 
where 

Q = fl ow rate; 
C = orifice coefficient; 
A= cross-sectional area (constant) of the orifice; 
H = pressure difference (variable) across the restriction. 

The difference in hydrostatic pressure created by flow through the orifice 
is measured by a differential pressure transmitter with pressure-measuring 
taps upstream and downstream from the orifice. 

3. 10.2.3.2 Description of Sensing Element 

The sensing element consists of a 0. 1-inch-thick plate with a sharp
edged orifice positioned centrally in the pipe or duct which carries the 
fluid. The pressure taps on each side of the plate are located within 
the flanges that retain the orifice plate in the pipe or duct. 
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3.10.2.3.3 Flow Indication and Control 

A schematic drawing of the orifice metering system is shown in 
Figure 3-67: A differential pressure transmitter connected to the 
orifice pressure taps converts the differential pressure across the 
orifice plate, due to fluid flow, to an air signal, which is propor
tional to the square of the fluid flow. The air signal is transmitted 
to a suitable indicating or recording device, or.a recorder-controller. 
These devices have scales or charts calibrated in square.root intervals, 
so they can directly express percentage of maximum flow. If the flow 

__ rate is controlled, a DOV is installed in the same process line as .. the. 
orifice-plate assembly, and the position of the valve stem is regulated 
by a signal from the controller. 

-~·--:----·•- -·· - --· ---
~, - · 3. 10.2.3.4 Orifice Meter Characteristics 
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The or~fice meter system has a useful minimum-to-maximum flow range 
of 3:1. The measurement of flow rates beyond the ra·nge of a particular 
install~tion can be accomplished by either changing the size of the ori
fice or by changing the range of the di fferenti a 1 pres.sure transmitter. 

The orifice meter systems are accurate to approximately 3% of full scale, 
with sensitivity to flow fluctuations of approximately 2% of full scale. 

3.10.2.4 Magnetic Flow Meters 

Magnetic flow meters are used in the Purex Plant to monitor the 
flow of various chemical additions and condensate recycle streams to· 
process vessels. At the process head-end, magnetic flow meters are used 
in an instrument system to control the batch quantities of sodium nitrate, 
aluminum nitrate, ammonium fluoride-ammonium nitrate, sodium hydroxide, 
potassium hydroxide, and nitric acid added to the dissolvers. 

3. 10.2.4.1 Principle of Operation 

When an electrically conducting solution passes through a magnetic 
field generated by the flow meter magnet, there is induced in the solution 
a potential whose magnitude is directly proportional to the product of the 
strength of the field, the length of the segment of solution in the field, 
and the velocity of the solution. Since this relationship is ·independent 
of the resistance of the solution, equal potentials are developed in all 
conducting solutions moving at the same velocity through a fixed length 
of_the same magnetic field. In a magnetic fl~w meter, where the field 
strength and sensing length are constant, the solution velocity, which 
is directly proportional to the flow rate, is also directly proportional 
to the electrical potential developed in· the solution. · 

3. 10.2.4.2 Description of Sensing Element 

A magnetic flow meter flow transmitter consists of a non-magneti~ 
tube through which the liquid flows, an electrically insulating liner 
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on the inside of the tube, an electromagnet surrounding the outside of 
the tube ·which induces the magnetic field through the tube, and two 
metallic electrodes flush with the inside surface of the tube which con
tact the flowing liquid to pick up the induced potential. 

3. 10.2.4.3 Flow Indication and Control 

For the head-end chemical addition applications, magnetic flow 
meters transmit electrical signals proportional to the flow rates to 
flow integrators located in the head-end control room. By sensing 
the flow rate over successive time periods, the integrator converts 
the signals to cumulative volume, which is indicated on a digital counter. 
When the total volume reaches the volume desired for the batch, the DOV 

: , in the solution addition line is closed by a batch controller connected to 
the -fl ow integrator. 

In other plant applications, the magnetic flow meter signal is 
usually transmitted to an electric-to-pneumatfc converter, which in turn, 
is connected to a pneumatic flow indicator or recorder-controller. The 
recorder-controller transmits a pneumatic sign.al to a DOV to maintain 
the liquid flow rate at the .value indicated by the controller set-point. 

3. 10~2.4.4 Magnetic Flow Meter Characteristics 

The magnetic flow meter is accurate to+ 1% of full scale through
out the entire range of the entire system. The calibration·_is unaffected 
by changes in press~re, temperature, viscosity, or density of the flowing 
fluid. 

3. 10.3 Pressure, Level, Density, and Interface Instruments 

3. 10.3. l Purge-Type Instruments 

Purged dip tube systems are used for the measurement of -weight factor, 
specific gravity, interface position, and solvent extraction column dif
ferential pressure. 

3.10.3.1.l Princiole of Ooeration 

Purge-type pressure measuring instruments utilize a flowing stream 
of air (or nitrogen) to counterbalance the hydrostatic head (pressure) 
of the liquid. A regulated stream of purging gas flows into the liquid 
through open-ended dip tubes, inserted a known distance into. the vessel 
containing the liquid. The gas pressure required to displace the columns 
of liquid in the dip tubes is measured by a manometer and/or a differen
tial pressure transmitter. 
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The weight factor reading is expressed in inches of water pressure 
required to balance the hydrostatic pre?sure at the lower end of the 
dip tube, and is directly proportional to the liquid level; i.e., liquid 
level equals weight fa~tor divided by specif,c gravity . .,. 

Specific gravity measurements are made across a fixed liquid height 
between two gas-purged dip tubes. Specific gravity equals inches of 
water differential pressure between the dip tubes divided by the inches 
of vertical distance between the ends of the dip tubes. 

In the lC and 2E columns, interface position measurements are made 
across a fixed liquid height at the top of the column. The hydrostatic 

_pressure developed across this fixed height is equal to the sum of the 
pressures developed by the heights of aqueous and organic phases multi
plied by their respective specific gravities. Thus, the interface lo
cation can be determined if the specific gravity of each phase is known . 

. Solvent extraction differential pressure measurements, which are 
useful i.n detecting column flooding conditions, are determined by methods 
similar to those for measuring weight factor. 

3.10.3.1.2 Interface Control System 

As shown in Figure 3-68, to control the interface position at the 
top of a co·lumn, the interface position transmitter (IFT) sends an air 
signal to a recorder-c6ntro1ler (IFRC). The recorder-controller reg
ulates, via an air signal, scrub stream flow or aqueous flow out of the 
column, thereby maintaining a given interface position. 

Since the columns are pulsed, pressure variations are developed 
in the dip tube lines during the pulse cycle. These variations disturb 
the interface recorder readings, making it difficult to determine the 
interface positions. The pressure fluctuations are dampened, however, 
by the addition of 50 feet of 0.2-inch-00 copper tubing between the 
differential pressure transmitter and its connection to the air purge 
and dip tube lines. 

3. 10.3. 1.3 Differential Pressure Transmitter Characteristics 

The differential pressure transmitters (see Sectitin 3.10.10.1 for 
a description) have various ranges depending on service. They can be 
adjusted for a range from zero to any value between the minimum-to
maximum full-scale values given in Table 3-21. 

The transmitter readings are accurate to approximately 3% of full
scale value for weight factor and specific gravity systems. Since the 
interface position and column differential pressure systems are on 
pulse columns, the accuracy of measurement is approximately 10% of 
full-scale value. Transmitters are capable of sensing proces_s variable 
fluctuations of approximately 2% of full-scale value. 
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TABLE 3-21. Differential Pressure Transmitter Ranges. 

- Full-Scale Value, 
Transmitter Function Minimum Scale Value, in. of Water 

in. of Water 
Minimum Maximum 

Weight Factor a 25 so 
a so 80 

a 80 129 
0 130 249 

a 250 399 

Specific Gravity and . 
Interface Position a 1.5 10 

a 2 3.5 

a 4 20 
a 15 30 
a 40 80 

Column Differential 
Pressure a 1.5 10 

a 2 3.5 

a 4 20 

a 25 so 
a so 80 

a 400 599 
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3.10.3.2 Liquid Level Measurement by Conductivity (LE) 

Conductivity probes are used to indicate when the liquid level 
rises to a fixed point in the sumps in the PR room. The probe consists 
of two electrodes, each 4 inches long. When the sump liquid level· reaches 
the tips of the electrodes, the liquid conducts current between the elec- -
trodes. This current actuates a relay, which in turn operates an alann 
1 i ght. 

3.10.3.3 Interface Position Measurements by Floats 

A float-type device is used to determine the location of the 
aqueous-organic interface position on all of the Purex Plant solvent 
extraction columns except the lC and 2E columns. 

3. 10.3.3. l Princicle of Operation 

The difference in density between the two liquid phases at the 
-interface of a solvent extraction column is sufficient to suspend a 

- carefully designed and weighted float. A section of tubing containing 
a magnetic core is attached to the top of the float and functions as an 
armature. The location of the annature inside two coils is related to 
the coils 1 inductances, which change with the armature position. An 
electrical signal proportional_ to the float position defines the·location 
of the interface. 

3.10.3.3.2 Description of Sensing Element 

· The float, shown in Figure 3-69, consists of a 12-inch length.of 
1.5-inch-diameter pipe. The bottom is a double thickness of 0.03-inch
thick plate. The top .is similar to the bottom except that there is a 
coupling mounted in the center into which an approximately 15-inch 
length of a. 1-inch tubing is attached. The upper 7.4 inches of the 
tubing contain the magnetic core (annature). The coils and coil tube 
surrounding the armature are identical to those used in the.Type 11 G11 

electronic rotameter transmitter described in Section 3. 10.2. 1. 

To allow liquid to contact the float and insure vertical travel, 
the float is surrounded by an 18.8-inch length of 2-inch-diameter 
Schedule 40 pipe perforated with 4 sets of S slots, each l inch wide by 
3.5 inches long. 

3. 10.3.3.3 Float-type Interface Control System 

The leads from the coil_pass in a three-wire cable through a 1-inch 
flexible metal hose (single braid) to a 1-inch wall-type electrical con
nector. They connect to an electrical-pneumatic converter, which in turn 
is connected to an interface recorder-controller. As shown in Figure 3-70, 
the interface recorder-controller connects to a valve positioner recorder
controller (VPRC) which controls the aqueous outflow from the column by 
regulating the flow control valve. 
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3. 10.3.4 Bourdon Gages (PI) 

Bourdon gages are used for non-remote measurement of the pressure 
of fluids in vessels or lines. Some Bourdon gages are used for measuring 
only pressure, and other.scan measure either vacuum or pressure. 

The Bourdon tube sensing element is a curved (essentially circular) 
tube of elliptical cross-section, sealed at one end. The open end of the 
tube is connected directly to the process line or vessels. P~essure 
applied to the open end tends to straighten the tube; conversely, vacuum 
causes the tube to curl up. The movement of the closed, free end of 
the Bourdon tube is a function of the applied pressure. 

The Bourdon tube is fabricated of bronze or 300 series stainless 
steel, depending on the service. The scale faces are 3.5 and 4.5 
inches in diameter. 

The gages are accurate to approximately 1% of full scale, and are 
sensitive to approximately 0.5% of full scale . 

3. 1 O. 4 Thermometers (TE") 

3. 10.4.1 Resistance Thermometers 

Resistance elements are used for all temper'ature measurements in 
radioactive zones and. in those nonradioactive applications where a 
temperature record is·needed. 

Resistance elements make use of the variation in electrical resis
tance of a coil of n~ckel or platinum wire due to temperature changes. 
The wire comprising the resistance element is wound on an insulator and 
encased by a thin protective stainless steel tube. The sensing element, 
which is approximately 6 inches long and 0.3 inch in diameter, is in~ 
stalled in a stainless steel well fabricated of 0.5-inch Schedule 40 
pipe mounted in a jumper assembly. The resistance value of the nickel 
wire elements with the range of Oto 150°C is 504.9 ohms at 30°C, and 
is 45.5 ohms at 0°C for the platinum wire elements that measure up 
to 300°C. Nickel wire elements with operating ranges of Oto 60, 100, 
and 120°c are also used. 

For measuring and controlling temperatures, a resistance element is 
connected electrically to an electric-to-pneumatic converter to fonn a 
Wheatstone bridge. The converter sends an air signal, proportional to 
the temperature, to a miniature recorder or recorder-controller. In some 
cases, the recorder-controller sends an air signal to a steam flow 
recorder-controller or directly to a DOV in a cooling water line. 

Resistance elements are accurate to approximately 3% of full scale, 
and are sensitive to temperature increments of approximately 2% of full 
sea 1 e. · 
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3. 10.4.2 Mercury Thermometers 

Mercury thermometers with dial indicators are used for temperature 
measurement on nonradioactive process streams and vessels where no record 
is required. These thermometers function on the basis of the difference 
in the coefficient of expansion of mercury and the coefficient of ex
pansion of the confining system. 

The mercury-fi"lled sensing well, made of Type 304 stainless steel, is 
connected by a 0.25-inch-diameter, flexible armor-covered stainless steel 
capillary to a Bourdon tube pressure gage calibrated for temperature read
ings. This gage has a 4.5-inch-diameter scale. All linkages are stainless 
steel. The case is compensated for ambient temperature variations . 

The thermometers have ranges calibrated from Oto 110°C or Oto 
150°C, and are accurate to approximately 3% of full scale and sensitive 
to temperature increments of approximately 2% of full seal e .--

. ·-3.10.5 Ionizati6n Chambers (RE) 

Gamma radiation detection instruments using ionization chambers 
serve for supplementary, a-pproximate measurements of decontamination 
of the plutonium and/or uranium-containing streams, and provide an indica
tion of the intensity of gamma radiation near selected equipment pieces . 

. Ionization chamber monitors are mounted in sleeves in the concrete 
shielding wall opposite about 20 canyon vessels, including dissolvers, 
feed centrifuges and their feed tanks, uranium concentrators, acid con~ 
centrators, plutonium product receiver, and plutonium sampler tanks. 
The sleeves, which are isolated from the canyon atmosphere by a 0.2-inch
thick steel plate, terminate in the sample·gallery, allowing contact 
maintenance of the ion chamber and cables. 

Ionization chambers function in the following manner: gamma radia
tion from sources 11 seen 11 by the instrument enters a gas-filled chamber, 
causing ionization of the gas. The ionization increases the electrical 
conductivity of the gas. The conductivity, which is measured, is an 
indication of the radiation intensity. 

The ionization chamber is a 5-inch-diameter plastic cylinder, 18.75 
inches long, filled with argon gas. Only gamma radiation is sensed since 
beta rays cannot penetrate the plastic, and no "windows" for beta radiation 
entry are provided. An Aquadag* (graphite suspension) or boron carbide 
coating on the inside of the cylinder is the negative electrode. The 
positive electrode is an axial 0.5-inch-diameter aluminum rod. 

* Trade name of Acheson Colloids Co., Division of Acheson Industries 
Inc., Part Huron, Michigan. 
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Each ion chamber is connected to a picoarrmeter and is also connected 
by shielded cable to a four-point electrical selector switch which 
allows four ion chambers to be monitored-by one recorder. The output of 
the switch goes to an amplifier~ which in turn transmits a 0- to 50-mv 
signal to a standard reGorder. 

The instrument is calibrated to indicate gamma radiation readings of 
from 0.003 mr/br to 300 R/hr. The accuracy of the instruments in the 
system is approximately 8% of full scale. The sensitivity of the instru
ments in the system is approximately 5% of full scale. 

3. 10.6 In-Line Monitors 

·.r In-lin~ monitors have sensing el~ments installed directly on or in 
process streams or continuously flowing sample streams for detennining 
concentrations of specific chemical consti.tuents or levels of specific 
types of radiation. Components and operating functions common to the 
various in-line monitors are described below. The individual monitors 
are described in more detail in subsequent sections. 

-
3. 10.6. 1 Sampler Stations 

The remote sampler stations are located in the sample gallery. These 
concrete and stainless steel enclosures range in external size from 
63 X 30 X 18 inches fbr the minimum shielding 'of stainless steel, to 
111 X 81 X 78 inches for the most heavily shielded concrete type. The 
enclosures contain the equipment necessary for obtaining highly radio
active samples from the streams and vessels in the canyon cells with 
minimum exposure to personnel. Any liquid leaks·from piping or· equip
ment are confined to the enclosures and drain to a collection vessel 
behind the shielding wall. 

Ventilation of the enclosures is provided by a separate vent header 
system, which assures that airflow will be from the personnel area into 
the contaminated enclosure if a breach in the enclosure wall should occur. 

The arrangement of a typical sampler station is shown in Figure 3-71. 
Each sample enclosure contains an air-operated jet for transfer of samples 
from the canyon vessel or stream through a sample cup and then through the 
jet back to the p~Qcess vessel. Samples to be analyzed in the laboratory 
are taken from the sample cup by any one of several methods, depending 
on the intensity of radioactivity expected. For those enclosures which 
include in-line monitoring equipment, the monitor cells are inserted up
stream of the sample cup. 

3. 10.6.2 In-Line Monitor.Room 

-

Electronic components, except for preamplifiers, located as close to 
the sensing head as practical, are located in an air-conditioned in-line 
monitor room, an uncontaminated area on the same level as the sample gallery. 
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3. 10.6.3 Gamma, Alpha, and Neutron Monitor Components 

All gamma, alpha, and neutron in-line monitors have specially de
signed sensing heads located in a sample station, ·remotely on a canyon 
vessel, or in a nonrad1oactive process stream. Standard module electronic 
components meeting AEC Specification TID-20893 are used to measure the 
signal from the sensor. Each system usually has a high voltage power 
supply (HV), amplifier (AMP), discriminator (DISC) or single channel 
analyzer, and linear count-rate meter (CRM), all located in the in-line 
monitor room. The CRM output is transmitted to a strip-chart recorder 
located in the central control room. 

0
3.10.6.4 Calibration of Monitors 

· The gamma, alpha, and neutron monitors are calibrated, using a 
128-channel analyzer mounted in the in-line monitor room. The multi
channel analyzer includes provisions for data printout. 

A Ba-133 source is mounted in a movable lead-shielded receptacle, 
.. and each gamma probe is placed in it and calibrated in the range of 

0 - 1.0 MeV over 128 channels. After calibration, the probe is re
installed in the monitoring position and a ganma scan of the process 
solution is made with the multichannel analyzer. 

The alpha and neutron monitors are calibrated in p_lace with process-
solution containing Pu-239. -

Calibration curves have been developed for all monitors, and are 
periodically checked against laboratory analyses. 

3. 10.6.5 Scaler-Teletype System 

Certain plutonium-bearing stream monitors, which have recorders 
located in the central control room, are also connected to a scaler
teletype system to ensure reliability and redundancy of the measurements 
on those streams for criticality prevention. The scaler system consists 
of the following components, all located in the in-line monitor room: 
(a) blind (no continuous visual output) scalers connected to the dis
criminator outputs of nine alpha and neutron monitors; (b) a blind 
timer for detennining counting period; (c) a time-of-day clock; (d) a 
display scaler; (e) a teletype scanner; and (f) a timer to set the cycle 
timing period. The following monitors are connected to the scaler system: 
lBP alpha, lBSU alpha~ 2AW alpha, 2BP alpha, 3AW alpha, 3WB neutron, three 
neutron monitors on the lBX column, and the lBXP neutron monitor. 

3. 10.6.6 Sodium Iodide Crystal Gamma Monitors 

Gamma scintillation detectors, based on thallium-activated sodium 
i-odide crystal sensing elements, are used for in-line garrma monitors in 
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the Purex Plant. Functionally, gamma rays foteract with the sensor 
crystal to produce minute light pulses, which are converted to electrical 
current_ pulses by a photomultiplier tube optically coupled to the henne
tically-sealed crystal. 

3. 10.6.6.l Ganma Monitors for Zirconium-Niobium-95 
and Ruthenium-Rhodium-106 

The fission product concentrations of several process streams are 
measured by sodium iodide ganma monitors located at manual sample stations 
as illustrated in Figure 3-72. Each monitor has a sample cup, which holds 
32 mi of solution, and is fabricated of Fluorothene or highly polish~d 
stainless steel to reduce background radioactivity buildup. 

The sample cup is mounted in a lead container for background shielding 
along with a sodium iodide crystal and phototube assembly. The assembly 
consists of a thallium-activated sodJum iodide [NaI (TI)] crystal, 2 inches 
thick by 1.75 inches in diameter, attached to a photomultiplier tube con- . 

. nected to a c:lose-coupled pulse·transformer. The signal from the trans
former is transmitted to the electronic components in the in-line monitor 
room, and then to a recorder in the central control room. Lead collimators 
are placed in front of the crystal on highly radioactive streams to reduce 
count rates and exposure of the phototube to radiation. 

During op~ration, the sampler jet is turned off for 5 minutes every 
hour to measure the cell background, which usually varies less than! 2% 
during a 20- to 30-day run period. Extremely high-level gamma exposure 
for a long period can cause the background to rise and necessitate de-
contamination ·or replacement of the cell. 

. 
Gross gamma monitoring systems, shown in Figures ·3-73, 3-74, and 3-75, 

count a11 ·ganma energies above 0.45 MeV, to discriminate against I-1·31 
(0.364 MeV) and Pu-239 (0.38 and 0.41 MeV). The monitors are used to . 
determine gamma activity (principally Zr-Nb-95) of the product streams for 
each cycle [HAP (organic), lBP (aqueous), 2BP (aqueous), and 2EU (aqueous)]. 
There is also a monitor on the recycle organic stream (100). 

Fission product concentrations from 1 X ,a-1 to l X .106 µCi Zr-Nb-95, 
plus Ru-Rh-106 per liter can be measured with the system. 

3. 10.6.6.2 Iodine Monitors 

Gamma monitors are used to determine the effectiveness of the absorbers 
used for removing iodine from the dissolver off-gases. Monitors on the 
acid recovery systems provide an indication of the amount of I-131 dis
charged to the at~osphere. The gamma monitor systems are similar to those 
described in Section 3.10.6.6.1, except that a single-channel analyzer is 
used instead of a discriminator. The analyzer window is set to measure 
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0.344 to 0.384 MeV, which centers the I-131 peak at 0.364 MeV. The sample 
cell used is a modified 1-liter stainless steel beaker coated with Fluoro
thene. A once-per-hour water flush of the sample cell normally keeps the 
ce 11 background low. In the event that the ce 11 backgrou_nd rises, an 
acetone flush is used.· 

3.10.6.6.3 Neptunium Monitor 

A sodium iodide crystal ga1T111a monitor is used to measure the nep
tunium content of the effluent stream from the neptunium anion exchange 
column (see Figure 3-76). The total product stream flows through the 
monitor sample cell. The monitor has, in addition to a- single-channel 
analyzerg a baseline sweep generator that continuously varies the thresh

·old setting of the garrma energy pulse height analyzer from Oto 10 volts, 
with 1% window (senses 1% of the gamma energy range). Normal sweep time 
is 5 minutes. The analyzer is calibrated for 0 - 0.5 MeV over the 0 -
10 range9 using a Ba-133 source. The output of the CRM goes to a vari
able-speed strip-chart recorder. 

3.10.6.7 Alpha Monitors 

The plutonium concentrations of several process streams are measured 
by alpha scintillation monitors located at manual sample stations typified 
by the one shown in Figure 3-71. The alpha monitors, located on the lBP, 
IBSU, 2AW, 2BPg 3AF, and 3AW process streams (Figures 3-73 and 3-74), are 
used· for ' cri ti ca 1 i ty prevention to ensur~ that the Pu-239 entering geo- . 
metrically unfavorable vessels remains at safe levels. They are also used 
to monitor Pu-239 losses from certain solvent extraction columns. The 
alpha monitors are influenced by the Pu-239 to Pu-240 ratio, and appro
priate adjustments in interpretation of the data are necessary if the 
ratio changes. The monitors also are applicable for monitoring U-233 
concentrations when processing thorium, but different calibration curves 
are required. · 

The alpha monitoring system is shown in Figure 3-72. Each monitor 
has a stainless steel flow well, which encloses a scintillator consist-
ing of 0.001-inch-thick cerium-activated surface on a 0.75-inch-thick 
by 3-inch-diameter Vycor* glass disc. The process stream is in direct 
contact with the activated surface. Alpha particles interact with the 
surface to produce light pulses, sensed by a photomultiplier tube, which is 
attached with epoxy cement to the scintillator. The signal from the photo
tube is amplified by a preamplifier located within 10 feet of the detector. 
The amplified signal ,is transmitted to the electronic components located in 
the in-line monitor room, and from there to a recorder in the central 
control room. Five of the monitors are also connected to the scaler-
te 1 etype· system. 

* Trade name of Corning Glass Works, Corning, N.Y. 
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For an alpha monitoring sys'j:em, the range of measurement is 1 x" 10-4 

to 30 g of Pu-239/ll.. The higher ranges require the use of a single
channel analyzer instead of a discriminator to measure only a portion of 
the energy spectrum, thus reducing the total counts. This technique, 
however, raises the lower measurable concentration level to about O. 1 g 
Pu-239/ ll.. 

3.10.6.8 Neutron Monitors 

Neutron monitors are used for the direct determination of plutonium 
concentrations in various process streams, and for measuring indirectly 
the cadmium neutron poison concentration in a cadmium nitrate solution, 
which is used as a jet motive fluid for transferring plutonium product 
solutions needing solvent extraction rework. 

The neutron detection element is a tube filled with boron trifluoride 
(BF3) gas~ Thermal neutrons react with the boron to produce alpha par
ticles and lithium nuclei, which ionize the gas. These ionization pulses 
produce electrons at the anode of the detector, resulting in current 
pulses which are amplified and transmitted to a count-rate meter. 

3. 10.6.8.1 Plutonium Concentration Measurement 

The plutonium concentrations of certain process streams are measured 
directly by neutron moni_tors located externally to a vessel or a pipe-
1 ine. Single monitors are located on the_HAF feed tank (TK-E6), the 
lBXP stream, and the 3WB waste tank (TK-Jl ). Three· monitors are mounted 
5 feet apart vertically on ·the lower section of the lBX column and provide 
an instantaneous indication of changes ·in the Pu-239 concentration profile. 
The lBX column monito~s have reliably detected incipient loss of plutonium
uranium partitioning during routine operation. 

A schematic illustration of the system is given in Figure 3-77. One 
or two boron trifluoride (BF1 ) tubes mounted in a paraffin moderator 
measure the neutrons resulting primarily from (a,n) reactions in the 
process solution. 

The neu~ron probes are used to measure Pu-239 concentrations of 
from 1 X 10- to 10.g/ll.. Even though the actual count rates obtained 
are relatively low (2 to 1,000 counts per minute) for the Pu-239 values 
above, the monitors have proved quite reliable. 

As in the case of alpha scintillation counters, neutron monitors 
are sensitive to the Pu-239 to Pu-240 ratio, and changes in the ratio 
must be taken into account when interpreting calibration curves. 
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3.10.6.8.2 Cadmium Nitrate Manito~ 

A solution of cadmium nitrate, a neutron poison, is used as the 
motive fluid for a jet transferring out-of-specification, high concen
tration Pu-239 solutions to a geometrically unfavorable vessel for sol
vent extraction rework. The cadmium nitrate makeup tank is equipped 
with a neutron source,·mounted with a BF3 tube at the bottom of the 
tank. The BF3 tube signal is transmitted to a preamplifier located 
close by, then to electronic equipment in the in-line monitor room, and 
finally to a recorder in the central control room. 

As the cadmium nitrate concentration increases, it absorbs more 
neutrons, so fewer are counted. A converter between the count-rate 
meter and recorder reverses the signal so that an increase in the cadmium 
nitrate concentration causes a corresponding increase in the recorder 
reading ( actua 1 counts wi 11 decrease) . The· pump "'.'hi ch supplies cadmium 
nitrate solution td the transfer jet is interlocked with the monitor so 
that the pump will not operate unless the cadmium nitrate concentration 
is above a minimum value. The range of measurement is 0 - 100 g of 
cadmium nitrate/t. 

3.10.6.9 Monitors Using Photometers 

Photometers are used in the Purex Plant to detennine the concentra
tion of nitrite ion and uranium in the 2AF and 20W streams, respectively. 
The photometer measures with a phototube the amount of light transmitted 
through a sample containing the ion whose concentration is desire~. The 
greater the concentration of the ion, the less the amount of light trans
mitted through the sample. 
3.10.6.9.1 Nitrite Monitors 

Sodium nitrite is added to the second plutonium cycle feed (2AF) 
tank to convert the plutonium to the plus four valence state so that 
it will be extracted in the 2A column. A slight excess of nitrite is 
usually added to assure compJete oxidation of the plutonium, but a large 
excess is unacceptable since it will react with the hydroxylamine nitrate
hydrazine reductants in the 2B column,. possibly resulting in high plutonium 
losses to the 2BW stream, or, in extreme cases, possible loss of partition-
ing in the lBX column. · 

The monitor shown in Figure 3-78 contains a photometric analyzer, 
whi.ch detennines the 2AF sodium nitrfte concentration indirectly by 
measuring the N02 gas concentration in air that is purged through a 
sample of the 2AF solution. An air purge can be passed through the 
photometer for a zero check of the instrumentation, and a calibration 
fiJter can be moved into place to check the span. 

The nonnal range -of measurement is 5 X ,o-5 to 5 X ,a-3M nitrite. 
However, measurements as low as l X 10-6r1 and as high as 3 x-,o-2M can 
be made with existing equipment by shortening the light path of the photo
meter cell to provide a higher range of measurement, or lengthening the 
path to provide a lower range of measurement. 
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A single-beam filter photometer monjtors the uranium concentration 
in the 20W stream by measuring the light transmission through a stream 
sample. Filters are used in the photometer to enhance its measurement 
sensitivity. Although the nonnal range of measurement of the photometer 
is approximately 5 - 70 g U/1, different cell window spacings can be 
made to increase or decrease the range. 

3.10.6. 10 Conductivity Monitors for Nitric Acid Detennination 

An electrodeless conductivity type monitor, shown in Figure 3-79, 
measures the nitric acid concentration in the HAS, HAW, and 2AS streams. 

:"These· monitors can be operated with or without temperature compensation 
,,.. by means of a selector switch. 

An electrodeless conductivity system measures the conductivity of 
a closed loop of solution as a function of the inductive coupling be-
tween two toroidal coils. The cJosed loop is contained in a non-conductive 

.tube (or a metallic tube with a non-conductive lining) around which two 
toroidal coils are positioned. 

The input toroid is energized by an oscillator. The voltage in
.duced in the output toroid is amplified and then metered to indicate 
the. solution conductivity, which is proportional to the. ionic concen
tration of the solution. 

· A flow-through cell containing an electrodeless conductivity monitor 
is installed on the HAS and 2AS stream process piping in a contact
maintained area in the sample gallery. The signal from the cell is 
transmitted to an amplifier and recorder located in the central control 
room. The nonnal range of measurement is from 1 to 3M HN03. . -

The probe-type conductivity monitor, like that shown in Figure 3-80, 
is located in a pot on the HAW line in the canyon behind the con-
crete shielding wall. The probe contains two carbon electrodes which 
pass through a stainless steel plug encased in a stainless steel tube. 
The bottom of the tube is open to permit liquid contact with the carbon 
elements. The liquid completes an electrical circuit between the two 
probes, allowing the flow of electrical current. The magnitude of the 
current flow through the liquid is proportional to its ionic concen
tration. A screen covering the bottom of the tube prevents the entry of 
particulates which could short out the probe. The monitor is connected 
to an amplifier and recorder located in the central control room. The 
normal range of measurement is Oto 6M HN03, but the range is adjustable. 
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3. 10.6.11 Other Monitors 

Most of the liquid and gas streams leaving the Purex Plant have either 
a gamma, beta, or alpha monitor, depending on stream composition. 

Combustible gas analyzers are located on sample streams from each 
of the three dissolver off-gas systems and on the vent from the dissolver 
decladding waste storage vessel to assist in maintaining the concentration 
of ammonia and hydrogen below explosive limits while operating this 
equipment . 

. For gas analyses, the sample is first drawn through an analyzer 
cell for a combined hydrogen and ammonia combustion analysis, then 
through a silica gel bed to remove the amnonia from the stream·, and 
ffoally through a hydrogen analyzer cell. As shown schematically in 
Figure 3-81, each cell contains a reference heating filament and thermo
couple and an active filament and thermocouple. Before entry of the gas 
sample stream, the reference and active filaments are heated to equal 
temperatures above the ignition point of the gas being analyzed. When 
the combustible ·gas is passed over the filament, a small portion of the gas 
is catalytically ignited, raising the temperature of the filament, and 
increasing the millivolt output of the active thermocouple. The output 
differential between the _active and reference thermocouple, which is 
proportional to the combustible gas concentration in the gas sample 
stream, is transmitted to a calibrated me~er fa~ analysis readout. 

Since both hydrogen-and aomonia are ignited in the ammonia analyzer 
cell, the hydrogen millivolt output is fed to the ammonia meter as a 
bucking signal to cancel out the.hydrogen portion of the signal from the 
ammonia analyzer cell to the ammonia meter. 

3. 10.7 pH Meters (pHE) 

During the initial operation of the Purex Plant, the pH's of the 
solutions in the waste neutralizer, 10F, 10W, 20F, and 20W tanks were 
measured by a system of three electrodes located in a sampler mounted 
in the sample gallery. Although use of the equipment has been abandoned, 
it is discussed briefly below in the event a need for it recurs. 

3.10.7.1 Principle of Operation 

The pH, defined as the negative common logarithm of the concentration 
of hydrogen ion in a solution, is determined elec:trometrically by measuring 
the difference in potential between two electrod€s immersed in the solution. 
One electrode is a reference electrode, i.e., a calomel electrode, whose 
potential is unaffected by solution pH, and the other is an electrode, i.e., 
a glass electrode, in which the potential varies with the solution pH. 
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3. 10.7.2 Description of pH Sensing and Recording Equipment 

The glass electrode consists of a glass tube approximately 0.5 inch 
in diameter with a bulbous glass tip. A solution of constant pH contained 
inside the tip makes contact with the solution whose pH is being measured 
by diffusion through a thin penneable glass membrane in the electrode. 

The calomel reference electrode contained in a glass tu·be consists of 
mercury and mercurous chloride (calomel) in contact w.ith saturated potas
sium chloride solution as an electrolyte. The reference electrode makes 
contact with the process solution by the slow flow of the saturated potas
sium chloride through a porous fiber sealed in the immersion. end of the 
·e 1 ectrode. 

A resistance element for temperature compensation is also irrmersed 
in the solution on some installations. 

The three electrodes (including the resistance element) are connected 
by shielded cable through a junction box to an amplifier. The amplifier 
sends a 0- to 50-mv signal to an electric-to-pneumatic converter, and the 
air signal from the converter is sent to a miniature recorder located on 
a graphic panel. 

The pH meters have a range of 6 to 13 pH units, and are accurate to 
approximately 5% of full scale·. They can sense pH changes of approxi
mately 2% of full scale. 

3. 10.8 Microphones (MK) 

A contact microphone with a frequency response of approximately 400 
to 7,000 Hz. is installed in a jumper (usually with the temperature element) 
on each vessel that contains rotating equipment. Sound originating in 
the cell actuates the microphone and the signal is transmitted through a 
four-point selector switch through a amplifier to a speaker mounted on the 
panel board in the control room. From the speaker output, operating 
personnel may detect irregular mechanical operation (i.e., bearing failure) 
as well as monitor nonnal operation of the rotating equipment. 

3. 10.9 • Tachometers 

Tachometers are used to provide a record of the speed of rotation 
of the centrifuges. 

The tachometer unit is an a.c., three-pAase, six-pole generator. Its 
output is rectified, and the power produced is a measure of the speed 
of centrifuge rotation. After rectification, the generator output goes 
to both a triple-range tachometer indicator with full-scale ranges of 
0 to 20, 0 to 200, and Oto 2,000 rpm, and to an electric-to-pneumatic 
converter, which t~ansmits an air signal to a miniature recorder. The 
tachometer is capable of measuring speeds between 10 and 1,500 rpm. 
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3. 1 O .·1 0 Transmi tt i ng El ements 

Transmitters are needed for signal amplification when the distance 
between the sensing e 1 ement and its rece•i ver is great, and a 1 so when it 
is desirable to use a fonn of energy for transmission other than that 
obtained from the sensing element. 

Transmitters detennine the magnitude of the variable sensed, convert 
it to the desired energy fonn (such as electrical or pneumatic pressure) 
for transmission, amplify it, and then send it to a receiver in the con
trol room. 

3. 10. 10.1 Pneumatic Transmitters 

.Pneumatic transmitters are used to process signals transferred from 
the sensing element by pressurized gas (usually air). The different 
types of pneumatic transmitters (identified by manufacturer) used in the 
Purex Plant are described below. 

3.10.10.1.1 Republic Transmitters (IT, SGT, FT) 

Republic differential pressure pneumatic transmitters, manufactured 
by the Republic Flow-Meters Company, Chicago, Illinois, are components 
of instrument systems used for measurement of pulse column top interface 
position, specific gravity, and on those orifice meter systems that are 
reset by another controller, making it necessary to convert the square 
root functi ~n of the orifice system to a linear· func.ti on. 

The Republic transmitters operate on a force balance principle. The 
functioning of the transmitter without the square root converter may be 
explained by reference to Figure 3-82. 

A pressure differential transferred from the sensing element is 
developed across the transmitter measuring diaphragm and produces a force 
which acts against one end of the pivoted weigh beam. On the opposite 
end of the weigh beam is an air-pressurized reaction chamber diaphragm 
which opposes the force. The air pressure to oppose the force is 
regulated by the position of a throttle tip attached to the reaction 
chamber end of the weigh beam. The throttle tip is positioned above an 
air bleed nozzle in a chamber connected by pneumatic lines to the dif
ferential pressure recorder and the reaction chamber. As the differential 
pressure across the measuring diaphragm increases, the throttle tip ap
proaches the bleed nozzle restricting the air bleed flow, and a back
pressure is built up in the reaction chamber. This back-pressure, which 
is transmitted to the recorder, also forces up the reaction diaphragm 
which, in turn, raises a reaction weigh beam. This beam raises up against 
the weigh beam attached to the measuring diaphragm, balancing the force 
developed by the measuring diaphragm. 
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The Republic square root extracting transmitter is similar in opera
tion to the one described above, except that it produces an output pres
sure that varies as the square root of the differential pressure applied 
to the measuring diaphragm. As shown in-Figure 3-83, the reaction mechanism 
consists of a mercury-sealed bell and an auxiliary reaction diaphragm. The 
mercury-sealed bell is attached to the main reaction diaphragm post and 
is vented to the atmosphere through the post. The lower end of the bell 
is submerged in mercury, which buoys up the bell, and produces an upward 
thrust which adds to that produced on the reaction diaphragm by the out-
put air pressure. As the output pressure increases, however, the mercury 
level will be depressed around the outside of the bell and will rise 
inside, with a consequent decrease in buoyancy of the bell. As the bell 
loses buoyancy, its weight must be supported by the reaction diaphragm 
and, therefore, subtracts from the upward force produced by the reaction 
diaphragm. The bell is shaped so that the variation in buoyancy with 
changes in output pressure produces an output pressure proportional to the 
square root of the di•fferentia 1 pressure on the measuring diaphragm. 

The body and all metal parts of the transmitters in contact with the 
process fluid are carbon steel. The measuri,ig and· reaction diaphragms are 
fabricated out of synthetic rubber. The bellows seal on the measurement 
side of the weigh beam is stainless steel. 

The total movement of the throttle tip is less than 0.002 inch. The 
air supply pressure from the transmitter to the recorder is 3 to 15 psig, 
proportional to the magnitude of the measured variable. The transmitters 
are accurate to within+ 1%. 

3.10.10. 1.2 Foxboro D/P Cell (FT, WFT, DPT, PT) 

The.Foxboro differential pressure pneumatic transmitter, produced by 
the .Foxboro Company, Foxboro, Massachusetts, is used for the measurement 
of weight factor, differential pressure, gage pressure, and for those flow 
measurements where it is not necessary to change the square root function 
of an orifice, system to a linear function. 

The operating principle of the Foxboro D/P cell is essentially the 
same as that of the Republic transmitter. A simplified sketch of the D/P 
cell is shown in Figura 3-84. A differential pressure across the measuring 
diaphragm deflects the diaphragm, producing a force which is transmitted 
through a force bar to a range rod. The ranga rod imposes on a flexure
pivoted intermediate lever a force exactly proportional to the differential 
pressure on the measuring diaphragm. The intermediate lever moves a flapper 
plate toward or away from an air· bleed nozzle and changes the pressure in 
the feedback bellows attached to the intermediate lever. Such changes 
balance the force imposed by the range rod on the intermediate lever to 
maintain the lever in a fixed position. The pressure -in the bellows is 
always exactly proportional to the force applied to the range rod,' 
which, in turn, is exactly proportional to the differential pressure on 
the measuring diaphragm. The pressure in the bellows is that supplied 
to an indicator or recorder on the graphic panel. 
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The body and all parts of the transmitter in contact with the process 
fluid are carbon or stainless steel depending on service. The diaphragm 
is fabricated of Type 316 stainless steel in all cases. The flexure tube 
supports the force bar and the range· rod and, through a lapped surface, 
serves as a process line seal. There are two vent valves, one on each 
side of the measuring diaphragm at the top of each chamber, for venting 
the chambers of gases. Zero suppression is not incorporated into the 
instrument but can be obtained by external devices. 

3. 10.10. 1.3 Honeywell Transmitter (PT) 

A Honeywell nonindicating pneumatic pressure transmitter, manufactured 
by the Honeywell Process Control Division, Fort Washington, Pennsylvania, 

•·is used to measure the discharge pressure of certain pumps in locations of 
little or no radioactivity. The pressure is measured by a Bourdon tube 
gage (See Section 3. 10.3.4) and is converted by a pneumatic transmitter 

. to a 3- to 15-psig air signal. The transmitter consists of a flat spiral 
Bourdon tube gage, which, through mechanical linkages, is attached to the 
flapper assembly of the pneumatic transmitter. A relay amplifies the 
signal from the pneumatic transmitter and sends it to an indicator on 
the panel board. · 

3. 10. 10. 1.4 Moore Transmitters (PT) 

A Moore pneumatic pressure indicating transmitter, manufactured 
by Moore Products Company, Spring House, Pennsylvania, 1s used to measure 
the pressure in the steam line to the coil of the d;.ssolver off-gas 
heater. A Moore Nullmatic pressure·regulator is used as a pressure 
transmitter for measuring the pressure in jet or heating and cooling coil 
lines.· The pneumatic pressure indicating transmitter measures the pres
sure with a Bourdon tube gage, which, through mechanical linkages, moves 
an indicator pointer and the flapper plate assembly of the pneumatic 
transmitter. The transmitter operates an air relay that ~ransmits a 
3- to 15-psig signal to an indicator on the panel board. 

The Nullmatic pressure regulator is a pressure controller that 
utilizes a pneumatic "null" balance system in which the valve in the 
steam supply line is operated by a pilot nozzle located in the top of 
the regulator. Through diaphragm and spring adjustments, forces applied 
by the input pressure are balanced by those of the spring loading. These 
regulators transmit a pressure signal of the same magnitude as the signal 
sensed. 

The pressure regulator is installed backwards to normal installation, 
so that air pressure is applied to close the supply valve instead of 
using pressure to open the valve. The air supply is connected to the 
regulated air output port on the regulator; the coil or jet-line pressure 
tap is connected to the vent port; the transmitting line to the pressure 
indicator on the panel board is connected to the air supply port. 
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3. 10. 10.2 Electrical Transmitters 

3. 10. 10.2. 1 Radiation Level Amplifier (RA) 

A Beckman Model V amplifier, manufactured by Beckman Instruments, 
Incorporated, Fullerton, California, is used in conjuction with an ion 
chamber to measure the radiation level in a vessel or the surrounding 
area. In operation, the minute current developed by the radiation in the 
ion chamber is conducted through a very high input resistance whose mag
nitude (3 X 107 to 1011 ohms) depends on the current range. The voltage 
produced across this resistance charges a vibrating reed capacitance 
modulator oscillating at 120 Hz, which converts the voltage to an a.c. 
signal. The a.c. signal passes through a four-stage amplifier and is 
then converted back to d.c. for measurement with a- picoammeter, and is 
recorded in the control room. 

The Beckman amplifier can be changed in 13 steps from 3 X 10·13 to 
3 X 1 •- 7 amperes for full-seal e def1 ecti on. A voltage drop of O to 50 mv _ 
d.c., caused by flow of the amplified current through a separate, fixed 
resistor, is transmitted to a standard potentiometer recorder~ which 
records the radiation level being measured. · 

3. 10.10.2.2 Count-Rate Meter (SC) 

A count-rate meter is used with a scintillation element when the 
element is fnstalled as. a pulse-counting unit~ The pulses from the 
preamplifier of the scintillation counter element are applied to a 
frequency metering circuit of the count-rate meter, which is calibrated 
to indicate the average puls~ rate in counts per minute. 

The count-rate meter has ranges of 200, 600, 2,000, 6,000, and 20,000-
counts per minute. A circuit that provides a 0- to 50-mv signal is plugged 
into a 5-mi11iamp panel jack. The signal goes to an·electric-to-pneumatic 
converter and is indicated as a count rate on a pneumatic recorder. 

3. 10.10.3 Electric-to-Pneumatic Converters (CVT) 

Electric-to-pneumatic converters ar, used in the Purex Plant to 
convert an e 1 ectri cal s i gna 1 to a proporti on·a 1 3- to 15-ps i g. air s i gna 1 . 
The converters are located behind the panel boards in the central and 
head-end control rooms. The use of these converters allows the same 
type of pneumatic miniature indicator and/or recorder and/or controller 
to be used on the graphic panel for measuring any process variable. 

3.10. 10.3. 1 Rotameter Converter 

The converter forms an impedance bridge with an electronic rotameter 
(see Section 3. 10.2. 1) and changes the electrical signal to an air signal. 
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The rotameter transmitter consists of a pair of inductance coils in 
which a stainless steel-clad soft iron annature moves in response to 
flow rate. A similar pair of induction coils and an unclad soft iron 
armature is located in the converter. These systems are connected to 
form two parallel circuits with a common center lead. The outer leads 
are connected via a stepdown transformer to a source of alternating 
current, and the center lead connects to an amplifier which controls a 
reversible motor. 

When the transmitter and receiver annatures are in corresponding 
positions in the coils, the impedances in the two circuits are approxi
mately equal and no current flows through the center lead. However, as 
soon as the transmitter armature moves due to a flow rate change, the 

,, impedance of the transmitter coi 1 s changes and causes a sma 11 current 
to flow in the center lead. The amplifier detects-the magnitude and 

. phase relationship of this current, amplifies it, and uses it to energize 
the reversing winding of the motor. The other winding (reference) of 
the motor is energized from a steady source of alternating current 
supplied through a capacitor to provide proper phase relationship. 

Through mechanical linkages, the motor operates the receiver arma
ture, moving it vertically in or out of the receiver coils to bring 
the impedance bridge back into balance. The pneumatic transmitter, 
which sends a 3- to 15-psig air signal proportional to the flow rate to 
a receiving element, is attached to the receiver armatu~e linkages. 

3. 10. 10.3.2 Temperature Converter 

The temperature converter fonns a Wheatstone bridge with a resistance 
thennometer sensing element and changes.the electrical signal to an air 
signal. The converter consists of detecting, amplifying, and transmitting 
elements. The detecting and amplifying elements contain four units: (a) 
a conversion stage, (b) a voltage amplifier, (c) a power amplifier, and 
(d) a balancing motor. 

The amplifier conversion stage converts the unbalanced d.c. bri~ge 
voltage (due to resistance changes of the temperature element) to a pro
portional a.c. voltage. The voltage amplifier output delivers power to 
the balancing motor. Both the phase and the magnitude of this driving 
power are directly controlled by the amplifier _a.c. voltage. The balancing 
motor senses the phase of the driving motor and balances the bridge 
accordingly by moving the slide wire contactor. The balancing motor also 
operates a gear segment linked to a pneumatic transmitter, which sends 
an air signal to a receiver. 

3. 10. 10.3.3 Scintillation Converters 

The scintillation converter is a potentiometer and also changes the 
0- to 50-mv signal from a scintillation element amplifier to an air sig
nal. The potentiometer compares an unknown voltage (the variable sensed 
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by the scinti11a·tion element) with a known voltage. The known voltage 
is varied until the two opposing voltages are equal, and no current flows 
in the balancing circuit. A detection an~ balancing system senses the 
unbalanced condition and makes the necessary corrections to rebalance 
the system. The balancing system and pneumatic transmitting systems are 
the same as described under Section 3.10.10.3.2. 

3.10. 11 Receiving and Controlling Elements 

3.10.11.1 Indicators 

Drum-type vertical gages (3 to 15 psig) are used on all weight factor 
(WFI) and differential.pressure (DP!) instruments requiring indication 
on' the graphic panels. Manometers are used for we-ight factor indication 
requir~d near a vessel or on a locil panel. 

Round dial, Bourdon tube gages (3 to 15 psig) are used on all pressure, 
. (PI)., temperature (Tl), and flow (FI) installations for indication of the 
variable on the graphic ~anel. 

Standard Boµrdon tube pressure gages are used for graphic panel 
indication of service line pressures such as steam, water, air, and 
instrument air .. This type of gage is also used locally to measure 
steam, water, air, and pump discharge line pressures. 

3. 10. lla2 Indicator-Controllers (WFIC, FIC, PIC) 

Automatic indicator-controllers are used to indicate and control 
weight factor, flow, and pressure systems. 

The variable is measured by a bellows pressurized from 3 to 15 psig. 
Through linkages, the bellows operates a pneumatic control system that 
delivers an air signal to the controlled element to maintain the measured 
variable at a desired value. 

The instrument is composed of two parts:· a lower unit, equipped 
with an automatic-manual selector switch, a manual loader, and a pressure 
gage; and an upper unit, equipped with an indicating pointer and a 
control set-pointer on a vertical 0- to 100-division linear scale or a 
0- to 10-division square root scale. With the selector switch set in 
the manual position, the controlled element is pneumatically operated by 
adjustment of the manual loader, and the pressure to the element is 
indicated on the pressure gage. With the selector switch in the automatic 
position, the control set-pointer is adjusted to the desired reading, 
and the controller automatically varies the air output to the controlled 
element to give the desired indicator reading. The pressure to the 
controlled element is indicated on the pressure gage. 
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3.10.11.3" Recorders (FR, WFR, SGR, TR, DPR, RR, PR) 

Pneumatic signal recorders are used where it is required to have a. 
record of a variable on the graphic panel, and the signal being received 
is 3- to 15-psig air. The recorder has either one or two recording pens, 
depending on the service. Each recording pen is operated through linkages 
by a 3- to 15-psig bellows receiver. A 4-inch-wide strip chart with 
either Oto 100 linear or Oto 100 square root ·graduation is used. 

Standard potentiometer-type recorders, which measure a 0- to 50-rnv 
d.c. signal, are used with radiation level sensors and count-rate meters. 
The recorder has from one to four points on one print wheel, depending 
on service. A 12-inch-wide chart.with Oto 100 linear graduations is 
used. The balancing and detecting system is the same as described for 

· the electric-to-pneumatic converter in Section 3.10.10.3.2. 

3.10.11.4 Recorder-Controllers (FRC, IRC, WFRC, SGRC, TRC, PRC) 

All recorder-controllers are the miniature type and are mounted on 
·the graphic panels in the central, head-end and Q Cell control rooms. 
These instruments are used to record and control flow rate, interface 
position, weight factor, specific gravity, temperature, and· pressure. 

The variable is measured by a bellows receiver p_ressurized from 
3 to 15 psig. Through mechanical linkages, the bellows receiver operates 
a recording pen and a pneumatic control system that .delivers an air signal 
to the controlled element (usually a valve), which maintains the measured 
variable at a desired value . 

. The recprder portion of the recorder-controller functions identically 
to the pneumatic recorder described in Section 3. 10. 11 .3. The control set
pointer has a vernier drive and is located near the top of the recorder-
controller case. When the controller is in the automatic mode, this 
pointer is set at the desired recorder ~eading as read on the lower of 
two scales above the recorder chart. When the controller is in the 
manual mode, the set-pointer is set at the air loading pressure, as read 
on the upper scale, to be delivered to the controlled element. The scale 
above the control set~pointer indicates the pressures being delivered 
to the controlled element when the controller is either on manual or auto
matic. 

The controller has the following devices for improving control: 

The proportional band setting, which is adjustable from Oto 200%, 
determines the amount of pen movement, expressed as percent of the full
chart scale, necessary for the control air output to change from 3 to 
15 psig. For example, for a proportional band setting of 50% and a chart 
range of 100 divisions, a control air output ranging from 3 to 15 psig 
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will cause a maximum pen movement of+ 25 chart divisions, with the posi
tion of this range on the chart determined by the position of the set
pointer. Without a reset adjustment on the contro11er, the process 
variable can cause the pen to stabilize at-any point within its range of 
movement, not necessarily at the position of the set-pointer. 

The reset function of the controller is a mechanism used to sense 
any difference between the positions of the set-pointer and measurement 
pen reading, thus permitting corrective adjustment of the controller air 
valve to bring the variable reading into coincidence with the set
pointer. With a given setting, reset rate, which is the frequency with 
which the variable is sensed and corrective adjustments are made, is 
directly proportional to the amount of deviation of the measurement pen 
from'·the control- set-point. The reset function continues only as long 
as any deviation exists. 

.· The reset rate is adjustable between 0.2 and 100.0 repeats per minute 
. for FRC, IRC, and PRC, and between 0.02 and 20.0 repeats per minute for 

TRC, WFRC, and SGRC instruments. The reset function can only be installed 
in a controller that has the proportional band function. · 

A derivative function is also ·added to some of the contro11ers. De
rivative action is proportional to the rate of change of the process vari
able reading and provides a greater or lesser signal to the controller air 
valve to bring the process under control faster whenever there is.a change 
in variable being controlled .. Depending on the service, the derivative 
function is adjustable between 0.008 to 8.0 repeats per minute or 0.05, 
to 50.0 repeats per minute. The derivative function can be installed only 
where there is proportional band function or proportional band plus reset 
functions. · 

On some controllers (slave) that are reset by another controller 
(master), a be 11 ows, is ins ta 11 ed a 1 ong with the other contra 1 functions. 
This be11ows moves the set-pointer (which is floating free instead of 
being attached to a vernier drive) of the slave recorder-controller in 
order to maintain a given value on the master controller. 

3. 10. 11.5 Pneumatic Flow Integrator (FIQ) 

Pneumatic flow integrators are used to provide a record of the total 
volume of steam or water flow to a given vessel. The instrument is in
stalled with pneumatic input from a flow transmitter, which senses the 
flow signal from a flow element, such as an orifice. 
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The integrator, shown in Figure 3-85, f·unctions in the following 
manner. The process flow signal from the flow transmitter actuates the 
bellows in a pneumatic receiving mechanism, which is linked to an indicator 
pen or pointer and to a sector gear. The sector gear drives a cam shaped 
with a profile directly related to the instrument calibration curve. The 
cam is rotated to a position dictated by the pressure value transmitted 
by the pneumatic receiver. · 

A synchronous motor-driven eccentric operates a contact ann, which 
moves at 2.5-second intervals from a fixed position through an arc whose 
length is limited by s triking the edge of the cam. The contact ann shaft 
operates a unidirectional clutch, producing rotation of the clutch output 
shaft each time the arm moves away from the cam. The angular length of 
the ann 1 s return stroke is a measure of the proces·s flow volume during 
the measurement time interval. Through a gear train, the clutch output 
shaft operates a mechanical digital counter, which gives the cumulative 
flow volume. 

3. 10.11.6 Electric Flow Integrator (FIQ) 

Electric flow integrators are used with magnetic flow meters in the 
process head-end to control batches of liquid chemical solutions which 
are added to the dissolvers. The integrator consists of a Fischer and 
Porter converter, which is an a.c.· self-balancing potentiometer that con
trols a d.c. current generator output. The converter changes the a.c. 
signal from the magnetic flow meter to a proportional d.c. output, which 
is transmitted in pulses through a frequency scaler to a digital counter, 
which registers the accummulated liquid flow. 

Upon reaching-the desired batch volume set into a register in the 
counter, the liquid flow is stopped by a signal from a batch controller, 
which is connected to the counter. 

3.10.11.7 Manual Controllers (VC) 

Manual controllers are used to provide 3- to 15-psig air pressure 
to DOV 1 s. The controller is an adjustable pressure regulating valve with 
a vertical dial to indicate the output pressure. The dial has ~NO scales: 
3- to 15-psig units on the left side, and Oto 100% (with 0% at the 
3-psig value) on the right side. 

3. 10.11.8 Self-Acting.Regulating Valves (TRV) 

Self-acting regulating valves are used to control steam fiow to regu
late temperatures of certain lines or vessels in nonradioactive zones. 
The valve is actuated by a temperature sensing bulb filled with vapor, 
\'lhi ch is connected by capi 11 ary tubing to a be 11 ows, which, in turn, is 
connected to the plug stem of the regulating valve. When the temperature 
at the sensing bulb rises, part of the liquid in the bulb vaporizes and 
builds up the pressure in the bellows on the valve. Increased pressure 
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in the bellows moves the plug stem so that less stea·m flows to the ·process, 
thus causing the temperature to fall. The temperature sensing range can 
be adjusted over an. approximate 60° F interval. 

3. 10. 11.9 Remote Set-Pointer Adjusting Unit (ASP) 

The remote set-pointer adjusting unit is usually used on those con
trol systems where one controller (master) resets the control set-pointer 
of another controller (slave). The set-pointer adjusting unit is a 
pneumatic converter used to adjust the set-pointer of the slave controller. 
It is identical .in design to the slave controller except that the reset 
and bellows have been replaced with calibrated springs. The proportional 
band adjustment is calibrated in ratio settings. 

The unit recieves a 3- to 15-psig air signal from a master controller, 
and transmits a 3- to 15-psig air signal to a bellows in the slave con
troller. The bellows changes the position of the set-pointer and thereby 
changes the variable controlled by the slave controller in such a manner 
that it is kept in a desired ratio to the: variable controlled by the 
master controller. 

The output signal of the ASP unit goes through an automatic-manual 
switch located between the unit and its recorder-controller. This 
switch allows the set-pointer on the slave recorder-controller to be moved 
automatically by the master controller or by a manual loader, which oper
ates independently of the master controller. 

In either case, the slave recorder-controller will be on automatic 
control and will automatically adjust the air output to keep its recording 
pen in agreement with the control set-pointer. The slave recorder-controller 
itself can also be put on automatic or manual control by adjusting an in
ternal switching device. If the slave recorder-controller is placed on 
manual, its air output is controlled by moving its s~t-pointer pneumatically 
with the manual loader of the ASP switch unit. 

3. 10.12 Diaphragm-Operated Valves 

3.10.12.1 Canyon Valves (DOV) 

Diaphragm-operated valves (DOV 1 s), most of which were manufactured by 
ITT Hammel-Dahl of Warwick, R~ode Island, are used on all process streams 
to remotely regulate fluid flow between process equipment pieces. Some of 
the valves are throttling and others are on-off in operation. 

3. 10. 12. l. l Principle of Operation 

The variable air pressure from a controller is transmitted to a 
chamber bounded by a flexible diaphragm in the top of the DOV. The 
valve stem, attached to the diaphragm, moves with it in response to the 
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pressure variations. The moving stem, in turn, lowers the valve plug 
toward or raises it away from its seat, decreasing or increasing the flow 
orifice area and, hence, the flow rate through the valve. 

Fl ow formulas 

Liquid: 

Steam: 

Gas: 

for the valves are: 

Volwnetric flow rate, gal/min• C ~ 
Mass flow rate, lb/hr= 63 cv--$ 
Volumetric flow rate, Q • 1,360 CV ✓ra,sda~)eF)G 

where Cv j s the fl ow coefficient of the valve and is defined as the f1 ow 
of water in gal/min producing a one-psi pressure .drop across the valve at 
any valve plug lift (flow opening). The valve.flow coefficient with the 
plug at maximum lift (open) is proportional to the flow orifice area of 
the valve and is used to state the valve capacity. 

Other symbols in the above equations are defined as follows: 

~p is the pressure drop across the valve in psi. 

G is the specific gravity of the liquid. 

Q is the gas fl_ow rate in cubic feet per hour at 

V is the specific volume of inlet steam in cubic 

p is the gas inlet pressure•in psia. 

Fis the gas temperature in degrees Fahrenheit. 

3.10.12.1.2 Description 

60° F and 14.7 

feet per pound. 

psia. 

A schematic drawing of an air-operated throttling Hanvnel-Dahl valve 
is shown in Figure 3-86. The body is designed to allow complete.drainage 
when the plug is off the seat ring. The valve has a single seat plug with 
provision of easy removal of both the plug and seat. A welded leaf-type 
stainless steel bellows is attached to the plug stem and is installed so 
the process solution comes in contact with only the outside of the bellows. 
Above the bellows seal, there is a Teflon auxiliary·steam seal called a 
"Dahl seal,'' which requires a smooth-surface finish and should be installed 
only by the manufacturer. !f both seals should fail, an opening to the 
atmosphere between the Dahl seal and the diaphragm chamber allows the 
process solution to drain to the canyon floor instead of coming up the 
air signal line to a nonradioactive zone. The diaphragm chamber is 
designed so the valve action can be changed from air-to-open to air-to
close by positioning the valve stem suspension spring adjustment nuts 
and changing the air signal from one side of the diaphragm to the other. 
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With DOV's in general, an on-off valve has a quick-opening plug and 
a throttling valve has a tapered plug, which can be either a linear or 
equal percentage-type plug. A linear plyg produces a constant change 
in flow for a unit change in lift if the pressure drop across the valve 
remains constant. This type of plug is used in those cases where the 
pressure drop in the system is largely concentrated across the valve and 
where the maxi~um capacity_of the valve is required. 

. An equal percentage plug produces the same percentage change in flow 
for any unit change in lift if the pressure drop across the valve remains 
constant. Generally, this plug is used in those cases where only a small 
pressure drop through the valve is desired. Typical characteristic 
curves (percent flow vs. percent lift) for constant pressure drop flow 
across Hanmel-Dahl valves with linear and equal percentage plugs are 
shown in Figure 3-87. 

The valve plug sizes shown in 
linear and equal percentage types. 
be calculated from these Cv values 
earlier in this section. 

Table 3-22 are available in both the 
Flows at any given pressure drop may 

by use of the equati.ons presented 

3. 10. 12.2 Sample Gallery Valves (DOV) 

A specially designed valve is used for sample gallery installations 
and is s imi 1 ar to the va 1 ve desc·ri bed under 3. 1 a. 12. 1, except for the 
following design features: 

• The top works is designed only for air-to-open service. 

• The overall height of the valve is reduced by making only a 
short pipe connection between the diaphragm chamber and the 
valve body. Th1s pipe connection has a leakage drain hole to 
prevent process solution from being forced into the diaphragm 
chamber and then into the control room in case the bellows seal 
and Dahl seal fail. 

3. 10. 12.3 Nonradioactive Service Valves (DOV) 

Diaphragm-operated valves are used to regulate the flow of nonradio
active process streams, steam, water, and air. They are globe-type, 
single-seated valves designed for either air-to-open or air-to-close 
action. The_plug stem has a standard packing gland instead of a stain
less steel bellows seal. 

3. 10. 13 Solenoid Valves (EV) 

Solenoid valves are installed in· air signal lines to certain diaphragm
operated control valves so that the valve can be opened or closed by an 
electrical signal from an alarm switch or relay which may be operated by 
pressure, temperature, weight factor, flow, liquid level, or power failure. 
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FIGURE 3-87. Hammel-Dahl Valve Flow Characteristic Curves_. 
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TABLE 3-22. Hammel-Dahl Valve Flow Coefficient 
as a Function of Valve Plug Size 

Nominal Valve Plug 
Diameter, in. 

* 

0. 19 

0.25 
0.38 

0.5 
0.75 

1.0 
1.25 
1.5 
2 

2~5-
3 

4 

6 

Flow coefficient of valve 
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Open Position 

,. a 
1.6 

2.5 
4.0 

-6.3 

10 

16 

25 
40 
63 

100 

160 

360 



t,!f. 

·It~-;}· 
~. 
if:"",,j-'- ,
ts.~'-,/.\_ 
:i.~~'',' 

~'; 

RHO-MA-116 

3 . 1 a . 1 4 A 1 a nns 

Pressure-actuated electrical switches are attached to certain signal 
lines connecting transmitters directly to an air-purged dip-tube system, 
directly to process lines, or directly to an electrical circuit. The 
switches operate an electrical alann unit and are actuated by a variety 
of sensors, such as those for high weight factor, low weight factor, high 
temperature, and high specific gravity. 

The alann unit consists of a flashing light and audible alann, both 
of which are off under nonnal operating conditions and are activated by 
abnonnal conditions (such as those described in Section 3.10.15). A reset 
button, when actuated, changes the flashing light to a steady light and 

: shuts off the audible alann. The steady light will stay on until the 
abnonnal condition is corrected. 

3.10. 15 Special Instrument Control Systems 

All vessels in the plant are equipped with instrumentation to assure 
safe operation. The dissolvers, concentrators, and waste rework tank 
operate at boiling temper.atures and require more than the nonnal. complement 
of instrumentation. The vacuum acid fractionator and the in-line blending 
system are also unique equipment with special instrumentation systems. 
The complete instrumentation systems for these equipment pieces are described 
in this settion. -

3.10.15.1 _ Dissolver and Off-Gas Systems 

A schematic drawing of the dissolver vacuum control instrumentation 
is given in Figure 3-88. The process control devices described below 
ser'le to prevent a pressure buildup in the dissolver in case of a rapid 
evolution of gases during the dissolution step. 

A pressure transmitter (PT-*3) attached to the low pressure weight 
factor dip tube in the dissolver sends an air signal to a pressure 
reco~der-controller (PRC-*3-2) and a pressure switch (PAS-*3-2). When 
activated by high pressure, the pressure switch signals a relay (K-*3-2), 
which activates the pressure alann (PA-*3-2) and energizes an electric 
valve (EV-*3-6). The latter action shuts off actuating air to the DOV 
(DOV-*3-6), allowing it to close, thus tenninating the airflQw which 
is nonnally bled into the dissolver so the air load on the dissolver· 
vent jet in the·backup facility is reduced and the pressure in the 
dissolver is there6y reduced. 

* is A, B, or C, depending on the dissolver in question. 
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The pressure recorder-controller (PRC-*3-2) sends a signal to the 
following control elements: (a) to D0V-*1-1, which controls the dissolver 
vacuum and is nonnally open; (b) through pressure _reversing relay XZ-*1-1 
to pressure indicator Pl-*1-2 and to D0V-*l-2, which is in parallel with 
D0V-*1-1, is nonnally closed, and is activated only in case of high . 
demand; (c) through a pressure reversing relay (XZ-*1-2), wnich makes 
pressure indicator Pl-*1-3 read up-scale. 

The pressure reversing relay XZ-*l-1 converts pneumatic signals 
so the two D0V's operate compatibly with a single control signal. The 
pressure conversions are as follows: 

Relay 
XZ-*1-1 
XZ-*1-2 

Input, psi 9 
7-0 

15-3 

0utout, psig 
3-11 

· 3-15 

The two DOV 1 s act oppositely from each otner to provide a fail safe 
system. 

The D0V's, which serve to control the dissolver vessel vacuum, are 
located in parallel in a single jumper immediately downstream from the 
canyon filter. Even though the recorder-controller signals for complete 
closure o~ the valves, D0V-*1-1 is adjusted so that it is always at 
least one-quarter open so the dissolver is vented to the off-gas system 
(backup facility or stack). 

3. 10. 15.2 Large Concentrator Pressure and Concentration Control Systems 

The five large concentrators (E-JS, K4, H4, F6, and F-11) are all 
equipped with process safety· devices designed to protect against high 
or low steam pressure and overconcentrat,on, which is indicated by low 
weight factor and/or high temperature. The instrument system operating. 
the safety devices is shown in Figure 3-89. · 

3. 10. 15.2. 1 Steam Pressure Control 

Each concentrator has identical steam flow systems to each of two 
chests except for E-Fll-1, which has only one tube bundle. In the opera
tion of a typical single system, a pressure switch (PAS-1) attached to 
the steam line entering the chest activates two relays (K-1 and K-2). 
When the steam pressure rises to a specified value, relay K-1 is energized 
and operates a high-pressure alann light (PA-1) and de-energizes a sole
noid vaive (EV-2), 11Jhich closes the steam val.ve (00V-1). A pressure 
relief valve, set to operate at 29 psig, is attached to the steam line· 
feeding the steam chest. When the steam pressure drops to a specified 
value, pressure switch PAS-4 is de-energized, an~ in turn, de-energizes 
solenoid valve EV-6, which closes steam condensate valve D0V-4. 
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3.10.15.2.2 Temperature Control 

Either of two resistance temperature elements (TE-lA or TE-18) lo
cated in the concentrator is connected to an electric-to-pneumati~ con
verter (CVT-1), which sends an air signal to two temperature alarm switches 
(TAS-1 and TAS-2) and a recorder. When the concentrator liquid temperature 
rises above a specified value, indicating overconcentration of the liquid, 
alann switch TAS-1 operates a high temperature alarm light (TA-1). Alann 
switch TAS-2, which also operates a temperature alann light (TA-2), is 
set to operate at a slightly higher temperature than TAS-1, and energizes 
relay 3, which shuts off the steam flow to the chest. 

3.10.15.2.3 Liquid Level ·Control 

. Each concentrator is equipped with liquid level alanns, which are 
activated by either low or high liquid level. Provision is included for 
shutting off the steam at low level to avoid overconcentration. The 
weight factor (1 iquid level) alarm switches, 1tJFAS-1 (high), 1tJFAS-l (low), 
and WFAS-.5 (low), are attached to the weight factor dip tubes. When the 
weight factor drops to a specified value, WFAS-1 (low) operates a low weight 
factor alarm light (WFA-2), and at a lower weight factor a second alann 
light (WFA-5) is actuated. At this lower weight factor, switch 1/JFAS-3 
is also activated, operating an alarm light (WFA~3), and through a relay, 
de-energizing solenoid_valves EV-2 and EV-4. De-energizing the solenoid 
valves shuts off the steam flow to the concentrator. 

3.10.15.2.4 Specific Gravity Control 

The concentrators are equipped with specific gravity a1arm lights 
to warn that the specific gravity of the solution in the concentrators 
is abnormally high.· 

3. 10. 15.3 Plutonium Concentrator and Stripper Control Systems 

The plutonium concentrator (E-L7-1) and plutonium stripper (T-L6) are 
equipped with process safety devices, which are activated by high and 
low steam pressure, low weight factor, high specific gravity and high 
temperature. The instrumentation system is shown in Figure 3-90. 

When the steam pressure rises to 29 psig, a pressure switch (PAS-1) 
attached to the steam line entering the chest actuates relay K-3. The 
relay de~energizes solenoid valve EV-1 to close the steam valve, DOV-1, 
and operates a high pressure alarm light (PA~l). When the steam pressure 
falls to 5 psig, pressure switch PAS-2 energizes solenoid K-4, which in 
turn (a) de-energizes solenojd .valve EV-1 to close the steam valve, 
D0V-1, (b) de-energizes solenoid valve EV-3 to open valve D0V-3, thus 
pressurizing the steam line with air, and (c) lights a low pressure 
alann light (PA-2). 
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A weight factor alann switch on the plutonium concentrator and the 
plutonium stripper lights a low weight factor alarm light at a pressure 
of 17 inches of water and de-energizes solenoid valve EV-1 to close steam 
va 1 ve DOV-1. 

Temperature element TE-1 activates an al_arm (TA) when the concentrator 
or stripper temperature exceeds 123° C. 

3. 10. 15.4 Waste Rework Tank Process Safety Instrumentation 

The waste rework tank (TK-FB) uses a steam coil for heating, and 
has controls on steam, water, and airflow to the coil·. The instrument 

,, system operating the process safety devices is shown in Figure 3-9-L·· 

The process safety instrumentation operates as follows: 

• If the pressure in the coil falls to 7 psig, the steam flow to 
the coil is shut off. 

, If the pressure in the coil exceeds 29 psig, the steam flow to 
the coil is shut off. 

• If the weight factor drops below 21%-·of chart; the steam flow 
to the coil is shut off. 

• If the steam temperature exceeds 125° C, the steam flow to 
the coil is shut off. 

t When the va 1 ve se 1 ector (VS-1 ) is turned from steam to water, 
a 90-second air blow is provided automatically before solenoid 
valve EV-2 is energized to initiate raw water flow to the coil. 

• If the valve selector (VS-1) is off and steam is flowing to 
the coils, pressure activation switch PAS-1 opens in response 
to an electrical power failure or when an alarm switch is 
removed from the circuit, and the coil is pressurized with air. 

3. 10. 15.5 Acid Fractionator Process Safety Instrumentation 

The acid fractionator (T-U6) is equipped with two alarms 1tJhich are 
activated by weight factor. The first (WFA-1) alarms at 63% of chart 
and the second (WFA-2) alarms at 90% of chart. The instrument system 
contro11ing these devices is shown in Figure 3-92. 

Also shown in Figure 3-92 is the fractionator steam flow instrumen
tation. ~edium pressure steam (100 psig) is blended with demineralized 
water in the appropriate proportion to produce 6-psig steam, which is 
fed to the steam chest of the fractionator. 
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3. 10. 15.6 In-Line Blending Control System 

Nitric acid is diluted and solution is heated prior to use as the 
lCX and 2EX scrub streams. These operat1ons are controlled by the 
instrument system shown schematically in Figure 3-93. 

The system consists of: (a) a steam injector having a steam supply 
controlled by a self-acting temperature-regulating valve, (b) a rotameter 
system which controls the demineralized water flow to the steam injector, 
and (c) a rotameter system which controls the nitric acid flow that is 
added to the stream at a point downstream from the ·steam injector. The 
mixed streams flow into a mixing tank, a sample pot, and then to the 
column. A temperature sensor, which actuates the temperature-regulating 
steam-addition valve, is located downstream from the mixing tank. A 
second temperature sensor, located in the sample pot, actuates a high 
temperature alann light located on the graphic panel and shuts off the 
air to the steam supply valve in the event the stream temperature exceeds 
a predetennined value. 

3. 11 PROCESS SAMPLERS 

Timely and accurate analyses of representative samples taken from 
selected locations in the process are prerequisite for effective process 
control. This section describes the equ~pment and methods used for remote 
sampling of process streams and tanks at those points where radioactivity 
in varying intensities is nonnally present. Nonradioactive streains, such 
as those in the chemical tank fann or AMU facility, are sampled by con
v~ntional methods, i.e., through manholes, ·handholes, or from spigots. 

Identification of sample points, analyses required, and descriptions 
of analytical methods are presented in Section 4. 13 of Chapter 4.0. 

3. 11. 1 General Description of Samoling Facilities 

For sampling radioactive liquids, A-, s..:, and C-type, and PR room 
samplers are available. Samplers are also used for sampling gas streams 
in selected locations. All of the samplers are generally similar in-tha~ 
fluid transfer devices are used to transfer samples via piping from a 
remote sampling point to an accessible sample container. The sample sta
tions are designed to provide support for sampler components and protection 
from radiation. Sampling points for liquids include tanks, cell sumps, 
and various process streams. The sample pots from which liquid samples 
are drawn consist of baffled enlargements in lines between processing 
vessels. Gas samples are taken from gas headers. 

There are 74 locations in _the plant which use A-, B-, or C-type 
samplers. A list of the sampler locations is given in Table 3-23. A-type 
sampler_s are for highly radioactive liquids, 8-type for liquids of inter
mediate radioactivity, and C-type for liquids containing a low level of 
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TABLE 3-23. Purex Plant Sampler Locations. 

Sampler Stream or Vessel Sampled Sampler Type 
-

A3 Dissolver Tank A3 and Sump A 
B3 Dissolver Tank B3 and Sump A 
C3 Dissolver Tank C3 and Sump A 
D2 Coating Waste Receiver Tank D2 A 
D3 Metal Storage Tank D3 A 
D4 Metal Storage Tank D4 and Sump A 
05 Cave Hood Metal Storage Tank OS A 
El Centrifuge Slurry Tank El A 
E3 Centrifuge Feed Tank E3 A 
ES -· Coating Waste Tank ES and Sump A 

--

E6 HAF Makeup·Tank .E6 A 
Fl T-F2 to F-Fl B Mod a 
F3 AAA Tank F3 B Mod 
FS AAD to T-FS B Mod 
FB Waste Rework Tank FB A 
Fl 0 3WF Tank Fl 0 B (A Mod)b 
Fl3 Utility Tank Fl3 A 
Fl S lWW Denitration Tank FlS A 
Fl 6 lWW Denitration Tank Fl6 and Sump A 
Fl8 Waste Receiver Tank Fl8 A 
F26 lWW Receiver Tank F26 and Sump A 
Gl la Feed T~nk Gl B 
G2 10 Waste Tank G2 and Sump A 
GS 100 Feed Tank GS B Mod 
G7 Storage Tank G7 B 
GB Organic Wash Waste Tank GB B (A Mod) 
Hl HA Feed Tank Hl A 
H2 HAW, T-H2 A 

-· ..... H3 HAP, T-H2 B 
H4 3WD, E-H4-2 B Mod 
Jl 3WB Tank Jl B 
JlA 2PN Stream, T-J23 and Sump B 
J2 Tank J2 B 
J3 lBXF Tank J3 B 
J4 lBSU Stream, T-J4 B 
JSA lBP Stream, T-J4 B 
JSB 2AF Tank JS B 
J7 lCW Stream, T-J7 B Mod 
JBA lCU Stream, T-J7 B Mod 
JBS lUD, E-J8-2 C 
J21 2N Feed Tank J21 B (A Mod) 
J22 2NW Stream, T-J22 B 
J23 2PW Stream, T-J23 B (A Mod) 

.. 
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TABLE 3-23. Purex Plant Sampler Locations (Continued). 

Sampler Stream or Vessel Sampl ec Sampler Type 

Kl 2DF Tank Kl B Mod 
K2 20W Stream, T-K2 and Sump B 
K3 2EW Stream, T-K3 B Mod 
K4 2EU Stream, T-K3 B Mod 
KS 2EU Receiver Tank KS B Mod 
K6 2EU Receiver Tank K6 C 
Ll 2A Waste Stream, T-Ll and Sump ·B -L2A 2BW Stream, T-L2 B 
L2B "• 2BP Stream, T-L2 B 

' L3 3AF Tank L3 B 
L4 3AW Stream, T-L4 B 
LSA 3BW Stream, .T-LS B 
LSB 38P Stream, T-LS B 
L6/L7 Condensate PSO/PCD B 
Ml Decontamination Tank B 
Q3 Feed Tank Q3 B 
Q4 3X Column B 
QS Wash Waste Tank QS B 
QB Sump Waste Tank Q8 B 
Rl 20 Feed Tank Rl C 
R2 20 Waste Tank R2 C 
RS 200 Receiver Tank RS C 
R7 200 Receiver Tank R7 C 
RS Wash Waste Tank RS C 
Ul Recovered Acid·Storage !ank Ul C 
U2 Recovered Acid Storage Tank U2 C 
U3 Lab Waste Tank U3 C 
U4 Lab Waste Tank U4 C 
U7 Tank U7 C 
us Tank US to B Plant Swamp C 

aB-type sampler modified to take large samples. 
bThe B (A Mod) sampler is a 8-type bayonet sampler located inside 

of an A-type sampler enclosure. 
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radioactivity. All three·types of samplers utilize air-operated jets to 
transfer samples of liquids from sampling pQints to sample stations located 
in the sample gallery, approximately 27 feet above most of the sampling 
points. Several of the samplers are equ• pped with a second jet and 
associated piping so that a process sump can be sampled also. Facilities 
are included in certain A- and B-type samplers for the installation of 
in-line analytical instrumentation (discussed in Section 3.10.6). Product 
removal room samplers utilize a pump or air jet to circulate solution so 
that a sample can be obtained with a four-way valve. Gas samplers use 
vacuum pumps for drawing samples from process gas headers in the cells to 
stations in the sample gallery. 

~- 11.2 A-Type Sampler 
1C .,_: -··r 

The A-type sampler was developed for use at the Purex Plant to simplify 
the handling of samples of highly radioactive liquids. This is accomplished 
by providing, at the sample station, facilities for accurately and remotely 
pipetting small-volume samples for del·ivery to the laboratory. A typical 
A-type sample station is shown in Figure 3-94. 

3.11._2.1 General Description 

An A-type sampler includes the following operating components, all 
of which (except for piping to the sample point) are lo~ated at a sample 
station in the sample gallery: 

• One or two jet assemblies, each of which includes an air
operated sampler jet with suction and discharge piping 
for the recirculation of liquids from a sampling point, 
via a sample cup, to the jet_ and back to the sampling point. 

• A Hanford remote pipetter for transferring measured volumes 
of solution from the sample cup (or cups) to dilution vials 
contained in shielded sample carriers. 

• An in-line instrument facility, including the necessary 
piping and, for some stations, the instrument itself (see 

• Section 3. l a. 6) . 

At the sample station, the components described above are supported 
and housed by a relatively massive structure (see Figure 3-94) of con
crete, lead, and stainless steel, which separates the operating components 
from adjacent controls (and, therefore, the sample gallery proper) by 
means of shielding barricades and a ventilated hood. The sampler jets, 
necessary flow control valves, and associated piping are housed in a 
concrete pit (the valve pit) fitted with a removable cover block. 
Adjacent to the east of the pit, a separate concrete pit is provided for 
installation of an in-line instrument. To the west of the valve pit are 
two lead-shielded compartments, covered by a ventilated stainless steel 

. . 
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hood, which enclose the sampler cups and the shielded sampler carrier. 
Two lead-shielded doors and two lead-glass windows for access and for 
viewing are provided in the shielded wal~ of these compartments. 

The Hanford remote pipetter is supported outside the lead-shielded 
compartments in a convenient operating position and is movable; the pipette 
tip and extension reach over the barricade through slots in the hood and 
into the compartments. 

The thickness of concrete or lead shielding provided at a sample 
station varies between stations and between parts of a station. Concrete 
shielding may be from 2 to 4 feet thick; lead may be from 3 to 5 inches 
thick; and lead-glass viewing windows may be from 2 to 6 inches thick. 
·ouring normal con-ditions, the shielding is sufficient to limit surface 
radiation_.tQ 1 mr/hr·at the front of the sample station and SO mr/hr at 
.either side or the top. Escape of airborne contamination from the hood is 
prevented by use of an exhaust ventilation system. 

3. 11.2.2 Sampler Jet and Cup Assembly 

Sampler jet and cup assemblies ·include an air-operated sampler jet, 
a sample cup, piping between these components and the sampling point, and 
other associated piping and valves. In general, all parts are fabricated 
from stainless steel. Using air to the jet at 90 psig, process solutions. 
are recirculated at approximately 100 to 200 mi/min through .the assembly. 

The sample cup is essentially an enlargement in the jet suction line, 
baffled to promote mixing of the sample stream and capable of holding up 
to about 5 mi of solution. A vertical riser tube, equipped with a plug 
gate valve or ball valve and a removable riser cap, allows access to the 
sample·cup for the purpose of pipetting a sample. · The cup and riser cap 
are lead shielded. The riser cap may be raised and lowered by use of a 
pulley mechanism, which is controlled from a point outside the sample sta
tion shielding. 

Sampler jet and cup assemblies are piped for continuous flow of 
liquid from the sampling cup to the suction side of the jet. A mixture 
of air and liquid is discharged from the jet back to the vented sampling 
point. The suction line and discharge lines are 0.75-inch and 0.5-inch 
stainless steel pipe, respectively. An air lift assists in attaining 
recirculation at high lifts by introducing a small quantity of air at a 
low point in the suction leg, thereby reducing the apparent specific 
gravity of the material being lifted. Piping for the jet and cup assem
blies also includes lines which allow optional recirculation through an 
in-line instrument, if present. Valves necessary for the operation of 
the assembly are located in the valve pit. The use of extension handles 
equipped with angle drives pennits operation of the valves from a point 
outside the sample station shielding barricades. 
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3. 11.2.3 Remote Pipetter 

The remote pi petter util i.:es a ·hydraulic syringe (Manostat, manufac
tured by the Manostat Corporation, New York, N. v·.) operated with a 
hydraulic reservoir connected, via capillary tubing, to an accurately 
drilled pipette tip for the transfer of measured volumes of liquids 
between sample cups and the dilution vials contained in shielded sample 
carriers. Known volumes of process liquids are drawn into or released 
from the pipette tip by displacement with hydraulic flui.d. The hydraulic 
fluid flow is accurately indicated and controlled by operation of the 
Manostat unit. 

The pipetter operating assembly is mounted on a pipette stand and 
· guide rails outside the sample station shielding barricade. An extension 
ann, which carries the capillary tubing and pipette tip, reaches over the 
barricade. The stand and guide rails are designed to provide for regu
lated movement of the pipette. In order t_o make transfers between sample 
cups and sh,ielded dilution vials, the pipette tip may be raised, lowered, 
or moved hori zonta 11 y a 1 on.g a center line, which is common to these com
ponents. The sample station hood is appropriately slotted to accommodate 
this trave 1 . 

Sample volumes are measured by a dial-type gauge which is a part of 
the Manostat unit. The dial is divided into 1,000 units; one revolution 
on the dial represents 10 .µ2. (0.01 mi). Volumes· as small as l :.!2. can be 
pipetted with an accuracy of+ 3%. The maximum volume that can be pipet-
ted is 1,000 µ2. (l mi). -

3. 11.3 B-Type Samplers 

B-type samplers were installed at the Purex Plant for use in sampling 
moderately ·radioa·ctive process sol uti ens. Compared to A-type samplers, 
less shielding is required at the sample station and larger-sized samples 
are handled. No remote pipetter is used. 

As indicated in Table 3-23, some A-type sample stations have been 
modified to accept B-type samplers. Originally, these stations contained 
A-type samplers to sample highly radioactive streams. Later, when plant 
processes were changed, these stations were used for sampling lower-
level radioactive streams which, for sampling, didn't require the same 
amount of shielding and remote design complexity as the A-type samplers. 
8-type samplers '"ere then installed in these stations for easier operation 
and to allow larger. samples -to be taken. 
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3.11.3.1 General Description 

The B-type sampler also includes ~Rerating components and controls 
separated by the shielding barricades of a supporting structure. The 
operating components include the following: ., 

, One or two jet assemblfes practically identical with those 
described in Section 3. 11.2.2 

, An inverted J-shaped dip tube from the sample cup to a 
sample bottle held in place by a sample bottle carrier 

-" 1 .An i n-1 i ne instrument faci 1 i ty. 

The supporting structure for the components described above is made 
primarily of concrete, with separate pits for the sampler jets and valves, 
the sample cups, and, in some cases, in-line monitoring instruments. The 
sample-cup pit is covered by a stainless steel ventilation hood for the 
control of airborne contamination, while the access door to the pit is 
open. The other pits are covered with shielding blocks. The thickness of 
concrete shielding provided at a B-type sampler station varies between 
6 inches and slightly over 3 feet. 

3.11.3.2 B-Type Samoler Details 

The 8-type sampler is -an inverted J-shaped dip tube as shown in 
Figure 3-95. The entire assembly is rigidly hel~ together by means of 
air-tight screwed and gasketed joints. The lower, longer leg is inserted 
to a point below the operating liquid level in the sample cup, and the · 
end of the upper, shorter leg, which tenninates in a pipette tip, has a 
threaded adapter to receive a 11 bayonet 11 sample assembly. The bayonet 
assembly consists of a 5-mi glass serum bottle in a threaded steel shield
ing container. The bottle and shielding container fit over.the end of the 
pipette tip. 

The sampler functions in the following manner: while liquid is drawn 
through the sampler cup by the sampler jet, the negative pressure (vacuum) 
in the sample cup is equal to that in the pipette tip and sample bottle. 
As the pressure in the pipette tip increases to equalize that in the 
sample cup, liquid is drawn up through the dip tube into the sample bottle. 
By alternately starting and stopping the sampler jet, liquid sample is 
transferred in i-ntennittent spurts to the sample bottle. 

3.11.3.3 Modified B-Type Sampler Details 

Several of the B-type samplers, as indicated in Table 3-23, have 
been modified so that larger volumes of samples can be taken. As shown 
in Figure 3-96, the J-shaped dip tube, characteristic of B-type samplers, 
has been replaced with 0.25-inch-diameter Tygon tubing attached to the 
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stainless steel pipe extending into the sample cup. The other end of the 
Tygon tubing is attached to a threaded cap of a 2-ounce sample bottle. 
When this sample bottle is not in use, a smaller service bottle is 
threaded onto the cap to contain drips and close the sampler system. 
Recirculation of liquid in the sampler is accomplished by the same 
principle described for B-type samplers. 

3. 11 .4 C-Type Sampler 

C-type samplers are used for sampling slightly radioactive process 
solutions. Little or no shielding is required at the sample stations, 
wh·ich are stainless steel boxes located in the sample gallery. Samples 
taken with C-type samplers are relatively large compared to those taken 
with A- and B-type samplers. A typical C-type sampler is shown in 
Figure 3-97. 

C-type sampler operating comp_onents include -the following: 

• .A 120-mt (4-oz nominal size) glass sample bottle fitted 
with flexible plast1c tube connections inserted in a 

. two-hole rubber stopper. 

• An air-operated jet (without sample cup) piped to transfer 
liquids from the sampling point, via the sample bottle, 
and back to the sampling point, using an air bleed. 

Valves necessary for operation include one each in the sample bottle 
inlet and outlet lines, and one for control of air to the jet. 

3.11.5 Product Removal Room Samplers 

Sample stations are provided in the PR room for sampling Tanks L9 
and Lll. Tank L9 is the sample tank for plutonium nitrate product from 
Tank LB. Tank Lll collects various PR room and third plutonium cycle 
solutions, including SLL and SLK Sumps, stripper T-L6 and concentrator E-L7 
flushes, out-of-specification product, and PR room hood flushes. 

In Tank L9, samples are taken using an air jet to circulate solution 
through a four-way valve. As liquid flows through the valve, the valve is 
given a quarter of a turn, trapping some liquid. The liquid drains down 
into a 1-ounce plastit bottle attached to the bottom opening of the valve. 
The valve is vented at the top to allow the liquid sample to flow into the 
bottle. The valve is given a sufficient number of one-quarter turns to 
provide the desired sample volume. 

The procedure for sampling Tank Lll is similar to that for Tank L9, 
except that an electric recirculation pump is used instead of the air 
jet. The full sample bottles are loaded out of the sampling hood, sealed 
in ice cream cartons, and shipped to the laboratory for analysis. 
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3. 11.6 Tank Q6 Sampler 

Samples are obtained from Tank Q6 with the same type of sampling 
equipment used with Tank Lll. 

3.11.7 Gas Samplers 

Gas samplers are used for sampling process off-gases. The concen
trations of radioactivity, in tenns of particulate matter and radioactive 
gases, are detennined by analysis of components which are absorbed or 
filtered from a representative volume of the off-gas stream. 

A gas sampler consists of a jet for transfer of the off-gas sample 
from.the sample point to the analyzers, which are located at sample 
stations in the sample gallery. Sample stations are available for taking 

· samples from: (a) the dissolver off-gas system, (b) the vessel vent and 
condenser vent headers, and (c) the E Cell anmonia-hydrogen scrubber 
system. 

3.12 CONDENSERS 

Condensers of various· sizes and configurations are used in nearly 
all phases of the Purex process. They are ·of a tube-and-shell design, 
with all surfaces that contact process fluids made.of 300 series stain
less steel. 

3.12.1 Condensers E-J8-2, E-K4-2, E-H4-2 and E-FS 

Except for very minor design differences, condensers E-J8-2, E-K4-2, 
and E-H4-2 connected to concentrators E-J8-l, E-K4-l, and E-H4-l, respec
tively, and condenser E-FS connected to the nitric acid absorber, T-FS, 
a re i den ti ca 1. As shown in F-i gure 3-98, these condensers are l O l /2 feet 
long and 37 inches. in diameter. All are insulated with fiberglass blanket. 

The condensers are mounted horizontally over the concentrator towers. 
Each condenser contains 568 horizontal 1-inch-diameter tubes which carry 
cooling water. Heat transfer area, based on the inside diameter of the 
tubes, is 1,047 square feet. Tube sheet baffles are arranged so that 
cooling water makes six segmental passes through the condenser before 
discharge . 

. Overhead vapors from the concentrator enter the condenser through 
a 16-inch inlet pipe into an enlarged diameter section of the shell. 
Four baffles are arranged to-promote crossflow of the vapors in the shell. 

l.12.2 Process Vent Condenser E-F1 

Condenser E-Fl, which servel to condense steam from the three process 
yent jets and some vapors from the process vent system, differs in design 
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FIGURE 3-98. Condensers E-FS, E-H4-2, E-J8-2, and E-K4-2. 
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from the condensers described previously only in the vapor inlet and out
let nozzle configurations. Jet steam and vapors from the canyon cell 
vessel vent system, the condenser vent system (from E-JB-2, E-K4-2, 
E-H4-2, E-L7-2, and E-L6), and from condenser E-FS, enter E-Fl through 
an 8-inch, three-nozzle manifold in the side of the condenser, as shown 
in Figure 3-99. Noncondensible vapors and particulates not removed in 
E-Fl leave the condenser through a 10-inch nozzle and are routed to the 
process vent steam heater, E-F2. 

3.12.3 Condenser E-Fll-2 

Water vapor from concentration of ammonia scrubber waste is con
densed in E-Fll-2, which is mounted over the tower of concentrator 
E-Fll-1. Ammonia in the vapor is absorbed in the condensate, which 
collects on the shell side of the condenser. The condenser, shown in 

.Figure 3-100, is similar in external design to those described in 
Section 3.12.l. -Like those condensers, the shell of E-Fll-2 is 
10 1/2 feet long, and the cooling water manifolds and· vapor inlet pipe 

·are identical to those of the other large concentrator condensers. 
Internally, E-Fll-2 contains 1,060 horizontal tubes, 3/4- inch in diameter 
by 10 feet long, which carry the cooling water. Four baffles direct the 
vapor in a crossflow pattern outside· the tubes. 

The ammonia-containing condensate drains through a weir pot connected 
to the side of the condenser. The weir pot in the drain keeps 20% of the 
heat transfer area of the tubes submerged in condensate in order to subcool 
the condensate to increase its affinity for absorbing ainmonia vapor. A 
portion of the condensate (up to 15 gal/min) is pumped back into the 
shell side of the c6ndenser on the opposite end from the vapor inlet. 
This spray scrubs most of the residual ammonia from the vapor stream 
before the vapor is routed to the ammonia vent system. 

Unlike the condensers described previously, E-F11-2 is not insulated. 

3. 12.4 Waste Rework Condenser E-F9 

Vapor from boiling product-bearing waste solution in TK-FB is con
densed in vessel E-F9, and the condensate is either routed to TK-F7 or 
refluxed to TK-FB. Condenser E-F9, shown in Figure 3-101, has an outer 
shell 10 feet long by 18 inches in diameter, which is insulated with 
a layer of fiberglass blanket. Like the large concentrator condensers 
described in 3.12.1, the vapor inlet to E-F9 enters an enlarged settion 
of the shell containing an impingement baffl~. Segmented baffles ar9und 
the tubes cause crossflow of the vapors as they pass over the tubes. 

-
The condenser tube bundle contains 108 1-inch-diameter horizontal 

tubes which transfer the cooling water. The tube sheet is sectioned so 
the water makes four tube passes before it discharges from the condenser. 
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3. 12.5 Plutonium Process Condensers E-L6, E-L?-2, and E-Ll2 

Condensers E-L6 and E-L?-2 condense the overhead vapors from plutonium 
stripper T-L6 and plutonium concentrator E-L?-1, respectively. Condenser 
E-Ll2 condenses steam from the vacuum jet for the plutonium rework re
ceiver vessel, TK-L11. As shown in Figure 3-102, the designs of E-L6 and 
E-L?-2 are identical, while E-Ll2 differs only in the· sizes of the vapor 
inlet and condensate drain nozzles. 

Each condenser is 75 inches long with a shell made of 6-inch pipe. 
Ten horizontal tubes, 1 inch in diameter, carry the c9oling water. ~our 
baffles inside the shell direct the vapor in a crossflow pattern through 
the condenser. 

3.12.6~-g Cell Vent Condenser E-Q9 

Condenser E-Q9 condenses vapor from the neptunium stripper-concentrator 
and ~ondenses steam from the jet which vents the Q hot cell vessels. The 
condenser shell, as shown in Figure 3-103, is 64 inches long and is made 
from Schedule 40 8-inch pipe. Unlike other condensers described 
previously, the tube sheets of E-Q9 are welded to both the condenser 
shell.and heads. Also, all entrant and effluent lines .attached to E-Q9 
are welded in place, rather than being joined with flanges as with the 
other condensers. · 

fifteen horizontal 1-.inch-diameter tubes for cooling water flow are 
contained in the condenser. Four baffles inside the shell direct the 
vapors across the tubes for cooling and condensation. 

3.12.7 U Cell Condensers E-U6-l, E-U6-3, and E-U6-4 

Condensers E-U6-l, E-U6-3, and ~-U6-4 are used to handle the off-gas 
from the vacuum fractionator, T-U6, and jet steam for evacuating T-U6. 
The three condensers are connected in series, with E-U6-l attached to 
T-U6, and followed successively by E-U6-3 and E-U6-4, as shown in Fig~ 
ure 4-16 in Chapter 4.0. Overhead vapor from the vacuum fractionator 
is condensed in E-U6-l, while steam from the two-stage jet vacuum system 
for the fractionator is condensed in E-U6-3 and E-U6-4. 

Condenser E-U6-l, shown in Figure 3-104, is about 19 feet long and 
42 inches in diameter. Fractionator overheads enter the condenser through 
a 24-inch nozzle near the end of the shell. Inside the shell, the vapors 
contact a tube bundle containing 1,246 horizontal tubes 3/4 inch in 
diameter, which carry cooling water. The water makes six passes before 
it discharges_to the cooling_water header. 

Steam from jet ejector J-U6-l enters condenser E-U6-3 through a 
1-inch nozzle in one end of the head. The steam enters and is condensed 
in 14 horizontal tubes 3/4 inch in diameter. Cooling water passes in 
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crossflow outside the tubes. As shown in Figure 3-105, the condenser 
is about 74 inches long with a 5-inch-diameter shell. Vacuum on the 
condenser is provided by ejector J-U6-2. 

Condenser E-U6-4 condenses steam from J-U6-2, and noncondensibles 
discharge to the U Cell vessel system. The condenser (see Figure 3-106) 
is about 11 feet long with a 5-inch-diameter shell. As in E-U6-3, steam 
is condensed in 14 horizontal tubes, 3/4 inch in diameter, and cooling 
water is directed in crossflow by baffles on the shell side. 

3. 13 ACID ABSORBERS 

Three bubble-cap towers are used in the Purex Plant for the recovery · 
of nitric acid. One tower (T-FS), located in F Cell, recovers acid which 
is vaporized in the lWW waste concentrator (E-F6-l). The remaining two 
towers (T-XA and T-XB) are located in the 293-A.Building (backup faciiity). 
The XA and XB absorbers are installed in series and absorb nitrogen oxides 
generated tn the dissolvers during metal dissolution. All three absorbers 
use water or dilute nitric acid as the liquid absorbent. Acid recovered 
in each absorber is routed through Tank F3 to the vacuum fractionator 
(E-U6) for·concentration. · 

3. 13. l. Canyon Nitric Acid Absorber (T-FS) 

The FS nitric acid absorber, shown in Figure 3-107, originally func
tioned as an acid fractionator with a reboiler attached to the bottom. 
This function, however, was replaced when the acid vacuum fractionator 
(T-U6) was ~nstalled in the Purex Plant. The absorber is~ 20-fcot-high 
tower divided into two sections. The 3-foot 6-inch-diameter lower sec
tion, fo\"lllerly used for fractionation, contai~s- 8 ·trays spaced 12 inches· 
apart. Each tray holds 59 3-inch-00 bubble caps set over 2-inch-00 by 
2 9/16-inch-high vapor risefs, and overflow weirs 1.5 inches high. Three 
lines· fo\"lllerly used for draining chloride-bearing acid from the fraction-. 
ator are attach~d to the bottom of plates 3, 4, and 5 respectively. 

The upper absorption section of the tower increases in diameter to 
10 feet and contains 7 trays spaced 12 inches apart. Each tray in the 
u~per section is constructed with 156 5-inch-OD bubble caps set over 
3.5-inch-OD by 2 1/4-inch-high vapor risers, and overflow weirs 1.75 inches 
high. Vapor from the waste concentrator enters T-FS via a 16-inch-diameter 
line at the bottom of the upper tower section (between trays 8 and 9). 
Absorption water, recycled from the absorber ·condenser (E-FS), enters the 
absorber through a nozzle in the top of the tower. Vapor from the absorber 
leaves the top of the tower through a 16-inch line. 

Operation of the acid absorber is described in Section 4.8. 1.3. 

The F5 absorber was constructed according to Class I vessel specifi
cations (see Section 3.1 .4.1). All parts, excluding external supports, 
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are fabricated of Type 304L stainless ~teel with one-mil surface finish 
on both sides. The design data for the FS acid absorber are summarized 
in Table 3-24. 

TABLE 3-24. Canyon Nitric Acid Absorber (T-FS) Design Data.* 

Shell Working Pressure 
Shell Design Pressure 

,. Shel 1 Working Temperature 
Shell "Design Temperature 
Specific Gravity of Contents 
Corrosion Allowance 
Radiographed 
Construction Specifications 

* 

40 in. of water, vacuum 
5 psig internal 
5 psig external 
2oa°F 
450°F 
1.3 

None 
Yes 
HWS-5540 

H-2-52535 F .Construction Drawing, "Chemical Equipment 
Class I Vessel - .10 1 -011 x 26 1 -l" Tower - T-FS. 11 

3.13.~ 293-A Building Acid Absorbers {Backup Facility) 

Two absorbers (T-XA and T-XB) for recovering nitric acid are located 
in the 293-A Building. Operation of the absorbers is described in Section 
4.3.6.2. The XA absorber, shown in Figure 3-108, is a 6-foot-diameter by 
22-foot-high column containing 8 trays spaced 2 feet apart. Each of the 
top 5 trays holds 33 6-inch bubble caps while the bottom 3 trays contain 27 
6-inch bubble caps. Bubble caps are constructed from 6-inch-00 caps 
with serrated edges set over 4-inch-00 by 2.75-inch-high rise~s. Each 
tray also has an overflow weir 2.75 inches high. Routings to liquid 
coolers are provided between the top five plates. The coolers, which are 
heat exchangers, reduce the liquid temperature, thereby increasing the 
absorption capacity of the liquid. Liquid is taken from a plate, cooled 
and routed to the next lower plate. Liquid feed points are located at 
the top of the column and between trays 3 and 4. Gas is fed to the 
bottom of the column, exits from the top, and is then routed to the 
bottom of the XS absorber. 

The XB absorber, as shown in Figure 3-109, is a 4-foot 6-inch-OD by 
20-foot-high column with 8 tr-ays spaced 2 feet apart. Each tray contains 
22 6-inch bubble caps set on a 4-inch-OD vapor riser, and a 1.5-inch-hig~ 
overflow weir. The XB column is a simple counterflow absorber with liquid 
entering at the tap and gas at the bottom. · 
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The XA and XB acfd absorbers are fabricated from Type 304L stainless 
steel and designed for contact maintenance. The design data used to con
struct the XA and XB columns are summarjzed in Table 3-25. 

TABLE 3-25. 293-A Building Acid Absorber Design Data.* 

Design Pressures 

Design Temperature. 
Specific Gravity of Contents 
Corr·osion·A 11 owance 

. Rad i ographed . . ":) ,:: .. 

Specifications ·.·. ' 
.··:,:-·-._. 

Full of liquid and 
0.5 psig, vacuum 
150°F 
l. 2 

0.06 in. 
:.No 

• .1 ' ' ·. : . . . ' . ' . .,~ : . 

·, HWS,-5776,'°':Revfsion I 
* · .. ,··c: '•.' 

H-2-57002 Constructio.n Drawing, 11 Nitric Acid Absorber. 11 

3.14 NITRIC ACID VACUUM FRACTIONATOR 

The nitric acid vacuum fractionator (T-U6) receives as feed dilute 
nitric acid from the acid absorber (T-F5), the backup facility (XCA 
stream), and the uo3 Plant via Tank US. The composite feed nitric acid 
concentration is 20 wt%, and the nitric acid product is 50 wt%.· The 
fractionator is located in the 206-A Building, which is north of the 
main Purex processing building (202-A). Operation of the fractionator 
is described in Section 4.8. 1.4 of Chapter 4.0. 

The vacuum fractionator is shown in Figure 3-110. It consists of 
an insulated tower 8 feet OD and about 35 feet high, fabricated from 
3/8-inch plate. The tower is enclosed by dished heads and contains 14 
trays spaced 18 inches apart. Each tray has 86 bubble caps located on 
an 8-inch equilateral triangular pitch. The bubble caps are 6.75 inches 
OD surmounting 4.75-inch-00 risers. The two types of overflow weirs 
used on the trays are also shown in Figure 3-110. 

The fractionator was fabricated from Type 304L stainless steel and 
was designed for contact maintenance. The design data used in the con
struction of the unit are surrmarized in Table 3-26. 

Liquid feed from Tank US enters the tower through one of three lines 
which feed trays 8, i, and 10, respectively. Liquid leaves the tower 
via one of two nozzles at the bottom, such that a portion of the liquid 
returns to the reboiler and the remainder goes to the product tank 
(TK-Ul or TK-U2). 
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TABLE 3-26. Acid Vacuum Fractionator Design Data. 

.{·"•: .-~ . 

Design Pressure 
Operating Pressure 
Differential Pressure 
Design Temperature 
Operating Temperature 

Reboiler Heat Transfer 
Coefficient 

Corrosion Allowance 

Full Vacuum 
· 100 l11Tl mercury 
· 30 to 35 in. of water 
205°F 
125°F (Top) 
170°F (Bottom) 

218. Btu/hr-ft2-°F 
b~06 in., all surfaces 

The reboiler, shown in Figure 3-110, is a vertical 42-inch-ID cylin
drical vessel.·. Condensing steam on the outside .of 558 1 1/4-inch-OD 
tubes on a 1 9/16-inch equilateral triangular pitch supplies the heat 
for fractionation. 

Vapor from the reboiler enters the fractionator through a 24-inch
diameter nozzle at the bottom, and vapor leaves the tower to condenser 
E-U6-1 (described in Section 3. 12.7) through a 24-inch-diameter nozzle 
at the top; 

Four drain lines for purging chloride-bearing nitric acid from the 
fractionator are located under trays 6-9, respectively, and exit through 
the side of the tower.· 

3.15 NEPTUNIUM CYCLE ION EXCHANGE COLUMN 

A fixed bed ion exchange column is used to perform the final purifi
cation of neptunium in the Purex Plant. The 3X column (T-Q4), located . 
in Q Cell, is loaded with the nitrate form of the anion exchange resin, 
Amberlite IRA-97, to process nitric acid solutions containing neptunium. 
Operation of the column is described in Section 4.6.2. · 

The 3X ion exchange, shown in Figure 3-111, is a 6-inch-ID stain
less steel pipe 10.5 feet long, with a 1-inch annular heating-cooling 
jacket surrounding the pipe. Plain Dutch twill screens, 24 by 110 mesh, 
have been flanged into the top and bottom of the column to provide a · 
resin section approximately 9.5 feet long. A sonic probe used to de
termine the level of the resin inside the column during operating periods 
is inserted into the top of the column via a flanged connection. Temper
ature and pressure control systems are incorporated with the operation 
of this equipment. A pressure relief system, which includes a 100-psig 
rupture disc, serves as a safety device against possible pressurization 
of the column. A degassing system, composed of a steam jet connected 
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to the top of the column, allows the removal of any gas formed within 
the resin during operation. Resin is remotely added through a nozzle 
near the top of the coTwnn, and removed _through a nozzle near the 
bottom. ·· 

The components of the 3X column are constructed of Type 304L stain
less steel. Design data for the 3X column and steam jacket are listed 
in Table 3-27. 

TABLE 3-27. 3X Column Design Data. 

Column 
.. 

Normal Operating Pressure 
Design Pressure 
Operating Temperature 
Design Temperature 
Fluid 

Steam Jacket 
Nonnal Operating Pressure 

Design Pressure 
Design Temperature 

·100 psig 
200 psig 
59° to 176°F 
300°F 
Resin and Aqueous 
Nitrate Solution 

90-psig water 
30-psig steam 
90 psig 
300°F 

The column was hydrostatically pressure tested to 400 psig while 
the jacket was tested to 180 psig. All welds were in accordance with 
HWS-8242, and examined using carpenters' blue chalk during hydrostatic 
pressure tests. 

3.16 CANYON PROCESS VENTILAT!OU SYSTEM EQUIPMENT . 
The canyon process ventilation system, described in Section 4.12, 

is supplied by three subsystems. The vessel vent header, operated by 
t"he J-Fl-1 jet, vents most of the process vessels in the canyon. The 
canyon condensers, except for E-FS, are vented by J-Fl-2j and E-FS, which 
vents the acid absorber, is vented by J-Fl-3. Gaseous and particulate 
effluents exhausted by the three jets are treated in the canyon process 
ventilation equipment. After this treatment, the remaining effluents are 
discharged to the 202-A Building air ventilation system (see Section 2.3.1), 
where the air is f1ltered and vented to the atmosphere through the 
291-A-l stack. 
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In addition to the three vent jets, which are described in 
Section 3.9.2, the canyon process vent system equipment consists 
sequentially of a condenser (E-Fl), described in Section 3.12.2, a 
steam heater (E-F2), a silver reactor (T-F2), and a filter (F-Fl). 
The steam heater and filter are of the same design as the steam heaters 
and filters in the dissolver off-gas systems, described in Section 3.4. 
The silver reactor differs in design from the A and C Cell silver 
reactors only in the method of heating. Instead of being heated with 
an external steam coil, as are the dissolver off-gas system reactors, 
the canyon ventilation silver reactor is steam-heated through an 
insulated external jacket. 

.3 .17 REFERENCES 

1. Hesson, G. M., et. al., "Organic Continuous Pulse Column Cartridge 
for Purex A-Type Columns," HW-49181, General Electric Company, 
Richland, Washington, M~rch 22, 1957. 

2. Jeppson, o. ~-, 11 Purex Flowsheet Reprocessing N Reactor Fuels, 11 

ARH-F-103, Atlantic Richfield Hanford Company, Richland, 
Washington, November 24, 1976. 

3-240 



·~·· 

CONTENTS 

CHAPTER 4.0 - PROCESS DESCRIPTION 

4. l TRANSPORT OF FUEL ELEMENTS. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4- l 

4.2 

4.3 

4.4 

4. l. l Fuel Element Shipping .............................. 4-2 
4.1.2 Fuel ·Handling and Dissolver Charging Procedures •..• 4-6 

COATING REMOVAL AND METATHESIS ••••••••••••••••••••••••••••• 4-9 
4-11 
4-12 
4-12 
4-15 
4-20 
4-24 

4. 2. l 
4.2.2 
4.2.3 
4.2.4 
4.2.5 
4.2.6 
4. 2. 7. 

Cladding Dissolution .......•••........... i··· ..... . 
Metathesis Reaction .........•............•......... 
Dissolver Metathesis Rinse ........................ . 
Coating Waste Handling and Uranium Recovery ....... . 
Off-Gas Trea t:Inen t . ......... o ••••••••••••••••••••••• 

Process Control and Off-Standard Conditions •...•... 
Process Safety and Criticality Prevention --

Coating Remova 1 ••.••• o •• o •• · ••••••••••••••••••••• 4-25 

URANIUM DISSOLUTION AND FEED PREPARATION ••••••••••••••••••• -4-28 
4. 3_. l 
4. 3-. 2 
4.3.3 
4.3.4 
4.3.5 
4. 3. 6-
4. 3. 7 
4.3.8 

Head~End Process Flow Diagram •........•.•.....•.... 4-30. 
Complexing of Fluoride Ionso ....................... 4-30 
Uranium Dissolution Process Variables •............. 4~32 
Dissolver Rinse •.............................•..••. 4-33 
Metal Storage and Feed Preparation .......•....•.•.. 4-34 
Off-Gas Treatment .... · ..... Cl ••••••• o •••••••••••••••• 4-34 
Process Control and Off-Standard Conditions ........ 4-36 
Process Safety and Criticality Prevention ••........ 4-39 

SOL VENT EXTRACT I ON ••••••••••••••••••••••• o • • • • • • • • • • • • • • • • • 4-39 
4.4. l First Decontamination and Partition Cycle .......... 4-40 
4.4.2 Final Uranium Cycle ............•......•............ 4-48 
4.4.3 Final Plutonium Cycles ............................. 4-52 
4.4.4 Solvent Extraction Startup Procedures ....•......... 4-57 
4.4.5 Solvent Extraction Shutdown ..•...••.•.•..........•. 4-58 
4.4.6 Mechanical Pulsers •............•..........•........ 4-59 
4.4.7 Air Pulsers •........•...............••..•......•... 4-59 

.4.4.8 Pulse Column Interface Control ..................... ·4-61 
4. 4. 9 l CU Concentrator Operation ......................... 4-62 
4.4.10 Process Safety and Criticality Prevention .......... 4-64 
4. 4. 11. Process Control ...................•............•... 4-67 

4. 5 _.FINAL URANIUM AND PLUTONIUM CONCENTRATION •••••••••••••••••• 4--85 
4.5. l Properties and Compositions of Uranium 

Product Solutions ...........................•... · 4-85 
4.5.2 Special Chemical Problems .......................... 4-85 
4.5.3 Uranium Concentration Process ...................... 4-87 
4.5.4 Properties and Compositions of Plutonium 

Product Solutions. . . . . . . . . . . . . . . . . . . • . . . . . . . • . • . 4-95 
4.5.5 Chemistry of Plutonium Nitrate ..................... 4-97 
4.5.6 Plutonium Concentration Process ..... -............... 4~98 

4-i 



~, 
~·· 
r--,. 
~. 

.• Iii 

fl,D. 
r--,~ 
t~J. 
r-,.-:, 

:j=''""· 
C\i ... ,, 

RHO-MA-116 

4.6 BACKCYCLE WASTE AND 'NEPTUNIUM RECOVERY ..................... 4-104 
4.6.l Neptunium Recovery Cycle .•.........••.••........•.. 4-105 
4.6.2 Neptunium Purification ...............•............. 4-115 
4.6.3 Backcycle Waste System .....................•....... 4-128 

4. 7 SOLVENT TREATMENT ...............•.........•...............• 4-134 
4.7.l Solvent Impurities .•....•...••..•.•......•......... 4-134 
4.7.2 Solvent Washing •.••••••••••••.•••••••••.•..•..•.... 4-137 
4. 7. 3 Replacement of Sol vent Losses. • • . • . . . . • . . • . • . . . . • . • 4-142 
4.7.4 Routine Flushing of Equipment •..•.•....•.•..•...... 4-143 
4.7.5 Off-Standard Conditions .....•.•............•...•... 4-144 
4.7.6 Process Safety ..•...................••........•.... 4-145 
4.7.7 Alternate Solvent Treatment Methods .•......•.•.•... 4-147 

4.8 ACID RECOVERY AND WASTE DISPOSAL ........................... 4-148 
4. 8. l ·Acid Recovery. . . . . . . . . . . . . . . . . . . • . . . . . . . • • . . . . . . . . . 4-149 
4.8.2 Waste Treatment and Dfsposal. .••••..•..•••..•...... 4-165 

4. 9 SOLID WASTE DISPOSAL. .••..•........••.....••.. : ............ 4-173 
4.9.1 Solid Nonradioactive Wastes ...•.......•..•......... 4-173 
4.9.2 Solid Radioactive Waste .....•..•.•.....•........... 4-173 
4.9.3 Monitoring of Solid Waste ........................... 4-174 
4.9.4 Solid Waste Disposal Process Safety and 

Criticality Prevention .•....••••••••••.........•. 4-174 

4.10 PRODUCT LOADOUT ANO SHIPMENT ..•...•..•.••••••.•............ 4-176 
4.10.1 Uranium Product Handling ...•. ·~ •.•••••.•.•....•.•... 4-176 
4.10.2 Plutonium Product Handling ..••.....••.•.•........... 4-184 
4.10.3 Neptunium Product Handling ............... : ....••.•. 4-195 

4. 11 AQUEOUS MAKEUP. • • • • . . • . • . . . . . . . . • • • . . • • • • • • . • • • • • • • . • • . . • • . 4- 199 
4. 11 . l Aqueous Chemi ca 1 Data. . . . . • . . . • • . . • . • . • • . . . . . • . . . . . 4-199 
4.11.2 Makeup and bistribution Facilities .....•.........•. 4-204 
4.11.3 Process Water .....•........••..•••.•••.•.....••.... 4-210 
4.11.4 Chemical Handling .................................. 4-214 

4. 12 PROCESS VENTILATION SYSTEMS. .. . . . .. . . . • • . • • • • • . • • . . • • • .. . . • 4-222 
4.12. 1 Process Vent System Flowsheet .•...•••••............ 4-223 
4. 12.2 Condenser and Vessel Vent Systems Operation •....... 4-223 
4.12.3 Iodine Removal by Silver Reactor ....•••.•.........•. 4-227 
4.12.4 291-A Stack Operations ...•••.....................•. 4-227 
4. 12.5 Q Cell Process Vent System ••.••.•......•.•...•.••.. 4-228 
4. 12. 6 Ammonia Scrubber Vent System ....................... 4-229 

4.13 ANALYTICAL METHODS ........................................ . 
4. 13. 1 
4. 13.2 
4.13.3 
4. 13.4 
4. 13.S 

Definition of Tenns ............................... . 
Physical Property Determinations •...•..•.. ~ ....... . 
Chemical Determinations ....•.••••.••..•...•.•••..•• 
Radiochemical Determinations ........•.............. 
Explanation of Tables ............................ .. 

4-ii 

4-229 
4-229 
4-230 
4-231 
4.-231 
4-233 



,.:u~~~:•• 

··~~ 
;5.:...,-1 

..... 

·_ .. -!';' ·;,.' 

RH0-MA-116 

4. 14 REFERENCES.................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-255 

FIGURES: 
4-1 
4-2 

4-3 
4-4 

4-5 
4-6 

'.! ·4-7 
4-8 
4-9 
4-10 

4-11 
4-12 
4-13 

4-14 
4-15 
4-16 

4-17 

4-18 

4-19 
4-20 
4-21 
4-22 
4-23 

TABLES: 
4-1 
4-2 
4-3 
4-4 

Purex Process Flow Diagram.: ........................ . 
Coating Removal and Uranium Dissolution Process 

Flow Diagram ..................................... . 
Tank OS Sampling System~ •.••.••.•.••...•••.•.•..••••. 
First Decontamination and Partition Cycle 

Process Fl ow Di a gram ••..•.....•................... 
Final Uranium Cycle Process Flow Diagram ............ . 
Final Plutonium Solvent Extraction Cycles 

Process Fl ow Diagram ••.•..••...•..•...•..........• 
. Uranium Concentration Process Flow Diagram ••••......• 
· Plutonium Concentration Process Fl ow Diagram •..•..... 

Second Neptunium Cycle Process Flow Diagram •...•..... 
Second Neptunium Cycle -- Phase I, II, III 

Operation Fl ow Diagram •.......•..........•....•... 
Neptunium Purification Process Flow Diagram •..•...... 
Backcycle Waste Process Flow Diagram •...•..•..•...... 
Solvent Treatment Systems 1 and 2 --

Process Fl ow Di a grams ....•.........•. : •........... 
Waste Concentration and Handling Flow Diagram ...•..•. 
Nitric Acid Absorber Flow Diagram •...•..•.•.•..••.... 
Vacuum Fractionator and U Cell· System Flow 

Diagram .......................................... . 
203-A UNH Storage Area Process Piping and · 

Fl ow Di a gram . ............. o ••••••••••••••••••••••• 

UNH Shipping Trailer Loading and Unloading 
Routes ... o •••••• o ................................. . 

PR Room Process Flow Diagram •........•............... 
Neptunium Product Handling Process Flow Diagram •..... 
AMU Floor Pl ans ......... · ................... : ........ . 
AMU Area Elevations ................................. . 
Process Vent System Flow Diagram •..•.......•......... 

4-3 

4.:io 
4-31 

4-41 
4-49 

4-53 
4-88 
4-96 
4-106 

4-107 
4-117 
4-129 

4-138 
4-150 
4-158 

4-162 

4-177 

4-179 
4-185 
4-196 
4-205 
4-206 
4-224 

Zirflex Decladdin~ Streams •..............•.........•. 4-13 
Metathesis Streams ..........•.•................... ~ .. 4-14 
Head-End Waste Di sposa 1 Streams ...................... 4-16 
Centrifuged Uranium Metathesis and Dissolution 

Streams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17 
4-5 Ammonia Scrubber Water and Ventilation System 

Steam Condensate Concentration and Disposal 
Streams ........................................... 4-23 

4-6 Dissolver Charging and Decladding -
Off-Standard Conditions ........................... 4-26 

4-7 Uranium Dissolution, Feed Preparation, and 
Dissolver Off-Gas Treatment Streams ........•.....• 4-29 

4-8 Dissolver Solution Compositions for Dissolution 
of Fuel Enriched to 0. 947% U-235 .................. 4-33 

4-iii 



<J;;;j. -._ 
tr.';;. 
!/"""'-,._ 
~~. 

l;i 

[.,;J'.""
~~~-. 
!t'-.,J: 
ift~ 

.~ .. "r.-' 

~: 

RHO-MA-116 

4-9 Uranium Dissolution - Off-Standard Conditions ........ 4-38 
4-10 First Decontamination and Partition Cycle Streams .... 4-42 
4-11 Final Uranium Cycle Process Streams .................. 4-50 
4-12 Final Plutonium Cycle Process Streams ................ 4-54 
4-13 First Decontamination Cycle - Off-Standard 

Conditions ........................................ 4-70 
4-14 Partition Cycle - Off-Standard Conditions .•.......... 4-72 
4-15 Final Uranium Cycle - Off-Standard Conditions ........ 4-74 
4-16 Second Plutonium Cycle - Off-Standard Conditions ..... 4-76 
4-17 Third Plutonium Cycle - Off-Standard Conditions ...... 4-78 
4-18 Physical Properties and Compositions of Uranium 

Streams . .. ~- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-86 
4-19 Uranium Concentration - Off-Standard Conditions ..•... 4-93 
4-20 Physical Properties and Compositions of Plutonium 

Streams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-95 
4-21 Plutonium Concentration - Off-Standard Conditions .... 4-103 
4-22 Second Neptunium Cycle Process Streams - Phase I. .... 4-108 
4-23 Second Neptunium Cyc.l e Process Streams - Phase I I.... 4-111 
4-24 Second Neptunium Cycle Process Streams - Phase III ... 4-112 
4-25 Second Neptunium Cycle - Off-Standard Conditions ..... 4-116 
4-26 Neptunium Concentration and Purification -

Q Ce 11 Streams. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 4-118 
4-27 Backcycle Waste System Process Streams - Phase I ..... 4-130 
4-28 Backcyc1e W~ste System Process Streams -

Phases II, III .................. .- ....•............ 4-131 
4-29 Solvent System .Streams .............. ~··············~· 4-139 
4-30 Sol'lent Treatment - Off-Standard C-onditions ......•... 4-146 
4-31 High-Level Waste Concentration and Sugar 

Denitration Streams ................................ 4-151 
4-32 Waste Concentration - Off-Standard Conditions ........ 4-155 
4-33 Nitric Acid Absorption Streams ....................... 4-159 
4-34 Acid Absorber - Off-Standard Conditions .............. 4-160 
4-35 Vacuum Fractionator Streams .......................... 4-163 
4-36 Acid Fractionator - Off-Standard Conditions •......... 4-166 
4-37 Purex Pl ant Aqueous Effluents. . . . . . . . . . . . . . . . . . . . . . . . 4-169 
4-38 Aqueous Makeup Stock Solution Specifications ......... 4-200 
4-39 Aqueous Makeup Process Stream Specifications ......... 4-201 
4-40 Essential Materials Consumption ...................... 4-202 
4-41 Miscellaneous Essential Material Requirements ........ 4-203 
4-42 First Level Aqueous Makeup Tanks and Their Uses ...... 4-207 
4-43 Second-Level Aqueous Makeup Tanks and Their Uses ..... 4-208 
4-44 Third Level Aq·ueous Makeup Tanks and Their Uses .•.... 4-209 
4-45 Q Cell Aqueous Makeup Tanks and Their Uses •.•........ 4-211 
4-46 Comparison ·of Impurity Concentrations in Filtered 

Water to Process Water Specifications ............. 4-212 
4-47 Demineralizer Operating Parameters ................... 4-213 
4-48 Physical Measurements ...........................•.... 4-235 
4-49 Chemical Measurements ................................ 4-236 
4-50 Radiochemical Measurements ........................... 4-247 

4-iv 



.. .,, 

RHO-MA-116 

CHAPTER 4.0. PROCESS DESCRIPTION 

This chapter gives a detailed descFiption of the Purex process 
including fuel dissolution, solvent extraction separations, product • 
concentration and loadout, waste treatment and disposal, and solvent 
and acid recovery. Figure 4-1 is a schematic diagram showing the entire 
Purex process. Also included in the chapter is a section devoted to 
descriptions of the methods used in laboratory analysis of the various 
Purex process stream samples. 

Chapters 5.0 - 9.0 are devoted to discussions of the technological 
bases associated with each major element of the Purex process. 

4. 1 TRANSPORT OF FUa ELEMENTS 

Reactor fuel elements are delivered to Purex in heavily shielded 
.railroad cars on a regular schedule during plant operating periods. A 
shipment may require up to six cars, but generally includes only enough 
to provide one or two dissolver charges at a time. The N Reactor fuel 
is transported to Purex in several diff~rent types of canisters and two 
different kinds of casks, depend1ng on which 100 Area fuel storage basin 
it is delivered from. The handling equipment of the KE and KW storage 
basins requires that the fuel be shjpped in short canisters and casks. 
Fuel stored at the N basin, however, can be shipped to Purex in the 
original tall NPR .casks, which accomodate either short or tall canisters. 
The N basin is also capable of handling the short cask used at KE and KW 
basins. A detailed discussion of the shipping and transport equipment 
can be found in Chapter 3.0, Section 3.2. 

In this transaction between different Hanford contractors (UNC Indus
tries» Incorporated and Rockwe11), the responsibilities are clearly 
defined to achieve safe handling of the fuel and positive identification 
of the fuel being transferred. Positive identification also contributes 
to the safe operation of the Purex Plant, as this information is required 
to plan dissolver charge sizes and other operating criteria. The informa
tion describing the fuels in reactor basin storage is required in advance 
of any shipment to Rockwell, and .includes the following: 

• Enrichment level 

• Date of discharge from the reactor 

• Basin storage position 

• Number of pieces per canister 

• Uranium content of each piece 

. 4-1 



Cd. 
LJF; 
it~. 
lf=:J1: 

" rr~ 
if""-... 
Jr"J 
N=:? 
::(i!;.~: 

-=:;~-

cy-,,_ 

RHO-MA-116 

• Net weight of each canister 

• Total exposure of the fuels 

• Reactor power level. 

Plant input accountability is provided by this information, and is used 
as a check against the dissolver (TK-D5) solution analysis. 

Zirconium-clad Mark IV fuels (0.947% U-235 enriched) are handled 
differently than 11 spike, 11 Mark 1-A fuel elements (0.947 - 1.25% U-235 
enriched). Descriptions of the fuel elements processed in the Purex 
Plant are given in Chapter 5.0. Most Mark 1-A fuel elements are trans
ported in tall canisters and casks, although some spike fuel may be 
loaded in short canisters with hexagonal tops. 

4. 1.1 Fuel Element Shioping 

This section describes the shipping and handling of the casks con
taining fuel between_ the reactor storage basins and Purex, and within the 
Purex canyon. 

4. 1. 1. 1 Shipping and Handling Containers at Basins 

Modified short canisters and casks, described i·n detail in Chap-
ter 3.0, Section 3.2, are used at the KE and KW storage basins. The casks 
are handled and loaded in a similar manner at both the K_and N Area 
basins. A cask is removed from the cask car with a bridge crane. The 
lid is unlatched, and the cask is lowered into a water-filled loading 
pit. An underwater mechanism has been devised to remove the cask lid 
as the cask is lowered. Under approximately 20 feet of water, the cask 
is moved out from under the lid and is rested on the bottom of the pit. 
The cask is loaded with canisters in the prescribed manner, then.the 
lid is replaced as the cask is raised. After the lid is latched~ the 
cask is placed on a cask car for shipment to Purex. 

Zirconium-clad fuels from N Reactor are of tube-in-tube configura
tion, and are received in two types of two-barrel canisters. Short, 
28-inch-tall canisters normally contain fourteen 0.947% enriched fuel 
elements in a single vertical layer, while taller canisters (71 inches) 
contain up to four layers of fuel elements. Usually only 0.947 - 1.25% 
enriched spike fuel elements are transported in the tall canisters. 
Short canisters containing spike fuel elements are identified with octa
gonal lids. Positive identification by the crane operator of the fuel 
element type in each canister is not possible due to the distance involved. 

Nuclear criticality prevention during fuel transit is provided by the 
canisters and casks, whose design configurations physically limit the spacing 
of the accumulated fuel elements. Administrative controls are required after 
charging fuels t6 the dissolvers to prev~nt nuclear criticality. 
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4. l. 1.2 Rail Car Description 

The canisters filled with fuel elements are transported in massive 
casks. The casks are enclosed in water-filled tanks or wells installed 
on special railroad cars. The water provides cooling a,nd additional 
shielding. The tank covers are hinged and are opened with a gear box 
and chain ~nd sprocket mechanisms operated with a hand wheel. This 
system of containers is designed to effectively shield the large amounts 
of radiation emitted by the irradiated metal during the time it is con
tained in the car. Typically, the metal remains in a car about 20 hours 
before it is charged to· a dissolver. 

· · .. A thermometer is provided to periodically monitor the cask tank 
water temperature so that, if necessary, evaporated water can be replaced 
before the elements overheat (liquid level measurement is not available 
in the tanks). Overheating of the fuel elements could result in cladding 
rupture and contamination of the water. Continued loss of the water 
coolant by evaporation could create a potential for a uranium fire. Since 
the fuels to be processed are previously stored in water-filled basins 
for a minimum of 180 days following discharge from the reactor, over
heating of fuel in the cask tank is not expected. 

4. l. 1.3 Rail Car Handling 

The Purex dispatcher. regulates train entry into the railroad cut . 
and tunnel by means of electric locks on the gate and the tunnel outside 
door. When a load of fuel reaches the Purex Plant, the dispatcher is -
contacted by the train crew for permission to enter the railroad cut, . 
which is outside the northeast end of the 202-A Building. A member of 
Patrol is required to open the gate, whi.le an operating supervisor, an 
operator, and a radiation monitor are required to receive the shipment. 
After the train enters the tunnel, the tunnel door control is activated 
by the dispatcher. The operator confinns that the cask cars are positioned 
for unloading, and the crane operator verifies that the canyon overhead 
ventilation door is closed. The cask cars are pushed into the tunnel by 
the train crew. The engine is disconnected, and a car puller is hooked 
to the cars (as many as three) nearest the tunnel door (north end). This 
enables the crane operator, who does not have a view of the door-end of 
the tunnel, to position the cars in the tunnel after the door is closed. 
With the car puller hooked to the north car, he cannot accidentally push 
a car through the door. 

The cask car tank covers are opened with hand wheels on the tank by 
an operator before the tunnel door is closed. A visual inspection of the 
dissolver by the crane operator precedes the charging operation. Follow
ing the charge, empty canisters are returned to the casks. The overhead 
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door is closed and the dispatcher is notified. When the tunnel door is 
opened, the tank covers are closed and the cars are disconnected from. 
the car pull er. 

The cars must meet contamination release limits before they can be 
turned over to the train crew. This means that portions of the cars 
which the train crew may contact, such as couplers, levers, handrails, 
and footrails, are cleaned to 11 nonsmearable 11 condition. The cask car 
decks, tanks, and running gear (axles, shafts, etc.) have less restric
tive release limits. 

4.1.2 Fuel Handling and Dissolver Charging Procedures 

Charging fuels ·of 0.947% U-235 enrichment or 0.947 - 1.25% spike 
.. fuels to one of three identicaTly designed dissolvers is the first step 

in the coating removal process described in Section 4.2. Zircaloy-clad 
fuels are charged into a solution of ammonium fluoride-ammonium nitrate 
(AFAN) for coatin.g removal. 

4.1.2.1 Fuel Identification and Radiation Monitoring 

· A visual inspection is made to identify the fuel elements. before 
unloading to control the amount of fissile material in dissolver charges. 
Some fuel assemblies (0.947 - 1.25% enriched spike fuel) are fabricated 
with different U~235 enrichments in the outer and inner tube. For criti- · 
·cality control, only complete assemblies are charged, unless special 
specifications ~re involved. 

A radiation detection chamber, which activates a red light in the 
crane cab when radiation levels exceed the limit, is installed in the 
railroad tunnel to monitor the canisters as they are removed from the 
casks. This radiation signal is transmitted and recorded in the dis
patcher's office and the central control room. The alann level is set 
to detect the radiation equivalent to that of fuel cooled for 180 days. 
Insufficiently aged fuels are prevented from being charged by this "green 
slug" monitoring system, as dissolution of these fuels would liberate 
large quantities of radioiodine which would vent to the at~osphere, thus 
exceeding release limits. If the alarm sounds in the central control 
room, the crane cab, or the dispatcher's office, the canister containing 
inadequately aged fuel is returned to the cask for shipment to storage 
in the reactor basin. 

Shift operating supervision, the crane operator, and dispatcher 
must coordinate their activities to ensure that proper fuel is charged 
to the dissolvers and the charge limits are observed. The shift super
visor detennines from a written bucket loading summary which of the 
available canisters to unload and charge in order to stay within the 
charging limit. The infonnation contained in the bucket or metal 
loading summary is listed at the beginning of Section 4. 1. 
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The fuel elements in a canister are included as a batch unit when 
preparing the charge list because of the impracticality of handling 
individual fuel elements. The charge list is authorized by shift super
vision and provided to the crane operator. It includes the following 
infonnation: 

1 Charge number 

• Car number 

• Cask position 

• Canister location 

• Key numbers 

• Tons uranium 

• Total tons uranium in charge. 

The dispatcher maintains corrmunication'with supervision and the 
crane operator, and keeps a log sheet on each dissolver as canisters are 
charged. 

4.1.2.2 Dissolver Preparation for Charging 

The following preliminary checks are required to verify that process 
steps have been completed in the previous fuel dissolution cycle: 

• The previous dissolver rinse cycle is completed 

• The dissolver heel volume measurement is completed and 
recorded · 

• The steam and electric off-gas heaters are operating 

• The off-gas selector switch is in position so that the 
backup facility is bypassed 

• Tower cooling water is on 

• Air spargers are off 

• Drown tank is filled with 2,000 gallons of water 

• The acid addition line is manually valved out 

, Ammonium fluoride-ammonium nitrate solution (AFAN) makeup 
is completed. 
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A de-entrainment pad flush is performed to· remove activity 
entrained during the previous dissolution by boiling 1,440 gallons of 
water in the dissolver with the tower condensate draining to the dis
solver. After the 15-minute boilup. is completed, the de-entrainment pad 
spray is activated with a flow of 10 gallons per minute for 10 minutes. 
The dissolver volume is adjusted to 1,440 gallons (830 gallons for spike 
fuel) by adding water or by boiling, the tower condensate being routed 
to the ammonia scrubber catch tank. The liquid in the dissolver is then 
cooled. The 11.2M ammonium fluoride - l .OM ammonium nitrate decladding 
solution (1,440 gallons, but only 830 gallons for spike fuel decladding) 
is added to the dissolver in several steps as follows: 

• The dissolver air spargers are started. 

• Six hundred ga 11 ans of AFAN are added to AMU Tank 212, then 
are drained to the dissolver. 

1 Step 2 is repeated for 0.947 metal. 

• The remaining 240 gallons (230 gallons for spike fuel) are 
added in the same manner. · 

• The dissolver is cooled as m~ch as possible with maximum 
water flow to the cooling coil while charging, and the 
spargers are turned off. 

When dissolver preparation is complete, the fuel elements are charged to 
the dissolvers with the overhead canyon crane. 

4. 1.2.3 Dissolver Charging 

The di'ssolver charging procedure is divided into areas of respon
sibility for supervisor, process operator, dispatcher, and crane opera
tor. The supervisor is responsible for fuel identification. The fuel 
elements to be charged are checked against the metal loading summary 
to assure that the material is the proper enrichment and does not exceed 
the total charge limit of uranium. 

The dispatcher coordinates activities between the crane operator, 
supervisor, and process operator. The dissolver operator and crane 
operator are first contacted to see that the correct dissolver has been 
prepared and the. lid removed. With the proper dissolver lid removed and 
supervision's approval, the dispatcher may open the overhead ventilation 
cover door to the tunnel. 

The crane operator receives a list of cars, casks, and canisters to 
be charged from the supervisor and removes the proper cell cover block 
and dissolver lid. Since the mechanical strength of some of the short 
canisters is insufficient, three short canisters containing 0.947% fuel 
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elements are sometimes placed in baskets and shipped in tall NPR casks. 
When this is done, a basket holder and slug apron are placed on the 
dissolver after which each canister is dumped individually in one of 
three positions in the dissolver to obtain a relatively even filling 
pattern. Empty canisters and baskets are returned to the casks. If any 
metal is above the solution level, the dissolver operator is notified 
to add water until the metal is covered to prevent the possibility of a 
zirconium metal fire. The slug apron is then removed. The dissolver 
lid is replaced, and the cell cover block is re~laced. 

The dissolver process operator notifies the dispatcher that the 
dissolver has been prepared and is ready for the charge. After the charge, 
water is added to the dissolver lid seal, if needed, and the cell and 
dissolver vacuums are adjusted. · If decladding is not scheduled to start 
immediately, the dissolver is cooled and held at 25°C. 

4. 1.2.4 Charge Sizes and Criticality Prevention· 

For Zircaloy-clad fuels of 0.95% or lower U-235 enrichment, the 
charge size is limited by the amount of Zircaloy to be dissolved, but is 
specified by uranium weight, usually 11.25 tons. For spike Zircaloy-clad 
fuels (0.947 1.25% enrichment), the limit is 6.0 tons of uranium~ in
cluding the dissolver heel, for criticality prevention. Criticality 
prevention for the lower enriched fuels is based on the fixed dimension 
of the dissolver annulus (12 inches), and on administrative controls 
limiting the height of the metal charged to equal or lower th~n that of· 
the bottom of the fuel distribution cone. The higher enriched spike 
fuels require additional administrative controls limiting the charge. 
The current dissolver design requires that spike fuel be distributed 
uniformly around the annulus. A 33% overbatch (8 tons) of spike fuel 
is subcritical in the annulus under the least favorable conditions 
(i.e·., optimum water-to-uranium ratio, no U-235 burnup). 

4.2 COATING REMOVAL AND METATHESIS 

The Zirflex process was developed specifically for chemical decladding 
of Zircaloy-clad (zirconium alloyed with small amounts of tin and iron) 
fuel. elements, and employs a boiling solution of AFAN for cladding removal 
in preparing the radioactive fuel elements for separation of uranium, plu
tonium, and fission products. In the earlier Purex process, removal of 
jackets from aluminum-clad fuels was carried out by dissolution with a 
sodium hydroxide-sodium nitrate solution. 

The Zirflex dissolution is a three-step process including dissolu
tion of the Zircaloy cladding, centrifugation of the decladding solution, 
and metathesis of the uranium fluoride. 

A process flow diagram of the coating removal process and equipment 
is given in Figure 4-2. The figure shows the major pieces of equipment, 
including off-gas treatment systems, process routes, and some instrumentation 
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and control equipment. The dissolving equipment consists of three inde
pendent annular dissolvers (TK-A3, TK-83, TK-C3) and three parallel off
gas systems including downdraft condenser (dissolver tower) (T-A3-l, 
T-83-1 9 T-C3-1), ammonia scrubber (T-A3-J, T-83-3, T-C3-3), steam (E-A2, 
E-82, E-C2) and electric heaters (H-A2, H-82, H-C2), silver reactor 
(T-A2, T-82, T-C2) and two off-gas filters (F-Al, F-81, F-Cl, and F-lA, 
F-18, F-lC). The heaters, filters and downstream backup facility are 
~escribed in Section 4.11 and Sections 3.4 and 3. 13. 

Coating waste is discharged from the dissolvers to a conmen 5,000-gallon 
tank (TK-02), from where the solution can be.jetted to a 5,000-gallon cen
trifuge feed tank (TK-E3), two parallel centrifuges (G-E2 and G-E4), a . 
single 5,000-gallon coating waste catch tank (TK-ES), and the recovered 
Zi rfl ex product tank (TK- El ) . The centrifuge overflows to TK- E5 during 
operation. Storage of metathesis solution is in a 5,000-gallon D Cell 
tank (TK-01) with routes available to TK-02 and the dissolvers. 

A detailed description of the equipment involved is given in Chap-
ter 3.0, Sections 3.3, 3.4, and 3.5, and the process technology is described 
in Chapter 5.0. Off-gas handling systems for the coating removal process 
are discussed briefly in this section, and portions of the off-gas treat-
ment are described in Subsection 4.2.5 and Section 4.11. · 

4.2.1 Cladding Dissolution 

Dissolution of the fuel element cladding is started after charging 
is completed by slowly bringing the dissolver solution to boiling with 
steam coils while controlling off-gas evolution rates. Air sparging is 
used for agitation until the dissolver temperature ·reaches 90°C, then 
steam is turned into the spargers for the remainder of the reaction. 

The reaction of the AFAN with Zircaloy produces a111nonia and some 
hydrogen, which is also formed by radiolysis of water. The nitrate in 
the AFAN helps suppress the fonnation of hydrogen, however. The dissolu
tion reaction rate is dependent upon the a111nonia removal rate from the 
solution, so the dissolver is steam sparged, since a low rate of arrmonia 
removal will result in an increased solution pH, and will stop the reaction 
at a pH of 9 to 10. The dissolver air bleed is operated duri119 bQiling 
and cooling periods to dilute the dissolver and cell atmosphere to prevent 
accumulation of a potentially explosive mixture containing 4 vol% hydro
gen: The dissolver off-gas is sampled and analyzed by means of an anmonia
hydrogen analyzer. 

The Zirflex decladding solution reacts with about 1% of the uranium 
metal to form a relatively insoluble compound, uranium tetraflouride (UF4). 
An excess fluoride ion concentratfon may be present in the dissolver if 
the liquid 1eve1 is allowed to drop during coating removal, or if all 
the ~mmonia was not removed during the reaction and the dissolver is cooled. 
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The high fluoride concentration not only increases UF4 fonnation, but 
also precipitates ammonium hexafluozirconate solids. To reduce the 
potential for fluoride problems, the solution is diluted with water t~ 
a maximum dissolver volume at the end of the digestion period, which 
lasts about 6 hours, and then is cooled to the maximum practical jetting 
temperature (60°C). 

After the coating waste solution is jetted to the waste receiver 
tank (TK-02), the dissolver is rinsed with 500 gallons of water before 
addition of metathesis solution. This water dilutes the 20-gallon jet 
heel, minimizing the free fluoride concentration, and is then jetted to 
TK-02. 

The coating removal chemistry and the controlling variables are 
discussed in more detail in Chapter 5.0; Section 5.2. The compositions 
of the Zirflex decladding streams are shown in Table 4-1. 

4.2.2 Metathesis Reaction 

Following the jetting of the coating waste and the water rinse, 
nearly all of the excess fluoride is in the fonn of UF4 solids in the 
dissolver heel. The solids are metathesized to hydrous uranium dioxide 
(U02·2H20) by the addition of 7M potassium hydroxide (KOH) to the dis
solver. The metathesis--process replaces the fluoride with oxygen and· 
water·to produce soluble potassium fluoride (KFJ in solution. Metathesis 
reaction chemistry and the controlling variables are described in more 
deta i 1 in Chapter 5·. 0, Section 5. 2. 4. Off-gas handling during metathesis 
is discussed later in this section. The compositions of the metathesis 
streams are shown in Table 4-2. 

Metathesis solution (1,500 gallons) is transferred from the metath
esis storage tank (TK-01) to a dissolver when needed. The solution, 
containing excess KOH and KF, is recycled back to the metathesis storage 
tank (TK-01), leaving hydrated 1Jranium oxide sol ids in the dissolver 
after the 4-hour digestion at boiling temperature. A portion of the 
recycled metathesis solution is later used to further metathesize UF4 
solids in the centrifuge feed tank following coating waste centrifuga
tion. Approximately 650 gallons of fresh metathesis solution are then 
added to the metathesis storage tank in preparation for treating the 
next dissolver coating waste heel. 

4.2.3 Dissolver Metathesis Rinse 

The used metathesis solution containing ~OH and KF is jetted back 
to the metathesis storage tank without spargfng the dissolver to leave 
the majority of the U02·2H20-solids behind in the dissolver. To prepare 
the uranium fuel elements for nitric acid dissolution (Section 4.3), 
the dissolver must be rinsed and the residual fluoride ion complexed 
before acid addition to prevent corrosion of the dissolver. The KOH 

4-12 



~.-

: I' ·-:. ., _ , _. !~ ~- I :'·.' .: 1 " • 

RH0-MA-116 

T_ABLE 4-1. Zirflex Decladding Streams. 

Stream 

Dilution Water 

Zirilex Solution I 
Charge I 

I 
1 

Dissolver Air Bleed! 

·steam Sparge 

Water Makeup 

Dilution Water 

Dec: I adding ',,laste 

Water Rinse 

Dissolver Off-Gas 

Condensate 

Downdraft Condenser\ 
Off-Gas i 

I 

i 
Ammonia Scrub Water; 

Ammonia Scrubber 
Off-Gas 

I 

Composition 

NHl - 11.~ 
NH4N03 - 1.(Jj_ 

U • 22,500 lb 
!ircaloy-2 - 1,580 lb 
Pun - 20,500 grams 
Npb • 340 grams 

Air 

(NH4)zZrF5 • 0.50M 
NH4F • 0.52M 
NH4N03 - 0. llM 
U - O.OO!M 
Pu • 0.004M 
U as en• -
trained UF4- 180 lb 

H 0 
u2as entrained 
UF 4 • 20 lb 

H? • 0.01: 
MH3 - 3. 1: 
H?O • 78.2~ 
Air • 18. 7i 

Hz • O.J~ 
NH3 • 5~ 
H?O • U 
Air - 91'.: 

Hz~ 

~2 • o. 3~ 
NH3 • 0. 1~ 
HzO • 4% 
Air• 96~ 

Spent Ammonia Scrub ~HJOH - 0.27~ 
Water 

Function 

Dilute Zirflex solution to de• 
sired concentration ,,. 

Dissolve Zircaloy cladding 

N Reactor fuel elements for 
processing 

Dilute hydrogen in off-gas 
during dec:ladding 

!volume or Flow 

1,440 gal 

1,440 gal 

400 cfm 

Remove NH3 to maintain desired 3,600 lb/hr 
pH for 7 hr 

Maintain constant liquid level 2,000 gal 
in dissolver during decladding, 

Dilute decladding waste prior 950 gal 
to cooling and jetting to re-
duce solids precipitation 

Remove dissolved zirconium· 
fluoride ion and solids from 
dissolver 

Remove addi ti ona l ,fl uor·i de 
ion and solids from dissolver 

Gaseous effluent fl"1)ffl dis
solver during decladding 

Condensate from downdraft 
condenser during decladding 
which is routed to catch tanks -

Off-gas from da.ndraft conden- 1 
1 ser routed to a111110nia scrubber-

Remove anwnonia from off-gas 

Treated off-gas to main stack 

i Waste from a111110nia scrubber / 

4,100 gal 

500 gal 

3,200 cfm 
~ 100°c 

5,000 gal 

520 cfm 
@ J0°c 

25 gal/min for 
8 hr 
( 12. 000 ga 1) 

500 cfm 
@ 3C°C 

12,000 gal 

a For processing of 0.947'.':; U-235 enriched Marie IV uranium fuel fr.om ,'I Reactor. 

bAssumes fuel exposure of 2435 MWD/T, 12~ Pu-240 content, 1825 grams Pu/ton u and 30 grams of 
~P/ton u. 
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TABLE 4-2. i-1etathesi s Streams a. 

Stream 

KOH Makeup 

Metathesis Solution 

Water Add 

Recycled Metathesis 
Solution 

Heel Dilution Water/ 
Solution 

Air Bleed 

Air Sparge 

i 

- Metathesis Rinse Water;' 
Solution 

Heel Dilution Water/ 
Solution 

Ammonia Scrub Water 

Composition 

KOH• 7.~ 

K+ 7.0M 
OH- S. 7M 
F- • 1. 3ff 

H2o 

K+ - 7. OM 
OH· - 5.0M 
F· • 2.off 

K+_ 1.2M 
oH- - a.BM 
F. O. 3ff 
Air 

Air 

KOH 0.003M 
KF 0.008M 
u Sx 1 o-;-M 
Pu - 4x1Q-7M 
U as UOz·2H20 - 20 lb 

KOH Sx10·4M 
KF l x 10-3;;; 
u ax10-5iif 
Pu • 7x10-8ff 

HzO 

Metathesis Spent Scrub NH 40H - Trace 
1..iater and Condensate 
from Downdraft 
Condenser 

Ammonia Scrubber NH3 - Trace 
Off-Gas 

Function 

Metathesis solution makeup 

Converts UF4 remaining in 
dissolver to UO,·~HzO 

Maintain liauid level during 
metathesis digest 

Partially used .netathesis 
solution returned to TK-01 
for 1Jse in next metathesis 
in dissolver or E Cell 

Remove additional metathesis 
solution to TK-•1 

Dilute off-gas 

Suspend solids cturing digest 

Remove spent metathesis 
splution 

Dilute and remove additional 
rinse solution 

Remove a111110nia from off-gas 

Feed to arrmonia waste con
centrator 

Disposal via main stack 

aFor processing of 0.947~ U-235 enric~ed Mark IV uranium fuel from N Reactor. 
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Volume or Flow 

550 gal 

1,500 ga 1 

260 gal 

1,500 gal 

100 gal 

150 cfm 

100 cfm for 
4 nr 

1,500 gal 

100 gal 

l O ga 1 /min 
for 2 hr 
5 gal/min 
for 4 i'tr 
( 2400 ga 1 l 

2,700 gai 

400 cfm 



-~~~~-'/-

. ~:..-.~-
~; 

- .. ~-
w. n.· . 
~ 
~

r-... ~, 
·-~·. 

5'~' 

RHO-MA-116 

solution jet heel is diluted with 1,500 gallons of drown tank (TK-A3-A, 
TK-B3-A, TK-C3-A) water, boiled and sparged for 10 minutes. then pro
cessed with a portion of a batch of coating waste in the waste handling 
centrifuge. Five hundred seventy-five gallons of 1.6M alu1ninum nitrate 
solution are added to the dissolver rinse heel prior to acid addition 
for uranium dissolution. The aluminum complexes any remaining fluoride 
ion. 

4.2.4 Coating Waste Handling and Uranium Recovery 

The coating removal process flow diagram (Figure 4-2) illustrates 
the routing of head-end waste streams. The composition of the head-end 
waste disposal streams and of the centrifuged uranium metathesis and 

: dissolution streams are given in Table 4-3 and Table 4-4, respectively . 

4.2.4. 1 Coating Waste Clarification 

Because of the significant ·uranium content of the coating waste 
(in the fonn.of entrained UF4 solids--essentially all of the UOz·2HzO 
solids remain in the dissolver), the solution is processed through the 
E Cell clari•fication equipment for uranium recovery. The process 
consists of the following four basic steps: 

• Centrifugation of coating waste to separate UF4 solids 
from waste supernate 

• Cleanout of the centrifuge and metathesis of UF4 solids 

• Centrifugation to recover UOz·2HzO solids 

• Cleanout and transfer of uranium solids for.later 
dissolution. 

Coating waste solution is transferred without agitation from the 
dissolver to the coating waste receiver to be sampled for uranium and 
plutonium accountability, and is then transferred to the E Cell centri
fuge feed tank, TK-E3. Approximately 3,000 gallons of the 4,600 gallons 

• per batch of coating waste are processed on the first centrifugation by 
jetting the solution through the spinning centrifuge to the supernate 
waste receiver, TK-ES. Prior to the transfer, 720 gallons of 19M NaOH 
are added to the receiver tank for a "reverse strike" reaction (waste is 
added to caustic) to drive off ammonia and incre·ase the· pH of the waste. 
Waste handling and the reverse strike reaction are discussed in Subsec
tion 4.2.4.2. 
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TABLE 4-3. Head-End Waste Disposal Streams. a 
Stnam Canoosition Function ~olwne or Flaw 

I 
Sodiwn Hydroxide I ~aOH • 

I 

Scrub .iater 

I 
I 
I ;;.a 
I • 

19. OM 

I
Reac: witn decladding waste and 
rinse from centrifuge wnicn are 

, addad to tne ~ailH ea -1ri ve off 
I anlDOnia 

I
Retwove anionia fram gases evolved 
fram TK-ES wllen wastes J re added 

730 gal 

25 ;al/min 
1 For 12 hr 

I 
Decladding Waste! (NH4JzZrF5 - o.~J!! 

i to NaOH solution 
! 
j Feed ta :entri fuge 

I = 18.000 gal 

! 3,.350 gal 
ana Rinse 1 ~IH 4F - o. 44M 

! NH4N03 • 0. 0~ 
! U • 0.003M 
: Pu Zx lO•S°M 

I 
U as UF4 • 100 lb-

Decladding ~aste Same as aoove exceot 
and Rinse ! UF4 is ~l!fflOved 

I 

~K-ES Off.,;.s 1~H3-m 
: H,il • 10% i Air • 71~ 

I 
I 

I 
1~1ste from centrifuge for disoosal 
, via TK-ES 

Rl!l!IOve 411m11ni,1 generated in TK-E5 
aur-ing reaction wi tn 1iaOH 

I 
I I 3,350 gal 

! 
I 

~ 300 cfm at ~5•c 

Anmonia ·scru0ber1· NH3 • 0.1~ 
Off-Gas H?O - ~ ~ 

Air• 96 

Route off-gas to -nia staclc 230 cfm at Js~c 

Soent Armlonia NH40H • O.J9N 
Scrub ilater RuRh-106 • 65 uCi/gal 

Dec ladding Zr02•ZH20 - o. J~ 
ilaste and Rinse NaF - 2.~ 

1'i!N03 • 0. 08M · 
U • O.OO~M 
?u • lxTO•iM 
~H • 10.0 -
RuRh-106 • 1.J .iCi/gal 
Solids • 50% 

SodiUIII Hydroxide I NaOH - 1~ 
I 

Oecladding ~astel (NH4)2ZrF5 
and Rinse 111xed ! IIH4F 

• 0.19M 
- 'J.19" 

witn Metatnesis ! NH4N03 
~inse ; KF 

I U 

• o. 0411 
a.o04M 

r ?u 
U as 
u u 

• 5 x li!•"M 
• lx10·6" -

UF4 • 100 lb-
U02•ZH20 • 20 lb 

~cladding llaste Sc1111e as ibove exceot 
and Rinse ~fxed uranium is ~!IIIOVed 
witn 11etatnesis 
IHnse • 

Reac :ed :le• 
cladding \lastes 
and Dissolver 
Rinses 

Zr0,•2H20 • a.17H 
11aF" • 1. z,C 
NaN03 • 0.02M 
KF 0.004M 
~OH • 'J.S!! -_4 : U • 5 X 10 ~'1 
Pu • 3 X 10:~ 

Route ,.,.ste to a1T11111nia waste 18,.JOO gal 
concentrator 

I 

Route waste to unoergl"Ound storage 4,lOD 3al 
tank. 

I Flusn TK-E5 and line to undel"IJl"OUnd 
I storage tanle 
I 

React with .decladding Wiste and 
l"inse mixed witn metatnesis r;nse 

Feed to centrifuge 

515 -~al 

, l.350 gal 

. :.laste Fi-om centrifuge for di soosa I 3.,.l~O J.I 1 
: via TK-E5 

: Route ·.as:e :o underground storage 
: :anle 

; 3 .700 ~a I 

· RuRh-106 • 6 x iO; :.Ci/gal: 
! Sol ids - zoi 1 

:.ater ~i nse 
I I 

:~inse of centrifuge feed :anlc TK-~3 iSJO 1al 
: and .:encr; fuge ~outed . to 7K-~5 for : 
! di soi:Jsa 1 Jnd fl •Jsh ~f 1 i ne :o under-, 
;gl"Ound ~torage tank · 

aFor orr.,cessing ~f 'l.947": 'J-235 ~nric~ed '1al"k !V Jl"!nium •~el fr!lffl '1-:.eac:or. 
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TABLE 4-4. Centrifuged Uranium Metathesis and Dissolution Streams.a 

Stream 

Centrifuge Cake 
Removal Slurry Water 

Slw-riecl Centrifuge 
Cake · 

Spent Metathesis 
Solution to TK-E3 

Spent Metathesis 
Solution From TK-£3 

Centrifuged Spent 
Metathesis Solution 

Water Rinse 

Centrifuge ~ake 
Removal Slurry 
Solution 

Slurried Centrifuge 
Cake 

Nitric Acid 

Dissolved Uranium 

Composition 

U as UF4 - 200 lb 
U as U02·2H20 - 20 lb 

KOH 
KF 

- 4.2M 
L7ff 

- 2. 7M 
- 1.6~ -5 

KOH 
KF 
u 
Pu 
u as 

• 5 X 10 · M 
• 4 X 10-7°M 

U02•2H20 - 220 lb - . 

Same as above except 
U02•2H20 is removed 

- o.~ 

Al(N03)3 • 0.6M 
u as uo2-2H2o - 220-lb 

HN0 3 - 12.~ 

UOz(N03)2 
:1cr103i2 
HNO 
Pu 3 

- 0.37M 
- 0.5 i4 
- o.15M 
- 0.SM-
- 0.002!! 

Function 

Remove centrifuge cake to 
TK-E3 for metathesis. 

Route uranium solids to 
TK-E3. 

~etathesize_ UF 4 in cake 
slurry. · 

Feed to centrifuge for 
recovery of U0z•2H20. 

Route waste to TK-ES and 
then to underground storage 
tank. 

Rinse TK-E3, centrifuge 
TK-ES and line to under
ground storage tank. 

Slurry U02•2H2) centrifuge 
cake to TK-El and complex 
fluoride. 

· Transfer cake s 1 urry to 
TK-El. 

Dissolve uranium oxide in 
TK-El. 

Feed addition to TK-04. 

aFor processing of 0.947~ U-235 enriched Mark [V uranium fuel from N Reactor. 
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Volume or Flow 

240 gal 

250 gal 

780 gal 

1070 gal 

1070 gal 

530 gal 

240 gal 

250 gal 

50 gal 

300 gal 
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One batch of dissolver metathesis rinse (l ,500 gallons) is combined 
in the centrifuge feed tank with the remainder of the coating waste to 
make up the feed for the second centrifugation. The second batch is cen
trifuged when the waste receiver tank is emptied, and caustic (330 gallons) 
is again added to the receiver for reaction with the waste prior to the 
transfer. The caustic requirement .for this batch is reduced because of 
the smaller amount of coating waste, which is diluted by the dissolver 
rinse water. 

The combined solids from the two centrifuge ·batches are slurried 
from the centrifuge feed tank. Uranium tetrafluoride solids are metathe
sized to hydrated oxides by the addition of 600 gallons of recycled 
metathesis solution (KOH and some KF) from the metathesis storage tank, 
TK-D1. The reaction is carried out at boiling with agitation for 4 to 
8 hours, converting the residual UF4 to KF and U02·2H20. Fresh KOH 
is added to the metathesis storage tank prior to the next dissolver 
metathesis. 

The· metathesized slurry is clarified in one batch with an E Cell 
centrifuge to separate uranium solids from the supernate. The spent 
metathesis supernate solution is sampled in the waste receiver and sent 
to:an underground storage (UGS) tank. A 515-gallon water rinse of the 
feed tank, centrifuge, and waste tank is also transferred to UGS. The 
uranium solids are slurried to Tank El for dissolution. 

4.2.4.2 Waste Trea·tment and Disposal 

Coating waste and coating waste dissolver rinse solutions are reacted 
with caustic in the waste receiver tank, TK-ES, with the reverse strike 
method. To minimize the arrmonia evolution rate during the reaction and 
to produce slurriable solids, 19M NaOH is added to the waste receiver 
tank before the waste is jetted through the centrifuge. This procedure 
allows the maximum practical process rate. The volume of NaOH required 
in the reverse strike reaction is reduced from 0.22 gallon of NaOH per 
gallon of waste for the first centrifugation batch to 0. 10 gallon of NaOH 
per gallon of waste in the second batch, because of dilution from the 
dissolver rinse. 

The reaction of coating .waste with caustic generates ammonia, which 
is handled by an independent E Cell off-gas system. The system consists 
of an E Cell ammonia scrubber, similar to the dissolver arrmonia scrubbers, 
and an ammonia analyzer. Off-gas handling is descri"bed in later sub
sections of 4.2 and 4. 11. 

The coating waste-caustic reaction generates up to 50 vol% solids 
(primarily hydrated zirconium-oxide), and requires agitation for solid 
suspension in order to transfer the slurry to UGS. The transfer is 
followed by a 530-gallon water flush. 
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4.2.4.3 Uranium Recovery 

The recovery of uranium from U02·2H20 solids is accomplished by 
nitric acid dissolution of the solids in the recovered Zirflex product 
tank (TK-El) and blending of the acid soluti'on with the metal solution 
from the dissolvers in Tank 04. 

Following the centrifugation of metathesized solids, the centrifuge 
is cleaned out with 240 gallons of 0.6M aluminum nitrate solution sprayed 
in small high-pressure additions to the slowly spinning bowl. The slurry 
is transferred to TK-El, where the sol ids are dissolved with a 50.-gallon 
addition of 12.~ HN0 3• 

The solution is sampled and additional aluminum nitrate nonahydrate 
(ANN) is added, if needed, to bring the aluminum-to-fluorine mole rati~ 
to 3:1 before transfer to the metal solution feed tanks in D Cell. Com
plexing of the residual fluoride ions with aluminum is very important at 
this point to avoid fluoride complexing of plutonium in the first solvent 
extraction column (HA column), which would result in high plutonium 
losses to the aqueous waste stream (HAW). 

Sane zirconium oxide solids may be present in the dissolvers after 
coating removal, and must be slurried out with the coating waste, centri
fuged, and accumulated in the recovered Zirflex product tank. If the 
quantity of t'hese solids becomes measurable, a special dissolution with 
Zirflex solution could be necessary. Thi.s operation has not been re
quired. The insoluble zirconium solids can have an adverse effect on the 
process in the first solvent extraction cycle. This and other off-standard 
process con_ditions are covered in detail in Section 4.2.6. 

4.2.4.4 Clarification by Centrifugation 

E Cell contains two solid bowl-type centrifuges, one with a 48-inch 
bowl diameter (G-E4) and one with a 40-inch bowl diameter (G-E2), used 
for Zirflex waste clarification. The larger centrifuge is used most of 
the time for waste processing, as no increase in overall processing rate 
is realized by utilizing the two in parallel with only one set of feed 
and receiver tanks. The smaller centrifuge is reserved as a spare. The 
feed and receiver tanks and transfer routes for either centrifuge are 
shown in the process flow diagram, Figure 4-2, and the individual equip
ment pieces are described in Chapter 3.0. 

The centrifuge removes solids from aqueous solutions. The solids 
cake buildup in the bowl is monitored by a Beckman gamma monitor. Beckman 
readings are nearly proportional to the solids volume in the bow·l and 
increase during centrifugation. If the monitor readings l~vel off during 
centrifugation, it is an indication that solids may be flowing over the 
top to the supernate waste receiver (TK-ES). 
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Holdup volumes w~ile the centrifuges are spinning are 90 gallons 
for the 48-inch bowl and 60 gallons for the 40-inch bowl. The centri
fuges are equipped with skimmers, which are moved hydraulically to contact 
the spinning liquid at the end of a centrifugation cycle and quickly 
empty the residual liquid. Care is taken to avoid contacting the solids 
or bowl wa 11 with the skimmers to minimize solids transfer and prevent 
damage of the skimmers. 

A special technique is used to slurry the solids cake from the bowl 
at the end of a batch. A high-pressure pump sprays the cleanout solution 
at a high flow rate (but limited to give no more than a 20-gallon holdup 
volume) into the bowl as it is rotated slowly at 10 rpm. The slurry is 
jetted from the bottom of the bowl as the spraying operation is repeated, 

··until all of the cleanout solution is used (usually approximately 240 gal
lons)'. The empty-out jet remains on throughout the cleanout operation. 

4.2.5 Off-Gas Treatment 

As discussed previously, ·potentially hazardous gases (hydrogen ~nd 
ammonia) are evolved in the head-end processes. The methods and equip
ment for treating these and other innocuous gases generated are described 
in this section. 

A more in-depth discussion of head-end technology is given in 
Chapter 5.0. Off-gas equipment is described more fully in Chapter 3.0. 

4.2.5. 1 Generation of Off-Gases by Zirflex Reaction 

As mentioned in Subsection 4.2. 1, the reaction of AFAN on the Zir
caloy in the coating removal reaction produces ammonia and some hydrogen. 
Radiolysis of water also results in some evolution of hydrogen. The 
principal reason for including nitrate in the Zirflex solution is to 
suppress hydrogen formation. 

Hydrogen must be controlled to a concentration below the minimum 
explosive limit of 4% by volume. The dissolver air bleed is operated 
during dissolver boiling and cooling periods to dilute the off-gas 
hydrogen concentration to below the conservative control limit of 2% by 
volume. • 

The efficiency of the decladding reaction is dependent on tne ammonia 
being removed from the dissolver solution as fast as it is formed. The 
dissolver is steam sparged to aid in the removal of ammonia from the solu-
tion. · 

Table 4-1 lists the coat,ng removal process off-gas streams and 
compositions before and after treatment. 
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4.2.5.2 Off-Gases from Waste Treatment 

The greatest potential hazard in E ~ell operations is ignition of 
the ammonia generated during the treatment of Zirflex waste with caustic. 
Precautions taken to prevent this occurrence include the reverse strike 
caustic reaction described earlier, and the injection of steam into the 
vapor space of the tanks. The water vapor maintains the atmosphere in 
the tank and lines to the scrubber system below.the explosive ammonia 
concentration range of between _14.6 and 27 .4 vol% armnonia. 

Maintaining the vapor space temperatures above 45°C assures a non
explosive atmosphere by the dilution with water vapor. Downstream of 
the E Cell scrubber, the armnonia concentration is much lower (less than 
0.-25% by volume) than the explosive range, since most of the ar.monia is 
removed by absorption and condensation with water in the off-gas tower 
and scrubber. Table 4~3 includes the process off-gas streams and com
positions. The E Cell off-gas system is described 0in more detail in 
Subsection 4.2.5.5. 

4.2.5.3 Gas Sampling and Analysis 

Detection and measurement of hydrogen in a process stream requires 
a fairly sophisticated instrument system. A gas sample is taken from the 
dissolver off-gas downstream of the a111110ni a s_crubber for analysis of the 
arrmonia and hydrogen concentrations. The gas sample is passed through an 
analyzer cell_ for H2 and N~3 determinations, then through a silica gel · 
cell for ammonia removal, and finally through a hydrogen analyzer cell. 
The instruments generate an output signal by burning the gas on a catalytic 
filament, and reading the temperature rise with a thermocouple. A buck
ing voltage from the hydrogen meter is fed to the ammonia meter to cancel 
the hydrogen contribution in the ammonia analyzer cell. 

A more detailed description of the analyzer is given in Sub
section 3. 10.6. 11 of Chapter 3.0. 

4.2.5.4 Dissolver Off-Gas System - Coating Removal 

The three downdraft dissolver towers, which are actually water
cooled condensers, are primarily designed for nitric acid recovery 
during uranium dissolution. However, each tower also functions as a 
first-stage off-gas scrubber, removing some ammonia and fission products 
with condensate during the coating removal process. The condensate stream 
is routed to the armnonia scrubber catch tank to be combined with ammonia 
scrubber waste. 

An ammonia scrubber is installed downstream of each dissolver tower 
to remove ammonia from the off-gas stream. The scrubbing liquid is water 
during coating removal when ammonia is generated, but no scrubbing liquid 
is us~d during uranium dissolution when little or no ammonia is generated. 
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During the metathesis digestion in the dissolver, the scrub water flow 
rate is reduced below that used for coating removal. Scrub water rates 
during the overall coating removal process for the dissolver scrubbers 
and the E Cell ammonia scrubber are listed in Tables 4-1, 4-2, and 4-3. 

Ammonia scrub waste (ASW) is routed to an individual catch tank 
(TK-A3-4, TK-B3-4, TK-C3-4) for each scrubber, then to the ASW concen
trator feed tank (TK-F12). The scrubbers are designed to reduce the 
maximum ammonia content of the off-gas streams to 0.06 wt%, with the 
water flow rate specified in Table 4-1. Air addition to the coating 
removal off-gas stream is available if needed- to increase the total gas 
flow for improved scrubber efficiency. Dissolver ammonia scrubber off
gas is routed to the main stack (291-Al) via each of the heaters, the 
three silver reactors used for removal of iodine from the off-gas, and 

· fi 1 ters. 

4.2.5.5 E Cell Off-Gas System 

:The E Cell off-gas· system consists of a single ammonia scrubber 
(T-E3-1) and scrub waste cat.ch tank (TK-E3-2). The catch tank liquid is 
rquted directly to the ASW concentrator feed tank (TK-Fl2). The water 
flow rate is specified in Table 4-3, and a descr•iption of this scrubber 
is given in Chapter 3.0, Section 3.4. Off-gas from this scrubber is 
routed to the ammonia stack. 

4.2.5~6 Ammonia Scrub Waste Concentration System 

The ASW concentration system evaporates ammonia scrub waste from· 
the three dissolver ammonia scrubbers and the E Cell scrubber. Average 
stream compositions for this system based on a processing rate of 10 tons 
of 0.947% U-235 enriched uranium per day are listed in Table 4-5. The 
concentrator feed tank (TK-Fl2), concentrator (E-Fll-1), and condenser 
(E-Fll-2) system are shown in the flow diagram, Figure 4-1. An equipment 
description is provided in Chapter 3.0. The concentrator and condenser 
can be operated continuously at boil~off rates up to 65 gpm, but process
ing rates vary throughout the dissolver and E Cell cycles. 

The specific gravity of the ammonia scrub waste concentrator bottoms 
is monitored and allowed to increase to a predetermined level before shut
down, ·cooling, and jetting to the F Cell waste receiver (TK-Fl8). A 
radioactivity (Zr-Nb-95, Ru-106) concentration limit for the condensate 
is also a criterion for dumping the concentrator. 

The condenser is operated to liquify the ·vapor and subcool the 
condensate. A portion of th~ condensate is routed through spray nozzles 
back to the condenser to scrub residual anunonia from the vapor stream. 
Up to 15 gpm of the condensate can be recirculated this way. Because of 
its affinity for cool water, nearly all of the ammonia is absorbed in 
the subcooled condensate. The anunonia containing condensate is pumped 
to the 216-A-36B Crib. A sampler for obtaining liquid for radionuclide 
analysis is available on the condensate stream. 
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TABLE 4-5. Ammonia Scrubber Water and Ventilation System Steam 
Condensate Concentration and Disposal Streams. 

Stream 

Declaading Condensate 
and Spent Arrmonia 
Scru·b wa·ter From 
Dissolver Cells 

~etathesis Spent 
Arrmonia Scrub water· 

E-Cell Spent Anmonia 
Scrub water 

Purex.Vessel and Con
denser Vent Jet Steam 
Condensate 

NaOH Add 

ASO Condensate 

Condenser Off-r.as 

ASW 

Composition Function 

NH40H - 0.58M I Feed 
RuRh-106 • 4 x ra3 11Ci/gal I to concentrator. 

- Trace 

NH40H - 0.41M 
RuRh-106 -·6s 11Ci/9al 

NaOH 19~ 

NH40H - 0.31M 
RuRh-106b - 10 11Ci/gal 

NH3 - 1 ~ 
H20 4% 
Air - 95: 

RuRh-106 - ol Ci/day 

I Feed to concentrator. 
l 

I 
j Feed to concentrator. 

i 
i Feed to concentrator. 
I 
I 
I 

I Preven~ formation .of NH4N03 

I from reaction of NH40H with 
trace quantities of HN0

3 
in l jet condensates. 

!I Route condensate with most 
of all'IIIOnia to 216-A-36-B 

I 
underground disposal trench 
or crib. 

I 
Route off-gas to a111110nia 
stack. 

Route concentrated waste to 
underground storage tank. 

Volume or Flow 

17,700 gal 

I 2.700 gal 
I 
I 
j 18,700 gal 
I 

j ·21,600 gal/day 

I 
I 1. 1 gal 
I 
' ! 
I 

i 61,200 gal 

I 
i 

I 130 cfm at 35°C 
I 

I 

1,800 ga 1 /batch 
as required 

a For processing of 0.947~ U-235 enriched Mark IV uranium fuel from N Reactor. 
b RuRh-106 value based on processing 180-day cooled fuel. Value is a.5 11Ci/gal for 5-year 

cooled fuel. 
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Off-gases from the ASW condenser (filters and separate stack) and 
silver reactor off-gas (filters and main stack) are covered in Section 4. 11. 

4.2.6 Process Control and Off-Standard Conditions 

A major concern during the head-end process is excess radioactivity 
in the stack, specifically radioiodine (I-131 and I-129) resulting from 
functional failure of a silver reactor. Inadvertent processing of a green 
fuel element can also result in a major I-131 release since these ele
ments contain relati.vely large amounts of the short-lived isotope. A 
silver reactor failure may result from melting or leaching of the silver 
nitrate coating on the Berl saddles if the temperature :of the gas feed 

_- stream is too high or too low, respectively. The units are regenerated 
with fresh AgN03 periodically, but the residue of AgN03-AgI is not dis
solved and flushed. To isolate I-129 and any residual I-131, defective 
units are replaced and the loaded reactors are buried. 

· The coating ~emoval reaction is controlled by maintainin~ an optimum 
zirconium to fluoride mole ratio (4:1), maintaining an optimum hexafluoro
zirconate concentration to preclude precipitation, and removing ammonia 
generated in the reaction by steam stripping the coating removal solution. 

Basic controls during the coati~g removal process are: 

• Maintaining hydrogen in the off-gas at< 2 vol% (4% is the 
lower explosion limit)· 

1 Maintaining steam sparge flow and makeup water addition 

• Maintaining boiling temperatures 

• Maintaining constant liquid volume in the di~solver. 

Key controls for the potassium hydroxide metathesis of uranium and 
plutonium fluorides are: 

• Assurance of excess potassium hydroxide 

, Sufficient digestion time at boiling temperature 

, Adequate time for solids settling prior to solution transfer. 

Although past experience_ indicates it is unlikely, insoluble zircon
ium solids could enter the HAF solvent extraction feed stream and cause 
problems such as emulsification and entrai~ment in the columns, or plugging 
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and sticking of valves and other equipment. The solids would be undis
solved zirconium oxide from the fuel element surface, which is slurried 
with the coating waste and follows the recovered U02·2H20 solids. If 
solids build up in the recovered Zirflex-product tank (TK-El), solids 
would be transferred to the metal solution storage tanks where a special 
dissolution in Zirflex solution would be necessary to eliminate the 
solids. Solids not dissolved in this reaction would have to be slurried 
to an F Cell waste tank or to the coating waste disposal tank, depending 
upon routing or jumper availability. 

Some zirconium-compound solids, which can be transferred to the· 
HA extraction column, have been observed in the dissolver metal solution. 
These solids are apparently present because of inadequate removal of 
zirconium. from the dissolver prior to nitric acid dissolution of urani-um . 
If solids of this type accumulate in the metal solution feed storage 
tanks, removal by dissolution in ·Zirflex solution would be necessary. 

An important consideration in the coating removal operation is the 
proper sequential scheduling of the coating removal reaction in the three 
dissolvers. The decladding reaction requires approximately 8 hours for 
completion after the dissolver is heated. Inmediate cooling and solution 
transfer to E Cell for waste processing is required, since after the de
cladding reaction is completed, even cold AFAN will continue to react with 
uranium and contribute to potentia 1 uran.i um 1 asses. Therefore, the 

. optimum head-end schedule involves careful monitoring .of E Cell progress· 
and starting a new dissolver coating removal cycle no sooner than 8 hours 
prior to completion of an E Cell cycle. · 

During nonnal operation, a dissolver charge is made on top of a 
previous heel comprised primar;.ly of fragments of zirconium tubes from 
which the majority of the uranium metal has been leached.· Heel size is 
detennined f.rom the height of water required to cover the heel as observed 
from the canyon crane. The presence of large quantities of undissolved 
Zircaloy scrap requires a special small-volume Zirflex decladding operation 
to remove the scrap from a dissolver before a fresh batch of fuel elements 
is charged. During the special operation, the dissolution and steam flow 
rates must be controlled to avoid an excessive reaction rate and precipi
tation of fluorozirconium compounds with excessive free fluoride. Exces
sively rapid reactions can occur in the dissolver if a large amount of 
Zircaloy scrap is present during a coating removal. Off-standard condi
tions for the dissolver charging and decladding operations are summarized 
in Table 4-6. 

4.2.7 Process Safety and Criticality Prevention -- Coating Removal 

Criticality prevention in the coating removal process follows the 
same principles as in other parts of the plant, employing the following 
controls: 

• Geometry - The fixed annulus dimension of the dissolvers 
is geometrically favorable for criticality prevention for 
material with less than 0.97% U-235 enrichment. 
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TABLE 4-6, Dissolver Charging and.Gecladding - Off-Standard Conditions. 
lluw Detected Likely Cause lli:tect Ion of Cause Remedy Off-Stdlldanl Condition 

--·-----------+------------• ------------11------------1------------
A) Clldryiuy Incomplete tuel 

dssemlllles 

8) lliyh rddlatlon level in 
the r.sllroad tunnel while 
d1drgi11g 

t:) Dhsolver off-yas hy1lruyen 
cuucentration !Jreater Lha11 
2:1'. 

U) Uhsolver p,:essurized 

[) Uissolver off-!JilS illllllUflid 
coru.:cntral Ion- greilte,· ll1iln 
It 

Vhual inspection by 
crdne opi,rator 

(1) Radldtlon detection 
chamber in the rail
road lunnt!I 

(2) Alarm In central 
control 

(l) Aldrm In dispatcher's 
off ice 

(4) Red I ighl fldshlng in 
the crane cab 

lled1ll11y~ un tht: d111110nla
hydruyen analyzer 

Luss of vacuum on dis
solver 

llec1di119s on the a11111011la
hydroyi:;n andlyzer 

Parl'la I assembly loaded 
al reactor basin 

Receipt of "green" slugs 
(cooled less than YO days) 

(I) Too rapid ot redction 
durl11g decladdlny 

(2) Improper positioning 
of air bleed valve 

(1) Too rapid of reaction 
durlny decladdlng 

(2) .l11111roper posit toning 
of dlr bleed valve 

(I) Low water flow rdle to 
illlllllln i a • SC rul,l.,er 

(2) low rnul Ing water tluw 
to dow11draft condenser 

Visual inspection by 
crane operator 

Investigation of fuel 
history 

( 1) 1 empera ture and 
pressure reading~ 
during heatu1, 

(2) Villve loading pr·es
sure on air bleed 
DOV 

(1) Temperature, pres
sure, and hydro!Jen/ 
a1111ionla readings 
during hcatup 

(2) Valve luadh1!J •pn!s
~111'e on air bleed 
oov 

(1) (ti,dJlny on the 
s.:rubher water 
supply roldmeter 

(2) Coullny water 
a) r empera lure read

ings 
b) Flowmt!ler readiny 

llall charging and 
110Llfy supervision. 
Return fuel lo reac
tor for reloading. 

Return fuel to reac
tor for additional 
cooling 

(1) a) Ope11 air in
hleed valve 

b) Slow r·eact 1011 

by decreasin!J 
stedm flow 
through co i I 

(2) Increase air hleed 
rate 

(1) Slow reaction by 
cutting ~team lo 
coll 

(2) Decrease dlr bleed 
rate 

(1) lr1cred~e willer flow 
rate lo scrul'Lt,r· 

( 2 l theck for raw w.i ter 
losses 
(a) Decn,dse steam 

flow lo sparyer 
t coil 

(b) Increase coul
iny water flow 
to condenser 
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:c 
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TABLE 4-6. Dissolver Chargin9 and Oecladding .-·Off-Standard Conditions. 
Off-Standard Co11dltlo11 

F) Excess Zlrcaloy heel In 
dissolver 

G) lllssolver declad waste 
Jine plugged wtlh solids 

It) Excessive product loss 
while decladJing 

How Detected 

Vlsudl Inspection by 
crane operator 

Inability to success
fully transfer declad 
waste solution from 
dissolver 

Analysts of TK-02 
solution for uranium 

Likely Cause 

(I l Insufficient AFAN, low 
AFAN concentration 

(2) DIiution of solution 
with waler 

(ll Insufficient NH3 strip
ping 
a) Low sparge rate 
b) Water addition In

sufficient 
(4) Shorter than required 

bo II Ing time 
(5) Solution level below 

fuel level durt.ng 
decladdlng 

Overconcentratlon with 
hexafluorozirconate pre
cipitates 
a) Hlyh fluoride concen

tration· 
b) Cooling of dissolver 

during reaction 

(I) Oxidation of UF4 lo 
Uf6 
a) Excessive air 

sparglng 
b) Holding decladdlng 

solution In dissolver 
·without dilution or 
cool Ing 

(2) Insufficient rinsing of 
dissolver after last 
dissolution 

Detection of Cduse 

(I) AFAN-Check concen
tra tlon which may 
be Indicated by low 
dissolver weight 
factor 

(2) Ollutlon-Olssolver 
spec If ic grav lly 
and/or weight factor 
readings 

(l) Nll3-a) Air sparge 
rotameter 
reading 

b) Water supply 
1·ota111eter 
reading 

(4) Temperature recorder 
dul"ing boll Ing cycle 

(5) Low weight factor 
reading during heel 
ched 

No decrease In dissolver 
WF or Increase in TK-02 
WF when transfer Is 
attempted 
a) Fluoride analysts of 

declad solution 
b) Te111perature Instru

mentation on dis
solvers 

(I) Oxidation -
a) Air sparge rotam

eter reading 
b) llonllor weight fac· 

tor and lemperatun 
charts 

(2) Hunltor uelght fac
tor chart after jel
ling meta I solut Ion 

(Continued) 
RetnL'<ly 

(I) AFAN-Check volume 
addition of AFAN 

(2) DIiution-increase 
steam flow to coll. 
Check downdraft 
condenser conden
sate routing 

(3) Nll3-a) Increase 
sparge rate 
to proper 
setting 

b) Increase 
water add i
tlon rate 

(~) Perform e11tra declad 
( ") Per fonn extra decl ad 

Haintain constant vblu111e 
In dissolver while de
cladding 
a) Dilute solution as 

reaction progresses 
b) Maintain proper 

reaction tempera lure 
c) Backflush.Jet to 

remove plug 

( I) 01ddatlon -
al Check ga ny 

valves for air 
leakage 

b) Prompt dilu-
tion and cool Ing 

· of declad waste 
(2) Rinse dissolver Hell 
(3) Do not sparge dur

ing dedad waste 
transrer 

----------·------------------.&--------------...L------------,._ _________ _ 
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• Materials - A concrete moderator and cadmium absorber are 
part of the dissolver design. 

• Administrative - Material with an average U-235 enrichment 
·of 0.97 to 1. 15% prior to irradiation is limited administra
tively by controlling charge size. The height of the stacked 
fuel rods charged is limited in the annulus; limits are set 
such that an inadvertent 33% overbatch will not exceed the 
criticality limit. Processing of material containing above 
1. 15% U-235 in Purex would require separate criticality pre
vention standards. 

Before transfer of coating waste solution from the dissolvers for 
centrifugation, the solids are allowed to settle to minimize the- transfer 
of plutonium tetrafluoride (PuF4). The centrifuges are limited to 500 grams 
of plutonium • 

Potential process safety hazards and respective preventative measures 
for the coating removal process fall into three areas: 

• Uranium and Zirconium Fires - Fuel is charged to the dissolvers 
into solution, and metal heels are covered with liquid. Water 
is available from the drown tank if needed. 

• Hydrogen Explosion - Hydrogen concentrations in tank vapor 
·spaces are controlled by air dilution. The hydrogen evolution 
rate is reduced by adding nitrate ion to the· solution. 

• Amnonia Explosion - The off-gas streams from the dissolvers 
are scrubbed to keep the ammonia content below the explosive 
composition limit of 14.6%. Steam is added ·to the vapor 
space in E Cell tanks and the vapor space temperatures are 
maintained above 45°C to give a mixture of water vaporL. 
ammonia, and air stoichiometrically unfavorable for explosion. 

4.3 URANIUM DISSOLUTION ANO FEED PREPARATION 

The Zirflex coating removal process is the first step in preparing 
the radioactive fuel elements for separation of uranium, plutonium, and 
fission products. Dissolution of the bare uranium metal in nitric acid 
is the next step and is described in this section. A detailed descrip
tion of the equipment for this ·process is given in Chapter 3.0, Sec
tions 3.3-and 3.4, and the process chemistry ~nd technology' are covered 
in Chapter 5.0. Off-gas handling systems for uranium dissolution and 
feed preparation are discussed briefly in this section, and portions of 
the overall process systems are described in Section 4.11. The composi
tions of the uranium dissolµtion, feed preparation and dissolver off-gas 
treatment streams are listed in Table 4-7. 
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TABLE 4-7. 

Stream 

,',ir Bleed 

Aluminum Nitrate 

Nitric Acid 

:.ir Sparge 

Downdraft Condenser 
Off-Gas 

First Cut 

Aluminum Nitrate 

Nitric Acid 

Secono Cut 

First Rins:e 

Second Rinse 

Oissolved Uranium 
From Centrifuge 
Cake 

Uranyl Iii trate 
Solution 

XA Absorber Water 

XA Reflux 

:<CA 

b 

XB Absorber Waterb 

:<B ~efl ux 

XBA 

Backuc F ac il i ty 
Jff-Gas 

,": '-; ·~ j· ' ,. (: ;_ ,( 1. I~' 

. !. '•·' ,'· 
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Uranium Dissolution, Feed Preparation, and Dissolver 
Off-Gas Treatment Streams.a 

Co11111osition 

Air 

A1(N03}3 - 1.5~ 

HN03 - 10.~ 

Air 

110 
X 

- 23~ 

- 2.0SM 
- 0.29M 
- o. aaR' 
- a.<11M 
- 3.8 g/gal 

- 1.c!! 
- 10.~ 

UO,(N03)2 - 2.13~ 
AlfN03J3 • 0. 10!! 
F· - O.OJM 
HN03 - 0. 52ff 
Pu - 3.9 g/gal 

H20 

H20 

UO,(N03)2 
Al\N03)3 
F· 
HNOJ 
Pu 

• 0.37M 
- O. SM-
- 0. l!H 
- O. 5M-
- 0.6-g/gal 

UO,(N03}z • 1.77!! 
Al(N03)3 - 0.20!:! 
F· - 0.05M 
HN03 - 0. ~-
Pu - 3.3 g/gal 

H20 

HNOJ 

HN03 

H20 

HN03 

HN03 

- 2.~ 

· 2. O!! 

- 1. 7!:! 

- l.~ 

NO - Jo; for 
12~hour r!action :ime 
in dissolvers. 

I 

Function Volume or Flow 

Jilute and increase volume/velocity of off-gas. 150 cfm 

Complex residual fluoride in first cut. 

Oissolve uranium metal in first cut. 

Circulate solution; dilute and increase 
volume/velocity of off-gas. 

Route off-gas to treatment facilities 
(silver reactor, filters. backup facility) 
for 12 nours reaction time . 

. Qoute proouct dissolver solution to TK-QJ/D4 
storage. 

Complex residual fluoride in second cut. 

Dissolve uranium metal in second cut. 

575 gal 

2500 gal 

60 cfm for 
6 ncurs on 
eac:n cut 

400 scfm 

3200 gal 

140 gal 

1980 gal 

Route product dissolver solution to TK-03/04 2200 gal 
storage. 

Dilute jet heel and·transfer additional product 100 gal 
from dissolver to TK-DJ/04. 

Same as first rinse. 

Feeo addition to iK-04. 

Feeo addition to TK-E6. 

Absorb NOx in XA tower of backup facility. 

Cool tower to increase efficiency ano absortl 
~al\. 

Route oackup facility acid to TK-FJ for 
transfer to fractionator. 

Absortl NO"' in xa· tower of backup facility. 

Cool tower and absoro NOll. 

Qoute i•XB product from TK-XO to TK-XC fer 
use in T-XA reflux and transfer to TK-FJ. 

200 ga 1 

300 gal 

6400 gal 

8 gal/min 

288 gal/min 

5.4 gal/min 

2.5 gal/min 

BO gal/min 

2.1 gal/min 

\ Route off-gas to main stack. 600 sc:fm 

I 
a For processing of 0.947~ U-235 ~nricned Mark IV fuel from ll Reactor. 
~ Recycleo AFD condensate from ~ne acid fractionator may ce used fer these st·reams. 
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4.3. 1 Head-End Process Flow Diagram 

A process flow diagram of the uranium dissolution process and equip
ment is given in Figure 4-2. The figure shows the major pieces of equip
ment (excluding the off-gas backup facility), process routes, and some 
instrumentation and control equipment. The uranium dissolution system 
consists of three independent annular dissolvers with parallel off-gas 
systems also used for coating removal, a feed makeup tank, and three storage 
tanks. The off-gas systems include the downdraft condensers (dissolver 
towers), steam and electric heaters, silver reactors, and two off-gas 
filters per system. The filters are described in Section 4. 11, and the 
off-gas backup facility, shown in Figure 4-1, is described in this section 
and in Chapter 3.0, Sections 3.4 and 3.13. · · 

The dissolvers discharge to metal solution lag storage TK-D3/D4, 
which is a two-compartment bathtub-shaped vessel with a capacity of 
7,700 gallons in each side. Uranium recovered by dissolution of 
slurried centrifuge cake in TK-El is also added to TK-04. The tanks are -
equipped with jets for transferring between compartments and to TK-05, 
where solution samples are taken for product accountability. Tank OS 
contains a pump which recircuates solution through the .sample pot and 
transfers the solution to TK-E6 for feed preparation. The volume of 
solution transferred is determined from TK-05 measurements. The ~NO
stage sampler, shown schematically in Figure 4-3, involves pumping solu
tion to a first-stage sample pot and second-stage air-lift circulation of 
the solution to the sample gallery. The first-stage sampling is operated 
from the central control room. Rework materials can also be transferred 
to TK-05. The solution is then pumped to TK-E6 for final feed makeup. 
Tank E6 has provisions for adding demineralized water, nitric acid from 
three sources, -and rework materi a 1 from four sources. 

4.3.i Complexing of Fluoride Ions 

After completion of the metathesis portion of the coating removal 
process described in Section 4.2, some UF4 may be left in the dissolver, 
since the metathesis rinse dilutes the fluoride in the heel, but does 
not remove it completely. Since even small concentrations of fluoride 
will increase corrosion rates in the dissolver during acid dissolution 
and in the concentrators during subsequent processing, aluminum ion is 
added as aluminum nitrate nonahydrate solution [l.6fi Al(N03)3·9H20, 
or ANN] to complex the residual fluoride prior to acid addition to the 
dissolver. The chemistry of the fluoride corrosion and complexing is 
discussed in Chapter 5.0, Section ·5.2. 

The ANN added provides an overall aluminum-to-fluorine mole ratio 
of greater than three, based-on fluoride added in Zirflex solution that 
is not ·converted by metathesis to so 1 ub 1 e KF. For O. 947% enriched fuel , 
the first dissolution cut requires 575 gallons of 1.6M ANN from AMU 
TK-205. Only 140 gallons of ANN are needed prior to the second (final) 
cut, because some fluoride is removed from the dissolver with solution 
from the first cut. 
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FIGURE 4-3. Tank DS Sampling System. 
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For criticality prevention, processing of the higher enriched spike 
fuel (0.947 - 1.25% U-235, NPR Mark 1-A) requires a dissolver charge 
approximately half that of the 0.947% NPR fuel. Uranium dissolution of 
the spike fuel is compl~ted in a single step. Because of the smaller 
batch, only 250 g~ 11 ans of ANN· a re added to comp 1 ex the residua 1 fluoride 
ions in the dissolver. 

4.3.3 Uranium Dissolution Process Variables 

Uranium dissolution is started with addition of nitric acid to a 
dissolver annulus, via a magnetic f1owmeter, at a rate of 50 gpm. Initial 
acid volumes vary from 1,000 gallons of 50% HN03 (10.4~_) for the first 
cut and 600 ga 11 ans for the second cut, to 1 , 700 ga 11 ens for spike fue 1 
dissolution. Acid is added with full cooling water flow to the dissolver 
coil. Heating is begun with steam to the coil until th~ solution tempera
ture reaches 60°C. As hydrous uranium dioxide solids (U02·2H20) and uranium 
fines may be present at the beginning of dissolution, the initial reaction 
may be hard to control. The solids and fines may.react very fast at the 
start of the first cut, so the heating of the acid is slow to avoid pres
surizing the dissolver. 

After holding the solution temperature at 60°C for 30 minutes, the 
steam is shut off to monitor the rate of· the initial reaction. An ex
cessive reaction rate (inability to maintain at least -4 .inches of water 
vacuum ~n the dissolver) is controlled by lowering the solution tempera
ture with the cooling coil, or, as a last resort, by dumping drown tank 

. water directly into the dissolver.· When the reaction is under control 
and the temperature rise levels off, the coil steam is restarted and set 
at a specified flow rate (based on past operating experience), and adjusted 
to maintain the dissolver vacuum when the boiling temperature is reached. 
After about 2 hours of digestion, or if the solution specific gravity 
reaches 1.66, the first cut acid addit.ion is resumed. An additional- acid 
vnlume of approximately 1,500 gallons (500 gallons for spike fuel dis
solution) of recovered 50% acid is added at a rate of 10 gpm. This 
controlled addition maintains the acid concentration above 0.4M (for the 
first cut)~ and an effective dissolution rate. · -

As metal dissolution progresses, the specific gravity of the solu
tion increases. The first cut is terminated at a specific gravity of 
1 .66, as measured in the dissolver at boiling temperature, to avoid an 
acid-deficient solution with plutonium polymer formation. The first cut 
is also tenninated if the specific gravity fails to rise 0.02 unit in 
1 hour. These limitations on specific gravity also apply for termination 
of dissolution of spike .fuel to ensure a minimum uranium heel in the 
dissolver. The dissolution reaction is stopped by cooling the solution 
to 60°C with the cooling coii. The solution is j~t-transferred to the 
metal solution feed storage tanks (TK-D3/04) to complete the cut. 
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For the lower enriched fuel, the second cut requires somewhat less 
acid (1,400 gallons in addition to the initial 600 gallons) because 
about 60% of the uranium charged is dissolved in the first cut. However, 
since there is less dilution of the acid-by ANN, the second cut is ter
minated at a higher specific gravity (1.72) than the first cut with 
slightly higher final LINH and nitric acid concentrations ip the solution. 
Concentrations of uranium (as UNH), ANN, F-, and nitric acid at the 
tennination point for each cut for dissolution of lower enriched fuel are 
compared in Table 4-8. 

TABLE 4-8. Dissolver Solution Compositions 
for Dissolution of Fuel Enriched to 0.947% U-235 

Solution End of End of 
First Cut, M Second Cut, 

U02(N03)2 · 6H20 (UNH) 2.05 2. 13 

Al(N03)3 · 9H 0 . 2 (ANN) 0.29 0.10 

F- 0.083 0.03 

HN0 3 a. 41 0.52 

M 

The dissolver solution composition for spike fuel solution is nearly 
the same as for the second cut solution shown in Table 4-8. The ANN con
centration in the spike solution is somewhat higher at 0.16M, as compared 
to 0. lOM for the lower enriched second cut solution. -

4.3.4 Dissolver Rinse 

During coating removal, which follows a uranium dissolution, any 
uranium metal in solution which clings to the dissolver walls will be 
converted to soluble U02F2 and will be lost with the coating removal waste 
unless it is rinsed beforehand from the dissolver with the two fresh 
demineralized water additions (100 and 200 g~llons, successively) from 
the drown tank. The rinse water, which is jetted to a minimum heel of 
20 gallons, follows the LINH to the metal solution storage tanks for 
the feed preparation steps in D Cell. The rinsed heel volume is measured 
as it is covered with coating removal solution or water as a safety pre
caution to prevent uranium metal fires. 
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4.3.5 Metaf Storage and Feed Preparation 

Preparation of feed solution for solvent extraction processing con
sists of transferring batches of dissolver solution from metal solution 
storage tanks (TK-03/04) to an accountability tank (TK-05). The material 
is sampled for Purex input accountability in TK-05, as shown schemati
cally in Figure 4-3, and is then pumped to the feed makeup tank (TK-E6) 
in E Cell. Recovered uranium from E Cell metathesis is blended with feed 
metal solution in TK-04. 

If necessary, final feed adjustments are made in TK-E6, with the 
adjustments dependent upon the TK-05 accountability sample analyses. 
The feed makeup tank has provisions for adding demineralized water, nitric 
acid from any of three sources, and rework materials from any of four 
sources. 

When rework materials are added to the feed- solution in TK-E6, 
chemical and volumetric adjustments are made to meet the following speci-. 
fications: 

• The plutonium-to-uranium ratio must be maintained below 
established limits which vary with the U-235 enrichment 
of the solution. (U-235 is also a fissile material, and 
a higher enrichment reduces the amount of allowable plu
tonium in the solution.) 

• Nitric acid concentration is mai_ntained at greater than 
a.as lb/gal. 

1 Uranium concentration is maintained above l lb/gal. 

• Solution volume in TK-E6 is kept above _2,000 gallons. 

• A minimum aluminum-to-fluoride mole ratio of three is 
maintained. 

The ·typical spike fuel solvent extraction feed composition in the 
feed makeup tank (TK-E6) varies only slightly from that shown for a.947% 
fuel in Table 4-7. 

After the adjustments have been made, the solution is transferred 
to TK-Hl, which is the feed tank for the HA solvent extraction column. 

4.3.6 Off-Gas Treatment · 

Dissolver off-gases generated during uranium dissolution are rich 
in nitrogen oxides, which are partially removed from the off-gases and 
are recovered as nitric acid. The system used to accomplish the recovery, 
the backup facility, is described later in this section. The volatile 
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fission products released during uranium dissolution are Kr-85, Xe-133, 
I-129, and I-131. The first two, which are inert gases, are quantita
tively discharged to the outside atmosphere via the 291-A stack. Part 
of the iodine isotopes are believed to reflux to the dissolver from the 
dissolver tower (downdraft condenser) during the initial stage of acid 
dissolution, and then discharge to the tower off-gas during the remainder 
of the dissolution. Iodine is then removed from the dissolver off-gas 
in the silva.r reactor by reaction with solid silver nitrate coating on 
the reactor packing material. 

Chapter 5.0 contains infonnation on head-end off-gas systems techno
logy and chemistry for uranium dissolution. The backup facility and silver 
reactor operation are included in this section and in Chapter 9.0 • 
Table 4-7 lists the uranium dissolution process off-gas streams and their 
approximate composition during a dissolution cycle. 

4.3.6. l Dissolver Off-Gas System - Uranium Dissolution 

A flow diagram of the off-gas system· involved in the uranium dis
solution process is shown in Figure 4-1. Off-gas treatment equipment is 
described in Chapter 3.0, Section 3.4. The downdraft dissolver towers, 
which are actually water-cooled condensers, are primarily designed for 
nitric acid recovery during uranium dissolution. The tower also functions 
as a fission product scrubber, and may reflux some iodine. Condensate 
from the tower contains radionuclides, and is routed back to the dissolver 
during dissolution. The-tower gaseous effluent is routed to the off-gas 
heaters and silver reactor via the ammonia scrubber. The ammonia scrubber 
water flow is stopped during dissolution, and the scrubbers do not func
tion since no ammonia is evolved, 

Silver reactors are provided in each dissolver off-gas system to re
move radioiodine (I-131 and I-129), which is a potentially serious environ
mental health hazard. In the reactor, iodine in the heated off-gas com
bines with the silver nitrate coating on the packing to fonn silver iodide. 
Off-gases from the downdraft tower and ammonia scrubber are heated by 
passage through. a heat exchanger operated with 185 psi g steam. The gases 
then pass through an electric heater, bringing the gas temperature up to 
380°F. Although significant quantities of iodine are not liberated during 
decladding or metathesis, off-gases are still routed through the silver 
reactors during these operations, since there is no bypass route around 
them. 

Plant experience indicates that after extended use, the dissolver 
silver reactors lose their efficiency. Overall iodine decontamination 
factors, based on I-131 release and measured from the dissolver through 
the backup facility, range from 100 to 1,000 (Ref. 1). The loss in 
efficiency normally occurs when enough iodine has been charged to react 
with half of the silver on the packing. The dissolver reactors are 

·regenerated with fresh AgN0 3 periodically, but ~re not flushed (i.e., 

4-35 



~··,-

i~i"'i' 

,. ·1~: ·. 

'~· 
l.~, 
• !_:'W t;t !-\ 

-~~·!' ~::· 

RHO-MA-116 

dissolution of 7he coating and disposal to UGS), to ensure isolation of 
I-129 (1.6 x 10 -year half-life) from the environment. I-131 remains 
on the reactor bed and rapidly decays (8-day half-life) to Table 1 guide 
values listed in Department of Energy Manual Chapter 0524 Annex (Ref. 2). 
Once a reactor no longer functions, it is replaced and is sent to solid 
waste buri a 1. 

Based on plant studies of the vessel vent system (Ref. 3), competing 
reactions such as reduction of silver nitrate to metallic silver and for
mation of silver chloride also occur, and profoundly affect silver reactor 
efficiency. The chloride is introduced as an impurity in process chemicals 
and formerly as CCl4 in laboratory wastes routed to F Cell for disposal. 
Most of the iodine not removed from the dissolver off-gas by the silver 

· reactor is absorbed in the backup faci 1 i ty acid absorbers and is returned 
to the process in the recycled acid (Ref. 4). Iodine removal from off
gas streams is qi scussed further in Subse_cti on 9. 2. 1 of Chapter 9. 0. 

4.3.6.2 Backup Facility 

A. backup facility to the dissolver off-gas systems was added to the 
original Purex Plant to recover as nitric acid a portion of those oxides 
of nitrogen not absorbed in the downdraft condensers. The backup facility 
equipment consists of two acid absorber towers (T-XA, T-XB) in series 
and associated catch tanks and pumps. Two water coolers are included 
with ~he T-XA tower. Nitrogen oxides in the off-gases are absorbed into 
the tower scrub water forming ni.tric acid,. which is routed to the acid. 
recovery system and is eventually returned to the process. In the 
absorbers, the water scrub streams contact countercurrently with the off
gases. The acid product, approximately 2.0M HN03, is transferred batch-
wise to the acid recovery system. - · 

The instrumentation and operational control of the facility have 
not been fully optimized. Although the absorber towers were designed 
for 95% recovery of acid, average recovery efficiency is about 60% 
(Ref. 1). The facility also removes radioiodine, contributing a OF of 
ten during a dissolver cut. 

The chemistry and technology of the backup facility are described 
in more depth in Chapter 9 ~ 0. 

4.3.7 Process Control and Off-Standard Conditions 

The most critical scheduling requirement during uranium dissolution 
involves transferring the acid solution from the dissolver immediately 
following the first cut of 0.947% fuel. Even when cooled, the first
cut acid will continue to dissolve uranium and may result in an acid 
deficient solution and consequent formation of plutonium polymer. The 
first cut must be scheduled several hours prior to an opening of suffi
cient storage space in Tanks D3 and D4. Sch~duling of t~ansfers from 
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TK-DS to Tanks E6 and Hl may be controlled by limited solvent extrac-
tion process rates .. However, the transfers are nonnally not restricted as 
solvent extraction rates u5ually exceed dissolution rates. Removal of 
acid from the dissolvers at the end of second-cut 0.947~ fuel dissolution 
or spike fuel dissolution is not critical since essentially all of the 
metal is dissolved. 

Off-standard process conditions likely to occur during uranium disso
lution and the recommended remedies are summarized in Table 4-9 and are 
discussed in this section. Administrative controls to preclude charging 
short-cooled fuel elements and the fuel identification and transfer pro
cedures are discussed in Section 4.1. · 

In the unlikely event that a green charge is made, radioiodine 
monitors in the dissolver off-gas system will alann during dissolution. 
Backup facility and main ventilation stack sample monitors also alann, 
permitting prompt action to control the situation. Corrective action 
may include immediately quenching the uran·ium dissolution by rapid 
cooling and dilution. The dissolver solution may also be butted with a 
-10-2 M mercuric nitrate solution, which reacts with the -iodine to fonn 
the inso 1 ub 1 e and nonvo 1 a ti 1 e mercuric fodi de. 

Excessive dissolver corrosion resulting from high-fluoride concen
trations may be detected from corrosion products in feed samples. In
sufficient ANN addition may be'the-cause. The aluminum-to-fluoride ion 
mole ratio in the metal solution is maintained greater than or equal 
to th·ree. 

Improper feed preparation in TK-E6, faulty instrumentation, a 
steam leak in the dissolver, or other problems~ may result i.n acid
deficient feed. A possible consequence is plutonium polymer formation 
resulting in increased product losses to the waste in the HA column. A 
high terminal specific gravity in the dissolver at the end· of a dissolution 
can cause a low-acid feed condition. If the indicated specific gravity 
is lower than the actual value, the problem may be corrected by recali
brating dissolver specific gravity instrumentation. Depletion of nitric 
acid in the dissolver solution may be caused by a problem with the con
centration of acid used, tne dissolver tower operation, or a steam leak 
to the dissolver solutioq from a sparger ring. Feed adjustments can be · 
made in TK-E6 when TK-05 sample analyses are available. 

A less critical and more common process control problem in the 
uranium dissolution process is pressurization of the dissolver caused 
by an excessive reaction rate. The reaction can be slowed by decreasing 
the steam flow through the dissolver coil, or turning on cooling water 
if necessary. As a last resort, water is available in the emergency 
drown tank for dilution of the dissolver contents. 
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TABLE 4-9. Uranium Dissolution - Off-Standard Conditions. 
Uff-Slanddr'd Condition How lli!ll!cll!d Likely Cause Detection of Cause 

A) Dissolver prl!SSuriZdtiun 
during inilio1l hl!dlup 

B) Oissolvl!r pressurization 
duriny l.lll 

C) Exce~sive dlssulver 
COITUS ion 

II) Ac id dl!flcient product 
solul ion 

t) lli!lh lodilll! conlmlt 
in thl! dissolver off-yas 

Vacuum gauye on dissolver Too rdpid reaction 

Vacuum gduye 011 dissolver Too r..ipld ,·eactlon 

Corrosion products in 
solvent elllraction fel!d 
samples (TK-D5) 

Product loss to the HAU 
due to the fonua lion of 
plutonium polymer 

(I) 
(2) 

I monitor on dissolve, 
lllgh I alanns, 291-A 
and 293-A (hours 
la tl!r) 

(I) Insufficient a lumlnum 
nitratl! (ANN) addl!d 
dufiny cut 

(2) Excessive r· ,·emalning 
in dissolver 

(1) Too hlyh a tenulnal 
spec If le g,·av i ty 
durlny dissolution 

(2) Nitric acid depletion 
o( dissolver ~olulion 

( I) 

(2) 

d) Low concentration 
nitric acid used 
during cul 

b) faulty dissolver 
tower operdllon 

c) Steam leo1k lo dis
solver solut Ion from 
a sparge,· ring 

d) faulty_ SIJecHlc gn
v lty Ins trumen la lion 
In dissolver 

Processing of "green" 
slugs 
Sliver reactor break
through 

Increase In dissolver 
vessel pressure 

Increase In dissolver 
vessel pressure 

IK-05 sample andlysis 

(I) Specific gravity 
lnstruml!nlalton 
out of cdllbratlon 

(2) Nitric Acid 

( l) 

(2) 

a) And lys Is of IINU3 
used for cut 

b) Dissolver tower 
flowmeter and 
h1st.-u111e11tat 11111 

c) Spa,·y,;r yany 
villves leilklng 

d) Co11111drlson with 
~peclflc grdvlty 
,·eadlng In stor
age ldflk 

Hlyh I monitor read
Ing on dissolver 
High I ala1111~. 291-A 
and 293--A (hours 
later) 

Remedy 

( l) Shut off steam Lo 
dissolver col ls 

(2) Turn on water lo 
cooling coil 

( l) Add drown tank 
waler 

(I) Decrease stedm 
flu~, to dissolver 

(2) Turn cooling waler 
on to cul I 

( 3) Add drmm tank 
wdler 

( I l Adj us l AHN tu .,,·u
per Al/f mole rdt.io 

(2) Review melallu,~is 
chemistry 

(31 Review decldddi11g 
operations 

(I) Calibrate dissolver 
specific gravity 
Instrumental ion 

(2) Nitric Add 
a) Bull 111103 Into 

specifications 
b) Bring dissolver 

tuwl!r bad Lo 
equilibrium 

c) Rep~lr sparger 
llOVs 

d) Recdlibrdte 
specific yravity 
instrumentation 

(I) l11111edlately quench 
dissolution by rapid 
cooling 

(l) Butt dissolver with 
merc~r le n itra le 
(10· H) 

(JI Ollutlon of dissolver 
solution 
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4.3.8 Process Safety and Criticality Prevention 

Potential hazards associated with dissolver operations~ and the 
measures applied for control of these conditions are: 

, Uranium Fires - Fuel elements are charged into dissolver 
solution and the metal heels are covered with liquid. 
As a last resort, drown tank water can be dumped into 
the burning metal. 

• Hydrogen Explosion - Air dilution is available to dilute 
the gases below the lower explosive limit for hydrogen. 
This is the principal safety hazard in the tanks contain

. ing the metal solution • 

. , Nuclear Excursion - Administrative and geometric controls 
are imposed. Material of 0.97 to 1.15% U-235 enrichment 
is limited by charge and plutonium masses. The height of any 
fuel charged is limited. The fixed annulus dimension in. the 
dissolver is geometrically favorable for criticality safety 
for enrichments less than 0.97%, and a concrete moderator and 
cadmium neutron absorber in the dissolver limit the neutron 
flux. 

4. 4 SOLVENT EXTRACT ION-

Sol vent extraction is the .key operation of the Purex process. It 
serves to separate product materials (uranium, plutonium, and neptunium) 
from associated fission products and from each other, and produces puri
fied nitric acid solutions of these products. Under controlled chemical 
conditions in the solvent extraction system, the products are selectively 
extracted from the aqueous feed into the process organic sol vent, or· are 
stripped back into aqueous streams. A series of extraction-stripping 
sequences accomplishes the needed separation of uranium, plutonium, and 
neptunium from fission products, and puri.fication of products. 

The organic solvent used in the solvent extraction process is a 
30 vol% solution of tributyl phosphate (TB~) in a nonnal paraffin hydro
carbon (NPH) diluent (n-decane to n-tetradecane). 

The solvent extraction process may be considered to consist of the 
following three major process systems: 

• First decontamination and partition cycle 

• Final uranium cycle 

• Final plutonium cycles. 
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In this section, these major solvent extraction systems will be 
covered from a functional, operational,. and flowsheet viewpoint. Special 
procedures, process control and handling of off-standard conditions, and 
alternative flowsheets will also be discussed. A detailed description·of 
the solvent extraction equipment is given in Chapter 3.0, Section 3.6. 

The second neptunium cycle solvent extraction columns and process 
are described in Section 4.6. Solvent extraction technology is presented 
in Chapter 6.0. Concentration of product streams is covered in later 
sections of this chapter, while uranium and plutonium concentration tech
nologies are described in Chapter 7.0 . 

. 4.4.1 First Decontamination and Partition Cycle 

The purpose of the first decontamination cycle is to separate the· 
bulk of the fission products from uranium, plutonium, and neptunium. 
This separation is accomplished in the HA column by extracting the 
plutonium, uranium, and neptunium from the aqueous stream into the 

"Organic stream, leaving the bulk of the fission _products in the aqueous 
phase. 

In the partition cycle, plutonium is separated (parti-tioned) from 
uranium and neptun_ium. The partition process equipment includes three 
solvent extraction columns (lBX, 18S, and lC) and the uranium-neptunium 
intercycle concentrator (E-JS-1). The latter vessel js used to con
centrate the uranium-neptunium feed stream for the final uranium cycle. 

Figure 4-4 is a process flow diagram of the first decontamination 
and partition cycle, showing the major equipment pieces, some instrumen
tation, and the normal process routes. 

4. 4 • 1 • 1 HA Co 1 umn 

The Purex sol vent extraction process starts i·n the HA column, which 
has a dual function. In the lower section of the column, uranium, plu
tonium, and neptunium are extracted from the aqueous feed stream into an 
organic stream. In the top (scrub section) of the column, the product
bearing organic is scrubbed with a clean aqueous stream to remove, or 
strip, some of the small amounts of fission products extracted by the 
organic stream. The scrubbing also removes very small droplets of aqueous 
solution entrained in the organic stream. 

As shown in Figure 4-4, there are five process streams entering the 
HA column. The stream identifications, fluctuations, compositions, and 
flow rates are listed in Table 4-10. The organic stream (30 vol% TBP and 
70 vol% NPH diluent mixture); which is termed HAX (HA column extractant), 
from solvent treatment system l, enters the column via a standpipe equipped 
with four distributor nozzles located inside the bottom disengaging sec
tion. The organic is the continuous phase, so the column is essentially 
filled with organic. The aqueous dispersed phase in the form of droplets 
passes through the organic. 
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TABLE 4-10. First Decontamination and Partition Cycle Streams. 

Stream 

HAF 

HAX 

HAW 

3WB 

HAS 

HAP 

lBXF 

l BX 

lBU 

lBXP 

lBXP-HNOJ 

Composition 

U - 1. 7M 
HN03 - 0.4M 
Al(N03)3 - 0.2M 
F- - 0.0SM 
Pu - 3 g/gal 
Np - a.as g/gal 

iBP 
NPH 
HN0 3 

HN03 
Al 
F· 
u 
Pu 

HN03 
u 
Pu 
Np 

u 
HN03 
Pu 
Np 

u 
HN03 
Pu 

- 30% 
- 70% 
- a.01~ 

- 2.96M 
- O.OSM 
- a. 02ff _4 
- l .4xl0.it 

l .8xl0 ~ 

7.7M 
- 0. OSM 
- o.•3-g/gal 
- Variable 

- O. 77M 

- 2. CVi 

- 0.3M 
- 0.19M 
- 0.5 g/gal 
- Variable 

- 0.22M 
- o.17M 
- 0.4 g/gal 

- 0.3M 
- 0.028M 
- O. lM -

- 0.22M 
- 0.065~ _ 

2. Sx 10•:i g/ga 1 
- Variable 

- 0.08M 
- l .5M-
- 3.6-g/gal 

- 10.4M 
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Function 

HA column feed solution. 

HA column extractant 
(organic). 

HA column aqueous waste. 

Aqueous backcycle--additional 
salting strength for extrac
tion section. 

Neptunium valence adjust
ment to~ to ensure 
extractability. 

HA column acidic scrub 
solution to remove fission 
products from organic. 

HA column product stream con
taining extracted plutonium, 
uranium, and neptunium. 

lBX column feed stream con
taining extracted plutonium, 
uranium, and neptunium, and 
lBSU, 2PW, 2BW.and 38W 
recycle streams. 

lBX column plutonium parti
tion stream--iron (+2) re
duces plutonium ,,a 1 ence from 
+4 to +3, plutonium is 
strioped into lBX, sulfamic 
acid kills ~o2. 

lBX column uranium and 
neptunium product stream, 
organic. 

I 
I 

lBX column plutonium product I 
stream. 

Recovered acid to increase 
!BP acidity. 

Flowa, gal/min. 

4.2 

23.2 

10.6 

3.5 

0.013 

3.6 

24.0 

33.0 

3.a 

33.0 

4.0 

1. 2 
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TABLE 4-10. First Decontamination and Partition Cyc1e Str~ams. (Continued) 
-

Flowa, gal/min. Stream Composition Function 

lSS TSP - 30% Scrub uranium out of lSXP, 4.6 
f~PH - 70i organic. 
HN03 - 0.01!1, 

lSP HN03 - 3.4M 18S column plutonium product 5. l 
Pu - 2.5-g/gal stream to 2AF Tank. 
u - lxlQ-~ 

lBSU HN03 - 0.3M Uranium scrub stream. recycled 4.6 
u - 0.07M to lBXF Tank. organic. 
Pu - 0.3 g/gal 

lCX HN03 - 0.01!1, Strip uranium and neptunium 27.0 
from lSU organic stream. very 
low acid. 

1 cu u - 0.27M lC column uranium product 27.0 
HN03 - o.09M stream. 
Pu - 3xla=s g/gal 

lCW u - Trace lC column waste to solvent 32.0 
HN03 - Trace treatment system 1. 

lUC u C 2.1M Concentrated uranium product 3.5 
HN03 - o.9M · solution from lCU concentrator. - -4 Pu - 2.6xl0, g/gal 

lUD HN03 - Trace Process condensate from lCU 46.0 , 
concentrator recycled for 
use in HAS. lex. and 2EX 
streams. 

aBased on processing rate of 10 tons of uranium per day . 
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The feed solution, designated HAF, enters the column at the midpoint 
(at the top of the extraction section, or bottom of the scrub section) 
via an internal distributor ring. The aqueous feed drops down through 
the nozzle and louver plates, and is dispersed in the rising organic stream, 

. fanning an emulsion by the action of the HA column pulse generator. The 
pulsing action also aids the countercurrent or opposite flow of the 
aqueous stream with respect to the organic stream. 

The backcycle waste stream (3WB), which consists of concentrated, 
recycled waste streams containing plutonium, uranium, and neptunium, 
enters the HA column from various parts of the process slightly below 
the HAF feed point through a circular, external distributor equipped 
with nozzles which extend into the column. The nitric acid concentration 
of the 3WB stream is very hi~h (7.7M) relative to the nitric ac,d con
centration in the HAF (0.39M). The 3WB acidity may be increased by 
adding a nitric acid stream-to the backcycle waste tank to provide extra 

. salting strength in the extraction section aqueous phase, which increases 
the efficiency of product materials .extraction by the HAX. This addi
tional salting strength maintains near-optimum product extraction condi
tions and decreases the amount of product reflux in the scrub section of 
the column. Decontamination of a fission product like ruthenium is en
hanced by high-acid scrubbing, but the decontamination of zirconium
niobium is decreased. This and other factors affecting fission product 
decontamination are discussed in Chapter 6.0, Section 6.1. 

A chemical additive necessary for efficient extraction of neptunium 
in the HA column is a sodium nitrite stream (HA~NOz), which enters the 
lower end of the extraction section via a circular external distributor 
ring equipped with nozzles extending into the column. The function of 
the HA-N02 is -to ensure that the neptunium in the column exists in an 
extractable +6 valence state. As the sodium nitrite solution enters the 
bottom of the extraction section, it is immediately contacted by the 
rising organic stream, and the nitrite. ion is extracted by the HAX. The 
presence of the nitrite in the HAX produces an oxidizing medium for the 
descending 3WB and HAF as they are contacted with the HAX. The nitrite 
ensures that any neptunium exisiting in the inextractable +5 valence 
state will be oxidized to a valence of +6, allowing it to be extracted 
by the organic. 

The organic containing the extracted plutonium, uranium, and nep
tunium rises in .the co 1 umn and enters the scrub section, where it is 
contacted by the nitric acid scrub stream (HAS). This stream enters the 
HA column through an internal distributor ring located just above the 
top of the HA scrub section. As the HAS aqueous flows by gravity down 
through the scrub section, it contacts the rising organic and scrubs 
the fission products extracted along 111ith the plutonium, uranium, and 
neptunium. 

The larger diameter section of the column (bottom disengaging sec
tion) provides room for the aqueous-organic emulsion to break up and 
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coalesce into separate aqueous and organic layers. The aqueous HAW 
(HA column waste) collected in the bottom disengaging section is one of 
the two streams 1 eavi ng the HA co 1 umn. -It contains greater than 99. 9% 
of the f.i ss ion products which entered the co 1 umn in the HAF. The HAW 
flows continuously by gravity out of the bottom of the column, and is 
routed to the waste concentration - acid recovery section of the Purex 
Pl ant. 

The organic product (plutonium, uranium, and neptunium) stream (HAP) 
overflows continuously from the top of the disengaging section of the 
HA column, and is routed to the lBX feed tank (TK-J3), where the partition 

. cycle is s:tarted. 

4.4. 1.2 1BX Column 

The organic-feed, originating from HAP and recycled organic waste 
from the second and third plutonium and second neptunium cycles plus 
the 1BSU recycle stream, is pumped from TK-J3 and enters the 1BX column 
via an internal distributor ring located in the bottom disengaging 
section. The aqueous continuous 1BX column is essentially full of the 
aqueous phase with the organic phase (1BXF) rising up through the aqueous 
phase. This column has one prime function: to strip the plutonium away 
from the organic stream.while leaving the uranium and neptunium in the . 
organic. A plutonium valence adjustment is necessary to accomplish this 
separation. 

The aqueous in the column, termed 1BX (1BX column extractant), is a 
dilute nitric acid solution containing a reductant (ferrous sulfamate) 
and a holding reductant (sulfamic acid). Stream information is given in 
Table 4~10. The 1BX enters the top of the column through an internal 
distributor ring loaated just above the plate section. The ferrous ion 
(Fe+2) reduces the valence of the plutonium in the 1BXF from the extrac
table +4 state to the nearly inextractable valence state of +3. (The 
distribution ratio for Pu+3 is a factor of 10 - 100 lower than that for 
Pu+4, depending on the uranium and nitric acid concentrations). As the 
organic stream rises through the lBX, the reduced plutonium (+3) is par
titioned, or stripped, from the organic into the 18XP aqueous stream. 
The sulfamic acid in the lBX reacts with the nitrite ion left from the 
HA-N02 added to the HA column and carried along in the lBXF. Without the 
sulfamic acid destruction of the nitrite, the nitrite would react with, 
or 11 kill, 11 the ferrous ion before the plutonium valence adjustment took 
place, and no plutonium partition would be made. 

The ferrous ion also reduces a portion of the neptunium in the 
lBX column from its extractable valence state of +6 to the nearly inextrac
table +5 state, and then finally to a valence of +4, which is also extrac
table. This means that some of the neptunium is reduced and stripped 
by the 1BX, ·and is then further reduced and re-extracted by the organic 
stream. The uranium valence of +6 is not affected by the ferrous ion, 
but a small amount (4 to 5%) of uranium is stripped by the 1BX along with 
the plutonium. 
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When the plutonium-bearing lBX aqueous stream has descended to the 
bottom disengaging section and coalesced to fonn an aqueous layer called 
the lBXP (lBX column plutonium), it flows by gravity to the top of the 
18S column. The organic lBU stream containing uranium and neptunium flows 
by gravity from the top disengaging section to the bottom of the lC column. 

4.4.1.3 18S Column 

The function of the 18S column is to scrub out of the aqueous stream 
the small amount of uranium which was s~ripped into the lBXP along with 
the plutonium in the lBX column. Prior to its entry into the 18S column, 
the lBXP aqueous feed stream is butted with recovered nitric acid so that 
the plutonium-bearing lBP stream leaving the column has sufficient acid 
concentration to allow efficient extraction of plutonium in the second 

: plutonium cycle. The high acid content also enhances uranium extraction 
in the 18S column. The uranium in the recovered acid is scrubbed out 
and recovered along with the uranium in the lBXP. The alternate of 
adjusting the lBP acid content i.n TK-JS requires the use of fresh acid as 
the amount of uranium that can be separated from plutonium in the final 
plutonium cycles is limited. 

The acidified lBXP enters the aqueous continuous 18S column via the 
internal distributor ring located just above the plate section. Organic 
from solvent treatment system 1 is routed to the 1 BS column via an internal 
distributor ring located in the lower disengaging section just below the 
plate section. This organic is the 18S (18S column scrub) stream. The 
18S organic disperses up through the 18S column and extracts ~r scrubs 
the uranium from the descending lBXP aqueous stream. When the 18S drop
lets reach the top disengaging section, they coalesce to form an organic 
layer called the lBSU (18S column uranium) stream. The lBSU overflows 
from the top of the 18S column, and is recycled to the lBX organic feed 
tank (TK-J3) with about 6 to 10% of the plutonium. When the lBXP reaches 
the bottom disengaging sec ti on, it is ca 11 ed 1 BP, and is routed to the 
2A column feed tank (TK-JS), where it is chemically adjusted for use as 
feed solution to the second plutonium cycle. 

4.4. 1.4 lC Column 

In the lC column, the uranium and neptunium product materials from 
the lBU organic stream are transferred to an aqueous stream. The small 
amount of plutonium remaining in the lBU follows the uranium and nep
tunium through the lC column, as it operates only as a stripping column~ 
and no partitioning takes place. 

The lBU organic stream, containing the uranium and neptunium, over
flows from the top of the lBX column to the bottom of the lC column as 
the lCF (lC column feed). It enters the aqueous continuous lC column 
via an internal distributor ring 1ocated just be1ow the plate section. 
The aqueous stream, lCX (1C column extractant), is a very dilute solution 
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of nitric acid ·(O.OlM) prepared continuausly from demineralized water 
·and 50 wt% HN03 in a-mixing pot in the P & 0 gallery. The dilute nitric 
solution is piped from the mixing pot to the top of the lC column, where 
the nitric solution enters the column v.ta an internal distributor ring 
located above the plate section. The proper lCX temperature is maintained 
by heating the water with steam, injected into the water line before it 
enters the mixing pot. 

The condensate from the lCU concentrator (lUD stream) is nonnally 
recycled back to the lC column and substituted for most of the lCX water 
stream after steady-state operation is attained. 

. As the lCF organic moves up the column, it is dispersed in the aqueous 
·phase (lCX), and the uranium and neptunium are stripped from the organic 
foto the aqueous phase. No valence adjustments are involved in this 
column. Basically, the transfer is accomplished by contacting the organic 
lCF with an aqueous solution containing very little nitric acid salting 
agent. The low acid content of the lCX, its 50 to 60°C temperature, and 
the relatively high aqueous-to-organic flow ratio allow optimum column 
performance. · 

The aqueous collected in the bottom disengaging section is called 
the lCU (lC column uranium). The lCU contains practically al_l of the 
uranium and neptunium which entered the lC column in the lCF. This 
stream is next pro.cessed in the 1CU concentrator and final uranium cycle. 

The organic droplets, stripped of uranium and neptunium, coalesce 
in the top disengaging section to fonn an organic layer called the lCW 
(lC column waste). The lCW overflows from the top of the lC column, 
and is routed by gravity flow to the solvent treatment system 1 feed tank. 

4.4. 1.5 lCU Concentrator 

The lCU stream, bearing the uranium and neptunium, and the backcycle 
waste concentrator condensate (3WD) are transferred by steam jet to the 
lCU concentrator (E-JS-1), entering via the concentrator tower. By rout
ing the stream to the tower, the vapors passing up through the tower from 
the concentrator reboilers can contact and 11 steam strip 11 entrained organic 
from the descending lCU stream. Steam stripping is necessary to keep 
potentially explosive organic decomposition products from accumulating in. 
the cqncentrator. The exhaust vapors pass through a water-cooled conden
ser, which liquifies the vapors. Some of the condensate (lUD) is recycled 
to the HA, lC, and 2E columns, while the excess· is routed to concentrator 
E-K4-1 in the final uranium cycle. When the volume of uranium and nep
tunium solution in the lCU concentrator has been reduced by approximately 
a factor of seven, the concentrated product (lUC) overflows from the con
centrator to the final uranium cycle feed tank (TK-Kl). 
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Concentrator and pulse column operations are described further in 
a later part of this section, and the concentrator and column designs are 
described in Chapter 3.0, Sections 3.7 and 3.6, respectively. 

4.4.2 Final Uranium Cycle 

In the final uranium cycle (sometimes called the second uranium 
cycle), the uranium product stream is decontaminated (purified) by sol
vent extraction and is concentrated. Neptunium and residual plutonium 
and fission products are separated from uranium and routed to the back
cycle waste system. 

Figure 4-5 is a process flow diagram of the final uranium cycle 
showing process streams and equipment. Table 4-11 summarizes infonnation 
pertaining to the process streams, including identification, function, 
composition, and flow rate. 

4.4.2. 1 20F Feed Makeup 

Before the lUC can be used as a feed·solution for the 2D column, 
the concentration of salting agent (HN03) must be increased to allow the 
selective extraction of uranium away from neptunium, plutonium, and 
fission products (FP 1 s). Accordingly, a 10.4M HN03 solution, 20F-HN03 
( 20 co 1 umn feed nitric acid stream) , is fed continuous 1 y to the feed 
makeup tank (TK-Kl) to increase the acid concentration of the feed 
solution from 0.9M to l.SM.· - . -

A solution of hydrazine (2DF-N2H4) is- added to react with any nitrite 
ion present in the feed tank. This reaction protects_ the hydroxylamine 
nitrate used to separate plutonium from uranium. With the addition of 
the two butt streams, the 1 UC is converted into 2DF (20 column feed r. 
4.4.2.2 20 Column 

The 20 column is a dual-purpose (extraction-scrub), organic con
tinuous column similar in function to the HA column. The 20F stream is 
pumped from the ·feed tank into the 2D column via an internal distributor 
ring located just above the extraction section. 

The 2DX (20 column extractant) is pumped to the 20 column from the 
solvent treatment system 2 storage tank (TK-R7) .. The organic in system 
2 is kept separate from the system 1 organic to keep the 2D organic rela
tively free of fission products and plutonium, thereby producing a purer 
uranium product from the final uranium cycle. 
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TABLE 4-11. Final Uranium Cycle Process Streams. 
Stream 

2DF 

20X 

20IS 

20S 

20W 

2DU (2EF) 

2EX 

2EW 

2EU 

Composition 

HN03 - 10.4M 

HN03 - l.SM 
U - l. 97M 
Np - Variable 
Pu - 2.4xJo-4 g/gal 

TBP - 30% 
NPH - 7.0% 
HN03 - 0. Ol!i 

HN - a.a~ 

U - 0.07M 
HN03 • 1 -~- _4 Pu - l.SxlO g/gal 
Np - Variable 

U - 0.34M 
HN03 - 0. 003!i 

HN03 - 0.01/1 

TBP - 30% 
NPH - 70% 
HNO - Trace 
u 3 - Jx10-6~ 

U - 0.38M 
HN03 - 0. Oll!i 

Function 

2D column feed nitric butt 
stream, to increase salting 
strength. 

Reduce nitrite (N02) with 
hydrazine. 

20 column uranium-neptunium 
aqueous feed, from 2DF tank. 

2D column organic stream, 
extrac1:S uranium, leaves nep
tunium, plutonium, and F?'s. 

Reductant stream (HN) to 
reduce pl u ton i um to •1 a 1 ence 
-+-3. 

2D column scrub water to strip 
nitric acid and FP's from 
organic. • 

20 column aqueous waste back
cycled to HA column via back
cycle waste concentrator 
system. 

20 column or;anic uranium 
product feed to 2E column. 

2E column aqueous strip (very · 
dilute nitric acid). Strips j 
uranium. 

I 2E column organic waste to 
solvent treatment system 2. 

2E column aqueous uranium 
product to 2EU concentrator. 

I 

' 

aBased on processing rate of 10 tons of 1Jranium per day. 
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.3.8 

20.0 

0.74 

2. 13 

5.9 

20.7 

17.3 
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The extraction of neptunium, plutonium and FP 1 s with the uranium is 
restricted by saturating the organic with uranium. This is accomplished 
by adj us ting the 2DX and 2DF fl ow rates so not qu·i te enough 2DX organic 
is present to extract all of the uranium in the 20F. -This desired 
uranium loss is controlled between 5 and 7% to give efficient column 
operation. With the high uranium satur~tion, the organic extracts a 
limited amount of neptunium, plutonium~ and FP's. As the organic, 
loaded with uranium, ascends through the 20 scrub section, it is con
tacted with two aqueous scrub streams. The 201S (20 column intermediate 
scrub) contains a reducing agent, normally HN (hydroxylamine nitrate 
[NH20H·HN03]), which converts any extracted Pu+4 to Pu+3. The second 
stream (20S), which is demineralized water, scrubs the nitric acid (ex-
,.tracted along with the uranium in the extraction section) out of the 

'.'organic to assure a low acid concentration in the final product. The 
low acid content is necessary to minimize corrosion of the concentrator 
and allow production of a high purity product. Some uranium and FP's 
are also scrubbed out of the organic by the 20S. 

In the· bottom disengaging section, the 20W (20 column waste stream) 
is formed. The 20W contains 5 to 7% of the uranium, and essentially all 
of the neptunium, plutonium, and FP's which entered _the 20 column via 
the 2DF. The 2DW is routed to the backcycle waste tank (TK-Fl.0) for 
concentration and recycle to the HA column and the second neptunium cycle. 

The organic 2DU (20 column uranium stream), loaded with extracted 
uranium, accumulates in the top disengaging section of the column and 
flows -by gravity to the bottom of the 2E column. 

4.4.2.3 2E Column 

The 2E column is a single-purpose, aqueous-continuous stripping 
column, identical to the lC column, used to strip the uranium from the 
20U organic stream. The 20U organ·; c enters the 2E column as the 
2EF stream via an internal distributor ring located in the bottom dis
engaging section just below the plate section. 

The aqueous phase in the column is supplied by the 2EX (2E column 
strip stream), which is an extremely dilute (0.0lM) nitric acid solution 
prepared by adding fresh 12.2!1 HN03 into a mixing-pot where it is diluted 
with water obtained from recycled lU0. The 2EX enters the column via 
an internal distributor ring located just above the top of the plate 
section. The 2EX has no salting strength and readily strips all but a 
minute portion (0.0009%) of the uranium from the 20U. The organic, 
barren of uranium, disengages and coalesces to form the 2EW (2E column 
waste) in the top section of the 2E column, then flows by gravity to the 
organic receiving tank (TK-Rl) in solvent treatment system 2. 

The aqueous stream, containing the stripped uranium, fonns an aqueous 
layer in the bottom disengaging section. This uranium solution, called 
2EU (2E column uranium stream), is routed to the 2EU concentrator (E-K4-1), 
which is discussed in Section 4.5. 
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4.4.3 Final Plutonium Cycles 

The final plutonium cycles of the solvent extraction process consist 
of the second and third plutonium solvent extraction cycles. Plutonium 
product concentration, also considered to be part of the cycles, is covered 
in Section 4.5. 

In the second plutonium solvent extraction cycle (2A and 28 solvent 
extraction columns), plutonium is partially purified from uranium, fission 
products, and metallic impurities and concentrated by a factor of about 
ten. The plutonium product solution is then routed to the third plutonium. 
cycle (3A and 38 columns) for final purification and concentration. 

The flow diagram for the solvent extraction portions of the final 
plutonium cycles is shown in Figure 4-6. Information pertaining to the 
liquid streams is summarized in Table 4-12. 

4. 4.J. l 2AF Feed Makeup 

Product from the 18S column (lBP) is prepared in the feed makeup 
tank (TK-JS) as the 2AF feed stream to the 2A column. A sodium nitrite 
stream (2AF-N02) is continuously added to oxidize the plutonium from 
the nearly inextractable +3 valence to the extractable +4 valence. The 
nitrite ion first chemically oxidizes, or kills, the reducing agents,· 
ferrous ion and sulfamic acid, previously added to maintain the pluto- · 
nium in the +3 valence state. The 2AF acidity is maintained at 3.3M by 
addition of fresh nitric acid when recovered nitric (lBXP-HN03) is not 
being added to the lBS column feed. 

4.4.3.2 2A Column 

The 2AF, pumped from the 2AF feed makeup tank, enters. the organic 
continuous 2A column about two-thirds of the way up via an· external dis
tributor ring equipped with nozzles extending through the column wall, 
just above the extraction section. The 2AX (2A column extractant) from 
solvent treatment system l also enters the column via an external dis
tributor ring equipped with nozzles extending through the column wall, 
just below the extraction section. 

As the aqueous phase descends through the extraction section, the 
Pu+4 and 50% or more of the nitrite ion entering in the 2AF are extracted 
into the organic. The organic containing the extracted plutonium moves 
up the column past the feed point into the scrub section, where it con
tacts the dilute nitric (0.75M) aqueous scrub solution, 2AS (2A column 
scrub stream). The 2AS strips or scrubs most of the extracted FP 1 s out 
of the organic phase. The scrubbed organic rises and accumulates in the 
top disengaging section, and becomes the 2AP (2A column plutonium prod
uct stream), which overflows from the top of the 2A column to the 
bottom of the 28 column. 
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TABLE 4-12. 
Stream 

ZAF 

2AX 

2AS 

2AW 

ZAP 

2BX 

2!1S 

2BW 

ZBP 

3AF-,UI01 

3AF-01L 

JAF 

JAS 

JAX 

JAW 

JAP 

3BX 

JBW 

JBP 

RH0-MA-116 

Final Plutonium Cycle- Process Streams. 
Comoos i ti on 

HNO • 3.3M 
NO, 3 • 0. 0021'! 
Pu· - 2.~ g/gal 

rap - 30: 
IIPH • IQ,: 
HNO'.l • J.01~ 

HNO'.l • J. 75~ 

nNO • 2.3" 
?u J • O.OfS g/gal 

HNO • ~- 17M 
Pu '.l - 12.3-g/gal 

~NO'.l • O. JM 
HN • 0. 1M i,2rii • -J. ~~ 

TSP 301: 
~PH • iO: 
HNOJ 0.01~ 

• HN0 • 0.07M 
Pu '.l • o.ooi g/gal 

Hr«lJ • O. 51H 
Pu • 31. 7-g/ga I 

NaN02 • a. 77~ 

HNO'.l • 12.~ 

HN03 1.~ 

HNO • 3.29M 
Pu '.l - 1 S-. J-g/ga 1 

HNOJ 1.~ 

TSP • JO: 
-~PH • iO~ 
HNOJ O. Olti 

HNOJ • 2. 35M 
?u - a. J4-•;i/ga 1 

~NO'.l • ~- 1911 
?u - iJ.3-;i/gal 

HNOJ Q. 1~ 

HNOJ • Q. •3M 
?u - a. 1 g/gai 

HNOJ • 0. Jl4 
>u - 112:"3 g/ga 1 

(29.3 g/L) 

r 
I 
I 

i'unct1on 

~1trite Hre!lll to oxidize 
;,u(+3) to Pu(+4). 

2A column feet! stream. 
Pu(+4). 

2A column extractant, 
organic. 

2A column scrub. Jilute 
nitric acio rell'Oves F?'s fl'"Cffli 
olutanium-bearing organic. 

2A co 1 11.11111 aQueous ,..s te to 
b&ckcyc 1 e systen. 

2A column olutoniuan oroduct 
StreUI, ta 2B col.-i. 

ZS coluan stripping ,olution 
reduces 0u( +4) to Du( •3 l lnd 
<ills nitrite. 

'2B column uranium scrub 
stream, organic. 

2B column organic ,..ste 
recyc 11111 to 1 BX feea tank. 

2B col11111n plutoniUII Pl'Oduct 
to JA colli!III feed maiteuo. 

~; trite stream to oxid1 ze 
Pu(+J) to Pu(+4). Used only 
if necessary. 

tncr-easas JAF acidity. 

Dilute nitric Jcid stream 
to incl"ease JAF volume and 
flo,, rate. Use<! only during : 
~ycle of concentrated 
?u(NO'.l) 4 solutions. 

JA co I wnn feed stream, 
Ou(•4). 

JA column sc:ruo, dilute 
nitric: acid removes F?' s 
fr:on, olutonium-loaded 
organic. 

JA column extractant 
(organic). 

3A column aQueous waste 
routed to ~ackcyc I e system. 

3A column olutanium produc:, 
to JB column. 

JB ,:olumn strip solution, 
dilute nitric acid to remove 
•u(-.4). 

JB column organic waste re• 
cycled :o 19X feed tank. 

JS column plutonium oroduct. 

0.31 

5.40 

1.03 

.). 93 

6.30 

1.03 

0.40 

0.34 

1.38 

0.40 

0.06 

0.18 

•J.69 

0.13 

0. 17 

•J.az 

0.17 

O. il 

a.11 

0.11 

'3ased ~n Jrocessing :o tons of Jranium ,er day. 
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The descending aqueous droplets coalesce in the bottom disengaging 
section of the 2A column to form the 2AW (2A column waste stream). The 
2AW, which contains about 0.7% of the entering plutonium plus the s~rubbed 
and nonextracted fission products, is uTtimately returned to the HA column 
via the backcycle waste concentrator. · 

4.4.3.3 2B Column 

The aqueous-continuous 28 column functions like a combined lBX -
lBS column. Plutonium is partitioned from the uranium and FP's present 
in the 2AP by the aqueous 2BX stream. The 2BX stream contains hydroxy
lamine nitrate (NHzOH·HN03, or abbreviated as HN) as a reductant, and 
:hydrazine (N2H4) as a holding reductant similar to the ferrous sul famate 
and sulfamic acid in the lBX column. · 

The organic 2AP bearing the plutonium product enters the 2B column 
via an external distribution ring equipped with nozzles extending through 
the column wall one-third of the way up the column. As the organic and 
aqueous streams are intimately contacted in the 2B column, the plutonium 
is reduced by the 2BX from the +4 to the nearly inextractable +3 state, 
and is stripped from the organic to the aqueous phase. The nitrite pre
sent in the organic also reacts with the 2BX reductant. An excessive 
quantity of nitrite cou 1 d thus consume a 11 the reductant and force the 
plutonium out the 2BW waste stream for recycle back to the lBX column. 

The plutonium-bearing aqueous stream continues down the column and 
is contacted by an organic stream (28S) from solvent treatment system 1 
to scrub uranium from the aqueous. This 28S stream enters the column 
via an external distributor ring just below the plate section. The 
organic streams rise and coalesce into an organic layer at the top of 
the column. This organic stream, containing uranium, FP's, and only 
0.04% of the·entering plutonium, is the 28W (2B column waste stream). 
It overflows from the 2B column and is recycled by gravity flow to the 
lBX column feed tank (TK-J3). The plutonium-bearing aqueous stream, 
2BP (28 column product), overflows into the 3AF tank (TK-L3), the feed 
tank for the third plutonium cycle. 

4.4.3.4 3A Column and 3AF Feed Makeup 

The decontamination partition, accomplished by the third plutonium 
cycle, is similar to operations discussed previously. The 3A column 
resembles the HA column in purpose. It is a dual-purpose, organic
continuous column for extracting the plutonium into a organic stream, 
and then scrubbing the organic to accomplish additional FP and metallic 
impurity decontamination. · 

The 2BP from the 2B column is received in the 3AF tank. In order 
to convert the 2BP solution to 3A column feed, a valence adjustment of 
the plutonium from +3 to the extractable +4 state is necessary. To 
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accomplish this, the 3AF-N02, a solution of sodium nitrite, is available 
for continuous addition to. the 3AF tank. However, this stream is not 
nonnally required as the nitrite content of the fresh nitric acid added 
to the 3AF to obtain the desired acidity is sufficient to oxidize the 
plutonium. The nitrite ion chemically oxidizes, or kills, the reducing 
agents, hydrazine (N2H4) and HN, contained in the 28P to maintain the 
plutonium in the +3 valence state. Dilute nitric acid solution (1.2M 
3AS solution) may also be added to the 3AF tank to obtain the desired 
acidity, flow rate and plutonium concentration for efficient 3A column 
operation when processing recycled material. 

The 3AF, pumped from TK-L3, enters the 3A column about two-thirds 
,.,; of the way up vi a a pipe extending through the column wa 11 just above 

the:extractfon section. The 3AX organic (3A column extractant stream) 
from solvent treatment system 1 is piped into the column near the lower 
end of the extraction section. As the aqueous feed descends through 
the extraction section, the Pu+4 and about 80% of the nitrite ion are 
extracted from the aqueous into the organic. 

As the organic, loaded with the extracted plutonium, passes the feed 
point and moves up into the scrub section, it contacts the 3AS aqueous 
scrub, a dilute nitric acid solution. As the 3AS contacts the rising 
organjc, it strips, or scrubs, most of the extracted FP 1 s out of the• . 
organic phase. A fission product decontamination factor of about 50 is 
.attained. 

The scrubbed organic rises to the top annular disengaging section 
where it fonns an organic layer, the 3AP plutonium product. The 3AP 
overflows from the top of the 3A column to the bottom of the 38 column . 

. _ The descending aqueous droplets coalesce in the bottom disengaging· 
section of the 3A column to form the 3AW waste stream containing about 
0.3% of the plutonium and 98% of the FP 1 s that entered the column. The 
3AW is routed to the backcycle waste tank (TK-Jl) for reprocessing and 
eventual recycle to the HA column. 

4.4.3.5 38 Column 

The purpose of the 38 column, a single-purpose, aqueous-continuous 
stripping column, is to transfer the piutonium product from the organic 
to· the aq~eous phase, and at the same time, increase the plutonium con
centration of the product stream. This transfe.r also provides a typical 
FP decontamination factor of 1.5 to 2.0, as the FP 1 s tend to remain in 
the organic rather than being stripped with the plutonium . 

. The organic 3AP bearing the plutonium product enters the 38 column 
via an external distributor ring equipped with three equally spaced pipes 
connected to the column wall just below the plate section. 
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As the 3AP organic and dilute nitric acid (0. 15M) 3BX streams are 
contacted in the 38 column, the plutonium is stripped from the organic 
to the aqueous phase. No plutonium valence adjustment is necessary in 
this case; the valence of the plutonium-remains +4. Stripping is accom
plished by the 3BX due to its lack of s.alting agent (low nitrate concen
tration). 

The organic, which contains the bulk of any nitrite and about 0. 1% 
of the plutonium extracted in the 3A col.umn, coalesces into an organic 
layer at the top of the 38 column. This stream, tenned the 38W (38 col
umn waste stream, overflows from the 38 column, and is routed by gravity 
to the lBX feed tank to be recycled. 

The descending 3BX aqueous stream, containing the stripped plutonium, 
forms the 3BP plutonium product stream in the bottom disengaging section, 
and is the feed solution for the plutonium stripper (T-L6). 

··' 4.4.4 Solvent Extraction Startup Procedures 

Purex sol vent extraction systems operate as continuous processes-, 
but require some special transient operation during startup and shutdown 
to avoid excess product losses, and to minimize extraction of fission· 
products. The conditions that must be satisfied for smooth startup and 
shutdown are outlined here, but for more detail, the Purex operating 
procedures, or job performance aids (JPA's), should be consulted. 

Prior to startup, prestartup procedures ensure that the solvent 
extraction equipment and piping routes of the three major systems are 
ready to operate. The checkout varies depending on whether the pre-

. vious shutdown was an equilibrium or an extended shutdown. The P and 
0 gallery piping and valving are checked for prescribed positions. The 
appropriate process columns are filled (not required when starting up 
from an equi 1 ibrium shutdown) and instruments are checked for_ operability. 

Though stated simply, the following steps are required for starting 
the first decontamination and partition, final uranium, or final plutonium 
cycles in the proper sequence, with some operations occurring simultane
ously: 

• Complete the prestartup procedures. 

• Start the column pulsers. 

• Start the cold aqueous streams to the top of the columns. 

• Start the feed and organic streams. 

• Start the lCU concentrator and simmer on seal pot water 
until process solution reaches the concentrator. 
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• Adjust the feed streams to full flow rates. 

• Establish column interfaces. 

• Begin condensate recycle (lUD to lCX). 

The backcycle waste system, discussed in detail in Section 4.6, is started 
up with the first decontamination and partition cycle. 

A Purex process startup sequence requires careful scheduling. Start
up of the solvent extraction system does not begin until the head-end 
metal storage tanks and Tank E6 are full. A typical startup sequence is 
as follows: 

• Solvent treatment system l is started and operated in a 
recyc 1 e mode. · 

• The third plutonium cycle columns, 3A (T-L4) and 38 (T-LS), 
and the stripper (T-L6) and concentrator (E~L7) are started. 

• The second plutonium cycie columns, 2A (T-Ll) and 2B 
(T-L2) are started. Acid is added directly to TK-JS 
(2AF) prior to partition cycle startup. 

• The backcycle waste concentrator (E-H4) is started to 
boi 1 down waste from the fi na 1 p 1 utoni um cycle and. to 
provide a 3WB acid stream for the HA column. · 

• Partition cycle columns, lBX (T-J6), iBS (T-J4), and 
lC (T-J7),·are started (only aqueous streams are required 
at this point). The lCU concentrator is started and 
simmered on seal pot water, ready to receive lCU;- Con
densate recycle of lUD to lC, HA and 2E columns is routed 
when necessary. 

• The first decontamination cycle HA column (T-H2) is filled 
with organic and started; organic specific gravity and 
column acidity are important during the nonnal column 
startup operations. 

• The final uranium cycle columns, 20 (T-K2) and 2E (T-K3), 
are started 12 to 24 hours after the partition cycle, 
and after the solvent treatment system 2, waste treatment, 
and acid recovery systems are operating in a recycle mode 
(spinning). 

4.4.5 Solvent Extraction Shutdown 

Shutting down the solvent extraction columns employs principles 
which are, in essence, a reversal of the startup considerations. The 
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uranium and plutonium-bearing streams are shut off first, followed by a 
stripping period, and subsequent shutting off of the cold streams and 
pulsers. 

During the stripping period, the cold streams are permitted to flow 
for several minutes to remove the greater percentage of the products in 
the column contents. An adequate stripping time can usually be determined. 
by dividing twice the column volume by the extractant flow rate. The 
products resulting from this stripping procedure may contain excessive 
FP contamination resulting from the decreased degree of uranium concen
tration in the extraction column scrub sections. This material can be 
isolated and returned for rework as indicated in Subsection 4,4.10.3. 

~.4.6 Mechanical Pulsers 

Mechanical pulsers are used to agitate the liquid within the Purex 
solvent extraction columns, except for the third plutonium cycle columns 
where air pulsing is used to increase extraction efficiency. A simplified 
diagram of a mechanical pulse column system is shown in Figure 3-26 of 
Chapter 3.0. The pulser consists of a piston reciprocated by a variable
speed electric motor acting through reduction gears and a conventional 
crank arrangement. The pulse is transmitted to the column via a pulse 
leg, a pipeline filled with essentially stagnant liquid which connects 
the piston to the bottom of the column. 

Trapped air in the pulse leg is undesirable since the piston requires 
liquid in the pulse leg for lubrication, and the pulse efficiency is 
adversely affected by an air.cushion. Therefore, the piston head con
tains a 11weep hole 11 to allow air to escape. Some liquid escapes from 
the weep hole and by leaking past the piston. This pulse leakage is 
routed back to process vessels during normal operation. Air pressure 
is applied to the pulse leg during shutdown to prevent the columns from 
draining through the weep hole. Water is canmonly added ta the pulse 
leg during startups and shutdowns for purging of air from the system, 
establishment of interface, and as liquid to displace the organic phase 
from the column. 

4.4.7 Air Pulsers • 

Pulsing of the 3A and 3B columns of the third plutonium cycle is 
produced by compressed air introduced to the pulse leg at a controlled 
pressure and frequency via separate solenoid-operated Hannifin valves 
located in a P and O gallery white room glovebox. Alternate pressuriza
tion and venting of the pulse 1eg displaces the liquid contained therein 
and thus forces liquid in the column up and down through the holes in 
the .cartridge plates. The pulse amplitude is a function of both fre
quency and air pulse pressure. The pulse generation and delivery systems 
are shown in Figures 3-29 and 3-30. 
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A number of operating problems with the pulser systems encountered 
during the first year of operation led to an in-depth study by the process 
engineers. Observations and actions resulting from that study are pre
sented be 1 ow. 

4.4.7.1 Observations 

• Air sparging of the columns, as indicated by the column 
static pressure recorders, occurs if the pulse air pressure 
exceeds 16.8 psig. 

• When the spool-poppet assembly in the Hannifin valve 
sticks in the open position, pulse air pressure is con
tinuously applied to the column. At about 12 psig for 
the 3A column and 10.4 psig for the 3B column, the 
column contents will be blown to TK-L3 via the vent 
line. 

• If the frequency controller fails in a way that keeps 
the Hannifin solenoid EV-A energized, pulse air is also 
kept on the column continuously. 

• When the air pressure to the pilot of the Hannifin valve 
falls below 35 psig, the spool-poppet ass.embly will not 
mov~. The pulsing action stops even though the fre
quency controller operates electrically. 

• The air supply to the pilots of the Hannifin valves comes 
from PRV-L, which also supplies air to operate all of the 
piston-operated valves (POV 1 s) in the third plutonium 
cycle (vessel jet-out lines, 3BP rework line, ventilation 
header· selector). For POV operation, at least 90 psig is 
required to compress the strong springs installed in the 
POV.1 s, and an additional compressor has sometimes been 
required to supply extra air at the needed pressure. 

4.4.7.2 Actions 

1 The 3A (PRC-L4-4) and 36 (PRC-LS-4) air pulse pressure 
controllers are operated in the manual position to pre
vent oscillation (caused by either a sticky control valve 
or a too-sensitive control setting) at maximum pressures 
of 10 psig and 8 psig~ respectively. 

1 The PRV 1 s (PRV-L4-4 and PRV-LS-4) to the accumulators 
are set at 30 psig: 

• Installation of a separate PRV (PRV-L4/LS) set at 60 psig 
for the air supply to the pilots of the Hannifin valves 
was recommended but not completed. The valve is needed 
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to assure a constant pilot air supply at an acceptable 
pressure (90 psig air will accelerate deterioration of 
the valve seals). 

, The oilers are in operation whenever the pulsers are 
ope.rated. 

, A prototype pulse detector-counter, shown in Figure 3-30, 
is installed on the T-L4 (3A column) pulser exhaust air 
line. An ultrasonic flowmeter that operates a counter 
is clamped around the line to indicate when an exhaust 
occurs. The pulse rate is then determined by reading 
the counter over a known time period. Stopping of the 
counter while operating the pulser indicates sticking 
of the spool-poppet of the Hannifin valve or failure 
of the flowmeter system . .The pressure controller is 
then reduced to zero pressure until the cause of 
trouble is determined. This prototype is not entirely 
satisfactory and is therefore not duplicated on T-LS 
(38 column). The counter, which is located on a rack 
just outside the white room door, is affected .by other 
vibrations and has to be set periodically. 

4.4.8 Pulse Column Interlace Control 

The HA column aqueous waste stream flow rate is controlled by a 
remote air-operated valve which receives a signal, via pneumatic and 
electrical instrumentation, from a float situated at the aqueous-organic 
liquid interface in the column bottom disengaging section. The float 
rides at the interface and follows its up-and-down movement. When the 
interface level rises, the float rises and signals the HAW control valve 
(DOV) to open slightly, allowing more aqueous to flow out of the column, 
and dropping the interface level back to the desired set point. When 
the interface level drops from the set point, the float drops corres
pondingly and signals the HAW .DOV to close. This action decreases the 
HAW flow and allows the aqueous volume in the bottom disengaging section 
to build up, raising the interface back to the desired level. 

The lBX column top disengaging section interface position is between 
the 1 BU organic and the aqueous solution ( l BX) below it. It is contra 11 ed 
by a float, instrumentation, and a remote valve (DOV). When the inter
face rises, a signal causes the lBXP DOV at the bottom of the column to 
open slightly, increasing _the aqueous flow from the column. The lBX 
control valve is s~t for a given flow and is generally not alteFed. When 
the interface drops below the desired position, the interface float sig
nals the lBXP DOV to close slightly, decreasing the lBXP flow and raising 
the interface level in the lBX column .. 
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The lBS column interface ·control is similar to that of the lBX 
column. The lBP flow is controlled by the position of the top interface. 
Automatic control of these columns is by a cascading system. The inter
face controller manipulates the set point of the bottom outlet flow 
controller (lBXP or lBP), which makes the necessary flow change to restore 
the proper interface level. 

The interface in the top disengaging section of the aqueous
continuous l C column is contra 11 ed with a dip tube interface detector 
rather than a float. (A float used on a test basis is installed, but 
was disconnected from the control instruments when it was found to be 
more sensitive to emulsions than the dip tube cgntrol system.) The 
interface reading is an aqueous-organic specific gravity instead of the 
actual interface position. The reading is maintained between a specific 

, gravity equivalent to 100% organic and 100% aqueous to provide a valid 
indication of interface position, which.controls the lCU flow. 

·rhe level control ·of the bottom diseng;aging section of the 20 col
umn resembles that of the HA column, with t:he interface float position 
controlling the 2DW flow control valve. The 2E column has a top intar
face maintained by a dip tube interface detector like that of the 
lC column. The position of· the interface controls the 2EU·flow control 
valve~ 

The 2A and 3A columns operate in a manner equivalent to the HA col
umn, with the 2AW and 3AW streams controlled. The 2B and 3B columns 
have a top interface, and a float controls the 2BX and 3BX aqueous 
stream flows at the top of the columns, rather than the bottom aqueous 
product flows. 

. 
4. 4. 9 1 CU Concentrator Operation· 

The E-JS concentrator is a steam-heated, vertical-tube, thermal 
recirculation-type evaporator similar to E-K4, E-H4, and E-F6, which are 
described .in other sections of the process description. The concen
trator consists of two tube bundles set off from, b.ut connected to, a 
central downcomer. Seated on top of the downcomer is a stripping tower 
con ta i ni ng seven bubble-cap trays be-1 ow a 3-foot 1 ayer of Ras chi g rings 
for de-entrainment. A more complete description of the equipment is 
given in Chapter 3.0, Section 3.7. 

During processing, the feed solution (1CU stream) from the T-J7 
column (lC) enters the stripping tower above the bubble-cap trays. The 
solution passes down through the bubble caps, countercurrent to the 
rising vapors, which strip entrained organic from the aqueous feed and 
enters the central downcomer~ There, the feed solution mixes with the 
concentrated solution and circulates through the two reboiler sections. 
In the reboiler section, the vertical tube bundles heat the solution 
sufficiently to vaporize a portion of it. The concentrated solution 
overflows via an overflow chamber to TK-Kl (2D column feed). 
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The condensate from the E-J8 concentrator (lUD stream) is normally 
recycled back to the HA, lC, and 2E columns in place of fresh demineral
ized water in the HAS, lCX, and 2EX streams after steady-state operation 
is attained. The condensate is collected in a small pot and pumped to 
the condensate recycle header via a special jumper. The normal streams 
are blocked off and a small amount of water is added to the pump pot in 
the canyon·to make up the required volume. 

Startup and operation of the E-J8 concentrator involves the follow
; ng major steps: 

• The specified vacuum is established on the condenser and 
'-concentrator. 

• The concentrator is filled to 3400 gallons with seal 
pot water . 

• Cooling water flow to the condenser is started by setting 
tRe condensate temperature controller to 50°C on automatic . 

• The temperature of the concentrator contents is increased 
to the boiling point over a period of 30 minutes by man
ually controlling the steam flow to the reboiler tube 
bundles. · The volume. is maintained, between 3200 and 
·3400 gallons by adding seal pot water. 

• The fl ow of aqueous· .. so 1 uti on f rem the 1 C so 1 vent extrac
tion column is started. and slowly increased to flowsheet 
value. The seal pot water is then turned off. 

• Steam flow to the tube bundles is adjusted as necessary 
to hold the liquid level below overflow until the specific 
gravity of the reboil er. contents reaches the desired value. 

For optimum performance during concentrator operation, the E-JS 
specific gravity is maintained nearly constant (constant overflow rate 

- to TK-Kl), and the E-JS vacuum is maintained nearly .stable. 

The E-J8 concentrator is shut down and cooled by the following 
procedure: 

• Flow from the lC solvent extraction column to the 
concentrator is stopped. 

• Steam flow to the tube bundles is decreased to 10-15% 
of chart. 

• Air pressure to the tube bundles is increased by 
very slowly opening the air PRV bypass valve until 
the high pressure steam cutoff is activated. 
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, The manual valves downstream of the steam PRV 1 s and 
DOV's are closed. 

, Air pressure to the tube bundles is maintained at 
20 to 25 psig for 5 to 10 minutes and is then 
reduced. to 10 to 15 psig by slowly closing the air 
PRV bypass valve. 

• The steam flow controllers are set to zero on 
manua 1. 

1 After approximately 30 minutes, water flow to the 
condenser is turned off. 

, The condensate DOV 1 s are opened wide. 

, Water to the tube bundles is turned on slowly to 
a total pressure of 20 to 25 psig until the concen
trator contents cool to 50°C·and is then turned off . 

, The air PRV bypass valve is opened to maintain an 
air pressure of 20 to 25 psig on the tube bundles 
for 10 to 15 minutes and is then closed. 

Concentrator instrumentation. and off-standard conditions are dis
cussed in Section 4.5. 

4.4.10 Process Safety and Criticality Prevention 

A radiation hazard with the solvent extraction systems would result 
from a 11 suckback 11 of radioactive liquid from the cell vessels into the 
P and O gallery. The suckback would occur if steam condenses in a process 
line to a vessel containing radioactive liquid, and the resulting vacuum 
sucks the liquid up into the line. Some of these process lines are purged 
automatically, and-some are designed to always be supplied with either 
air, steam, or water to prevent vacuum formation in the lines. 

Process solvent in large quantities presents a potential fire hazard 
which can be controlled by restricting the solvent system temperatures. 
A potential explosion hazard from formation of "red oil" is minimized by 
limiting (by steam stripping) the amount of entrained organic to the 
concentrators, and by operating the concentrators below the critical 
temperature of l35°C, above which red oil may be formed. Formation of 
red oil is discussed in more detail in Chapters 6.0 and 7.0. 
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More specific process hazards are listed below. 

1 Interface Control - Column ·interfaces in the HA, lC, 
20, 2E, 2N, 2P, 2A, 3A, and 38 columns must be care
fully controlled to avoid losing too much organic to 
the downstream concentrators where red oil can be 
fanned. 

1 Pulsers - Mechanical pulsers may be damaged by the 
piston freezing up in the cylinder if the pulser is 
operated with air in the pulse leg, or is started 
before the air can bleed off from the water purge. 

• Cold Stream Controls - Several aqueous strip or scrub 
streams are fanned by blending a chemical stream with 
water and heating the mixture. The water .flow must be 
on before starting the steam flow to one of these 
heaters to avoid overheating the column organic. 
Improper chemical makeup· and flow rates can also 
present process hazards which are covered further 
in Section 4.4. 11. 

Nucle~r criticality is prevented by applying the following three 
basic methods of control: 

• Safe solution concentrations 

• Safe batch sizes 

• Safe geometry of vessels. 

In the Purex solvent extraction.processes, usually some combination of 
two of the methods are used to ensure criticality prevention . 

4.4. 10.l HA Column Criticality Prevention 

The ·feed stream to the HA column contains plutonium and uranium in 
the same ratios as originally in the irradiated fuel element, ~nd the 
solutions cannot reach criticality because of the amount of neutron
absorbing U-238 present. The pennissible plutonium-to-uranium ratio 
is somewhat higher for feed solutions than the corresponding ratio for 
reactor fuel to allow for the occasional addition of rework materials 
and the continuous addition of backcycle waste to the feed. The allowable 
ratio varies with the U-235 enrichment of the fuel, since it is also a 
fissile isotope, and with the isotopic content of the plutonium. The 
HAF pump tank, TK-Hl, is normally limited to a maximum plutonium-to
uranium ratio of 2300 grams per ton based on a maximum U-235 content 
of 1. 15 wt% of the uranium and a minimum Pu-240 content of 3.0 wt% of the 
total plutonium. 
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The preferential extraction of uranium assures that the concentration 
of plutonium in the organic does not exceed the safe concentration of 
6 g/'L. Polymer formation in the t_op of the HA column is prevented by the 
HAS nitric acid concentration (2M), which is continuously monitored with 
a conductivity probe. -

4.4. 10.2 Partition Cycle Criticality Prevention 

The lBX partition column, the 18S scrub column, and the 2AF tank 
rely primarily on safe solution concentration for criticality prevention. 
Geometries of the lBS column itself and the 2AF tank are also favorable. 
However, the plutonium concentration in these vessels is also.limited 
to 6 g/1 because the column upper disengaging section and the sump under 
the vessels are not geometrically favorable. 

During periods of abnormal operation, it is possible to accumulate 
plutonium in the lBX column._ If the lBX and lBXP streams were shut off 
and the organic feed was .introduced to the column, plutonium would strip 
into the aqueous phase until all the lBX reducing agent was oxidized. 
Since the lBX ferrous ion concentration is verified prior to use to be 
less than.0.03M, the resulting plutonium concentration would approach, 
but not reach,-the minimum critical concentration. The presence of 
U-238 in the column provides an additional margin of safety. 

4.4.10.3 Fi-nal Uranium Cycle Criticality Prevention 

Under ordinary process conditions, there are no criticality preven
tion problems within the final uranium cycle. Upsets in the partitioning 
cycle, however, could. result in plutonium accumulations in the K -cell 
equipment-which would require uranium recycle to the first decontamina
tion cycle for rework. Plutonium entering the backcycle waste system 
with the 2DW stream could put that system out of specifications as well. 

The control mechanism against these potential problems is to shut 
down the 20 and 2E columns before the TK-Kl plutonium content exceeds 
the 20 column lim1t of 870 grams. The permissible amount of plutonium 
in TK-K1 (15,000 grams) is greater than that for the columns, and 
material collected in TK-K1 can be recycled for rework without process
ing through the 20 and 2E columns. 

4.4. 10.4 · Second Plutonium Cycle Criticality _Prevention 

The 2AF tank (TK-JS) is of geometrically favorable design for 
criticality prevention, with a 2.75-inch solution annulus moderated 
by a concrete core. This design is favorable for plutonium concentra
tion equivalent to final proauct specifications (1700 g/gal or 450 g/1). 
The primary criticality prevention control, however, is to limit the 
plutonium content to the safe solution concentration of 23 g/gal (6 g/1). 
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This limit is not required for the tank, but is dictated by the unfavorable 
geometry of the J Cell sump with the possibility of a tank failure leaking 
2AF solution to the sump. 

Tank JS could be unsafe if caustic or some other precipitating 
chemical caused the formation and accumulation of plutonium precipitate 
in the tank. The presence of the precipitating agent, however, would 
cause other operating difficulties requiring a plant shutdown before a 
critical mass could accumulate in the tank. 

The 2A and 2B columns are geometrically favorable for concentrations 
equal to final product specifications. The sumps beneath these vessels 
and the third plutonium cycle vessels are also favorable, and permit a 
limit for the combined contents of the sump and any one vessel alone of 
s·o kg of plutonium . 

4.4. 10.5 Third Plutonium Cycle Criticality Prevention 

Nuclear safety in the third plutonium cycle equipment is primarily 
based on favorable geometry. The vessels are of annular, cylinder and 
slab configurations which have geometrically favorable dimensions for 
plutonium concentrations equal to final product ~olutions. 

The 3A column must be operated such that the 3AW plutonium does 
not exceed 6 g/i, since this stream is ordinarily routed to TK-Jl, 
which is not of geometrically favorable design. 

4.4. 11 Process Control 

· A 1 though process contro 1 is more cri ti ca 1 and comp 1 ex in the HA 
column, the basic control principles apply to the other solvent extra
tion columns as well. Important information given by solvent extraction 
system instrumentation and sample analyses, and methods of correcting 
off-standard process conditions are discussed in this section. 

4.4.11.1 Important Process Data 

The HA column extraction section is equipped. with differential 
pressure instrumentation which furnishes a continuous record of the 
static pressure, or relative weight, of the mixture of the aqueous 

· and organic present. During steady-state operation, an increase in 
the static pressure indicates a relative buildup of extractable products 
in the extraction section caused by either a relatively low organic flow 
or a high aqueous flow. A decrease in the static pressure indicates a 
relative decrease of extractable products caused by either a relatively 
high organic flow or a low aqueous flow. Static pressure is thus routinely 
correlated with uranium saturation of the organic phase, and is used as a 
guide to flow rate adjustments. 
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Other HA column operability checks include: 

1 HA Column Flows - Detennine if column flows as indicated by 
rotameters are in balance, and adjust as necessary. Low 
flows may indicate restrictions in lines or valves. 

• HAW Nitric Acid Monitor and Analyses - Monitor the amount of 
salting agent in the column. Low HAW nitric acid (2.4M) in
dicates lack of salting strength and a need to increase the 
3WB flow or HAS acidity. 

• HAW Neotunium Analyses - High neptunium loss indicates the 
need to check HA-NOz for proper flow and concentration. 

• Pulse Frequency - May be set improperly for optimum extrac
tion performance. Too low frequency causes mixer-settler 
type of operation, resulting in poor mass transfer. Too 
high frequency_ will cause cyclic flooding, entrainment, and 
emulsion formation. 

Useful information from instrumentation on other columns includes: 

• Static Pressure - Indicatei liquid level, but is affected by 
flow rates, pulser frequency, and solution density, in addition 
to solution height. Normally, this pressure is relatively 
stable .. 

• Differential Pressure - The solution density in the space 
between two dip tubes is fndicated, assuming the upper dip 
tube is covered. A rise or fall may indicate approaching 
flooding conditions depending upon the location of the mea
surement in the column and which type of column is being 
monitored. 

1 Interface Location - Indicates the relative position of the 
interface between aqueous and organic layers in the disengaging 
sections. Automatic control of interfaces and the appropriate 
column stream flow rates .are discussed in Section 4.4.7. 

•· Fl ow Rates - A 11 are normally set with automatic contra 11 ers. 
Column bottom stream flows are sometimes controlled by the 
interface controllers. 

• Specific Gravity - Usually measure the specific gravity of 
the solution in pa~t of the disengaging section to provide 
information on column flooding, emulsion formation, or organic 
saturation. 
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• Pulser Frequency - The cycles per minute the pulser is running 
is indicated and controlled. With mechanical pulsers, high 
frequency can cause column flooding, and a low frequency will 
reduce column separation efficiency. With air pulsers (3A and 
38 columns) operating at a constant pressure, increasing the 
pulse frequency reduces column flooding. 

Radiation and ion monitors, described in detail in Section 3.10, 
are used in the solvent extraction process to supplement sample analyses. 
The following types of monitors are currently being used: 

• HN03 Monitor - This type of instrument indicates the nitric 
acid content of the HAS, 2AS, and HAW streams. 

• Gamma Monitor - These recorders indica.te the gamma levels in 
the streamso Gamma level is a good indicator of fission 
product concentration, and helps determine the efficiency 

·of a decontamination process. Ganuna monitors are used ;.n the 
HAP, lBP, 2EU and 2BP streams. 

• Neutron Monitor - This type of instrument indicates the relative 
neutron activity levels from pluto~ium at three locations in 
the lBX column, in the lBXP stream, and in tanks E6 and Jl. A 
neutron monitor is also used to determine the cadmium concentra
tion in the TK-151 solution, which is used as the motive force 
for the jet to transfer- highly concentrated plutonium solutions 
from TK-Lll to TK-E6 for rework. 

• Alpha Monitor - These recorders indicate the alpha activity 
levels in plutonium streams. Alpha monitors are used on 
the lBSU, lBP, 2BP, 2AW, 3AF and 3AW streamso 

• N02 Monitor - This instrument indicates the nitrite composi.tion 
of the 2AF, and allows immediate flow adjustment of the 2AF-NOz 
stream when necessary. 

• Photometer - This instrument indicates the uranium concentra
tion in the 20W stream. 

4.4. 11.2 Correction of Off-Standard Conditions 

The diagnosis and correction of problems indicated by process instru
mentation readings and laboratory analysis of process samples is often 
complex, requiring expert understanding of the solvent extraction processes 
and considerable operating experience by the diagnostician. Consequently, 
a discussion of all possible off-standard conditions which may be encoun
tered with the Purex solvent extraction processes is virtually impossible 
to document. In this section, however, the most common off-standard 
conditions, including their detection, causes, and possible solutions, are 
described. This information, as related to specific cycles of the solvent 
extraction processes,. is a 1 so summarized in Tables 4-13 through 4-17. -

4-69 



TABLE 4-13. First Decontamination Cycle - Off-Standard Conditions. 
- - - ··--- - - - ·-·-·-. -- -- - --·------ ----------------------··· ------ ----·------------- - --- --- ---- ------ - ----- ------ --- . ------ ··-· - ---- . 

Uft-St<1mla1·d Condil ion llow Ul!tected l.i ~e ly Cause Detecllon of Cause kemedy 
-- --·· ------------ ---- ---···- ···- - ·--·- -- - ·-------- ----- ------------- ---------- ------- ------------- - ------------------ --------- -- - ··- - .. --------~-

(1) flow rates: adjust 
f 1 ows to proptff 
values 

A) lliyh uranium or plutonium 
los~ to IIAII 

(1) Ry routine ilnalysls of 
co111bl11t!d i:oncentrated 
aqueous waste (JK-f15) 

(2) SpeclficalJy by analysis 
of IIAII sample 

(3) Spc!c ifically by Increase 
in static pressure of 
colunu1 (indication of 
high uranlu111 loss) 

(4) Oecrl!il~e In IIAP specific 
.yfdV ity 

(1) Flow rates 
ii) Low IIAX (hl!lh 

aqueous/organic 
flow ratio) 

b) 111911 IIAF 
c) High IIAII 
d) Low IIAS - low 

Sil 1t ing strl!nyth 
e) Low 3!48-IIA 

(2) Stream composlllons 
a) Low TOP concl!n

trat Ion In IIAK 
b) High urcanlwn con

centra t Ion in IIAP 
c) low acid concen

tra t Ions (IIAS. 
IIAF, 3118) . 

(3) flooding of HA 
col1u11n 

(4) Pulse fl"equem:y off 
opti111u111 conditions· 

1) flow rates . 
a) Ftow recorder on IIAX; 

hiyh IIAP (organic) 
specific 9ravlty 

b) FJuw recordl!r of IIAF 
(cross-checked by 
tank v0Ju1111: readings 
of TK-111) 

c) Flow reco.-dl!rs on 
3110-IIA, IIAS, IIAF 

d) Flow recorders on 
IIAS-1120 and IIAS-IIH03 

e) Flow reco.-der on 
l\10-IIA 

(2) Strt:dlll co11111ositlons 
a) I us l rwuen t specl f le 

g1·av lty ( IK-G5) 
b) lligh specific gravity 

Indicates hlyh urani
um concentration In 
column 

c) Analysis of samples, 
IINOJ monito,·s, TK-JI 
specific gravity 

(l) flooding 
a) Increase in stat le 

p1·l!ssurl! rvdd Ing~ 
b) Interface level 

vc1rlat Ions 
( 4) Pu I se; fret1uency cht!clr. 

( 2) Stream compos it Ions: 
a) Butt Into spec i f·i -

cations 
b) Adjust flow rates 

to compensate 
1) If low TRP con-

.. centration exists, 
ra lse IIAX ra ti! 

2) If hlyh uranium 
COIICl!ntratlon 
e1tists, lowe,· IIAF 
rate or incrl!ase 
IIAX rate 

t:) Increase IIAS-IINU3 
flow, add fresh nitric 
to TK-Jl or Increase 
1110-IIA fl ow 

( 3) f loading 
a) Decrease pulse fre

quency 
b) Decrease flow rates 

( 4) Pulse: adjust frt:quency 
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:c 
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TABLE 4-13. 
Off-Standard Condition 

II) lliyh fission product 
con ten l In lhe IIAP 

C) lli9h neptunium loss to IIAW 

First Decontamination Cycle - Off-Standard Conditions. (Continued) 
llow Detected 

(I) Co11llnuous ly by ga11111a 
radiation monitor on 
IIAP stream 

(2) Speclflcally by a11c1lysls 
of IIAP for yan,na activ
ity 

Likely Cause 

(I) flow rates 
a) Low HAS rate 

(low salting 
strength) 

b) low IIAF rate 
(high organic/ 
aqueous flow 
ratio) 

c) High IIAX. nle 
d) Low JWII-IIA 

( 2) Stream Compos It Ions 
a) lllyh IINOJ concen

lra t Ion In IIAS 

b) lllyh ga111na actlv-
1 ty In IIAF (due 
to short fuel 
"cooling" time) 

(3) flooding of IIA 
colwnn 

(4) Pulse frequency off 
optimum cond It ions 

(I) Speclflully by analysis (I) Low IIA-N02 '.now 
of IIAW for neptunium (2) Low IIAX flow · 

Detection of Cause 

(I) flow rates 
a) flow recorders on 

IIAS-1120 and IIAS-IIN03, 
IIAW IIN03 1110111 tor 

bl Flow recorder 011 IIAF 
c Flow recorder on IIAX 
d flow recorder on 

JWD-IIA, IIAW IINOJ mon
itor 

(2) Stream Compos I lions 
a) IIAS continuous nitric 

acid monitor 
b) Ana lys Is of IIAF for 

ganuna act iv tty 
(J) flooding 

a) Increase In static 
pressure readings 

b) Interface float 
variations 

(4) ~ulse: frequency check 

Remedy 

( I) flow •·ates: adjust 
flows to proper values 

(2) Stream Compositions 
a) Adjust IIAS-IIN03 

· concentration 
b) If hlyh ga11111a In IIAF. 

Increase IIAS flow rate 
and/or increase uran lum 
sa tura lion of the Ol'

ganlc 
(]) flooding 

a) Decrease pulse freq1ency 
b) Decrease flow rates 

(4) Pulse: adjust 
frequency 

(I ) fl ow recorder on IIA-N02 l I) 
(2) Flow recorder on IIAX 

Increase IIA-tl02 
flow to proper 
value 

(2) Increase IIAX flow 
to proper value 

----------- --- ------ ·-·-·---------- --------------~---------------~------------- ------------ -------------------- ---
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UH-Stantlard 1:outl.lt iuu 

A) lliyh plutonium loss in IUU 
slredm (resulting In hl!)h 
plutonium loss lo 20W) 

U) lligh uranium In IUP stredm 

TABLE 4-14. Partition Cycle - Off-Standard Conditions. 
- --·· .. ·- - ··- ·-· ·-. -- --- ------· ---- -· ------·-- -·---------------- . --- __ ... -- --·· ----

flow Uetecletl 

(I) Speciflcally·by analysis 
of ICU for plulunlw11 

(2) Routlmdy by analysis of 
co,11:enlrated backcycle 
aqueous waste (TK-JI) 
fur plutonlu111 

(.i) IBXP, IOX column neutron 
mouitors 

(4) IBP alpha monitor 
(5) 11<-JI neutron monitor 

(I) Analysis of IBP urea111 
for uranium 

(2) Very high uranium In IBP 
111e1y be lntlicaled by ln
cn,ase in static pressure 
of 18S ·colu11111 

Likely Cause 

(I) Flow l"illl!S 
a) Low IBX 
b) IUyh IBJIF 

(2) Stream composi-
t Ions: low re~ 
duclng ayent con
centration (IBX
fet~, Nll2So3-) 

(l) Flooding of the IBX 
column 

(4) Off-stanJard pulse 
fre<iuency 

(5) lliyh nitrite In the 
IOXF 

(I) Flow rates 
a) Low 185 rate 
b) .High IBX rate 

( 2) Stn,am cumpos I-
t Ions: low nitric 
acl d concen tra t I on 
In IBXP 

(l) floudiny of ID~ 
column 

(4) Off-SldnJilrd pulse 
fre4u1rncy 

Detection of Cause 

(I) Flow rates 
a) flow recorder on 

IBX (cross-checked 
· by tank vo I ume read

ings of TK-209 aud 
210) 

b) Flow recorder on 
IDXF stream 

(2) Analysis of sau~,le frrnu 
TK-209 or TK-210 

(3) FlooJiny 
a) Decrease In s Ul le 

pn::ssure reddiuy 
b) I nlerfilui and/or 

IUX flow variation 

!4) Pulse tre4uency l11t!d 
5) NI tr Ile: 

a) Aualysls of 11(-Jl 
b) IIA-N02 flowmeter 

(I) flow rates 
d) Flow recorder 011 

IDS 

RemeJy 

(I) Flow rates: 
atljust flows to 
proper vdll!es 

( 2) Rl!S tore reduc I uy 
dyent cuncentra
tlon 

(l) Flooding: 
a) Decredse pulse 

frequency 
b) Decrease flow 

rates 
(4) Atljust pube 

r,·e4ue11cy 
(5) Nitrite: 

(I) 

d) Butt IK-JJ 
with sulfamiL 
adtl or 
hydrdZ ine 

II) lleJuce IIA-NU£ 
flow 

Flow rates: adjust 
flows to proper 
values 

b) flow recorder on JOX ·· (2) 
(cross-checked by 

If HNO] concentra
l ion of IDXP Is 
luw, Increase flow 
n1le of IDXP-111103 
(nitric butt tu 
lli.llP 

l,111k vo hane read I ngs 
of TK-209 and 210) 

(2) Analysis of IBP (cdn't 
sample IUXP) 

(l) Fluodiny 
a) Decreilse in sliltk 

pressuni readings 
b) luterf,u;e redJings 

d11J/or IDP valve 

I loi1diny vartat Ions 
( 4) Pulse frequency ched 

(3) 

(4) 

fluudiny 
a) Uecred~e pulse 

frequency 
b) Uecrease flow 

rdles 
A,ljus t pulse 
lre,111ency 

;;o 
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TABLE 4-14. Partition Cycle - Off-Standard Conditions . (Continued) 
. -····-··.. ·--·· ------------

Off-Standard Co111Jil1011 

C) lligh uranhuu loss in ICW 

0) lllgh plulonlwn loss in ICU 

E) lllgh 11luloniu111 recycle via 
IBSU s lream 

llow De lee led 

(I) By routine analysis of 
IOW 

(2) By .-oullne am1lysls of 
wash collected In TK-GO 

(l) Speclflcdlly by ICW 
analysts · 

LOely Cause 

(11 Low ICX fluw 
(2 Excess IIN03 In ICX 
(l Flooding of IC 

column 
(4) Off-standard pulse 

condlt Ions 
(5) Low ICX temperature 

Detection of Cause 

(I) Flow recorders on IC
IIN03 and ICX-lliO 

(2) Analysts of ICX stream 
(l) flooding 

(4) 
(5) 

a) Oeuease In static 
pressure reading 

b) Interface and/or 
ICU value loading 
variations 

Pulse frequency check 
Temperature recorder 
on ICX 

Remedy 

(I) Flow rates: adjust 
flows to proper 
values 

(2) Adjust IINOJ In ICX 
s trea111 to proper 
co11ce11trat Ion 

(l) Flooding 
a) Decrease pulse 

frequency 
b) Decrease flow rates 

(4) Pulse: adjust 
frequency 

( 5) Adjust tempera-
ture of ICX to 
50-60°C by adJust
lny the temperature 
controller on ICX 

Same a·s· "A" In this table - All plutonium 
----·---·--·-·----re111ai11lng In the IOU will follow the uranium --

and neptuntwn through the IC column 

(I) IBSU alpha monitor 
(2) IBXP and IBX column 

neutron 111011 I tors 

(1) Low IBX flow 
(2) Low reductant con

centration 
(J) Nitrite recycle 

(I) IBX flow recorder and 
and TK-209/210 dropout 
rate 

1
2) Tk-209/210 analysts 
3) Nitrite analysts of 

Tk-JJ sa111p le 

(1) Adjust IBX flow 
ra le to proper 
value 

(2) Bult to proper reduc
tant concentration 

(3) Bult TK-Jl with sul
famlc acid or hydra
zine 

(4) Increase IBX flow 
------- -- -------------------- . -·- -- ----------------------~---
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Off-Standard Co11Jilion 

A) lliyh uranium in lOW 

8) lliyh plutonium in 20W 

C) lli!Jh plutunh111 in ZIJIJ 
(resulting in hlyh 
11luto11ium in 2EU) 

TABLE 4--15. Final Uranium Cycle - Off-Standard Conditions. 
How llt!tecteJ 

(I) 2llW photometer reading 
increase 

(2) SpeclflciJlly by analysis 
of 21lW sample 

(I) Specifically by analysis 
of IUC for plutonium 

(2) Analysis of TK-JI for 
plutonium 

(3) JI neutron monitor 

Routinely by· analysis of 
2£U for plutonium 

Likely Cause Detection of Cause Remedy 
----------·---- -·- ·------·------------- ----- ------ -- . ------·----- --

(I) 

(2) 

(]) 
(4) 

r"low rates 
a) Hlyh 2DF (htyh 

aqueous/or9anic · 
flow ratio) 

b) Low 2DX 
c) High 2DS 
d) low 2DF-HN03 (low 

sa It tng strength) 
Stred111 co1111os It ions 
a) Low TOP co11ce11tra

tlon 
b) Low acid or high 

urdnlum concentra
tion (2DF) 

FlooJlny of 2D column 
Off-standard pulse 
frl!que11q1 

(I) ldck of reducing 
ilgent In 21llS or 
holding redlictant 
In 2DF 

( 2) Lo,-, 205 flow 
(l) low 2D15 flow 
(4) High 2DX flow. low 

uranium loss · 
(!i) Same dS partition 

cycle off-standard 
condition A 

(I) Flow rates 
a) ·flow recorder on 

2DF, high spec Hie 
gravity 

b) Flow recorder 011 
21lX 

c) Flow recorder on 
21lS 

d) Flow recordt!r 011 
21lF-IINOJ 

( 2) S lree1111 compos It Ions 
a) l11?otrument specific 

gravity readings In 
TK-Rl, 200 analysis 

b) At1dhses of stream 
samples 

(3) Floodi11g 
a) Increase In static 

pressure readlnys 
bl Interface and/or 

2DW flow variations 
( 4) Pu I se frequency count 

(I) Flow rates: 
adjust flows to 
proper values 

( 2) Stream compos Hi ons 
a) Bult Into speci

rlcatfo11s or 
b) Adjust flow rates 

to compensate 
I ) If TOP conctm

tra t f on Is low, 
ra lse 2DX rd te 

2) If hlyh uranium 
concentr·a L io11 
exlsls In 2DF, 
lower 2llf rate 
and rd ise 2DX 
rate 

(J) Floodlny 
a) Decrease pulse 

frequency 
b) Decrease flow rate 

(4) Pulse: adjust fre
quency 

Same as p.irtftlon cycle ______________ _ 
off-standard condition A 

(I) Analysts of 21llS for 
HN dnd 21lF for "N2H4. 
flow recorders on 
2015-IIN, 2Df-N2H4 (21 flow recorder on 20S 

(l Flow recorder 011 2DIS 
('4) fl 01-1 r·ecorder on 2DX, 

,;tatlc pressure In 
column, 20H photometer 

(!i) Same as partition cycle 
uff-sta11dard condition A 

(I) Increase reducing 
agent concentra t ton 
(HN) in 2DIS, 2DIS-IIN 
flow rate, or 2DF-N2ll4 
t'low r\He 

(2) Increase 211S fluw rate 
(l) lncr·ease 2DIS tlow rate 
(4) Decr·ease 2DX fluw rille 
(5) Samlal as partition 

cyde off-s tdnd.ird 
t:011d I Lion A 

:;o 
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TABLE 4-15. Final Uranium Cycle - Off-Standard Conditions. (Continued) 
----

Off-Standard Condlllon llow Detected Likely Cause Detection of Cause Remedy ·\ 
---------------------- ---·· 1· --------------····--··-1----

--···-----·--· ···--· -------------- ---------- ----------------·- ------------------------ -----------
DI lllgh fission producl co11-

lent In 200 (resulting In 
a high fission product 
content In 2EUI 

E) lilgh uranium in 2EW 

(1 I Continuously by 2EU __________ Same as first decontamination cycle, _________ _ 
ga111na monitor off-standard condition B 

(2) Continuously by Beckman (2) 20W loss to low (2) 20W photometer 
readings near 2EU con-
centrator 

(3) Specifically by analysts 
of 2EU for gan111c1 
act iv Hy 

(II Dy routine analysis of 
2EW 

(2) By routine analysis of 
wash collection 111 TK-RU 

(JI Decrease In the static 
pressu,·e of 2E column 

(I) Low 2EX rate 
(2) Excess IIN03 In 2EX 
(
4
3) Flooding of 2E column 

( ) Pulse frequency off-
standard condlt Ion 

( 5 I Low temperature 2EX 

(I) flow recorders on 2EX-IINOJ 
and 1120 

(2) Analysis of 2EX stream 
(l) flooding 

a) Decrease In colwnn 
· static pressure readings 
bl Interface and/or 2EU 

flow variations 
(4
5

) Pulse frequency count 
( ) Tempera tore recorder for 

2EX 

------·- - -- . -· ----

(2) Decrease 2DX rate 

(II Increase 2EX
ll20 and 2EX
IIN03 fl ow rates 

(2) Adjust relative 
flow rates on 
2EK lo obta In 
correct acid 
concentration 

(JI Flood 
al Decrease , 

pu I se frequency 
bl Decrease flow 

rates 
(41 Pulse: adjust 

frequency 
(!ii Increase tempera

ture of 2EX lo 
50°C 
----·--·------- ----
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TABLE 4-16. Second Plutonium Cycle - Off-St~ndard Conditions. 
Off-Sldndard ComJl lion 

A) lligh fl}Utonium In 2AH 

B) lli9h fission fl.-Odud 
content in 2AP (i·e-
sul t in!J in high fission 
product content in 20P) 

---·----·· -----
llow Detet.:te,J 

--------·--·-- -----I 
(1) 2AII alpha monitor 

readings 
(2) Analysis of 2AW for 

plutonium 
(]) TK-Jl neutron monitor 
( 4) Analyses of concen

tra teil aqueous wastes 
(lK-JI) for plutonium 

2BP gd11111d 111011 I tor 
By routine andlysls 
of 2BP for 9a11111a 
act lvity 

Likely Cause 

(I) Flow rdtes 
a) Low 2AX (high 

aqueous/ orrrn i C 
flow ratio 

b) High 2Af and/or 
2AS 

(2) Stredlll compositions 
a) Low TOP concentn1-

llon 
b) Low dcid concentra

t Ion In 2Af and/or 
2AS 

c) fdl lure to mddlze 
dll of plutonium lo 
tetravalent Stdle 

(l) Floodlny of 2A column 
(4) Off-standard pulse 

fre,1uency 

(I) Flow rates 
a) Low 2AS 
b) lli9h 2AX (result

ir,g in higher 
fission product/ 
plutonium ratio in 

. p.-oduct) 
( 2) Stream compos it Ions 

a) Low 11003 In 2AF 
b) High ga11111a activity 

In 2AF (due lo lack 
of fuel "'.cool lny" 
t lme or fau lly pdr
t It Ion cycle opera
tloo) 

(3) flooding of 2A column 
(4) Off-standard pulse 

frequency 

(I) 

(2) 

(3) 

(4) 

(I) 

(2) 

(l) 

(4) 

Detection of Cause 

flow rates 
a) Flow recorder on 2AX 
b) flow recoriler on 2AF 

and/or 2AS 
~lream compos it Ions 
a) Instrument specific 

yravl ty (TK-G5) read
lugs or analysis of 
IOO 

b) Analysis ot 2Af for 
IINO] and/or 2AS-ll1103 
u1011I Lor 

d Low 2Af-tio2 monitor 
redding~ or dnalysis 
of 2AII or 2AF for p I u
to11 lu111 (Ill) [pluto
nium (Ill) In 2AF Is 
indicated by blue 
color] 

Flooding 
a) Increase in Sldlic 

pressure readi11gs 
b) lnte.-fdce and/or 

2AII valve loading 
variations 

l'u I se frequency count 

flow rdles 
a) f I uw recorder on 2AS 
b I Flow r"corder on 2AX 
Stream composition 
a) Andlysls of 2AF for 

111103 
b) Ana ly s Is of 2Af for 

Yilllllla activity 
Flooding 
a) Increase In static 

pressure readings 
b) Interface and/or 2AW 

valve loaillng varla
Lion 

Remedy 

(1) Flow rates: 
adj us L to proper 
values 

(2) Stream compositions 
a) Bull lOD (2AX) 

with TBP Iulo 
specifications 
or raise 2AX 
flow to compen
sate 

L) Bull 2AF and/or 
2AS Into specifi
cations, lower 
2Af rate or In
crease 2AX rate 

.:) Adjust soiliu111 
nitrite a,JJ IL ion 
rate to TK-J5 to 
pro11er value 

(J) Floodl11g 
a) Decrease pulse 

frequency 
L) Decr.,ase fl ow 

rates 
(4) Pulse: ddju~t 

frequency 

( I ) FI ow rates: 
adjust flows to 
proper values 

(2) Stream coiuposlllons 
a) Bull 2AF Into 

spedflcalions 
b) Correct operating 

conditions In 
preceding cycles 

(]) Flooding 
a) Dec,·edse pu I se 

frequency 
L) Decrease flow 

rates 
l'uhe frequency count · (4) Pulse: adjust 

frt!qu1m,;y 

;a 
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TABLE 4-16. Second Plutonium Cycle - Off-Standard Conditions. (Continued) 

···-~!_t_-_s t_a•1~a.rJ-C~1;d-l·t·I~~- ~ ~ =-:~~=~,~~·-~~~~~~~~~~=-·:- =~-=-~•~}!~~~~~~~=-·~-1-~~-=~~~~~-~ lon:_~~~!~~~-~~- I
-··-···- .. ---. -----·- ·-·------ -·-· 

Remedy 
-·-· ---- ·----·---- ----- - . - ---·-

C) lllyh un111lu111 content In By routine an11lysls. ___________ Same as partition cycle, __________ ~ 
the 2AP (resulllny In or 28P for uranlin off-standard condition B 
high ur,mlum conlent 
In 2BP) 

D) lllyh ur11nlum content in 
20P resulting from ln
effkent uranium decon
tamlnat Ion In 28 column 

· [) lllgh p lutonlum loss to 
2BW 

By routine ana lys Is 
of 28P for uranium 

(I) 28P alpha monitor and/ 
or 3Af · alpha monitor 

(2) Dy routine analysis of 
20W for vlutonlu111 

(3) Material balance around 
cycle 

low 20S flow 

(I) Flow rates: hl9h 28S 
or low 2BX (2BP) rate 
(low ·aqueous/organic 
flow rate) 

(21 Excess IINO:t In 2DX 
(l Flooding of 28 column 
(4 Off-standard pulse 

frequency 
(5) No reductant In 2DX 

28S flow recorder 

( I) flow recorder on 2DX 
and/or 28P streams 

(2) Analysts of 2BX stream 
(3) flooding 

a) Static pressure 
decrease 

b) Interface and/or 28X 
flow var-latlons 

(4) Pulse frequency count 
( 5) 28X makeup ana lys Is 

Increase 28S fl ow 

(I) Decrease 28S or in
crease 2BX flow ra.e 

(2) Butt 2DX Into 
specif I cat Ions 

(l) Floodlng 
a) Decrease pulse 

frequency 
b) Decrease flow 

rates 
(4) Pulse: adjust 

frequency 
(5) Add reductaut to 

2DX 
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TABLE 4-17. Third Plutonium Cycle - Off-Standard Conditions. 

Otf-SL,Ulddrd Condi lion 

A) lligh plutonium in JAW 

ll) lliyh fission product 
content In ]AP (resul Li11y 
in hiyh fission product 
content in lllP) 

llow Ile tee ttid 

(I) lAW al11ha monitor 
(2) Anlaysis of the JAW 

for plutonium 

Andlysis of 38P for 
gd11111a activity 

• I. ilr.ely Cause 

(I) flow rates (1) 
a) I.ow JAX (high 

a11ueous/organlc flow 
ra tlo) 

b) lliyh lAF and/or lAS (2) 
( 2) Stream compos it Ions 

a) Low TBP concentra
tion· 

b) Low .icld concen-· 
tratlon In JAF 

c) Failure to oxidize 
all plutonium to 
ttitravalent state (l) 

(3) Flooding of 3A column 
(4) Off-standard pulse con-

II I 

(2) 

(3) 
( 4) 

dlt ions 

Flow rates 
a) Low JAS 
b) lllgh JAX ( resu It I 119 

in a higher fission 
product/plutonium 
1·.itlo In r,roduct) 

Stream cumpos I tion 
d) Low 11003 in 3AF 
b) II I yh !JdQ111a act iv I ty 

in lAF (due lo lad 
of fuel "cool iug" 
time, faulty co
deconta1nlnatlo11 and/ 
or partition and/or 
second plutonium 
cycle operdtlon) 

Floodln!J of )A column 
Off-standard pulse 
condi t Ions 

(4) 

( 1) 

(2) 

(l) 

(4) 

Uetectiun of Cause 

flow rates (I) 
a) Flow recordor on JAX 
b) flow recorder on ]AF 

and/or lAS (2) 
Stream co111pos ll ions 
a) Instrument specific 

gravity readings or 
ana lys Is, TK-G5 

b) Analysis of lAF for 
11003 

c) Andlysls of )AW for 
p I u Lou hn11 ( 111 ) 

Fluudlny 
a) Sldllc pressure (3) 

Increase 
Ii) luterface and/ur 

JAW valve luJdiny 
vdrlal Ions 

Pulse (4 I 
a) Termination of 

static pressure read-
Ing tlucluatlon 

b) Air pulser exhaust 
vdlve Inspection 

c) Frequency count 
d) Pres sure read I 119 

Flow rates ( I) 
a) flow recorder un lAS 
b) Flow recorder on JAX (2) 
Stniam cumpuslllous 
d) Analy~ls of lAF for 

IINOJ 
Ii) Analysis of the ]AF 

for 9a11111a activity 
Fluodlng (l) 
a) lnu·ease In static (4) 

pressure 
b). l11terfdce and/or JAW 

Vdlve loadlny varla-
lions 

Pulse - Sduie as HA" 

Flow rates: 
adjust to proper 
values 
St.-edm compos It ions 
a) Butt 100 (JAX) with 

TUP, or lnc1·ease 
3AX r11 te to com-
pens ate 

b) Dutt ]Af to spi,c If i, -
cations with IIU03, 
lower lAF rate or 
lncredse JAX rate 

c) At.Id Natl02 to Tl(-LJ 
Fluodlny 
a) Increase pulse fre-

11ue11cy or decn,dse 
pulser air jlressun~ 

Ii) Decrease flow rates ;o 
Pulst! :c 
a ,Ii) For no appanrnt 0 

pulse, shut down I 
3: 

for ma I ntenani;e )> 

~l Adjust frequency I 
Adjust dlr pressure 

__, 
__, 

tu pulser 0\ 

Fluw r.stes: ddjusl 
to proper rdtlos 
SL1·edm c0tupus It ions 
a) Butt lAF lnlo 

specifications 
b) Correct operdti11y 

rnnd It ions i11 1ire-
cediug cycles 

Flooding - same as "A" 
Pulse - Sdult! as "A" 



TABLE 4-17. Third Plutonium Cycle - Off~Standard Conditions. (Continued) 

__ _G_ff_-!_la_nd~id C~~~~~0•--:~ _ ~ ~--~---~~~-~~c_t~~--~~~~-= -~=-~~~~~-~a_u_;e-__ -_-:=~] :==~-~~-t-·~~--o--f -~-F~~~:~-~:-1 ·:·::_~- ;;.,~~y ~~------=:=:-_ 

C) lliyh uranium co11tenl In Analysis of JOP for _________ ,Same as partition cycle l ___________ __ 
Ure lAP (resulting from ura11iw11 Jff-stand.ud condition uJ 
hiyh u,·anlum content In {Same as second pluto11l11111 J 
2UP) ----------- cycle off-standard cundl- -------------

0) lllgh plutonium loss tu 
JOW 

(I) Analysis of lDW for 
plutonlwn 

(2) Material bala11ce 
around cycle 

(1) Flow rates: low 
lOX (lBP) rate (low 
aqueous/organic flow· · 
rate) 

(2) Excess IIN03 tn JBX 
(3) Flooding of JBP colw11n 
(4) Off-standard pulse 

condtt Ions 

lion I> 

(I) Flow recorder on lUX 
and/or JOP streams 

(2) Analysis of JUX stream 
(J) flooding 

a) Static pressure 
decrease 

b) Interface and/or 
JBX var lat ions 

(4) Pulse - same as "A" 

( I) Increase JOI( flow 
rate 

(2) Butt JUI( Into 
specifications 

(l) flooding - same as "A" 
(4) Pulse - sa11~ as "A" 

----·-------·-. --·-·--··· --- ----·- ------ :;o 
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RHO-MA-116 

4.4.11.2.1 Uranium Saturation 

The correct relative flow rates of the.aqueous and Drganic phases 
fed to a column are necessary for efficient solvent extraction operation. 
In the HA co 1 umn extraction sec ti on, there must be enough HAX f1 ow re 1 a
ti veto the amounts of HAF and 3WB to extract the product materials 
(plutonium, uranium, and neptunium), but the flow mus·t be limited such 
that intolerable amounts of fission products are not also extracted. 
When the HAF and 3WB are contacted with the HAX, the uranium is ·extracted 
first, next the plutonium and neptunium, and finally the fission prod
ucts .. If the relative flow of HAX is too sma11, thel"e will not be 
enough HAX available for the complete extraction of the product materials,· 
particularly plutonium and neptunium, since these are extracted after 
uranium. This condition is tenned "high uranium saturation. 11 

If the re 1 ati ve f1 ow of HAX is too 1 arge, the product materi a 1 s 
and a relatively large portion of the undesirable -fission products will 
be extracted. This is tenned "low uranium saturation." For most 
efficient operation, the best compromise between product waste losses 
and fission product decontamination must be maintained. As discussed in 
Section 6. 1, the.means of attaining this best compromise are· somewhat 
complicated. However, this is not as critical ~uring processing of 
N Reactor fuels as during processing of aluminum-clad fuels, because 
fluoride complexing of Zr-Nb-95 results in improved HA column fission 
product decontamination and a 11 ows satisfactory opera ti on with a 1 ewer 
uranium saturation of the HAP stream. 

Solvent extraction process engineering and technology are discussed 
in Chapter 6.0. Flowsheet calculations are based on design cal~ulations 
for the column and on Purex operating experience. Example calculations 
are included in Chapter 6.0. Recognition of flooding, instability, 
high uranfum losses, and special problems are also discussed further in 
Chapter 6.0. 

4.4.11.2.2 Flooding 

Whenever the holdup of the discontinuous phase in a solvent extrac
tion column plate section increases to a value which interferes with 
free countercurrent phase flow, the conditions for flooding exist. If 
the approach to flooding is gradual, the dispersed phase buildup will 
be localized, and, depending on flow conditions, may tend to disper.se 
and reform as a cyclic 1 oca 1 f1 cod. Comp 1 ete flooding, caused by ag
gravation and growth of a local flood, is characterized by either the 
aqueous or the organic phase leaving the column at the same end as it 
entered. Development of f109ding within a column lowers its separations 
efficiency. As a consequence, increased losses of uranium, plutonium, 
or organic (TBP-NPH), or an increase in FP content of the respective 
products is apt to result, depending on the type of column involved. 
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In those columns which operate with the aqueous phase continuous, 
the static pressure will decrease as the organic holdup within the 
column increases. An increased holdup of organic phase will also tend 
to raise the interface position, and may be indicated on the interface 
level instrument. Since the interface instrument controls the scrub 
addition rate to the_ 28 and 38 columns, an increase in organic holdup 
may also become apparent through a reduction in flow of the 28X and 
38X streams. In the lBX, 18S, lC and 2E columns, the respective aqueous 
effluent stream flow rates would decrease. 

For the columns in which the organic phase is continuous, the 
reverse of the above instrument behavior is generally true. An· increase 
in-the aqueous holdup in these columns will be reflected by an increase 
in static pressure, falling interface level, and decreased flow of 
effluent streams in the HA, 2D, 2A, and 3A columns. 

A flooded column is returned to normal operation by reducing influent 
stream flow and/or column- pulser adjustments. To recover from a flood by 
pulser adjustments, the pulse energy input, which is the product of the -
frequency and amplitude, must be reduced. With a Purex constant-amplitude 
mechanical pulser, the frequency is therefore reduced. However, at a 
constant-pulse air pressure, the amplitude frequency product varies· 
inversely with frequency for an air pulser system, and the frequency 
must therefore be increased to recover from a flood. Alternately, 
recovery from a flood may be accomplished by reducing the pulse air 
pressure while maintaining the frequency constant. 

4.4.11.2.3 Emulsion 

Excessive emulsification in the plate section of a pulse column at 
otherwise favorable operating conditions may result from the presence 
of excessive concentrations of TBP hydrolysis products, dibutyl phosphate 
{DBP} and monobutyl phosphate (MBP}, or some types of siliceous or other 
foreign solid materials (crud}. Emulsification is often accompanied by 
foaming and improper phase separation·in the column disengaging sections, 
particularly at the interface end. · 

Severe emulsification in the column plate or packed section results 
in partial coalescence of the dispersed phase, and may impair decontami
nation and cause increased fluctuating uranium and plutonium losses. 
The instrument indications and consequences of a severely emulsified 
condition in a column are similar to those of local flooding. Distin
guishing between a flooded and an emulsified condition may require ob
servation and interpretation of equipment performance over a period of 
several hours~ including the procurement of special samples. However, 
in plant operation, corrective action is taken immediately since severe 
emulsification in a column plate or packed section is usually remedied 
in the same manner as for a flooding condition -- by reducing flow rates 
and/or adjusting the pulse frequency. 
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A foaming or emulsified condition in a disengaging section may 
usually be detected by: an increase in the apparent specific gravity 
of the organic phase just above the interface; a decrease in the apparent 
specific gravity of the aqueous phase below the interface; or erratic 
behavi,or of the interface control system. An emulsion in a column dis
engagement s·ection often has its counterpart in the plate section and 
thus often causes column operating instability and ma 1 performance. 
Since emulsion formation in a disengagement section is generally a 
consequence of the presence of impurities such as siliceous material, 
DBP, and dirt accumulations, the condition may usually be remedied 
by jetting a volume of the interface zone to a waste tank. If the 
emulsified condition is not remedied by jetting out the impurities, 

_a shutdown and flush of the system may be necessary in order to over
come the diffi_culty. A general consequence of disengagement section 

, emulsification is excessive entrainment of the wrong phase, which may 
have undesirable effects on the process, as discussed below. 

4.4. 11.2.4 Excessive Liguid-Phase Entrainment 

During normal column operation, some entrainment of aqueous in the 
organic,' ·and vice versa, is always occurring. Entrainment on the order 
of a.al to 0.1% by volume of the opposite phase may be considered normal. 
Phase emulsification in a disengagement section always leads to increased 
entrainment, and, depending on the type of column involved, may produce 
any of several undesirable results. 

In extraction-type columns, entrainment of aqueous in the over-. 
flowing organic phase generally is detected by a decline in the decontami
nation performance for the extraction cycle involved, sin~e the aqueous 
particles are usually associated ~ith dirt and absorbed FP's. Organic 
entrainment in the aqueous phase, such as that which could occur in 
the bottom section of a stripping column, results in a solvent loss, 
which is of economic importance due to the high cost of TBP. Control 
of entrainment also prevents organic-phase entry into the concentrators, 
with a possible consequence of rapid nitration of TSP. Excessive en
trainment can be remedied similarly to an emulsion problem. 

4.4.11.2.5 Excessive Uranium or Plutonium Losses 

Excessive uranium or plutonium losses are generally detected by 
analysis of routine SGmples (alpha, neutron, or photometer monitor 
indications), and/or, for uranium; by static pressure and specific 
gravity readings. _,.· 

When uranium losses are only slightly higher than normal, or when 
excessive plutonium losses wtthout high uranium losses are involved, 
the specific gravity and static pressure instruments wi11 not give any 
positive indications of these conditions. It is therefore necessary 
to rely on routine sample analyses or alpha/neutron monitor indications 
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to reveal these losses. Once a loss is confirmed, a check of the 
controlled flows and operating conditions around the affected column 
will usually locate the off-standard condition. 

If uranium losses are very high, the static pressure· and specific 
gravity instrument readings will show marked changes. The high uranium 
loss will cause the static pressure to increase in the HA, lBS, lC, 20, 
and 2E columns. The change in the specific gravity of the uranium
bearing product stream will depend on the cause of the high loss. For 
example, if the loss is caused by improper pulsing conditions (poor 
column efficiency), the uranium-bearing product stream specific gravity 
will decrease; if the loss is caused by insufficient extractant flow, 
t~e specific gravity of the extracted stream will increase. 

· Assuming the column pulsing conditions are correct, the mo~t likely 
causes for high waste losses are improper flow ratios and/or off-standard 
flowsheet stream composition. These conditions may generally be detected 
by making a material balance around the off-standard column. 

4.4.11.2.6 Inadequate Product Decontamination. 

Inadequate decontamination of the uranium and plutonium products 
may be detected during and -after sol vent extraction by the Beekman radi a
ti on recorders ·located near each uranium concentrator, the plutonium 
product receiver, and both plutonium sample tanks .. An abnonnally high 
reading after any of the solvent extraction cycles is an indication that 
an off-standard condition exists, and a check is made back through the 
column system instrumentation to interpret the high-reading. Residual. 
FP activity in the partition cycle plutonium, final uranium, and second 
cycle p1lutonium streams is monitored by gamma scintillation counters. A 
similar instrument monitors the FP content of the HAP stream and thus 
indicates the FP decontamination performance of the HA column. 

Poor decontamination without coincident column flooding or emulsion 
formation may be caused by low aqueous-to-organic flow ratios in the 
scrub sections of the extraction columns. 

4.4. 11.3 Rework of Off-Standard Streams 

Before reworking off-standard streams, a specific blend or method 
of rework must be chosen in each case on the basis of a number of factors. 
For instance, the effect of the rework stream on the control of the 
normal process must be considered. In the case of waste rework, the 
value of the recoverable uranium or plutonium must be assessed against 
the cost .of rep roe es sing. 
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• The nonna 1 rework routing of the fi-ve typi ca 1 off-standard process 
streams is described below. In very unusual cases, off-standard first 
cycle uranium or second cycle plutonium streams may be reworked, -but 
this procedure is not discussed. 

, Final Uranium Product (2UC) - The final concentrated uranium 
product, which may require further decontamination from 
plutonium, FP 1 s or nonradioactive contaminants, is sampled 
in TK-K6 and, if analyses indicate an off-standard condition, 
a transfer or series of transfers are scheduled. Routing may 
go directly to TK-E6 from TK-K6, or, more commonly, the 
stream is first routed to UNH storage TK-Pl and then to TK-E6 
for reprocessing in the. HA column. Routing is also possible 
from TK-K6 to TK-Kl for reprocessing of the solution in 
the final uranium cycle. Tank K6 or Pl solution is nor
mally reprocessed via TK-E6 at the end of a processing 
campaign or during a spike fuel processing campaign if 
req~ired to maintain a minimum uranium throughput rate of 
7.s: tons per day. Rework of TK-K6 solution via TK-Kl 
is sometimes required for the first one or two batches of 
a campaign to produce specification material. 

• Final Plutonium Product (PCP) - The final concentrated 
plutonium product, which may contain excessive uranium 
and/or FP concentrations, is sampled in TK-L9-and trans
ferred either to the product loadout tank, the 3AF feed 
tank, TK-L3, or the rework receiver, TK-Lll. From TK-Lll, 
a· speci a 1 jet with a motive fluid ( for cri ti ca 1 i ty preven
tion) of cadmium nitrate and/or nitric acid solution trans
fers the rework solution in increments to TK-E6 where it is 
blended with uranium feed solution. Routing is also possible 
from TK-L 11 to TK-L9 and then to TK-L3 for. rework of solution 
through the third plutonium cycle. Plutonium product and 
rework handling are described further in Section 4.10. 

• High-Level Waste (lWW) - Concentrated high-level waste, which 
may contain recoverable amounts of uranium and/or plutonium 
(more than 50 grams of plutonium), flows from the lWW concen
trator (E-F6), and is sampled in TK-F26 before sugar deni
tration. Composition of the stream and more details on 
waste handling are given in Section 4.8. The high-level 
salt waste must be reworked before sugar denitration to 
avoid process upsets. High losses should be detected in the 
HAW sample and correction should be made before a reworkable 
quantity of uranium or plutonium accumulates. High plutonium 
or uranium losses detectable ·in TK-F26 represent a considerab.le 
amount of off-standard waste in TK-F7 and the E-F6 concentrator. 
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Routfng from TK-F26 or TK-F7 is to TK-F8, the waste rework 
handling tank, where the solution is boiled and refluxed 
from the E-F9 condenser for a period of time (up to 21 days) 
to hydrolyze any organic present. From there, the waste is 
transferred in SO- to 400-gallon increments to TK-E6 for 
blending with each feed batch. 

• Sump Wastes {TK-F18) - Sump wastes are collected in TK-F18, 
as described in Section 4.8, and transferred to UGS or · 
reworked for uranium and/or plutonium recovery, depending 
on sample analyses. Rework material is processed in TK-F8, 
as with lWW described above, and transferred to TK-E6 feed 
makeup. 

, Organic Waste (TK-F13) - Organi.c waste with potentially poor 
quality solvent is decanted from various aqueous feed and 
storage tanks (such as TK-FlO), and collected for nitric 
acid wash in TK-Fl3. Excessive uranium or plutonium found 
in the aqueous strip solution may dictate rework via TK-F8. 
Handling of rework solution in T,K-F8 is described above. 

4.5 FINAL URANIUM AND PLUTONIUM CONCENTRATION 

The aqueous uranium and plutonium product streams from solvent 
extraction processing are concentrated by evaporation to meet final 
product concentration and purity specifications. The combined aqueous. 
uranium and neptunium products from the first decontamination and par
tition cycle are also concentrated prior to the fi'nal uranium cycle 
solvent extraction process. A description of this intermediate product 
concentration procedure is presented in Section 4.4. This section des
cribes_ the operations p·erfonned by the final uranium cycle and the third 
plutonium cycle concentration equipment. Downstream product handling 
(sampling) and loadout are covered in Section 4.9, and uranium and pluto
nium concentration technology are covered in Chapter 7.0. Neptunium 
concentration is described in Chapter 8.0. Additional details of concen-

_trator equipment designs are presented in Chapter 3.0, Section 3.7. 

4.5.l Properties and Compositions of Uranium Product Solutions . 

Pertinent data concerning the uranium product streams before and 
after intennediate and final concentrations are summarized in Table 4-18. 
These compositions vary somewhat as a result of process variations and · 
operating temperatures. 

4.5.2 Special Chemical Problems 

During concentration, uranium product solutions may undergo 
chemical reactions to form compounds which may adversely affect subsequent 
processing objec~ives. These reactions and their effects, discussed 
below, are described in more detail in Chapter 7.0. 
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TABLE 4-18. Physical Properties and 
Compositions of Uranium Streams. 

Uranium Streams 

lCU lUC 

0.27 2. 12 
0.086 0.90 ,. 

,a-5 8.7 X ,a-o 6.9 X 

2EU 

0.38 
0.011 

---
Parts Pu/109 Parts U 140 140 ---
Np, g/i --- --- - ---
Properties 
F1owa, gal/min 27.4 3.5 18.4 
Temperature, oc 55 11 a 50 
Sp. ·Gr. 1.09 1. 71 1. 12 

2UC 

2.12 
0.06 

---
<10 

<1 X ,a-

3.3 
so 
1.68 

a Flow rates based on Purex processing rate of 10 tons uranium/day. 

4.s·.2.1 Tributyl Phosphate Hydrolysis 

5 

Tri butyl phosphate, the active component of the sol vent used in the 
Purex process, hydrolyzes· s10\•1ly in boiling acid solutions to fonn 
dibutyl phosphate (DBP), monobutyl phosphate (MBP), and orthophosphoric 
acid. Hydrolysis rates as a function of temperature and acidity, and 
the reaction mechanisms are given in Chapter 7.0, Section 7.1. The 
hydrolysis products of TBP fonn strong complexes with uranium and plu
tonium, which exhibit undesirable distribution coefficients and emulsify
ing characteristics. For example, the DBP complex of uranium or plutonium 
has a high organic-to-aqueous phase distribution ratio (ER); the transfer 
of uranium into the aqueous product phase in the 2E column (and other 
stripping columns) is thus reduced. A high product loss to the organic 
effluent results. A complex fanned between uranium or plutonium and 
MBP is relatively insoluble in either phase, and fonns emulsions or 
interfacial scum in the solvent extraction columns. Steam stripping, 
discussed in subsequent parts of this section, is employed in the uranium 
and plutonium concentrators to remove most of the dissolved and entrained 
TBP before it can be hydrolyzed to DB~. 

4.5.2.2 Red Oil Fonnation -

A complex mixture of organo-uranium compounds insoluble in either 
aqueous or solvent process streams can be formed under off-standard pro
cessing conditions. This mixture, commonly called "red oil ,1' while .not 
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completely characterized, is known to be explosively unstable and to con
tain uranium, TBP decomposition products, and possibly nitrated fragments 
of the hydrocarbon diluent. Red oil is produced by a chemical reaction 
between an aqueous solution of uranium and nitric acid with the Purex 
solvent, either by prolonged contact at ambient temperatures or by 
repeated concentration of solvent-saturated aqueous solutions. 

More recent work (Ref. 6) indicates that diluent stability, specif
ically the resistance of the diluent to nitration, plays an important role 
in red.oil fonnation. Red oil was not fanned during concentration of 
thorium and uranyl nitra~e solutions containing TBP-NPH under conditions 
reported to produce red oil with a previous diluent. The presence of 
•BP-bearing red oil promotes high uranium and plutonium organic-to-aqueous 
distribution ratios and losses in stripping column organic waste streams. 

4.5.2.3 Rap.id Decomposition of Nitrated Solvent 

A rapid reaction may result when red oil reaches a temperature of 
135°C or greater during concentration at atmospheric pressure if the weight 
ratio of TBP to uranyl nitrate exceeds O. 12. Similar reactions may occur 
during concentration of aqueous plutonium nitrate-nitric·acid solutions 
containing solvent if the weight ratio of TBP to plutonyl nitrate exceeds 
0.15. Nitric acid-TSP-water mixtures will also react violently if heated 
above 130°C for 68 wt% acid and 160°C for 22,wt% acid (Ref. 7). 

These reactions may, under some- condi ti ens, be vi o 1 ent enough to 
rupture a concentrator. The conditions required for such a reaction are 
prevented in the Purex concentrators by design and operational safeguards. 
Steam pressure to the reboiler is set to limit the maximum temperature 
attainable~ while instrumentation provides further safeguards by auto
matically shutting down a concentrator before potentially hazardous over
concentration can occur. Steam stripping of concentrator feed prior to 
concentration minimizes the TBP content of the concentrator bottoms. These 
safety precautions are discussed further in Section 4.5.3. 

4.5.3 Uranium Concentration Process 

As shown in Figure 4-7, the 2EU uranium product stream from the 
2E column is concentrated in the 2EU concentrator (E-K4-1), which is a 
steam-heated, vertical-tube vessel surm.ounted by a water-cooled condenser 
(E-K4-2). This equipment is described in more-detail in Sections 3.7 and 
3. 12 of Chapter 3.0. In nonna1 operation, the 2EU solution is jetted con
tinuously to the second bubble-cap tray from the top of the concentrator 
tower. As the 2EU stream fl ow.s down through the 1 ewer five trays in the 
tower, the 2EU stream is. exposed to steam rising through the tower f ram 
the boiling liquid in the concentrator. This steam volatilizes, or strips, 
entrained or soluble organic material from the descending 2EU stream to 
keep organic material from entering the concentrator and possibly fanning 
potentially explosive red oil. 
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The 2EU solution enters the central draft tube of the concentrator 

from the stripping tower and mixes with the concentrated solution as it is 
rec i rcu 1 a ted through the two verti ca 1 tube bund 1 es in the rebo i 1 ers. 
Upward flow of the solution through the tube bundles results from the 
boiling action in the steam-heated tubes, the solution being circulated 
from the top of the tubes and returning to the bottom of the tubes via the 
central downco~er (draft tube) section. 

Entrained droplets of uranium solution are removed by impingement and 
gravity from the overhead vapors of the uranium concentrator to minimize 
the losses of uranium to the condensate. Liquid droplets entrained in the 
vapor jetting from the reboilers are partially removed by deflection by 
an impingement plate above the tubes. The vapor velocity is reduced to 
about 2 feet per second in the central chamber, permitting additional 
particles to drop out by gravity. Entrained droplets of concentrate are 
further removed by passing through the stripping section of the concen
trator tower, where the flooded bubble-cap trays provide effective de- -
entrainment. The cumulative concentrate-to-overhead de-entrainment factor 
is on the order of 106. 

Droplets of concentrator feed solution which are entrained at the feed 
plate are de-entrained from the vapors by the 11 dry11 bubble-cap tray above 
the feed tray and the Raschig ring packing above the tray. The' degree of 
de-entrainment is dependent on the superficial vapor velocity in the tower, 
which i_s relatively low with a tower of this large (9 feet) diam_eter. 

The TSP stripping and de-entrainment functions of the tower are per
fanned without specific controls, the liquid feed rate being determined 
by the controls of the 2E column, and the vapor feed rates bei~g controlled 
by the reboiler controls. 

The steam flow to the reboiler, and thus the rate of evaporation, is 
controlled by a flow recorder-controller with a set point that is continu
ally readjusted by another recorder-controller which maintains a constant 
specific gravity for the reboiler contents (1.57 for the 2EU concentrator). 
This method of control permits the steam to establish whatever chest pres
sure (up to 29 psig) is required by the inrnediate operating conditions of 
processing rate, tube fouling, etc., and is insensitive to the relatively 
large changes of evaporation rate with small changes of steam chest pressure. 

The- 2EU is concentrated by a factor of about 7 to give a solution of 
2.12M uranium. This concentrated uranium solution, called the 2UC, continu
ously overflows from a s-till ing chamber in the concentrator to the product 
receiver, or accumulator tank (TK-KS). From the product receiver tank, the 
2UC solution is transferred in batches to the uranium product sample tank 
(TK-K6), where the product is agitated for 30 minutes and cooled to 50°C 
before sampling via a sample pot in the sample gallery. If the plutonium 
or FP content of the solution is above the product specifications (Ref. 8), 
the batch of uranium product solution must be segregated for blending, or 
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rework. After sampling and volume measurement, the uranium product (UNH) 
is pumped from TK-K6 to the 203-A area storage tanks. Final product 
handling and loadout are discussed in Section 4.9. 

4.5.3. l Concentrator Startup and Shutdown Sequences 

The E-K4 uranium concentrator is started and shut down by a method 
which minimizes the hydrolysis of TBP. This is accomplished by introducing 
the solvent-laden aqueous solution from the 2E column only when steam is 
rising through the stripper at a rate sufficient to strip the TBP from the 
liquid before it reaches the concentrator reboilers. 

The E-K4 uranium concentrator is placed in operation by the following 
· procedure: 

• The concentrator is filled to 3400 gallons with seal pot water. 

1 Cooling water flow to the condenser is started. 

1 The temperature of the concentrator contents is increased to the 
boiling· poi_nt over a period of 30 minutes by manually controlling 
the steam flow to the reboiler tube bundles. The volume is main
tained between 3200 and 3400 gallons by adding seal pot water. 

1 The flow of aqueous solution from the 2E solvent extraction 
column is started and slowly increased to flowsheet value. The 
seal pot water i~ then turned off. 

• Steam flow to the tube bundles is adjusted as necessary to hold 
the liquid level below overflow until the specific gravity of the 
reboiler contents reaches the desired value. 

The concentrator is shut down and cooled by the following procedure: 

• Flow from the 2E solvent extraction column to the concentrator 
is stopped. 

• Steam flow to the tube bundles is decreased to 10-15% of chart. 

, Air pressure to the tube bundles is increased by very slowly 
opening the air PRV bypass valve until the high pressure steam 
cutoff is activated. 

• The manual valves downstream of the steam PRV's and DOV's are 
closed. 

• Air pressure to the tube bundles is maintained at 20 to 25 psig 
for 5 to 10 minutes and is then reduced to 10 to 15 psig by 
slowly closing the air PRV bypass valve. 
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1 The steam flow controllers are set to zero on manual. 

1 After approximately 30 minutes, water flow to the condenser is 
turned off. 

1 The condensate DOV's are opened wide. 

1 Water to the tube bundles is turned on slowly to a total pressure 
of 20 to 25 psig until the concentrator contents cool to 50°C; 
water is then turned off. 

1 The air PRV bypass valve is opened to maintain an air pressure 
of 20 to 25 psig on the tube bundles for 10 to 15 minutes and 
is then closed. 

4.5.3.2 Concentrator Instrumentation 

Automatic controls are provided to prevent an overconcentration of 
UNH which may cause solidification of the UNH in the concentrator or a 
rapid reaction between nitric acid and solvent degradation products. This 
instrumentation includes alanns (both visual and audible) and automatic 
controllers which interrupt steam supply. Concentrator instrumentation is 
described in the following subsection.s. 

4.5.3.2. 1 Weight Factor Controls · 

1 An indicato_r light flashes on and an alann sounds if the weight 
factor goes above 227 inches of water in E-JB or 240 inches in 
E-K4. 

• An indicator light flashes on and an alarm sounds if the weight 
factor drops below 155 inches of water in E-J8 or 188 inches in 
E-K4. 

• The steam supply is shut off to both reboilers in the affected 
concentrator if the weight factor falls to 76 inches of water 

. in either E-J8 or E-K4. 

4.5.3.2.2 Steam Pressure Alanns 

• The steam supply is shut off to an individual tube bundle, and 
10-psig air is turned on to the steam chest when the steam pres
sure of that tube drops to 10 psig. This sequence prevents 
concentrate from being sucked into the steam chest through any 
leaks in the reboiler tubes. 

• The steam condensate valve for an individual tube bundle is 
closed if the steam pressure of that tube bundle drops to 15 psig. 

• The steam supply is shut off to an individual tube bundle when 
the steam pressure to that tube bundle exceeds 29 psig. 
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4.5.3.2.3. Temperature Alarms 

1 An indicator light flashes on if the temperature of the con
centrate exceeds 120.5°C. 

1 The steam supply to both tube bundles is shut off and an indi
cator light flashes on if the temperature of the concentrate 
exceeds 125°C. 

4.5.3.3 Off-Standard Conditions 

The detection and remedy of the most critical off-standard conditions 
associated with concentrator operation are described below, and·are sum
marized in Table 4-19 . 

4.5.3.3. l - Fouling of- Concentrator Tubes 

Partial loss of evaporation capacity, as evidenced by an increased 
steam pressure required to maintain a given product concentration, may be 
an indication of reduced heat transfer coefficients due to scale formation 
in the reboiler tubes. If this condition becomes so severe that the 
desired evaporative capacity is not available at safe steam pressures, the 
concentrator is cleaned. In this operation, the concentrator is shut down, 
drained, and flushed thoroughly with water; scale-dissolving nitric acid 
solution is added via the spray ring in the top of the tower and recircu
lated by boiling. Solutions may be added at_ alternate locations, including 
T-J7 for flushing E-J8 and TK-Kl or T-K3 for flushing E-K4. After heat 
transfer rates have been re-established, the acid solution is transferred 
to the backcycle waste system. 

4.5.3.3.2· Failure of Feed Supply_ 

A failure of feed supply to the concentrator could cause an overcon
centration of theUNH, and may be detected by a decrease in weight factor 
coupled with an increase ·in specific gravity. ,Such an overconcentration 

· would normally be detected by observation of weight factor/specific gravity 
recorder charts before the safety devices shut off the steam in 15 to 
30 minutes. In such a case, the steam should be shut off and the concen
trator shut down until the feed supply can be restored. 

4.5.3.3.3 Overconcentration of Uranyl Nitrate Hexahydrate (UNH) 

If the UNH feed rate to a concentrator is reduced appreciably -from a 
normal flow without a compensating reduction of steam flow, the uranium 
solution in the reboil er becomes more concentrated- than normal-, possibly 
to the point of solidification or even incipient calcination. Overcon
centration may be detected by an increasing concentrate temperature as 
indicated by the temperature recorder, or by an increase in sp_ecific 
gravity as indicated by·the specific gravity recorder. The condition may 
be corrected, if it has not proceeded too far, by increasing the rate of 
feed addition or by reducing the steam pressure and adding water, if the 
feed rate is very low. - If overconcentration should result in sealing of 
the tubes or solidification of the solution, the unit must be flushed and 
cleaned out as described in Subsection 4.5.3.3.1. 
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lABLE 4-19. Uranium Concentrationa- Off-Standard Conditions. 
Off-Standard '(ondll lim 

A) foul ln!J of concent.-alor 
tulws 

8) failure of concenll·ator 
feed su11ply 

C) Overconcenlrallon of UNII 

O) lnsufflc ienl solvent 
removdl in the steam 
stripping operal ion 

__ : ~=-!•~_oi.~~~!~d- - ··:~~~~=- -----._-l-k-~.~-c~~~:~~~~-: ··r--~-~~-;c~l~~-~fC~-~~-~---- -·-

Partial loss ht evaporator Reduced heat transfer co- Increased steam pressure 
capacity efficient due io scale for- required to maintain a 

Decrease In weight factor 
coupled with Increase In 
specific gravity 

(I) lncreas lny readlny on 
concenlnlor te11111era
lure recorder 

(2) Increase In concentra
tor specific gravity 

(l) Decrease In concentra
tor weight factor 

(I) 

(2) 

lliyh phosphorous con
tent in product 
Vlsu11I Inspection of 
samples from TK-Kl or 
TK-K5 

,nation In the concenlrato1· given product composition 
lube bundles 

(1) Failure of concentrator Flowmeler on ICU or 2EU 
feed jets (fro111 IC or 
2E coliM1111) 

(2) Process upset or shut-
down 

Reduction In feed flow ,·ale :'1aHuncllon of the IC 
without a corresponding (ICU) or 2E (2£U) column 
reduct Ion In steam fluw Jets 

(I) 

(2) 

(l) 

Excessive organic In 
concentrator 
a) Flood Ing of the 

C-type columns 
b) Excessive organic 

enlra lnmenl In the 
I CU or 2£U st rea,u 

Reduced steam fluw to 
the concentrator, re
sulting In abnormal 
rebo II er opera lion 
a) Aulon111t le shutdown 

due to overcon
centrallon 

b) Hech11nlcal f.tllure 
of steam system 

Use of alternate feed 
entry m1 the fourth 
tray provides loo few 
stages for TOP removal 

(I) 

(2) 

Excess organic 
a) See solvent ex

lr.tdlon off
slandard condi
tions, Tables 4-14 
dlld 4-15 

b) Analysis of the 
ICU or 2EU stredm 

Reboller steam flow 
recorder 

alCU (£-J8-I) or 2£U (E-1<4-1) conce11lrato,·s. 

Remedy 

(I) Shut down concentra
tor fur scale-dis
solving nitric acid 
flush 

(2) Replace tube bundle 

Shut off steam unt II 
feed can be restored 

(I I 

(2) 

(·l) 

(4) 

'(I) 

(2) 

(3) 

Increase feed rate 
lo concenlra tor by 
increas Ing the f-low 
rate of the ICU 
or 2£U 
Decrease the steam 
flow to the concen
trator 
Add water .lo the 
concentrator If the 
feed rate is very 
low 
If tubes become 
sea led, clean as i;1 
"A" 

See Tables 4-14 and 
4-1 !i 
Reduc lion In steam 
flow; shut off feed 
slrea111 
Return feed entry 
point lo second 
tray 
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4.5.3.3.4 Insufficient Stripoing 

Inadequate solvent removal in the steam stripping operation (a) elim
inates one of the safeguards against a.rapid nitric acid-solvent reaction 
in the concentrators, (b) may require rework of non-specification product, 
and (c) may cause high product losses, poor decontamination, or foaming 
in subsequent processing steps. Insufficient stripping may occur when: 

1 Flooding of the C-type (single-purpose- stripp.ing) columns or 
excessive organic entrainment in the lCU or 2EU stream intro
duces abnonna1 amounts of solvent to the concentrator. 

1 Loss of steam flow to the concentrator reboiler reduces steam 
flow to the stripping section. 

1 Excessive heat losses from the de-entrainment section cause 
reflux which returns TSP to., the feed tray. 

, The use of the alternate feed entry on.the fourth tray down pro
vides too few stripping stages for TBP removal. 

Loss of steam flow to the stripping section occurs if the steam flow 
to the reboiler is lost by automatic shutdown due to overconcentration; 
or by mechanical failure of the steam line, valves, or instruments. Should 
the steam flow to the concentrator be interrupted, the feed stream should 
be shut off ·until the steam supply can be restored. 

The reflux of condensate by heat losses from the de-entrainment sec
tion could return TBP to the feed plate when using the lower feed inlet 
point, when operating at very low concentration rates, or from a partial
loss of insulation from the tower. 

The lower feed inlet point provides less certainty of obtaining the 
desired removal of TBP, and is used only when the use of the upper feed 
inlet feed jet does not m~et capacity requirements. 

4.5.3.4 Process Safety and Criticality Prevention 

Special procedures are provided and designed to minimize the radia
tion hazard of a suckback into the P and O gallery. This subject is 
covered in Section 4.4.10: 

Close control of the 1C/2E column operation must be maintained to 
avoid loss of organic to the E-J8/E-K4 concentrator. Explosive mixtures 
of organic, nitric acid, and uranium could be formed if the concentrator 
high temperature limit were exceeded. A discussion of the adverse reac
tions that can take place in the concentrator, including red oil formation, 
is found in 4.5.2.2 and 4.5.2.3. These reactions are discussed in more 
detail in Chapters 7.0 and 10.0. 
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Under ordinary conditions, there are no criticality control problems 
associated with the uranium concentration process. Upsets in the partition
ing cycle, however, could result in plutonium accumulations in the K Cell 
equipment, which would exceed limits and require recycle of the solution 
to the first decontamination cycle. 

These potential problems can be controlled by shutting down the 20 
and 2E columns before the TK-Kl plutonium content exceeds the column limit 
of 870 grams. Therefore, accumulation of plutonium in the 2EU concentra
tor or product tanks is not an important criticality prevention concern. 

4.5.4 Properties and Comcositions of Plutonium Product Solutions 

Pertinent data concerning the plutonium product streams before and 
after concentration are tabulated in Table 4-20. Three streams are in
cluded, representing the.38 column product (3BP), the concentrated product 
from the stripper (PSC), and the nitrate product from the concentrator 
(PCP). The compositions may vary somewhat as a result of variations of 
flow rates, upstream concentrations, and operating temperatures. For 
reference and identification, the process flow diagram, Figure 4-8, ~ay 
be consulted. The basis for the table values (Ref. 9) is a uranium proc
essing rate of 10 tons per day, 12% Pu-240 (2435 MWd/t), Mark IV fuel. 

TABLE 4-20. Physical Properties and 
Compositions of Plutonium Streams. 

Component 3BP PSC 

Pu, !1 o. 12 0.63 
Pu, g/ 9.. . 29.8 150.0 
HN03, M 0.40 3.0 

Properties 

Flow rate, gal/mina a. 11 0.022 
Temperature, °C Ambient 120.0 
Specific Gravity 1. 055 1.26 

PCP 

l. 46 
350.0 

7.0 

0.0095 
122. o 

l.64 

aBased on processing of 10 tons of uranium per day 
from Mark IV fuel containing 1824 grams of plutonium 
(with 12% Pu-240) per ton. 

4-95 



CUIJI ING WA IIH _.,() __ ~-=----
'fUI' PKUIJLJC I 

---@;----·· ~---1 

I 
I I 
1-- -' 
I 
I 

JhP 
SAMPIUt. 

JOI' NIIRIC HUii 
I 

T-l6 
JBP STRIPPER 

~ IO CUND VINI IIUR 

-!11) ... II) COOLING WAl[R IIDK 

1•so 

CUNUI.NSAI[ 
SAMl'lfR 

WAIIK 

1. • .£d[J__. _ 10 CUOI ING WAllH UDR 

CUOI.ING =ic 10 CONU,1/lNI IIUH 

PCD · -------------1 

IOIK·IJ 

LOOI' VlNT 

SllAM SllAM 

SlAL LOOP 

CUNU TO IK ·I Ill 

ClllllNGIIN~ 
E-ll-1 

JBP CONCENTRATOR 

FIGURE 4-8. Plutonium Concentration Process Flow Diagram. 

f "'"" 

TK-l8 
PRODUCT RECEIVER 

HU•JU09 lbll 

;o 
:c 
0 
I 

~ 
I _. 

__. 
Cl 



·t....; .. ¼?.' 
.. :V,,,JI.";;··•: 
it~. 

·C::X 
\~)·· 

· ~L:..irir: 
-~=-.. =...,.. 

t;'·~ ·. ~~--
:~• 

/ ~~~Win 

~~)• 

.... 

RHO-MA-116 

The plutonium content of the irradiated uranium varies with the 
integrated pile exposure level (MWd/t) of the fuel. Since the 38P volume 
per ton of uranium processed is independent of the exposure level of the 
uranium, the plutonium concentration in -the 38P varies with the exposure 
level. This variation requires a varying degree of concentration of the 
38P in order to produce a constant plutonium product concentration. 

The physical properties of dilute plutonium solutions depend almost 
entirely upon the nitric acid concentration. However, at higher pluto
nium concentrations, the effects are significant as illustrated by the 
following equation [accurate to +5% (Ref. 10)] for specific gravity of 
plutonium nitrate solutions: 

Sp. Gr. = 1 + (0.031) HN03 t!_ + (0.0~}~6) g Pu/i. 

The effects of plutonium nitrate concentration upon the boiling point of 
nitric acid solutions and the nitric acid equilibrium are discussed in 
Section 7.2~ 

4.5.5 Chemistry of Plutonium Nitrate 

Plutonium in the concentrators has~ valence of four (Pu+4) or six 
(Puo2+2). Plutonium (IV) may be associated with up to six nitrate ions 
in ionic complexes; plutonium (~I) may be complexed with up to two nitrate 
ions. The plutonium nitrates are very soluble in high concentrations of 
nitric acid; plutonium (IV) nitrate concentrations as high as 1200 g/i 
(600 g Pu/i) in l.~HN03 have been reported (Ref. 11). In plutonium 

.nitrate solutions having a low concentration of nitric acid, the pluto
nium (IV) nitrate may partially hydrolyze to plutonium_hydroxide, which 
may po:lymeri ze to fon11 a complex molecule of high mo 1 ecu l ar weight. 

This plutonium (IV) polymer is a positively charged colloid. Depoly
merization may be accomplished by increasing the nitric acid concentration 
to 6 molar and heating at 90°C for 1 hour (Ref. 11 ). Once the polymer has 
fon11ed, it can be precipitated at the elevated temperatures of the pluto
nium concentrators. However, the concentration of nitric acid in the 
plutonium concentration operation is sufficiently high to avoid hydrolysis 
or polymer fon11ation. A further discussion of plutonium (IV) polymer is 
presented in Chapter 7.0. 

Both dissolved and entrained TBP are present in the 38P stream. The 
TBP is removed from the 38P stream by steam stripping in the plutonium 
stripper, T-L6. This preventive measure minimizes the p·ossibility of red 
oil fon11ation or a rapid nitrate ion-TBP reaction in the plutonium stripper. 
or concentrators. 
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4.5.6 Plutonium Concentration Process 

As shown in Figure 4-8, plutonium is stripped from the organic phase 
by a countercurrent, low nitric acid .stream in the 38 column. To prevent 
polymer formation during concentration, the 38P product stream is continu
ously butted with concentrated nitric acid to give a ratio of 0.7 liter 
of 12.2M HN03 per liter of 38P. This combined stream (PSF) is the feed to 
the plutonium stripper where the solution is concentrated by a factor of 
five. The stripper (T-L6) consists of a tower filled with Raschig rings 
above a thermosyphon reboiler. The PSF stream enters the upper section of 
the stripper and flows downward through the tower packing in contact with 
dilute nitric acid and water vapors formed in the reboiler section. Any 
traces of organic entrained in the 38P stream are stripped by the vapor, 
and leave in the overheads (PSO). 

The plutonium stripper is operated to maintain a steady specific 
_gravity (1.26), and, assuming a constant 38P flow, the specific gravity is 
controlled by the reboiler steam flow. Steam flow adjustments are made 
manually as the 38P flow varies. Liquiij level is maintained at the over
flow level (equivalent to the height of' the seal loop in the product exit 
1 ine) by controlling ·the steam flow. · 

Entrained droplets of plutonium solution are removed from the overhead 
. vapors during the stripping operation to minimize plutonium· recycle in the 
condensate stream. The upper packed sections of the stripper remove these 
droplets from the rising vapors by impingement of the drops on the packing, 
with the separated liquid draining back to· the·reboiler section. The 
vapors are then condensed and recycled to the 3AF tank (TK-L3) so pluto
nium present in the process condensate is not lost from the plant. 

The stripper product flows by gravity through a vented seal loop in 
the bottom of the vessel and enters the bottom of another thermosyphon 
concentrator (E-L7-l) for further concentration by a factor of two. The 
stripper and concentrator are nearly identical in design, except there 
is no Raschig ring packing in the concentrator tower. The second unit 
is provided because highly concentrated nitric acid would remain in the 
stripper reboiler if it alone were used to concentrate the plutonium. The 
high acid content decreases capacity, increases corrosion, and generally 
degrades the product. · 

The plutonium concentrator steady-state operation is similar to that 
of the stripper, with the specific gravity (1.64) controlled by manual 
adjustments of the steam flow. The specific gravity is watched very close
ly, as it is very sensitive to 3BP and PSC flow variations and can quickly 
overconcentrate. Steam flow adjustments are manual, but can be cut off 
automatically by low weight factor, high specific gravity, high vapor tem
perature, or low steam pressure alarms. The liquid level is maintained 
just below the overflow point, equivalent to the height of the seal loop 
in the product exit line, until the E~L7 solution has attained the desired 
specific gravity. The level is then allowed to build up to overflow to 
TK-L8. 
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The concentrator condensate is routed with the stripper condensate 
through a sample pot to the 3AF tank (TK-L3). The concentrator product 
(PCP) passes through an air-cooled, finned pipe and overflows into the 
receiver tank (TK-L8) until 32 liters of product are accumulated. From 
the receiver tank, the product is periodically vacuum-transferred to the . 
PR room sample tank (TK-L9). Alternate empty-out routes which go to TK-LS 
exist for both the stripper and concentrator. Final product handling and 
loadout are described in more detail in ·~ection 4.9. 

4.5.6. 1 Plutonium Concentration Startup and Shutdown Sequences 

Startup of the third plutonium cycle is not initiated until prestartup 
··procedures·have been completed, including a clieck of aqueous 3BX makeup, 

correct valving in the P and· 0 gallery, and instrument operability, and 
filling the vessels with process solutions .. 

To start the T-L6 stripper and adjust to steady-state operation, 
cooling water is first turned on to the E-L6 condenser. The 3BP-HN03 DOV 
is opened and adjusted to give the specified flow rate to T-L6. The 
3BX -flow is diverted, by valving in the P and O gallery, from t~e 3B colu~n 
(T-LS) to T-L6 to provide the aqueous flow for startup. The stripper is· 
allowed to overflow.to E-L7-l, and E-L7-l to TK-LS before introducing 
steam flow to either reboiler. When the concentrator liquid is over
flowing to TK-LS, the steam is started to T-L6 and adjusted to the proper 
flow, based on operating experience, to achieve the liquid level buildup 
rate specified-for TK-LS. 

The concentrator is started by turning cooling water on to the 
·E-L7 condenser, and then, when the T-L6 contents are boiling with the 
proper steam flow,. steam is started to the concentrator reboiler. Steam 
flow and pressure are again adjusted based on experience to achieve the 
correct liquid level buildup in TK-LS. 

Steady-state operation of the L6-L7-L8 system is established with 
synthetic 3BX feed before starting up the 38 column. During this time, 
when TK-L8 contains 32 liters of solution, the contents are transferred to 
TK-L9, and are then recycled to TK-L3 (3AF tank). Recycle to TK-L3 is 
minimized as much as possible by concentration of the E-L7-l contents and 
allowing the liquid speci.fic gravity to increase. When the 38 column is 
ready for startup, the 3BX is valved to the column, and the flow of aqueous 
product, 3BP, from the bottom interface of the column is started immedi
ately by adjusting the loading pressure to the DOV. When the plutonium 
concentration builds up to 150 g/t in TK-L9, the recycle from TK-L9 to 
TK-L3 is discontinued. As the specific gravity builds up to the flowsheet 
value, small adjustments in the stripper and concentrator steam flows may 
be necessary. 

Shutdown of the L6-L7 operation is performed after the 3BP and 
38P-HN03 flows are turned off. The steam to T-L6 is turned off if the 
stripper is to remain filled during the shutdown. If T-L6 is to be 
emptied to TK-L8, the stripper contents are concentrated to a volume of 
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15 liters or a maximum specific gravity of 1.35 before the T-L5 steam is 
turned off. The steam to E-L7-l is turned off when T-L5 stops overflowing. 
Air at about 10 psig is automatically supplied to the tube bundles when 
the steam is turned off. Cooling water flow to the condensers is then 
decreased to 10% or chart, and steam supply manual valves in the P and 
0 gallery are closed. 

4.5.6.2 Plutonium Concentrator Process Control 

The major variables controlled by the T-L6 stripper operations include 
the f o 11 owing: 

1 Specific Gravity - When the 38P flow is fairly constant, control 
of the specific gravity of the stripper bottoms is nearly self
susta i ni ng·. When necessary, however, the specific gravity is 
controlled by manually adjusting the steam flow to the stripper 
reboiler. A high specific gravity alann (1.35) shuts off the 
steam. 

1 Steam Flow - When the 38P flow varies, the steam flow is also 
varied with manual adjustments of the steam controller, which 
controls the DOV loading pressure. High steam pressure, low 
steam pressure, high vapor temperature, -high specific gravity, 
or low weight factor alanns will shut off the steam. 

1 Steam Pressure - A high steam pressure alann will shut off steam 
flow to the reboiler. A low steam pressure alarm closes .the 
steam condensate valve. Steam pressure is contro11ed manually 
by the steam condensate flow control valve. 

1 Tower Differential Pressure (0/P) - The tower 0/P is controlled 
by the reboiler steam flow and cooling water flow to the condenser. 

• Liguid Level - The stripper liquid level must be maintained at 
overflow -level by controlling steam flow. A low weight factor 
alann shuts off the reboiler steam. 

• Condensate Temperature - The condensate temperature is control
led at the specified value by adjusting the condenser cooling 
water f1 ow. 

• PSC Flow Rate - The product flow rate is controlled by 38P, 
3BP-HN03, and steam flows. The steam flow is adjusted to main
tain the vessel solution level high enough to overflow to 
E-L7-1. 

The plutonium concentrator (E-L7-1) requires these major controls: 

• Specific Gravity - The bottoms specific gravity is ~ontrolled at 
1.64 by manual adjustments of the reboiler steam flow. The 
specific gravity is very sensitive to 38P and PSC flow variations, 
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and the solution is capable of being quickly overconcentrated 
without proper f1ow control. 

-
, Steam F1ow - The steam flow is adjusted manually to maintain the 

specified specific gravity value. Steam is cut off by low weight 
factor, high specific gravity, high vapor temperature, and high 
or lqw steam pressure alarms. Air at 10 psig is turned on to 
the tube bundle when the steam pressure drops to that level to 
prevent concentrate from being sucked into the steam chest 
through any leaks in the reboiler tubes. 

• Steam Pressure - The steam pressure is controlled manually by a 
steam condensate flow control valve. High or low steam pressure 
alarms cut off steam flow. 

t Vessel Pressure - The vessel pressure is controlled by the re
boiler steam flow and/or cooling water flow to the E-L7-2 
condenser. 

• Liquid Level - The concentrator liquid level is maintained just 
belew the overflow point until the solution has attained the 
desired specific gravity. The level is then allowed to build up 
to overflow. If·desired, the liquid level can also be raised 
above the overflo~ point by closing, or partly closing, the 
PCP flow control valve. Normally, this valve remains open. A 
low weight factor alarm shuts off the steam flow. 

1 Condensate Temperature - The condensate temperature is con
trolled at the specified value by condenser cooling water f1ow 
adjustments. 

• PCP Flow Rate - The concentrator product flow is controlled by 
the PSC rate, reboiler steam f1ow, and/or PCP valve control. 

· The nonnal procedure is to allow the concentrator bottoms to 
overflow with the steam flow adjusted to give the required solu
tion specific gravity. 

Controls imposed on TK-LS include: 

• Temperature - The PCP is cooled before it reaches TK-L8 by heat 
transfer fins on the piping between E-L7 and TK-L8. No direct 
control is possible, other than slowing the PCP flow rate. 

• LiBuid Level - Tank LS level is allowed to build up to 32 liters 
before transferring the product batch to TK-L9. 
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1 Vent Vacuum - During normal product accumulation, TK-L8 is 
maintained under vacuum via connection to the condenser vent 
header, but must be switched to the vessel vent header during 
product transfer to TK-L9 so that sufficient differential pres
sure between LB and L9 can be developed for the vacuum transfer. 

4.5.6.3 Off-Standard Conditions 

Conditions may exist during plutonium concentration operations which 
result in equipment malfunctions and product solution which does not meet 
specifications. These conditions and their remedies are described below, 
and are summarized in Table 4-21. • 

4.5.6.3. 1 Plutonium Product Solutions 

Plutonium product solutions failing to meet the specifications for 
uranium or FP content are detected by analysis of the solutions in the 
plutonium sampler tanks before the solutions are loaded out or trans
ferred to the Purex Plutonium Oxide Production Facility. Upon.detection, 
such solutions are drawn back into the vacuum tank (TK-Lll) and jetted to 
the HAF makeup tank (TK-E6) with a 3 gal/min capacity jet. Rework of off
standard plutonium product is discussed in Sections 4.4 and 4. 10. 

4.5.6.3.2 Inadequate Stripoing 

The inadequate removal of solvent in the steam s·tripping oper!ition in 
T-L6 may leave an accumulation of TBP hydrolysis products in the plutonium 
concentrate and increase the potential for a rapid, possibly explosive,. 
nitr~te ion-TBP reaction in the plutonium concentrator. Insufficient 
stripping is possible when abnormal amounts of solvent enter the stripper 
.with the 38P, either through emulsification or flooding in the 38 column; 
or a reduced steam flow to the stripper results in abnormal reboiler opera
tion. Off-standard 38 column operation is detected and remedied as out
lined in Section 4.4.11. 

Steam flow to the reboi1er can be lost by automatic shutdown due to 
overconcentration or by mechanical failure of the steam line or instru
ments. In such a case,· the TSP-containing 38P stream should be stopped by 
shutting down the solvent extraction solution flows.-

4.5.6.3.3 Plugging of Stripoer Packing 

Plugging of the packed section of the stripper, as indicated by an 
increase in the column differential pressure, may occur if plutonium 
polymerizes due to low nitri,; acid concentration in the feed and if pluto
nium is held up in the packing. Control of the 3BP-HN03 flow at rate sheet 
values prevents polymer formation, and periodic washdowns remove deposited 
solids before the packing is plugged. Should the packing become partially 
plugged, the solids are removed by washing down the packing with chemical 
solutions added at the top of the stripper, or by boiling 57% nitric acid 
in the unit for about an hour. 
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TABLE 4-21. Plutonium Concentration - Off-Standard Conditions. 
Off-Standard Condlllun 

A) Overcuncentrdtlon In the 
stripper or concentrator 

D) lnade11uate removal uf 
solvent In the steau1-
str-lp11lny operc1tion 
(r-L6) 

C) lllyh uranlwn or flss lun 
product contamination uf 
plutonium product 

D) Stripper packiny pluyyed 

llow Detected 

(I) lncreas Ing concentra
tor bottoms te111perc1-
ture 

(2) Increase In concen
tr•te specific gravity 
coupled with 

(l) Increase In the con
centrate weight factor 
at overflow vohane 

( 4) Sudden decrease In 
concentrate weight 
factor 

Analysis of final pluto-
niu111 pro~uct for phus-
phorous from lBP · 

Analysis of plutonlwn 
sampler tanks 

lllgh DP across packed 
section 

Likely Cause 

(1) Low feed flow rates 
(PSF or l'SC) 

(2) lllgh steam flow rate 

(I) Abnoniia I j1111ounts of 
solvent enter the 
stripper through the 
381' 
a) [111uls If lea t Ion 
b) Floodlny of the 

38 column 
(2) Reduced steam flow lo 

the stripper, resulting 
In abnornlil I rebo II er 
operation 

(I) Halfunctlon of the 
• partition cycle 

(2) Flooding or malfunction 
of the plutonium cycle 
columns 

(J) 18S or 20S flow may be 
low (U); 2AS or JAS 
flow niay be low (FPs) 

(I) Solids deposlled on 
packing due lo low IIN03 
concenlt·al ion 

(2) Flooding of packed 
section 

Detection of Cause 

( I) Upset In solvent u
tract 1011 system 

(2) Steam flow lnstru-· 
uienta lion 

Remedy 

(I) h1crec1se feed 1· 1ow 
rate 

(2) Reduce steam flow 
rate to the concen
trator 

(l) Dilute concentrc1tor 
conte11ts with nitric 
acid 

__ See off-standard cumJI lion "A" ·third ____ 
plutonllllll cycle, Table 4-11 

(2) Steam flow lnstru
nienla t Ion 

(2) Increase steam flow 

for extraction column malfunctions 
See partition cycle, plutonium 
cycle, off-standard conditions ---

In Tables 4-14, -16, and -17 

(J) Flowmeters (2) Route off-specifica
tion product from 
JK-L9 to the IIAF 
makeup tank (TK-[6) 
via the vacuum 
transfer tank 
(lK-LII) 

(I) 
(2) 

lDP-IINOJ flowmeter 
l,1c1·ease In s h·l1111er 
differential pressure 
readings 

(I) Increase JDP-11111)3 
rate 

(2) Wash down packing 
with nitric acid 
solution 

(J) Doll 571 nitric 
acid In the strip
per for an hour or 
more 
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4.5.6.3.4 Overconcentration 

Overconcentration in the stripper or concentrator may be detected 
by: an increasing concentrate temperature, as indicated by the tempera
ture recorders in the unit; an increase in specific gravity, as indicated 
by the specific gravity recorders; or a decrease in the weight factor, as 
indicated by the weight factor recorder-control1 er. The condition may 
be corrected by reducing steam pressure, increasing feed flow, and/or 
diluting the concentrator contents. with nitric acid. A high specific 
gravity alarm or a low weight factor alarm shuts off the steam to prevent 
further concentration. 

4.5.6.4 Criticality Prevention 

The maximum concentration of plutonium in the L Cell vessels is 
limited to 1700 g/gal (450 g/t) by a criticality prevention specification 
(Ref. 12). A second specification limits the maximum plutonium mass in 
the SLA sump pl us the contents of any single L Cell vesse 1 to 50 kg. 

The E-L7 concentrator must be controlled to avoid concentrating the 
PSC material in excess of the specification of 450 g/i. The E-L7 specific 
gravity must be controlled at the ratesheet value (l.64) or overconcentra
tion of the nitrate solution may result. Although a high specific gravity 
alarm·will shut off the concentrator steam at a specified set point, this 
instrumentation is not relied upon alone. Whenelfer the overflow (PSC) from· 
the T-L6 stripper is cut back or stopped, the E~L7 steam flow is immedi
ately decreased. The PSC flow rate is determined, in part, by the 3BP, 
3BP-HN03, and the T-L6 steam flow rates, so the effects of changes in those 
flows must be anticipated and compensated for in E-L7. 

Polymer formation in- the packed section of the stripper tower, as 
described in Subsection 4.5.6.3.3, must be prevented since polymer can be 
entrained to the condenser vent system and collect in geometrically unfa
vorable vessels. Control of the stripper solution acidity by regulation 
of the 3BP-HN03 flow rate prevents polymer fonnation. 

4.5.6.5 Process Safety 

The T-L6 stripper contents must be boiling before adding 38P, which 
has contacted organic in the 38 column. This boiling is required to strip 
the organic from the entering solution with the rising vapors. Thus the 
organic is prevented from reaching the concentrating sections of T-L6 and 
E-L7 where potentially explosive red oil could be formed. 

4.6 BACKCYCLE WASTE AND NEPTUNIUM RECOVERY 

The aqueous waste streams from the second plutonium cycle, the final 
uranium cycle, and the neptunium recovery system are concentrated via the 
backcycle system, with part of the concentrated waste (3WB) being re
cycled to the HA column and the rest being fed to the neptunium recovery 
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n_eptunium is purified by ion exchange prior 
The Purex process flow diagram, Figure 4-l, 

backcycle ~aste recovery systems fit in the 

Final product handling and loadout are covered in Section 4.9, with 
neptunium technology covered in Chapter 8.0. A detailed description of 
backcycle and neptunium processing equipment is given in Chapter 3.0. 

4.6. l Neptunium Recovery Cycle 

The operation of the neptunium recovery (second neptunium) cycle is 
a three-part transient process. The cycle serves to accumulate neptunium 

· · from the backcycle waste streams during Phase I operation. ~eptunium is 
separated from FP's, uranium, and plutoni~m during Phase II operations, 
and a feed stream is provided for the neptunium ion exchange purification 
process during Phase III. 

4.6.l,l J Cell Eguigment Package 

·The second neptunium cycle was added to the Purex Plant in 1962. The 
processing equipment is contained in the J Cell package, a compact 
assembly of two tanks, two solvent extraction pulse columns, assorted 
jumpers, and structural supports. The flow.diagram, Figure 4-9, illus
trates the primary process routes, vessels, and some instrumentatio.n of 
the J Cell package. 

4.6.1.2 Three~Phase Process Description 

The neptunium accumulation and decontamination processes are accom
plished in a manner similar to previously discussed solvent extraction 
operations. The three-phase process used for the second neptunium cycle 
is discussed in the following sections. A schematic flow diagram of each 
phase is shown in Figure 4-10. · 

4.6.1.2.1 Phase I 

Descriptions of liquid streams fa~ Phase I are given in Table 4-22. 
The 3WB stream, pumped from Tank Jl, is routed in two directions. About 
57% of the flow is returned to the HA column, while the other 43% is 
piped. to the second neptunium cycle feed tank (TK-J21) and becomes part 
of the 2NF feed stream. From the feed tank, the aqueous 2NF is pumped to 
the 2N column, a dual-purpose extraction-scrub column, through an external 
distributor ring containing nozzles penetrating the column wall above the 
extraction section. 
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TABLE 4-22. Second Neptunium Cycle Process Streams - Phase I. 

Stream Compositiona Function Fl ow, ga 1 /min 

3WB HN03 - 7.7M Neptunium feed stream to iK-,J21 2.7 
u - 0.07M from backcycle waste system 
Pu - o. 035 g/ga 1 
Np - Variable 

2NF (I) HN03 - 5.9M 2N column feed stream made up of 3.7 
u - 0.07M 3WB and 2PNR 
Pu - 0.028 g/gal 
Np - Increasing 

2NS HN~ - 2M 2N column scrub stream -- 0.67 
Fe - 0~025!i reducing agents for Pu(+J) and 
N?H4 - O.OSM Np(+4) valence adjustments 
NA2so3 - o. osff · 

2NX iBP - 30% 2N column extractant stream 3.4 
HN03 - 0. Ol!i from organic header 1 

2NW HN03 - 5.0M· 2N column waste stream routed 4.3 
Pu - o. 021 g/ga 1 to backcycle waste collection 
Np - 0.0002 g/gal tank (TK-Fl O) 
Fe++ - 0.004M 
S04- - o.ooaff · 

2NN (2PF) TBP - 30% 2N coiumn neptunium stream -- 3.4 
HN03 - 0.4M 2P column feed stream 
Pu - 0. 002 g/ ga 1 
u - O.OSM 
Np - Increasing 

.. 

2PX HN03 - O.Ol!i 2P column aqueous strip stream 1.0 

2PNR HN03 - 1.3M 2P column neptunium product 1.0 
u - 0.08M stream (recycled to TK-J21) 
Pu - a. ooa g/ ga 1 
Np - Increasing 

2PW TBP - Joi 2P column organic waste stream 3.4 
u - O.OSM routed to lBX column feed tank 
~p - 0.01-g/gal (TK-J3) 

aThe neptunium concentration increases in feed and product streams to a maximum of 
about 14 g/gal in the 2PNR due to recycle. The 3WB neptunium concentration also varies 
depending upon the amount of neptunium in the fuel, length of. processing campaign, and 
other factors, but is corrmonly about 0.06 g/gal. Process streams also contain FP's 
(primarily Zr-Nb-95 and Ru-Rh-106) at concentrations up to O. 1 Ci/gal. These quantities 
are not listed in this or subsequent tables, as l Ci/gal of Ru-Rh-106 represents only 
0.0003 g/gal, for example. 
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The 2NF is dispersed as tiny droplets into the continuous organic 
phase. The 2NX organic stream from solvent treatment system No. l enters 
the column via an external distributor ring located just below the extrac
tion section. The aqueous droplets, depleted of neptunium and uranium in 
the extraction section, coalesce to fonn an aqueous layer, called the 2NW, 
in the bottom disengaging section ('1beavertail 11

), which is designed for 
criticality prevention. 

A reducing atmosphere is attained in the 2N column by the 2NS (2N col
umn scrub stream), which contains ferrous sulfamate (source of Fe++) and 
hydrazine (NzH4), both reducing agents. The hydrazine and sulfamate ion 
protect the reducing ability of the Fe++ ion by reacting with, or killing, 
oxidizing agents such as nitrite ion. The neptunium is reduced to the 
extractable valence of +4; plutonium is reduced to the nearly inextractable 
valence of +3; and the valence of uranium remains unchanged at +6. These 
valence adjustments allow most of the neptunium and uranium in the 2NF to 
be extracted into the organic stream and keeps most of the plutonium in 
the aqueous phase. 

To enhance neptunium extraction into the solvent, 6r1_ HN03 is present 
in the 2N column. -However, the acid concentration must be controlled to 
limit acid carryover to the 2P column, where excess acidity inhibits strip
ping of the neptunium back into the aqueous phase. 

The uranium saturati.on level of the organic must b·e maintained at less 
than 40% so there are enough free TBP molecules available to extract" the 
neptunium. 

The organic stream containing the extracted_neptunium and uranium 
fonns. the 2NN in the annular top disengaging section. The 2NN overflows 
from the 2N column to the bottom of the 2P column, a single-purpose strip 
column operated with the aqueous phase continuous. The 2P column aqueous
continuous phase is a very d.i 1 ute nitric acid solution furnished by the 
2PX. The organic feed (2PX) is dispersed into tiny droplets with neptunium 
being stripped into the aqueous, leaving most of the uranium in the 
organic phase. Therneptunium-depleted organic, tenned 2PW (2P column 
waste), accumulates in the top annular disengaging section, and flows to 
the lBX column feed tank (TK-J3), where the neptunium-depleted organic is 
blended into the lBXF organic stream f_or reprocessfog through the parti
tion cycle. This recycle allows recovery of the uranium from the 2PW. 

The aqueous stream containing the stripped neptunium, tenned 2PNR 
(2P column neptunium recycle stream) descends to the bottom 11 beavertai1 11 

disengaging section, and is routed by gravity flow back to the 2N column 
feed tank (TK-J21). Before the 2PNR enters TK-J21, the 2PNR stream is 
mixed with the incoming 3WB stream in a horizontal 4-inch-diameter by 
4-foot-long pipe section. · 

The 2NF stream is a combination of m~terial from the backcycle waste 
system and recycled neptunium product solution (3WB and 2PNR) during 
Phase I operation. Plutonium exits the system via the 2NW, uranium via 
the 2PW, while neptunium accumulates and recycles through the system. 
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Decontamination accomplished by this mode of operation (Phase I) is 
not sufficient to allow the neptunium product solution to be routed to 
the neptunium ion exchange unit for further processing. Therefore, Phase I 
operation ·is continued until a specified amount (usually 1800 to 2000 grams) 
of neptunium is accumulated in the system; then a final decontamination 
process, Phase II, is initiated. 

4.6.1.2.2 Phase II 

Phase II operation is very similar to Phase I, except the 3WB flow 
(the source of new plutonium, uranium, neptunium, and FP 1 s) to the 2N column 
feed tank (TK-J21) is discontinued and replaced by a lower volume 57% 
nitric acid stream. As Phase II progresses, the amount of plutonium, ura
nitim, and FP's associated with the recycled product solution (2PNR) gradu-

,ally decreases. The required duration of Phase II operation (generally 
· 12 to 24 hours), is determined by the 2PNR uranium concentration, which 

should be less than 0.05 lb/gal prior to transfer to the neptunium ion 
exchange unit. During this period, the plutonium concentration also de
creases to the desired value of less than 1 gram plutonium per 1000 grams 
ne~tunium. When this point is reached, Phase II neptunium decontamination 
is complete and Phase III operation begins. 

Table 4-23 describes the liquid streams involved in the system during 
Phase II operation. 

4.6.1.2~3 Phase III 

Phase III operation involves the removal of neptunium from the J Cell 
package equipment and transfer to the neptunium ion exchange unit (Q Cell). 
A 30 wt% nitric acid stream is fed to TK-J21 and then to the 2N column 
(T-J22). Recycle of 2PN to TK-J21 is discontinued, and flow rates of all 
streams are greatly reduced. The 2PN is transferred by air jet to the 
Q Cell concentrator feed tank (TK-Ql). As Phase III progresses, the 
neptunium concentration in the system is gradualli reduced by this strip 
transfer mechanism. When the neptunium concentration is diminished to 
less than 1.0 g/gal (target value is 0.1 g/gal), Phase III is discontinued 
and Phase I is started once again. 

Table 4-24 describes the liquid streams involved in the process during 
Phase III operation. 

4.6. 1.3 J Cell Package Startup and Phase Transitions 

Startup of solvent extraction columns is covered in detail in Sec
tion 4.4, and will not be included here, as the 2N and 2P columns are 
similar in operation to the 2A and 28 columns of the second plutonium 
cycle. Startup of the J Cell columns in relation to the rest of the Purex 
process is also discussed in that section. 

The transition from one operating phase to another is primarily an 
adjustment of flow rates and restarting or discontinuing some streams. 
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TABLE 4-23. Second Ueptuni um Cycle Process Streams - Phase I I. 

Stream 

Syn 
3WB-Il 

2NF 

2NS 

2NX 

2NW 

2NN (2PF) 

2PX 

2PNR 

2PW 

Compositiona 

12.~ 

Np - 1. 9 g/2. 
·u. Pu, & FPs -
decreasing 
HN03 5.~ 

HN03 - 1.27M 
Fe++ 0.0liM 
N2H4 _ - o.o~
NH2so3 - o.o34!i 

TBP - 301 
HN03 - 0.0l!i 

Pu 
HN03· 
Np 
Fe++ 
504-

- decreasing 
- 4.0M 
- o. 0002 g/ 2. 
- 0.005M 

0.0l!i-

TSP - 30% 
Np - 1. 7 g/ '1. 
U, Pu, F?s -
decreasing 
HN03 - 0.3!1_ 

HN03 - 0.0l!i 

Np - 3.3 g/'1. 
U, Pu, F?s -
decreasing 
HN03 - 0.6!i 

TBP 
u. 
Np 

- 301 
- decreasing 
- 0.001 g/2. 

Function 

Nitric acid solution to take 
place of JWB during Phase II 

2N column feed stream made up of 
2PNR (Recycled neptunium product 
stream) and Syn JWB 

2N column scrub stream -
reducing agents for Pu(+3) and 
Np(+4) valence 

2N column extractant stream from 
organic neader 1 

2N column waste stream routed to 
backcycle waste collection tank 
(TK-Fl O) 

2N column neptunium stream; 
2N column feed stream 

2P column aqueous strip stream 

2P column neptunium product 
stream (recycled to TK-J21) 

2P column organic waste stream 
routed to l BX co 1 umn feed tank 
(TK-J3) 

) Fl ow. ga 1 /min 

0.92 

2.2 

0.87 

2. 6-

3. 1 

2.6 

1.3 

1.3 

2.6 

aOuring Phase II, the columns are ooerated to give essentially loo: neptunium recycle 
resulting in essentially constant neptunium concentrations. However, the concentrations of 
uranium, plutonium, and FP's decrease due to desired losses via the 2PW and 2NW streams. 
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TABLE 4-24. Second Neptunium Cycle Process Streams - Phase III. 

Stream 

Syn 
Jws-rrr 

2NF (III) 

2NS 

2NX 

2NW 

2NN (2PF) 

2PX 

2PN 

2PW 

Compositiona 

HN03 - 5.6~ 

Np - decreasing 
HN03 - 5.6~ 

HN03 1.27M 
Fe* - 0.0l?M 
NzH4 _ - 0.017ff 
NHzS03 - 0.034~ 

TBP - 30% 
HN03 - 0.01~ 

HNOl - 4.8M 
Fe+ - 0.003M 
Np - 0.0002 g/'l 
so;r - o.aas~ 
TBP • 30% 
Np - decreasing 

HN03 - a. 01~ 

HNQ3· - 0.7!i 
Np - decreasing 

·rsp - 30% 
Np - 0.001 g/2. 

Function 

Nitric acid solution to take 
place of 3WB during Phase rII 

2N column feed stream -- made 
up of Syn 3WB and 2NF-II heel in 
TK-J21 

2N column scrub stream -
reducing agents for Pu(+3) and 
Np(+4) valence adjustments 

2N column extractant stream from 
organic header l 

2N column waste stream routed to 
backcycle waste collection tank 
(TK-FlO) · 

2N column neptunium stream, 
2P column feed stream 

2P column aqueous strip stream 

· 2P column neptunium ~roduct 
stream to TK-Ql 

2P column organic waste stream 
routed to lBX column feed tank 
(TK-J3) 

F7 ow, gal /mi n 

1.8 

l. 8 

0.33 

l. 1 

2.1 

l. 1 

a.so 
a.so 

l. 1 

aThe feed (2NF) is continuously diluted with synthetic 3WB resulting in a decreasing 
neptunium concentration. 

4.6.1.3.1 Phase I to Phase II Transition 

Transition to Phase II is normally not initiated until the neptunium 
content in the 2PN stream reaches about 14 g/gal, or a batch total of 
2000 grams. The Phase I to Phase II transition is made gradually (approxi
mately 90 minutes for total changes). 

During routine operation, the 2N (J22) and 2P (J23) column interface 
recorder-controllers are placed on automatic to control the 2NW and 2PX 
flows, respectively. During phase transitions, these controllers must 
be placed in the manual mode to pennit major flow rate changes. To main
tain the 2N (J22) column interface on manual control, the 2NW valve loading 
pressure is adjusted to hold_the interface reading constant. Maintaining 
the 2P (J23) column interface on manual control requires small increases 
in the 2PX flow if the interface decreases, or small decreases in the 2PX 
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flow if the interface increases above 50%. In addition, the following 
sequential steps are required: 

• Decrease the 3WB-2N flow slowly over a 5-minute period, so that 
the HA column is not upset by-a rapid change in the 3WB-HA flow. 

• Turn on the nitric acid flow to 2NF (J21) tank to theflowsheet 
value. 

• As the 2N column shows a lower uranium concentration (2N column 
scrub 0/P begins to decrease), the Phase II 2NS scrub solution 
is added from AMU Tank 220/221 to the column. 

• Co11111ence transition to Phase II flow rates as follows: (a) Make 
rate changes in small increments taking approximately 90 minutes 
to reach the new values. Manually control the 2N and 2P column 
interfaces closely to prevent organic loss to 3WF (FlO) tank, 
and aqueous to lBXF (J3) tank. (b) Make flow changes in steps 
indicated on the flow rate sheet to maintain an equal organic
to-aqueous flow ratio throughout the transition. Increase the 
pulse frequencies of the 2N (J22) and 2P (J23) columns to main
tain adequate mixing at the reduced volume throughput rates. 

4.6. 1.3.2 Phase II to Phase III Transition 

Transition to Phase III is not initiated u·ntil the neptunium purifica
tion unit (Q Cell)- is ready to receive the 2PN product stream and the 
2PN analyses are satisfactory. The Q Cell concentrator must be operating 
in a satisfactory manner, and TK-Ql and TK-Q3 must be available to receive 
the 2PN stream. Phase I I to Phase I II transition is a 1 so a gradua 1 change 
(appro~imately 45 minutes for total flow changes). The following sequential 
steps are required: 

t The flow rate adjustments to the 2NF-Hz0, 2NF-HN03, 2NF, 2NS, 
2NX, 2PX, and 2PN· are begun. 

• Flow r-atios are maintained as indicated on the flow rate sheet 
by stepwise flow changes. 

• Time elapsed for total rate changes is approximately 45 minutes. 

• Following the rate adjustments, run the system at these reduced 
rates for approximately 30 minutes before proceeding. 

• Confirm that the plutonium content of the 2PN stream is less than 
1 x 109 counts/min/gal ("--0_.0l g/gal). 

• Purge the supply air to the 2PN jet to the cell atmosphere for 
approximately 60 seconds to remove any buildup of solids in 
the air line that may plug the 2PN jet to Q Cell. 
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1 Open the air to the 2PN jet to Q Cell to its maximum pressure 
by increasing the air pressure with the ~ontroller. Time elapsed 
between turning on the 2PN jet and the arrival of the 2PN in 
TK-Ql in Q Cell is approximately 45 minutes. 

• Make necessary adjustments to the 2PN flow to Q Cell to avoid 
overloading the Q Cell concentrator. Adjust the 2PN flow rate 
ta Q Cell by adjusting the 2PX flow controller, not by changing 
the 2PN jet air pressure. 

4.6.1.3.3 Phase III ta Phase I Transition 

At the completion of Phase III, the J Cell package has been stripped 
of approximately 90% of the neptuni~m. At this time, the J Cell package 
can be shut down, or, if more neptunium is available in the backcycle, the 
flow rates of the package can be adjusted back to Phase I rates, and 
accumulation of neptunium can be resumed. 

The general outline for resumption of Phase I is as follows: 

• Divert the product stream (2PN) from Q Cell to the 2NF tank. 

• Increase the concentration of the scrub stream (2NS) to Phase I 
specifications. 

• Adjust flow rates of the feed (2NF), scrub (2NS), extractant 
(2NX), strip (2PX), and product recycle (2PNR) to Phase I rates. 

, After reaching steady-state conditions, divert about 43% of the 
3WB ta the 2NF tank (TK-J21 ) .. 

4.6.1.4 J Cell Process Safety 

Few process hazards exist during J Cell operation. Operating per
sonnel do not come in contact with equipment, except that in the control 
room, so there is little danger of physical injury. 

A suckback from the canyon equipment to the P and O gallery is pre
vented by careful operation of valves or other equipment in the P and 
0 gallery, and especially when removing air from the pulse leg prior to 
startup. 

Close control of the 2N column interface should be maintained during 
the phase transition periods to avoid the loss of organic to the 3WF 
(FlO) tank, since potentially explosive organic degradation products, 
including red oil, may be fanned if the organic reaches the 3WB concentra
tor (E-H4-1). 
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4.6. T.5 J Cell Criticality Prevention 

The second neptunium cycle equipment, known as the J Cell package, is 
of geometrically favorable design for criticality prevention. The 2NF tank 
has an annular solution space moderated by concrete to prevent criticality 
if plutonium solutions are added to the tank. The columns (J-22 and 
J-23) are the same size as the second plutonium cycle columns. However, 
these vessels are restricted to containment of solutions with a maximum 
plutonium concentration of 6 g/i, as the vessels are located over the 
geometrically unfavorable J Cell sump and the SJ2 deep sump. 

Plutonium leaving the J Cell package either returns to the backcycle 
'Waste system or is transferred to the neptunium purification unit in Q Cell. 
These- routings also impose some plutonium concentration limits in the 
-second neptunium cycle equipment which are more restrictive than would be 
required by the geometry of the equipment alone. The plutonium content 
of the 2PN stream must be less than 1 x 109 counts/min/gal (l\,Q.01 g/gal) 
as verified by analysis during each shift to ensure criticality prevention 
in the Q Cell- equipment. 

4.6. 1.6 J Cell Off-Standard Conditions 

Identification, detection, causes, and remedies for the most common 
off-standard processing conditions encountered during neptunium solvent 
extr-action are outlined in Table 4-25. · 

4.6.2 Neptunium Purification 

The purification process in Q Cell is the fourth phase of the nep
tunium recovery and purification system. During Phase III, the neptunium 
is stripped from the J Cell package and jetted to the receiver (and feed 
tank to the 2PN stripper-concentrator) tank in Q Cell. This is ~he begin
ning of the batch anion exchange process for neptunium_purification. The 
individual operations required are described in this section. 

Neptunium concentration and ion exchange purification technology are 
documented in Chapter 8.0. Handling and loadout of the neptunium product 
are described in Section·4.9. The Q Cell process flow diagram, Figure 4-11, 
and Table 4-26, which describes the Q Cell streams, are presented for 
reference with the following sections on neptunium purification. 
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TABLE 4-25. Second Neptunium Cyc;:le - Off-Standard Conditions. 

Off-Sta11ddrd Condition llm-1 Ue tee led Likely Cause Detection of Cause Hl!metly 
---·· - . ----- --- - ----·----·--- - ... ------ ----------------------•------·-·----------------------- --- ------------------------- -· ------- ------ -- -------·-

A) lliyh neptuuium. loss in the 
2NW 

U) lliyh neptunium loss 111 
the 2PW 

Analysis uf tltl! 2NW for 
neptuniwn 

(I) 2PM neptunium analysis 
(2) Sluwl!r than expected 

buildup of neptunlwn 
In J Cell - 2PN mip
tunlum analysis 

(I) flow rates 
a) High 2Nf (Htyh aque

ous tu or
ganic flow 
ratio) 

b) High 2HS 
c) Low 2HX 

(2) Stream compositions 
a) Uranium concenlril

tlon >401'. saturation, 
[not enouyh TOP 
molecull!s ava llab )I! 
for extract Ion 
(l'hase I)) 

b) Low IINU3 com:enlra
tlun In 2Nf 

c) Low 2HS-H2H4, fett 
(reductny agent) 

(l) flooding of the 2H 
column 

(4) Off-standard pulse 
frequency 

(I) Low 2PX flow ,·ate 
(2) High IIH03 concentration 

In the 2P column 
(Phasl! I) 

(J) flooding of the 2f 
LOlumn 

(4) Off-Handard pulse 
frequency 

(I ) fl ow rates - respec
tl ve stream flow
meters/rotameters 

(2) Streilm composition 
a) Analysis of 2NF or 

solvent for uranium 
b&c) Anllysls of 2NW 

,111d 2NS 
(J) float.ling 

a) Increase In· the 
col 111111 s tat le 
prl!ssure 

b) Variations in In
terface loi:at Ion 
anti/or 2NW valvl! 
loading pri!SSure 

( 4) Pu I se - frl!q~ency 
count 

( 1 ) f lowi1ill ter on 21'X 
(2) Analysis of the 21'N 

and 2PX for IIN03 
(J) floodiny 

a) Decrease In colunn 
static pressun! 

b) Interface location 
variations 

(4) Pulse - frequem:y 
count 

(I) flow rates -- adjust 
to fl owshee t va 1 ue 

( 2) Stream compos It ions 
a) High uranium -

decrease feed 
(2NF) rate 

b) Bult TK-J21 to 
currl!i:l acid con
centration 

c) lncrl!ase rl!ducing 
a9ent cuncl!ntra
tlon in scrub 

(l) Floodlny 
a) Decreasl! pulse 

frl!ljUency 
b) Dec,·l!ase I low 

rates 
(4) Pulse - adjust 

frl!ljuency 

(I) Adjust 2PX flow rate 
to proper value 

(2) Dutt TK-J21 or 
TK-224/225 into 
proper IIN03 
cuncent,·atlon 

(J) Flooding 
a) Decrease pulse 

freq111!11Cy 
b) Ol!crea se t.1 ow 

rates · 
(4) Pulse - adjust 

frequency 
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TABLE 4-26. Neptunium Concentration and Purification -
Q Cell Streams. 

Stream 

2PN 

2PC 

JXPT 

3XW-?T 

Recycle 
Concen
trate 

3XF 

3XW 

3XS-Pu 

3XW-?u 

3XS-F? 

3XW-FP 

Composition 

Np • 2 g/'l. 
HN03 • 0.7M 
Small amount
u. ?u, F~' s 

HN03 • 57": 
(12.Z!i) 

Np ~ •,9 g/'1. 
HN03 • 3. lM 
U, Pu, FP' s -

HN03 • 5;0M 
NzH4 Q.1~ 

HN03 • 12.Z!i 

Np --~4.8 g/'1. 
Hrl03 - 7. 25!:!, 

Np 
HN03 
U, · ?u, 
NzH4 

- •,6 g/'1. 
- 6.JM_ 
FP's 
- 0.1!:!_ 

Np, U, Pu. FP' s, 
HN03 • 6.3M 
NzH4 • •,O. T!1 

HNO_i • 6. 7M 
Fe - O. lM 
NzH4 _ - o. 1M° 
NHzS03 • 0. 2!}: 

Pu 
HN03 • 5. 7~ 
= .. ++ • 0 1M 

· ~H2s03 - a: 2i1 
~lzH4 - •,O. Tr! 

HN03 • 7.0M 
NzH4 - Q.OSM 
NaF • O.Olff 

FP' s 
HN03 - 7.0M 
F" - <0.01!:!, 

I 

i 
. ' I 

I. 
i 

I 
I 
[ 
I 

-I 

Function 

Neptunium product solution 
accumulated in TK-Ql (concentra
tor feed tank) from 2P column
Phase III. Routed to stripper
concentrator ( E-•J2) 

Nitric acid butt to adjust 
acidity of 2PN orior to 
concentration 

Concentrated neptunium product 
solution accumulated in TK-QJ 
(makeup and feed tanK - 3XF)' 

Resin pretreatment wasn solution 
(routed to too of 3X column) to 
prepare resin for neptunium 
loading 

Pretreatment waste routed from 
bottom of 3X column to JXW com
oined waste tank (TK-Q5) 

Nitric acid butt to adjust 2PC 
acidity 

Hydrazine (reducing agent) addi
tion to 2PC-3XF solution in 
TK-QJ to adjust the neptunium 
valence to +4 

Neptunium solution fMm previous 
purification run to be reproc
essed as pal"'t of 3XF 

Adjusted neptunium feed solution 
to 3X ion exchange column. ~eo
tunium loaded on resin along 
with trace FP's and uranium 

Loading waste rquted from bottom 
of 3X column to combined , .. aste 
tank (TK-QS) 

wash solution - strong nitric 
acid and r-educing agents to 
r-emove plutonium from resin. 
Not r-outinely used. 

·~aste olutonium wasn solution 
f.rom 3X column to 7i<-,J5. /lot 
routinely used. 

·.iash soiution (strong ~itric 
acid-sodium fluoride) to r-emove 
FP' s from r-es in 

•~aste FP ·,1ash solution from 
JX ~oiumn to ~K-05 

4-118 
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I 
I 

I 
I 

Flow Rate and/ 
or 'lolume 

1. 9 1./min 
~910 1. 

(as r-equired, 
used only if 
recycle con
centrate is 
not available) 

Batch ., 200 z. 

0.46 c/min 
3atch = 90 1. 

90 'l. 

100 t 

2.8 l. 

40 Z. 

•.0.120 t/min 
3atcn = 335 i 

•,0.120 1./min 
335 c 

0.46 i/min 
Batch,. 225 I. 

0.46 1./min 
225 L 

0.<16 2./min 
3atcn = 450 i 

0.46 l./min 
450 t . 
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TABLE 4-26. ~~eptun i um Concentration and Puri fi ca ti on -
Q Cell Streams. (Continued) 

Stream 

3XS-F 

3XW•F 

3XE 

Forecut 
3XF-FC 

3XN 

Product 
strip-
aftercut 
3XF-AC 

3XW-ANN 

3XW• a 
NaN02 

3XWa 

Composition 

HN03 • 8.0M 
N,H4 • O. lff 

F" - <O. 005!! 
HN03 - 8.0M 
N,H4 <O.T~ 

HN03 - o. 351! 

Htl03 •.s. OM 
Np 1. 2 g/ 2. 

No - 40 g/ l. 
HN03 • 0.35~ 

N11 2.8 g/i 
HN03 0.35~ 

Al (N03)3 - 1.~ 
Al/F Mole 
ratio ~3 

NaNO, • 0.7~ 

LJ, ?u, FP's, 
N11 - •.0.15 g/'1. 
HN03 - 5.~ 

Function 

Wash solution (strong nitric 
acid) to remove residual fluo
ride from resin prior to nep
tunium elution 

Waste fluoride wash solution from ; 
3X co 1 umn to iK-,JS 

3X column eluent (dilute nitric 
acid) to remove neptunium from 
resin 

Displacement of resiaual strong 
nitric acid from fluoride wash 
with 3XE solution. Recycled from 
the 3X column to the 3XF feed 
tank (TK-Q3) to be concentrated, 
then combined with feed solution 
for the next run . 

Neptunium product elution stream 
routed to the neptunium oxidizer 
tank (TK-Q6) 

Final neptunium stria of resin 
with 3XE solution. Final strip 
waste stream routed to TK-Q3 and 
combined with forecut wastes for 
concentration and recycle .. 

ANN addition to waste in TK-Q5 
to comolex fluoride prior to 
backcycle of waste to TK-FlO 

Nitrite addition to react with 
N,H4 prior to recyc 1 e of 3XW- to 
TK-FlO 

Combined Q Cell waste· in TK-Q5 
normally routed to the backcycle 
waste system but may be routed 
to underground storage if the 
neptunium content is low 
(<0.02 g/l) . 

F'l ow ~ate and/ 
or Volume 

0.46 l./•fllin 
Batch= 225 i 

0.46 i./min 
225 ~ 

0.23 Umin 
140 l. 

0.23 l./min 
"'55 1. 

40 l. 

0. 23 .!/min 
45 l. 

12 

240 I. 

'-1350 

a3XW-NaNOz and 3XW volumes listed are for normal runs wnere 3XS-?u stream is not used. 
The resoec:ive volumes are 306 • and 1650 L when it is used. C0m11osition cf 3XW also changes 
with 3XS-Pu use but is not shown. 
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4.6.2.1 Q Celr Eauipment 

. Q Cell is a batch concentration and ion ~xchange facility in which 
the final purification of neptunium is carried out. The Q Cell ion ex-
change unit utilizes a design concept introduj1ed to Purex in 1958. At 
that time, the all-welded construction and shielded maintenance opera
tions were unique in the field of separations facility design (Ref. 13). 
Individual major pieces of equipment included in the unit are described 
below, but detailed equipment specifications re discussed in Chapter 3.0. 

l)e 2PN or concentrator feed tank (TK-Ql r is a geometrically favorable 
. 48-liter capacity tank with a 6-inch diameter1 Recycled fore- and after
·.cut solutions or nitric acid is added from TKiQl to the stripper-concentra
~tor (E-Q2) and heated to operating temperature before 2PN from the J Cell 
package is received in TK-Ql. This tank serv~s as a surge tank between 
the continuous solvent extraction cycle and t~e batch-operated stripper
concentrator. Feed mixing is achieved by rec1·rculating 90% of the solution 
pumped from the tank. 

The stripper-concentrator (E-Q2), a vess 1 of ·geometrically favorable 
design, ·is made in t't(o sections, as shown in Figure 4-11. The bottom 
concentrating portion is constructed entirelylof titanium with a 4-inch 
maximum I.O. The top stripping. portion (T-Q2 is made of type 304L stain
less steel with a 6-inch maximum I.O. The main section of the $tripper is 
packed with-1-inch stainless steel Pall ringst and ·the upper portion above 
the feed inlet is packed with York mesh titan1um mist eliminator pads. 
This stripper-concentrator strips any entrained or dissolved organic from 
the 2PN stream and reduces the volume by a factor of 4.5 so that the 
neptunium concentration is sufficiently high ror ion exchange adsorption. 

The 3XF feed tank (TK-Q3) is a 120-gallol capacity, 3-inch annular 
tank containing a cadmium liner and an 8-inch cylinder of concrete serving 
as a neutron poison and moderator, respectiveiy. The tank has a heating 
and cooling coil and chemical addition distribution ring. Mixing is 
achieved by recirculating the solution by mea~s of an in-line chemical 
pump located within the maintenance hood. S011ution is withdrawn from 
two outlets on the bottom, 180° apart, and re~urned to two top inlets also 
180° apart,. but 90° from the two bottom outl ejts. 

The 3X ion exchange column (T-Q4) is made from stainless steel pipe 
with an annular heating-cooling jacket surrou 1 ding the pipe. Plain Dutch 
Twill screens 24 by 110 mesh (woven wire sere ns with 24 openings per inch 
of length by 110 openings per inch of width) ave been flanged into the 
top and the bottom of the column to provide a resin section about 9.5 feet 
long. A sonic probe used to determine the le el of the resin inside the 
column during operating periods is inserted i to the top of the column 
through a flange connection. Temperature con rol and pressure control 
systans are incorporated with the operation o this equipment. A pressure 
relief system, which includes a rupture disc 

1
r-ated to release at 100 psig, 

serves as a s-afety device against excessive pressure buildup in the column. 
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A degassing system composed of a steam jet connected to the top of the col
umn allows the removal of any gas fanned within the resin during operation. 
Through adequate backflushing and backflow systems, resin can be remotely 
added or removed from the column. -

The 3XW waste tank (TK-QS) is a 500-gallon tank with a dished bottom 
and top. It receives all the waste from the batch washing operations, as 
well as flush chemicals from any of the other Q Cell equipment. Mixing 
in this tank is achieved by means of an air sparger located in the bottom 
section of the tank. · 

The 3XN product receiver tank (TK-Q6) is a 25-gallon tank with a flat 
. bottom containing a temperature control system and an air sparger. It 

· ·receives the eluted neptunium product from T-Q4 and i_s a 1 so used to chemi-
- r,_ cally adjust -the neptunium valence to +5 prior to loadout for shipment. 

The hot ce11 sump tank (TK-QS) is a 46-gallon vessel buried in the 
floor of the hot cell. The design purpose of the tank was to allow the 
removal, by gravity flow, of the used resin from the 3X ion exchange 
column for subsequent disposal to underground storage tanks. This practice 
was discontinued in 1971, and resin is now loaded from the column into 
1-gallon bottles f_or disposal as described in Subsection 4.6.2.5. Tank QS 
also accumulates all sump drainage for sampling prior to disposal. A 
unique water swirler similar to a dentist's fountain is designed into this 
tank for agitation to aid in the removal of resin -and other solids. 

The vent jet condenser (E-Q9) is made of stainless steel and is used 
to provide vacuum for both the concentrator and the vessel vent systems 
within the hot cell. Condensate from this condenser is returned to the 
Purex process via the 3WF tank (TK-FlO). 

The -9-gallon stainless steel pump surge tank (TK-Ql3) is used for 
direct additions of small volumes of wash solution to the. 3X ion exchange 
column (T-Q4) without having to go through the 3XF feed tank (TK-Q3). 

Seven aqueous makeup tanks located above the control room plus one · 
AMU tank located in the sample gallery (TK-Q31) with the required auxiliary 
equipment make Q Cell completely independent of the remainder of the Purex 
Plant. The tanks and their primary functions are listed below and are 
described in Subsection 3.8.2.1. 

Tank Number 

Q21 
Q22 
Q23 
Q24 
Q25 
Q26 
Q27 
Q31 

Function 

3XPT and 3XE makeups 
Scrub solution makeups 
Resin add 
NaN02 add 
ANN add 
FeSa add 
N2H4 add 
HN03 add to E-Q2 
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4.6.2.2 Feed Concentration 

During Phase III, the neptunium is stripped from the J Cell package 
and jetted to Q Cell after the neptunium-bearilng fore- and after-cut por
tions of the elution from the previous ion ex9hange purification batch are 
concentrated in E-Q2. The 2PN stream enteringj Q Cell is received in TK-Ql,. 
from where it is pumped to the stripping section of th.e neptunium stripper
concentrator (E-Q2). The feed rate is depend~nt upon the transfer rate 
of 2PN from the J Cell package (about 0.5 galflmin). The feed is concen
trated by a factor of about 4.5 and maintaine9 at a specific gravity of 
1.1 in the concentrator section. The bottoms 1solution containing the 
neptunium (called the 2PC stream) overflows b~ gravity into the ion ex-

,.change column feed tank (TK-Q3). After the 2~N flow to Q Cell is stopped, 
the neptunium stripper-concentrator contents are transferred by jet to 
TK-Q3. This solution comprises the feed mate1ial for the neptunium batch 
purification operation. 

Since TK-Ql receives neptunium product s~lution from an aqueous con
tinuous pulse column, varying amounts of orga ic material which should not 
enter the concentrator are present in the sol tion. ·The~efore, feed solu
tion .;n TK-Ql is added to the top of the T-Q2 !stripping section after the 
concentrator is boili~g. The vapors rising through the stripping section 
will then remove any organic substances before they reach the lower part 
of the concentrator. To further eliminate th.e potential for explosion 
from organic in the concentrator bottoms, the I tube bundle steam pressure 
has been limited to 29 psig, limiting the max1mum possible concentrator 
temperature to 125°C, which is 10° below the mlinimum detonation temperature 
of l35°C. . . 

After concentration, the final step in feed preparation consists of 
chemical adjustments·· to the 2PC. To optimize I conditions for loading nep
tunium into anion exchange resin, the acid co1centration is adjusted to 
6;3M by addition of nitric acid, and the neptunium valence is adjusted to 
+4 by the addition of hydrazine to TK-Q3. The hydrazine addition is 
delayed until the resin bed pretreatment (des4ribed below) is completed, 
because the strong acid could reoxidize some Gf the neptunium and reduce 
the efficiency of the resin loading operationl The adjusted 2PC solution 
is known as 3XF. 

4.6.2.3 Ion Exchange Process Cycle 

This section describes the process steps required for ion exchange 
purification of the neptunium. Process strea s are identified in 
Figure 4-11 and Table 4-26. 
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4.6.2.3. 1 Resin Pretreatment 

Since the ion exchange .column (T-Q4) contains weak acid from elution 
of the previous neptunium batch, the resin (Amberlite IRA-97) must· be 
treated by passing 6M HN03 containing O.lM N2H4 (3XPT stream) through the 
column to prepare the resin for adsorption of the next neptunium batch. 
The solution is made up in TK-Q21 and pumped to T-Q4 via TK-Q13. This 
wash waste (3XW-PT) is ~ollected in TK-QS. 

In pretreatment and subsequent ion exchange steps, certain safety pre
cautions dictate allowable operating conditions. Since ion exchange resins 
may be explosive under certain conditions of acidity and temperature, re
strictions are placed upon operating and standby conditions for the T-Q4 

· resin bed as discussed in Subsection 4.6.2.6. 

4.6.2.3.2 Loading 

Immediately before the neptunium is loaded on the resin, the resin 
bed is degassed to eliminate air pockets which can cause solution channel
ing and, hence, uneven and inadequate loading of the neptunium on the 
resin. This gas-removal step, which is repeated at 4-hour intervals during 
the loading and scrubbing cycles, is implemented with an air-driven jet 
which evacuates the top of the column and the column feed line. 

Resin loading is accomplished by pumping the 3XF solution, downflow, 
through the T-Q4 resin bed. The effluent solution, stripped of the nep
tunium, is collected in TK-QS. 

4.6.2.3.3 Plutonium Scrub 

Plutonium present in the 3XF is adsorbed onto the resin and, if not 
selectively removed, will be removed with the neptunium during elution. 
Neptunium product specifications permit only trace quantities of plutonium. 
When feed analytical results indicate a plutonium concentration greater 
than 0.5 gram of plutonium per 1000 grams of neptunium, the resin bed is 
washed with a plutonium removal scrub solution. The plutonium scrub 
(3XS-Pu) is made up of ferrous sulfamate and hydrazine in a 6.7M HN03 
solution. The strong acid is necessary to prevent neptunium elution losses 
during.the plutonium scrub. · 

The scrub is made up tn TK-Q22 and pumped at a controlled flow rate 
from TK-Ql3 downflow through the T-Q4 resin bed. The plutonium-bearing_ 
effluent, which contains some neptunium, is collected in TK-QS where it 
is combined with the pretreatment, loading~ and subsequent scrub wastes. 
However, the 3XW is sampled and analyzed at the completion. of each process
ing step for process control and m~terial balance purposes. 
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4.6.2.3.4 Fission Product Scrub 

Part of the fission products present in the 3XF are also adsorbed by 
the resin, but are largely removed from the -Q4 resin bed in a FP scrub. 
The scrub solution, designated 3X~-FP, is a ~M HN03 solution containing 
fluoride, which is very effective for removal of FP's, particularly zirconium 
and niobium. The high acid and hydrazine in the scrub solution keep the 
neptunium on the resin as the FP's are scrub~ed off. 

The presence of fluoride in the scrub m [kes the solution corrosive 
to stainless steel. To lessen the corrosive effects, a solution of 
aluminum nitrate is added to the scrub waste receiving vesse·1 (~K-QS) 

· before the scrub is pumped through the resin co.1 umn. The TK-QS co i 1 water 
_· is operated during this procedure to further reduce fluoride corrosion by 
- lowering the waste tank temperature . 

If processing is interrupted, the T-Q4 ,ooling water is started to 
reduce the corrosion rate on this column. I 

The fission product scrub solution is collected in TK-QS. After 
obtaining a sample of ·this effluent (3XW-FP) !for later proces_s evaluation,. 
the step to r~move the residual fluoride fro the resin is started as soon 
as practical. · · 

4.6.2.3.5 Fluoride Scrub 

The FP. scrub leaves fluoride· residue in the Q4 column. This fluoride 
residue must be removed prior to product elu ion, as fluoride is an impurity. 

The fluoride scrub is an 8~ HN03 solutiin co~taining hydrazine, which 
is made up in TK-Q22 and which follows the.Ff scrub from TK-Q13 through 
TK-Q4. The solution is collected in TK-05 w?th ·the previous wastes. The 
combined waste is sampled and analyzed for mrterial ba_lance determinations. 

4.6.2.3.6 Waste Handling . 

The pretreatment, loading, plutonium scrub, FP scrub, and fluoride 
scrub wastes .(3XW) containing neptunium losttduring purification are 
returned to the backcycle waste system for r cycl_ing through the solvent 
extraction system. Sodium nitrite is added o react with hydrazine in the 
3XW prior to jetting the solution from TK-QS to TK-Fl0 in batches of about 
500 liters each. 

4.6.2.3.7 Elution 

Product neptunium is removed from the r sin bed with a dilute (0.35M) 
nitric acid solution made up in TK-Q21 and p mped to the column from -
TK-Ql3. Neptunium concentration is controlled by adjusting the product 
eluent volume to the quantity of neptunium oh the resin, and no further 
product concentration step is required. Probuct elution consists of three 
distinct steps performed as a continuous ope ation. 
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The initial step is the forecut, during which the strong acid remain
ing from the fluoride scrub is displaced, as the neptunium will not come off 
the resin in the presence of strong acid:- The forecut is started by pump
ing a specified volume of eluent made up in TK-Q21 from TK-Ql3 through the 
resin bed to TK-Q3 at a flow rate of 230 m1/min. This flow rate is con
tinued until neptunium appears in the T-Q4 effluent. The presence of 
neptunium is detennined by an increase in the gamma monitor indication, 
and by ihe change in effluent color from colorless to green as viewed in 
the maintenance hood sight glass. A time lapse of about 4 hours may be 
expected from the beginning of the forecut until the neptunium begins to 
come off. The typical forecut volume is 55 liters. 

When neptunium appears, the product elution step is started by routing 
the effluent to the product receiver tank (TK-Q6). If the diversion is 
made too soon, the product batch is dilute, and switching late results in 
neptunium losses to rework at the rate of about 5 g/min. The eluent is 
pumped down through the resin bed until the elution is complete, nonnally . 
in about 3 hours ("'401). When the gamma monitor reading begins to decrease, 
the sight glass is checked for color. Typically» the upper section of the 
sight glass shows a lighter color first. When this occurs, the eluent flow 
is j ncreased for 2 or 3 minutes. - When the effluent co 1 or is cl ear, the 
elution is complete and the effluent is again diverted to TK-Q3. The 
aftercut requires a volume of .about 45 liters and 3 hours to complete. 
Again, the timing of the diver~ion is important to maintain neptunium 
recovery efficiency and product solution concentration. 

The forecut and aftercut solutions in TK-Q3 are recycled to the . 
concentrator feed tank (TK-Ql) and concentrated in E-Q2 for reprocessing 
with the next run. This operaton must be completed before 2PN is again 
routed to TK-Ql from the J Cell package. 

4.6.2i4. Shutdown and Startup of Ion Exchange Column 

Occasional shutdowns during the neptunium purification process are 
necessary under a number of circumstances, such as finishing a particular 
procedural step, operator shift changes, or equipment malfunctions. The 
shutdown procedures vary, depending on the anticipated length of shutdown 
and the resin conditions. The general rule for shutdowns over 24 hours 
is to displace the concentrated acid with dilute acid in the column for 
safety, and to elute the resin if it is loaded with neptunium. However, 
if the column is to be started up within 72 hours, the neptunium may be 
left on the resin provided the acid in the column is exchanged with 
fresh acid every 8 hours, 

An equilibrium shutdown (i.e., less than 24 hours) requires shutdown 
of th~ 3XF pump, reducing the pressure in the column, and turning on 
T-Q4 Jacket cooling water if the resin is loaded. 

Shutdown of the loaded or partially loaded column for 24 to 72 hours 
requ~res completing the equilibrium shutdown steps described above, then 
pumping concentrated acid solution (50 liters) through the column every 
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8 hours. The solution pumped through the col mn is either additional 
scrub solution.of the type being used at shut~own or fluoride scrub solu
tion if shutdown occurs during loading. Shut~own for periods of over 
72 hours requires a neptunium strip with dilure acid, as with normal 
elution~ 

Startup of the ion exchange column invol es these major steps: 

• Establish the proper vent vacuum 

• Adjust jacket cooling water 

• De-gas the column with the air jet 

• Start the 3XF pump and adjust flow 

• Adjust column pressure .. 

4. 6. 2. 5 fon Exchan e Resin Preparation and han eout 

Resin for us~ in neptunium purification is 20-25 mesh Amberlite IRA-97 
(fonrierly called XE-270). The resin is rece1ved at Purex in the combined 
hydroxide form, and must be nitrated.and was~ed to make it acceptable for 
Q Cell use. About 12 gallons of resin are put into the resin wash tank 
(AMU TK-51), and l;OM HN03 is added. The mi1ture is air-sparged for 
5 minutes, allowed to settle, and the solutiqn is drained and decanted. 
This washing step is repeated from 10 to 15 times until the pH of the wash 
solution becomes two or less. The dra,ned resin, which must not be allowed 
to ·dry out, is ready for use and is then· rem ved from the tank and taken 
to Q Ce11 AMU. 

The useful life of the IRA-97 resin in his service has not been 
dete·rmined as it was installed in January 19 2 on a test basis and was 
removed upon plant shutdown in September 1972. Thirteen feed batches ',11ere 
processed during this period. However, after a period of use in Q Cell, 
which may be several years based on experienle with the previous resin, 
the Q4 ~olumn ion exchange resin is expected to become sufficiently 
degraded to warrant replacing the resin bed. The resin degradation is 
due to radiation and nitric acid damage. Before disposal, a minimurrr of 
450 liters of eluent is pumped through the column to remove the last 
traces of neptunium and FP 1 s from the resin.I T-Q4 effluent samples are 
taken at intervals during the elution for neptunium and FP analyses that 
are used to determine the degree of cleanup.I Two samples of the resin are 
taken and sent to the 222-S Laboratory in the 200 West area for testing. 
When cleanup is completed, the resin is load 1 d into 1-gallon bottles 
through a tube attached to tfie sample spigot,. and the bottles are bagged 
out of the hood for disposal. The column is then rinsed from TK-Q23 
to assure that the resin has been completely removed from the column. 
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4.6.2.6 Q Cell Process Safety 

It is important to maintain a low inyentory of residual radioactive 
contaminants in Q Cell since Np-237, although an alpha emitter, has a 
decay daughter, Pa-233, which is a beta and gamma emitter. This daughter 
continues to build up as the neptunium decays to reach an equilibrium 
amount of about 700 microcuries per gram of neptunium within 150 days. 
Therefore, unless the equipment and hood areas of Q Cell are kept clean, 
deposits build up and increase the general radiation level within the 
area .. However, good housekeeping practices combined with the shielding in 
the hot cell and on the face of the maintenance hood keep the radiation 
(primarily beta) levels within the· nonnal acceptable ranges. 

Under certain conditions of temperature, pressure, and acidity, a 
potential for resin explosion exists. To-minimize or eliminate these 

. conditions, the following process limiting control settings are observed: 

• Maximum column and process stream temperatures - 60°C. 
. . 

• Maximum column and process stream·acid con~entration - 8.0M. 

, Maximum internal column pressure - 60 psig. 

• Strong oxidizing agents such as dichromate, pennanganate and 
peroxide shall not be added to any vessel or process stream in 
Q Cell or, to any process stream that could be routed to Q Cell. 

• Resin in column must be kept flooded. 

• The resin bed, loaded with a total of 100 grams of neptunium and/ 
or plutonium, shall not remain in stagnant acid for more than 
24 hours if the acid concentration is greater than 3.0M. 

' -
• Ion exchange resin shall not be exposed to stagnant solution con

taining more than 100 grams neptunium/plutonium for longer than 
36 hours. 

• Ion exchange·resin shall not be exposed to stagnant solutions 
containing >l.O~ HN03 for more than 72 hours. 

• Resin treatment in AMU shall use nitric acid at a concentration 
. no greater than 1.0M and at a temperature no greater than 60°C. 

• Ion-exchange resin that has been converted to nitrate fonn 
shall be stored fully submersed in water or dilute (<0.7M) 
nitric acid and in a covered container. -

Ion exchange safety is covered in more detail in Chapter 8.0. 
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4.6.2.7 Q Cell Nuclear Criticality Preventio 

Nuclear criticality prevention was consijdered in the original design 
of the equipment so that all the equipment, e,xcept the 3XW waste tank 
(QS), the 3XN product receiver tank (Q6), an~ the hot cell surge tank (Q8), 
have a geometrically favorable shape or size:I Administrative control of 
the batch additions to Q Cell limits the plu~onium content in concentrator 
E-Q2 to no more than 450 grams. Also, it isjrequired that after each six 
runs in Q Cell, a thorough (deep) flush of E]Q2 be perfonned. 

• For criticality control during changeou;,-the spent resin must be 
placed in noncombustible containers no large than 6 inches in diameter 

· .···•and 12 inches high. The containers must be 
1

estricted by physical bar
riers to a center-to-center distance of at least 18 inches until the 
p 1 utan i um content has been detenni ned to 6e 1

1 

ess than 250 grams (Ref. 12). 

4.6~3 Backcycle Waste System ·l 
The aqueous waste streams from the secold plutonium cycle, the final 

uranium cycle, the neptunium recovery system, and excess acid recovery 
condensates are concentrated and recycled via the backcycle system. The 
2DW, 2AW, 2NW aqueous waste, the Land Q Cell vent systems condensate, 
and excess AA• and AFD accumulate in TK-FlO. These streams are continu
ously pumped to the E-H4 concentrator as 3WF. The stream is reduced in 
volume by a factor of about.five in the concentrator, and then overflows 
to the 3WB tank (TK-Jl). The aqueous waste from the third plutonium cycle 
(3AW) is also routed to TK-Jl, from where ab6ut 6m~ of the solution is 
pumped to the HA column (T-H2) and about 40% is pumped to the 2NF tank 
(TK-J21) during neptunium recovery Phase Io eration. The stream is 
routed exclusively to the HA column during Pase II and II1 operation. 

The process flow diagram, Figure 4-12, "dentifies the process 
streams in the backcycle system. Tables 4-2 and 4-28 summarize the 
functions, typical compositions, and relativr flow rates of the backcycle 
system during neptunium cycle Phase I or Pha e II-III, based on processing 
10 tons of uranium per day. 

4.6.3. 1 Backcycle Waste Equipment 

As shown in Figure 4-12, the backcycle system equipment includes a 
feed tank (TK-FlO), the 3WB concentrator (E-H4-l) and ·condenser (E-H4-2), 
and a receiving tank (TK-Jl). The two tanks, which are nominally 
5000-gallon-capacity tanks as described in Ohapter 3.0, serve as mixing 
vessels for various process streams, as well as feed and receiving tanks. 
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TABLE 4-27. Backcycle Waste System Process Streams - Phase I. 
Stream 

2NW 

2DW 

2AW 

AAD 

AFD 

3XW 

3WF 

3WW 

3AW 

3WB 

3WB-2N 

3WB-HA 

Compositiona 

HN03 - 5.0M 
Pu - 0.006 g/1 
Np - 0.0002 g/i 

HN03 - 0.97M 
U - 0.073M 
Np - Variable 

HN03 
Pu 

HN03 
u 
Pu 

HN03 
u 
Pu 

HN03 
Pu 

HN03 
u 
Pu 
Np 

Same as . 
Same as 

- 2.9M 
- 0. 004 g/ 1 

- 0.1~ 

- 0.005M 

- 5. lM 
- O.l4g/i 

- 1.aM 
- 0. 018M 
- o. 002-g/1 

- 8.4M 
- 0.082M 
- 0.009-g/t 

- 3. OM 
- a.or g/v. 

- 7. 7M 
- 0.071M 
- 0. 0•9-g/ .1. 
- Variable 

3WB 

3WB 

I 
Aqueous waste firom 2N column 

Aqueous waste 1rom 20 column 

Aqueous was tel from 2A co 1 umn 

Acid absorber rocess condensate 
(E-FSi ' I . 

Acid fractionalor process 
condensate 

Aqueous wastes from Q Cell 
Np anion excha ge process 

Bac:kcyc 1 e feed 

Concentrated b~ckcycle waste 

Aqueous waste from 3A co 1 umn 

Bac:kcyc le wasJ! t:o TK-J21 and 
T-H2 

3WB to TK-J21 

3WB to T-H2 (H A ::olumn) 

Flow, gal/min 

4.3 

5.9 

6.2 

2.0 

6.6 

0.03 (Avg) 
(Approximately 
375 gal. in 

3 batches over 
10-day period ) 

25 .1 

5.3 

0.32 

6. l 

2.6 

3.5 _____ .r.,_ _________ .._ ______ -1--_______ ....., _____ _ 

aNeptunium concentrations are highly variable, depending on feed and upstream process 
conditions. 
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TABLE 4-28. Backcycle Waste System Process Streams - Phases II, III .. 

Stream Compos i ti ona - Function Flow, gal/min 

2DW, 2AW, Same as Phase I Same as Phase I Same a.s 
AAD, AFC, Phase I 
3AW 

2NW-II HN03 - 4.0M Aqueous waste 2N column Phase II 3.1 
Np - 0.0002 g/1 

2NW-i II HN03 - 4.8M 2N waste, Phase III 2.1 
Np - o. 0002 g/ .'I. 

3WF HN03 • 1. SM Sack.cycle feed 23.8 
u - 0.0fSM 

:{: Pu • 0.001-g/i. 

3WW HN03 • 8.4M Concentrated back.cycle waste 4.2 
u - 0. lM 
Pu - 0.007 g/1. 

3WB HN03 - 7.SH Composite back.cycle waste, to 5.0 
u - o. lM T-H2 (HA column) 
Pu - 0.006 g/1 

aNeptunium concentrations are variable. 

The 3WB concentrator is a steam-heated, vertical-tube, thermal
recirculation-type evaporator. The concentrator reboiler consists of two 
tube bundles offse.t but connected to a centra 1 downc.omer. The reboi 1 er 
has a flat bottom design for criticality prevention (refer to Section 3.7 
of Chapter 3.0 for details of the design). The stripping tower, however, 
is nearly identical to the 2EU concentrator (E-K4-1) tower described in 
Section 3.7. The unit contains six bubble-cap trays and a wire mesh pad 
for de-entrainment, rather than the Raschig ring packing above the bubble
cap trays in E-K4-l . 

The concentrator functions as other Purex concentrators. Feed solu
tion is introduced into the stripping column to remove organic, then enters 
the concentrator reboiler where it mixes with the concentrated solution 
as it is recirculated through the two vertical tube bundles, and leaves 
the concentrator via the stilling chamber. Thermal recirculation of the 
solution through the vertical tube -bundles results from the boiling action 
in the steam-heated tubes. 

Liquid droplets entrained in the vapor jetting from the reboiler 
tubes are partially removed by being deflected by the impingement plate 
above the tubes, with the rest being removed by passing through the 
stripping section of the concentrator tower. where the flooded bubble-cap 
trays provide effective de-entrainment. Droplets of concentrator feed 
solution entrained at the feed plate are removed from the vapors by passage 
through the one-to-three bubble-cap trays above the feed plate and the . 
wire mesh pad in the top of the concentrator tower. 
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4.6.3.2 Startu and Shutdown of Backc,cle Co centration 

Startup and operation of E-H4-1. involves the following major steps: 

, Establish the proper vacuum on the ondenser and concentrator. 

1 Fi11 E-H4-l to a minimum volume of 500 gallons with seal pot 
water. 

• Air blow the tube bundle steam chess to remove water. 

1 Slowly heat the concentrator to boi ing (30 minutes) with steam 
on both tube bundles while starting cooling water to the con
denser (E-H4-2). 

• -Maintain the volume at 2500 (.:_100 g 11ons) by addition of seal 
pot water. 

• Start the 3WF pump and introduce 3W flow when concentrator is 
· boiling; adjust steam flow as neces ary to maintain the E-H4 
1 i quid level . 

, Seal pot water addition is disconti ued, and the liquid level is 
held below overflow until the speci ic gravity builds up to the 
specified limit (1.25). 

, The following variables ·are closely monitored and/or controlled 
during. steady-state operation: (a) E-H4 bottoms specific · 
gravity; (b) E-H4 vacuum; (c) overf ow rate to TK-Jl; (d) pluto
nium concentrations in TK-F10 and T -Jl samples (2AW and 3A~J 
monitors are also observed for indi ations of high plutonium 
lasses). 

For optimum performance during concentrator o eration, the specific gravity 
should remain nearly constant (constant overf ow rate), and the vacuum 
as stable as possible. 

The shutdown and cooling operation forte E-H4 concentrator requires 
the proper valving sequence to maintain press re on the tube bundle with
out causing a suckback of contaminated liquf~ from the canyon to the 
P and O gallery or damaging the equipment. For concentrator shutdown, the 
following first four steps are required; the last four steps are perfonned 
only if the concentrator is to be emptied: 

, Air pressure to the_ tube bundles is increased very slowly by 
means of a bypass valve until the automatic high-pressure steam 
cutoff is activated. 

1 The steam supply DOV's are closed. 
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, The condensate DOV 1 s are closed 5 to 10 minutes later. 

1 Air pressure on the tubes is reduced to 10 psig. 

1 The condensate DOV is cracked open while simultaneously turning 
on the cooling water,. taking care that the bundle remains 
pressurized. 

• The condensate valve is opened wide, and cooling water flow 
is· increased as needed to cool the contents to 50°-60°C. 

, Step 1 is repeated while closing the cooling water valves. 

, Steps 3 and 4 are repeated. 

·4.6.3.3 Process Safety and Criticality Prevention 
Backcycle Waste System 

To prevent the chance of a contamination suckback into the P and 
O gallery, all concentrator tube bundles are maintained pressurized with 
air, water, or steam. 

Introduction of organic solvent from the 3WF stream to the E-H4 con
centrator could create a potentially explosive mixture (red oil) of TSP, 
uranium, and nitric acid. To prevent such a condition, the follawing pro-

. cedural safeguards exist:. · 

1. The 3WF streams are fed to ·the steam stripping section of the 
E-H4 concentrator to remove the bulk of the organic. In addi
tion, the concentrator feed in TKcF10 is not agitated, and 
contains an extra (high) set of dip tubes for indication of 
organic in the 3WF. Periodically, organic accumulated in 
TK-FlO is decanted to TK-F13 or the solvent treatment syste~ 1 • 

• The maximum steam pressure to the concentrator tube bundles is 
29 psig (the value at which the steam pop-off valves are set). 
This prevents the bottoms temperature from achieving 130°C, 
which is below the potential minimum detonation temperature of 
135°C for red oil. · 

• Should the bottoms temperature become greater than 125°C, the 
steam is automatically shut off. 

Since the backcycle waste equipment is not geometrically favorable, 
plutonium mass limits are imposed for criticality prevention. The mass 
limit for the E-H4 concentrator is 6870 grams of plutonium, while those 
for TK-FlO and TK-Jl are 15,000 and 12,400 grams, respectively. This 
dictates that the plutonium concentration in the 3WF and 3WB tanks (TK-FlO 
and TK-Jl) be carefully monitored, particularly during periods of high 
losses in the second and third plutonium cycles. Continued operation with 
a 3WF plutonium concentration.of greater than 0.5 g/ga\ could result in 
exceeding the mass limit in E-H4. 
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4.7 SOLVENT TREATMENT 

With continued use, the organic solvent used in Purex solvent extrac
tion processes becomes contaminated and degr des chemically, thus decreasing 
its efficiency for chemical separations. Be ore reuse, the solvent is 
treated as described in this section. Theo era11 Purex process flow 
diagram (Figure 4-1) shows the relationship etween the solvent treatment 
system and the remainder of the process. 

The organic so-1 vent used in the Purex s 1 vent extraction process is 
a 30 vol% solution of tributyl phosphate (TB ) in a nonnal paraffin hydro
carbon diluent (NPH). As purchased, the TBP contains maximum concentra
tions of O.OSN butanol (reducing normality), 0.02N mono plus dibutyl 
phosphate (acTd nonnality) and 0.01 wt~ susp nded-solids. The NPH con
tains mininum concentrations of 98 vol% norm 1 paraffin hydrocarbons, and 
99 vol% C10 to C14 components with maximum i purity concentrations of 
0.2 wt% aromatics, 0.1 wt% olefins and 0.05 t% alcohol (Ref. 14). After 
passage through the sol vent extraction proce ses, the sol vent al so cotita ins 
small quantities of FP's, uranium, plutonium, neptunium, and other impur
ities such as TBP degradation products, dilu nt nitration products, and 
solid or colloidal materials. These impurities can, if permitted to 
accumulate, result in increased product loss sand/or decreased separation 
of the products from each other and.decrease decontamination from FP's. 

Solvent regeneration and reuse in Purex, because of the htgh cost of 
the chemicals (especially TBP at the June 19 9 price of $8.59 per gallon), 
are an economic necessity. · The Purex solven is routinely r:egenerated 
for reuse by a series of washes in solvent t eatment system 1 to remove 
soluble impurities and entrained materials. While this treatment removes 
most of the solvent impurities, solvent whic has been used for initial 
decontamination of irradiated uranium is not sufficiently purified by this 
procedure to permit its reuse in the final u anium cycle, where the per
missible concentrations of plutonium and FP' are extremely low. A separate 
decontamination cycle, solvent treatment sys em 2, is provided for solvent 
used in the final uranium cycle only, thus m'nimizing the contamination 
of the uranium product by impurities in the solvent. 

Solvent treatment technology is covered in detail in Chapter 6.0. 
Descriptions of the related process equipmen are given in Chapter 3.0. 

4.7.1 Solvent Impurities 

Impurities removed from Purex solvent i elude organic degradation 
products, entrained solids, fission products, and uranium, neptunium, or 
plutonium contaminants from column process p oblems. More detailed expla
nation of the origins and efrects of these i purities are given in Chap
ter 6.0. 
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4.7. 1. 1 Tributyl Phosphate Degradation Products 

The TBP in the Purex solvent slowly-hydrolyzes under process condi
tions to fonn dibutyl phosphate (•BP}, monobutyl phosphate (MBP}, phos
phoric acid, and butyl alcohol. Of these impurities, •BP and MBP are the 
most concentrated and have the most effects on the process. Both fonn 
stable complexes with uranium, plutonium, neptunium, and the FP 1 s. Dibutyl 
phosphate complexes strongly favor the solvent, causing product losses to· 
the organic waste streams and a high radioactivity level in the solvent. 
Monobutyl phosphate complexes favor the aqueous phase and can cause 
e~cessive entrainment and/or emulsification. 

These hydrolysis products would, if pennitted to accumulate, have 
adverse effects on the solvent-extraction process, as described above. 
Fortunately, their rate of fonnation is so slow that detrimental effects 
are not noted in a single passage of solvent through a normal decontamina
tion cycle, ·and the solvent regeneration procedures minimize the cumulative 
effects. 

The rate of hydrolysis of TBP is apparently first order with respect 
to TBP concentration, and increases with increasing temperature and nitric 
acid concentration. Under the operating conditions of the Purex flowsheet, 
OBP is fanned while passing through the solvent extraction columns, and 
complexes almost immediately wi'th uranium or .other meta 11 ic ions present. 
Since the complexes are more soluble in solvent than in aqueous solutions, 
at least 90% of the •BP fanned is carried by the solvent to the solvent 
r-ecovery facilities, where it is removed by the solvent washes. Mono
butyl phosphate is fanned in smaller quantities than •BP, since it is a 
product of the hydrolysis of •BP, and has a higher rate of hydrolysis than 
•BP.· Monobutyl phosphate is largely removed from the system via the 
aqueous wastes, al though some forms cruddy meta 11 ic precipitates, which 
are entrained in the solvent. These solid complexes are removed from the 
solvent by washes in the solvent treatment system. In addition, some of 
the crud accumulates at the solvent extraction interface from where it 
is periodically removed by special interface jets. 

Phosphoric .acid and butanol are fanned in still smaller quantities, 
and are removed (principally in the aqueous wastes) as rapidly as they 
are formed. Butanol can adversely affect beta FP decontamination and/or 
cause P1utonium losses by reducing plutonium (IV} to plutonium (III} 
(Ref. 11}, but the c,oncentrati ens required to cause .observable effects are 
rarely encountered in Purex processing. 

4.7.1.2 Diluent Imputities - Reaction .Products 

Purex solvent diluent (NPH) is much more resistant to thermal and 
radiation degradation than previously used diluents. However, NPH does 
react very slowly when heated with nitric acid of process concentrations, 
and the reaction rate is increased by the presenc~ of nitrates. A wide 
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variety of compounds are formed from this rea tion. The process effects 
produced by these compounds are primarily the retention of FP's or uranium 
in the solvent and increased foaming during s bsequent uranium calcination 
steps at the U03 Plant. Olefins in the dilue t react readily with radio
iodine (I-131) to form relatively stable comp unds. The iodine, thus 
reacted, is not easily removed by chemical wa hing and, hence, contributes 
appreciably to the radioactivity of the recirgulating solvent when reactor 
fuels aged less than 90 days are processed. lhe I-131 content is not of 
concern at the current minimum fuel age of 2oq days. · 

The process effects of the diluent react~on products are very similar 
to those of •BP described previously, and ordinary laboratory tests do not 
distinguish between the two types of impuritiJs. ~~hile the specific 
Jdentities of .the compounds from diluent degradation causing the process 
.effects are not known, it is believed that ni rose compounds or nitrolic 
acids are the offenders . 

4. 7. 1. 3 Entrained Impurities 

· The organic effluent streams from the so]vent extraction columns nor
mally carry small quantities of entrained emu11sified aqueous phase and 
sol id materials· of unknown composition. The ol ids probably originate 
with particles·resulting from equipment wear, and possibly with precipi
tates involving solvent degradation products. Some of these materials 
are emulsifying ag_ents and increase the entra nment of the aqueous phase. 
The most detrimental process effect of the en rained materi_als results 
primarily from the solids which absorb FP 1 s ( rincipally zirconium-niobium) 
and are entrained by the process streams, the eby limiting the decontamina
tion effected by solvent extraction. 

4.7.1.4 .Fission Product Impurities 

The organic waste streams are contaminat d with FP's (principally 
iodine, ruthenium, zirconium, and niobium) as a result of both extraction 
and entrainment. Fission product retention b the solvent after continued 
reuse in the Purex flowsheet is quite low dur1ng processing of N Reactor 
fuel. Typical activity levels, in units of microcuries per gallon of 
washed solvent, of Zr-Nb-95 and Ru-106, respe tively, are 70 and 190 in the 
No. l solvent treatment. system and only 0.3 ad 0.8 in the No. 2 solvent 
treatment system (Ref. 9). 

Iodine has a chemical affinity for the P re.x solvent, and in one 
study (Ref. 15), up to 85% of the iodine intr duced in the solvent extrac
tion feed was predicted to appear in the firs -cycle solvent effluent. 
While the concentration of radioiodine may be ome quite high at equilib
rium in the recirculating first:.cycle solvent, it will interfere with the 
process only if its activity level in the pro~ess streams becomes so high 
that it interferes with the analyses for the recess-limiting FP's, ruthe
nium and zirconium-niobium, or if its activit1 level causes excessive 
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irradiation of the solvent. Neither eventuality occurred in the Purex 
Plant even during processing of feeds aged 90 to 100 days. Solvent deteri
oration through iodine irradiation is hig.hly improbable under any antici
pated Purex operating conditions, which include feed aging times in excess 
of 200 days. 

4.7. 1.5 .Uranium and Plutonium in Solvent 

Small amounts of uranium and plutonium are normally present in the 
organic waste streams, and larger amounts may occasionally be present as 
a result of column operating problems. It is necessary to remove the 
uranium and plutonium from the solvent ·to minimize cross-contamination 
-ot the products. 

The solvent feed for the first solvent treatment system (lOF) nor
mally contains less than 0.004% of either the uranium or the plutonium 
processed. 'The 2EW ( feed to so 1 vent system 2) norma 11 y contains less than 
0.004% of the uranium and a negligible amou~t of plutonium. 

4.7.2 Solvent Washing 

Regeneration of _all the organic used in the Purex solvent extraction 
process, except the second uranium cycle, is accomplished· by solvent 
treatment system 1, located in G Cell. The treatment process consists of 
two washes: 

t Alkaline-permanganate wash (solution of sodium carbonate and 
potassium permanganate) 

•· Nitric acid wash. 

System 2, located in R Cell, is used to treat the solvent for the 
final uranium cycle, and consists of wash steps identical to those of 
system 1. The equipment used in the two systems is nearly identical, 
although there are variations in the flowsheets. Figure 4-13 schemat
ically shows the equipment and streams comprising systems l and 2, and 
Table 4-29 describes the liquid streams involved in the. solvent treatment 
systems. · 

4.7.2. 1 Alkaline-Permanganate Wash 

The sodium carbonate-potassium pennanganate wash takes place in the 
semibatch washing tank (TK-G1 for system l or TK-Rl for system 2). The 
wash tank, illustrated in Section 3.8 of Chapter 3.0, contains a perforated 
circular inner liner with the annulus packed with Raschig rings. The 
aqueous wash material (lOBR in system l and 20BR in system 2) is picked 
up from the bottom of TK-Gl or TK-Rl by a recirculation pump and discharged 
into the packed area along with the lCW in system 1 or 2EW in system 2. 
The mixing of the two streams in the Raschig rings creates a loose organic
aqueous emulsion a 11 owing the wash solution to contact and remove most of 
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Stream 

lCW 

lOB 
(Batch 
Makeuo) 

lOBR 

lOBW 

lOF 

10SR 

10W 

10S -
HN03 

lOSW 

lOC 

10D 

100 

100 -
HN03 
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TABLE 4-29. Solvent System Streams. 
Composition 

TBP 
NPH 
u 
FP's, 

- 30% 
- 70i 
- trace 

other impurities 

- 0.24H 
- 0.024!:1_ 

Na2C03 - KMn04 
Composition variable 
between lOB and 108W 

Na2C03 
NaN03 
~n04 
Mn02 
u 
FP's 

Na,C03 
TBi5 
NPH 

Na2C03 
NaN03 
Mn02 

Hfl03 

- 0.21M 
- o.06M 
- ....O.OfM 
- a.om- 4 a x ro· ~ 

- trace 
- 30: 
- ·70: 

- o.~ 

- 0.13M 
- 0.04M 
- 0.004!1_ 

- 12.~ 

HN03 - 0. 04!:! 
Impurities 

NaOH - 0.25!! 

NaOH - o. 211, 

TBP - 30: 
NPH - 70: 
Zr-Nb-95 - iO aCi/gal 
Ru-106 - 190 aCi/gal 
HN03 - 0.01M 

- 12.~ 

Function 

Organic waste s;:ream from 
1C column to the semibatch wash 
tank (TK-Gl). 

Alkaline-oermanganate wash, 
added to TK-Gl to remove FP's and 
impurities from solvent. 

Recycled alkaline-permanganate 
wash solution in TK-Gl. 

Depleted alkaline-permanganate 
wash solution routed to TK-GS 
for di sposa 1. 

Washed-disengaged organic -
10 column feed. 

Dilute nitric acid scrub to top 
of column to decontaminate 
lOF organic stream. Alternated 
between fresh makeup and recycle 
from TK-G2. 

Aqueous waste from 10 column and 
TK-Gl to TK-Ga (Batch transfer 
to UGS). 

Concentrated nitric acid added 
to the 10S stream to maintain 
lOSR acidity. 

Contaminated scrub solution in 
TK-G2 sent to wash waste collec
tion tank (TK-GS). 

Caustic wash solution added to 
turbomixer tank (:K-G7) removes 
FP's and impurities from solvent. 
Alternate, not normally used. 

Used caustic wash solution from 
decanter (TK-Go) routed to the 
wasn waste collection tank 
(TK-Ga). Alternate, not normally 
used. 

Washed-decanted solvent from 
TK-G7, transferred to solvent 
receiver tank 1 (TK-GS) 

Concentrated nitric acid added 
to the 100 solvent to acidify 
it. Alternate, not normally 
used. 
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Flow, gal/min 

32.0 

0.5 
(avg) 

200.0 

Q. 51 

32.0 

3.63 

0.93 
(avg) 

0.0006 

0.36 
(avg) 

1. l 

0. 71 

32.0 

0.05 
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TABLE 4-29. Solvent System Strea1 s • (Continued) 
. ,-----,----------....... --------..... --------.-------

Stream 

2EW 

Fresh 
Solvent 

20B 
(Batch 
Makeup) 

20BR 

20BW 

20F 

20SR 

20S -
HN03 

20SW 

20S 

200 

Composition 

U - trace 
FP's, other impurities 
HN03 - 0.0001'1. 

TBP - 50% 
NPH - 50% 
(May be varied as 
needed to adjust 78P 
concentration of 
solvent.) 

- 0.24M 
- 0.024~ 

NazC03 • KNnQ4 
Composition variable 
between 20B and 208W 

Na2co3 
KNn04 
NaN03 
MnOz 

HN03 

HN0:3 

HN03 

HN03 

TBP 
NPH 
Zr-Nb-95 
Ru-106 
HN03 

- 0.23M 
• 0.022M 
- 0.02M
. a.oar~ 

- t!race 
- 30% 
- 70% 

• 0.04~ 

- 12. 2~ 

- 0.04f1 

• 0.064~ 

- 30% 
- 70': 
- C.3 :.iCi/gal 
- a.a ;.Ci/gal 
- O.OlM 

Organic waste st~eam from the · 
2E column (second uranium cycle) 
to semibatcn ·11ash tank· (Tl<-Rl). 

Fresh solvent ad~ed to TK-Rl from 
solvent blend tark (TK-RlA) on a 
batch basis to ·replenish process· 
inventory. l 
Alkaline-permang nate wash added 
to Tl<-Rl - remov FP's and impur
ities from solvett· 

Recycled alkalinl-pennanganate 
wash solution in TK-Rl. 

Semidepleted alk,line-pennanga
nate wash solution routed to 
TK-Gl for further use, or to the 
wash waste colleetion tank 
(TK-RS) for dis~'sal. . 

1-lasned di sengag organic -
20 column feeds ream. 

Dilute nitric act scrub. solu
tion to top of 20 column to 
decontaminate 2~0~ organic stream. 
Alternated betw n fresh makeup 
and recycle from TK-R2. 

Concent\ated nilt~ic acid added 
to the 20S stre to maintain 
20SR acidity. 

Partially contaminated scrub 
solution normall~ transferred to 
TK-G2 for furthe1 use. 

Fresh dilute nit~ic acid scrub 
solution batch 111ckeup. 

\olashed solvent transferred to 
TK-R7. 
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Flow, gal/min 

20.0 

O.;JS 
(avg) 

0.57 
(avg) 

200.0 

0.57 
(avg) 

20.0 

5.2 

0.005 

0.36 
(avg) 

0.36 
(avg) 

20.0 



--~~ 
~·:~~ 

' 1 ·1.,,·'',r 

RHO-MA-116 

the contaminants from the lCW or 2EW stream. The aqueous wash droplets 
move downward through the packing and gradually disengage from the organic 
solution, coalescing to fonn an aqueous wash layer at the bottom of the 
tank. The location of the interface between the organic and the wash solu
tion is monitored by· specific gravity dip tube ins·trumentation. The 
interface location must be controlled to assure that the basic aqueous 
solution is not pumped with the organic to the acid scrub column. Recycle 
of the aqueous wash solution continues for about 8 to 16 hours. 

Periodically, the aqueous alkaline-pennanganate wash solution in 
Tanks Gl or Rl must be changed out because of reduced pH and to remove 
accumulated FP's, plutonium, uranium, and dissolved organic impurities 
which reduce the effectiveness of the wash solution. The recirculation 
pump is shut off and the phases are allowed to separate. In G Cell, about 
three-fourths of the depleted scrub solution is then_ jetted to TK-G8 for 
disposal to an underground waste storage tank and replaced with fresh 
so.1 ution from TK-208 or used wash from TK-Rl. In R Cell, about three
fourths of the aqueous wash in TK-Rl is then jetted to TK-Gl to be reused 
as a wash in solvent system 1, or can be jetted to TK-R8 for disposal to an 
underground storage tank, depending upon the purity of the wash solution. 
Fresh wash solution is then added from TK-208 to TK-Rl. 

4.7.2.2 Nitric Acid Wash 

Nitric acid washing is accomplished in the 10 and -20 scrub columns 
(T-G2 and T-R2, respectively). The function of these single-purpose 
organic-continuous scrub columns is to remove entrained material from 
the solvent feed stream by contacting the organic with a dilute nitric 
acid scrub solution called the 10S or 20S stream. 

After the lCW is contacted with the alkaline wash solution.in the 
packed _sec ti on of TK-G1 , it disengages and moves to the top center area 
of the tank. This partially de.contaminated solvent becomes the feed 
stream (lOF) for the 10 column, and is pumped to the bottom of that 
column. A dilute nitric acid scrub (10S) routed from the Purex sample 
gallery enters the top of the 10 column and settles downward, removing 
entrained carbonate and MnOz from the rising organic. The aqueous 
effluent from the column, called the lOSW (10 column scrub waste), flows 
to the 10 column was·te co 11 ecti on tank (TK-G2). vJhen a specified amount 
of lOSW solution is collected in TK-G2, the fresh 10S stream is shut off, 
the lOS-HN03 stream is adjusted to maintain the lOSR acidity, and a recir
culation pump from TK-G2 is turned on to transfer the lOSW solution (now 
called lOSR) to the top of the 10 column, where it is utilized as scrub 
solution. ihis recirculation process continues for about 24 hours. At 
this time, the recirculation pump is shut off and the fresh 10S stream is 
started again to the column. The depleted lOW is transferred from TK-G2 
as lOSW to the waste collection tank (TK-G8) for ultimate disposal to the 
Tank Fanns. By recirculation of the lOSW, optimum use of the nitric acid 
is obtained, and solvent treatment essential material costs are reduced. 

4-141 



,r 

RHO-MA-116 

As shown in Figure 4-13, the R Cell nitri[c wash process is similar to 
that of G Cell, involving the 20 column for sqlvent scrubbing, collection 
of waste in TK-R2, and recycle of the 20SR stjrleam as solvent scrub solution. 
R Cell scrub waste (20SW) is also routinely t ansferred to TK-G2 to be 
reused as a chemical makeup for lOSR to scrub system l solvent. 

The dilute nitric acid scrub (lOSR) in T 1-G2 must also be changed 
· periodically to remove accumulated FP' s and td replace the nitric acid 
destroyed by reaction with the NazC03 entraine1d in the solvent. The spent 
solution is jetted to TK-G8 while maintaining \normal operation in G Cell, 
and is replaced by increasing the 10S water and nitric acid flow rates, or , 
by transfer of used dilute nitric acid scrub (20SW) from TK-R2. 

·spent nitric acid in TK-R2 is ~eplaced after jetting the used solution 
(20SW) to TK-G2 for reuse .in solvent system l, or to. TK-R8 ·for disposal to 
underground storage in the Tank Farms. Tank Rr is refilled with water and 
nitric acid to make fresh 20S. 

4.7.2.3 Startup and Shutdown of Solvent Syste s 

The purpose of the startup procedures is ~o bring G or R Cell on-line 
by systematically starting the process stream iflows, until steady-state 
conditions are reached. 

-The G Cell solvent system is started bye tablishing an internal 
recycle (spinning) of solvent by routing the s?lvent output from TK-GS 
back to TK-Gl. As the plant is started up, thT organic streams to the 
various cycles are started as needed, and the recycling of solvent is 

'discontinuedr l . 
R Cell is started in one of two ways. In an on-line startup, there is 

solvent output (2DX} to the 20 column and solv nt input (2EW) from the 
2E column. In a totally internal recycle (spi~ning) startup, the solvent 
output is used as solvent input via a special 1ecycle route from TK-R7 to 
TK-Rl. -

Shutdown of G Cell equipment is done with solvent left in TK-Gl and 
the 10 column, or by transferring the solvent o TK-GS. 

When R Cell solvent is no longer needed iJ K Cell, the solvent can be 
left in either TK-Rl and the 20 column, or routed to TK-R7 for storage. 

4.7.3 Reolacement of Solvent Losses 

· Losses of solvent from the Purex process,- solubility, degradation, 
and entrainment in the aqueous phase are repla~ed by the addition of fresh 
TBP and diluent to the solvent inventory. Ordinarily, fresh TBP and dilu
ent are mixed in the solvent blend tank (TK-Rl ) to give a blend containing 
50% TBP by volume. 
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A batch of fresh organic is made up in TK-RlA only when the in-plant 
inventory of so 1 vent is 1 ow, as determined by the fo 11 owing: 

1 No spare solvent is available in TK-G7 or TK-RS. 

1 The combined volume in Tanks GS and R7 is less than 5500 gallons 
while the plant is operating at steady-state. 

After sample analysis, the fresh solvent is then added to R Cell after 
a carbonate-permanganate changeout. These additions are made to keep the 
operating levels in Tanks GS and R7 between 2600 and 4000 gallons per tank, 
which is above the minimum levels required for agitation and pumping. The 
contents of TK-RlA are usually transferred to the system 2 semibatch wash 

··tank (TK-Rl) to give the solvent a wash treatment prior to introduction to 
the process. Fresh solvent additions to TK-Rl and from TK-Rl to TK-Gl are 
limited to 250 gallons at a time to avoid process upsets, and additions may 
continue until the next chemical changeout in either tank. 

-- The TBP concentration of the solvent is slowly decreased by radiolytic 
and chemical degradation. The solvent is butted as required with NPH and 
TBP to adjust the concentration to 30 +1 vol% TBP and to maintain an 
operating inventory. -

Under normal conditions, solvent entrained in the aqueous waste-swill 
be transferred from R Cell to G Cell and to the underground waste storage 
tanks.· Historically, solvent additions averaging about 200 gallons per 
day have been-required -to replace degradation and entrainment l-0sses. 
Experience gained during the last few months of operation in 1972 indi
cates these losses can be reduced by 50% or more by maintaining close 
control over the TK-G8/R8 waste transfers and periodically recovering 
organic accumulated in these. tanks. 

4.7.4 Routine Flushing of Equipment 

Both G and R Cells utilize potassium permanganate in the TK-Gl and 
TK-Rl contacting vessels. After a few weeks of plant operation, consider
able manganese dioxide solids (Mn02) accumulate in the packed section and 
bottom of the contacting vessels. These solids generally have appreciable 
amounts of beta and gamma emitters adsorbed on the particle surfaces. 
Other types of foreign material also accumulate in these vessels. During 
plant shutdown periods, the solids must be removed from the vessels since 
they interfere with efficient solvent treatment operation. 

Solids are removed from the TK-Gl and TK-Rl feed tanks first as these 
tanks are used to supply the column flush solution. Chemicals used in the 
R Cell column flush are also used in the G Cell column f1ush, since the 
columns normally do not contain large amounts of solids. The procedure is 
arranged in a time sequence, which is important to assure efficient flushing 
and to avoid delays resulting from interferences with waste transfers. 
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Initially, a 2000-gallon oxalic acid-nitric acid flush is digested in 
each feed tank (TK-Gl and TK-Rl). This wastelsolution is discarded via 
Tanks G8 and R8, respectively. Then a 4800-gallon oxalic acid-nitric acid 
flush is introduced to the 20 column (T-R2) a~d TK-R2 via TK-Rl. After an 
8-hour digestion, all of this flush is transferred to the G Cell equipment 
via the TK-Rl to TK-Gl jet and the TK-R2 to T~-G2 jet. After a complete 
water flush of both systems, 4800 gallons of sodium hydroxide-sodium tar
trate flush are transferred into the R Cell equipment for an 8-hour diges
tion. This flush is later moved to the G Cell\ equipment (similar routing 
to the oxalic acid-nitric acid flush). A TK-G7 flush is also included .. 
Waste transfers from· the TK-G7 flushing are sdheduled so as not to inter
fere with activity in Tanks Gl and G2. 

4.7.5 Off-Standard Conditions 

Malfunction of the solvent·wash columns a
1

r the batch contactors results 
in a lower treated solvent quality, and is detected_ through appropriate 
1 abora tory tests of the so 1 vent. Ma 1 function lof the so 1 vent extraction 
processes, due to poor quality solvent, is inv~stigated by the same tests . 
The analyses most commonly employed to establish soJvent quality are total 
gamma, percent TBP, disengaging time, and plutpnium retention. Other 
analyses, such as rate of uranium transfer, •Bp content, percent solids, 
percent aqueous phase, uranium or plutonium content, and spectrographic 
analysis, may be desirable under special circutnstances. 

High uranium losses to the solvent waste ltreams are frequently · 
traced to complexing with DBP or other agents by determining the uranium 
distribution ratio. An abnormally high distribution ratio is a qualita
tive indication of the presence of a strong coqiplexing agent. · Uranium 
or plutonium losses to the aqueous waste strea~s may be caused by the 
gradual reduction of the TBP concentration thr~ugh thermal or radiolytic 
degradation reactions and solubility in the aq~eous waste. 

Poot product decontaminat~on from FP's in\the.solvent extracti6n proc
esses is sometime~ attributable to poor solven~ quality. Extraction of 
FP's results from the presence of complexing agents-such as DBP or diluent 
reaction products, which, in turn, are present [because of malfunction of 
the solvent wash contactors. Entrainment of F 's in the solvent extraction 
columns may result from the improper operation of the columns, or from the 
presence of emulsifying agents in the system. Such agents. can sometimes 
be detected by determining the aqueous-organic disengaging time, or by 
other physical tests. Spectrographic analysis may assist in identifying 
the emulsifier as a -step in determining its source. 

Cross-contamination of plutonium with uranium may result from incom
plete uranium removal from the solvent during t, e washing operation. This 
condition may be detected by uranium analysis a the washed solvent. 

Off-standard opera ti on, such as fl oodi-ng, mul s ifi cation, or defective 
scrub solution, in the solvent scrub columns ge erally results in impaired 
solvent quality, as described in the preceding paragraphs. On the other 
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hand, low solvent quality does not necessarily imply off-standard solvent 
scrub column operation. While uranium, plutonium, and TBP degradation 
products should be adequately removed by normal operation of the O columns, 
FP's and some diluent reaction products a·re incompletely removed by this 
procedure and tend to establish equilibrium concentrations in the recovered 
solvent. These equilibria are largely determined by plant operating con
ditions such as the irradiation and cooling history of the uranium, and 
the time, temperature, and concentration of nitric acid contact with 
solvent. Should such extraneous factors be causing the low solvent qual
ity, corrective measures outside the scope of the normal solvent treatment 
procedure (i.e., special batch washing) may have to be applied. 

. Flooding in a solvent scrub column is indicated by an increase in 
the static pressure, a falling interface, and abnormal effluent flow rates. 
The flood can nonnally be dissipated by reducing the liquid volumetric 
veJocity or the pulse frequency. 

The symptoms of emulsification due to the presence of emulsion-fanning 
materials in the scrub columns may range from a small entrainment (diffi
cult to detect) in the solvent stream to complete flooding. In addition 
to a reduction in volumetric veloci-ty and pulse frequency, emulsification .. 
may sometimes be decreased by: (a) increasing the 10B/20B Na2CO~ concen
tration, (b) increasing column temperature, and/or (c) by repTac,ng the 
nitric acid recycle stream with fresh solution. 

The sodium carbonate wash solution may become prematurely depleted 
and require replenishment because of excessive amounts of uranium or nitric 
acid in the waste solvent streams from the extraction system. Too low a 
carbonate concentration may lead to inadequate removal of FP's and DBP from 
the solvent. An abnormally high FP concentration in the incoming solvent 
will result in a corresponding buildup of radioactivity in the nitric 
acid recycle stream (lOSR or 20SR), and thus produce recovered solvent with 
unusually high FP contamination. Under these conditions, the scrub solu
tion is replaced more frequently if the product decontamination is exces
sively impaired. 

Table 4-30 summarizes the detection and remedy of off-standard condi
tions in the solvent treatment systems. 

4.7.6 Process Safety 

Fire and explosion, which could damage equipment and the building, 
from ignition of G and R Cell solvent are potential hazards associated 
with the solvent treatment systems. The G and R Cell vessel temperatures 
must be controlled at 65°C or be low and checked frequently. If any tem
perature indicator appears to be malfunctioning, or if any temperature 
indication is above 65°C, steam to the tank coils must be turned ·off and, 
if the malfunction occurs in Tanks GS or RS, cooling water to the coils 
must be wide open while waste is transferred to the Tank Farms. 
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TABLE 4-30. Solvent Treatment - Off-Standard Conditions. 
Utr-St,111J.lrd Condilion 

Al Luw 11u•I ily ut" ln,4ll!d 
sol vunl 

8) 111!.lh ur•nium lossi,s to the 
solvent wdslc ~t.-cdms 

C) lliyh lh,11111 prntluct cu11-
la1n1n~t 1011 in lreJli,d 
sulvcnt 

How Udcded 

Analy,h of solvl!Hl 
11 lotal ya1•11d 
2 Percent IBP 
) Disl!nyayi11y li•M: 
4) P lulun lu111 ret,mt tun 
5) Und1:1· special drc1aA

sta11ces: ur•11lun1 
lr•nsfer, p•rcenl sol
Ids, pcre&ml .i4ueuus 
pltHe, ura11i1a11 or plu
turil,•11 cu11lent, OUP 
contenL. speclro
yr•µhk •nalysls 

ICW/llW wa; le loss and 
solvent wash waste Sd1111•le 

an• lys is 

Analysh ol 11111/Wtl 

. Li~ely .. Caus,, __ 

(I) floudlng of lite solvent 
scrub colu11•1s 

(2) Halfunction of the 
· batch rnntactors 

1
1) Eu1uh If lea 11011 
4) Defective scrub sulu

tlo11 

foruldtiun of ura11ilMu-UIIP 
comµlexes 

Oi!ll!L t ion of Cau,e 

(1) floudiny 
a) l11ne•>e in column 

na l le pre> >url! 
b) fa 111119 or fluct11-

at h1y lnterfdu. 
c ) Abnoruu I e I ti uent 

rluw rates 
(l) Analysis of l~-GI/RI 

solution (plll 
(J) Emu ls if I cal ion al f luudiuy 

b £11trai11ul!nt 
l•n•lysis) 

(41 Oi,fl!ctive scrub 
IIIIO;s dlldlysls of 
JK-Gl/H2 solut iuu 

(II 

Ill 

(]) 

l'luloni .. u reti:111 ion 
audlys is uf 11111/lOU 
pll dlla ly> h of 
JK-lil/RI syltrliun 
An.ily> is of ICW/lEW 

Hemi,lly 

(I) tluudl119: 
• l Rl!dUCI! h'i!ljUllllCY 

uf pulse 
b) u .. c.-ease lluw 

(2) a) lntrus1: conldll 
time 

I,) l11~1·ease N•2CU3 
cuncentrdl 1011 

(JI luulsilicalio11: 
• I Rcµlace I0U/21111 

Uld~CUI' 

L) lnc,casc col .. 1111 

ll!tn1•erilturl! 
cl Ri!plac" thc nil -

l'ic rccyde 
> t,•,:11111 with frt>h 
sulut lun 

(4) lucrc•>I! sc,uh sulu
t ion IINOJ conc.,nlra
t lou 

Hcpla,.c ltlll/2011 

(I) I.ow cnbunate co11ce11- (II low c4rbu11•te I I I luw carbonate 
tratlon In lk-GI/Rl a) pll ana)rsls of al Hcplacc 100/2118 

(21 Ealracliun or entrain- ll.-GI/RI sa,uple b lucreasc I0B/2011 
11enl of fission p1·ud- bl Huld111Hcr readlnys flow selling, 

:;;o 
:c 
0 
I 
3: 
)::, 
I __. 

__. 
m 

ucH In th" solvent un lite 100/200 repl•c;.e=o:;:•:_·__:r~e,,.p~a~lr.__ __________________ _ 
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Steam is not applied to a tank coil unless the liquid level is above 
the top of the coil to aid in temperature control. When vessel heating is 
required, steam is applied slow1y to avoid an abrupt increase in tempera
ture. For vessels requiring manual (P and O gallery) steam valving 
(Tanks RS, GS, and R7) for temperature control, the valves are never left 
open without monitoring the vessel temperatures. 

Agitator impellers in organic-bearing vessels are routinely submerged 
greater than 6 inches below the air:liquid interface to avoid gross mist 
fonnation. Pumps or agitators in organic-bearing vessels are shut down as 
soon as overheating is suspected. Vapor-proof motors and switches are 
used, and the organic facilities are equipped with fire detection and 
prevention faci 1 i ti es. . 

4.7.7 Alternate Solvent Treatment Methods 

In addition to the solvent treatment methods described previously, 
other processes in the Purex Plant are available (though seldom used) which 
offer alternatives for making specific decontaminations. The following 
methods and other processes are described in detail in Chapter 6.0. 

4.7;7.1 Turbomixer and Decanter for Solvent Purification 

Equipment is available to do a third wash in solvent treatment sys
tem 1 if additional decontamination of FP's and other impurities from the 
solvent i.s necessary. In this process, the lOF solvent rises to the top of 
the 10 column, disengages from the aqueous phase, and overflows to TK-G7, 
which contains a volume of dilute caustic and a turbomixer. The turbomixer 
is a continuous solvent contactor adapted from a Savannah River P1ant 

. design to fit into TK-G7. The unit consists of a four-bladed paddle, 
12 inches in ·diameter by 3 inches wide, rotating at approximately 200 rpm 
within a di ff user, which is attached ·to an 18-i nch-di ameter draft tube. 
The rotating paddle acts as the impeller of a double-suction pump, pulling 
organic in from above through a 5-inch orifice and dilute caustic in from 
below through a 10-inch-diameter orifice. The orifices minimize any change 
in the organic-to-aqueous mix ratio with a change in the volume of aqueous 
wash solution. The phases are intimately mixed (emulsified) and discharged 
through the diffuser which gives a radial flow pattern to prevent the tank 
contents from swirling (Ref. 16). 

The emulsion is pumped to a decanter tank (TK-G6) located above the 
turbomixer tank (see Figure 4-13) where the aqueous and organic phases 
disengage. The organic flows from the top of the decanter back· to the top 
of the turbomixer tank, and the aqueous wash waste exits at the bottom of 
the decanter and is routed to the wash waste collection tank (TK-G8). 

The wash solution in TK-G7 is replenished by a continuous stream 
called the lOC. Contacted, decanted solvent is pumped from the top of 
TK-G7 to the decontaminated solvent receiver tank (TK-GS). Nitric acid 
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is added to TK-GS to acidify the solvent befo,
1
e it is routed to the sol

vent extraction process. The organic wash waste solution collected in 
TK-G8 is routed to underground storage tanks as necessary. 

A turbomixer tank is not included with t~e R Cell equipment. The 
organic from TK-R7 (or TK-RS) can be circulat;d through a decanter tank 
(TK-R6) to remove any entrained aqueous carry~ver from the 20 column. 
This flowsheet may be adopted if aqueous entr5inment is excessive. The 
organic will flow from the top of the TK-R6 decanter back to TK-R7 (or 
TK-RS), while the aqueous phase exits from thd bottom of the decanter 
to TK-R8. 

4.7.7.2 Centrifuge Clarification 

The washed Purex solvents carry small quantities of undesirable 
entrained materials, such as sodium carbonate·~olution and amorphous 
solids, which carry adsorbed FP 1 s and help to stabilize aqueous-organic 
emulsions. These entrained materials were, atl one time, continuously 
removed by centrifugation in specially designeti liquid-liquid-solid 
centrifuges. · · I 

Operating and mechanical problems, and -the potential safety hazard 
of organic mist fonnation, necessitated the retoval of the centrifuges 
from the process. The process effects of the \olids in the number 1 
solvent.system were found to be-minimal and no further cleanup has been 
required. Two disc-type strainers designed fo1 2-psi pressure drops at 
operating flow rates and for removing particulates larger than 0.04 inch 
are installed in parallel on the outlets of both Tanks RS. and R7 in the 
number 2 solvent system. The strainers removelsolids during inward, 
radial flow between circular discs separa~ed by thin spacers. Periodi
cally, an external handle is used to rotate th~ discs against stationary 
cleaner blades. The solids which fall to the bottom of the case are re
moved as required. Valves are used to rnaintai I flow through one strainer 
of each set while the other is cleaned (Ref. 11 ). 

4.8 ACID RECOVERY AND WASTE DISPOSAL 

In the Purex Plant, treatment of high-level radioactive liquid wastes 
is part of the nitric acid recovery process. Highly radioactive waste 
solutions are treated before being sent to storr.age in underground tanks. 
In addition to acid recovery, the waste treatme t process reduces the 
volume of material which must be processed thro gh the waste management 
facilities and eventually stored. 

In the 206-A Building acfd fractionator anti U Cell acid vault, dilute 
waste nitric acid streams are concentrated to a product suitable for reuse 
in the plant. 
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Liquid wastes containing radioactive concentrations within allowable 
release limits are routed to surface ponds or undergro~nd drainage sites, 
where the liquid disperses into the soil. 

Technology for the acid recovery and waste treatment system is covered 
in Chapter 9.0, and a detailed description of equipment is in Chapter 3.0. 

4.8.1 Acid Recovery 

The Purex Plant is provided with facilities for the recovery of the 
salting agent (nitric acid) used in· the solvent extraction operations. 
More than 80% of the nitric acid present in the aqueous waste streams from 
the solvent extraction batteries is reclaimed in reusable fonn. By 
recovering the nitric acid instead of neutralizing it and routing the 
waste to underground storage (UGS), appreciable caustic (NaOH), nitric 
acid, and waste storage savings are achieved. Sugar denitration, in con
trast to neutralization, of high-level waste also produces a waste suitable 
for further processing in B Plant for strontium and cesium recovery. The 
206-A Building acid fractionator and U Cell acid vault equipment convert_: 
recovered nitric acid streams to a product of uniform concentration which 
is suitable for process uses. · 

Recovered acid streams are received in the fractionator feed tank 
from three main source~. Acid driven off du~ing metal dissolution is 
recovered in the off-gas treatment backup facility and returned to the 
fractionator system. This recovery process is described in Subsec-
tion 4.3.6.2. Acid driven off during process waste concentration and 
denitration in F Cell is also returned to the fractionator via the acid 
absorber. Acid is also recovered from calciner off-gases at the U03 Plant, 
and is returned to Purex in railroad tank cars and fed to the fractionator. 

4.8. 1. 1 High-Level Waste Concentration 

The aqueous acidic waste (HAW) from the HA column contains nearly all 
of the FP 1 s from the fuel dissolution process. This waste is evaporated 
in the waste concentrator to reduce the volume of liquid which must sub
sequently be processed through the waste management facilities and stored. 

The process flow diagram, Figure 4-14, includes information on the 
equipment, primary process routes, and some instrumentation for the system. 
The functions, typical compositions, and flow rates of the high-level waste 
concentration streams are surrmarized in Table 4-31. 
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TABLE 4-31. High-Level Waste Concentration and Sugar 
Denitration Streams. 

Stream Composition Function Flow,a gal/min 

HAW 

lWF
Sugar 

lWF 

lWW 

Denitra
tion 
Sugar 

ZAW 

U • 1.4 X 10-~M 
HN03 · 3.0~ -
Al · 0.09M 
F- • 0.02M 
Pu - 1.8 x 10·4 

g/gal 

HN03 • 0. 1~ 
AAO, Recycled E-~5 
Condensate 

Sugar - O. 7M 
NaOH - 0.005!! 

u 
HN03 
Al 
F
Pu 

u 
HN03 
Al 
F· 
Pu 

• 5.3 X 1Q•6M 
- 1.2M . -
• 0.03M 
- O.OOS'M 
- 6.9 x-10-5 

g/gal 

• 1 X lQ-4M 
- 2.8M -
• O. 68M 
- o.15M 
- 1.4 x 10· 3 

g/~al 

Sugar - 0.7M 
NaOH - 0. 005~ 

FP's - >3000 Ci/gal 
U · 1 X l0-4M 
HN03 - 0.95M -
Al - 0.68M 
F· - 0.15M 
Pu • 1.4 x 10-3 

g(gal 

HA column waste stream 

Demineralized H~ alternate 
added to dilute HAW in TK-F7 to 
allow more efficient concentrator 
operation and acid recovery. 

Feed treatment in TK-F7 to sup
press ruthenium volatilization 
from acid waste. NaOH added to 
prevent mold. 

Feed to E-F6-l waste 
concentrator. 

Concentrated waste overflow from 
concentrator. 

Denitrate lWW. 

Sugar-treated Zirflex acid waste 
to 244-AR vault. 

aBased on Purex processing rate of 10 tons of uranium/day. 

4-151 

l O. 6 

17 .1 

0.093 

27.8 

1.4 

0.3 

1. 4 



- [}l- •• 

~-
·-w~,. 

~ 

RHO-MA-116 

The HAW stream is routed to the high-level waste concentrator feed 
tank (TK-F7) and is then called the lWF stream. The lWF is pumped to 
the high-level waste concentrator (E-F6-l), entering the concentrator at 
the solution section, as in the ammonia scrubber waste concentrator, rather 
than at the tower section as in the other Purex Plant process concentra
tors. The waste concentrator is a steam-heated thermosyphon evaporator, 
very similar in design to the uranium product, anmonia scrubber waste, and 
backcycle waste con~entrators .. Designs of all of these vessels are pre
sented in detail in Section 3.7 of Chapter 3.0. 

To improve the nitric acid recovery from the high-level waste, lWF 
dilution water (normally recycled condensate from the E-FS condenser) is 
added to the concentrator feed tank (TK-F7). The concentrator is generally 
operated at full capacity, so the volume of. dilution water added varies 
with the HAW flow rate. Sugar solution is also continuously added to 
TK-F7 to suppress ruthenium volatilization from the concentrator. The 
sugar reacts with nitric acid to form nitrite, which prevents ruthenium 
oxidation to volatile Ru04. 

The vapors-(water and nitric acid) from the _boiling waste in the 
concentrator pass upward through a mist eliminator located in the de
entrainment tower, and another mist eliminator (T-F6-2) in the tower 

- off-gas line, before going on to the nitric acid recovery equipment. This 
off-gas stream is ca 11 ed the AAF. The condensate ( 1 WR) formed in the 
upper mist eliminator· is returned to the solution section of the 
concentrator. 

The combination of the de-entrainment tower and the upper mist 
eliminator effectively -decontaminates the off-gas stream from FP 1 s. A 
small flow of scrub water is added to both the tower and de-entrainer 
during waste concentration to aid the de-entrainment/decontamination 
process. ·The scrub water returns to the concentrator with the condensate 
as additional dilution water.-

Liquid holdup in the concentrator reboiler is about 2200 gallons, 
with an average residence time of about 26 hours at a 84-gal/hr concen
trate removal rate. The concentrated high-level waste, called HIW, 
overflows continuously to a waste receiver tank (TK-F26). In this 
tank, the HJW is cooled and moved batchwise to the lWW sample and de
nitration tank (TK-F15). 

For efficient acid recovery, the concentrator specific gravity is 
held constant at the flowsheet value, and the vessel vacuum is controlled 
between 2 and 5 inches of water. 

The TK-F7 liquid ~evel (weight factor) must be ~aintained above 15% of 
chart to ensure that organic (if present) is not pumped to E-F6. 
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To avoid the fonnation of excess solids in the lWW (and to avoid 
plugging lines during subsequent transfers), the concentrate specific 
gravity must not exceed the rate sheet value (normally equivalent to 1.24 
at 25°C), and the E-F6 to TK-F26 overflow-rate must be maintained at or 
near the rate sheet value (normally 1.4 gal/min) ·by adjusting the lWF flow. 

To ensure adequate FP decontamination of the concentrator overheads, 
the de-entrainer spray water flows and sugar flow to TK-F7 are maintained 
at specified rate sheet values. Also, "surging" the concentrator by too 
rapid a change in the boiloff rate must be avoided. 

· 4.8. 1. 1. l Waste Concentration Startup and Shutdown 

:, Prestartup and startup procedures exist for F Cell to establish the 
necessary conditions for startup of the E-F6 waste concentrator. Prior to 
startup of the waste concentrator, checks are made to ensure that the 
condenser vent system is operating properly, and that there is no organic 
in TK-F7. · Failure. to have the condenser vent system operating when start
ing up t~e E-F6 concentrator would result in pressurization of E-F6. If 
any organic is left in TK-F7, it could be carried as feed to the E-F6 
concentrator and be converted to potentially explosive compounds. 

The T-FS acid absorber condensate recycle pump is activated and the 
T-FS absorber operation is established as the concentrator is started. 
The lWF sugar addition is started simultaneously with the receipt of HAW 
in TK-F7. Once E-F6 is started, the waste concentrator-acid absorber 
system is brought up to normal operating rates. 

The sequence of the concentrator startup is as follows: 

• The concentrator is prepared for operation by checking the 
auxiliary.systems; water is added to the de-entrainment pad 
spray and the seal pot. 

• If necessary, the concentrator is filled with water via the 
seal pot. 

• The steam is valved into the tube bundles. 

• The liquid in the concentrator is simmered with demineralized 
water addition from TK-F7 to maintain concentrator liquid level 
until TK-F7 is receiving HAW. 

The liquid level in TK-F7 is allowed to build up to working level as 
the lWF flow is started, with a corresponding increase in concentrator 
steam flow. The E-F6 specific gravity is also allowed to increase before 
beginning concentrate overflow to TK-F26. When nonnal operating flows are 
attained, efficient operation of the concentrator requires a vacuum of 
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between 2 and 5 inches of water. Operating adjustments, if necessary, 
consist of reductions or increases of the T-FS/E-F6 vent vacuum, or reduc
tions in the steam flow to the tube bundles. 

The .concentrator is shut down by slowly introducing air to the tube 
bundles, raising the bundle pressure until the automatic high-pressure 
steam cutoff is activated. The steam DOV's are closed and 5 to 10 minutes 
later the condensate DOV's are closed. The air pressure is then reduced 
to 10 psig. The concentrator is then cooled by opening the condensate 
DOV' s and slowly turning on the cooling water to the tube bundle to avoid 
exceeding a ·bundle pressure of 39 psig, which would open the steam pop-off 
valve. When the concentrator is cool, the water is turned off and then 

_blown out of the tube.bundles with 30-psig air for 10 to 15 minutes. The 
-air is returned to 10 psig, which is maintained throughout the shutdown. 
Water sprays to the de-entrainment pads are discontinued when E-F6 is 
cooled. 

4.8. 1. 1.2 Detection and Remedy of Off-Standard Conditions 

A summary of waste concentration process control off-standard condi
tions is given in Table 4-32. Typical problems which may be encountered 
while operating E-F6-1 and appropriate remedial actions are provided. 

4.8. l. 1.3. High-Level Waste Concentration Process Safety and 
Criticality Prevention . 

Process safety in the waste concentrator operation is nearly the same 
as for other Purex concentrator systems. · As in the rest of the plant, the 
potential exists for pressurizing vessels and· developing leaks in concen
trator tube bundles and process vessel coils. Any of these events could 
result in release of radioactive material to the environs. There is also 
the danger of explosive chemical reactions which tan damage process equip
ment and result in release of radioactive materials outside the canyon. 
A major concern is improper valving, such as failing to air blo~ a jet 
following a solution transfer, which could cause a suckback from the 
vessel to the P and O gallery. 

Various methods are used to monitor the process and prevent these 
occurrences. Instrumentation is installed to monitor and control vessel 
pressure. Tube bundles and coils are maintained pressurized to assure 
any leakage is into the process rather than from the process to the en
virons. The liquid level in TK-F7 is controlled to assure gross quantities 
of organic are not introduced to the concentrator, which is controlled at 
a safe temperature. Steam flow to the concentrator tube bundles is auto
matically shut off and air is turned on if the steam pressure or concentra
tor temperature exceeds a preset limit. Valving sequences are specified in 
operating procedures. 
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TABLE 4-32. Waste Concentration - Off-Standard Conditions. 
OH-Sldndard Condition 

A) Oven:unctmll·dl ion of the 
WdSle In [-16 

Bl toss of concentrator feed 
s1111ply 

C) lxce~~ive enlral1K11ent from 
£-F6 

II) [x,:esslve .-ullnmlwu 
volatilization from [-1"6 

[) lli!lh Lower dilferenlial 
tH"essure "(l-f6) 

F) lxn!sslve Ol"!JdlliC in 
feed lo [-f6 

G) Excessive corrosion iu 
allsorber 

II) Pressu.-lzatlou of E-f6 

I) No 111·uduc l overflow from 
E-F6 

J) lll!lh Lei1111e1·ature In 
cuncenlra tor 

(I} 

(2) 

(I) 

How Delee te,I 

Increase In Lhe con
centrator bo Ii I ny 
poh1l 
Increase In the con
centrator Sl'l!L If le 
gravity 

Grddua I dee red se I 11 
Ll,e 11roduc t n,uuva 1 
rate 
Decreasln~ feed flow 
rate (IWF) 

L l.ke I y Cause 

Ueci-caslny feed flow ( IWI) 
without a com11en~atlng 
reduction of ~ted1u flow 

Failure of 111111111 belwee11 
TK-f7 and (-HI 

(I) lllgh tower dlfferen- Exce~slvely hiyh bollu11 
tlal pressure ,·eading rate 

(2) Analysis of rl!cuvered 
acid (Tk-Fl) for 9a11M11i1 
acllv lty 

Analysis of recove,·ed nit
ric acid for ruthenium 

Jower differential 11res
sure readings 

Readings on Tk-f7 organic 
detector · 

( I) High nitric acid con-
centra lion in the [-f6 
bottoms 

(2) low suyar flow to fK-fl 

Vapor ve loc lty too hlyh 
(mus l 11 ke I y to occur dur
lny stdrtu11) 

Enlralnmenl of organic In 
the HAW stream frma lhe 
solvi,nl extraction system 

Aualysls of recovered acid Oeci-ease In ANN o1ddltlon 
rdle lo T-f6, caus luy I lu
urlde corrus Ion 

( I) fluctuating overflow 
rate 

(2) Fluctuatlny wei!)ht 
factor readings 

(I) 

(2) 

(JI 

lncreilse in concen
lnle s11edflc 9ravily 
lncreaslny l-f6 weight 
fdc Lor 
No lm:rease In F-26 
weight factor 

Je11111era lure recorder 011 
concentrator bottoms 

foa111t11y due to high su9ar 
addition rate to TK-F7 

(I) Low IWF feed rate 
(2) Overconcentrallon due 

. lo high steam flow 

lll!Jh steam pr~ssu,·e In 
culls of co11c1,11lratur 
rehui ler 

Ueloctlou of (dose 

Flo1o111eten 011 the 1111 dud 
the ~lea111 flow to the 
concenll·dtur reboi ler 

(I) l'u1111 "off" lndicdlor 
li9ht 

( 2) f I 111o111e ter 011 LIii! rnr 

(l) Tower di fferentia I 
pressure readin!I 

( 2) Flo1,111ete1· 011 tl1e IMF, 
steam and IWW 

(I) Anahsis to delenulne 
IIII03 cuncentra t Ion in 
HIW 

(2) flow111ele1· 011 su!Ja1· 
add it Ion line 

Towe,· d I fferent la I 11res
su1·e 1·ead h•!l5 

Routine TK-f1 organic 
checks 

(I) f101,111ele1· on ANII 
ildd It 1011 to 1-F5 

(2) Aualysls of recovered 
ac Id for Al and f-

HL111edy 

bldblish the correct 
ratio between the feed 
ute and coucenlrate re
muvdl by ddjuslill!I Lhe 
Sledm flow dud the IWF 
flow 

ReHure feed pw1111 to 
se.-vice 

Ueaease boilu11 l'dle lly 
dcue.ss iny steam flow to 
cmu:entra tor rebo I le,· 

(I) Dilute the feed with 
demlneral i,ed waler 

(2) 1111:rnase sug.ir flow 
lo TK-f7 

Ueuease the rate ot , 
steam flow to the cu11-
ce11l.-ator rebut ler 

( I ) Jet organ le to 
TK-FIJ 

(l) Correct IIA col1111u1 
I 011eratio11 

lnci-ease ANN addll ion · 
rali, lo T-f5 

f lu1,111eter 011 TK-f7 sugdr Uecrease sugar add It ion 
add I l Ion I lne rate to TK-f7 

( I) F lo1,111eler 011. IWF 
(2) flOhllll!ler on Slll,1111 

Steam 11ressu1·e i11slru-
111e11lal iu11 
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When adjusting the concentrator vacuum, pressurization of the concen
trator is avoided by making small (3% of chart) adjustments in the con
troller setpoint for the T-F5/E-F6 vent vacuum and by allowing adequate 
time between adjustments for the vent system readings to stabilize. 

In the concentrator, introduction of organic solvent creates a poten
tially explosive complex mixture of TBP (and diluent) degradation compounds 
and nitric acid, which can explode at temperatures inexcess of 150°C. The 
maximum permissible E-F6 concentrator temperature is higher than in the 
product and backcycle waste concentrators where high concentrations of 
uranium, plutonium, or neptunium are present. To prevent such conditions, 
the following safeguards exist: · 

• Tank F7 is checked for organic before startup, at shutdown, and 
whenever the HA column operation is upset.· 

• The maximum steam pressure to the concentrator tube bundles is 
39 psig (the pressure at which the steam p6p-off valves are set). 
This prevents the concentrator bottoms temperature from reach
ing 150°C. 

• Should the steam temperature exceed l49°C, the steam is auto
matically shut off. 

Nuclear criticality prevention in the waste concentration vessels is 
provided by administrative controls (HAW sample). The F7 and F26 tanks 
are limited to 11,000 grams of plutonium each, and concentrator E-F6 to 
1200 grams in actdic solutions. 

4.8. 1.2 Sugar Denitration Process 

Sugar denitration of lWW is carried out to increase the.acid recovery 
from the lWW stream, thereby de~reasing the quantity of sodium hydroxide 
required in subsequent processes to neutralize the acid waste. This reduc
tion in sodium hydroxide usage also ·reduces the waste volume which must be 
stored in the underground waste tanks. 

The flow diagram, Figure 4-14, contains information on the denitration 
equipment and process routes. 

After about 2500 gallons of lWW have accumulated in TK-F26, the liquid 
is sampled and analyzed for cesium, plutonium, and nitric acid. When the 
analyses confirm that the solution is within waste specifications, the 

· lWW is transferred to TK-FlS, where an ant1foam agent (400 mi Dow Corning 
Antifoam B/100 gallons lWW) is added. The lWW is then heated to between 
95°C and 100°C. A 22 wt% sugar (0.7M sucrose) solution is added to the 
lWW for 12 hours at a rate (based on-lWW volume and nitric acid concentra
tion) of from 250 to 350 pounds of solution per hour. Addition is con
tinued until sufficient sugar has been added to decrease the nitric acid 
concentration to less than one molar. A digestion period of 12 hours is 
required after addition is completed. 
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The sugar and nitric acid in the lWW react chemically to fonn carbon 
and nitrogen oxides, which are exhausted through the waste concentrator 
tower to the acid absorber (T-FS). The-reaction between nitric acid and 
sugar is easily controlled. The three main control variables are tempera
ture and pressure of the lWW in TK-Fl5, and rate of addition of the sugar 
solution. Since the possibility of tank pressurization (uncontrollable 
evolution of gases) exists if a large amount of sugar is added to a cold 
lWW solution (below 90°C), the lWW solution is heated before sugar is 
added. Consequently, if the reaction vessel temperature drops below 92°C, 
the sugar solution addition is automatically stopped and can be resumed 
only after the temperature of the solution is above 92°C. When no sugar is 
being added, two manual va 1 ves· are c 1 osed in the sugar add-1 i ne between the 
sugar makeup tank, TK-204, and the reaction vessel, TK-F15. 

Precipitating agents must not be added to vesse1s containing more 
than 500 grams of plutonium. Sugar is classified as a precipitating agent 
because oxalic acid is fanned as an intennediate in the denitration reac
tion. Therefore, sugar denitration is not started until the TK-F15 
plutonium content is determined from sample analyses to be less than 
500 grams. Waste batches containing more plutonium than this are routed 
to Tank F8 or F13 for eventual rework as discussed in subsection 4.8.2.2. 

The denitrated lWW is cooled to 50°C before transfer to TK-F16. If 
.further digestion is necessary, the liquid is heated to 90° - 96°C for 
the duration of digestion. The lWW is then sampled.and analyzed for acid 
content. From TK-Fl6, the waste is routed to the 244-~R vault, with sub
sequent transfer to B Plant f9r removal of,. cesium and strontium . 

. 4.8.1.3 Acid Absorption 

The acid and water vapors exiting the lWW waste concentrator via the 
concentrator tower and de-entrainer are routed to the acid absorber (T-FS) 
where nitric acid is· recovered as a 18 wt% product by an absorption 
(enriching) process involving countercurrent contact of the vapors with a 
reflux stream of water. The process flow diagram, Figure 4-15, contains 
infonnation on the equipment, primary process routes, and some instrumenta~ 
tion. Table 4-33 summarizes the composition~, functions, and flow rates 
of liquid and vapor streams involved in the acid absorption process. 

The T-F5 acid absorber is an atmospheric pressure, 15 bubble·-cap tray 
tower. The acid-water vapors, termed AAF, enter the absorber above the 
eighth plate from the bottom of the tower. Absorber water, called AAR 
(normally recycled E-FS condensate), is added· through the top of the ab
sorber and overflows downward from tray to tray, absorbing the nitric acid 
vapors from the upward-flowing gaseous stream passing out of the slots in 
the bubble-caps. · 
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TABLE 4-33. Nitric Acid Absorption Streams. 

Stream Composition Function I Fiow, gal/min 
-

AAF Vapor Acid absorber feed stream - 27.6 
HN03 - 1. l!i vapor from waste concentrator 

(E-F6-l). 

AAR Recycled AAD; alter- Acid absorber water to T-FS. 8.8 
nate demin. water 

AAA HN03 - 3.2!1_ 18: HN03 solution product from 8.4 
T-FS routed to TK-F3. 

XCA HN03 - 2.0!1_ · HN03 recovered from dissolver 5.4 
off-gas by backup facility 
routed to TK-F3. 

AAD HN03 • 0. 1!1_ Acid absorber condensate from 29.8 
E-FS routed to AAR, TK-F7, and 
TKcF1 O. 

ANN ANN - 1. 68~ ANN solution added to T-FS to 0.078 
comolex fluoride ~nd thus reduce 
corrosion. 

The off-gas from the absorber, depleted of nitric acid, passes 
thrpugh the condenser where the water vapor is condensed. The condensate 
is recycled as lWF dilution water, as AAR, and to TK-Fl0, with capability 
to overflow to a crib. 

Reflux to the absorber is normally supplied from the SPLP-FS samp·le 
pot pump, which routes 30% of the gross E-FS overhead condensate (42% of 
the net condensate) back to the absorber via a DOV and flo\'mleter. A 
demineralized-water addition line is available to provide additional reflux 
if required. Since any chloride ion carried overhead during waste concen
tration accumulates in the 15 to 25% nitric acid (liquid) region of the 
tower, chloride purge lines have been provided on the tenth, eleienth, 
and twelfth trays from the bottom (the second, third, and fourth trays up 
from the vapor feed point) to drain the chloride-bearing acid from the 
trays. The chloride purge lines have seldom been used, since chloride 
ion accumulation has not been a problem. 

A low volume alumtnum nitrate nonahydrate (ANN) stream is also added 
with the reflux stream. The aluminum complexes fluoride to reduce corro
sion in the absorber and during subsequent processing. 

The absorber product acid, now 18 wt% nitric acid, flows by gravity 
to the bottom of the .ab·sorber. This stream is termed the AAA, and is 
routed to the absorber receiver tank (TK-F3). The nitric acid (XCA) 
recovered in the dissolver off-gas backup facility is also routed to 
TK-F3. 

Identification, detection, causes, and remedies for correction of 
some off-standard conditions which may be encountered with acid absorber 
operation are given in Table 4-34. The engineering principles and tech
nology of the absorber are discussed in Chapter 9.0, and the detailed 
equipment specifications in Chapter 3.0, Section 3. 13. 
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TABLE 4-34. Acid Absorber - Off-Standard Conditions . 
. - ·-··-- -----····· -·-- . ----------- ·-·-··- ······--. ·- ------------. ---------- --- . ---------

Off-SLirnddrd Condition . 

A) Excessive acid in 
conde11sate 

B) E.xces~ive diflenmtidl 
p1·ess11n! ilcross absorber 

· C) Low acid-rn11ct-11t1·dtio11 In 
product 

D) lxressive ,·adioutlvity in 
JhsorLe.- pruduc:l (bulto,us) 

E) Chloridl! accumolat ion 011 
lhe absorber buhhle-cap 
trays 

F) lnsuff ii. itml reflux lo 
l-f5, cundens.tle reflux 
vdlve wide ope11 

G) lnsuffident <:11111j.1lexi119 of 
I luorlde 

llo~, Detected 

Analyst~ uf condensate 
ex i L in!I co11d1m~er E-f5 

(I) Absorber different lal 
pressure instrumenta
tion 

(2) Pressurn Indicator on 
absor·be,· rebu i I er 

Analysis of TK-fl (AAA) 
for nitric dcld roncen
trat ion 

Analysis of TK-fl (AAA) 

LI ke ly Cause 

Low reflux flow rate to 
absorber 

Vapor velocity too high 
(most likely lo occur dur
ing startup) 

(I) 

(2) 

Low ac Id feed ra le to . 
the ab~orber 
Excessive reflux to ab
sorber (flooding or 
di lul Ion 

Detectio11 of Cause 

flowmeler on reflux I ine 
(AAII) 

Sdllle as "llim Detected" 

(I) 

(2) 

flowmeter on the.acid 
absorber feed (AAF) 
flowmeter on reflux 
11111: (MR) 

Increase MIi flu" r.ite 

(I) Reduce foed flow lo 
absorber to rndute 
vapor· ve luc ily 

(2) Reduce E-F5 vent 
VdLIIUIII 

(I) lncredse· feed ,·ate 
to the dbsurber 

(2) Decrease MR flow 
rdle 

-------- See waste concentrator off-standard condition D-----
(Table 4-12) 

Specific analysis of rnn- Chloride carryovt:r during Sdme as "llow De tee ted" 
tents of the plates just wdste concenlrdtlon 
ahnvl! the vapor feed po Int 

(I) lliyh T-~5 bottoms 
SIJl!C if le grdvily 

(2) Reflux valve loading 
pres~ure 

( l) Analysis of condensate 
ex it Ing condenser E-F5 

Analysis of TK-fl for Al 
and f· 

(I) Overcnru:enlrallon See "lluw Detected" 
(2) Plugged valve · 
(l) faulty. T-f5 bottoms 

spec If le gra v lly and/or 
AAR fluwmeter Instru
ment readings 

Low AHII addll lun rate F Joi..,ncter on AIIN 

(I) Slowly iii.Id demine,·
a I ized Wd ter LU 

T-f5 unt ii bottoms 
Sjll!C: I ftc !Jrav i ty 
drops 

(2) Unplu!J valve 
(3) Repdir Instrumenta

l 1011 

Increase ANN flow rate 
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4.8. 1.3. 1 Acid Absorber Ooeration and Process Control 

The acid absorber is started as folJows: 

• The T-FS/E-F6 condenser vent system is operated on steam to give 
more than 40 inches of water vacuum. 

• The T-F5/E-F6 vacuum jet is operated on steam to supply the 
desired vacuum. 

• Water is added to T-FS as necessary to increase the liquid level 
to 100 inches • 

• The T-FS condenser cooling water is turned on to maintain a 
water outlet temperature of S5°C or below .. 

• The. E-F6 concentrator is started as described in 4.8. 1.1.1. 

• The T-FS condensate recycle pump is started with the flow to 
T-FS (AAR) set at 2S% of the rate sheet value. The flow is 
increased to the rate sheet value as the T-FS specific gravity 
increases. 

• The condensate flows to TK-F7 and TK-FlO are adjusted. 
. . Ii. -

The T-FS bottoms· specific gravity is controlled duri.ng operation to 
assure efficient nitric acid recovery by adjusting the AAR flow rate. 

The T-FS acid absorber is shut down by turning off the condensate 
recycle pump after the HAW flow is stopped. The TK-F7 inventory is reduced 
and E-F6 concentrator feed and steam flows are reduced. 

4.8. 1.3.2 Acid Absorber Process Safety and Criticality Prevention 

There are no special personnel, process, or criticality hazards 
associated with operation of the acid absorber. 

4.8. 1.4 Acid Fractionation 

The vacuum fractionator (T-U6) concentrates the nitric acid streams 
from the T-FS acid absorber (about 18 wt% nitric acid) and the backup 
facility absorbers (about 12 wt% nitric acid), mixed with acid recovered 
in the U03 Plant (SO wt% nitric acid) to give a SO wt% nitric acid for 
reuse in the Purex Plant. The three absorber streams are collected in 
TK-F3, and are then pumped to TK-US where they are blended with the 
U03 Plant acid to obtain a minimum concentration of about 20 wt%. This 
solution is fed to the T-U6 tower. 

Figure 4-16 shows the fractionator process equipment and primary 
process flow routes. Process streams are identified in Table 4-35. 
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TABLE 4-35. Vacuum Fractionator Streams. 
Stream Composition Function Flow,a gal/min 

-
U03 Pl ant HN03 - 10.~ U03 Plant recovered acid. 1.3 
Acid (avg) 

AFF HN03 - 3.~ Acid fractionator feed oumped 15. l 
from TK-US. Mixture of AAA, 
XCA, and U03 acid. 

AFR Demi n. water Reflux added to fractionator 2.3 
(alternate) (T-U6). 
HN03 - 0.005~ 
AFO recycle 

AFA HN03 - 10.~ so: HN03 solution from fraction- 4.9 
ator, routed to storage tanks 
(TKs-Ul, U2). 

AFO• HN03 • 0.005~ Fractionator condensate rout~d 5.4 
xA, xe to backup facility as absorber 

water. 

AFO-FlO HN03 • O.OOS!i Excess AFD routed to backcycle 5.2 
waste. 

a·eased on Purex· Plant processing rate of 10 tons of •Jra_nium/day . 

The fractionator is a 14-tray bubple-cap tower, operated· under vacuum 
to reduce corrosion rates for those portions of the fractionator handling 
concentrated acid. An absolute pressure of 100 millimeters .of mercury is 
developed at the top of the tower by a two-stage steam jet system acting in 
series with a surface condenser (E-U6-l). The fractionator engineering 
principles and technology are discussed in Chapter 9.0, and the detailed 
equipment specifications in Chapter 3.0. 

The dilute acid feed (AFF) is nonnally pumped to the fifth tray from 
the bottom in the upper section of the tower and flows down, along with 
some reflux water, from tray to tray and finally to the reboiler. Purge 
lines are provided for chloride removal from plates covering the 7 to 30% 
nitric acid composition range (sixth, seventh, eighth, and ninth plates 
from the bottom of_ the tower). The reboiler section operates with a con
stant boiling mixture of 50% nitric ·acid. Acid vapors from the reboiler 
pass upward through the bubble caps and are absorbed by the descending 
solution. 

The resulting overhead vapor, consisting of 99.5 wt% steam, exits the 
top of the tower and is condensed in E-U6-l. When operating with a good 
balance of reboiler steam, fractionator feed, and reflux water, the off
gas exiting the tower is essentially free of acid. The condensed vapors 
(AFD) are returned to the column as reflux (AFR), and routed to the backup 
facility for use in the absorbers. Any excess condensate is routed to 
TK-FlO. The bottom product (AFA), 50 wt% nitric acid, flows into a 
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stilling chamber from which the liquid overflows to one of two storage tanks 
(TK-Ul and U2) which supply the recovered acid header in the sample gallery. 
This header supplies the three dissolvers, a few tanks, and some continuous 
streams in solvent extraction. 

4.8. 1.4. 1 Vacuum Fractionator Operation and Process Control 

Startup of the acid fractionation process includes the following • 
sequential steps: 

1 Cooling •11ater flow is started to the three condensers. (E-U6-l, 
E-U6-3, and E-U6-4). 

1 Steam is started to the first- and second-stage jets to establish 
operating vacuum on the fractionator. 

t The fractionator product (AFA) overflow is valved to TK-Ul or 
TK-U2, and the AFR (reflux) flow is started. After 30 minutes, 
the AFR flow is adjusted to the planned feed rate. 

t Steam is turned on to the T-U6 reboiler, and the AFF (a~id feed) 
pump flow rate is set. 

• Steam flow and feed rate are increased and adjusted to the 
desired rates. 

The following guidelines govern steady-state operation of the vacuum 
fractionator: 

• The tower vacuum is maintained at 100 millimeters of mercury 
(absolute pressure). 

• The bottoms concentration is maintained at 50% nitric acid by 
adjusting the steam flow to the reboil~r. 

• The condenser (E-U6-1) cooling water outlet temperature is 
maintained at somewhat less than 40°C by adjusting the cooling 
water flow. 

1 The acid from the fractionator is routed between Tanks Ul and U2 
as necessary. 

t Tanks Ul and U2 liquid temperatures are maintained between 20° 
and 30°C by adjusting .water flow to the coils. 

t The feed to the fractionator (AFF) is maintained at a rate which 
keeps low liquid inventories in Tanks F3, XC, XO, and US. 

• The desired reflux rate (AFR) for the current feed rate (AFF) is 
detennined and the AFR flowmeter is set. 
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A nomograph, presented in Reference 17, permits determining the 
required AFR and steam flow rates at various feed flow rates and acid 
concentrations. Methods for detecting ~nd correcting typical off-standard 
operating conditions with the vacuum fractionator are listed in Table 4-36. 

When the Purex Plant is shut down and the dilute acid supply from. 
the T-FS absorber and the XA and XS absorbers is discontinued, the acid 
inventory in Tanks F3 and .US is proc~ssed and the vacuum fracti onator 
equipment is shut down. In shutting down the fractionator, the feed 
to the tower is shut off first, then the steam to the reboiler and the 
AFR flow. The overhead jets are then turned off, bringing the tower to 
atmospheric pressure. 

4.8.1.4.2- Vacuum Fractionator Process Safety and Criticality Prevention 

No special personnel or process hazards are associated with the opera
tion of U Cell equipment. Nuclear criticality danger is not present in the 
acid recovery equipment. · 

4.8.2 Waste Treatment and Disposal 

There are three distinct groups of liquid process waste from the 
Purex Plant, and special waste handling and disposal procedures are 
employed for each of these waste groups. The high-level waste handling has 
been described earlier (coating waste in Section 4.2 and HAW in Sec-
tion 4.8.1). Other liquid wastes· include very low-act~vity aqueous wastes, 
such as condenser and vessel jacket cooling water; and various low-level 
process wastes, including some which may require rework for product recov
ery. Waste treatment technology is discussed in Chapter 9.0. 

4.8.2. l Treatment and Disoosal of Low-Level Process Was_tes 

Liquids from the 291 Area (stack condensate, main filter drainage, 
cooler water, sump accumulations from the 293-A Building, etc.) are col
lected in TK-216-A2 and routinely jetted to TK-U3 for disposal -to UGS. 
Miscellaneous laboratory wastes and 206-A sump wastes are also routed to 
either TK-U3 or TK-U4 for disposal. When a batch is accumulated in TK-U3 
or TK-U4, the waste is diverted to the empty tank and the batch is sampled 
for uranium, plutonium, H+ and/or pH analyses. The batch is made basic 
with caustic (NaOH) on the basis of the sample results, and transferred to 
UGS. 

A sump waste receiver tank (TK-F18) is used for routine accumulation 
(with a few exceptions) of all head-end and central canyon sump waste. In 
addition, TK-F18 collects drainage from various sources such as the con
denser vent, vessel vent, and sampler drain headers, and the ammonia 
scrubber waste (ASW) from concentrator E-Fll-1. The current Instrument 
and Engineering Flow Diagrams (IEFDs) may be consulted for routing details. 
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TABLE 4-36. Acid Fractionator - Off-Standard Conditions. 
Uff-Sldllddr·tl Condition 

A) Exces~ive tlifferenlidl 
1->r<!~Sun:, dC.-USS T-U6. 

U) Excessive pre~sure in 
lower (urldLle to mai11tdi11 
100 111a Ilg ab~olule pn,ssure) 

C) fxces~ive acid in dislil
ldlt! (ovel'fu,aJs) 

II) I ow acid co11ce11lt'atlo11- i11-
11rot1uct (bottoms) 

E) Excessive i:orrosion 

f") Chloride accumulat 1011 

llow llelected Likely Cduse· Uetectio,1 of Caus,e 

Ui tferenl la I vre~~ure 
i11slru111e11t reatllngs 

Colu111n vacuu111 (pressure) 
i11slru111e11tdl ion 

Vapor velocity too hi9h Same as "llow Uetectetl" 
(Host likely to occur dur-
ing stari.up) 

(I) Loss of cooling water 
flow lo the surface 
condenser 

(2) failure of the jet 
ejector system 

(l) Above nonnal air bleed 
rale 

(4) Inadequate steam supply 

(I) floi.ueter 011 coul lny 
-wc1 ter stream 

(2) Sudden chc1nye 111 
vacuum or inability 
to Initially drdw 
vacuwn 

(J) Air bleed valve load
ing p1·essure 

(4) Jnabll ity lo mai11tc1i11 
steam flow to rehoil
e1· dnd vacuum s i111u 1-
taueous I y 

Analy~is ot the dist illilte low reflux flow rate .(AHi) flowmeler· 011 AFH slred111 
for 111103 

(I·) S11ec If k grdv ity ri:atl~
i119 'of the ~till Ing 
chamber 

(2) Analysis of TK-UI or 
TK-U2 for 111103 
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The contents of TK-Fl8 are sampled after each addition of sump 
solution or concentrated ammonia scrubber waste, which is handled as a 
separate waste batch. When a waste batch is accumulated, the contents 
are either made basic and sent to UGS, o~ jetted to the waste rework 
tank (TK-FB), depending on the amount of product in the liquid and the 
waste source. Disposal specjfications for sump waste batches are based 
on Cs-137 analyses to detennine the correct UGS destination. "Light 
water" used in the fire prevention system has been shown to be detrimental 
to the Purex process, and causes extremely excessive foaming during 
concentration. The light water collected in TK-F18 as a result of the fire 
prevention system being activated is made basic and sent to UGS. 

4.8.2.2 Waste Handling - Rework 

High- and low-level plutonium or uranium waste solutions which are 
generated in solvent extraction processing and which require rework for 
recovery of product materials must undergo extensive pretreatment before 
return to the process. The waste rework tank (TK-FB) and condenser (E-F9), 
shown in ·Figure 4-14, are used to hydrolyze organics which may be present 
in the waste by boiling the material in refJux for about 3 weeks. Dilute 
product-bearing waste may also be concentrated in this tank in preparation 
for product recovery. After processing, the liquid is introduced in small 
quantities to Purex solvent extraction feed. tanks. 

. . 
Potentially poor quality organic is decanted out of various feed and 

storage tanks, such as TK-FlO in the backcyle.waste system, and routed to 
TK-F13 for recovery. The organic recovery is accomplished by first remov
ing any product with a_3% nitric acid strip solution, which is intimately 
mixed with the organic, settled, sampled for product analyses and routed to 
either TK-FlO in the backcycle waste system or ~o TK-GS for disposal depend
ing on product content. The organic is. then washed in TK-F13 with sodium 
carbonate-potassium pennangana'te solution. _ The washed organic is decanted 
to TK-Gl for reprocessing, and the aqueous waste is jetted to TK-G8, the 
wash waste tank. 

4.8.2.2. 1 Waste Rework Operating Procedure 

The following is a general outline of the TK-FS rework operation: 

• All material is sampled and analyzed for uranium, plutonium, 
neptunium, and nitric acid, prior to rework through TK-FS. 

t The E-F9 condenser is routed for total reflux, and the waste is 
transferred from TK-F18 or TK-Fl3 to TK-FB without agitation to 
avoid transferring organic. 

• The nitric acid concentration of the waste is adjusted to 2M, if 
necessary. 
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1 Water to the TK-F8 coil is turned off, and ·steam is introduced to 
heat the waste to boiling. 

1 To hydrolyze organic degradation products, the E-F9 condenser is 
left in the reflux mode during boiling, and the waste is refluxed 
for a period of 3 weeks. · 

1 If the waste is to be concentrated, the TK-F8 condensed overheads 
are routed from E-F9 to TK-F7. 

• Liquid concentration is tenninated a.t the desired specific 
gravity. 

• The tank contents are cooled· at the end of the concentration 
or reflux by slowly turning the steam off and adding cooling 
water· to the coil. The agitator is turned on to assist 
cooling. 

4.8.2.2.2 ~~aste Rework Process Safety and Criticality Prevention 

Tank F8 solution must be maintained at a temperature less than 130°C 
to pre.vent the formation of red oil. For criticality prevention, the 
specific gravity of the rework solution must be maintained at less than 
1.30 at 110°C to prevent the _fonnation of precipitates. 

The temperature of the organic recovery tank (TK-F13) is maintained 
below 65°C while solvent is present to decrease the potential for an 
organic fire or explosion. 

. In Tanks F8 and F13, the maximum allowable plutonium mass in acid 
solution is 12,400 grams unless a caustic carbonate-permanganate wash 
for organic recovery is to be carried out. Since this wash may precipi
tate fissionable material, this step is undertaken·only if the mass of 
plutonium in TK-Fl3 is-known to be less than 500 grams. 

4.8.2.3 Aqueous Effluents Disposal 

Facilities and equipment involved with aqueous effluents are described 
in more detail in Chapters 2.0 and 3.0. Aqueous discharges from the 
Purex Plant include the following six categories: cooling water (CWL), 
chemical sewer (CSL), steam condensate (SCD), process condensate (POD), 
ammonia scrubber waste condensate (ASD), and 203-A Area discharge (PTO). 
Brief descriptions of ea.ech system and of the modifications planned- to 
eliminate the use of French drains follow. The infonnation is summarized 
in Table 4-17 and Reference 1e. 

4-168 



,1: ~::;·,, •. . .. ::· ,-· 

RHO-MA-116 

TABLE 4-37. Purex Plant 'Aqueous Effluents. 

Discharge Flow Radiation I ~rgency ·I 
Estimated 

Sampling Diversion 'Lolwne, Stream Measurement Monitoring Sa11111l ing 
10° gal/year I 

C.Joling 
., '.leir 1) EMV Retention lsingle ?robe /lone I 

llOD.iJ I; 
Water 2) Dip Tube SaR11ler Basin I (non-redundant) 

,. (CWL to 3) Flow 2) Tank (Automatic) (non-failsafe) 
216-A-25) Integrator/ Drain 

Totalizer Sample 

Chemical 1) Parsna 11 Propor- Retention Single Probe Automatic 230.0 
Sewer Flume tional Basin (Validated Veri fi ca ti on 
(CSL to 2) Flow (Automatic) periodically by Sample 
216-B-3) Integrator/ automatically 

Totalizer actuated check 
source) 

Steam 1) Magnetic 1) DIV Retention Single Probe Automatic 47.0 
Condensate Flowmeter S.amoler Basin (non-redundant) Veri fi ca ti on 
(SCD to 2) Integrator/ 2) Jug (Automatic) (non-failsafe) Sa11111le 
216-A-30) Totalizer Pour 

S~le 

Process 1) Magnetic Proper- None Single Probe Automatic 2.5 
Condensate Flo~ter tional (Validated Veri fi ca ti on 
(POD to 2) Integrator/ periodically by S411111le 
216-A-10) Totalizer automatically 

actuated check 
source) 

Alrmonia 1) Magnetic Propor- None Single Probe Automatic 5.0 
Scrubber Flowmeter tiona 1 {Validated Verification 
waste 2) Integrator/ periodically by 

I 
Sample 

Condensate Totalizer automatic:al ly 
(ASD to actuated cneck 
216-A-368) source) I 

203A Collection 1) ?-'!'ank Cacabil i ty Not Required Not Required 0.06 
Discharge Tank Volume Conoen- for rec:;cle (Collection· 
(PTO to Measurements sate to 202A Tank Sample 
216-B-3) Line tanks in E Analysis) 

Sa11111le or K Cells· 
2) Sump depending 

Samo le on u cone. 
3) Waste and ;,urity, 

PUfflll or to TK-Fl:J 
Tank for disoosal 
(Tl<-PS) to under-
Samo le ~round storage 
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4.8.2.3. 1 Cooling Water 

Cooling water discharged from concentrator condensers, low-risk 
vessel cooling coils, and dissolver off-gas condenser tube bundles is 
collected in header 8823. This header is located on the south side of 
the Purex Building, and drains to the 201 Pump Pit where stream sampling 
and monitoring for radionuclide content are performed. The pit also 
contains a weir with an integrator/totalizer for flow measurement. The 
cooling water flows from the 201 Pump Pit through a diversion box with 
capability for automatic emergency diversion to a covered, lined reten
tion basin (216-A-42), which has a 1.5-million-gallon capacity. The 
stream then flows to a second diversion box where flow can be directed 

· either to the Gable Mountain Pond, 216-A-25, or the B Pond, 216-B-3. 
'Normal flow, at the time this manual was prepared, was to 216-A-25, but is 
limited to a maximum of 4100 gal/min by hydrology restrictions. Excess 
cooling water is routed to the B Pond. · 

The radionuclide content of this stream ~outinely meets Manual 
Chapter 0524 Table ·rr guidelines (Ref. 2). Howev_er, if diversion of the 
stream is confirmed, a process shutdown is initiated immediately as the 
retention basin is filled in only 3 to 4 hours at normal process flow 
rates. The liquid in the retention basin is sampled, analyzed, and then· 
pumped to .the pond or back··into the building for evaporation as dictated 
by the radionuclide concentration. · · 

4.8.2.3.2 Chemical Sewer 

The chemical sewer system collects AMU waste, noncontaminated floor 
drains and vessel coil waste, overflow from TK-U8, water demineralizer 
regeneration ._wast~s, and vacuum fractionator ~nd nonprocess steam conden
sate. These streams are collected in header 8819, located on the north 
side of the Purex Building, and drain to 216-B-3 via the 216-A-29 ditch. 
Stream sampling using a proportional sampler and continuous monitoring 
for gamma activity is performed via manhole #4. If the radiation exceeds 
release limits, an alarm i's set off; the stream is automatically diverted 
to the 216-A-42 lined retention basin, and a sample is automatically 
taken for verification analysis by the laboratory (Ref. 19). As in the 
case of cooling water diversion, the process is shut down and the liquid 
is pumped to the pond or back into the buildirJg for evaporation as 
dictated by the radionuclide content. 

The radionuclide content of this stream also routinely meets Table II 
guidelines (Ref. 2). However, the release of chemicals to the ground from 
the Purex Plant (primarily in the chemical sewer and process condensate 
wastes) and other 200 Area op~rations has resulted in groundwater nitrate 
concentrations that exceed drinking water standards beneath part of the 
reservation, as discussed in Section IV.1.6 of Reference 20. There is no 
evidence of significant migration or environmental impact of other industrial 
chemi ca·l s discharged vi a the chemical sewer. 
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4.8.2.3.3 Steam Condensate 

Steam condensate from concentrate~ tube bundles, cooling water from 
high-risk vessel coils,* and the fuel element storage basin overflow and 
jetout streams are collected by headers 8824W and 8824R. These headers, 
located on the south side of the Purex Building, drain into a catch tank 
located centrally between 8824W and 8824R. Stream sampling and monitoring 
are performed in conjunction with pumpout of the catch tank via header 
88240 to Crib 216-A-30 where auxiliary sampling capability exists. A mag
netic flo\tmleter and a flow integrator/totalizer are used to-measure liquid 
flow. If the radioactivity exceeds release guides, an alann sounds and the 
steam condensate is automatically diverted to the 216-A-42 retention basin. 
There, ·the condensate is samp 1 ed, ana 1 yzed, and then pumped to the crib or 
back into the building for evaporation as dictated by the radionuclide con
centration. I11111ediate shutdown is not required in this case as the basin 
capacity allows about 24 hburs for problem identification and resolution. 
A nonnal process shutdown is required if a high radionuclide concentration 
is confirmed, however, as evaporation of significant quantities of diverted 
liquid at the maximum rate of about 75 gal/min interferes with routine 
plant operation . 

. 
Except for residual contamination in the 8824 headers· from previous 

tub~ bundle or cooling coil leaks, the radionuclide content of the 
stream routinely meets Table II guidelines (Ref. _2). The most contami
nated portion of the header is bypassed and data obtained during 1979 
operability tests indicate Table II guidelines will be met. 

4.8.2.3.4 Process Condensate 

Process condensates from the E-K4 concentrator and overflow from 
the E-J8 and E-H4 sample pots are collected in headers 7717 and 7718. 
These headers are located on the south side of the Purex Building, and 
drain to the 216-A-10 Crib. Equipment including a magnetic flo\tmleter 
with a flow integrator/totalizer, proportional sampler, and gamma monitor 
with alann and verification sampler is located in Building 216-A-525. 
The system is designed to facilitate tie-in with a proposed diversion 
system to 216-A-42 (Ref. 21 ) . 

. 
As described in Reference 22, three condensate streams (AAD, 3WD, 

and lUD) previously discharged directly to the 216-A-10 Crib are now 
recycled. As a result of these changes, the quantity of rad.ionucl ides 
released in the process condensate are, except for tritium, reduced by 
about a factor of 100. The 2UD stream, with a .flow rate of 2 to 3 million 
gallons/year, contains up to 17,000 curies of tritium but less than 
0.5 curie of combined fission product and transuranic radionuclides. 

* Tanks A3,' B3, C3, El, ES, FB, F15, Fl 6, Hl and JS. 
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Except for the tritium content, the radionucl i.:de content of the 2UD 
stream meets Table II guidelines (Ref. 2). Th.e radionuclide (except 
tritium) content of the lUD stream, which is discharged for short periods 
of 8 to 16 hours during startups and shutdown~, also meets Table II 
values when averaged over a consecutiv~ 12-month period. The total 
volume and radionuclide content of the lUD stream are approximately 5 to 
10% those of the 2UD. 

4.8.2.3.5 Ammonia Scrubber Waste Condensate 

Ammonia scrubber wastes from ammonia scrubbers in the dissolver cells 
and E Cell are routed to the E-F11 concentrator via TK"-F12' (Ref. 23). The 

··concentrated waste from E-Fll-1 containing essentially all of the radio
nuclides is sent to an underground storage tank. The ammonia-bearing 
condensate (ASD) from the E-F11 condenser drains to the 216-A-368 Crib via 
line T034. Stream sampling, radiation monitoring, and flow measuring/total
; zing are perfonned at the Caisson 295-AZ faci 1 i ty. If the radi cacti vi ty 
release guide is exceeded, an alann sounds, a verification sample is taken 
automatica11y for labora_tory analysis, and the· concentrator is shut down 
for evaluation (Ref. 23). 

· The condensate is lower in radionuclide content by a factor of 103 
for plutonium and up to 104 for specific fission products than the untreated 
ammonia scrubber wastes fonnerly routed to the 21-6-A-368 Crib. The AS'O 
vo 1 ume ranges from 4 to 6 mi 11 ion ga 11 ans annually, and c:onta ins 1 ess than 
300 curies of tritium and less than 5 curies of combined fission products 
and transuranic nuclides. Radionuclide concentrations in this stream are 
expected to be below Table II guidelines (Ref. 2) when averaged over any 
consecutive 12-month period. · 

4.8.2.3.6 203-A Area Discharae 

A new tank with gravity drain to TK-PS is:'installed to collect sump 
wastes, P Tank heating c.oil condensate, overflow from TK-15 (U03 Plant 
recovered acid storage), cooling water, and steam condensate from TK-P6 
via separate headers. The collection tank drain valve is closed when 
TK-PS is filled. The TK-PS solution is sampled, analyzed for uranium 
radionuclide content, and then pumped to the chemical sewer, back to Purex 
tanks in Kor E Cell for rework or to TK-F18 for transfer to underground 
storage tanks, the routing based on an evaluation of the analytical data. 
The collection tank drain valve is reopened and the cycle is repeated. 

4.8.2.3.7 French Drains 

The system consists of six separate units which formerly collected 
drainage from Trap Pit l, Trap Pit 3, cleaner and blower pit, AS sample 
pit, LINH truck apron, and the 291-A fan control house. The drains will be 
capped and liquid-level detectors installed prior to plant startup. No 
liquid is expected to accumulate in the capped units. However, any 
collected 1 iquid will be sampled, analyzed, and routed to the _ground or 
back to the process as dictated by analytical results. 
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4.9 SOLID WASTE DISPOSAL 

Solid wastes generated at the Purex Plant are divided into the three 
categories of nonradioactive wastes, low-level wastes and transuranic 
(TRU) wastes. Solid nonradioactive wastes contain no mixed fission produc:;,s 
nor transuranic nuc1ides as detennined by beta-garrma readings of less than· 
200 disintegrations per minute (dpm) per 100 cm2, and alpha readings of 
less than 20 dpm per 100 cm2, respectively'. Solid low-level wastes contain 

• greater than 200 dpm beta-gamma contamination per 100 cm2 and less than 
20,000 dpm alpha per 100 cm2. Solid TRU wastes contain, or are suspected 
to contain, more than 10 nanocuries of transuranic nuclides per gram of 
waste (nominally 20,000 dpm per 100 cm2). Collection and packaging of 

,tb . these wastes for disposal to various burial sites are descr.ibed below. 
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4.9. 1 Solid Nonradioactive Wastes 

Solid nonradioactive wastes consisting of ordinary trash originating 
outside of contaminated areas are collected in trash cans, plastic bags, 
cardboard boxes, etc., which are emptied into a dumpster. The waste is 
compacted to approximately one-third volume and buried in the Hanford Site 
centr~l sanitary landfill. 

Noncontaminated asbestos waste is double-bagged, wetted and labeled 
before being placed in. a separate dumpster designated "Asbestos Only. 11 

.;, 

4.9.2 Solid .Radioactive Waste 

Solid radioactive wastes generated in the Purex Plant consist primar
ily of failed or unusable equipment and other contaminated materials 
(i.e., tools, cleaning rags, plastic, and laboratory equipment). Solid 
radioactive wastes include low-level and TRU wastes as previously defined 
.in Section 4.9 and large waste items from the canyon, which may be either 
low-level or TRU waste. 

4.9.2.1 Solid Low-Level Waste 

Solid low-level radioactive wastes of small bulk are collected and 
placed in cardboard cartons or drums for shallow-land burial in a desig
nated area. Cardboard cartons are restricted to a maximum gross weight of 
40 lb of dry waste. Drums used for burial of solid low-level radioactive 
wastes are black with a black dome and meet the requirements of the Depart
ment of Transportation (DOT) Container Specification 17-H, Title 49, 
CFR 178.118, In 1972, approximately 16,000 ft3 of low-level waste from 
Purex was buried in the 200 East Area industrial burial ground. 

4.9.2.2 Solid Transuranic Waste 

Transuranic wastes of small bulk and relatively low levels of activity 
are.placed in 55-gallon drums of distinctive colors to identify the type 
of waste contained. Low-level combustible TRU waste containing less than 
1/2-grarn of transuranic nuclide per drum is placed in black drums with 
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silver domes; combustible waste containing more than 1/2-gram of transuranic 
nuclide per drum is placed in black drums with yellow domes; noncombus
tible TRU wastes are placed in red drums with red domes. These drums, 
which also meet DOT Container Specification 17-H, are placed in 20-year 
retrievable storage in the 200 West Area. In 1972, approximately 6700 ft3 
of transuranic waste was transferred from Purex to retrievable storage. 

4.9.2.3 Large Canyon Solid Waste Items 

Items of failed process equipment that are too large, too bulky, and 
too radioactive to be removed from the plant in the immediate future are 
put on old railroad flatcars and moved into the Purex equipment Burial 
Tunnel 2 (218-E-15) for indefinite-term storage. The failed equipment 
·pieces are thoroughly flushed to reduce the plutonium content to less than 
15 grams as indicated by· analyses of successive flush solution samples 
prior to removal from the canyon. 

Large waste items from the canyon f:or immediate disposal are placed 
· in wood, concrete, or metal b6xes and buried in a 200 East Area burial 
ground. Smaller process equipment items or other highly radioactive solid 
canyon wastes are collected in a large carbon steel container that, when 
full, i~ placed in a concrete container with a lid and buried in a 200 Area 
burial ground. These burial boxes may be constructed for 20-year retriev
able storage of TRU wastes. 

4.9.3 Monitoring of Solid Waste 

Solid waste effluents (excluding those that are intensely radioactive 
and handled remotely) are monitored by beta-garrma and alpha instruments to 
determine radiation levels. A neutron monitor is used to measure pluto
nium in dry waste containers to determine whether the waste is to'be dis
carded of reprocessed for plutonium reclamation. The plutonium mass upper 
limit is 200 grams for an individual drum to be buried for 20-year retriev
able storage. 

4.9.4 Solid-Waste Disposal Process Safety and Criticality Prevention 

The safety precautions listed below are observed when handling radio
active and/or nonradioactive solid wastes: 

. • Only the waste type specified is placed into a particular 
container. 

• Materials soaked with acid or oxidizing agent are thoroughly 
rinsed several times, wrung dry, and. placed in a plastic bag, 
which is closed with tape pri~r to disposal. 

• .Incompatible materials (oxidizing and reducing agents) are not 
placed in the same containers. 
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• Each container is lined with plastic to protect against cor
rosive wastes. 

• Uncontained liquids are not praced into the waste containers. 
Any liquid present is isolated from the waste container liner 
and sufficient absorbent is placed within the container to 
absorb spillage. 

t Items with contamination which could easily become airborne are 
contained within a package before being placed in a waste 
container. 

• Operators wear a full face mask while compacting radioactive 
waste. 

• Waste cartons are limited to a 10 mrad/hr dose rate at contact . 

1 Waste drums are limited to a 200 mrem/hr dose rate at contact . 

• Waste containers are stored away from heat sources. 

• Portable fire extinquishers or installed sprinkling systems are 
available in waste carton storage and loading areas. 

· The following criticality prevention specifications apply to TRU 
waste containers (Ref. 12): 

• Miscellaneous Scrap Wastes 

a) Wastes which contain only small quantities of plutonium 
(such as wiping rags used for decontamination, rubber 
gloves, and nonabsorbent materials) .shall be handled, 
stored, and transported in a con·tainer limited as follows: 

Array Limit 
Container Mass Limit L X W X H 

- 30-gal drum l 00 grams 00X00X 3 
250 grams 00X00·X 1 

SO-gal drum 200 grams a::i X a::i X 2 
250 grams = X = X 1 

b) No waste containers containing greater than 200 grams of 
plutonium shall be transported to the burial ground. 

, Miscellaneous Failed Equipment - Burial Boxes 

a) Any hydrogenous material (other than the hydrogenous mate
rial used in the construction of the equipment), shall be 
physically segregated from the equipment pieces and shall 
contain less than 15 grams of fissile material. 
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b) Only those materials known to contain less than 15 grams of 
plutonium shall -be added to burial boxes that contain failed 
tube bundles which may conta,n' plutonium. 

c) The total plutonium content of a burial box shall be less 
than 250 grams. 

• Burial Tunnel 

The total plutonium content of equipment placed on a rail car to 
enter the burial tunnel s ha 11 ·be restricted to the same l i mi ts 
imposed upon a burial box (250 grams). 

4. 10 PRODUCT LOADOUT AND SHIPMENT 

The Purex uranium, plutonium (see Subsection 4.10.2.1 ), and neptunium 
products are acidic n.itrate solutions which are loaded into containers 
suitable for shipment to other facilities foi further processing. The 
procedures and facilities for loading and shipping concentrated product 
solutions are discussed in this section. Urariium and plutonium concen
tration is covered in Section 4.5 and Chapter; 7.0, and neptunium final 
purification and concentration in Section 4.6' and Chapter 8.0. Additional 
details of the loadc5u_t hoods, product tanks, and other equipment are pre
-sented in Chapters 2. O and 3. a. 
4. 10. l Uranium Product Handling 

Uranium handling processes include storage and shipment of UNH prod
uct from Purex Plant, receipt and rework of UNH waste from the U03 Plant, 
and receipt of nitric acid (slightly contaminated with uranium), which is 
recovered at the U03 Plant. · · 

4.10. 1. 1 Uranium Product Facilities 

The 203-A facility, which is used to receive and store UNH and nitric 
acid, is located north of the 202-A Building. The flow diagram, Fig-
ure 4-17, illustrates the UNH storage area eq~ipment and process routes. 
There is a ·great deal of built-in solution transfer flexibility in the UNH 
storage area. Valve manifolds provide for receiving product in any tank, 
for transferring to Purex from any tank, for transferring to the shipping 
trailer from any tank, for any tank-to-tank transfer, and for "recirculat
ing" through any tank. 

Four 100,000-gallon-capacity storage tanks, designated Tanks Pl 
through P4, together with the- .TK-P6 waste rework tank, pennit segregation 
of UNH batches according to enrichment (U-235:content) and/or product pur
ity. All of the tanks are enclosed by concrete dikes which control the 
spread of liquid spill~. 

4-176 



·~Jt(,i.'·' 
N~' 
O"•,. 
}~~-

I~ 

u~ 
f~.· 
·~·~~.i 
N,=:, .. 

'1!011 
lAHl CAA 

---------'..'~·-, 

RHO-MA-116 

2111 A SlOUGl AIIIA !JICl.DSUIE ~-----------------,----
' VOii I 
I I 
I 

II Pl 

I 

1--------
V(NT 

II PZ 

V(III 

"#ASIE 
,u11,t-

---- -- - -- - -----------, 

nc P! 

PC SUM' 

P! -,~,------~, 

UNH 
FIIOMll-t<6 

"'° ;J6, ACID T.U.. CAI 
:JHlOAOING 

UNH ,_AIIP 1.DADING 
,1,NO UJII.OADINC 

1JPvt l'IIAILfR UNLOADl~C 
~!WOil TO II•~ 

FIGURE 4-17. 

"'I' ,. 
l'IJ•Z 

er a 

!tl Tl•u5 

1 
;i? ,UMP , 

----------------------------~ ~CP?909• I 51 

203-A UNH Storage Area Process Piping and Flow Diagram. 

4-177 



~"f; 

~-..;· 

,&,;; 

RHO-MA-116 

Acid handling facilities for unloading nitric acid recovered from the 
U03 Plant consist of the railroad tanker unlo~ding station, including a 
centrifugal pump, two 7300-gallon receiving tanks (TK-13 and 14) operated 
with open inlet and drain valves to maintain equal liquid levels in each 
vessel, a 13,800-gallon storage and supply tank (TK-15), and two pumps for 
supplying the 202-A U03 acid header 7530 to TK-US. The three tanks are 
located in the TK-P4 enclosure. 

In.the TK-P2 enclosure is a 14,000-gallori stainless steel tank (TK-P6) 
for storing and concentrating UNH, and routing UNH solutions back to the 
process in K Cell for rework. Tank P6 is equipped with an off-gas treat
ment system consisting of a condenser, de-entrainer, filter, and steam 
.ejector. Condensate from TK-P6 concentration-and sump solutions from the 
·-basins -are collected in a new collection tank and TK-PS, also located in 
the TK-P2 enclosure. 

The trai.1ers used for transfer of UNH between Purex and the U03 Plant 
are enclosed stainless steel tankers with self-contained unloading pumps. 

-Nominal tanker capacity is 3000 gallons, but they are normally loaded to 
about 2800 gallons. The tanker is loaded only when coupled to a tractor. 
as the trailer landing gear was not designed ~o support a tanker full of 
UNH. A drawing of a shipping tanker, including liquid transfer lines, is 
shown in Figure 4-18. - '· · 

4. 10.1.2 -Uranyl Nitrate-Hexahydrate Product Storage and Shipoing 

The uranium product stream rrom Purex solvent extraction is accumu
lated in TK-K6 as a solution of UNH. In composition, this solution has a 
moderately high concentration of uranium, is slightly acidic, and slightly 
radioactive. Uranyl nitrate-hexahydrate solution in storage is maintained 
at a temperature between 45° and 65°C. Heating is necessary because the 
UNH content of the solution raises the freezing point significantly above 
that of water. 

Uranyl nitrate-hexahydrate solution is pumped from any of the 203-A 
storage tanks to semitrailer tankers for shipment to the U03 Plant. The 
loading is accomplished by pumping from a selected storage tank, through 
one of the pumps (Pl or P2) in the 203-A Building, to the loading dock, 

-and from there through a flexible connector to the trailer. The loadout 
system provides for automati'ca lly stopping the transfer when the required 
batch is metered. As a backup control, the transfer is automatically 
stopped if the liquid level becomes high enough to contact two electrodes 
near the top of the tanker. Standard operating procedures proviqe for the 
transfer to be stopped at a predetermined weight factor drop in the source 
storage tank. · 
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A general outline of storage tank and trailer conditions that must be 
maintained, and the operating steps involved.in loading UNH tank trailers, 
are as fol lows: 

1 Uranyl nitrate-hexahydrate storage tank temperatures are main
tained between 45° and 65°C, and loading is scheduled ~o that 
the loaded trailer does not stand long enough to cool before 
delivery to the U03 Plant. 

, A minimum heel of 20 inches (6500 gallons) of solution is left 
in the storage tank when pumping out ·to prevent loading of 
organic. 

t The trailer hookup_for UNH loading is shown in Figure 4-18. 
Overflow alann circuits are tested before starting liquid trans
fer to the trailer. 

• The batch controller is set for 2800 gallons, and the pump valves 
are opened. The batch controller stops the pump when the trans
fer is complete. 

• A DOV controller which regulates the flow rate is set once the 
pump is started. The DOV is closed when the transfer is complete. 

, The trailer lines are disconnected and the vent valve is closed. 
The load-in well is flushed with water and drops or leaks are 
cleaned up. 

4. 10. 1.3· Unloading Uranium Oxide Plant Nitric Acid and Waste 

During calcination of UNH to uranium oxide at the U03 Plant, large 
quantities of gaseous nitrogen oxides are given off (about 4450 ft3 of gas 
per ton of uranium processed). These oxides are recovered as 50 wt% nit
ric acid by absorption into a countercurrent water flow in a bubble-cap 
tower. This recovered acid, which contains about 0.1 lb of uranium per 
gallon, is received at the 203-A Building in ·railroad tank cars containing 
approximately 7500 gallons for reuse in the Purex process. 

The general procedure for unloading a tank car of recovered acid is 
OU t 1 i ned be 1 ow : 

• The receiving tanks (13 and 14) must contain a minimum liquid 
level (8-12 inches) before unloading the car. 

, A stop sign is attached to the ran car and chocks are placed 
under the whee 1 s . -

• A flex line is attached between the car nozzle and the tank mani
fold, and the valves listed in the appropriate operation procedure 
are opened. 
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1 The PS unloading pump is primed by backfilling the line with 
water until fumes exit the tank car vent ~alve. 

1 The PS unloading pump is started and a manometer check of 
Tanks 13 and 14 is made. 

1 When the car is empty, a volume material balance is made and the 
flex line is disconnected. 

1 A sample of the acid is taken in Tanks 13 and 14 for uranium and 
specific gravity analyses before being recycled to the Purex 
process . 

-,·''· Uranyl nitrate-hexatiydrate waste solutions collected at the U03 Plant 
are received at the 203-A Building _in the trailer ta!'lkers. The UNH waste 
is reworked to meet process specifications, then is returned for calcina-
tion to U03. The unloading operation at the 203-A Building consist~ of 
connecting a flexible unloading line to the unloading pump in the trailer 
dome, connecting the pump motor to the power supply cable in the unloading 
dock, and pumping the so 1 utfon to TK-P6. The routing is shown in Figure 4-17. 

When the trailer pumping is completed, the trailer is water-flushed 
to TK-P6, disconnected from the unloading line and closed. 

The waste receiving procedure is similar to the UNH loading proce~ure. 

• Tank P6 must contain less than 10,000 gallons before pumping out 
-the UNH truck. 

• The TK-P6 coil steam is turned off, the coil is air blown, and 
coil cooling water is turned on to cool TK-P6 to 70°C. 

• The TK-P6 off-gas system and condenser remain in operation 
during the transfer with the condenser (E-P7) condensate routed 
to TK-P6. 

• Air to the TK-P6 air sparger is turned off and the weight fac
tor/specific gravity read1ngs are record~d. 

• A flex line connection is made between the trailer unloading 
pump and the receiving line to TK-P6. 

• The tank trailer contents are pumped to tK-P6. 

• The final TK-P6 weight factor/specific gravity readings are 
recorded and a volume material balance is completed. 

• Tank P6 temperature is adjusted to 45° to 65°C unless concen
tration is ~equired; air to the tank air sparger is turned on. 
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4. 10. 1.4 Uranyl Nitrate-Hexahydrate Waste Rework 

Tank P6 is used for the concentration of U Plant and 203-A Area 
uranium-bearing waste to the Purex process feed specification. This tank 
can also be used for the vaporization and hydrolysis of organic that may 
be present in the uranium waste. 

Tank P6 is a 14,000-gallon, steam-coil heated, "bathtub-shaped'' tank 
vented to the E-P7 condenser. The E-P7 condensate may be routed to the 
PS waste tank via the collection tank when waste concentration is desired, 
or may be returned to TK-P6 as reflux . 

Uranyl nitrate-hexahydrate waste which may contain process solvent is 
boiled under reflux for an extended period of time prior to processing. 
This operation eliminates any organic present by vaporization and hydrolysis, 
thus removing the potential for formation of 11 red oil. 11 This mixture, a 
po ten ti ally explosive combination of TBP, nitric acid, and Ui~H, is reactive 
only at temperatures above 135°C. For this reason, there is a maximum tem
perature limit of 130°C for the TK-P6 operation. 

The route for returning rework LINH to the process system is an under
ground 3-inch pipe fr9m the 203-A pump pit to a gallery wall nozzle in 
K Cell. In-cell and hot pipe trench connections are available to route 
the material to first-cycle (TK-E6) or to second-cycle·feed (TK-K1). Re
work UNH may be transferred to the extraction process from TK-P6 or. any 
of the product storage tanks. Transfers to process are frequently made to 
provide cold feed for plant shutdown or startup, and sometimes for pluto
nium dilution. The necessary valves are set up by inspection, making sure 
that a11 other systems are isolated, and that no other transfer is in 
progress. 

General guidelines for the waste concentration operation are: 

• Tank P6 contents must not exceed a temperature of 130°C and a 
specific gravity of 1.58 at 108°C to prevent precipitation. 

t Full flow of cooling water is turned on to the condenser. 

• Condensate is routed to TK-PS via the collection tank. 

• The tank contents are heated to boiling with steam on the TK-P6 
coil. 

t When a specific gravity of 1.54 at 108°C is reached, the concen
trate is cooled and sampled for uranium, specific gravity, gamma 
scan, nitric acid a~d total metallic impurity (emission spectro
graphic) analyses. 
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Uranium waste is sometimes refluxed in TK-P6 for a period of 3 weeks 
to remove organic. The reflux operation differs from concentration in the 
following ways: 

• The condensate is refluxed totally to TK-P6. 

• Liquid level and specific gravity will normally remain constant. 

• Tank P6 contents are sampled for uranium, nitric acid, and visual 
(organic detection) analyses after 1 week. 

The tank contents are then cooled to 4s~c before transfer to either 
Tank Kl or E6, and the air sparger is turned off. 

4. 10. 1.5 Uranium Product Handling Safety 

Compared to the upstream process systems in Purex, the 203-A facility 
processing is relatively simple. The UNH and recovered acid handled in 
this facility are sufficiently decontaminated to permit contact operation 
of the equipment. However, both streams are corrosive and are mildly 
radioactive liquids which must be confined iri tanks and transfer lines. 

In addition to the potential hazards of chemical burns, thermal burns 
from steam and hot liquids, and radioactive contamination, there are other 
items to consider during UNH trailer loading: 

, Care should be taken to prevent falls when climbing and working 
on the trailer catwalk. 

• In the event of a UNH spill on the loading pad, the liquid must 
be returned to storage via the pad sump pump. 

• A tank may be loaded only when coupled to a tractor. The trailer 
landing gear is not designed tci suppo~t a tanker of UNH. 

• The normal minimum heel in a UNH storage tank is 20 inches. 
Heel solutions are recirculated and sampled to determine if 
organic is present prior to loading to the trailer to reduce the 
risk of transferring organics to the U03 Plant concentrators. A 
second sample from the loaded trailer is also inspected for 
organic. 

In addition to previously mentioned safety aspects of U03 Plant acid 
unloading, two further safety measures must be taken when a railroad car 
is spotted for unloading: 

• The car wheels must be chocked. 

• The car must be flagged with a rail-mounted sign between the car 
and the railroad gate to the north. 
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The chocks and sign must remain in place as long as the unloading line is 
connected to the car, or as long as personnel !are working on or around the ,, 
car. 

4. 10.2 Plutonium Product Handling 

Concentrated plutonium nitrate product from the third plutonium cycle 
product receiver is handled in the product removal (PR) room, which con
tains specially designed vessels for nuclear ~afety. In the PR room, 
product is sampled to assay the solution before loadout into plutonium 
containers, or to reroute plutonium-bearing liquids for rework through 
solvent extraction. 

4. 10.2. l Product Removal Room Facilities 

The flow diagram, Figure 4-19, illustrat~s the PR room equipment, but 
more detailed equipment descriptions are given in Chapter 3.0. A concen
trated product solution of plutonium nitrate is received fn the PR room· 

·· from the• third plutonium cycle concentrate receiver (TK-LS). There are 
two product receiving and sample tanks in the'PR rootn glovebox-es. As 
originally installed, these were identical horizontal cylindrical vessels 
of about 14-gallon capacity. One (TK-L9) has :been replaced with a 10.5-gal
lon tank constructed of three 5-inch-diameter,vertical cylinders connected 
together at the top and bottom by crossover pipes, and equipped with an 
improved system for blending, sampling, and measuring solutions. The 
other (TK-LlO) is no longer in routine use. · 

Tank Lll, a 25-gallon-capacity, three-cylinder vessel, has a dual 
function. It is operated as a vacuum receiver for the motive steam jet 
used in tank-to-tank transfers, and also serves as a ·sump waste and rework 
receiver. The jet discharges into a wafer-cooled condenser (E-Ll'2), where 
the jet steam is condensed and the condensate-is routed to the backcycle 
decanter (TK-FlO). A second jet is used for liquid transfers to TK-E6. 
The jet motive fluid can be either 3AS solution from TK-211 via the pump 
at TK-151, or Cd(N03)2 solution from TK-151. Rework sampling is done by 
pumping solution out of TK-Lll, recirculating it through a three-way 
valve, and returning it to the top of the tank. Tank Lll and Ll2 condenser 
are located inside the glove hood. 

A vertical~ glass, graduated product measuring tank (TK-Ll3-10), 
which holds up to 9 liters, is included in the product loadout hood. The 
loadout hood also contains a PR can holding bfacket and a loadout head. 
The holding bracket swings outside the hood td provide easier movement of 
the PR can. The loadout head rests in a drip cup when it is not being 
used. When a PR can is_ in place, the head can be remotely lowered onto 
the mouth of the can with the- hood door closed. 
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At the time this manual was prepared, plans were being made to con
vert plutonium nitrate to oxide prior to shipment from the Purex Plant, 
thus eliminating further use of this loadout hood. However, neither the 
conversion process nor equipment design had been resolved. 

4. 10.2.2 Plutonium Transfers to PR Room 

During operation of the third plutonium cycle, the product receiver 
tank, TK-L8, will periodically fill with overflow solution from the prod
uct concentrator, E-L7-l. This solution .is tran~ferred to TK-L9 for 
sampling prior to loadout when the volume re~~hes 31-32 liters. The 
transfer operation is outlined as follows: 

• It is determined that TK-L9 heel plus TK-L8 contents will not 
exceed 38 liters to assure that the TK-L9 ~apacity of 40 liters 

- is not exceeded. 

• A check of PR room valve positions is made. 

• It is determined that coo 1 ing water is flowing to the "E-L 12 
condenser. 

• Steam to the TK-Lll vacuum jet is started. 

• The TK-L9 to TK-L 11 v"a 1 ve is opened to generate vacuum in TK-L9. 

• The TK-L8 inlet valve is closed to yent TK-L8 to the vessel vent 
system. 

• The TK-L8 to TK-L9 transfer valves in the TK-L9 hood are opened. 

The pressure differential between TK-L8 and TK-L9 will cause the 
solution to flow to TK-L9. A maximum liquid level- (weight factor) indica
tion is established for TK-L9, and must not be exceeded. Ending the 
solution transfer is accomplished by closing the valves which were opened 
in essentially the reverse order of the steps listed above. 

As soon as practical, a material balance is made to determine that 
the solution volume received in TK-L9 and the;TK-L8 dropout are equal. It 
is possible for material to be pulled into TK-Lll. Material lost from the 
system should collect in canyon Sump SLL and Sump SLD located beneath 
TK-Lll. • 

Tank Lll also serves as a receiver, sampling point, and batch trans
fer vessel for returning plut9nium-bearing rework solutions to the process. 
These solutions may include production material which fails to meet speci
fications, flush materials generated in the solvent extraction area, or 
sump collections within the L Cell - PR area. 
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Solutions can be transferred to TK-Lll from the following locations: 

1 SN Sump (from N Cell hood) 

1 SNA Sump (from N Cell hood) 

1 SLL Sump (L Cell sump) 

1 SLK Sump ( K6 and L 1 sec ti ans of ce 11 ) · 

• SLD Sump (under TK-Lll) 

1 Tank LB (line from TK-LS to TK-Lll is usually blanked) 

1 Tank L9 (usually plutonium product solution for rework) 

• Tank LlO (usually flush or dilute product solution for rework) 

1 PR can (via the loadout hood slurp line) 

1 Loadout hood Ll3-10 Sump (small trench in bottom of hood emptied 
by a slurp line) 

The principal step~ in effecting these transfers are: 

• Tank Lll is· isolated from the vessel vent system. 

• Steam to the TK-Lll vacuum jet is started. 

1 The TK-Lll vacuum controller is adjusted to procedure values. 

1 The transfer· valve in the suction line from the appropriate 
transfer location is opened. 

4. 10.2.3 Product Sampling 

Plutonium product sampling and analyses are the basis for determining 
the specific gravity and quality of plutonium solution produced. Values 
determined at this final plutonium measurement point at Purex are compared 
to plant input statements and also to reactor output calculations. The 
sample results are also important in the planning of plutonium oxide proc
essin~ operations to fulfill customer requirements. 

As soon as the 32-liter batch of product from iK-L8 is received in 
TK-L9 (as described in Subsection 4.10.2.2) and TK-L9 is back on the 
vessel vent system, the TK-L9 agitator lifts solution in the center cylin
der of the tank, and causes solution to flow to the outside cylinders 
through the crossover pipes. This recirculation, which mixes the solution 
so a homogeneous sample can be taken, lowers the liquid level in the outer 
cylinders. A drop (at least 5%) in the indicated liquid level is the best 
evidence of proper circulation. 
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At the end of the prescribed agitation period, the sampler recir
culation jet is started with the agitator running. The sampler jet can 
also transfer TK-L9 solution to the 3AF Tank (TK-L3) for product rework. 
The sample is delivered to the sample container, a one-ounce plastic 
bottle, by rotating the valve plug (ball) in 90° increments until the 
required sample volume of approximately 15 mt is obtained. The sampler 
valve delivers about 2 mt with each increment. 

A general outline of the sampling procedure is as follows: 

, The sample is scheduled to be taken immediately after the TK-LS 
to TK-L9 transfer. 

, A check is made to see that the sample line valve to TK-L9 is 
open and the rework 1 i ne va 1 ve to TK-L3 is. c 1 osed. 

·, The TK-L9 agitator is started and, after 10 minutes of agita
tion, circulation through the sampler line is started. 

t The four-way sampler valve is rotated after circulating sample 
solution for 10 minutes to obtain a 14- to 16-mi sam~le in 2-mt 
increments. 

t When sampling is complete, the air to the sample jet and the 
TK-L9 agitator is turned off. 

4. 10.2.4 Product Loadout 

Although a seemingly simple job, loading plutonium nitrate into ship
p~ng vessels requires approximately 70 operating steps executed in the 
proper sequence to minimize the potential for .nuclear or radiation haz
ards. The key requirements for general safety and criticality prevention 
are described in Subsection 4.10.2.6. The loidout procedures are also 
designed to maximize precision in measurement of product inventory. 

The purified plutonium nitrate is measured out in 8-liter batches 
into weighed stainless steel bottles called PR cans. Figure 4-19 illus
trates this process routine. The product batch is vacuum-transferred to 
the PR can loadout head tank (TK-Ll3-10). Each batch is then gravity-fed 
into a waiting PR can positioned in the loadout hood. The PR can is then 
sealed, decontaminated as required, weighed, placed in a protective jacket, 
and stored for subsequent shipment from Purex. 

The PR cans are weighed both before and after being filled with solu
tion. The weight difference divided by the solution specific gravity and 
multiplied by the plutonium concentration obtained from a sample of the 
loadout volume gives the quantity of plutonium tr.ansferred. 
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A general outline of the loadout procedure is as follows: 

• Pre-1oadout equipment operability, supply availability and 
radiation survey checks and inspections are made. The TK-L13 
and TK-Lll valving is checked. 

• A vacuum is drawn in TK-Lll. 

• The loadout head drip cup is emptied and rinsed. 

• A empty PR can is brought into the PR room and removed from its 
jacket with the lifting yoke. 

• The empty can is placed on the scales with the hoist and weighed . 
The tare weight is checked against the recorded value for the 
particular PR can. The can is not used if the tare weight is 
not within preset limits . 

• Checks on scale accuracy are perfonned by weighing the can plus 
a 10 kg ch~ck weight. 

. ; 

• The -PR can withbut. the lid is placed in the loadout hood and all 
necessary equipment is checked for proper position. 

• A vacuum is placed on TK-L13-10 and 8 liters of product solution 
are added to TK-Ll3-10 from TK-L9. 

• The 8 1 i ters of solution in TK-L 13-10 ar_e transferred by gravity 
to the PR can. 

• The lid is replaced on the loaded can, which is then removed 
from the loadout hood and weighed. 

• The loaded can is placed into its jacket; the jacket lid is 
secured, and the assembly is moved to the PR corridor for tem
porary storage .. 

• When the last PR can has been loaded, the TK-Lll vent-vacuum 
switch is turned to vent the tank. 

4. 10.2.5 Product Rework 

Concentrated plutonium nitrate solution is periodically transferred 
to the HAF makeup tank (TK-E6) for rework. Tank Lll is the collection 
vessel for the various plutonium rework solutions, which include liquid 
from the PR room and Land N Cell sumps, out-of-specification product, _and 
flushes from T-L6 and E-L7-l. More detail on the origin of these liquids 
is given in subsection 4. 10.2.2. 
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The transfer operation is initia•ted after TK-Lll has been sampled and 
analyses have been received. The maximum volume of TK-Lll solution that 
may be transferred to TK-E.6 without exceeding criticality prevention 
specifications is calculated, and it is determined whether cadmium nitrate 
solution must be used for the jet mixture fluid. A 5% nitric acid solution 
may be used for jetting if the plutonium concentration is less than 60 g 
Pu/gal. Solutions with high plutonium concentrations must be diluted to 
below 760 g Pu/gal prior to transfer to TK-E6. The special liquid transfer 
jet provides a flow dilution ratio of greatef than 2.7:l. At the conclu- · 
sion of each transfer, the route is flushed with jet solution for 2 minutes, 
followed by a 10-minute air purge . 

.,,•:.--,· The sampling method for liquids in TK-Lll is nearly identical to that 
--for TK-L9 sampling. The difference is that an electric recirculation pump 
is used in TK-L11 instead of a jet and a long_~r reci-rculation time (1 hour) 
is required due·to the larger size of TK-Lll.' Sampling involves recircu
lating the tank contents through a four-way v'alve which is rotated 90° to 
drop the valve port contents into a sample bottle. 

A general outline of the transfer-to TK-E6 is as follows: 

• Tank E6 is sampled and analyzed for.I plutonium and uranium if the 
concentrations cannot be closely estimated from other sources. 

• Before transfer, both agitators in TK-E6 must be operating; a 
TK-E6 v.ol ume greater than 2000 ga 11 ens with at 1 east 1 lb of 
uranium per gallon is required, and no other transfers into or 
out of TK-E6 can.take place. 

• The motive fluid supply to the TK-Lll transfer jet is opened and 
the motive fluid pump is started. 

• When transferring solution with less than 60 g Pu/gal, 3AS 
solution is routed to the motive fluid pump. Other.vise, the 
motive fluid is cadmium nitrate solution: 

1 When the jet motive fluid pressure is up to 75 psig, the TK-Lll 
to TK-E6 transfer valve is opened. 

1 The transfer is terminated by closing the transfer valve, turning 
off the pumps, and air blowing the transfer line for 10 minutes 
with an indicated 30-psig pressure air. 

Another rework transfer sometimes made is the recycle of plutonium 
solution from the product sampling tank (L9) to the 3AF tank (L3). This 
transfer may be desired for a variety of reasons, including rework of 
contaminated product, concentration of dilute product, or for equipment 
testing. 
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The procedure involves valving the TK-L9 sampler recirculation line 
to TK-L3 and starting the TK-L9 air sampler jet. When the designated 
volume of TK-L9 solution has been jetted to TK-L3, the jet is stopped and 
the TK-L9 hood valves are turned to their original positions. If required, 
the transfer line may be flushed with 10% nitric acid afterward. Since 
recycling plutonium to the third plutonium cycle will normally increase 
the plutonium concentration in the process feed stream, the flow rates of 
other streams in the third plutonium cycle must also be increased. 

In the case of the TK-L9 to TK-E6 transfer, the rework plutonium is 
transferred from a geometrically favorable to a geometrically unfavorable 
tank. A number of administrative and equipment controls are required to 
prevent criticality. These controls are covered in the following section. 

4.10.2.6 Plutoni·um Handling Criticality Prevention. 

All equ.ipment in the PR room is designed to be geometric~lly favor
able for the. plutonium concentrations normally encountered. Equipment 
design is discussed in detail in Chapter 3.0. Administrative criticality 
prevention controls are covered here. 

4. 1 0. 2. 6. 1 Tanks L9 and L 11 

In the interest of criticality prevention, a number of restrictions 
are placed on the TK-L9 operaton. · The limits include total mass, concen
tration, volume, and liquid level. This information must be known through 
sample analyses- and volume measurements. The following- restrictions apply 
to transfers into TK-L9 and from TK-L9 to TK-L11 (Ref. 12): 

•· The maximum a11owab1e plutonium concentration in solutions in 
Tanks L9 and Lll is 1700 g/gal. 

• The Tank L9 and Lll concentration limit also applies to the SLB, 
SLC, SLD, SLE, SLF and loadout hood sumps. 

• To prevent polymer formation, a minimum nitric acid concentra
tion of 1.0M is required whenever the plutonium concentration is 
more than 190 g/gal and the solution temperature is less than 
80°C. 

• The combined volume of TK-Lll and SLD Sump shall not exceed 
23.25 gallons. 

t The maximum depth of solution in PR room sumps measured from the 
lowest point shall be 2 inches. 
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• The as-built arrangement of PR room equipment and p1p1ng shall 
not be changed without prior review .and approval by the Manager, 
Cri ti ca 1 i ty Engineering· and Analysis:. 

• The SLD, SLF, SLE, and SLB Sump drain lines to SLL Sump in the 
canyon shall be open. 

When sampling TK-L9, extreme care is taken to assure that the sampler 
is properly valved, since the sampler system ~s used for transfers to 
TK-L3. The transfer of large amounts of plutonium product solution to 
TK-L3 without· prior third plutonium cycle flowsheet adjustment could 
result in serious criticality prevention problems. 

·4.10.2.6.2 Product Rework, Tank Lll to Tank ES Transfer 

A number of criticality preventi.on specifications apply to TK-Lll 
operations. Solution plutonium concentrations must be known through 
sample analyses, and solution volumes and lev~ls known to comply with the 
specifications. The limits listed in Subsectton 4.9.2.6.l concerning, 
TK-Lll and sumps apply to TK-Lll sampling and ·transfer operations. 
Additional limits are as fqllows: 

• The maximum sample size is 500 mt, unless the. plutonium con
centration is <23 g/gal, in which case, the maximum volume is 
4 1 i ters. 

• The maximum quantity of plutonium allowed in any sample is 
200 grams. 

,. For transferring TK-Lll solutions, >0.2M HN03 may be used as the 
jet motive fluid for plutonium concentrations of <60 g/gal. 
Cadmium nitrate solution with concen,trations of ~23M Cd(N03)2 
and >O.SM HN03 must be used for transfer of plutonium solutions 
with concentrations from 60 to 760 g/gal. 

• In no case may solution containing rriore than 760 g Pu/gal be 
transferred from TK-Lll to TK-E6. Higher concentrations must 
first be diluted to below 760 g/gal in TK-Lll with dilute nitric 
acid, before transferring with cadmium nitrate solution. 

• The jet pump will not operate if the AMU tank (TK-151) weight 
factor falls below 17, or if the cadmium nitrate concentration 
is.less than 0.27M (65 g/7..). If only dilute nitric acid is 
being used as motTve fluid, the cadmium nitrate low concentra
tion cutoff must be_ bypassed. 

The principal safety issue requiring attention when transferring 
plutonium nitrate from TK-Lll to TK-E6 is the potential for adding too 
much plutonium to the geometrically_unfavorabl~ ES Tank. Also, the pluto
nium concentration in. TK-E6 must be maintained below 23 g/gal (or the 
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equivalent reactivity in the presence of cadmium) to assure safety in the 
event of leaks in the transfer line which could route solution to other 
critically unfavorable locations. Several procedural and equipment design 
controls are imposed to assure criticality prevention in TK-E6: 

• Tank E6 is limited to a maximum plutonium content of 15,000 grams. 

• The maximum allowable ratio of plutonium to uranium in TK-Hl is 
2300 grams of plutonium per ton of uranium. Tank E6 solution 
with a higher plutonium-uranium ratio must be diluted with 11 cold 
feed. 11 

• Two agitators are installed in TK-E6 to preclude an unsafe 
accumulation of plutonium in one location within the tank. 
The agitators are interlocked with the TK-Lll transfer jet so 
that the jet pump cannot be started unless both agitators are 
operating. 

• Tank E6 must contain at least 2000 gallons of solution with 
greater than one pound of uranium per gallon and at least 
O. lM HN03 before a plutonium transfer from TK-Lll is made. The 
presence of uranium in TK-E6 prevents criticality, providing the 
uranium and plutonium are thoroughly mixed and the appropriate 
maximum·ratio of plutonium to uranium is not exceeded. 

• A dilution factor of >2.7:1 between jet motive fluid and pluto
nium solution achieved by the liquid jet transfer provides an 
added margin of safety by minimizing the possibility of a one
spot buildup of concentrated plutonium within TK-E6. It is most 
important that nitric acid (>Q_.2M) or nitric acid (>0.5M) and 
cadmium nitrate (>0.23M) be used-to make the transfer instead of 
water. Plutonium solids (polymer) may be formed in the transfer 
l·ine and deposited in TK-E6 if wat~r is used. 

4. 10.2.6.3 Plutonium Product Loadout 

In TK-L13-10, a plutonium concentration limit of 1700 g/gal is imposed. 
The plutonium loadout containers are subjected to the following additional 
controls: 

• Only one loaded container (PR can) at a time may be outside its 
carrier while in the PR room. 

• At no time may a bare, loaded PR can be outside the PR room. 

• A loaded, bare can must not be brought closer than 15.75 inches 
to any other can in its container. 
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t Storage of cans in arrays in vertical alignment or two sepa
rate floors is permissible if the f1oor separating the arrays 
is constructed .of concrete at least 12 inches thick or the 
neutron-shielding equivalent of other materials. 

• When any material is loaded into a PR can, a tag or label must 
be immediately attached to the can 1 s container to identify the 
material. · 

• Cans containing more than 250 grams of plutonium must have 
their lids and their container lids securely fastened at all 
times, except that one can at a time may be opened for load
ing, unloading sampling, or inspection. An opened, loaded can 
must not be left unattended. In practice, these rules are 
applied to all cans containing more than 1-0-gram quantities of 
plutonium. 

4. 10.2.6.4 Enclosure Restrictions 

t Activities perfonned in the spaces outside the PR room vessel 
enclosures or through the port gloves are not r~stricted as to 
the number of persons present. 

t Personnel entry to a vessel enclosure is restricted to one 
person if there is a possibility of,more than 500 grams of 
plutonium present. The presence of a human body introduces 
a possibility for neutron reflection or moderation. 

4.10.2.7 Plutonium Loadout Process Safety 

The presence of plutonium solution in the PR room creates a ·poten
tial radiological hazard. Operators must exercise special care to avoid 
contaminating the room with plutonium. The air in the PR room is auto
matically sampled, and a visual alann will light in the event that 
contaminated air is detected. An assault mas~ must be immediately put 
on if the alarm actuates. The PR room is also equipped with an auto
matic criticality audioalarm. 

Alpha energy surveys (with a poppy) of equipment, gloves, and work 
area are required before, during, and after each PR can loadout. Alpha 
monitoring requirements are such that the PR room work is essentially 
perfprmed with a poppy probe in one hand. A po ten ti al for gamma r_adi a
tion also exists in the PR room since rework and out-of-speeification 
product liquids may contain traces of gamma-emitting fission products. 

Gamma radiation levels may be high enough to require radiation mon
itoring and special 11Jork permit (SWP) timekeeping. All glove port work 
must be performed according to standard hood safety practices. Gloves 
must be inspetted for defects and surveyed for external contamination 
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before and after use. Glove work around sharp objects must be perfonned 
carefully to avoid punctures or rips that could spread plutonium con~am
ination. A 0.75-inch (water) vacuum in hoods is maintained to lessen 
the risk of spreading contamination in case a glove is breached. 

Since cadmium is a toxic chemical, care must be taken to avoid 
inhalation of its fumes during makeup or from a leak of cadmium nitrate 
solution. Extra caution should also be exercised in the vicinity of the 
exposed cadmium nitrate piping since this system is under pressure. 

Other process and industrial safety restrictions include: 

, Tank Ll3-10 must never be filled without an empty PR can un
der the loadout head. 

• The PR can must be closed before removing it from the hood. 

• The lid hold-down spider must be tightened to the maximum 
obtainable by twisting with two hands before the can is han
dled on the hoist. 

• The hoist used to lift PR cans presents a potential hazard from 
pinching and from dropping cans lifted on the hpist. The 
hoist should be checked for operability prior to use. . . . . 

• Jacket lids and PR cans present.pinch points unless handled· 
properly. 

, The safe transport of PR containers on a dolly requires care
ful and deliberate movements. Sudden turns or stops should 
be avoided. The PR elevator load limit is four PR containers. 

• Steps on the access ladders to the TK-Lll hood, sampler, and the 
TK-Ll3-10 hood must be kept clear of foreign materials and 
climbed and descended with care. 

4.10.3 Neptunium Product Handling 

The neptunium nitrate product stream from the ion exchange neptunium 
purification process is transferred to TK-J2 for storage or is loaded in
to polyethylene bottles in the Q Cell loadout hood for shipment to the 
Savannah River Plant in Aiken, South Carolina. 

4. 10.3. 1 Neptunium Loadout Facility 

The flow diagram, Figure 4-20, illustrates the neptunium product 
loadout equipment and routing. 
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FIGURE 4-20. Neptunium Product Handling Process Flow Diagram. 
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Product sampling equipment and the Q6 receiver tank are located in 
the TK-Q6 hood. Tank Q6 solution is drained by gravity to TK-Q7 in the 
loadout hood. Solution is returned to TK-Q6 by an air jet mounted in the 
recirculation line. A rework route from TK-Q6 to TK-Q3 and a route to 
pump neptunium product solution from TK-Q6 to TK-J2 for storage are also 
available. · 

The 3XN product receiver tank (TK-Q6) is a flat-bottomed, 25-gallon 
tank with a temperature control system plus weight factor and specific 
gravity instrumentation. -The neptunium product solution is sampled for 
neptunium, plutonium, uranium, gamma and nitric acid analyses, and is then 
pumped to TK-J2 for storage. Alternately, the neptunium valence is adjusted 
prior to product loadout via TK-Q7 for shipment. Heat supplied by steam 
to the heating coil and air added via a sparge ring on the bottom of the 
tank are used to adjust the neptunium valence as des.cribed below. 

Tank Q7, the loadout metering tank, is a small calibrated glass 
cylinder used to measure the 3-liter batches of neptunium n·itrate solu
tion. The solution is loaded into a 1-gallon plastic bottle in ;he loadout 
hood. 

4. 10.3.2 Neptunium Valence Adjustment 

The neptu~ium in TK-Q6, after being eluted from the resin column, 
exists in the +4 valence state. In this state, some gas is evolved and 
the product containers (1-gallon plastic bottles) could pressurize enough 
to rupture. Safety standards for off-plant shipme~t of neptunium nitrate, 
therefore, require that the neptunium must be oxidized to greatet than 95% 
neptunium (V) and neptunium (VI). The neptunium (V) is the more stable. 

The valence adjustment is carried out_ as follows: 

• Air is turned on to the TK-Q6 sparger at 0.5 to 1.0 cfm. 

• Tank Q6 solution is heated to 95°C with steam on the coil. The 
solution is maintained at 95°C for 5 minutes. 

• Tank Q6 liquid is cooled to 25°C ~ith water on the coil. 

t The sparger is turned off and the solution is sampled and analyzed 
for neptunium valence, neptunium, plutonium, thorium, uranium, 
gamma, nitric acid, ·specific gravity, and metallic impurities. 

Sampling TK-Q6 involves activating the air jet recirculator (see 
Figure 4-20) and maintaining a constant liquid level in TK-Q7 while recir
culating the product solution for 30 minutes. A sample is obtained by 
rotating the sample valve the number of times necessary to obtain the 
amount of liquid needed. 
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Product loadout may proceed when the neptunium valence meets 
specifications. 

4.10.3.3 Neptunium Product Loadout 

Concentrated neptunium nitrate product solution (3XN stream) from 
the product sampling tank, TK-Q6, is gravity-transferred to the loadout 
metering tank, ·TK-Q7, in-3-liter batches. Tank Q7 is emptied into tared
gallon plastic jugs which are capped, removed from the hood, surveyed, 
reweighed, and placed in plastic sleeves. The jugs are normally loaded 
into shipping cont~iners but may be stored for up to 48 hours in a rack in 

. the hot ce 11 access rcmm. The TK-Q6 samp 1 e is used for product accoun ta
·:·'. bi 1 i ty in the overa 11 pl ant material balance . 

. A general outline of the loadout procedure is a~ follows: 

t Each bottle is visually inspected for defects and weighed 
before loading. 

t One uncapped bottle is. placed in the loadout hood, and the 
plastic loadout ~pout is inserted int~ the bottle. 

· t Three 1 i ters of so 1 uti on a re drained from TK-Q6 into the 
calibrated glass tank (TK-Q7). 

1 The contents of TK-Q7 are emptied into the bottle; the drain 
valve is closed, and the loadout spout is ·allowed to drain to 
the bottle for at least 2 minutes prior to removal. 

t The bottle is capped, wiped clean, and surveyed for external 
contamination. 

t Th~ filled bottle is weighed to obtain a materia1 balance for 
neptunium accountability, and then placed in a plastic sleeve 
which is sealed with masking tape. 

4.10.3.4 Neptunium Product Handling Safety 

Neptunium product solution is verified by sample analyses to be 
relatively free of FP 1 s prior to product handling; thus, the radiation 
exposure danger is low. Product-containing bottles'are cleaned and sur
veyed before removal from the loadout hood to eliminate the potential for 
spreading of contamination. 

Process safety is of most concern during valence adjustment in TK-Q6 
and during solution recirculation when sampling. Care must be taken to 
avoid overflow of TK-Q7. During valence adjustment, temperature control 
is important to prevent boiling of the neptunium solution. 
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4. 11 AQUEOUS MAKEUP 

The processing of 10 tons of uranium fuel per day through the Purex 
Plant requires the handling of over 200,000 gallons of aqueous chemical 
solutions (including solute-free water streams) each day. Approximately 
one-half of this volume now consists of recyclecfprocess condensate 
which replaces demineralized water in several streams. The aqueous 
makeup (AMU) area of the plant serves to distribute over 20 11standard 11 

chemical process streams and, occasionally, a few additional materials 
for decontamination f1ushes or special process operations. 

Nitric acid in several concentrations is the major solute. Sodium 
hydroxide, sodium nitrite; sodium carbonate, and ferrous sulfamate are 
important_ solutes in a number of streams. The processes and methods 
for the makeup and distribution of these solutions are described in 
this sec ti on of the manual ; but detailed procedures for each batch 
preparation are not included. The water demineralization and distri
bution processes are also discussed in this section. 

4. 11. 1 Aqueous Chemical Data 

The makeup requirements for aqueous process stock solutions, in
cluding concentrations, volumes, and makeup tanks, are given in Table 4-38. 
Stock solution makeups are added directly to the process or are used in 
the mak_eup of the process streams li_sted .in Table 4-39. Streams which 
may be required on a nonroutine basis, such as solutions for equipment 
decontamination, and streams which have a service-type function, such 
as water demineralizer regeneration, are not included in these tables. 
Process streams consisting of stock solutions only or of stock solutions 
blended with demineralized water in the P and O gallery or with recycled 
process condensate in the canyon are also not listed in Table 4-39. 

The bulk of the required chemicals are purchased and stored at the 
Purex Plant as aqueous solutions or dry chemicals. Process water for 
the plant is prepared by treating filtered water in the demjneralizer. 
A considerable quantity of nitric acid is consumed, but nearly- all of 
it is recovered for reuse within the plant (see Section 4.8. 1), or re
turned from the U03 Plant (recovered from uranium product). 

Table 4-40 lists the approximate daily consumption of the materials 
required for aqueous makeup and subsequent processing in Purex. Organic 
materials are also included in the table (Ref. 9, 24). 

Miscellaneous chemical flush and regeneration streams which are run 
intermittently are listed in Table 4-41. The purpose, approximate fre
quency of use, and consumption of each material are listed. These mate
rials are in addition to thos'e covered in Table 4-40. 
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.p. 
I 

N 
a 
a 

Solut_ion 

Fe(SA)2 

HN (Z Plant) 

HN 
(Alternate, 
Purchased) 

NaN03 
I 

NaN02 

Na2C03 -
KMn04 

Cd(N03) 2 

Sugar 

ANN 

KOii 

AFAN 

N2tl4 

AMU 
Tank 

101 

103 

103 

104 

106 

l 07 , 

151 

204 

205 

206 

212 

217 

Table 4-38. Aqueous Makeup Stock Solution Specificat_ions. 

Molar Specification, wt% Batch Makeup, lb Net Gallons 
Makeup 

2.01 8.35 Fe+++ 0.04 -3,600 - 50% Fe(SA)2 284 - 1,100 - Oemin. H20 
170 - 57% ~IN03 

1.45 13.0 HN + l.O 4,470 - HN(l3%), 402 
0.7 3.0 HN03-:!:_ 0.5 HN03 (3%) 

2.05 18.0 HN + l.O 4,550 - HN (18%) 402 
-

5.41 36.0 NaN03 :!:. LO 16,000 - Demin. H20 1,876 
9,000 - NaN03 

0. 77 5.14 NaNOz ! 0.25 3,690 - Demin. H20 336 
200 - NaN02 

0.24 2.50 Na2C03 :!:. 0.15 19,500 - Demin. ·u20 l. 779 
500 - Na2C03 

0.024 0.37 KMn04 ! 0.03 74 - l<Mn04 

0.28 6.05 Cd(N03)2 .:!:_ 0.20 1,330 - Oemin. H20 200 
330 - Cd(N03)2 (33%) 
137 - 57% HN03 

0.74 4.35 HN03 ! 0.20 ; 

0. 70 22.0 Sugar! 1.0 3,900 - Demin. H20 440 
1,100 - Sugar 

0.005 0.02 NaOH 1 - HaOH ; 

1.60 50.0 ANN+ 1.0 6,500 - ANN .(50%) 525 

7.0 30.0 KOH+ 1.0 2,180 - Oemin. tljO 515 
4,360 - KOH (45% 

11. 2 36.8 Nll4F 6,000 - AFAN 586 
l. l 7.2 ~- 0.2 NH4N03 as received 

11. 3 35.0 N2ll4 + 1.8 475 - N2tl4 (35%) 55 

Specific 
Gravity 

1.34 

1.07 

1.09 

1. 28 

l. 034 

1.046 

1.072 

1.09 

1. 26 

1.29 

1. 126 

l. 035 

;o 
:c 
0 
I 

~ 
I 

--I 
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N 
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Solution 

lDX 

3AS 

30X 

2NS Phase 

2NS Phase 
and I 11 

2PX 

20X 

AMU 
Tank 

209 
210 

211 
156 

150 
155 

I 220 
221 

II 220 
221 

224 

213 
214 

Table 4-39. Aqueous Makeup Process Streau, Specifications. 

Molar Specification, wt% Batch Makeup, lb Net Gallons 
Makeup 

0.30 1.86 HN03 :!:_ 0.0~ 18,595 - Demin. H20 1,851 
643 - 57% HN03 

0.03 0. 154 Fett t 0.008 365 - Fe(SA)2 sol'n 
81 - H(SA) 

0.10 0.94 SA t 0.05 

1.20 7.38.HN03 :!:_ 0.36 2,904 - Demin. tt2o 391 
432 - 57% HN03 

0. 15 0.94 HN03 :!:_ 0.05 3,298 - Dist'ld. H~0 400 
· 55 - 57% HN03 

2.0 11. 6 HN03 ! 0. 6 3,570 - Demin. H20 432 
995 - 57% HN03 

0.025 0.13 Fett t 0;03 73 - Fe(SA)2 sol'n -

0.06 0.176 N2H4 :!:_ 0.009 
23.5 - N2tl4 

1.27 7.58 HN03 .!_ 0.38 4,300 - Demin. H20 458 
667 - 57% HN03 

0.017 0.090 Fett+ 0.005 54.3 - Fe(SA)2 sol'.n 

o. 0165 
7.2 - N2ll4 

0.050 N2H4 .!_ 0.003 

0.01 0.063 HN03 t 0.003 3,810 - Demin. H20 266 
4.21 - 57% HN03 

0.30 1.81 HN03 :!:_ 0.09 4,259 - Dernin. H20 436 

0.10 0.54 HN t 0.02 
150 - 57% HN03 
239 - HN 

20.4 - N2t14 
0.05 0.15 N2ll4 :!:_ 0.01 

' --,• . 
! 
\ , 

Specifi_c 
Gravity 

1. 017 

1.025 

l .005 

1.07 ~ -~,,I 
I I 
:;: 
::i:o 
I 

I 
__. --~> __. 

°' 

1.056 

--

1.001 

1.04 
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Table 4-40. Essential Materials Consumption:a 

Material 

Ammonium Fluoride - .Ammonium Nitrate 
(AFAN) 

Potassium·Hydroxide (KOH) 

Sodium Nitrite (NaN02) 

Nitric Acid - Fresh (HN03 ) 

Ferrous Su1 famate [Fe( r·1H2so 3) 2] 

Sulfamic Acid (SA) 

Hydrazine (N2H4) 

Hydroxylamine Nitrate (HN) 

Sugar 

Sodium Hydroxide (NaOH) 

Sodium Carbonate (Na2co3) 

Potassium Pennanganate (KMn04) 

Aluminum Nitrate - Nonahydrate (ANN) 

Tributyl Phosphate (TSP) 

Normal Paraffin Hydrocarbon (MPH) 

Deminera1ized Water 

Pounds of Material 
( 100%) ~er Day 

5,770 

2,270 

176 

6,750 

275 

354 

26 

63 

l , 125 

6,304 

173 

26 

4,208 

83 

149 

61 ,300 ga 11 ans 

aAssuming a processing rate of 10 tons per day with a 
fue1 load that is 20% 11 spike 11 and 80% 0.947% enriched NPR 
fue 1 e 1 ements. 
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Table 4-41. Miscellaneous Essential Material Requirements. 

l Average 
Use Pounds of I.Pounds of 

Material Purpose Interval ,a Chemicals I Chemical 
Tons i ( 1 00%) I ( 100%) I I Per Ton 

Nitric Acid G and R Cell flush 500 I 1880 3.8 I 
(HN03) solutions 

Sodium Hydroxide G and R Cell flush 500 2200 4.4 
(NaOH) solutions 

Tartaric Acid G and R Cell flush 500 950 1. 9 
(C4H606) solutions 

Oxalic Acid G and R Cell flush 500 I 4500 9.0 
[(COOH) 2J solutions I 

I 
.. I 

Amberlite IRA-97 Res in changeout in >1000 63. · I <0.06 
Anion Resin Q Cell (1.5 ft3) I 
Sulfuric Acid Regenerate cation 150 627 4.2 
(H2so4) demineralizer .. 

Sodium Hydroxide Regenerate anion 150 200 1.3 
(NaOH) demineralizer 

Silver Nitrate Regenerate silver 400 250 0.6 
(AgN0

3
) reactors 

aUse is required after processing the approximate listed number 
of short tons of uranium. 

4-203 



'. ci~~ ;•. :··: .. , ~. . 
: .ld:~'.>·· 
'. a..:""i: ~: : 
:~.--
, ........ -·1~· i·~:: 
: ;~"'J' 
i-t"'~_',:: 
~~( 

~~·~•· 
r~,. 
! 

RHO-MA-116 

4.11.2 Makeup and Distribution Facilities 

In the aqueous makeup area, chemical process streams and, occasion
ally, a few additional materials for decontamination flushes or special 
processing operations are prepared and distributed. Figures 4-21 and 
4-22 illustrate the floor plans and elevation views, respectively, show
ing the locations of the AMU tanks. The associated piping, pumps, etc., 
are shown on the Purex Instrument and Engineering Flow Diagrams (IEFD's), 
and are not included in this manual. More_ information on chemical make
ups and handling is given in Section 4.11 .4. 

The facilities available are located on three floors as described 
below. Q Cell AMU facilities are independent of the remainder of the 
Purex Plant, and are described later in this section. A detailed descrip
tion of the AMU tanks is given in Section 3.8 of Chapter 3.0. 

4. 11.2. 1 First-Level Aqueous Makeup Tanks 

The first. level of the main aqueous makeup area contains large tanks 
for mixing aqueous solutions of dissolved solid, and certain concentrated 
liquid essential materials. The materials are;generally received in bags 
or drums, and are transported by forklift from.the ·chemical warehouse to 
the appropriate makeup tank. First-level tanks and their uses are listed 
in Table 4-42. 

4.11. 2. 2 Second- and Third-Level Aqueous Makeuo Tanks 

The completed chemical solutions in the first-level makeup tanks are 
transferred by pumps positioned on the basement level to 11 head 11 tanks 
located on the second and third levels of the aqueous makeup area. The 
elevation of the tanks on the upper levels provides sufficient liquid 
head, or pressure, for transferring the chemical solutions to various 
process points, including other aqueous makeup 1 tanks. 

Fifty percent sodium hydroxide solution, 57% fresh nitric acid, 
aluminum nitrate, potassium hydroxide, ammonium fluoride-ammonium nitrate, 
and demineralized water are pumped directly to:the head tanks from the 
211-A tank farm. The head tanks and their uses are listed in Tables 4-43 
and 4-44. 

4. 11.2.3 Q Cell Aqueous Makeup Facilities 

The AMU facilities for the Q Cell operation are intended to make 
Q Cell completely independent of the remainder of the Purex Plant. Seven 
primary tanks are included on-the second level of Q Cell above the control 
room. In addition to this equipment, three portable chemical addition 
drums for ferrous sulfamate, hydrazine, and ANN are connected from the 
Purex sample gallery. Also, a chemical add tank (TK-Q31) to the stripper
concentrator (E-Q2) is located in the sample gallery. 
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Table 4-42. First Level Aqueous Makeup Tanks 
and Their Uses. 

Tank Service 

101 

103 

104 

l 05 

106 

107 

l 08 

Ferrous sulfamate makeup [Fe(SA)z] 

Hydroxylamine nitrate makeup (HN) 

Sodium nitrate makeup (NaN03) 

Utility. Used for mixing chemical solutions 
used in FP recovery, equipment decontamina
tion, etc. 

Sodium nitrite makeup (NaN02) 

Sodium carbonate (NazC03) - Potassium per
manganate (KMn04) mixture 

Utility. Used for mixing chemical solutions 
used in FP recovery, neptunium recovery,, 
equipment decontamination, etc. 
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Table 4-43. Second Level Aqueous Makeup Tanks and Their Uses. 

Service 

3BX makeup nitric 
acid (HNO 3) 

Cadmium nitrate 
Cd(N03)z 

Sodium nitrite 
(NaNOz) 

Sodium hydroxide 
(NaOH) 

3BX feed 

3AS feed 

Resin wash tank 

Remarks 

Makeup tank for 3BX solution. Routed to 
feed tank (TK~ 155). HN03 added from 
header. Distilled water added from 
storage tank located· in the service 
bl ewer room. (A 11 other makeups use de
mineralized water.) 

' ' 

Made. up and routed to the PR room when 
required as the motive fluid for trans
ferring reworR plutonium solution from 
TK-Lll to TK-E6; 

Filled from ·TK-106; routed to the 
HA column. (HA - N02), TK-J5 (2AF -
NaNOz), and TK-L3 (3AF - NO?), The 
latter stream: is not normal Ty used. 

Filled from Tank-io (2tl-A); services 
all process locations using NaOH during 
Zirflex proce~sing. 

Head tank forirouting 3BX solution to 
the 38 column~ Filled from TK-150. 

Head tank for routing 3AS solution to 
the 3A column. Filled from TK-211. 

Used to convert ion exchange resin from 
hydroxide to hitrate form prior to addi
tion to the n~ptunium purification unit. 
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TABLE 4~44. Third Level Aqueous Makeup Tanks and Their Uses. 
Tank 

201, 
202, 
203 

204 

205 

206 

207 

208 

'209, 
.210 

211 

212 

213, 
214 

215 

216 

217 

218, 
219 

220, 
221 

222 

223 

224. 
225 

324 

se,.., ice ilema rks 

Sodium "ydroxide (NaOH) 

Sugar fflllkeuP and feed 

Aluminum nitrate ~NN 
[Al(N03)3 · (lit))] 

Potassium nyaroxide feed 
(KOH) 

Sodium nitrate (NaN03) 

Sodium carbonate (Na2C03) 
potassium permanganate 
( KMn04) ,,,; xture 

I 

18X solution, nitric acid 
(HN03), ferrous sul famate 
[Fe(SA)zj, sulfamic acid 
(SA) 

3AS soiution, nitric acid 
(HN03) 

Anlllonium fluoride - ill!IIIOnitan 
nitrate AFAN (NH4F-NH4N03) 

2BX solution, nitric acid 
(HN03), ,yaroxylamine ni
trate (HNl, nyarazine (:12n4J 

Fel"T'Ous sulfamate 

Hydrazine (Nzi14J 

Hydroxylamine nitrate 

ZNS solution, HN03, 
Fe( SA )z, NzH4 

ZPX solution, ::10:3 

Utility 

F111 ed from TK-20 ( 211-A) ; suoo 1 y NaOH to the three 
dissolvers during processing of aluminum-clad fuel 
el l!ffll!lnts for jacket remova 1. ianK 201 routed to 
TK-A3. Tank 202 routed to TK-aJ·. Tank 203 routed 
to TK-CJ. 

Head tank for making up ~nd routir,g sugar solution 
to TK-F7 to suogress ruthenium volatil izat,on fr-om 
the E-F6 ..aste concentrator ana to TK.;15 for waste 
denitration. 

,illed •r-om iK-42 (211-A); routed to the :Hssolvers, 
T .,:5 and E Ce l1 for c0111p 1 ex; ng fl uori ae during Z i r
fl ex processing. 

Filled fr-om TK-21 (211-A); routed to TK~Ol for 
metathesis of UF4 in the dissolvers auring Zirflex_ 
processing. 

Filled from TK-104; supolies NaN03 to the three 
dissolvers for ali,ninum-clad fuel elemeflt jacket 
removal. 

F111ed from TK-107; organic ,..sn solution routed 
to Tanks G1 and Rl. 

Hed tanks for making ug and routing lBX solution tq 
the lBX proauct p1rtition coi111111; HN03 aaded from 
TK-215. Fel"T'Ous sulfaNte added fl"Offl TK-216; SA 
added as a solid. 

Makeup tank for 3AS solution; r;,uted to TK-156. 

Fi 11 ea fr-om TK-11 ( 211-A) ; · routed to the di sso 1 wers 
for fuel element jacket removal during Zirflex 
processing. 

Head tanks for making up and routing 2BX solution 
to the 2B column. Nitric ,cill addad fro.~ n:-215. 

· Hydrazine added from arums. Hyaroxylamine nitrate 
added from TK-219. 

llitric acid meter tank servicing TK-151. 209. 210, 
21-1, 212., 213, 214, 

Fel"T'Ous sul~amate meter tank; fillei! from TK-101; 
sel"Vices TK-209, 210. 

Added fr-om drums; services TK-Kl ( 20F-H2H4 stream). 

Fillea fr-om TK-103; routed to i-KZ (21:l:$-Hrll. 
TK-219 is also uHd u a scale tank for HN addition 
to the 2BX makeup. 

Head tanks for making up and routing 2NS solution 
to the 2N co I umn ; HNO 3 added from f res n HNO 3 neader; 
Fe(SA)z added from TK-iOl; :12114 added from arum via 
the 220/ 221 A metering :ank. ' 

'Filled from fresh HN03 neader (Tank 12); sel"Vites 
n11111rous process paints requiring continuous fresn 
acid flow. 

Filled from TK-JO; sel"Vices all ~recess cells ana 
AMU tanics. 

rlead tanics for maKing uo and routing 2PX solution 
to the 2P column; HN03 addea i,.om ~K-222 fill line 
,ia t~e 224. 225~ eaten Jot. 

=ilied 'rorn 7anics 105 ana 108; ;ervices ~ost sec
tions of the Purex process as a utility cnemical 
addition tanK. 
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Basic details and construction of the major equipment pieces in the 
Q Cell AMU area are included in Chapter 3.0 a~d Reference 13. The 
Q Cell AMU tanks, their uses~ functions, and iolumes are listed in 
Table 4-45. 

4.11.3 Process Water 

Water for process use in the Purex Plant:is obtained from the 
200 East Area filtered water supply. As received, this water contains 
relatively large quantities of dissolved ionic impurities. To be suit~ 
able for process use, the water must meet specifications which limit the 
introduction of impurities into process streams. Table 4-46 compares 

:filtered water impurity concentrations with the process water purity 
requirements. In addition to water purity sh9wn by this table, the 
filtered water pH is 7.6 to 8.1, compared to the_pro·cess water specifi-
cation of 5 to 8. · ·· · ' 

The comparisons show that filtered water':must be purified before it 
is suitable for process use in the Purex Plant. Water is purified in 
the demineralizers located in the 211-A chemical tank fann. High purity 
water required for final plutonium product purification (3BX stream) is 
produced by distillation of demineralized water. 

4.11.3.1 Demineralization Process 

Demineralization, or de-ionization, is a:chemical exchange and 
adsorption process in which undesirable dissolved salts are removed from 
water. Adsorbents are selective with respect;to either cations or 
anions; hence, a complete demineralization process includes contacting 
the water with both cation and anion-exchange::materials. In both cases, 
removal of salts is effected by exchange of an ion in the adsorbent 
structure for another in the solution being treated. In the Purex 
Plant, an acidic adsorbent (Dowex Cation EX*):removes cations, and a 
basic adsorbent (Amberlite IRA-93**) removes anions. 

Three cation and three anion columns are'used to meet the demand 
for Purex process water. Sanitary water whi cii has been filtered enters 
the top of the cation columns and is routed ffom the bottom of the 
cation columns to the top of the anion columns. After contacting the 
resin bed of the anion exchanger, the water flows out the bottom of the 
co 1 umn to· the demi nera 1 i zer water header and to the demi nera 1 i zed. water 
storage tank (TK-30). 

*Dow Chemical Co., Midland, Michigan 
**Rohm and Haas Co., Philadelphia, Pennsylvania 

4-210 



i 

.\ __ . 

~ 
~~·!, 

Q"-t' 

Tank 
I 

Q21 

Q22 

·023 

Q24 

Q25 

Q26 

Q27 

Q31 

RHO-MA-1 _16 

Table 4-45. Q Cell Aqueous Makeup Tanks and Their Uses. 

Service 

Wash tank 1 

Wash tank 2 

Resin add tank 
(Amberlite IRA-97) 

Sodium nitrite 
addition 

ANN addition 

Fe(SA)2 

Hydrazine 

Remarks 

21-gallon tank used for 3XPT and 3XE 
chemical makeups. 

250-ga 11 on tank used for chemi ca 1 makeup 
of scrub solutions. 

12-gallon tank used to add new resin to 
TK-Q4. 

SB-gallon tank used to add NaN02 to re
act with hydrazine in TK-QS waste. 

13-gallon tank used to add ANN for com
plexing fluoride with aluminum ion in 
TK-QS. 

12-gallon dropout measurement tank for 
adding ferrous sulfamate to ion ex
change feed in Tank Q3. Not normally 
used. 

5-gallon dropout measurement tank for 
adding hydrazine to ion exchange feed 
in TK-Q3. Used to adjust neptunium 
valence to IV. 

15-gallon tank located in sample gallery 
for adding HN03 to ion exchange feed in 
TK-Q3. 
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Table 4-46. Comparison of Impurity Concentrations in 
Filtered Water to Process Water Specifications. 

Constituent 

Total hardness as CaC03 
Calcium 
Magnesium 
Chlorine (as NaCl) 

Sulfates (as Na2S04) 
Total dissolved solids 

Silica (as SiOz) 
CO2 
Sodium 

Impurities in. 
Filtered 

Water (ppm) 

55 to 80 
20 to 40 

4 to 5.5 
1 to 5 

14 to 30 
85 to 11 o 
(including 
silicates) 

3 to 7.5 
o to 2 

1. 9 

Specification 
· for Process 

Water (ppm) 

o to 2 . 
<0.4 
<0.25 
<0.6 
<1.5 

1 to 4. 5 
(excludin) 
silicates 

7.5 
<100.0 

<O. 01 

· With use, the restn beds gradua 11 y become 1 ess effecti've for de
i oni zing water, and must be regenerated. Sulfuric acid is used to 
regenerate the cation-units and sodium hydroxide is used to regenerate 
the anion units. Routine demineralizer operation consists of regenerating 
one cation unit and one anion unit after each has processed approximately 
200,000 gallons of sanitary water. A special regeneration man.ifold per
mits the isolation of the columns to be regenerated while the other 
columns remain on-line and continue to produce demineralized water. The 
regeneration cycle consists of three step~: 

• Each resin bed is backwashed with water from the bottom (up
flow) to remove trapped solids .and to reclassify the resin 
bed. The flow is out the top of the column to the sewer. 

• The regeneration solutions (sulfuric acid or sodium hydroxide) 
are prepared batchwise for each resin bed using separate dilu
tion tanks. The regenerant solutions are sucked up out of the 
makeup tanks and into the appropriate column by a water jet. 
Each solution is passed down through the resin bed, and is 
routed to the sewer. To avoid contaminating the conductivity 
probe on the anion unit being regenerated, the sample valve to 
the probe is turned off. The probe:measures the conductivity 
of the column effluent during normal operation and is used as a 
guide to determine the need for column regeneration. 
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1 After the regenerant solution has been added, the resin bed is 
given a slow water rinse to continue displacing the regenerating 
solution through the bed. The rinse water is fed into th~ col
umn with the water jet and dra-ined to the sewer. After the slow 
rinse, the water jet is turned off and the bed is given a fast 
water rinse to flush excess regenerating solution to the sewer. 

Table 4-47 summarizes the demineralizer operating parameters and time 
cycles. 

Table 4-47. Deminera1izer Operating Parameters. 

Cation Time Anion Time ; .· Operating Mode Flow Rate, Cyc1 e Flow Rate, Cycle 
,, gpm gpm 

Maximum desired flow 150 .-- 110 --
rate of demi·n. water 
Norma 1 service flow 125 48 hr 85 72 hr 
Back wash 100 15 min 25 15 min 
Regeneration 75 40 min 25 30 min 
Slow Ri.nse 25 10 min 20 10 min 
Fast Rinse 100 50 min 75 50 min 

4. 11.3.2 Distilled Water 

High purity water required for plutonium product purification is pro
vi.ded by a 100-gal/hr distillation system consisting of the .tin-lined still 
{having three parts -- evaporator, condenser, and aftercooler), the dis
tilled water storage tank, the distilled water pump, and associated piping. 
This equipment is located in the service blower room just east of the first 
floor AMU area. 

Feed to the still is demineralized water. Raw water is used to first 
cool the distilled water in the aftercooler and then condense the dis
tilled water vapor in the condenser. Steam in the evaporator coils con
verts the deminera1ized water into pure dry steam which goes through 
de-entrainment baffles to the condenser. The condensed distilled water 
flows by gravity through the aftercoo1er to the storage tank. The water 
may be pumped to one of five AMU tanks (150, 211, 212, 213, and 214), but 
it is used only in TK-150 for chemical makeup of the 3BX process stream. 
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The still is automatic in operation once initial adjustments to feed 
streams and controls are perfonned. As the liquid level lowers in the 
storage tank, the storage tank Vaporstat* controller closes the electric 
circuit to the still. The closed circuit opens the cooling water solenoid 
valve and also closes (activates) the still feed-water circuit. With the 
feed-water circuit closed, the liquid level in"the still regulates the 
flow of feed water into the still. The cooling-water line pressure down
stream of the solenoid regulates the operation of the steam DOV and the 
still drain DOV. As the line pressure increases (cooling water flowing 
to the condenser), the steam DOV opens and the still drain DOV closes. 

When the storage tank fills, the tank Vaporstat opens the electric 
circuit and the still shuts down. The cooling water flow ceases which, 
in turn, stops the steam flow and opens the still drain. The open elec
tric circuit also stops the feed water flow. 

Every 4 hours of operation, the still electric circuit is opened by 
a timer and the still is shut down, independent of consumption. This 
occurs to prevent scaling conditions from being created by overconcentra
tion of the feed water in the evaporator. 

4. 11. 4 Chemica 1 Handling 

In this section, information on receipt, makeup, uses, and distribu
tion of Purex· chemicals is• presented. More of this subject data, including 
consumption and makeup tank identffication, is:given in Tables 4-38 
through 4-44. Chemical hazards are discussed in Chapter 10.0. 

4. 11.4.1 Nitric Acid Handling 

In general~ the choice of using either fresh or recovered nitric ~ 
acid for the makeup of a particular process stream is based on purity 
limitations, as well as availability of recovered nitric acid. The use 
of recovered nitric acid is limited, because of its associated FP con
tent (on the order of 10-5 gamma curie per gallon of 50% acid), to those 
streams in which such contamination can·be tolerated. The use of nitric 
acid recovered from the UO~ Plant is further limited by its uranium con
tent. To provide flexibility of choice, and to guard against shortages, 
many streams are piped so that either fresh or·recovered nitric acid may 
be used. 

Detailed routing of fresh or recovered nitric acid streams in Purex 
is described by the pro.ca-ess flow diagrams. in various parts of this chap
ter. The makeups of principal acid-containing process streams are dis
cussed later in this section. 

*Honeywell Co., Fort Washington, Pennsylvania 
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Fresh nitric acid is received from offsite vendors in tank trucks or 
railroad cars. At the 211-A chemical tank farm, it is unloaded into the 
nitric acid storage tank (TK-12). From storage, it may be pumped via 
either .of two headers to the 202-A Building equipment pieces. Header 7001 
directly serves equipment in the AMU facility, including the nitric acid 
head tank (TK-222). From TK-222 in the AMU facility, header 7001 routes 
fresh nitric acid to continuous acid users in the canyon, such as the 2AS 
stream, and to certain gallery tanks. Header 7002 routes nitric acid 
through the AMU facility, where it serves three tanks (Tanks 105, 204, 
221), and into the P and O gallery where it serves the dissolvers, TK-E6, 
recovered acid storage tanks, Ul and U2, and TK-RS. 

Nitric acid recovered from the U03 Plant is received by tank car at 
:· the uran,um storage tank farm, 203-A, where the acid is transferred to 
storage tanks (TK- 13 and TK-14) ( see Subsection 4. 10 .. 1 . 3). From the 
storage tanks, the acid is normally pumped to the acid fractionator feed 
tank (TK-US)~ but may be pumped directly for metered-additions to the 
dissolvers (TK-A3, -B3, and -C3) and to the HAF makeup tank, TK-E6. 

Nitric acid recovered in the Purex Plant (see Section 4.8) is pumped 
from storage (TK-Ul and TK-U2) in the acid storage vault through the 
recovered nitric acid header in the sample gallery. This header is piped 
via metering and proportioning devices to various equipment pieces in the 
canyon. 

4. 11.4.2 Sodium Hydroxide Handling 

Caustic (sodium hydroxide) is handled in large quantities in the 
Purex Plant for waste neutralization,* general processing, and for delivery 
to other Rockwell onsite facilities. 

Fifty weight percent (19M) caustic solution is delivered to the 
211-A Building complex in raiTroad tank cars and unloaded to Tank 20 at 
the dual-purpose tank car unloading station, which services both sodium 
hydroxide and potassium hydroxide unloading. Tank 20 has a maximum operat
ing level of 25,000 gallons. 

4. 11.4.3 Aluminum Nitrate Nonahydrate Handling 

Aluminum nitrate nonahydrate (ANN) is used in the uranium metal dis
solver solution as a complexant for fluoride ions introduced in the coating 
removal solution to reduce corrosion rates during Zirflex processing, in 
the waste from the neptunium purification system, and in the T-FS acid 

* Since the waste is made alkaline instead of neutral, 11 alkalization 11 

rather than 11 neutralization 11 is the correct term. However, the latter 
term has been used in the Purex Plant and other Hanford locations for many 
years to describe this operation. Hence, neutralization may be found 
elsewhere in this manual, operating procedures, a~d other documents. 
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absorber. Free fluoride can be very corrosive to process equipment. 
Aluminum nitrate nonahydrate is received as a,:50 wt% (1.6M) liquid at 
Purex in truck trailer lots and is stored in TK-42 of. the-211-A tank farm. 
From AMU TK-205, ANN is distributed for process uses. 

4.11.4.4 Ammonium Fluoride-Ammonium Nitrate 

Ammonium fluoride~ammonium nitrate (AFAN) is received at Purex in 
tank truck lots as an alkaline solution with a concentration of 36.8 wt~ 
(11.2M) ammonium fluoride, 7.2 wt% (1. lM) ammonium nitrate. AFAN is 
stored in TK-211-A-ll and is distributed from'AMU TK-212 for use in· the 
coating removal process to dissolve the Zircaloy jackets. 

4:11.4.5 Hydrazine 

Hydrazine is received at Purex in steel drums· as a 35 wt% ( 11 . 3M) · 
aqueous, nonflammable solution which is pumpeq to Tanks 213/214, 220/221, 
and 217 to be added to the 28 co 1 umn ( 2BX) , the 2N co 1 umn ( 2NS) and TK-Kl 
(2DF~N2H4), respectively. In these locations~ hydrazine reacts with 
nitrite ion to prevent oxidation of plutonium;(III). Hydrazine is also 
added to TK-Q3 via Q Cell AMU TK-Q27 to adjust the neptuniuin valence to 
(IV) prior to the ion exchange column. 

4. 11,4.6 Ferrous Sulfamate 

Ferrous sulfamate is received at Purex as a green viscous liquid in 
360-lb containers of 50 wt% (2.9M) solution. ';The containers are emptied 
into TK-101 and the solution is pumped to the 2NS makeup tanks (220 and 
221) and TK-216, which serves the lBX .makeup tanks (209 and 210). The 
function of the ferrous ion is to reduce plutonium to the nearly inex
tractab 1 e (II I) va 1 ence· in the 1 BX and 2N columns. 

4. 11.4.7 Potassium Hydroxide 

Potas.si um hydroxide is used in the coati ~g remova 1 process to metathe
si ze uranium tetrafluoride solids to hydrous uranium dioxide. Forty-five 
weight.percent potassium hydroxide solution is· received at Purex in rail
road tank cars, is stored in TK-211-A-21 and is diluted in TK-206 for 
transfer to TK-01. 

4. 11.4.8 Cadmium Nitrate 

Cadmium nitrate solution is used as a jet motive fluid for criticality 
prevention in the plutonium product handling ~rocess during high plutonium 
rework transfers from TK-L 11 to TK-E6. It is !received at Purex as a 
50 wt% solution in chemical dtums, is stored fn TK-211-A-10 and prepared 
in TK-151. 
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4. 11.4.9 Hydroxyl amine Nitrate 

Hydroxylamine nitrate (HN) is a reducing agent used in the 28 column 
of the second plutonium cycle and the final uranium cycle 20 column. The 
solution is used as received in drums from Z Plant as 13 wt% HN (1.45M) -
.3 wt% (0.7M) HN03 or as _.purchased as 18 wt% (2.0SM) HN~ The HN soluffon 
is accumulated in TK-103, pumped to Tanks 218 and 219, and used in the 
20IS-HN and 2BX streams. 

4. 11.4. 10 Sodium Nitrite 

Sodium nitrite is a powerful oxidizing agent used in the HA column to 
oxidize neptunium (V) to the extractable (VI) valence. Sodium nitrite is 
also used in the 2AF Tank to oxidize plutonium (III) to the extractable 
(IV) valence. 

Sodium nitrite is received at Purex as white pellets in 100-lb bags. 
The solution is prepared in TK-106 and pumped to the feed tank (TK-152). 

4. 11.4. 11 Sugar 

. Sugar (sucrose) solution is used for treatment of the lWF stream to 
prevent ruthenium volatilization during waste concentration and for de
nitration of the lWW stream. The solution is made up in TK-204. Sugar is 
received in 100-lb bags. 

4.11.4·.12 Sulfamic· Acid 

Sulfamic acid is received as a solid in- SO-lb bags and is used as a 
holding reductant, which protects ferrous ion by reacting with nitrite ion 
in the lBX makeups in Tanks 209 and 210. 

4. 11.4. 13 Sulfuric Acid 

Sulfuric acid is used as a water demineralizer regenerant. It is 
purchased as a commercial grade 93 wt% solution in tank truck lots and 
stored in TK-211-A-50. 

4. 11.4. 14 Potassium Permanganate 

Potassium permanganate is received at Purex in 100-lb metal drums; 
It has a dark purple crystalline form with a blue metallic sheen, and is 
used with sodium carbonate in the organic treatment systems to remove 
FP's, organic degradation products, and other contaminants. The makeup is 
prepared ·in TK-107 and transferred to the head tank (TK-208). 

4. 11.4. 15 Silver Nitrate 

Silver nitrate is received at Purex as a white crystalline salt in 
1000-oz (62.5 lb) containers. The silver nitrate solution used in re
generating the silver reactors is made up in a chemical makeup dolly 

4-217 



-~!'.ii·· 

-~~i-'·. 

;r-~ 

..... 

RHO-MA-116 

(portable drum with agitator and pump) in the sample gallery and sprayed 
into the appropriate reactor nozzle through piping to a wall nozzle and 
flexible wand jumper. 

4. 11.4. 16 Sodium Carbonate 

Sodium carbonate is received at Purex as.a white odorless crystalline 
powder in 100-lb bags. The sodium carbonate-potassium permanganate solu
tion used in the solvent treatment systems is<made up in TK-107, pumped to 
TK-208 and then routed to Tanks Gl and Rl. ·· 

4. 11.4. 17 Sodium Fluoride 

Sodium fluoride is received at.Purex as a finely pulverized white 
powder and is p 1 aced in sma 11 packages in a vented g.l ovebox. These packages 
are hand carried to Q Cell for use in the neptunium purification process 
FP scrub solution makeup in TK-Q22. 

4. 11.4. 18 Oxalic Acid 

Oxalic acid is received at Purex in a white crystalline form in fiber 
drums of approximately 300-lb capacity. Oxalic acid solutions used for 
fl us hes are genera 11.y made up in TK-105 or TK.:.108 for transfer to· TK-324 
and the required cell via one of the utility headers.: 

4.11.4 .. 19 Normal Paraffin Hydrocarbon (NPH) 

The organic diluent (NPH) used in fresh organic makeup is a very pure 
mixture of n-decane to n-tetradecane. Normal paraffin hydrocarbon is 
received at Purex in railroad tank car lots and stored in TK-211-A-40. 
NPH is· pumped to TK-RlA in the sample gallery, blended with tributyl 
phosphate and added to TK-Rl in the No. 2 solyent system. 

4.11.4.20 Tributyl Phosphate (TSP) 

The Purex solvent is 30 vol% TBP mixed in NPH diluent. Tributyi. 
phosphate is received at Purex in railroad tank car lots and is stored in 
TK-211-A-41. To replace solvent losses, tributyl phosphate is routed to 
the process with NPH via Tanks RlA and Rl as a 50 vol% mixture. 

4. 11.4.21 Aaueous Solvent Extraction Streams· 

Aqueous streams used in the solvent extraction processes which are 
either prepared in the AMU area or by b 1 e"ndi ng in the P and O ga 11 ery, 
sample gallery or canyon are discussed in this section. Data for solution 
makeups are also summarized in Table 4-39. 

4. 11. 4. 21. 1 HAS 

The HAS is a 2!1_ HN03 stream added to the.top of the HA column (T-H2) 
to scrub fission products from the product-bearing organic phase. This 
stream is normally fanned by mixing recovered nitric acid and process 
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condensate recycle in the sample gallery. As alternates, fresh nitric 
acjd may replace the recovered nitric acid, and demineralized water may 
replace the process condensate recycle stream. The nitric acid content of 
this stream is important in holding uraflium, plutonium, and neptunium 
products in the organic phase and in attaining the required fission 
product removal. A conductivity probe with the required additional 
instrumentation has therefore been installed to monitor the acid content 
of the mixed stream. 

4. 11.4.21.2 HA-N02 and 2AF-N02 

Sodium nitrite solution is made up in TK-106 and pumped to the TK-152 
head tank from where it is routed via separate flow control systems to the 

· HA column (T-H2) as the HA-N02 stream to oxidize neptunium to the extract
able (VI) valence and to the 2AF Tank (TK-JS) as the 2AF-N02 stream to 
oxidize plutonium (III) to extractable plutonium (IV). 

4. 11.4.21.3 lBX 

The lBX is prepared alternately in Tanks 209 and 210. One tank is 
used for makeup while the other is "on-line.". The stream is routed to the 
top of the lBX (T-J6) -column and used to separate plu.tonium from uranium 
and neptunium. 

The lBX solu_tion contains dilute nitriG: acid, ferrous sulfamate, and 
sulfamic acid. The dilute nitric acid holds the uranium and neptunium in 

.the organic phase in the lBX column. The ferrous ion reduces the pluto
nium to the nearly inextractable (III) valence, allowing the plutonium to 
be easily stripped into the aqueous phase. su·1 fami c acid reacts with any 
nitrite ion in the feed stream, preventing it from oxidizing the iron or 
plutonium. 

4.11.4.21.4 1BXP~HN03 or 2AF-HN03 

The lBXP-HN03 stream is recovered nitric acid added to provide the 
acid concentration required in the feed to the second plutonium cycle for 
efficient solvent extraction operation. Use of recovered nitric acid 
containing up to a. lM uranium is permissible at this point as most of the 
uranium is subsequently ~moved in the 18S uranium scrub column. As an 
alternate, fresh nitric acid is added to the 2AF tank as the 2AF-HN03 
stream. 

4. 11.4.21.5 lCX 

The lCX stream is very ·dilute (O.OlM) nitric acid added to the top of 
the lC column (T-JS) to strip uranium and neptunium from the organic 
phase. The nitric acid content enhances column stability by preventing 
the formation of an emulsion. The lCX stream is normally formed by mixing 
fresh nitric acid and process condensate recycle in the canyon. As an 
alternate, fresh nitric acid and demineralized water are mixed in a chamber 
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or pot 1 oca ted in the P and O ga 1-1 ery. The m, x 1 ng chamber is heated and 
the effluent temperature is controlled to maintain the required lC column 
operating temperature. 

4. 11.4.21.6 2AS 

The 0.75M HN03 2AS stream is formed by blending metered fresh nitric 
acid from header 7001 and demi nera 1 i zed water in the P and O ga 1.1 ery. 
This stream is used to scrub fission products from the plutonium-bearing 
organic in the upper section of the 2A columnl The nitric acid helps hold 
the plutonium in the organic phase. 

4. 11.4.21.7 2BX .. 
The 2BX is prepared in Tanks 213 and 214. The solution is routed by 

gravity _to the 2B (T-L2) column. The primaryfuncti"on of the 2BX is to 
strip plutonium from the organic phase in the column. The organic feed 
stream to the 2B column contains plutonium (IV) and smal1 amounts of 

,:, uranium. The 2BX contains hydroxyl amine nitrate (HN), which reduces the 
plutonium (IV) to nearly inextractable pluton,um (III), forcing it into 
the aqueous phase. Hydrazine (N2H4) is added to react with any nitrite 
present which would reoxidize the plutonium (III). Nitric aci.d is included 
in the 2BX to hold the uranium in the organic:phase, thus improving the 
separation . 

. 4.11.4.21.8 2DF-HN03 

Purex recovered acid is added from the sample gallery header as the 
2DF-HN03 stream to TK-Kl to provide the acid concentration required in the 
feed to the second ur:anium cycle for ·efficien-i: solvent extraction operation. 
This stream also contains some nitrous acid. As a-n alternative, fresh 
nitric acid may be added from header 7001. 

4. 11.4.21.9 2DF-N2_!4 

Hydrazine is added to TK-217 from drums and routed as the 2DF-NzH4 
stream to TK-K1, where it reacts with nitrite ion to prevent oxidation of 
plutonium (III) and the HN reductant in the 20 column. 

4. 11.4.21.10 20S 

The 20S is a demineralized water stream added to the top of the 
20 column to scrub fission products from the organic phase into the aqueous 
phase waste. 

4. 11. 4. 21. 11 2DIS 

The 2D+S stream, consisting of hydroxylamine nitrate solution from 
Tank 218 or 219 blended with demineralized water in the P and O gallery, 
is added to the 20 column just below the midpdint of the upper or scrub 
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section. The HN reduces plutoniul!I to the near1Y inextractable (III)· 
valence, which is transferred to the aqueous phase. The· demineralized 
water helps the 20S to scrub fission pr9ducts from the organic phase. 

4. 11.4.21.12 2EX 

The 2EX is a O.OlM HN03 stream used in the 2E column (T-K3) to strip 
uranium from the organic phase. The nitric acid is added to enhance 
column stability by preventing the formation of emulsion. Like the 
lCX stream, the 2EX is normally formed by mixing fresh nitric acid with 
process condensate recycle in the canyon. Also like the lCX, the alterna
tive is to mix fresh nitric acid with demineralized water in a heated, 
temperature-controlled mixing chamber located in the P and O gallery. 

4. 11.4.21. 13 2NF-HN03 
The 2NF-HN03 is a fresh nitric acid stream from the 7001 header added 

to the feed tank (TK-J21) for the second neptunium cycle to replace the 
3WB stream during Phase II and Phase III operation. During Phase III 
operation, the nitric is blended to 30 wt% with demineralized water in the 
P and O ga 11 ery. 

4. 11.4.21. 14 2NS 

The 2NS, which is the scrub solution added to the 2N column (T-J22) 
in the neptunium recovery system, i.s prepared alternately in Tanks 220 
and 22l. One tank is used for makeup Ylhile the other is. "on-1 ine. 11 The 
2NS solution contains nitric acid, ferrous sulfamate and hydrazine. The 
nitric acid acts as the salting agent, holding the neptunium in the organic 
phase in the top of the column. Ferrous ion reduces the neptunium to the 
extractable (IV) valence and reduces plutonium to the nearly inextractable 
(III) valence to allow separation. Hydrazine reacts with nitrite ion to 
prevent the oxidation of plutonium, neptunium, and ferrous ion. The 
makeup concentrations are changed when the operating mode is changed to 
enhance plutonium separation and FP decontamination. 

4.11.4.21.15 2PX 

The 2PX is prepared alternately in Tanks 224 and 225. The 2PX is 
used to strip neptunium from the organic phase in the 2P column (J23). 
The 2PX contains a small amount of nitric acid (O.OlM) to enhance column 
stability by preventing the formation of an emulsion-:-

4. 11.4.21.16 3AF-HN03 
The 3AF-HN03 is a fresh nitric acid stream from the 7001 header to 

the feed tank for the third plutonium cycle to provide the acid concen
tration required for efficient solvent extraction operation. 
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4. 1 i . 4. 21 . 17 3AS 

The 3AS is prepared wi·th demineralized water and nitric acid in 
TK-211, transferred to TK-156, and fed by gravity to the 3A (T-L4) column. 
The primary function of the 3AS is to scrub FP 1 s and other contaminants 
from the plutonium-bearing phase. Nitric acid is added to hold the pluto
nium in the organic phase at the top of the column. 3AS solution from 
TK-211 may also be used as the TK-Lll to TK-E6 jet motive fluid for rework 
transfers of solutions containing less than 60 g/gal of plutonium, or as 
flush solution in the PR room. The outlet from TK-211 can be valved to 
either the TK-151 pump or the PR room flush header. 

4.11.4.21. 18 3BX 
'' -
. The 3BX, which strips the plutonium out of the .organic phase in the 
· 38 column, is prepared in TK-150, pumped to TK-155, and fed by gravity to 
the 38 column (T-LS). A small amount.or nitric acid is added to assure 

· stable column operation and prevent·plutonium 1 polymer formation. The 
3BX solution is made up from distilled water rather than demineralized 
water to reduce the metallic impurity content of the plutonium product. 

4. 11.4.21.19 10S/10SR/10S-HN03 

The lOS is a dilute nitric acid solution made up in TK-G2 of the 
No. l solvent treatment system and recycled to the 10 column (T-G2) as the 
lOSR scrub stream. The lOSR scrubs fission p~oducts and other undesired 
impurities from the organic, neutralizes entr~ined sodium carbonate, and 
acidifies .the organic for return to the proces;s. The lOS-HN03, a low flow 
fresh acid stream from header 7001, is added ¢ontinuously to replace the 
nitric acid consumed. 

4. 11.4.21.20 20S/20SR/20S-HN03 
These streams are made up in the same mariner and perform the same 

functions in the No. 2 solvent treatment system (R Cell) as the lOS/lOSR/ 
lOS-HN03 streams in G Cell. 

4. 12 PROCESS VENTILATION SYSTEMS 

The process ventilation systems exhaust gaseous wastes from the 
process vessels, remove condensible vapors, an,d filter out radioactive 
particulate matter entrained in the exhaust air. In addition, these 
systems maintain a slightly negative pressure ::in all process vessels, as 
compared to pressures in the cells and canyont to minimize a spread of 
contamination in the event o~ leakage in a vessel vapor space. 

Head-end off-gas handling is covered in Sections 4.2 and 4.3, and the 
202·-A Buildir:ig air ventilation system is described in Chapter 2.0. 
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4. 12. l Process Vent System Flowsheet 

The canyon process vent system is supplied by three header subsystems 
as follows: 

, The 7700 vessel vent header, operated by the J-Fl-1 jet, which 
vents most of the process vessels in _the· canyon cells; 

· , The 7701 condenser vent header, operated by the J-Fl-2 jet, 
which vents the E-H4-2, E-JB-2, E-K4-2, E-L6, and E-L7-2 
condensers; 

, The header .from the E-FS condenser, operated by the J-Fl-3 jet, 
which vents the T-FS acid absorber. Also, the E-F6 high-level 
waste concentrator is vented to T-FS and ~he lWW sugar denitra
tion vessel (TK-FlS) is vented to E-F6. 

A flow diagram of the canyon process vent system headers is shown in 
Figure 4-23. The off-gases from these _three. headers enter a common mani
fold to the E-Fl condenser, then p~ss through the vent steam heater (E-F2), 
the silver reactor (T-F2), and the off-gas filter (F-Fl) to the building 
ventilation air tunnel. The air tunnel leads to the stack exhausters· 
through the building main ventilation filters. The purposes of this vent 
system are to remove corrosive and radioactive vapors from the canyon 
vessels, remove radioactive iodine in the·silver reactor, and return proc
ess condensate to TK-F-12. The vacuum in the condenser vent and E-F5 
subsystems provide the necessary differential pressure to maintain vapor 
flow through each condenser and negative pressure on the concentrators. 
The vessel vent subsystem maintains a negative pressure on most of the 
other process vessels in the canyon. 

During operation of the plant,.three steam-operated jets provide the 
required differential pressure for the respective headers. When the plant 
is down with the concentrators shut off, the jets are run on air to reduce 
moisture accumulation. The vessel and condenser vents are not normally 
shut off. 

4.12.2 Condenser and Vessel Vent Systems Operation 

4. 12.2. 1 Startup 

Startup of the vent system equipment is described with the following 
basic outline: 

1 Motive steam is turned on to the vent vacu~m jet (J-Fl-2) for 
the condenser vent header, and cooling water is turned on at a 
flow rate of 380 gal/min to the E-Fl condenser. 

• The condenser vent header jet controller is adjusted to 45 to 
50 inches of water vacuum. 
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• The E-FS condenser vent vacuum jet (J-Fl-3) is started with 
steam and adjusted to give a specified vacuum. 

• The vessel vent header jet (J-rl-1) is also started with steam 
and adjusted to obtain the required vacuum. 

• The vent exhaust heater steam flow is turned on full. 

4. 12.2.2 Process Control Trouble Shooting 

The detection and correction of potential problems in each of the 
three header subsystems of the canyon process ventilation system are 
described in the following subsections. 

4.12.2.2.1 7700 Vessel Vent Header 
. 

If the 7700 header vacuum is low or falling, the following items 
are checked and corrected as appropriate: 

• Loading pressure on the steam or air supply DOV to the J-F1-1 
jet; the loading pressure is increasee as required. · 

• Crane records to determine if tank nozzles are open due to 
work in progress; installation of jumpers or nozzle blanks 
is expedited and adjustments are made to compensate for the 
i ncreas ed f1 ow. 

4.12.2.2.2 7701 Condenser Vent Header 

If all concentrators.in operation are losing vacuum, the problem is 
most likely in the E-Fl condenser or beyond and is detected by high 
differential pressure (d/p) readings across the condenser or the F-Fl 
filter. The following items are checked and corrected as appropriate: 

• The d/p's across the. E-Fl condenser and F-Fl filters are 
checked. 

• If the E-Fl condenser d/p is high, the E-Fl cooling water flow 
indicator and outlet temperature recorder are checked. The 
flow is increased if low or if the outlet temperature is above 
the specified value of 40°C. 

• If the F-F1 d/p is high, indicating filter plugging which may 
be due to high moisture content of the incoming gas, the E-F2 
steam heater flow indicator and the E-F2 outlet gas temperature 
recorder ar-e checked. The steam flow is increased if low or if 
the temperature is less than 320°F. 
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• The steam pressure to the J-Fl-2 jet is checked and increased 
if low. 

• The condenser vent header jet contrdller vacuum readings and 
associated equipment are checked by ;maintenance personnel for 
possible failure or calibration drift. 

If only one concentra·tor loses vacuum, the following items are checked 
and corrected as appropriate: 

• The condenser cooling water -flo'U and outlet temperature for 
the condenser are checked. The cool:ing water flow is increased 
as required. 

•. The condenser seal pot liquid level is chetked and increased 
if low. 

• The concentrator temperature is monitored for an unexplained. 
increase resulting in an abnonnally ';high off-gas rate. The 
temperature is decreased to regain control of vacµum . 

. t The concentrator and receiver tank liquid levels are checked 
and increased as necessary to cover ;di pl egs. 

Other conditions that must be met to prevent air in-leakage and keep 
vacuum on the 7701 condenser vent system are as follows: 

• The seal legs on both the main (7717) and spare (7718) process 
1 
condensate~header~ must be full. 

• The seal leg on -the condensate 1 ine ;to TK-Fl8 must be full. 
·-

• Spare nozzles on both the main (7717) and spare (7718) process 
condensate headers must have jumpers installed or be blanked. 

• Spare nozzles on the condenser vent\header must have jumpers 
installed or be blanked. 

• Crane work (i.e.; jumper removals) i;n progress might explain a 
vacuum loss. 

4.12.2.2.3 E-FS Condenser Vent Header 

The potential problems and corrective actions for the E-FS condenser 
vent header, which is operated by the J-Fl-3 jet, include those listed in 
4.12.2.2.2 for the 7701 condenser vent header iplus the potential for rapid 
evelution of off-gas from TK-15 during sugar denitration. In the latter 
case, regaining vacuum control would require slowing the denitration reac
tion to nonnal rates. 
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4. 12.2.3 Shutdown 

When all concentrators are shut down, the three jet controllers are 
switched from steam to air. The desired vacuum is maintained by ad
justing the three pressure recorder-controllers. 

4. 12.3 Iodine Removal by Silver Reactor 

Radioiodine is removed from the process off-gas in the silver reac
tor (T-F2) by the combination of the iodine with silver nitrate coated 
on a heated bed of packing. Chemistry of the reaction is discussed. 
further in Chapter 9.0. Off-gases from the process vent systems are 
routed through a steam heat exchanger (E-F2) operated at 320°F prior to 
entering the silver reactor. The position of the process vent system 
silver reactor is shown in the Purex process flow diagram, Figure 4-1. 

Plant experience indicates variable perfonnance by silver reactors, 
and after extended use, the dissolver silver reactors (described in Sec
tion 4.3) are known to lose efficiency (Ref. 1). The loss in efficiency 
nonnally occurs when enough iodine has been discharged to react with 
half of the silver on the packing. A similar correlation has not been 
developed for the vent system reactor. The vent system silver reactor, 
which has a more dilute feed stream than the head-end, may be less 
efficient than the dissolver reactors because of the lower operating 
temperature or because of the competition of effluent chloride for ·the 
available silver. Laboratory measurements (Ref. 3) made in 1968 show 
that a significant amount of silver chloride was fanned in the vent 
system reactor and a negligible iodine decontamination factor was obtained 
during the study. The chloride is introduced as an impurity in process 
chemicals and fonnerly as CCl4 in laboratory wastes routed to F Cell 
for disposal. The reactor will be regenerated with silver nitrate prior 
to startup, and studies are underway to detennine methods for improving 
iodine decontamination (Ref. 25). 

4.12.4 291-A Stack Operations 

All gaseous wastes from contaminated areas within the Purex Plant 
are filtered to remove as much radioactive particulate matter as possible, 
and most are discharged to the atmosphere through the 291-A-l stack, a 
200-foot-tall column containing an internal free-standing stainless 
steel liner. 

The stack is periodically flushed.under a condition of reduced flue 
gas velocity to remove any particulate matter or other solids that may 
have accumulated on the walls of the stack liner. This is done to keep 
the solids, which might collect radionuclides, from being discharged to 
the atmosphere. Stack washdown spray rings are located at the 200-foot, 
150-foot, 100-foot, and 40-foot levels. Water under controlled flow and 
pressure can be delivered tot~~ spray rings by. a 100-gpm pump located 
in the stack sample building (292-A). The stack drains to the 216-A-2 
tank. 
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4. 12.5 Q Cell Process Vent System 

The Q Cell process vent system provides~ source of vacuum for the 
process vessels to prevent contamination spread from the vessels to the. 
hot cell, and to remove any vapors from tanks:and the concentrator. 
Contamination of the cell is prevented by maintaining the vessel inter
nal pressure lower than the. pressure in the surrounding cell. Vacuum in 
the vent system is produced by operating an air jet in the off-gas line 
of the E-Q9 condenser. The jet discharges to the R Cell vessel vent 
header, which is discharged to the air tunnel~ The E-Q9 condenser oper
ates under vacuum, condensing and venting Q Cell equipment via the E-Q2 
concentrator. 

Although the vacuum jet is capable of producing more vacuum than 
required for normal operation, the vacuum is limited to a maximum value 
of 20 inches of water to maintain water sea-ls, in the system .. The system 
is maintained at 18 inches of water vacuum dur,ing E-Q2 concentrator 
operation and is reduced to 8 inches for vent ·system control without 
concentrator operation. · · 

To increase the vent system vacuum from 8 inches of water to 
18 inches for concentrator opera ti on, the fa 11 owing steps are taken: 

• The vacuum controller set point is ~djusted to 18 inches of 
water. 

• Cooling water flow is adjusted to maintain an outlet cooling 
water temperature of less than 40°C,during concentrator 
operation. 

• If the vent system vacuum fluctuates, checks are made .to see 
that all seal loops are filled with liquid and that AMU lines 
are closed. 

After the concentrator is shut down, these steps are required to 
reduce the vacuum to 8 inches of water: 

i 

• The vent controller setting is gradtially reduced to 8 inches 
of water. 

• Water flow to the condenser is adju~ted to 5 gil/min. 

• Additional water flow is provided if the outlet cooling water 
temperature exceeds 40°C. 
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4. 12.6 Ammonia Scrubber Vent System 

A separate exhaust system for E Cell vessels and the ammonia waste 
concentrator (E-Fll) is provided to eliminate the possibility of arrmonia 
from these vessels depositing as ammonium nitrate on the building ventila
tion exhaust filter. The coating waste receiver tank, TK-02, is also 
vented to TK-E3 for this reason. The equipment is shown in the overall 
Purex process flow diagram, Figure 4-1. 

Annnonia is produced by the coating removal process in the dissolvers, 
the centrifugation and caustic treatment-of waste in E Cell, and the evap
oration of ammonia scrubber waste (ASW) in F Cell (E-Fll). Ammonia not 
removed from the E-Fll-2 condenser off-gas and E Cell ammonia scrubber 
off-gas is routed to a steam heater (E-AS-1) operated at 170°F, then 
through prefilters and HEPA filters. A separate 20-meter-high stack and 
blower sufficiently disperses the ammonia to the atmosphere to reduce the 
concentration to below the allowable threshold limit value (25 ppm) at 
ground 1 evel. 

4. 13 ANALYTICAL METHODS 

Tables 4-48 to 4-50, presented at the end of this section, are brief 
outlines of the principal analytical methods available for use in deter
mining the properti~s and components normally of greatest interest in 
Purex streams. ·The scope and limitations of each method are presented as 
an aid to operating personnel in properly interpreting laboratory resuits 
and in requesting determinations which will produce meaningful data. For 
each analytical method, the prec·ision, accuracy, sample size, time required 
for analysis, and any impurities known to affect the method have been 
listed, together with a brief _description of the method and the sample 
points on which the method is normally used. 

As time passes, many of the methods described may be improved or 
replaced with new and better methods. Therefore, if the outlined methods 
do not meet a particular process control requirement, analytical labora
tory personnel should be consulted. 

• 
4. 13. 1 Oef.inition of Terms 

In the outlines of the analytical methods in Tables 4-48 to 4-50, 
some special terms are used in certain specific senses. · The following is 
an explanation of these special terms. 

• Accuracy, or systematic error, is an expression of the agreement 
of the average analytical result with the absolute or 11 true 11 

value, expressed in percentage (100% means no average systematic 
error). · 
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t Precision is an indication of reproducibility of an analytical 
method. In Tables 4-48 through 4-50, the precision figures 
indicate 95% confidence limits, unless otherwise noted. In 
other words, in 95 out of 100 determinations run under the de
fined conditions, statistical studies have shown the reported 
va 1 ue does not vary from the mean value by more than the 
stated precision. 

For radi ochemi cal methods~ precision may be 1 imi ted by the 
radiation counting instrument, but {mproves with increase in 
the total number of counts recorded .. The following counting 
precision may be expected from the Simpson Al pha-Proportiona 1 
(ASP), Wide Beta, and GalTITia Energy Analysis (GEA) counting 
systems described in Section 4.13.4r:below: 

Total No. Precision 
of Counts Recorded (.99% Limits), "' lo 

66,000 + l 
18,000 +2 
2,600 +S 

700 +10 
170 +20 

• Analysis time indicates the total elapsed tim~ required for a 
single determination by the method ·indicated. Not included is 
the time required for transportation of the sample to the 

· laboratory or waiting time in the laboratory. Also, for 
duplicate analyses of a sample, the:time required is not 
double that for a single analysis, but is usually less than 
that required for the same determination on two different 
s amp 1 es . ;' ' 

• Samele size is the volume of sample:required by the analytical 
method for a single determination. · 

• Spike or standard spike refers to an added aliquot of a 
radioactive isotope which is chemically similar to the species 
being measured. The spike is added·to the sample to correct 
for method losses, or, in the case of isotopic dilution, to 
change the isotopic ratios in a known fashion. 

4. 13.2 Physical Property Determinations 

There are two physical determinations done at this time -- isotopic 
distribution of uranium and plutonium, and specific gravity. These 
methods are described in Table 4-48. 
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4. 13.3 Chemical Determinations 

Methods for uranium, ferrous iron, total iron, free acid, pH, hydrox
ide, nitrate, nitrite, tributyl phosphate, su1famate, hydroxylamine, 
hydrazine, corrosion products (e.g., nickel), aluminum, f1 uori de, and 
others are outlined in Table 4-49. 

4.13.4 Radiochemical Determinations 

With the exception of uranium and thorium, radioactive components of 
Purex Plant streams are normally determined by radiochemical methods. How
ever, one exception to this is the accountability measurement of plutonium 

· in.,the feed and product streams, in whi-ch a physical method (mass spectrom
etry) is used on the feed sample and a chemical method (Redox titration) 
on the product sample. Radiochemical determinations·may include total 
alpha and beta, alpha and gamma energy analyses, and specific assays for 
neptunium and plutonium. These methods are outlined in Table 4-50. 

Radiochemical analyses are based on the use of radiation counting 
instruments for the measurement (11 counting 11

) of the radiation emitted by 
the components of interest. The types of radiation counting instruments 
used depend on the types of radiation which are counted, and include the 
Simpson Alpha-Proportional Counter (ASP) and the Alpha Energy Analysis 
(AEA) system for alpha; the Wide Beta Counter. for beta; and the Ganma 
Energy Analysis (GEA) system for gamma. 

A radiation counting instrument uti1iz~s a detection de~ice which, 
upon exposure to radiation from a sample, produces electrical pulses which 
are automati ca 11y counted. The number of counts per unit time is _a f1.mc
ti on of the amount of radioactive material present. 

For the ASP and Wide Beta; an electrical potential is applied to the 
ionization chamber detecting devices, which contain two electrodes sur
rounded by an atmosphere of nonconducting methane gas. Ionization of 
the gas, resulting from passage of radioactive particles from the sample. 
through the gas, allows the flow of current in pulses between the elec
trodes. These pulses are amplified and counted. 

The AEA detector is a solid state, silicon diffused-junction barrier, 
semiconductor diode held at a high potential reverse bias (~ 300 volts d.c. ). 
The detector is kept in a chamber with a tight-fitting door. This detector 
is photosensitive when activated; hence~ the chamber is light-tight and is 
also kept under vacuum to reduce energy degradation of the alpha radiation, 
and to keep the door tightly closed when the detector is activated. 

In operation, alpha radiation strikes the detector and causes pulses 
of current to flow in the high-voltage circuit. These current pulses are 
then amplified and fed to a pulse height analyzer, which may be computer 
controlled. The accumulated alpha energy spectrum may also be displayed 
to an output device, such as an oscilloscope. 
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The GEA detector is a lithium-drifted (sensitized) germanium semi
conductor diode reverse-biased at a very high potential (", 3000 volts d.c.). 
This .detector must be kept at a very low tem~erature with liquid nitrogen 
to prevent the lithium from drifting out of the crystal which would ruin 
the detector. Maintaining a very low temperature also reduces the back-
ground noise level. ' 

In operation of the GEA detector, gamma :radiation strikes the detec
tor face and causes current pulses to· fl ow, as with the AEA detector. 
The treatment of these pulses is essentially :;the same as that for the AEA 
system, except that more channels are involved in the pulse height ana-
lyzer for the GEA detector. · : 

The conversion of instrument counts per;minute to curies of radio-
:acti vi ty is dependent on the arrangement of the instrument detector rel a
tive to the sample, as well as on other considerations. For example, the 
detector cannot II see 11 a 11 points on the sample; the 11 geometri' of the 
instrument is the fraction of the total radiation field to which the 
detector is exposed. In addition, such effects as sample thickness, 
shielding by air or by instrument parts, side reactions dependent on the 
nature of the radiation, etc., must be considered. The geometry, or• 
efficiency, of each instrument is measured •.-1i,th appropriate standards. 
For the Wide Beta, pure known. sources of each radionuclide of interes.t 
are used. All count rates are corrected for the efficiency of the count-
ing instrument prior to reporting. · 

The principal characteristics of the radiation counting instruments 
are tabulated below: · 

Radiation 

Alpha Beta 
'i 

Gamma 

Counting ASP Wide Beta GEA 
Instrument 

1. 

Detecting Ionization Ionization Lithium-drifted 
Device Chamber Chamber Semiconductor 

(methane gas) (methane:'gas) Ge(Li) 
Units for Disintegrations Disintegrations \Jc i / .i 
Reporting per min/2. per min/i 
Instrument so 3-60 <O.l-4 
Efficiency, % (depends;on (depends on radio-

- radionuclide) nuclide and sample 
., position) 

NOTE: At this time, the AEA system is not q~antitative and is capable of 
giving only ratios of various alpha energies. A total alpha analysis is 
required for quantitative assay with all AEA!s. 
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4. 13.5 Explanation of Tables 

Further explanations of terminology and abbreviations used in 
Tables 4-48 through 4-50 are included below. 

4. 13.5. 1 Column Headings 

The tables of methods are organized into 13 columns which are des-
cribed as follows: 

• Determination - This is the species which is measured. 

1 Symbol - This is the abbreviation for the detennination. 

• Application - This shows the routine uses of the method and, in 
some cases, the concentration limits. 

• Sample Points - Listed in this column are samples which are 
routinely analyzed by toe particular method. Those marked with 
an asterisk(*) indicate an alternate method to be used only 
when the primary method cannot give the desired results. Other 
sample points may be included under nonroutine conditions. 

• Method and Description - These columns give a brief description 
of the procedure, the key reagents used, and the basic principle 
for· completing the analysis. Any additional comments about the 
method may a 1 so be noted here. · 

• Interferences - This describes various species, compounds, or 
sample types that are known to interfere with the method. How
ever, there may be other unknown interferences. 

• Nominal Sample Size - Shown here are the ranges of sample volumes 
that are normally used for each method. Note that only the 
amount of undiluted sample is given. 

• Maximum Sample Size - This represents the absolute maximum sam
ple size that may be used in the method for a given run. With 
samples containing radionuclides, radiation exposure may further 
reduce this volume for certain methods. 

• Precision - This gives the best possible precision (random 
error) at. the 95% confidence level (C.L.) which the method is 
capable of under ideal conditions. 11 Cruddy 11 samples (samples 
containing solids) and other problems will, of course, make 
these figures larger. · 

• Accuracy - This column shows the method bias (systematic error) 
as determined from appropriate known standards. One hundred 
percent accuracy means the average analytical result is identi
c~l to the true value. 
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, Analysis Time - Shown here is the time required to run a single 
analysis. As stated previously in Section 4. 13. 1, this time 
does not include sample delivery time nor waiting time. 

• Laboratory - If the work for a particular method is not done at 
the Purex Analytical Laboratory, this column shows the labora
tory where the work is done. 

4. 13.5.2 Abbreviations 

Certain abbreviations, which are defined below, are used in the 
tables. 

EDTA Ethylenediaminetetra~cetic Acid 
NA Not Applicable 
NE Not Es tab 1 i shed 
TTA Thenoyltrifluoroacetone 
TIOA Tri-isooctylamine 
mi Milliliters 
µR. Microliters 
meq Milliequivalents 
mM Millimoles 
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special ftlame11t and 
,the Isotopic ratios of 
the uranlu111 are deter
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TABLE 4-49. Chemical Measurements. 
··--·- ··------- ··----- -------- -- --------·-···-- -•---- -- ·---- -- -- .. - ·- ----- - - .. ··- ··-·· --- . -- . -·--

Sd111p le Inter- Sdmjlle Sile l'redsion Auuracy, And lys is LaLs 
Uelt!l'llli- Symbol Ajljll iCdliUII 1-lt!thod Oescript Ion -···--- ... - -- ···-· ---·- - (951 C.l.). ( if uot 
,,at ion Points ferences llominal Haximum 1 

1 T lnie Purex) 
·-···• ---· - - ------ - ··-··. -- ---------- ----------. --------- -·--------- -·------· -----·· - ------·· ----·-- -- -----·---·- --

CarL011- · C03 Oelermiualluu Na 2co3 - Acid-base Total carbonate ts de- Anloils of l00 11l 50 Ull ¼5 99 I hr 
.ale of car·bona le 1<Mn04 Titration termlned by adding an weak vola-

in "cold" ur- WdSh excess of standard sul- tile acids 
ganic wash furlc acid, heating, and (e.g.• 
solution back-titrating the un- nitrite) 

reacted sulfuric acid 
with standard !zed base 
to a potent i11111etrlc eml 
point. 

Caustic C/ll Empirical de- flU, GIi, Add-base A sample uf process Nol really 25 - I llll ([114iirlLa I) (Eu.1trl- 1/2 hr 
Ratio tenuinat ion 118 Titration waste material is ti- appli- 100 11! i:al) 

of "caustic trated with standardized uble, 
demand" for NaOII tu the des Ired pll since this 
various (8.00). from the vol- Is an em-
acidic ~aste unie required to titrate plrlca 1 
sa11111les the s.i,np le, the a111ount uiethod 

of !iOi NdOII needed to 
neutral lze the process :;o .p. waste a1aterld I Is ::i: I calcul.ited. 0 

N I (..) -· • fluoride f- Determination 02, 05, Specific A11 al hruot or sample .Excess 25 11l - I nil !_IO IOO 1 hr ~ CJ\ Is • of told I flu- El, El, Ion added to a special mix- free acid I Ull I 
orlde Ion In E5, FIS, electrode lure of buffer and com- (>0.4 uieq) __, 
aqueous proi:- (F26}. pleunt. Dy the Nie lhod base 

__. 

ess SdH~• le~ K6, LC), of standard dddltlons, (:.-1.0 •ieqJ CJ\ 

Sun11s, the sample fluoride con- or poly-
lll/U2, centratlon Is c.ilculated valent 
Fl, 18P, Ly ten-fold dilution of uoetal Ions · 
AfAII, the Sl'iled san11le. · (>0.411~ 
3X~-FP per 

Sdu.1 le) , 

Fn,e 11t lletern1inat ion Ul/112, Acid-base An a113uot of sa11~le Is llydroly- JO 11l - 50 Ull tJ 97 1/2 hr 
Add (I) of dcidlty in FJ, F5, Ti trallon di lute Into water and zable 11et- 50 llll 

aqueous sa,11- 2NW, lWO, titrated with standard al Ions, 
pies esse11- IUD, 2AII, base. The end point Is such 11s 
tlally fn,e 2AS, deteru1lned either po ten- felt, AJlt, 
of hvdrolyz- l.ti/L 7, tloruetrlcally using _a pH 2+ 
able Cdtlons IIA!., ICX, electrode, or colurimet- uof , etc.; 
(.:0. It) 211X, 2EX, rically, usln!I methyl co ored 

solutions; XCX, 2PX, purple Indicator. 
aulons with )AS, lOX, 
equl I lbrla lX[. lXPT, 

lXS-FP, lvvolvlny 
lXS-fS II (e.g., 

2-Cr
2
o
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TABLE 4-49. Chemical Measurements (Cont.).· 
- --- - ---- --·- .. ·-- --·--. - . ------ - . ---·- ---- -----. ---- . •H -•••-••- -- •- --·--- ----- ------- ··-···. 

Oelerml- Sdmple · 111ter- Sample Size Precls Ion Aci:un1cy, A11alys Is l.dbS 
Symbol A111•• icdl 11111 Helhud Descrlpt Ion (9!.:l C.l.). ( if noL 

nal Ion Point~ ferences 
No111lnal Hax illlllll 1 1 Time Purex) 

-----·-·· ... ···-···· - . --- --- ----. --·-··· ----- ---------- -------- ·- ------- --- . - ------ ·--· --
free (2) Delenuinat Ion re, n5, Acid-base The metal Ions are con1- Ions tl1at 20 ~II - 50 llli tl2 114 I hr 
Acid of free dcld Fl6, f26, II trat Ion plexed with excess po- have Inter- l Hit 
(cont'd) In aqueous Sw1111s, with com- tasslou1 oxalate, and the species 

sa11111les co11- l9, plexant solut Ion Is then t ltrat- equll lbrla 
talnlny hy- LIO RII, ed w Ith standard base to Involving 
drolyzable Lil, Rll, a potentlometrlc end hydrogen 
cat Ions 2PC, lXF, point. Ion Inter-

]XII, lEII, fere with 
1}6, lllf, the .inaly-
UAW, JI s ts (such 
(1118), as phos-
2NS, phate and 

Cd(NO~lJ• dlchro-
2PN, , mate) 
IIIP, 2Af, 
28P, lDP, 
IBX, lAf, ;o 
lXS-Pu :c 

.p,. 0 
I I (l) Dete1111inc1l Ion 115, El, Acid-base Same as (2) except po- Anions 10 - I mt • IO 91 1/2 hr ~ N 

w nf free acid [6, 1(6, Tl trill Ion tassiwu fluoride is used such as 15 11( 
...... in aqueous P6, with com- a long with the oxalate, I lsted I _, 

sd11111les with P-TK's, plexants and the solution ls ti- In (2) _, 
high uranhun 2llW lrated to a preset pti. m 
content 

(4) Ueter111lnalion 65, P.7 Ac Id-base An a llquot of sample Is Hydrolyzed 2 mt 2 mt NE NE 1/2 hr 
of total dcld Tl tralion added to ethanol and the TOP, Hydro-
In organic solution is titrated lyzable 
samples essen- with standard base to a metal Ions 
tially free potentiometl"ic. end as listed 
of hydrolyz- point. in (I) 
able cat i•ms 
(·O. Ii) 

(5) OHenuin.itlon IIAP, Jl, Stripping An a I I quot of sample Is Hydrolyzed 500 11t 500 ~i NE NE I hr 
of str-11111.ible (IDXF) and ti- emulsified with oxalate- TOP; A11lons 
al Id in or- trat Ion fluoride complexing so- or species 

.gdn le S.tu1ples with com- lutlon and the aqueous having 
with hl!Jh plexants phase Is t ltrated with equll lbrla 
meta I cont.ent standard base to a pre- as de-

set pll. scribed 
(2) 

In 



~ 
I 

N 
w 
00 

Ucl1m11l-
11at ion 

llydra
Li11e 

llytlrox
itle 

llyd.-ux
lydmine 
NHrale 

Syml'lol 

our 

IIN 

Appliution 

llelcrmlnatiun 
of hydrazhie 
In "Lold" 
dljUl!UUS llldke
UII Sdmp li.s 

Ui,ti.rmlnill ion 
of total hy
droxide 1011 
In "cold" 
a1Jueous milki.
up sau~• les 
dnd thosi, 
fro:e of 
l1ydrulyZdlde 
anluns 

2- ]-
(COJ , P04 
.eti:.) 

llelc1·111i11iltio11 
of tut.ii hy
droxy lamiue 
In "1..old" 
dtjUCOUS 111.ske
up sa11•1 Jes 

Sample 
Points 

2llX, 2NS, 
H2ll4, 
JXl'T • 
JX~-Pu, 
lXS-fP, 
lXS-FS 

KOii 

2DX, IIN 

TABLE 4-49. Chemical Measurements ( Cont. ) . 

Hethod 

Abso.-1'
tlon 
s.,ectro-
11l1otu-
111ctry 

Add-base 
Tl trat Ion 
(polentl
oouetric) 

lledox 
Titration 

Description 

llydrdzlne 1·ea1:ts with 
p-dl111ethylami11oben
ul1lehyde (p-llAD) to 
fo.-m a l"l!ilrl'dll!Jl!tltellt 
compound which is an ln
te11se orange-red color 
In, strony acid. The In
tensity of the ,color ts 
then 111:asured spec.tro
photumetrlcal ly ilnd tlie 
cunc,mli'ation of hydra
zine Is determined from 
ii cdllbratlon curve. 

Tlie sample Is titrated 
with standard acid to a 
jlOtentluonetrlc end 
point. The break Is 
calculated as hydroxide. 

Ferric a11111Unium sulfate 
is added to the. cuonplex
ed hyUro~yla111lne sample 
wh lch re.ic ts to reduce 
the ferr le Iron to fer
rous Iron. lhe resul 0 

tant ferrous Iron Is 
tltrdled with standai•d 
penuanyandle so lut ton. 
Frum the stoid1lonielrlc 
pernklngan.ite t I trd Ion, 
l11e hydruxylamlne con
centrat Ion Is cdlculated. 

Inter
ferences 

Other 
amines 
which can 
fo1111 COIU

pound~ 
with p-llAD 

Sample Size 

H11111i11a I Hdx I mum 

50 -
)00 11l 

Anions of 50 1,l !i llll 

weilk ·acids 
such as 

2- 3-co) , P04 , 

t!lC.; 
alumlnate 
( Lo so,ne 
exlent); 

2-
C1-04 

ferrous 
Iron lni
llally In 
lhe saui-
p le; ilny• 
olhe,· com
pound 
which wll I 
.-educe 
rel• 

100 111-
1 llll 

10 1111 

Preclsiun 
(95'.L C.L.). 

l', 

tll 

~1 

•5 

Accura<:y, Analysis 
:t Time 

1/2 hr 

!19-IOO 1/2 hr 

'J9 1 hr 

I.JbS 
( if IIUL 

t'un,x) 

:;o 
::c: 
0 
I 
:::: 
)> 
I __. 

___, 
m 



TABLE 4-49. Chemical Measurements (Cont.).:-,: 
--·. ··-· -- . - - --··- --· ... 

p;•et..islun 
lnler- Sample Sile Accu,·acy, Analysis ldbS 

ll1!len11I- A1111 I h:a l I 1111 Sample Hellllld Uescrlpt ion (9~1 C.L.'), (H nut 
lldliun !,,ymbol Pulnls rerences Nominal H,ul11u•11 t '.I, Time 

l'on-ex) 
-·- ---·•"• --··· --

Iron fe 21 llt!te1111l11al1011 IIIP Absurp- An a llquol of sample h Be, Sn, 10 1,1 500 ,,, ~ Y4 1/2 hr 
( II l II I ul fen-ous L1011 mixed with a special Uy, llo, 

Ion In aqoe- Speclro- c,.1,..le.ant (11-phenan- 11!1, ln, 
011s Sd•••les pholo- lhrullne) 111 an •cetate (pll>4) 
w llh low con- uielry buHer. Ille ferrous 
ce11ti·dtlm1s 1011 reacts with the co,u-
of olher plexa11t •t • pll of l.!i -
colored 3_7 to form a red-
species colored coo,.,lex. The 

Intensity of llie color 
1u·oduLed h then uiea-
sured spectro11hol1111iet-
r lea lly anol the coucen-
lr-atlon uf fernius Ion 
Is delenulned fruu1 a 
callbralluu c,..-ve. 

(2) llelcruolndl iun IIIX, 211S, Redox lhe sample cu11tah1l119 Hl~, 250 1••- 10 1111 91 1/2 hr 
of ferrous lun le(SA)z, Tl trat Ion len-ous loo h tlll·Jled NII· II, 10 uu 
in ''t:olt.lH lXS-Pu wi lh s ldnddnl pe.-.oan- othe,· ,·e-
aqueous Nldhu11 yandle solution to a d11Cld11ls 
s•11~1les colod•oelrlc end point oxidized 

by per- ;;a 
_,:a. u,anganate :c 
I 0 

N lie, Sn, I 
w 11·011 fe Dete.-u1inallun •os, Reduct lun/ All Uie Iron 111 the sa1u- 2!i - 1/2 m• ~!i 94 1/2 111· 3: 
U) (lotal) (I) of lDldl lrnn •FIS, Absorp- I' le Is reduced lo fe1·- Dy, Mo, 100 1•• (!i00 1•l) )::, 

h, "'JLU!0US •u11u2, lion rous Ion wllh hydro•- Ilg, Z11, I , ... ,. 
Sd1U(1lcs wllh •f) Specl.-u- y lauil 11e hydroch I or t.le. plulonluon 

__, 
,:-:::;. __, 

low concen- phulo- lhe ferrous 1011 Is lhen (IV) - m lrat Ion of 1111!lry cuu'IJleaed ••llh o- color of 
o lher co lo.-- phenanlhi-ol l11e dnd Ion l11ler- ·,-..,! 
ed spedes dell!rn1l11ed as described feres in 

dbove for iron (II) high COIi-
melhod II. .:enlrat 1011s 

(e.9., l9) 

m llutm·•1i11allon LY Solvent Same dS method II, using Ions as In NE 1/2 Oil •ri % 1/2 hr 
111· ln1n In Exlrac- hyoJru•y la,u ine hydro- (I) eaci,pl (abs_ (abs. s11ecl (dbS. 
plulo11ium lion/ d,lorlde, o-phe11aolhro- plutonl .. u spec) sped 
product ~bsorp- lhie, and acelale but·- (IV) 

lion fe,·. fhe ii-on (11) l11111-
Speclro- plex Is then i,xlracled 
pholo- dway fru11 the colored 
nietry plulonlwu (Ill) Ion hito 

a nl lrobe11ze11e-11-buti111ul 
n1lxt.ure and lhe absorb-
a nee nf the U1·g•11 le phase 
measu,·ed m, a spedru-
pholomeler _ 

•Al tet·lldte 111Cl11od 



TABLE 4-49. Chemical Mea·surements {Cont.). 
---··- -·- -- . - - --- . - -- -··----· -·- -------. ... ----··---- ---- ------·-· ------------ -- --------- - --- -- ·- - -- ·- ... .... ------ - -------

Inter- SilmfJlc Sile l'n!cisiun An;urdcy, Andlysis 
ldbS 

Oelennl- Symbol AfJlllicalion Sd11111Je Hcthod DescrifJlllln -- - --- - ---- (!15'.L C.l.). (H nul 
nation Points ferences Nomlndl Hdx imum '.L 

l Time Pu,·cx) 
-- . -----······ ---··-----· ------· ------ ---------------- ---------- ---------- ------ -------- -- - -

______ .., ____ 

!'lf!/\LS 

Aluminum Al llclcnninal ion 115, EI, Atomic An ii I h1uol of sample Is v. Nf I mt !.11 !1/ 1/2 11,· 222-S 
of-aluminum fl, Absorp- di luted Into d specla I ll2S04 
in aqueous UI/U2 tlon mdlrlx and ;analyzed for 
samp lcs with Spccti·u- a specific u~lal Ion on 
luw-to-hi!Jh photo- the dto,ulc uhsorpl Ion 
dissolvcd melry spec lropl1olu111e lc1·. 
salt cunllmt 

Cddmium l,f D1Hcr111inat Ion Cd(N01)2 Samc dS Sdllle dS dbOvc. Not Nl I Ult tlU IUU l/2 hr U2-S 
of Cdd111iu111 s,111~,s above dvai I able 
in a11ucous 
Sd11~1 les 

1,·on Fe, Delenulnal ion 05, fl, San~ as Same as abovc. High NE I mt !1 102 1/2 hr 222-S 
(l) or total iron Fl5. K6, above. sll lea 

In process UI/U2, content 
and product P-TK's 
a11ucous ;;o 

+> samples :c 
I 0 

N 
Chnnnium Cr Sdllll! dS K6, Sd1111! Souie Fe, Ni I UI< I 10 lit~ 1/2 hr I .p. JbOVI! as dS above. N[ 2a-) ::s: 

0 P-JK's at,uvc :t> 
I 

llidcl Ni SdlllC d~ dl,ovc 112, 05, SJIIII! <IS Sdllll! 45 abovc. Nut Nl I Ill ... •.5 !I~ 1/2 h,· al-) __, 
[I• [], above dvai I able CJ) 
K6, P- lK'~ 

S11Ji11111 tld Samt! dS above Kfi, 1'-lK's Sdlllt! dS Sdllll! dS dbove. Nonc N[ I 1111 ! ,. 1ll6 1/2 In· a2-s 
Jbovc 

Ueptu- N11 Vd I llelern1lndl Ion lj], (J4, Ab~orp- The sau.,le Is diluted Species 100 11l 5 Ill( !.5 i'ff 1-2 hr 
11lu111 of neptunium Q6 l Ion into nitric ;acid or lhl! which ab~ 
Valence Vdlcncc Slatc Spcclro- Sdllle content rat Ion as so,·b In 

ratios In photo- that In the Sd11~1 le. The- lhe SdJIM! 
II Cell melry dilute Sdllljl le is llten rc9ion .is 
samples scam,cd on an extended- neptunium 

'\. 
1·Jn9e doubl e-beani ions; 
spcctro1-1holumeter. Dy chanyes In 
co11111arlny lht! spec t 1·u111 acidity 
ubla lneJ with the spec- wl II 
lrd of pure valcnce change 
sla ll!S ( •4. t5 dnd tb) rat lo ol 
and a ho knmiillg the valt!nce 
free aci,t cuncent,·allon, stales; 
the PtffCClll41ji! of each thus acid-
~illt!nce Sldle in lhe lty must 

.SdlllJJII! is Lal,.:uJ~te,I. be known 



TABLE 4-49. Chemical Measurements (Cont.) .. 

-·----- --• --------· --------------· --- -------------- -- - -· ------ -- - - . -- -- -----. . ------ -- . ------··· - - .. ----- --·-· 

• Sample Size Precision Analysis Labs 
Oetenul- Symbol l\ppllcatlon Sample Helhod Description Inter- (9!il c.t. I. Accuracy, 

( If not 
nation Points ferences Nomfoal H.ixiPllllll I J TIIII! 

Punix) 
-- --- ----·-·· - -------- ·----·-- -------------------- ------- --------- -·---- -- ------- ---- . - ... -- -- ----· ------

Ammonia NIIJ Oeten11l11o1llon FIB Dist Illa- Hie saanp le Is aaade Other NE I 1111 !IO 9U 1/2 hr 222-S 
of NIIJ In tlon/ strongly bas tc with NaOII volatl le 
uios t aqueous Acid-base and healed. Tile 1111nonta bases 
sa11~1les Titration thus fonuecA ts d Is tilled 

and trapped Ill boric 
acid, which is titrated 
with standardized IICI 
using bronicresol green 
Indicator. Intensely 
r.idloacllve sa1•les may 
1·equlre llie dlsll Ila-
lion step to be done In 
a cubicle. 

Nilrlle NOi De teru1lnat Ion JXW IQ5), Absorp- An aliquot of umple Is Fe (Ill), 10 - I 1111 !IO 9U I lar 
(nitrous ( I of nitrite In )AF, lion hatrnduced Into a ·solu- but can be !iO 111 ~\""..;· 
add) aq,mous ~a,u- llall02, Speclro- lion of sulfanlHc acid. corrected 

pies wll11 low 2AF photo- In acetic acid. The for; pluto-
~ Iron content 1uetry nitrous acid In the sa1u- 11111111 it ;;o ' ~) I pie forms i dluonl1111 very high :c 
N salt whlcll Is then. com- levels 0 
~ blned with 1-naphthyla- (Pu; 1102> I _, 

3 u,tne-1-sulfonlc add to 120). IIJ ):,, 
for111 a pfol< azo dye. I 
The Intensity of this 

_, 
_, 

dye Is then weasured O'I :.:~{t 

spectrophotonN!lrlca I ly 
and the cuncentratlon of 
IIOz detennlned using 
a calibration curve. 

(21 De terminal ion IIAP, Aqueous An al 1<1uot uf organic SanN! as NE NE NE NE 1-1/2 hr 
of l1tl02 In lliXf, Stripping sa11~1le Is contacted with (1) 
m·yanlc 20W, dilute carbonate solu-
saml'les lBW Absorp- lion to strip the nl-

lion trous acid Into the 
Spectro- aqueous phase. The 
plioto- aqueous Is acidified and 
nllltry buffered. Sulfanlllc 

acid Is added and the 
mixture Is then analyzed 
as in Helhod 11. 



.p. 
I 

N 
.p. 
N 

Oelenui-
nallun 

-·-- --·- -

Nltrdle 

,,oten-
tlal uf 
llyJ1·oyen 

Pluto-
niu111 

Symbol 

--~---· 
N03 

I'll 

I 

Pu 
(l) 

•s.mp le 
Ap11 I lcat I un Points 

-·--·- ----· - . ---- ·- --- ---- ---
1Jetenui11dlio11 
of N03 i11 

Nall03 

••1ueous 
somp les 

Ol!lermlndllon All 
of pit In any 
iujueous 
somple 

ALCounloLlil- 05 
i ly lllt!ilSUl't!-
menl for 11lu-
tunlum in 
dissolver 
;olullun 

·' 

TABLE 4-49. Chemica 1 Measurements (Cont.). 

Method Descrlp t 1011 

-- - -----·-· -- -------------
Rani.in The sa;1,ple is Introduced 
Speclro- into ii capllluy lube 
Hll!try aml scanned on a Raman 

spec tro11ll! ter. The con-
cenlratlon of nitrate Is 
tletennlned by nteans of 
a Cilllb,·atlon curve .ind 
!Jlm.:hlorale as an Inter-
nal standard. 

Specific The jJII of undiluted sam-
Ion pie Is measured by use 
[lectrode of a pll mllle,· and com-

blnat1on electrod,L 

SX/IX/ Accurately ~110\111 dlllOUlllS 
Hass of-sample onJ spike 
Spectra- . solut Ion (knuwn stan-
melry Jud solution ut 11unl 

Pu-2411 ur Pu-l42) are 
combined In 11! 11110, 

ond allowed to equl I-
bra Le. Vale11ce adjust-
11lt!nls and a HA extrac-
t Ion are then perfonned 
as descrlLled 111· pluto-
ulum rddlochemlcai meth-
od IL Afle1· the 01·ya11-
k Is scrubbed 2-l tlult!s 
with 0. 75!!_ IINOJ, the 
1>lutonlu111 (IV) !s strip-
ped Into ~ IINOJ, and a 
final cleanup from 11ranl-
UJ11 Is made with an arilo11 
exchanye co lu11~1, to as-
sure thorouyh decontain-
lnatlon from U-238. An 
lsotop le ana lys Is Is then 
111ade by hlyh-resolullun 
mass spectrometry. From 
knowlny tilt! isolop le 
distributions In Lhe 
so11q1 le, splle, and sam-
p le plus sp Ike, a long 
w ilh the sp ne concen-
Lratlu11, the sample con-
centratlon is ca lcu I ated. 

Inter-
fe.-ences 

·-
Cc1rbo11ale 

Sodium at 
pll, 12. 
Puss lbly 
olher al-
kall metal 
loris 

Relatively 
11011volalll, 
oryanics: 
metals 
with same 
m~ss no.' s 
d~ plulu-
11lun1 
(U-218 dnd 
Am-241 dre 
removed in 
this 
method) 

Sa1111>le She 
--------- -·-· Accuracy, Analysis 

l. Time NIMnlna I Maxim um 

Precision 
(9!i:t C.L.). 

l 
--------- -- ----
250 l•l 2 Hll too I hr 

l50 1,1 None · !_.2 pH unit ,99 1/4 hr 

N[ 0.05 II ll NE NL NE 

I dl.o~ 
( if nul 
Pure~) 

222-S 

2H-5 

;:o 
:c 
0 
I 
3: 
)> 
I _.. 
_.. 
CJ\ 



.p. 
I 

N 
.p. 
w 

Oeter111l-
11ation 

Pluto
nium 
(cont'd) 

Sulfa
mate 

Syn••c. I 

(2) 

SA 

App I lea ti on 

Accuuntabl 1-
1 ty 111easure-

111e11t In plu
tonlwA 
11roduct 

Uete1111lnatlon 
of total sul-

. f.imate In 
"cold" aque
ous makeup 
samples con
t a In Ing fer
rous Ion 

Sa11ple 
Points 

l9 

IBX 

------~~ ·------ -----------------------

fl/1f· i'' ~.r'}."}i"" ·o··-.,.·,;,fr'j:"'~ ... ?J ~f? j ~J/ /" ,f #~ r ~-;.rj lfo:1 ~/ ., ,¥, ~H,,,/ iJ,~,:./_/.;:(,f 
.. • .. ",j . . -. .. -./ 

TABLE 4-49. Chemical Measurements (Cont.). 

~thod 

Redox 
Titration 

Redux 
Titration 

Oescrlpt Ion 

lhe plutonium In the 
sample Is quant Hat lvely 
oxldhed to plutonlun1 
(VI) by heating with 
silver (II) oxide (AgO). 
It Is then ,·educed to 
plutonl~u (Ill) with d 
known excess of ferrous 
ton, and the excess fer
rous Ion and plutonium 
(III) ,u-e t I lrd led with 
standard dlchr0111cJle 
(Cri()12-) to an iimper
ometrlc end point. 

lotal sulfa111ate concen
tration Is deter~lned 
by addlny the sample to 
a wan1 sulfuric-nitric 
acid 11ixture. A pre-
ll tratlon with penuan
ganate Is done first to 
oxidize ferrous Ion to 
terr le. lhen standard 
sodium nitrite solution 
Is added to the mixture. 
Sodium nitrite reacts 
with hydroyen Ion froo1 
the acid solution to 
yield nitrous acid. At 
an elevated temperature, 
the nitrous acid reacts 
rap idly with sulfilllllc 
acid. lhe excess ni
trous dcld Is titrated 
with standard penuanyan
ate .ind the amouut of 
sulfamlc acid Is deter
mlued stolchi!Huetrical ly. 

Inter
ferences 

Americium 
(>0.1& by 
wt.) Cr, 
Hn (>100 
pptll) 

Hzll4, 
llllzOII or 
any other 
reductant 
which re
duces ni
trous 
acid. 
Ferrous 
Ion Inter
feres, but 
Is oxi
dized tn 
the pre-
I l111lnar~ 
titration 

Sample Size Precls Ion 
-·------- {9!i1 C.L.), 

Nominal Haxtmum t 

1 ,iit I Hli t. I 

l 1111 IO 1111 ~.5 

Accuracy, A I I labs na ys S ( if not 
'I lime Pui·ex l 

>!19 10 hr 

99 1/2 hr 

;;o 
:c 
0 
I 
~ 
):,, 
I _. 
_. 
Ol 



. . 

TABLE 4-49. Chemical Measur~ments (Cont.). 

--- ---· .. - -·---- ··--·· -·-------- -----·-- - --- - ---- - -----·--- . -- - ·-. ---- - - - .... ··- ··-----· 

Ol!lenni- Sdmple luler- Sample Sile Precl~ion AcLuracy, Analysh ldh~ 

ndt Ion 
Symbol Ap11l lutiou Points Method Descripl ion rerences 

(9!.i C.L. ), 
'.I'. Time (.if not 

ltuminal Haxhnum 1 Purex) 
... - --·· ------ - .... - - -- ·- --· - . --------- -----· --·-· -- --·- --·- - ··------·---- ---·- ---- --

I rihutyl TOI' Oelern1indl iun G5, 117 GdS- ,. SUia II d I hJUOl or sa111- None IIE 0.5 - 110 100 2 hr 
rhos- or TllP in Liquid pie Is Introduced into a I 1,t 
phdte t,·eis l!!d su I - (h1°0llldlO- high temperature inlet 

vent ex Lt·dc- yraphy port and vaporized. The 
lion or')dnic vapor Is then swept with 

a carrier yas Into a 
padced column, where 
edd1 c011{Jonent In the 
vapor Is trapped fur 
different time periods, 
de11endt ng on the tem-
perdlure, nature or the 
compounds and yas flow 
r4le. w, ..... edch COIi!-
pound leaves the coluun, 
It. is Ionized in a hi,-
droy1m flame and deteu-

.t::,, ed eleclrontcally. The ;;o 
I c1.111111ouuds dppur as in- :c 

N dlviJual peaks on a re-
0 

.t::,, I 

-"" CUl'Jer. The concentra- 3: 
lion of 181' In the sam- l:a 
pit: is lhen t:dlculdled I 

Ly o.:0111p,n:l11y the ared!> __, 
un.Jer eil~h pedk w Ith 0\ 
-Lhose·•of- apprup,·ldle 
standilrds. 

Trace IHI Uete1111inat Ion 1(6, l9, £miss iou lhe Sd111ple Is pldced In Many Ill I !I tlOO Nl 7 hr 234-5 
Mt!tallic or t.-ace 111et- 1}6, P6 Spectro" a sultable u1illrlx and e lenient : 501. 
lmpur- d Is hi p1·uJ- scopy e•c lted w ilh a DC arc lnterfer-
ltlt!S ucl Sdll~l h,s ~Ulll"Ct:. Chai-dclerls tic ences, ' 

e111lsslo11 Hnes fr0111 each rare 
lr11ce e lenl!nt In the earths 
sa11111le arl! ldent lfied .. 
Thruuyh ·1:0111partso11 with 
suitable standilrds. the 
In lens lty of each I lne 
is used lo calculate 
the amount of iulj)urlty 
present in the samp II!. 



Uelenni
nallon Symbol 

Thorium Th 

U1·a11ium U 
(I) 

-.-----

111>1' I h:a t Ion 

. - . --···-·------
lleter111lna t ion 
of thorium In 
Q Cell and 
w.tste samples 

Ol!lenninat ion 
of low- level 
uranhan 
(<0.05!:!) In 
a11ueous and 
organ le sam-
pies with low 
quencher 
content 

Al lernate ltellioJ 

TABLE 4-49. Chemical Measurements (Cont.). 

Sample 
Points 

- . 

JXF • JXW, 
JXN, FU 

FU, Fl5, 
Fl6, F26, 
FIB, 
GI/RI, 
GB, RB, 
Ul/U2, 
U3/U4, 

'CS, ICW, 
2EW, R7, 
Sumps, 
POO, SCO, 
ASD, CWL, 
CSL, PTO, 
PIS, 
2Nf', 
2i'w•. 
2PN• 

Method 

Solvent 
Extr11c-
lion/ 
Absorp-
lion 
Spectro-
photo-
iuetry 

Fusion/ 
fluori-

-111etry 

Pescrlpllon 

----- ---- ---·------
Thoriuni ts separated 
fro111 Inter fer Ing aclt-
nldes by treating with 

· 9H IICI aind scrubbing 
wlth TIOA In xylene. 
The aqueous phase, con-
talnlng thorlwu, Is then 
111lxed w Ith arsenazo 111, 
which fonns a colored 
c01uple11 with the thorl-
uw. The In tens lty of 
this e01nplex Is then 
1111!asured speetrophoto111e-
trlcally and the concen-
lrc1l !olb of thorium Is 
deteru1lned frlllll a cal 1-
bratlon curve. 

The sample Is fused In a 
pellet of Naf-LIF flux 
and the uraniuin Is mea-
sured by fluorescence 
from UII exc I tat Ion wl til 
a a1ercury I amp. 

lnter
fe1·ences 

--------
St.-ong 
011ldlztng 
or reduc-
Ing agents 
(eerie, 
permangan-
ate, etc.) 

Quenchers 
(Fe, Cd, 
Cr, Co, 
Cu, Hg, 
H.11, NI, 
Pb, Pt, 
Pu, SI, 
Th, Zn, 
11003) 
NOTE: 
111103 Is 
distilled 
off In the 
fusion 
step 

Sample Size 

Nominal Hul111un1 

500 111 I Nil 

- I mil 

25 - I ml 
100 111 

Precls Ion · 
(-951 C.L.), Accu~acy, Analysis 

1 • Th11e 

.!_IO 9U 1-1/2 hr 

• 70 96 . 2 hr 

L.tbs 
( if not 
Purex) 

;:o 
:c 
0 
I 

~ 
I __, 

__, 
m 



TABLE 4:-49. Chemical Measurements (Cont.). 
- --------- - -- --------- --- -----· -------------- ---------- ·- - ----- --- -

0ctenni- ~ample Inter-, Sdm1•l1! Sill! 
Symbol Awlh:atlun Mclhod Ut!scr ipt ion ----- ... -- --- --

lldtiun Points ferences Nomlndl 110111111111 
. ---- - ···-· - ·--- --·· --- --·------- ··- ------·--·-· 

U1·anio111 (2) 0l!Lenuindt ion 02, ll, Solvent Au· a I iljuot of sample ls Th• (may .25 - I mt 
(cont'd) of low- level ES, 1.9, Exlrac- added to d Sd ll ing mix- extrdCl 50 11ll 

ur .. nlwn in IBP. 281', lion/ lore ,11111 llu, plutonium with the 
illUl!UUS SJIII- JAf, 38P, fusion/ Is redui:l!d tu i,lulonlun1 ur.in lu,11) ; .. 
pll!s with 2PL, lXF, fluori- 1111) wilh fl!rruus sol- Pt (off 
hl9h quem:hl!r 3XW, 3EW, 111etry fdonde. Tiu: uranluu1 Is Uu, dbh); 
content Q6 exlracll!d Into a soil- uranlu111 

abll! ory.inlc solvent, complex-
and ,111 a I lquut of the ants 
or9anlc is tlum foSl!d ( 2-
and rl!.id as in (I). 504 , 

P04 l- • 

etc.) 

(] )_ lletennindl ion 115, £1, lll!dox Uranium (VI) Is reduced 1120-(1-.irye 50 ,,1 - I llli 
of hlyh- level E6, UAP, Tltrdlion lo uranium (IV) In con- amounts); I mt 

f Ufdnh1111 JI ( lWII). centrated phosphoric various 
(:-0.0!it,) in 2Nf, 2f'W, acid wl th lro,, (11). 11etdl l's> 

.C,, aqucuus or 2PN, IOSU The excess iron (II) Is Ions: 
m o,·y.inlc 'ulm- (Ji). lBXF then ox IJhed lo Iron " H:U 

1•les d11J lJl ICU (1111 with nitric acid 'fr >l/1000 
accountdb i I- .18 , 20W .ind a 1110 I ylldtmum Cil ld - Hn >1/10 
I ly Ull!d>Ul'e- (K2 , K6 lyst. Tiu, ura11iw11 (IVI V >1/10 
ment of u,·a- Is thl!ll dmi,ero,u.:lr led I ly Ho ( In 

'ilium 'lu 'feed' t It rated tiilh standard· presence 
il11d p1·m1uct dichro111dle: bl!yond the uf hl1,1h 

end point and the e,cess nl trate 
d1ro111lw11 (VI) Is bad- content) 
titrated with Iron (II). 

- - -- - --- -·---- ··- ·------·· -----· -- ------·------~---- ·- ------ ·----- ·- -----·. 

'·;, ~' 

"' 

- - - ------ .... -

l'rl!dsion 
(9!i:t C.L. I. 

1. 
- -- ------· 

•~II 

!0.2 

- ·-··--

- -- ... , ...... 

Accuracy, 
'.I. 

114 

bsen-
lia lly 
IOO 

·--. ···---

Andlysis LdbS 
( if 1111( Tinn, 
l'urex) 

2-1/2 hr 

1/2 hr ;;o 
::c 
0 
I 
3: 
):> 
I __, 

--1 

OI 



lrelern1l-
11a lion 

Tola I 
Alpha 
(A,1ueuus) 

AT 

Total Al 
Alj1ha 
(Or!Jaulc I 

Alpha 
[nergy 
Analys Is 

AFA 

1111111 lea lion 
Sample 
Points 

Oetennl11al1011 £6, 68, 
of total l9, LIO 
alpha actlv- (RW), Lil. 
lty In a11ue- R!I, Sumps, 
ous sa111pl1!5 JUF, JWD, 
with a rel a- 211F, 2NW, 
lively high 1111', 2AW, 
ullo of lDP, JAF, 
alpha acliv- lBP, JAW, 
lly lo lulal L6/L1 
dlssulv"d 
sail cunlenl 

Oi,len1lnalio11 IIAP, 
of lolal IBSU. 
al11ha c11;llv- IOXF (Jl) 
lly In or- ICU (J7), 
ganlc ~am11les 28W, ]Bil 

Octermlna t Ion 2PC, lXf, 
of lndlv ldua I EH, JXU 
alpha emit- IQ4). lXW 
lers (Np, Pu, QSJ, 
Alu) In sam- Sumps, 
pll!s conla In- lWB(JI L 
Ing more than 2PII, 2llf 
one (I) alpha 
count pi,rcenl 
of each emit-
ter 

TABLE 4-50. Radiochemical Measurements. 

Method 

Evaporat101 
and Radio
assay 

Oescr lptlon 
lnter

ferimces 

An al lquot of sample or Hore than 
dilute sample Is evapor- dboul 100 
ai.ed to dryness on a 1•9 of 
stainless steel disc solids on 
and counted on a Sl11111so11 the disc 
Alpha Proportional will cause 
Counter (ASP). Dllu- low results 
lions are made wl th 
dilute nitric acid. 

Evaporilllo, Same as al.tove, except 
;rnd Radio- dilutions are ukJde 

High beta 
actlvllf 

assay f.lllh xylene or high
qua Ii ty kerosene. 

Evaporatlo 
and Radio
assay 

An a II quot of sample 
Is mounted on a disc 
as described for AT; 
deten•lnatlon. The 
disc Is then counted 
with a semiconductor 
detector In c1 light
light vacuum ch.smber. 
fhe detector 15 con
n~c led to a 1111 lse 
height analyzer which 
produces an alpha 
energy s11ectrw11. The 
perce,ltage contrtl.tu
llon uf each a l11ha 
eml ttl!r with differ
Ing al1•ha energies Is 
then ca lcu I a led. 

(>I rad) 
111ay cause 
high re
sults 

Solids on 
U1e disc 
broaden the 
spectral 
pe.tls and 
Invalidate 
the analy
sts. Sev
eral• Iso
topes have 
energies 
too close 
to l.te sep
ar-atcd anJ 
are thus 
counted 
together. 
Two co1nnon 
pah-s are: 
Pu-239/ 
Po-240 and 
Pu-238/ 
Aln-24l 

Sample Size 

Nominal Haitlmuni 

20 -
SOD pt 

20 -
500 pl 

20 -
500 11ft 

Im, 

I All 

Precblon Accuracy, Analysis 
(g51.C.l.), "£ Time 

'l 

t] 100.ti 1/2 hr 

t5 99 1/2 hr 

ff[ NE Depends 
on count-
Ing time, 
1-8 hours 

labs 
( If not 
Purex) 

:;o 
:c 
0 
I 
3. 
)> 
I _, 
_, 
0) 



.p. 
I 

N 
.p. 
00 

llctu,ui
ndlion 

lo l• I 
lie lo 

lo LJ I · 
Al l'hd 
.u1d Ul!l;, 

lidUlll.:I 

l1wryy 
An11lysls 

Symlml 

1U (I) 

AT, .lU, 
(2) 

li[A (1 l 

... -,:' 

TABLE 4-50. Radiochemi~al Measurements. (Continued) 
-·- -- . - - --- . - --··------------- ..------·· -· - ··- -

Sdllll'le 
l'olnls 

lnter
fert:11ct:s 

So1u1jJlt: Sizt: 
Hi,l11od Oi:sci-iplion 

Nu111i11dl Ho1ximu111 

1Jctenui11.aliu11 IIJ, IJ4, fvdpo1·o1tio11 An o1li11uut uf sample is 
uf lllldl t,ela ult.er dlld ltadio- eva1,ordli,d to dr)'Hl!SS 
11Lllvlty in hiyh-level ass.ay on a 1-luch Jish and 
hiyh-level Sdi;tplcs lltll beto1 activity is 
w•ste s1111111li,s 1111:asured by ln!la count

ing. "Tulia I Bel11" 
11clh11ty ts en~1h·ical 
and Is based on the 
belil ene,·gy dhtd
butlon ot Cu-60. 

llu11voldtllt, 
residue or 
dissolved 
~.tits C.tn 
cause self
absor)lt 1011 
on tlie 
niuullh 

2!o .,. 

lletenuindl Ion PUil, 
of total SCD, 
al11ha and_ ASO, 

[vai,oration An 111 lquot sanljlle. 
and R11dlo- (~-10 1111) Is mounted 
11ssi1y on a 2-inch dhh ~nd 

Nonvolc1tlle 10 111, 
residue or 
dissolved 

held dttlvity CSL, 
In inlern1ud i- CIIL 
dlt, Jo,vt!I 
crib dlld ef
fluent s,1111-

11li,s 

lli,lcrmi11d ion 112, 115, 
ui 911111111, fl5, FIii, 
cmi He:.- t:011- I 26, UI/ 
central ions 112, Ul/U4, 
in both P6 bile 
a1111eous and ]), fl, 
11r9anh: sol- f5 G5 
ul Ions with IIAW, HAP, 
r"ldllvely IM (Jllll), 
low dlphil lCll,·117, 
o.:unle11t flB 

Ofri,cl 
E vapora t iun 
a11J lto1dio
assay 

t:vaporateci Lo dryness. 
.The activity is mea
surt:d with a conibl-
11allon .ilpha and beta 
dcti,ctor. II uoore than 
10 mt of sc11111Jle h 
Hl!lldl!d, 111ultiple ali-
11uuls are •ddi,d, evajJ
oraL·lng e11ch Ume .. 

salt ca11 
cause self
absorpl ion 
on the 
IIIIIUIILS 

An aliquoL•of s11111ple 01· 111911 con- 25 ,,1 
dilulell sample Is i,vap- c1:11tratl1111s -I i111 
orated to drynt:ss on ii of pure 
st11h1less stei,l dl~II 1111d beta ernl\-
Uu, dish is l11pcd to an ters (e.g .• 
<1l11111lnum 9a11111a plate. Sr-90) or 
The sample Is tlien ve1·y high 
coont~d on a I illilwn- heta-ya1111ia 
drlftt:d 9i,n11.ml11111 r11t los can 
"Ge(LI )" 9a11111a do,teclor niask 91111111<1 
connected Lo a pulse pe11ks on 
hdght ana lylt!r. From the luw end 
the resulting 9111111111 (<11.J ll1!VI 
spectrum, U,e conc1m-
lr11tl1111 of e~dt l!lllil-
ler In Lili, sa11111le Is 
calculalt:d. 

I 111• 

IO mt 

I Ill~ 

Precbion 
(95!. C.L.). 

1 

NE 

•lo 

t] 

Accuracy, Analysh 
1 Tim,, 

Nt I hr 

IOI 2 hr 

' 
11111 1/2 hr i 

I 

I 
I 

L111J~ 
( if lllll 

Puri,x) 

--

--

;o 
:c 
0 
I 
3' 
l=-
I _, 

--1 

Ol 

0 



Deteru1i
nal ion 

lia11111i.1 
[11er9y 
Analysis 
(C'lul.) 

(2) 

I JI 

(4) 

lle11lu11 hun H11 ( I ) 

. 

Apjll iCdl.lun 

Dellmulmll lun 
of 9dllllla 
e1ol Ue1· con
cenlra l Ions 
In d<1ueo11s 
sau~•les with 
lllyh alpha 
conhml 

TABLE 4-50. 
Sau,ple 
Points 

L9, 2PC, 
]Xf, lllf, 
l[W, lXW, 
IJ6, 211f, 
2PN, UIP, 
ICU, 20W, 
28P, JAr, 
]81' 

ttethod 

Absorbed 
Llqulcl 
and Hadlo
asHy 

Dele.-u1i11dl ion K6, I h1uld-
of ~nltlers l'-J~'s, Filled 
In UIIII pro- (Poss lbly Can arul 
dud P6 100) Rad lo

UNII Jrlr. assay 
2£U 

Uet,mulndllon ICC, ICS Plastic 
of ga•11l<i Jar 
eml llers 
In ICf and 
ICS 

Detenniual iun 
of ne1•tunlum 
In dqucous 
sd11111les with 
1110,·e l11an I 0 
d i1Jlrd f, 11e1'
l11n ir1111 

11111•, 
211P 

Solv,!Hl 
hlracllon/ 
Radloassay 

(n) 

Al leniatc 11•l!thud 

Radiochemical Measurements. (Continued) 

An al lquot of saa111le Is 
dlluled lo I ml with 
dilute nllric acid in a 
small polystrrene 
( "WIG-1.-BUG" J v la I . A 
cotton denldl roll is 
then c1dded and tire vial 
h cc1pped and sealed. 
Jhh oiounl is placed In 
an a luml1111n l1older and 
counted c1s c1bove in 111. 

An allquot of san,ple 
Is added to .s 11lastlc 
"tuna cau" and the can 
Is fl lied with dilute 
nllo-lc acid. Ille Clln h 
then ca11ped, sea led and 
counted dlredlf on lop 
of the lie(L i) delei:tor 
as descrlbecl above In 
(I). 

An a I h1uol of ICS or lire 
entire contents of ICC 
Is added to a JOO ml 
plc1slic jar. lhe Jar Is 
upped and sec1led wltlr 
hpe. Count Ing Is done 
.is-described above for 
the htuud ccnn. N 

Inter
ferences 

Same as 
above 

Neptunium (V) Is reduced lligh con- ' 
lo lleplunlwu (IV) with c,mtralluns 
fe,·rous sul faniale In of urc111lwu, 
IH IIIIOJ, which also pluloni11111, 
,·educes plulonlwu lo or otl,er 
the lnextractable tl alpha e111ll-
slate. The 11epluntu111 ters ore•-
(IV) Is then ulracled t.-acUble 
Into 0.~ TTA In •ylene saJls (e.g. 
and lire organ le phase fe 1t); com-
1 s scrubbed wllh fresh plexauls 
0.91111110] c111d ferrous (e.g. r-
sulfamale. Au aliquot C?0~-); 
of U,e organic plrase caustic 
Is lhe11 1oou11led and sa11111les 
counted on the ASP 
tor AT, and, If 
!ll!<;!!~Sar.v' A(A . 

SaHljlle Size 

Nou1lnal Hoiu11n11 

2!, -
100 1,1 

I Nil 

10 - 100 111• 
50 Ali 

250 Al~ 250 "" 

1011 , •• I 1111 

Precisio11 
(9'i:t C.L.). 

t 

11£ 

NE 

II[ 

Auuracy, Aualysi~ 
l J l1ie 

NL 1/2 hr 

Ill Ill 

II( 1-1/2 hr 

I hr 

Labs 
1 H not 
Purex) 

;;o 
::c 
0 
I 

~ 
I _, 
_, 
CJ) 



t 
N 
U1 
0 

1lete11ni-
11dlion 

·y111bol 

lleplun i11111 ( 2) 
(Conl.) 

(]) 
,·. 

... ~. 
ft 

TABLE 4-50. Radiochemical ~1easurements. (Continued) 
-------·· -••--·- ---- - ---· ···-----·-·-·- ---------- ---------- - ·------- -- ····· - -·-·----·-·-

A11pl lea lion 
Sample 
Points 

Method IJescripl Ion 
Inter

ferences 

Sample Sile 

llmuinal Maximum 
------··--·---· -----····--- ·------··---···- -·--------------------- ---·----- -··--····- --·----

1Jt!ll!ru1inal Im l(li, 21JH 
of 11epluniu111 
In ;111ueous 
sampli!S with 
lii!)h u1·dn lu111 
content 

Olltenulndt io1 
of neptunium 
in aqul!OUS 
~illlljllc~ with 
hi!)h t.ela
!Jd11111a levels 

f8, fl], 
fl6, f26, 
IIAW, cNII 

Solvtmt 
Ex t.-act ion/ 
RadiOdSSiiy 

(,,) 

Sulv,mt 
Extract Ion/ 
Radluassay 

( .. ) 

Sdu~ as (I), except 
that an acid i1djust-
11e11t Is mad1: prior to 
extraction, dependiny 
on the sample point, 
and the scrub solution 
is 0. 75~ IINOJ to scrub 
out any trilces of ex
tracted uranium. 

Very hiyh I u1l 

plutonium 
content; 
CO!llflll!ll-
ants; caus-
tic samp I es 

I ml 

Ne1-1tun·1um (V) Is re- lllyh urani- 100 ,., - 2 ml 
duceJ tu ne11tunlu111 (IV) um; com- 2 mt 
In J-5H·t1N01 with fer- plexanh i 
ruus sul f.sma le. lhe caus t le 
neptunium (IV) Is then samples 
extractlld Into IO"L JIOA 
In xylene anJ the ur-
gilnh: Is scrubbed 2-l 
t Imes with fresh !iH 
IIN03 and fll2 1 to scrub 
out 1-1lutonlw11 (Ill). 
The TIOA Is then dllu-

Prechiou 
(%:t C.L.), 

:t 

tl4 

t10 

Accuracy, Analysis 
1 l line 

llll I hr 

119 2 hr 

Labs 
( If nut 
Purex) 

;o 
:c 
0 
I 

~ 
I 
~ 

~ 

CJ) 

:ted0·to"• -Jtcwith - . -
,-----------~+--+~-~-~+--~----l---~---11-x,yl-ene,and-t-h~~--1 ------t--~-:--t-~~+---~~+---~-l----~l---------~~~--~

ne1-1tu11lum ( IV) Is 
stripped into IH ttCL. 
H.ire fe2• Is added to 
reduce ,111y llt!plunlum 
(V) formtld by the low 
addllyl and the ne11-
tunlum IV) is agdln 
extracted Into 0.5H 
TTA In xyhme. The 
01·9a11lc Is tltt!n mount-
ed and counted . 

• 



~ 
I 

N 
01 
--' 

lli,li,nnl
nal ion Syml.101 

Nc11tu11iu111 (4) 
(Conl.) 

(!,) 

Sa11111le 
Points 

1lcter111i11al1011 l9 
of neptunium 
ill Pu(N03)4 
lll"Oducl 

1li!ll!rn1inat Ion 21'W 
of ru,1.1tunlu111 
in Wdsle or
yanlc sau111ll!s 

TABLE 4-50. Radiochemical Measurements~ (Continued) 

Hl!thod 

Solvent 
htractlon/ 
Radioassay 

(,,) 

Solvent 
[xlr.ict Ion/ 
Radioassav 

(u) 

Ollscrlpllon lntllr
ferences 

· Sam11le Size 

llcMnina I tlax 111111111 

An al lquol of sample lli9h uranl- 500 11 v. I UIV 

Is added to IH IICl and 11111 concen-
fe2•, which reduces the trat ion; 
neplunlutn • pluloniwn 
lo neptunium (IV) and 
plulonlwn (I II I. re
spectively. lhe nep
lunllllA Is then extrac
ted Into 0. 5H ITA In 
xylene and sfrlpped 
lnlo 8~ 11003. lhe 
aqueous phase. Is ad-
j us led to 5H IIN03, Nlllre 
Fe2• Is added and the 
neptunium (IV) h ex
tracted Into IOl JIOA 
In xylene. The organic 
phase Is Uum diluted 
to 31. T IOA and the nep
tun I 11111 (IV) ts stripped 
Iulo IH IICI. Hore fe2• 
Is added and the 11ep
tuniun1 (IV) Is again 
extracted Into 0. 5!1 HA 
In xylene. The nA: or
ganic phase Is tt,en 
mountl!d illld counted 
as described abovl! In 
(I). 

complex
ants, caus
tic sam11les 

An aliquot of sample ts High plu-
contacted with dilute tonlun, a1id 
nitric 11clJ, llaNOz and urantutn; 
ferric nitrate. Arter 112114, IIN3 
stripping the neplunlwn or other 
as 11e1Jtunlu111 (V), ex- substances 
cess nitrite ls des- which con-
troy.ed with hydroxyla- sw1ie nil
mine and the ne.,tunlum rite 
(V) reduced to nep-
tunium ( IV) with fer-
rous sulfamale. After 
an acid adj us tml!nt, 
the neplunlwn ( IV) Is 
l!xtracteJ Into 0.5!1 
TTA In xylene and fhe 
organic is mounted 
and counted as des-I crlbed prev lous I JI In 

j(I). 

51)0 11i I llll 

Precision 
(95'! C.L.), 

'.l. 

Nl 

NE 

Accuracy, Analysis 
'I. I lme 

NE 4 hr 

NE 2 hr 

Labs 
( if not 
Purex) 

:::0 
:c 
0 
I 

~ 
I 
--' __, 

°' 



t 
I'-> 
lJ1 
N 

------------------------------------------

lll!lcrmi-
11dl 1011 Symbol Appl icdl ion 

~· ~ .. . ... . -. ,, · .. 
'.'• 

TAB_L~--~-~-~: ---~~~~~~hemica l_ Me~~-~~e~~~~-~~-~--- (Contin~ett )_ 
Sd11111le 
Points Ml!lhud Uescr ipt Ion 

fe,·ences llu111i11al Hdxi111u111 '1 

A.:curdcy, Anal~sis 
l Timi, 

Inter- __ ?~'~-•~ _s_t_z~- ----1 ,:~~ct~~•;' 

--··---·---- -··----------- -------------------· -------·---. -·-----.:_,_ ··------------------·- --- ., 

tlcpl1111iu111 (6) 
iConl.) 

l1111ut ac
count.tbi Ii ty 
lll~d surt!llll!O t 
of neptunium 

ll!i, fl 5• Solvent 
Extract Ion/ 
R.tdioassay 

(utl) 

A11 a I h1uot of sample Is 
adjusted to 4-5H IIN03 
and a spne of Am-241 
Is added ( the dduyhter. 
lip-219, is used as • 
con·ect 1011 for losses · 
through the me t11od) . 
The neptunium h. re
duced to neptunium (IV) 
with ferrous su l hnia te 
and extracted Into 10% 
aliquat-136 In xylene. 
After scrubs with HN03 
and fe?• to wa~h out 
excess plutonium dnd 
amerlc tum, tl_ic neptu- · 
nium Is strtppcd into 
I!' llazC03. Tiu: aqui,ous 
is then acidlfltid .tnd 
<111d the neptunlu111 re
duci,d tQ neptunium (IV) 
wt th Fe21 . The nep
tunlU111 is cxtracted ln-

1
- . to 0. 511 HA In xyltme. 

a-------'-----+-------'-lnhc!L!u!__l_1·gan le Is then-- · 
1nuu11ti,d, counted for 
AT, AEA, and GEA (the 
!lp-23~) to calculate 

, the conce11trat ton of 
N11-i!17 In l11e sample. 

~ree com- 500 ,,, I 1111 

1 
!_6 

pleunts;_ 
aus tic 

samples I 

(7) l'rod,11:t d(- Q6 Radioassay An a II quot of ni,p- None NE 1 nil IIE 
cou11tabll lty (!) 
llll!d !)UrCUM!II L 
of neptu11i11111 

.. 
Al ll!rndtl! Method 

tunluru product Is iidded 
to d "WIG-l-BUG" vial 
and 1:ounllld on a Ge(l I) 
deti,ctor GEA system as 
des.:rlbed for vldl 
mounts In GEA method 
12. Jl1e U6 Kl!V l)illlllld 
rdt of the 1111-231 is 
measured and compared 
lo ap11ro11riate stand-
,u-ds for accountabil-
ity . 

100 II hr 

NE NE 

ldbS 
( If not 
Puri,x) 

;o 
:i: 
0 
I 
~ 
~ 
I __, 

__, 
0\ 



.p. 
I 

N 
U1 
w 

Uetomnl
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TABLE 4-50. Radiochemica 1 Measurements. (Continued) 

Appl !cation Sa111ple 
Po lnts 

Uetenulnat ion U2, El. 
of plutonium 
In aqueous 
samples with 
h lgh beta
ya11111a levels 
and/01· h lgh 
dissolved 
sa It content 
(llxccpt u1·an
lu111) 

Oetern,tnal Ion 
of plutonium 
In aqueous 
samples with 
high uranium 
content 

Oete1111i11at Ion 
of plutunium 
In neptunium 
product 

El, F8, 
FIS, Fl6, 
f26, FIB, 
Ul/U4, IIAW 

ICU, 2EU, 
K6, P-TK's 

(j6 

-·-·--r~--------- ----------- ------ ------- ---- -·---- -
· Inter- Sample Size Precision 

Method Di,scrlpt1on . ---- --- --- ( 951 C.L. I, 
, fei enc es loml na I Hax I mum t 

-·-------,·----
' Solvent : lhe saWjlle Is first 

£x lrac tlon/ • he& led with 311 IIN03, 
Radloass,y I hydroxylamlne·; and 

(") Iron lu 1educe al I 
l11e plutonh.1111 to plu
tonlu111 (Ill) and des
troy any polymeric 
fon11s of plulunlUIII. 
An acid adjustment 

Solvent 
Extraction/ 
Radiuassay 

(,,) 

Solvent 
Extraction/ 
Radloassay 

(u) 

lo ·s 0. 9t! IIN03 Is 
u1ade. Sodium nitrite 
ts added to oxidize 
the plutonllllll (Ill) 
lo plutonium (IV) whlcl 
Is then separa led from 
other ,lpha eiAltters 
ind fission products 
by extracting Iulo a 
solution of TTA In 
xylene. An aliquot 
of lhe organic Is 
munled on a dish 
and the plutonl1J11 
Is 111e11sured by alpha 
counting. 

Same as method I, ex-
cept that the organic. 
Is scrubbed wt th 0.15H 
IIN0) lo remove uranium 
prior to uiount Ing. 

The sample Is treated 
with sodium nitrite In 
.di lute acid to ox ldlze 
the 11lpha emitters to 
neptunium (V) and plu-
tonlwn (IV), respec-
lively. The plutonium 
( IV) Is then extracted 
with 0.5H TTA In xy-
lene, and an aliquot 
of the organic Is 
mounted and counted 
as described above In 
mi!thod I. 

lllgh con
centrations 
of complex
ants ,2~uch 
as so4 , 

)
P04 , 

2-C204 , EDIA; 

high Fe
31

, 
uranium; 
c4ust le sam 
pies (> I~) 

Complex-
ants; 
caustic 
samples 

Complex-
ants; 
caus lie 
samples; 
high 
uranium 

5 111 -
I 1111 

100 pl 
- I 1111 

·oo ,,t 

I 1111 

I Rll 

I ml 

! 16 

t20 

NC 

-· ·--·---·. 
Accuracy, Analysis 

'L I hie 

92 hr 

91 I hr 

Nl l hr 

Labs 
(If not 
Purell) 

;;J 
·:c 
0 
I 

~ 
I __. 

__. 
CJ) 
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TABLE 4-50. Rudiochemical Measurements. (Continued) 

Uelenui
nal Ion Symbol 

l'lulonhun (4) 
([out.) 

Plutonium Ket 
He tent Ion (PRN) 

- - -- .. -- . - -------

··- -·T. -. --.. -. ------·-- ------. 
AWi ILatlnn ~~•:•~~: Hi,thod 

I.Jl!ltmninaL ion 
of plutonium 
111 causlic 
WdSte samples 

Uelern1l11a t ion 
of the i,lo
tonlum reten
Llon number 
on Ll"l!dltul 
solvent ux
lrdd ion 
ur!Janic 

112•. l]• 
[5 

5, R7 

Di,scrlptlon 

Solvi,nl The Silllll'le Is first 
Extraction/ acidified dnd lu,illl!d 
Radiodssa:, ; wllh hydroxylarulne 

(,.) , as In II lo destroy 

Solvent 
[xtractlon/ 
kadlo.issay 

( .. ) 

I plutonlu111 polymer ilnd 
reduce all the plu-

: tonlu,n lo plutonium 

1
111). The plutonium 
Ill) is then oxidized 

to i,lutonlum (IV) with 
sodium nitrite and Is 
extracted Into allquat
ll6/xylene. After an 
Initial scrub with 
IIN03, the plutonlu111 Is 
strlppi!d Into carbonall! 
and the carbonate solu
tion Is re-acidified. 
The plulonl1111t 1s then 
ell!clrodepos lted and 
111t:11sured by a lphil · 
counting. A spike of 
Pu-236 Is used to 
correct for aiel11od 
losses and the recovery 
Is determined by alpha 
energy analysis (AEA l 
of the n111unts. 

An a I I quot of orgdn le 
Is contactl!d with 
standard plutonium 
solution(~ O.l 9/1 
Pu, ~ 111103). The 
organic Is then strlp
pi,d thrl!e successive 
limes with fresh dll
quots of 0.01~ 111103 . 
A11 aliquot of the 
organic Is lln,n mount
ed and counled. 

Al ti,1•1iatl! •lllthod 

Inter
ferences 

Com!Jlex
ants; 
high 
uranium 

Sample Sile 

No111t11a I Hax I mum 

NE 

Hot reit lly !i nu 
appl lcable, 

!i 1111 

as this Is 
iln em!Jlr-
kal nk!lhod 

I 
I 

Precision 
(9!i% C.t.. ), 

HE 

,, ., 

Hot 
ilfll'li
cable 

~-··J ........... . 

Accuracy, Ana I ys h 
i Time 

NE U hr 

NA 1.5 hr 

I db~ 
( If r,ut 

PUl"I!<) 

:;o 
:c 
0 
I 
3: 
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CHAPTER 5.0 FUEL DISSOLUTION AND WASTE TREATMENT TECHNOLOGY 

5. 1 FUEL COMPOSITION AND ELEMENT DESIGN 

N Reactor ftµ!l elements are metallic uranium clad in Zircaloy-2, and 
are fabricated in two basic designs (Mark IV and Mark 1-A), differentiated 
primarily by diameter and U-235 content. They are of a "tube-in-tube". 
design, as shown in Table 5-1, and are of two different enrichments. The 
two fuel elements have different diameters and various. lengths. The spec
ifications of size and weight, along with the relative proportion of each 
type of fuel element processed, are given in Table 5-1. The fabrication 
process, shown in Figure 5-1, i_s outlined sequentially below: 

1 The metallic uranium core is co~xtruded with the Zircaloy-2 
cl adding._ 

• The extruded stock is cut to fuel element length (26 inches). 

·•-· ·The uranium.is machined au~ of the ends of the fuel elements to 
prepare theti f~r end closure • 

• ,1: 'j' 

• Uranium removal from the fuel element ends is completed by chemi
cal milling with HN03 - H2so4 solution. 

, Zircaloy-2 _end caps are placed in the fuel element along with 
95% zirconium - 5% beryllium braze rings. 

• The fuel element ends are brazed closed at a temperature above 
1, 000°C. 

1 The element is heat-treated in a molten salt bath ·at 720 to 750°C 
followed by a quench at 300°C. 

• The ends are machined and welded for final closure. 

The use of the zirconium-beryllium braze ring is unique to N Reactor 
fuel. Although safe for chemical decladdi_ng as in the Zirflex process, 
this unique construction appears to have contributed to cladding fires 
ignited by mechanical shock when N Reactor fuel was processed by shear
leach methods (Ref. 1). 

The fuel compone~t chemical compositions are shown in Table 5-2. 

As each fuel element is fabricated, it is stamped with an identifi
cation code which tells the composition, length, and cladding thickness 
of the inner and outer components. This code is presented and explained 
in Table 5-3. As the fuel is loaded into canisters for storage after 
being irradiated, the identification code for each element is recorded on 
the bucket loading sunmary, which is used to plan and document each 
charge. 
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TABLE 5-1. i4 Reactor Fue 1 Element Descri pti ans 

PREIRRADIATION ENRICHMENT 
OF URANIUM-235 

TYPE 

LENGTH linchesl 

DIAMrnR OF ELEMENT !in. l 

L OUTER Of OUTER B.EMENT 

2. INNER OF OUTER B.EMENT 

3. OUTER OF INNER B.EMENT 

4. INNER OF INNER El.EMENT 

CLADDING WEIGHT llbsl 

L OUTER B.EMENT 

2. INNER ELEMENT 

WEIGHT OF URANIUM IN 
OUTER !lbsl 

L 10.947% U-Z35l 

2. !l.25% U-235) 

WEIGHT OF URANIUM IN 
INNER libs) 0. 947,_ U-235 

WEIGHTED AVERAGE OF 
URANIUM IN B.EMENT (lbsl 

RATIO OF ZI RCALOY-2 
TO URANIUM llbsilon) 
WEIGHTED AVERAGE llbs /ton I 

:'a OF PROCESSING LOAD 
OF EACH TYPE 
:re OF TOTAL ELEMENTS 

01 SPLACEMENT VOLUME 
gal/Ion URANIUM 

9 LOCKING·S?ACER 
CLIPS: INNER rusE 

MARK IV 

0.947'- ENRICHED 

E s A 

26.l 24.6 Z3.2 

2.42 2.42 2.42 

L7Q l.70 1.70 

1.28 1.28 1.28 

0.48 0.48 0.48 

I 1.21 us LlO 

2.41 2.29 2.18 

35.2 33.1 31.2 

16.5 15.5 14.6 

50.3 

C 

,.17.4 

2.42 

,, 1.70 

1.28. 

0.48 

a.as 
L74 

23.l 

10.9 

8 SUPPORT CLIPS: 
OUTER rusE 

MARK l·A 

1.25-0. 947,-
ENRICHED "SPIKE" 

M T F 

20.9 19.6 14.9 

2.40 2.40 2.40 

l.TT l.TT l.TT 

1.25 1.25 1.25 

0.44 0.44 0.44 

l.94 L83 1.45 

l.18 Ll2 0.89 

24.4 22.9 17.3 

12.l lU 8.6 

36.1 
I 

140 141.6 143 , 154 1 I m o 112.5 1so 1 ·-140.7 171.3 .-
as 7 l 4 as 10 2 
- 80 20 

I 16 16 16 16 16 16 16 

RCF7907-123 
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TABLE 5-2. N Reactor Fuel Components' 
Chemical Compositions. 

Element Uranium Zircaloy-2* Alloy 601* 

Aluminum 700-900 75 
Beryllium 10 --;· 
Tin -- 1.20-1.70% 
Iron 300-400 0.07-0.20% 
Chromium 65 0.05-0.15~~ 
Nickel l 00 o. 03-o. as~~ 
Carbon 365-735 275 •. 
Uranium Balance 2.5 
Zirconium 65 Balance 
Boron 0.25 0.5 . 
Cadmium 0.25 0.5 
Cobalt ·-. -- 10, 
Copper 75 50 
Hafnium -- 200 
Hydrogen 2.0 .. 25: 
Lead -- l 00 
Magnesium 25 20,: 
Manganese 25 so 
Molybdenum -- ·so 
Nitrogen 75 80 
Sil icon 124 l 00 · 
Sodium -- 20 
Titanium -- so 
.Tungsten -- so 
Vanadium -- 50 
Oxygen -- --

* 

Braze 
Fi 11 er* 

145 
4.75-5.25% 
l. 14-1. 7m& 
o. os-o. 21 ~& 
o. 05-0.155~ 
0.28-0.08% 

500 
4 

Balance 
o.s 
0.5 

20 
. 60 
200 
so 

130 
60 
60 
so 

200 
250 
--
20 

100 
so 

2300 

Concentrations given in ppm maximum or ppm range. 
unless shown as a weight percentage range . 

The irradiated fuel received at Purex from N Reactor contains fission 
products, generated plutonium, residual uranium, and other transuranic 
elements. The content is a function of the original fuel composition, 
irradiation history, and cooling time. The majority of the short-lived 
fission products have decayed to insignificant c.oncentration.s by the time 
the fuel reaches Purex, as only fuel with a ~inimum age of 180 days (and 
as old as nine years) is processed. Table 5-4 shows concentrations of 
the more common fission products which are present in typical irradiated 
fuels. The complete calculated spectrum of fission products for different 
irradiation levels is available in document IS0-100 DEL EX (Ref. 2). 
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-TABLE 5-3. Fuel Identification Codes 

EXPI-ANATION OF FUEi.. COCES 

OUTER 

A 09 

1 T 

1...E"T'TER I Gli:0Ml!:T"Y 

A 

B 

C 

0 OUTER 
E TUBE 

F 

G 

H 

J 

N 

p 
INNER 

Fl TUBE 

s 
X I 
T 

V I INNER 

w FICO 

Q 

MATERIAL. NUMISE .. S 

NO. I MATERIAL. 

07 I 0.71 I NATURAL. 
i URANIUM 

09 • 0.95 I 
IZ : I. 25 I ENRICHEC 

19 1.96 I URANIUM 
I 

21 ' 2.. 10 i 
90 ; Al 

170•74 I l...i ANO Al 
I 

F'UEI...S SECTION 
(IH:i9) 

INNER BOTH 

..-... 
N 09 A 

± I t • 1..ENGTH CCCE 

MATERIAi.. : NUMBER 

MARK 1...E:"T'TER 
(GEOMETRY) 

MARK 1....E:Ti"ERS 

REFERENCE Cl MENS IONS (INCHES) 

0.0. 1.0. .;1...AC 

OUTER INNER 

2.40.C I. 767 0.025 
0.025 

2."29 1.701 0.020 

2..%99 1.437 0.030 

2.3£5 1.360 
0.035 

0.025 
2..399 1.718 

0.02a· 

Z.439 1.770 0.030 

2.43' 1.776 0. 025 I 0.020 

2..433 1.762 0.020 0.015 

1.246 i 0.4'0 

I 0.oco 0.025 
1.349 0.475 

1.344 0.476 0.030 0.020 

1.l37 0.460 0.020 I 0.015 

1.219 I 0.480 0.030 I 0.020 

1.337 - -0. 030 
0.379 I - -
0.555 - • 0.032 --0.,739 - 0.030 -

I....ENGTH REFERENCE 1...ENGTH 

CODES 
(INCHES) 

OUTER I INNER 

C00E ICAL.1..E0 ! TUBE I ROD 

0 ! 12" 11.600 ! 11. S40 \ -
F' 19" 14. 910 i 14.aso I 14.714 

' 
I C 17 .. 17. 400 I 17.340 -

p ' 19" 18.980 I 18.920 18. 830 ! 

I T 19.5" i 19.580 ' 19.520 -' a 2.0" ' 19.900 ' 19.840 -i ! 
I 

z.111 20.aao i 2.0.820 20.730 I M 

' 
A 23" I 23.zoo i 23. 140 2,3. 090 : 
s ' 2.4.5" j 2..a. 560 i 24.500 -' I 

E I 26" 12.s. 100 i 2.6.040 ! 2.S.890 
I 
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TABLE 5-4. Fission Product Activity of Irradiated fuels (Ci/Ton). 

Pu-240 Content, % 12 9 

Fuel Mark IV Mark lA. Mark IV Mark lA 

U-235 Enrichment, % 0.947 l.25 - 0.947 0.947 l.25-0.947 
... 

Exposure, MWd/T, MW/T 2435, ll 2903, l l 1670** 2030** 

Cooling Time 5 years 180 days 5 years 180 days 5 years 5 years ,. 

PIJl-147 3 4 9.8 x 103 4 4.6 X 103 7.0 X 103 6. 7 X 103 2.2 X 103 3.2 X 104 Cs-137* I 7.3 X 103 8.0 X 103 9. l x 103 l.0 X 103 5.0 X 103 6.2 X 103 
Sr-90* 6. l x 103 6.9 X 105 8.1 X 103 9.l x 105 4.2 X 103 5.7 X 103 

Ce-144* 3 l. 6 X 103 2.3 X 103 2. 3 X 103 l.3 X 104 3.0 X 103 l.5 X 104 2 102 nu-106* l.2 X 102 2.8 X 102 l ~4 x 102 3. l x 103 8.5 X 102 8.0 X 
Kr-85 6.9 X 102 9. 3 X 103 8.5 X 102 l.l x 103 4.7 X 102 5.8.x 102 

Cs-134 5.3 X 102 2.4 X 102 3.2 X 102 l.5 X 102 3.7 X 102 l."4 X 102 
Sb-125 2. 6 X 101 8.2 X 101 2.2 x l()l 6.7 X lOl l.8 X 101 l.3 X 102 

11-3 l.9 x lO 2.5 X 10 2.3 X 10_ 3 3.0 X 10_3 l.7 X 10_3 · 2. l x 101 · 
1-129 . ·2 . 0 x -1 n-3 · ·-2~0 x· -104

3 
l. 6 X 

-3 2.4 X 10_3 2 .4 X 105 - l.4 X 10_3 
10 ~--. · 

Zr-95 2.0 X l0-3 7. 7 X 105 3.0 X 10 l. l x 105 l.2 X JO 2.6 X 
10-3 . 

Nb-95 -- l.3 X 104 -- l. 5 x l 04 -- --
Y-91 -- 5.2 X 104 -- 7~5 X 104 -- --
Sr-89 -- 3.0 X 104 -- 4.7 X 104 -- --
llu-103* -- l.5 X 104 -- . 2.3 X 104 -- --
Ce-141 --

10-2 
l. 2 X 103 --

10-2 l. 7 X 103 --
10-2 --

10-2 Te-l27m l.9 X l.0 x 102 2.9 X l. 0 x 102 l.Ox 2.04 X 

Te-l29m* -- 9.0 X 10 -- 6.9 X 10 -- --

* Daughters of these isotopes are also present at the same activHy level. Example: Sr-90 has a 
daughter (Y-90) which is present in the fuel at the same curie content as Sr-90. 

** Power levels between 10 and l l MW/T .. 

--Less than l x 10-3 
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5.2 ZIRFLEX PROCESSING 

The Zirflex process is used for the selective dissolution of zircon
ium or Zircaloy cladding from reactor fuels. The process, based on the 
dissolution of zirconium by fluoride, is comprised of a decladding step 
and a metathesis step for fluoride removal from product uranium ~nd plu-
tonium solids. , 

5.2.l Decladding 

Zircaloy-2 cladding is dissolved from the fuel in a boiling aqueous 
solution of 5.SM ammonium fluoride and a.SM ammonium nitrate (AFAN). The 

. decladding reaction is: -

( 5. 1 ) 

Hydrogen and arranonia are evolved in the course of the reaction. Both 
of these gases are potential burning and explosion hazards, with hydrogen 
giving the more violent reaction. In the presence of ammonium nitrate, 
however, hydrogen fonns the less hazardous ammonia according to the 
equation: 

(5.2) 

In practice, the hydrogen reaction goes' to about 94% completion. 
Thus, the apparent overall teaction for dissolution of Zircaloy in Ztr
flex solution is: 

Zr+ 6NH4F + 0.47NH4N0 3 • (NH4)2ZrF6 
+ 4.94NH3(g) + 0. 12H2(g) + l.41H20 (S.3) 

Under optimum conditions, the dissolution rate is about 80 mils/hour, 
with a 11 free 11 fluoride concentration around 6M (free fluoride defined as 
fluoride not complexed by zirconium) (Ref. 3):- The 'rate decreases propor
tionally as the free fluoride decreases. Marked decreases in the dissolu
tion rate also occur if: a) the solubility limit of the zirconium in the 
solution is exceeded, b) the ammonia by-product from the dissolution is 
allowed to remain in solution, or c) an oxide film is present on the outer 
surface of the Zircaloy. 

The solubility of ammonium hexafluozirconate [(NH4)2 ZrF5] at room 
temperature (22°C), at 35°C, and at boiling (100 to l06°C) is shown in 
Figures 5-2 and 5-3 (Ref. 4) as a function of the free fluoride concentra
tion. The solid diagonal lines in the middle of the figures represent 
the zirconium and free fluoride concentrations throughout the dissolution. 
These dissolution paths must avoid the vicinity of the boiling zirconium 
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solubility curve, since an increase in the NH4F concentration in this 
region causes precipitation of the zirconiumi As a result, the surface 
of the fuel would become coated with _insoluble reaction products, and the 
dissolution rate would be markedly reduced. ,Therefore, even though 
increasing the NH4F concentration would initjally decrease the dissolution 
time by increasing the dissolution rate, the 1:maximum NH4F concentration 
is fixed by the solubility of the zirconium in the boiling solution. 
Precipitation during the dissolution is avoided by starting with a NH 4F 
concentration of S.SM (fluoride to zirconium;:mole ratio of 7.8:1). How
ever, this concentration requires a water dilution to less than a.SM zir
conium at the end of the dissolution to prevent precipitation of the zir
conium when the solution cools. 

· The zirconium solubility is also dependent on the ammonium ion con
centration; the relative effect is shown by ~he expression: 

' . 

Zr (soluble)= 1.8 [M NH4+] - 3 [t:1 free F-rl (Ref. 5) (S.4) 

This partic~lar equation is valid only at room temperature in the free 
fluoride concentration range of 0.3 to 1 .3M but qualitatively shbws the 
overall ammonia concentration effect. Thus,:i if ammonia is allowed to 
build up in the decladding solution, the zirconium solubility will decrease· 
and precipitation could occur. Steam sparging during decladding helps 
remove the ammonia from solution and prevents such.a buildup. 

When Zircaloy is exposed to high temperature air or water, such as 
in a reactor, a black oxide film is fanned, call.ed 11 pretransition oxide. 11 

This oxide film 1s hard, tightly adherent, ind highly resistant to the 
ammonium fluoride solution. In such cases, the dissolution rate is three 
to five times less than that with unoxidize~ Zircaloy, as the dissolution 
can start only at minute holes, cracks, and ~ther imperfections in the 
oxide coating and proceed by enlargement of :those holes (Ref. 6). 

Laboratory studies demonstrated that di 1ssolution rates for oxidized 
Zircaloy could be readily increased by other: chemical means. Work by 
Gens (Ref. 7) reported the use of molten ammonium bifluoride for immediate 
dissolution of the oxide film. This proceii was not considered practical 
for Purex, however, since major changes in h'ead-end equipment would be 
necessary. Increasing the initial ~H4F condentration of the dissolver 
solution to 7.SM was shown to readily removi the oxide coating (Ref. 3), 
but the fluozirconate precipitation problems: discussed previously and the 
added cost of chemicals prevented the use oi this method in the Purex 
plant. 

5.2.2 Product Losses 

Upon exposure to the ammonium fluoride :decladding solution, up to 
10% of the uranium metal in the fuel elements is converted ·to the rela
tively insoluble uranium-tetrafluoride (UF4). A small amount of the 
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UF4 is further oxidized to the more soluble uranium hexafluoride (UF5), 
but this amounts to only about O. 1% of the uranium charged. Losses of 
the uranium to the decladdi.ng solution are controlled primarily by the 
solubility of uranium in the solution. figure 5-4 (Ref. 3) shows the 
solubility of uranium in Zirflex solution as a function of the free 
fluoride concentration. As can be seen, the. solubility of uranium (IV) 
decreases with decreasing free fluoride concentration, while under the 

. same circumstances the uranium (VI) solubility increases. It can also 
be noted that uranium (IV) solubility decreases with decreasing temper
ature. Therefore, minimum uranium losses may be obtained by: a) avoid
ing the presence of uranium (VI) in the solution, b) cooling the declad
ding solution to as low a temperature as possible before jetting, and 
c) obtaining the lowest possible free fluoride concentration (obtained 
by nearly complete complexing of the fluoride with zirconium). 

In an actual Zirflex decladding step, the exposed uranium continu
ously dissolves and the solution eventually becomes saturated with uranium, 
mainly in· the fonn UF4 as stated earlier. Further dissolution then pro
duces a precipitate of UF4. Later cooling of the decladding solution will 
further reduce the uranium solubility and more UF4 will precipitate. This 
precipitate is not entirely lost and can be easily recovered by·-centrifu
gation, as discussed later. Because air sparging would promote the oxi
dation of. the UF4 to the more soluble uranium (VI), the solution is steam 
sparged during decladding. The losses to uranium (VI) can also be reduced 
by thorough flushing between alternate decladding and core dissolution 
steps ·to prevent the carryover of uranium (VI) from one step to another. 

In Zirflex decladding solution, plutonium reacts similarly to uranium, 
fanning plutonium tetrafluoride (PuF4). Experimental work designed to 
estimate the loss of plutonium from a fuel element to the decladding solu
tion has been performed by exposing uranium-plutonium alloy to boiling 
Zirflex solution, with and without zirconium present. The results of that 
work are shown in Table 5-5 (Ref. 6). 

TABLE 5-5. Plutonium Loss to Oecladding Solution. 

Solution Amount in Boiling Amount in Cooled 
Pu/U Ratio . Solution Solution 
in a U-Pu 

Alloy M F- M Zr u, Pu, Pu/U Ratio u Pu, Pu/U Ratio· - TIV) g/9. mg/2. g/9.. mg/i 

3 -4 6 15.0 4.3 2.9 X l o-4 4.5 1.4 -4 
X 10_4 - 3.1 X 10_4 ll X 10 4 6 - 13.0 6.6 5. 1 X 1 o-4 2.5 l. 7 6.8 X 10 _4 

11 X 10- 6 0.7 2.5 0.68 2.7 X l o-4 0.2 0.003 0.15 X 10
4 11 X 10-4 6 0.86 1.4 0.23 ,. 6 X ,0-4 0.3 0. 015 0.5 X 10-

(Note: A Pu/U ratio of 11 x 10-4 corresponds to 1000 g Pu per 
ton U). 
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As can be seen in Table 5-5, for the alloy having a plutonium/uranium 
ratio of 11 x 10-4 , the plutonium/uranium ratio in the boiling solution 
was, in each case, less than the ratio in the metal. This would indi-
cate that the percentage of pl~tonium l~st to the decladding solution is 
less than the percentage of uranium lost. The difference in the plutonium/ 
uranium ratios is even more pronounc~d in the solutions containing zir
conium, especially on cooling. It is thought the reduction in the plu
tonium/uranium ratio occurs after cooling, due to carrying of the pluton
ium by the precipitating uranium fluoride salts. 

A similar experiment was done using plutonium-aluminum alloy. Com
paring the results of the two experiments indicates that, like uranium, 
the plutonium losses to the decladding solution are governed by solubility 

· limits. If so, the relative loss of plutonium will decrease with increas
ing plutonium content in the fuel. Based on the results of this experi
ment, plutonium losses of less than 0.1% can be expected. 

5.2.3 Corrosion 

Zirf1ex decladding solution and the nitric acid fuel dissolution solu
tion with residual fluoride from decladding are relatively corrosive to 
the 304-L stainless s'teel used in '!;he dissolvers. Corrosion rate estimates 
for non-heat transfer surfaces obtained from laboratory data, corrosion 
coupons placed in the dissolver~ dufing past Zirflex campaigns, and the 
analysis of process solutions are 5 to 10 mils/mo for the dec1adding and 
2 to 7 mils/mo for the uranium dissolution operation. For heat transfer 
surfaces, the corrosion rates are 2 to 3 times higher.· 

·Aluminum nitrate nonahydrate (ANN) is added to the dissolver prior to 
initiating acid dissolution to complex any soluble fluoride present or 
fluoride compounds unaffected by the previous metathesis. This is to pre
vent fluoride ·corrosion of the dissolvers during acid dissolution. Enough 
ANN is added to assure a minimum Al to F ratio of 3:1. · 

5.2.4 Metathesis 

To permit solvent extraction recovery of the uranium and plutonium 
fluorides which are fanned during decladding, and to limit the corrosion 
of the stainless steel dissolvers by residual fluoride during urani~m 
dissolution, a metathesis step is perfonned. During this step, the UF4 
and PuF4 are treated with potassium hydroxide and converted to the hydrated 
oxide solids, leaving potassium fluoride, which is quite soluble in 
aqueous solutions. The reactions are: 

UF 4 _+ 4KOH -. uo2° 2H20 + 4KF 

PuF4 + 4KOH .. Pu02•2H2• + 4KF 
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The initial metathesis solution concent~ation is around 7~ KOH, with 
the equilibrium concentrations reaching apprbximately SM KOH and 2M KF. 
The metathesis is not complete, probably due'1 to incomplete contacting of 
the metathesis solution with the fluoride compounds adhering to the rough 
surfaces of the fuel elements. After metathesis, a boiling water flush 
sufficient to cover all of the fuel elements:i is used to remove any water 
soluble fluorides which adhere to the dissolver.and the fuel elements. 

Potassium hydroxide is preferred to sodium hydroxide for metathesis 
because potassium fluoride is much more soluble than sodium fluoride in 
aqueous solutions (923 g/:l vs._42.2 g/1. in water at 20°C) (Ref. 9) . 

• 

. 5.3 TREATMENT ANO DISPOSAL OF DECLADOING WA~TE 

When the cooled decladding waste is jetted from the dissolver, some 
uranium tetrafluoride and plutonium tetrafluoride solids are unavoidably 
removed with the waste. The solids are recovered by centrifugation, meta
thesized, dissolved in HN03 (see Section 5.5), and returned to· the process 
with the dissolved fuel elements in the metal solution feed tank. Because 
of the large density differences between the:i sol ids and the -1 iquid (about 
a 6.5:1 solid to liquid density ratio), the solution centrifuges easily, 
and virtually 100% of the solids are recovered. 

The loss of product through the centrifuge to underground· storage is 
governed by the solubility of the uranium, mainly as uranium (VI), and 
the plutonium, as PuF4, in the liquid leaving the centrifuge. Normally, 
however, because of the low solubilities involved, the uranium and plu
tonium 16sses are eath less than 0.1~ of the'.amounts in the irradiated 
fuel elements·. 

The liquid overflowing from the centrifuge, containing mainly ammon
ium hexafluozirconate, ammonium fluoride, and ammonium nitrate, is treated 
with sodium hydroxide in what is.called a "r~verse strike reaction." This 
step converts the NH4F and MH4rl03 into MaF a~d Na!W3, which are relatively 
noncorrosive in the basic (ph ~ 10) waste soJution. The reverse strike 
also removes from solution the ammonium ion.which could fom potentially 
explosive ammonia gas fo the waste storage tanks. The reactions involved 
in the neutralization are· as follows: • 

(NH4)2ZrF6 + 6NaOH + Zr02(s) + 6NaF(s) + 2NH3(g) + 2H20 (5.7) 

NH4F + NaOH + NaF(s) + NH 3(g) + H20 (5.8) 

NH4No 3 + NaOH + Na~03 + NH 3(g) + H20 (5.9) 
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Approaching the reaction from the high pH side (i.e., adding the 
waste to a large volume of concentrated NaOH), the Zr02 and NaF solids 
fonned can be slurried, while the solids formed when approaching from 
the low pH side, (i.e., adding NaOH to-the waste), are chunky and impos
s i b 1 e to s 1 u rry . 

5.4 AMMONIA COLLECTION AND DISPOSAL 

Ammonia gas is fanned during the feed preparation cycle while removing 
the Zircaloy-2 cladding from the fuel, processing of the decladding waste, 
and evaporation of armnonia-bearing waste . 

. 5.4. 1 Properties of Armnonia-Air-Water Vapor Mixtu~es 

Ammonia can fonn flammable mixtures both with air (refer to Figure 5-5r 
and air-water vapor mixtures (refer to Figure 5-6) (Ref. 10). As can be seen· 
in Figure 5-5, with ammonia-air mixtures the flammable concentration range 
is a function of temperature, increasing from 15.5 to 27.5 vol% at 0°C to · 
13 to 32 vol% at 250°C. Operations at Purex take advantage of the fact 
that .the presence of water vapor greatly reduces the flammable region. 
As shown in Figure 5-6, with air-ammonia-water vapor mixtures, a flammable 
mixture is not possible if the gas temperature is above 45°C or the ammonia 
concentration remains below 15.5 vol%. 

One of the characteristics of a flammable g~s is the velocity at 
which the flame travels through the gas mixture. The importance of the 
flame velocity is realized when it is compared to the velocity of the 
off-gas in the region of most probable flammable gas formation, which is 
the piping between the down-draft condenser and the ammonia scrubber. The 
nominal gas· velocity in this region of pipe is 12.8 ft/sec, which is 
5.5 times the maximum flame velocity (for a mixture of 19% NH3; 4% H2 -
77% air) at this point. If ignition did occur, the flame front would be 

· swept into the ammonia scrubber and would be quenched by temperature 
reduction and a1m1onia depletion. Sustained burning would require either 
a flame holder or a continuous ignition source, neither of which is present 
in these vessels. 

5.4.2 Ammonia Removal and Disoosal 

A1m1onia is recovered from the off-gas by absorption into water, fol
lowing the reaction: 

(5.10) 

This reaction is dependent on temperature, with decreasing temperature 
increasing the absorption. 
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As the plant was originally operated, the off-gas temperature of the 
down-draft tower was maintained above 45°C so the water vapor content of 
the gas precluded a ·flammable mixture of amm,onia and air. Because of 
sluggish instrument control, however, off-g~~ temperatures sometimes · 
exceeded 65°C for short periods, reducing th,e efficiency of the ammonia 
scrubber and allowing ammonia gas to enter q,ownstream equipment with the 
potential for forming explosive silver azide in the silver reactor. A 
study was made (Ref. 10) which recommended ~hat the dissolver tower efflu
ent gas be maintained at or-below 30°C so th'at condensing water vapor in 
the condenser absorbs ammonia, precluding th'e formation of a flammable 
mixture and allowing only small quantities of ammonia to reach the silver 
reactor. The efficiency of the ammonia scrubber was calculated to increase 

.~by ~ factor of six when the inlet gas tempe~ature changed from 45°C to 
,t30°c. The instrumentation controls the off~gas temperature more effec

tively at 30°C than at 45°C, thereby reducing the temperature fluctuations 
experienced previously. 

.. The vapors in the decladding waste tanks (D and E Cells) are main
tained in 'the nonflammable composition rang~ using a vapor space steam 
bleed, which saturates the vapor with water':and also maintains the vapor 
temperature above 45°C. · 

The anmonia scrubber wastes are collected, treated with sodium hydrox
ide, and then concentrated before disposal to underground storage. The 
sodium hydroxide neutralizes any nitric acid whi.ch may enter the ammonia 
waste concentrator feed tank via the vessel vent header and thereby pre
vents the formation of potentially explosive ammonium nitrate. 

5.5 DISSOLUTION OF UNCLAD FUEL 

S.S. 1 Uranium Dissolution 

Uranium metal and uranium oxide are oxidized by nitric acid to uranyl 
nitrate. uo2(N03)2, following the equations'.shown below: 

Metal 

u + 4HNo3 • uo2(No3)2 + 2No + 2H2p (5.11) 
!i 

U + 4.SHN03 • UOz(N03)2 + 1 .SSNO + .8SN02 + .OSHz 

+ 2.2SH20 (5.12) 
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3U02 + 8HN03 • 3U02(N03)2 '. 2NO + 4H 20 

UOz + 4HN03 • UOz(N03)2 + 2NOz + 2Hz0 

(5.13) 

(5.14) 

With uranium metal present, the uranium in solution is mainly in the hexa
valent state, with some tetravalent uranium. As the dissolution proceeds, 
all the uranium is converted to the hexavalent state, with nitrogen diox
ide or nitrous acid as the principal oxidizing agent. The relative amounts 

_of NO and NOz evolved during dissolution are largely determined by the 
equilibrium: 

(5.15) 

The NOz/NO ratio is higher during the final half of the dissolution than 
would be predicted on the basis of acid concentration alone due to the 
presence of radiolytically generated HNOz in solution. The heats of reac
tion of the dissolutions are sufficient to maintain the solution at the 
boiling point with little·or no addition of heat. · 

Equation 5.11 represents the dissolution of uranium metal in nitri~ 
acid at concentrations less than 8M, while equ~tion 5.12 applies at nitric 
concentrations greater than 8M. However, neither equation expresses all 
of the mechanisms involved since nitric acid is refluxed from the down
draft condenser and air is injected into the off-gas stream. Under these 
conditions, the nitric acid consumption is reduced from 4-4.5 to 
2.5-3 moles acid/mole uranium. The bled~in air oxidizes the NO in the 
off-gas to NOz by the reaction: 

(5.16) 

The operating temperature of the condenser strongly favors the formation 
of NOz and the rate of oxidation is very rapid. The N02 is then absorbed 
into water in the condenser as expressed in the following equations: 

2NOz + HzO r= HN03 + HNOz 

jN02 + H20 ;= 2HN03 + NO 

(5.17) 

{5.18) 

The nitric acid formed refluxes to the dissolver. Depending on the NO/N02 
ratio in the off-gas, the stoichiometric air requirement for the oxidation 
is from 7 to 12 scf/lb uranium dissolved when the acid-to-uranium mole 
ratio is about three. 
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The rate of uranium dissolution increases with an increase in the 
initial nitric acid concentration, temperature, and surface area of the 
fuel elements. · 

5.5.2 Plutonium Dissolution 

In the presence of uranium, plutonium d;issolves in nitric acid to 
fonn plutonium (IV) nitrate, although a smaH fraction of the plutonium 
may be present in the solution in the (III) and (VI) valence states, 
mainly through the disproportionation of th~ plutonium (IV). The dissolu
tion of plutonium, like that of uranium, proceeds by several competing 
mechanisms. The following equation is a simplified statement of the reac
tion by which plutonium (IV) nitrate is formed: 

(5.19) 

Normally, the dissolution is stopped while the solution is stoichio
metrically slightly acidic; in order to prevent the formation of insoluble 
plutonium (IV) polymer (see Section 7.2.4) which is redissolved only 1Nith 
difficulty and may be lost during solvent ex.traction. 

.. 
Since plutonium is more concentrated near the surface of an irradi

ated fuel element, the amount of plutonium dissolved decreases fn succes
sive cuts. However, the presence of a heel of partially dissolved slugs 
in the dissolver at the time of charging tends to increase the unifonnity 
of the plutonium concentration from one cut ~o the next. 

5.5.3 Fission Products 

. The chemistry of neptunium, other transuranics, and nonvolatile fis
sion products is not well defined, though all completely form acid soluble 
nitrates. The volatile fission products are Kr-85, Xe-133, I-29, and I-131. 
The first two are inert and are entirely discharged via the off-gas. The 
iodine radioisotopes are suspected of partially refluxing through the dis
solver tower during the initial part of the acid dissolution, but later 
leave with the off-gas during the terminal part of the dissolution. 
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CHAPTER 6.0. SOLVENT EXTRACTION TECHNOLO~Y 

6.1 PROCESS CHEMISTRY 

In this chapter, the chemical and engineering aspects of the Purex 
solvent extraction process are discussed. Included are presentations of 
variables affecting the process, relevant physical and chemical properties 
of process materials, and basic design and operating principles for the 
solvent extraction equipment. 

6. 1.1 Solvent Extraction Process Principles 

·5.1.1.1> Basic Principles 

When an aqueous solution of metal ions (such as uranyl nitrate) is 
placed in a beaker and organic solvent ~ontaining a chemical complexing 
agent (such as tri-n-butyl phosphate) is· added, some of the so.lute in the 

·· .aqueous phase transfers to the organic solvent. The process is referred 
to as 11 solvent extraction. 11 Similarly, if the solvent phase is removed· 
from the above-mentioned system and placed in cont~ct with fresh water, 
some of the solute transfers back to the aqueous phase. 

The transfer of a solute, such as uranyl nitrate, from an aqueous 
solution into an organic solvent is colloquially referred to simply as 
11 extraction, 11 while its removal from the solvent phase into an aqueous 
one is termed 11 stripping 11 or 11 back extraction. 11 

If either of the two-phase systems discussed above is agitated to 
cause intimate mixing of the two immiscible liquid phases, the solute 
concentration in each phase becomes constant. When constant (although not 
necessarily equal) concentrations have been attained, a dynamic equilibrium 
has been established, with the number of solute molecules .leaving the 
aqueous phase equal to the number returning in a given time. The process 
of attaining equilibrium between the two phases is termed "equilibration 
of the phases." The distribution of a solute in such a two-phase system 
depends upon the relative solubility of the solute in each phase and may, 
for example, be altered by the simple expedient of changing its solubility 
in either the aqueous or the organic phase. The factors affecting rela
tive solubility include the complexing strength of the solvent, the com
position of the aqueous phase (e.g., the presence of other solutes having 
ions in common with the transrerring solute), the chemical properties of 
the transferring solutes, and the temperature of the system. 

The ratio of the concentrations of a given solute (e.g., uranyl 
nitrate) in each of two liquid phases in contact equilibrium is variously 
referred to as the "distribution ratio," "distribution coefficient, 11 or 
11 partition coefficient. 11 The ratio is designated by the letter E, to which 
a subscript and a superscript are appended to indicate which phase is the 
reference phase. Thus, for uranyl nitrate, E~ indicates the ratio of the 
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concentration of the uranyl nitrate in the organic phase to the concen
tration in the aqueous phase. The term 11 distribution ratio 11 is used in 
th~ sense of this organic-to-aqueous distribution ratio (EC) throughout 
this manual unless otherwise indicated. a · 

The distribution ratio is the ratio of solute concentrations in 
each phase regardless of the relative volume~ of the two liquid phases. 
However, the amount of solute extracted from, the aqueous solution by the 
solvent is dependent upon the relative volume of solvent used as well as 
the distribution ratio of the solute. 

_6.1.1.2 Application to the Purex Process 

The Purex solvent extraction process involves the separation of 
uranium, plutonium and neptunium from radioactive fission products and 
nonradioactive chemical contaminants, and from each other. These seoara
tions are accomplished by controlli~g the reiative solubilities of t~e 
various solutes in the organic solvent. Uranium, tetravalent plutonium 
and neptunium are readily extracted by tri-n~butyl phosphate (iBP) from 
aqueous solutions rich in nitrate ion. Some fission products are also 
partially extracted by .TBP, but to a much lesser e~tent than uranium, 
plutonium and neptunium. Thus, a high degree of separation may be ob
tained between fission products and the useful products. 

Uranium and neptunium are separated from plutonium by taking advan
tage of the ease with which plutonium is reduced from its extractable 
tetravalent state to its relatively inextractable trivalent state. The 
uranium is subsequently separated from neptunium by saturating the sol
vent with the more highly extractable uranium, thus forcing the less 
extractable neptunium to remain in the aqueous phase. 

At low aqueous phase concentrations of nitrate ion, uranium, plu
tonium and neptunium have relatively low solvent-to-aqueous phase dis
tribution ratios, and they may be stripped from solvent with water or 
very dilute aqueous nitric acid in preparation for further processing. 

6. 1. 1. 2. 1 Choice of Sol vent 

Tributyl phosphate is an excellent solvent for the separation of 
uranium, plutonium, neptunium, and fission products by solvent extraction 
because of the following desirable characteristics: 

, It has a high extractability and selectivity .for uranium, plu
tonium, and neptunium. 

-
, It has a low mutual solubility with aqueous solutions. 

• It has good chemical stability in the system involved, includ
ing stability towards moderate concentrations of nitric acid, 

/ which permits the economically advantageous use of nitric acid 
as a 11 salting 11 agent. 
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• It has adequate radiation stability. 

• It has a low vapor pressure and high flash point. 

• It is quite easily purified for reuse. 

• It is available in the needed quantities at a sufficiently low 
cost. 

• It is relatively noncorrosive. 

• It has a low toxicity. 

Pure TSP i·s generally not suitable for solvent extraction, however, 
because its density (0.97 g/m1) is close to that of. water, and its visco
city (3.4 centipoises at 25°C) is high, which makes phase separation dif
ficult. These properties can be altered in the desirable direction by 
mixing TSP with an inert hydrocarbon liquid of low density and viscosity. 

6.1.l.2o2 Function and Choice of Diluent 

As mentioned above, pure TBP is not suitable ·for use in solvent 
extraction because of density and viscosity constraints. Also, TBP is 
moderately surface active· and would, if used in a pure state, form emul
sions with aqueous solutions. These properties may be favorably altered 
by diluting the TSP with an organic compound or mixture -which has suit
able physical properties and is chemically inert i-n the system. The 
diluent must be completely miscible with TSP, and the complexes formed by 
TBP with uranyl nitrate and with plutonium nitrate must be soluble in 
the diluent. Except for solvent action, desirable characteristics for a 
diluent are generally similar to those indicated above for the solvent. 

In the Purex process, the TSP is diluted with a refined hydrocarbon 
mixture in the kerosene boiling range having a density of just under 
0.8 g/m1. The diluent used to reduce the density and viscosity of the 
solvent p.hase is a mixture of normal paraffin hydrocarbons (NPH) whose 
molecules contain between 10 and 14 carbon atoms. Hydrocarbon diluents, 
such as Shell E-2342 or others containing even small amounts of unsatu
rated hydrocarbons, have been found to be unsuitable because of their 
susceptibility to degradation under process conditions. Such degradation 
causes the solvent to extract some radioactive fission products into the 
solvent phase. When this occurs, the decontamination performance of the 
solvent extraction process deteriorates. 

A 30 vol% concentration of TBP in the solvent phase was selected as 
a compromise between the conflicting requirements of solvent-phase pro
perties approaching those of the pure diluent and low-solvent volume 
per unit weight of uranium processed. 
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6. 1.1.2.3 Tributyl Phosphate Complexing with Uranium, 
Plutonium and Neotunium 

The solvent action of TSP for uranium and plutonium is dependent 
upon the formation of coordination complexes.. Equations representing the 
extraction of uranium and_ plutonium (IV) from aqueous solutions are as 
fo 11 ows: 

+2' . 
UO 2 ( Aq . ) + 2NO 

3 
- ( Aq . ) + 2TB P ( 0.rg . ) : 

U0 2_(N03)2 • 2TBP (Org.) ( 6. 1 ) 

Pu+4 (Aq.) + 4N03- (Aq.) + 2TBP (Org.): 
Pu(N03)4 • 2TBP (Org.) (6.2) 

Neptunium (VI) and neptunium (IV) can b~ substituted for uranium and 
plutonium, respectively, in the above two equations. For the reversible 
reaction represented by Equation 6. 1, an equilibrium constant, K, ·may 
be expressed by the following relationship, in which concentrations are 
given as molarities: 

[U02(N03)2•2TBP(Org. )] K=-----....;;;.. ___ ;;_ ______ _ 

[U02+2(Aq.)] [Nd3- (Aq.)] 2 [TBP{Org.)]2 (6.1) 

In the above equation, TBP(Org.) represents the concentration of 
uncomplexed tributyl phosphate in the organic phase. Since two moles of 
TSP combine with each mole of uranyl nitrate .extr.acted, the value of the 
term, TBP(Org.), may be calculated from the equation: 

TBP(Org.) = TBP - 2UN(Org.) (6.4) 

where the TSP represents the initial concentration of TBP in the organic 
phase, and UN(Org.) represents the uranyl nitrate concentration in the 
organic phase. From the definition of the organic/aqueous distribution 
ratio for uranyl nitrate, assuming that all the uranyl nitrate in the 
aqueous phase is completely ionized, the fol16wing relationship may be 
111ritten: 

Eo = U02(N03)z~2TBP(Org.) (6.5) 
a +2 uo2 (Aq.) 

where E~ = distribution ratto, (g solute/i organic phase)/(g solute/1 
aqueous phase). Then, substitution of Equations 6.4 and 6.5 into 
Equation 6.3 results in the following expression (Ref. 1): 

Ea a 
K = -----:--------=-- ( 6. 6) 

[N03-(Aq.)J2 [TSP 2UN(Org. )]2 
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By transposition, Equation 6.6 may be expressed as: 

E~ = K[N0 3-(Aq.)]2 [TBP - 2UN(O-rg.)] 2 ( 6. 7) 

Since uranyl nitrate does not form an ideal solution in water under 
process conditions, K is not constant for the equilibrium expressed, but 
varies with the concentrations of the various solution components. However, 
as discussed later, Equation 6.7 provides a generally accurate indication 
of the nature and order of magnitude of the effects of the concentrations 
of uranyl nitrate, nitric acid, and TBP on the distributio·n ratio of uranyl 
nitrate. 

Equation 6. l shows that the number of moles of uranium which can be 
dissolved in a given amount of solvent is equal to one-half the number of 
moles of TBP. The maximum uranium concentration attainable in the Purex 
solvent (30 vol% TBP) is 0.52M. This is slightly less than one-half of 
the TBP concentration in the solute-free solvent, due to the volume change 
which occurs when uranium transfers into the solvent. As- uranium satura
tion of the· solvent is approached, less solvent is available for complexing 
fission products, and their extraction is generally repr_essed, _yielding 
improved decontamination. 

An analysis analogous to the above for uran.ium may be appl_ied to ex
press the distribution ratio for plutonium (IV) based on Equation 6.2. How
ever, the concentration of the plutonium itself may usually be neglected in 
the analysis, since the concentration of pluton-ium in Purex process streams 
is almost invariably low enough for its self-salting effect and its solvent
saturating effect to be insignificant. Thus~ for plutonium (IV): 

E~ = K[N0 3-(Aq.)]4 [TBP(Org.)]2 (6.8) 

Equation 6.8 for plutonium (IV), like Equation 6.7 for urani~m, is valid 
as a first approximation for indicating trends of the effects of nitrate 
ion and TSP concentrations on the distribution ratio .. Equation 6.8 is 
subject to the further limitation that, when uranium is also present in 
the system, the amo~nt of TBP complexed by the uranium, and thus rendered 
unavailable for complex formation with plutonium, must also be taken into 
account. 

The nitrate of plutonium in its highest (hexavalent) oxidation state 
also forms a coordination complex with TSP. However, distribution ratios 
of plutonium (VI) are generally somewhat lower than those of plutonium (IV), 
as discussed in subsection 6. 1.2. 1. 

Neptunium exists in the three relatively stable valence states -
neptunium (IV), neptunium (V) and neptunium (VI) -- of which two 
[neptunium (IV) and neptunium (VI)] are extractable into the organic 
solvent. As mentioned previously, neptunium (VI) and neptunium (IV) can 
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be substituted for uranium and plutonium, respectively, in Equations 6. 1 
and 6.2. Distribution ratios for neptunium (VI) and neptunium. (IV) are 
therefore given by the following equations: 

E~ = K[No 3-(Aq.)J 2 [TBP (Org.)] 2, for neptunium (VI) 

E~ = K[N0 3-(Aq.)J4 [TBP (Org.)] 2, for neptunium (IV) 

6. l . 1 .. 2. 4 Salting 

(6.9) 

(6. 10) 

As previously discussed, the amount of uranium and plutonium extrac-
- ted from an aqueous solution into the organic _phase may be increased sub
stantially by increasing the nitrate ion concentration in the aqueous 
phase. This phenomenon is referred to as "salting," although in the Purex 
process the nitrate ion is supplied by nitric .,acid and not by a salt. As 
compared with common metal nitrates such as sodium or aluminum nitrate, 
which would also be suitable, nitric acid has the important advantage 
tha,t it is recoverable by disti11ation. The importa_nt savings realized 
by the recovery of nitric acid arise in two ways: (a) directly, from 
chemical cost savings; and (b) indirectly, fro.r1 decreased volume of radio
active aqueous wastes requiring storage in underground tanks .. 

Uranyl nitrate furnishes n·itrate ion, and_ is self-salting at high 
concentrations~ As the uranyl nitrate is extracted into the organic 
phase, however, less nitrate ion is available in the aqueous phase, and 
supplemental nitric acid is required to complete the extraction process. 

Nitric acid increases the distribution ratios of the fission oroducts, 
Zr-Nb-95, and, to a lesser extent, Ce-144, as well as those of uranium, 
plutonium and neptunium. However, even the increased fission product 
distribution ratios are low, so that the required separation of fission 
products from uranium and plutonium is obtained. 

The effects of nitric acid on the distribution ratios of uranium, 
plutonium, neptunium and fission products are shown quantitatively in 
subsection 6. 1.4. · 

6.1.1.2.5 factors Influencing Solvent Extraction Effectiveness 

In a simple batch solvent extracti~n process, such as the beaker 
experiments described earlier in which·.,.the two :'liquid phases are agitated 
together until equilibrium is reached, the amount of solute extracted 
depends only on the distribution ratio and the relative volumes of the 
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two phases. The ratio of the amount of solute in the organic phase to 
the amount in the aqueous phase after equ·ilibration may be expressed as: 

where 

E~(O/A) 

~ = distribution ratio, (g solute/i organic phase)/(g solute/i · 
aqueous phase); 

0/A = organic-to-aqueous phase. volume ratio. 

This product of the di stri but ion rati·o and the phase volume ratio 
,is termed the "extraction factor," usually designated by the letter P. 
Thus, a low'extraction factor (P«l.O) would represent conditions favorable 
for stripping the solute from the organic back into the aqueous phase, 
and a high extraction factor (P>>l.O) would represent conditions favorable 
fcir extracting the solute into the organic phase. The extraction factor 
is useful, in a slightly modified form, in the interpretation of solvent 
extraction processes more complex than those occurring in a simple batch 
contactor. The extraction factor is discussed in detail in Section 6.2. 

The extraction of solute into an organic solvent may, in practice, 
be carried to a much greater degree of completion than is achieved in a 
single equilibrium contact. This may be achieved by a series of several 
countercurrent ·batch contacts or by a continuous countercurrent flow of 
one phase through another.· The techni'ca1 analysis of these more complex 
systems is also discussed in Section 6.2. 

Equilibrium distribution ratios and, hences extraction factors depend 
on the chemical conditions or the system, as discussed .in Section 6. 1 .4. 
Chemical conditions of importance include the chemical species and con
centration of the transferring solute, the concentration of the nitric 
acid salting agent, the concentration of TBP, and the presence of other 
complexing agents in either the organic or the aqueous phase. For example, 
dibutyl phosphate, a product of the hydrolysis of TBP, forms a stronger 
organic-phase complex than does TBP, and sulfate or fluoride ions form 
strong aqueous-phase complexes with uranium, plutonium and neptunium. 

Temperature affects both the equilibrium distribution ratio and the 
rate of transfer of solute between the aqueous and organic phases. A 
temperature increase may either increase or decrease the distribution 
ratio, depending on the solute and liquid compositions. A temperature 
increase always increases the rate of solute transfer between phases, 
however, so that the overall effect of a moderate increase in temperature 
is generally favorable. Opposing the above favorable effect of increased 
temperature is the adverse effect caused by the increased rate of TBP 
hydrolysis to the strong, organic-favoring dibutyl phosphate complex. 
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6. 1.2 Chemical Flowsheet 

The. Purex sol vent extraction process ha:s been outlined in Chapter 1. O. 
The chemical flowsheet for processing zircon,ium-clad metallic uranium fuel 
is presented in Chapter 4.0~ This section d~scribes the individual pro
cess steps carried out in the solvent extrac;tion columns, and discusses 
the main process considerations for each of ;the steps. Important process 
variables and the nature and relative magnitude of their effects on column 
performance are discussed qualitatively. 

6.1.2.1 First Decontamination and Partitio~ Cycle 

6.1.2.l.l HA Column 

The purpose of the HA column is to sep~rate ur-anium, plutonium, and 
neptunium from the bul~ of the fission products. The aqueous feed solu

. tion (HAF) is introduced at a pofnt approxirri,ately ha 1 fway up the column, 
and flows downward through the extraction section of the column. In 
the extraction section, the stream flow rat~s, salting ~trength~ and the 
plutonium and neptunium valence states are controlled in such a way that 
the uranium, plutonium, and neptunium enteri1ng with tlie aqueous feed are 
extracted into the upward flowing solvent. ::same fission products are 
also extracted, but are partially transferred back into the,aqueous phase 
in the top (scrub) section of the column. T,he net result of the column 
operation is the quantitative transfer of u~anium and plutonium and about 
90% of the neptunium to the solvent phase, while over 99.9% of the fission 
products leave· the bottom of the column wit~ the aqueous waste stream. 

6. 1.2.1. 1.1 Uranium Extraction 

Uranium is rapidly extracted into the TBP solvent in the HA column, 
with approximately 90% transferring into _the organic within the first 

.4 feet of cartridge below the feed point. The solvent (HAX) flow rate 
employed is greater than that required for quantitative extraction of 
the uranium entering the extraction section·of the column, including a 
small amount that is stripped back into the aqueous phase in the scrub 

· section, as well as that entering with the feed (HAF) and backcyc1e 
waste (3WB,) streams. The excess solvent flqw is required to compensate 
for minor flow variations, or "channeling 11 across the column cross section. 
The excess solvent flow allows for normal minor variations in stream flow 
rates and compositions, as well as providing for extraction of the pluto
nium and neptunium in the feed. While insufficient solvent flow causes 
a sharp increase in uranium.reflux in the column and results in high 
waste losses, excess solvent flow results in the extraction of a greater 
fraction of the fission oroducts and leads to poor decontamination 
performance, a condition' discussed in subsettion 6.1.4.3. 

Uranium distribution ratios at feed point conditions and, hence, the 
minimum solvent flow requirements are relatively insensitive to variations 
in the aqueous ~itric acid concentration in; the range of 0.5~ to 3.0M. A 
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reduction in the acidity from 3.0M to a.SM causes only about a 10% increase 
in the minimum solvent flow requirement. -At the dilute, or waste, end of 
the column, however, the distribution ratio is very sensitive to aqueous 
nitric acid concentration (because of t~e absence of the self-salting 
effect of the uranyl nitrate). The same decrease in acidity resu1ts in 
a 10-fold reduction in the distribution..,.ratio. For this reason, the 
nitric acid concentration in the waste stream must be maintained within 
relatively narrow limits for optimum column process performance. 

Uranium distribution ratios decrease with increasing temperature, 
with about a 10% reduction in feedpoint ER resulting from a temperature 
increase from 20°C to 45°C. The rate of solute transfer (or mass trans
fer rate) is increased sufficiently, however, so that the overall effect 

·of the temperature increase is beneficial. 

The distribution ratio for uranium at the feed ooint of the column 
varies appro.i<imately in proportion to the TBP concentration- (as would be 
expec;ted) in ·the range of 25 to 35 vol% TSP in diluent. 

Monobuty1 phosphate (MBP), produced by hydrolysis of dibutyl phos
phate (DBP), forms an aqueous-favoring compound with uranium, and 1eaves 

. the column with the aqueous waste stream. Monobutyl phosphate hydrolyzes 
to phosphoric acid at a faster rate than its rate of formation, however, 
so monobutyl phosphate does not present a seriQus problem. 

6.1.2.1.1.2 Plutonium Extraction 

In the Purex pro.cess, plutonium is extracted into the iBP solvent in 
the tetravalent ionic state, as discussed previously. Although plutonium 
(III) is formed initially during the fuel elem~nt dissolution, it is 
rapidly oxidized to plutonium (IV) unde~ the conditions present in the 
dissolvers. Some hexavalent plutoniurnmay exist in equilibrium with plu
tonium (IV) in the solvent extraction\feed storage tanks, but plutonium (VI) 
is reduced to the tetravalent state by\nitrite ion in the HA column. 

Plutonium is not as readily extracted into the TBP solvent as is 
uranium, since plutonium's distribution ratio is only about 20 to 25% of 
that for uranium. [The E9 for plutonium (VI) is only about one-eighth 
that of uranium and the ER for plutonium (III) is very low.] Because of 
this lower extractability of plutonium, the HA column is "plutonium con
trolling" with respect to waste losses. 

Distribution ratios for plutonium are affected greatly by the pre
sence of certain chemicals that form strong complexes with plutonium. 
These complexants can be either organic- or aqueous-favoring; the aqueous
favoring comp1exants are the ones of concern in the HA column. Comp1ex
ants of concern are monobutyl phosphate, fluoride ion, and sulfate ion. 
Monobutyl phosphate formed by hydrolysis of TSP forms an aqueous-favoring 
complex with plutonium (and with uranium) co_ntaining one atom o.f pluto
nium per molecu1e of MBP. As mentioned before, monobutyl phosphate does 
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not present a serious problem since it hydrolyzes to phosphoric acid at 
a faster rate than its rate of formation. 

Fluoride ion, present in the HAF stream as a result of carryover 
from the Zirflex decladding step, forms a strong complex with plutonium 
and will cause high plutonium losses to the waste if the fluoride ion is 
not 11 tied up 11 by some other agent. Aluminum ion is satisfactory for this 
purpose, as it readily complexes with fluoride, is relatively inert and 
innocuous in the system and is relatively cheap. An aluminum-to-fluoride 
mole ratio of 3 to 1 is sufficient to prevent fluoride from complexing 
with plutonium. The aluminum is added to the acid in the dissolver prior 
to the fuel dissolution step and, thus, also prevents excessive fluoride 
corrosion of the dissolver. • 

Sulfate ion, which also forms an aqueous-favoring complex with plu
tonium and can be troublesome ir not controlled, is formed in the back
cycle waste concentrator from oxidation of ferrous sulfamate and sulfamic 
acid, and enters the HA column via the 3WB stream. The sulfate concen
tration in the system i·s relatively constant, however, and its inhibiting 
effect on p 1 utan i um ext-racti·on can be countered by a slight increase in 
the HAX fl ow rate. . 

. High waste losses can also result when fuel element dissolution is 
carried to the point that the uranyl nitrate solution is acid deficient. 
Under this condition, plutonium forms a solid compound (probably a mix
ture of hydrous oxide and nitrate) called plutonium polymer (see Section 
7.2.4) which is not extracted by the TBP solvent. 

Plutonium refluxes in the HA column scrub section in a manner s,m,
lar to that described for uranium, with about a ·10% increase in concen
tration at the feed point. The extent of the reflux depends on the nitric 
acid concentration profile .in the scrub section, as well as the uranium 
saturation of the solvent and the extraction efficiency of the column. 

The distribution ratio for plutonium is more Sensitive to the chem
istry of the system than is the ratio for uranium. The salting strength 
and the nitric acid concentration in the aqueous phase both have a more 
pronounced effect on plutonium extraction (see subsection 6.1 .4.2). Vari
ations in the TBP concentration also affect the plutonium distribution 
ratio more than that of uranium. With solvent containing about 30 vol% 
TBP, the organic-to-aqueous distribution ratio of plutonium (IV) varies 
with approximately the 1.3 power of the TBP concentration. ihe effect 
of temperature on plutonium extraction is·the reverse of that for ura
nium. The plutonium distribution ratio is about 15% higher at 45°C than 
at 20°C. 

6.1.2.1.1.3 Neptunium Extractton 

~leptunium, 1 i ke uranium and plutonium, forms stable nitrate com
pounds which readily bond with a complexing agent like TBP. Both nep
tunium (IV) and neptunium (VI) are extracted and stripped in the Purex 
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process, with neptunium (VI) having a higher distribution ratio at the 
acid concentration present in the HA column. Neptunium can also exist 
in the plus five valence state and, in fact, neptunium (V) is the most 
stable state, but is also the least extractable. Neptunium can be 
either reduced to neptunium (IV) or oxidized to neptunium (VI) by nitrite 

/ ion in a nitric acid solution, depending on the concentration of nitrite. 
The effect of nitrite concentration on neptunium valence in various nitric 
acid concentrations is shown below. 

Nitrite Nitric Acid Neptunium 
Concentration, M Concentration, M Reaction 

6 X 10-S ·to 1 x lo-2· to 6 ,, +5 ~, +6 Ip .. Ip 
>1 X 10-2 1 to 6 N +6 ~~ +5 • p _. Ip 

1 X 1 o-3 to 1 · X 10-2 >6 Both Mp+4 and -~ +6 ,p 
are formed. 

Ferrous sulfamate is also used to reduce neptunium to neptunium (IV) 
in the lBX and 2N columns. 

The neptunium in the feed to the HA column is extracted. into the 
solvent phase and follows the uranium through the process. To ensure the 
existence of the extractable species, a small flow of sodium nitrite is 
continuously added near _th~ bottom of the HA column extraction section. 

6. 1.2.1.1.4 Decontamination from Fission Products 

After irradiation to 1000 megawatt days per ton (MWd/t) and cooling 
for 300 days, ruthenium contributes less ·than 1% of the beta radioactivity 
in a spent N Reactor Mark IV fuel element and less than 2% of the gamma 
radioactivity. Zirconium and niobium, after the above irradiation and 
cooling conditions, each contribute about 2~ of the beta radioactivity in 
the fuel, but 25 and 55%, respectively, of the gamma radioactivity. 

Fission products are extracted to a much lesser extent by TBP than 
are uranium and plutonium. As the organic extractant stream rises past 
the feed point of the HA column, most of the fission products remain in 
the aqueous phase. The small fraction of the fission products extracted 
along with the uranium and plutonium are part,ally scrubbed back into the 
aqueous phase in the scrub section of the column. The fission product 
decontamination performance of the HA column is closely dependent upon the 
process and operating conditions of the column and on the column cartridge 
design. With feed prepared by the Zirf1ex head~end process, approximately 
1000-fold decontamination of uranium, plutonium and neptunium from gross 
fission product radioactivity is typically obtained at the feed point, 
with additional decontamination on the order of 10-fold provided by the 
scrub section. Feed point decontamination is primarily dependent upon 
the chemical conditions at the feed point (i.e., the presence of fluoride 
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ion, which complexes zirconium, the nitric acid concentration and the de
gree of saturation of the solvent). Feed point decontamination is essen
tially independent of the column operating conditions. Scrub section 
decontamination perfonnance, on the other hand, is primarily dependent 
on the column operating conditions and column internals, since both affect 
contacting effectiveness in the scrub section. 

The only fission products that are sufficiently extracted by TBP to 
be of concern are ruthenium, zirconium and niobium. Decontamination per
fonnance of the Purex solvent extraction columns is governed by decontami
nation from these three elements. Rare earth e1ements, cesium, and stron
tium, which contribute a major fraction of the radioactivity in the feed, 
have such low distribution ratios that very small quantities are extracted 

· in comparison with rut~enium, zirconium and niobium. 

Distributio.n ratios for zirconium and niobium are increased by in
creasing nitric acid concentration. Thus, increasing the feed point nitric 
acid concentration from 2M to 3M will result in an approximately 30% de
crease in feed point decontamination from these fission· products. Ruth-
enium, however, exhibits the opposite characteristic; its feed point 
decontamination is improved approximately 3-fold by the above increase in 
nitric acid concentration. · 

Distribution ratios for ruthenium, zirconium and niobium decrease as 
the saturation of the TBP with uranium is increased. In one series of 
pilot plant runs made at the Oak Ridge National Laboratory (Ref. 2), this 
effect was negligible upon going from 75 to 60% uranium saturation of the 
solvent, but was very marked upon further reduction of the fractional 
saturation to 50%. \.Jith the latter reduction in the fractional saturation, 
overall pilot plant HA column decontamination was reduced by factors rang
ing from approximately 2 for ruthenium, to approximately 50 for zirconium. 

Radioactive I-131, which has an 8-day half-life, is present in 
appreciable concentrations only in feeds aged less than 120 days after 
discharge from the 7eactor. Iodine-129, which has an extremely long 
ha 1 f-1 i fe ( 1 . 6 x 1 O years), has a very 1 ow specific radioactivity and 
is of no concern from a product contamination standpoint. Iodine in the 
solvent extraction feed is nearly quantitatively and irreversibly extrac
ted into the organic, probably as a result of chemical reaction with 
hydrocarbon components in the diluent (see subsection 9.2.1.2). 

Degradation products of organic diluents containing unsaturated 
hydrocarbons (either aromatic or olefinic) can exhibit severe adverse 
effects on fission product (notably ruthenium) decontamination. The use 
of a fully saturated, straight-chain hydrocarbon diluent (NPH), however, 
has essentially eliminated th1s problem. 
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6.1.2.1.1.5 Nitric Acid Extraction 

Tributyl phosphate extracts nitric acid to a lesser extent than it 
extracts uranium, plutonium and neptun,um, but to a much greater extent 
than it extracts fission products. With 2~ HN03 introduced as the scrub 
solution at the top of the HA column, the organic extractant (HAP) stream 
leaving the column contains about O. 19M HN03. 

6.1.2. 1.1.6 Extraction of Other Actinides 

Uranium X1 (Th-234) and UX2 (Pa-234), products of the radioactive 
decay of U-238, are extracted almost completely (about 99%) in the 

.HA column, even though their organic-to-aqueous distribution r.atios 
:are lower than those of plutonium. Although the distribution ratios of 

UX1 and UX2 in the dilute uranium portion of the column are sufficiently 
favorable for almost complete extraction, their low distribution ratios 
at high fractional saturation of TBP with uranium cause them to accumulate 
in the aqueous phase near the feed point to concentrations corresponding 
to several times their concentrations in the feed. The accumulation 
results from a reflux mechanism similar to but more pronounced than that 
for uranium and plutonium. 

Americium and curium cannot,, under Purex conditions, be oxidized 
above the trivalent state. In this state they are, like trivalent plu
tonium, practically inextractable so that they leave the HA column almost 
quantitatively with the aqueous waste (HAW) stream. 

6. 1.2.1.2 Partition Columns 

In the partitioning columns [the 1B extraction (lBX) column and the 
1B scrub (lBS) column], the uranium and neptunium·are separated from plu
tonium by reducing the plutonium to the aqueous-favoring trivalent state 
by the addition of ferrous ion. The conditions of salting strength and 
flow ratios are controlled in such a way that a nearly quantitative sepa
ration is effected, the plutonium reverting to the aqueous phase and 
leaving the bottom of the 1B scrub column, while the uranium and neptunium 
as neptunium (IV) leave the top of the lBX column in the solvent phase. 

6. 1.2.1.2.1 1B Extraction Column 

The organic product (HAP) stream from the HA column, containing the 
uranium, plutonium and neptunium, is pumped from the lBX feed tank (TK-J3) 
to the bottom of the lBX column where the organic rises through a descend
ing aqueous solution of ferrous sulfamate. With a distribution ratio of 
two or less in the lBX column, the plutonium, as plutonium (IV), is 
partially stripped into the- aqueous phase where it is reduced to the very 
sparingly extractable trivalent state (E~ < 0.03) by the ferrous ion. 
This process (partial stripping followed by chemical reduction) is con
tinued as the sdlvent moves up through the column so that plutonium is 
nearly quantitatively removed from the uranium-bearing organic solvent. 
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The neptunium is reduced from the hexavalent state to the tetravalent 
state, which is also extractable. Most of the uranium and neptunium 
remain in the organic phase, but about 4% of the· uranium accompanies 
the plutonium in the aqueous effluent stream from the lBX column. Essen
tially all of this uranium plus about 9% of the plutonium is extracted 
into an organic phase in the lBS column. The 18S column organic effluent, 
containing the extracted uranium, is added to the lBX feed tank for 
recycling through the 1B column system and recovery of 4he uranium as 
feed to the lC column. 

Addition of the organic •,1aste streams from the second and third plu
tonium cycles and the neptunium recovery cycle (2BW, 3BW, and 2PW, respec
tively), to the 1B column feed (lBXF) results in the recovery of the plu
toniu~ lost from those systems. Such backcycling does not significantly 

·affect the operation of the lBX column, since the additional volume is 
only about 10% of that of the lBXF. 

Nearly complete removal of the plutonium from the uranium stream in 
the lBX column is dependent on essentially complete reduction of the plu
tonium to its trivalent state. The reduction of plutonium (IV) to pluto- • 
nium (III) by ferrous ion is rapid. It is essentially complete in 3 to 
5 minutes at 25°C. The reduction rate is not markedly affected by 
variations in nitric ac.id and uranium concentrations. 

Since both iron (II) and plutonium (III) are autocatalytically oxi
dized by nitrite [to iron (III) and plutonium (IV), respectively], a 
"holding reductant" must be used to decrease the oxidation rate. Sulfa
mate ion, which reacts more rapidly with nitrite than either iron (II) 
or plutonium (III), fulfills the function of a holding reductant. 

The ferrous and sulfamate ions are introduced in the form--of a ferrous 
sulfamate-sulfamic acid solution. ihe concentration of iron (II) reductant 
is limited to prevent the maximum plutonium concentration in the aqueous 
phase from exceeding 6 g/i. Even at this low concentration, however, the 
iron reductant exceeds the stoichiometric requirement by approximately 85%. 

The distribution of plutonium (III) in the lBX column does not vary 
significantly with the nitric acid concentration. However, the fraction 
of uranium stripped into the aqueous phase increases with decreasing 
nitric acid concentration. Also, the salting strength of the aqueous 
effluent from the lBX column must be sufficient to ensure q·uantitative 
extraction of the uranium in the 18S column. 

Under flowsheet conditions, one-half to two-thirds of the fission 
product radioactivity introauced to the lBX-lBS partition system leaves 
with the uranium-bearing organic effluent lBU stream. The remaining one
third to one-half leaves with the plutonium-bearing aqueous lBP stream. 
The effects of process variables, such as nitric acid concentration and 
extent of uranium saturation of the TBP, on the fission product split 
between the organic and aqueous streams are qualitatively similar to the 
analogous effects in the HA column. 
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Uranium X1 (Th-234) and UXz (Pa-234) generally follow the·uranium 
and neptunium into the 1BU stream. The small fraction of ux1 accompany
ing the plutonium under the flowsheet c-0nditions of relatively low 
organic phase uranium saturation (<50%) is readily removed, along with 
residual, trac~ uranium, in the 28 column. (A substantial increase in 
uranium saturation of the TSP would be necessary before UX1 contami
nation in the plutonium product would be a problem.) An increase in the 

•salting strength (aqueous phase nitric acid concentration) would decrease 
the fraction of UX1 and UX2 accompanying the plutonium. Uranium X1 and 
UX2 are harmless in the uranium stream, into which they would, in any 
case, grow to an equilibrium concentration by the radioactive decay of 
the U-238. In the absence of its beta-decay parent (UX1 ), UX2 is harmless 
in the plutonium stream, since it quickly disappears because of its 
l .1-minute half-life. Uranium x, is a potentially _important contaminant 
in the plutonium (and neptunium) product streams, however9 as is discussed 
in subsection 6. 1.4.5. 

6. 1.2. 1.2.2 1B Scrub Column 

In the 1B scrub (18S) column, the uranium accompanying the plutonium 
in the aqueous effluent from the lBX column is essentially quantitatively 
extracted~ along with about 10% of the plutonium, into the organic scrub 
(lBS) stream. The rest of the plutonium remains in the aqijeous phase. 

,· 

With respect to uranium extraction, the lBS column functions simi-
1 arly to the ·extraction section of the HA column. However, since the 
fission product split in the lBS column is not normally important, a 
high degree of uranium saturation of the TSP (for good fission product 
decontamination of the extract) is not sought. A several-fold excess 
organic- phase. flow over. the minimum theoretically required by the uranium 
.distribution ratio is normally employed to ensure the effective liquid
liquid contacting required for attainment of the desired high degree of 
uranium-plutonium separation. 

The organic-to-aqueous phase distribution ratio of plutonium (III) 
at the top of the 18S column is estimated at 0.02. The small fraction 
of plutonium leaving the 18S column with the uranium-bearing organic 
effluent stream is recycled to the 1BX column where it is transferred to 
the aqueous phase. 

6.1.2.1.3 lC Column 

In the lC column, the uranium9 neptunium, and traces of plutonium 
leaving the lBX column via the organic 1BU stream are stripped, or back
extracted, into an aqueous, slightly acidic solution. Water would be a 
satisfactory aqueous stripping solution from a mass transfer standpoint; 
effective stripping of the solute from the solvent certainly depends on 
th~ absence of high concentrations of salting agent (nitric acid). The 
lCX solution, however, contains a slight amount of nitric acid (0.01~_) 
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to prevent emulsification in the presence of small concentrations of 
surface-active impurities such as DBP. The presence of the nitric acid 

. in the lCX does not significantly imoair the stripping performance. 

6.1.2.l.3.l Uranium Stripping 

The lCX flow must be maintained slightly above the m1n1mum theoreti
cally required to achieve effective stripping of uranium in the lC column 
and avoid htgh uranium losses to the organic waste (1CW) stream. The 
stripping of uranium is an endothermic reaction and, at lC column condi
tions, the distribution ratio for uranium decreases by about 1% with 
each degree celsius temperature rise, thus permitting a proportionate 
reduction in the stripping solution (lCX) flow rate. In practice, slight
ly more aqueous strip flow than the minimum theoretically needed is used 
to obtain quantitative removal of uranium from the organic. The flowsheet 
lCX-to-lCF v9lumetric flow·ratio is a.a at a temperature of 55~c. 

Nitric acid introduced with the· organic feed stream is stripped into 
the aqueous phase in the lower portion of the lC column, so that the 
aqueous phase nitric acid concentration in most of the column is essen
tially that of the aqueous lCX stream. As the nitric acid concentration 

. in the feed increases, the uranium distribution ratio at the feed point 
becomes less favorable to stripping. However, farther up the column· 
where the nitric acid concentration is lower, the distribution ratio is 
more favorable to stripping. Under such conditions, the uranium concen
tration in the organic phase above the feed point may actually increase, 
by internal reflux, to a greater value than the concentration at the feed 
point. Although such a reflux condition would be expected to increase 
the uranium loss to the lCW by a slight amount, nearly quantitative strip
ping can be obtained, provided the length of the contacting zone (or cart
ridge) in the column is sufficient, and efficient mixing of the two phases 
is obtained. 

Uranium losses are not significantly affected by minor variations in 
lCX acidity up to about 0.03M, but would probably increase to the order 
of 0.5% if the lCX nitric acTd concentration were increased to O.lM. The 
organic-to-aqueous phase distribution ratio of uranium at the feed-point 
increases with approximately the 1 .33 power of the TBP concentration. 

Dibutyl phosphate, formed by hydrolysis of iBP, forms a strong com
plex with uranyl nitrate, which favors the organic phase, and thus leaves 
the lC column with the lCW stream. The uranium-DBP compound contains one 
atom of uranium per molecule of •BP. 

6. 1.2.1.3.2 Plutonium and Neptunium Stripping 

Plutonium and neptunium are stripped from the organic solvent more 
easily than is uranium, so that process conditions required in the lC col
umn are limited by uranium, rather than plutonium or neptunium. 
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The distribution of plutonium (IV) in the lC col'umn is made less 
favorable to stripping by a temperature increase. The organic-to-aqueous 
phase distribution ratio of plutonium iIV) increases by about 2% with 
every 3°C temperature rise. Even at 55°C, however, plutonium is stripped 
more readily than uranium. 

Differences in the plutonium (IV) and plutonium (VI) distribution 
ratios are relatively small under lC column process conditions, as dis
cussed in subsection 6. 1.4.2. 

Traces of DBP increase the plutonium and neptunium losses by forma
tion of organic-favoring compounds analogous to that formed with uranium. 
The relative magnitudes of the uranium, neptunium, and plutonium loss 

· increases due to DBP reactions probably vary with process conditions; but 
have not been accurately established. 

6.1.2.1 .3.3 Decontamination from Fission Products 

Product decontamination from fission products is not a primary func
tion of the lC column. Decontamination does occur_, however, to a smq.11 
but significant extent, usually between 2- and 10-fold. 

The decontamination obtained across the lC column is due to reaction 
of some fission products with solvent degradation products, such as DBP, 
and probably with compounds formed upon e·xposure of the diluent to radia
tion and nitric acid. ·Because of the small amounts of fission products 
involved, small concentrations of solvent degradation products can have 
a significant effect on decontamination. Iodine, which is extracted in 
the HA column largely by unsaturated hydrocarbon compounds which are 
impurities in the diluent, remains largely in the organic phase through 
the lC column. Iodine decontamination factors. across the lC column are 
typically about 25. 

6. 1.2.1.3.4. Uranium X1 and Uranium x2 
Uranium X.1 and UXz are quantitatively stripped into the aqueous 

phase, along with ·the uranium, plutonium, and neptunium. 

6. 1.2.2 Final Uranium Decontamination Cycle 

In the final uranium cycle, which utilizes the 2D and 2E columns, 
uranium is decontaminated further from plutonium and fission products 
and separated from neptunium under conditions analogous to, but slightly 
different from, those in the HA and lC columns. 

The 2D column is operated under conditions of low acidity and high 
saturation of the organic solvent, conditions which enhance decontamina
tion of the uranium from Zr-Nb-95 and removal of neptunium. The bulk of 
the uranium is extracted into the solvent, while the bulk of the neptunium 
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is forced, by the high solvent saturation with uranium, to remain in the 
aqueous phase. Typically, about 95% of the uranium and about 10% of the 
neptunium are extracted into the TBP solvent. Residual plutonium re
maining with the uranium from the lBX column (typically, less than 0.1% 
of the plutonium entering the solvent extraction system) is reduced 
to the trivalent state in the 20 column and exits via the aqueous waste 
(20W) stream, with about 90% of the neptunium and 5% of the uranium. 

Reduction of the residual plutonium in the 20 column is enhanced 
by the addition of hydrazine to the 20F solution. Hydrazine reacts with 
any nitrite or other oxidizing material that might be present. Following 
the addition of hydrazine, hydroxylamine nitrate (the plutonium reductant) 
is added to the scrub section of the column. ·This method of addition of 
the "holding reductant 11 and plutonium reductant solutions has been demon-
strated to provide more consistent and effective removal of plutonium 
than any other method of addition. The hydroxylamine nitrate and hydra
zine are used in place of ferrous ~ulfamate and sulfamic acid to reduce 
the amount of nonvolatile, nonradioactive chemicals in the high-level 
waste. The aqueous waste leav.ing the 2D column is mixed with similar 
waste streams from the neptunium recovery cycle and the second plutonium 
cycle. The aqueous waste is concentrated to 8. 4M HN03, . mixed with· the 
aqueous waste from the third plutonium cycle, and recycled to the HA 
and ZN columns as the 3WB stream containing 7.7M HN03. 

The uranium is stripped from the organic solvent in the 2E column 
using O.OlM HN03, the processing operation nearly duplicating that of the 
lC column. The only difference of significance in the two systems is the 
lower acidity at the bottom (feed point) of the 2E ·column, which results 
from the use of a water scrub stream in the 20 column and the ensuing 
reduced acidity of the organic 2DU stream. 

6. 1.2.3 Plutonium Oxidation 

The plutonium leaving the 18S column in the aqueous lBP stream is in 
the nearly inextractable trivalent state. Further decontamination of the 
plutonium by extracting it away from the residual fission products re
quires reoxidation of the plutonium to its most extractable tetravalent 
state. The oxidizing agent used is nitrous acid, produced by the addition 
of nitric acid to the lBXP or lBP and sodium nitrite to the lBP. The 
oxidation is rapid at roam temperature, being carried to 99% completion 
in 2 to 3 minutes. The residual ferrous and sulfamate ions in the lBP 
solution are converted to ferric and sulfate ions, respectively, during 
the oxidation step. 

Common oxidizing agents other than nitrous acid, such as ozone, 
hydrogen peroxide, potassium permanganate, and sodium dichromate, have 
the disadvantage of oxidizing a significant fraction of the plutonium to 
plutonium (VI). The higher valence state is undesirable because, under 
the conditions of the 2A column extraction section, the organic-to-aqueous 
phase distribution ratio of plutonium (VI) is only about one-sixth of that 
of plutonium (IV). Thus, several percent of the plutonium (VI) entering 
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the 2A column would be lost to the 2AW stream. Oxidation with sodium 
nitrite or nitrogen dioxide leaves nearly all of the plutonium in the 
tetravalent state. A discussion of the oxidation-reduction properties 
of plutonium is given in subsection 6.1.3.7. 

6. 1.2.4 Second and Third Plutonium Decontamination Cycles 

Plutonium is further decontaminated from uranium and fission products 
in the second plutonium cycle9 and from fission products in the third 
plutonium cycle. The final product typically contains less than 500 parts 
uranium per million parts of plutonium and is virtually free of fission 
product contamination. 

6 • 1 • 2 • 4 . 1 2A Co 1 umn 

The 2A column, like the HA and 20 columns, is a dual-purpose column, 
with an extraction section below the feed point and a scrub section above 
it. The function of the column is to decontaminate the· plutonium from 
fission products and ux1. The 2A column process is analogous to that 
involved in the HA column, with tetravalent plutonium, rather than 
uranium, being essentially quantitatively extracted into the TSP solvent, 
while the fission products and ux1 largely remain in the aqueous phase. 
The aqueous waste (2AW) stream is m.ixed with the aqueous wastes from the 
final uranium and neptunium recovery cycles, concentrated, and recycled 
to the HA and 2N columns as the 3WB stream. 

The organic-to-aqueous distribution. ratio of plutonium (IV) in the 
absence of aqueous-favoring complexants and with 3.0r1_ HN03 in the aqueous· 
phase is approximately 17. The distribution ratio of plutonium (VI) is 
about 49 and that of plutonium (III) is only about 0.03. The sulfate ion 
present in the 2AF, .however, suppresses the distribution. ratios to about 
25% of the above values for plutonium (IV) and plutonium (VI). At flow
sheet conditions, about 0.7% of the plutonium remains in the aqueous phase 
and leaves with the 2AW stream. 

Since the 2A column contains relatively little uranium competing 
with the plutonium for the TBP in the organic phase, a solvent (2AX) 
flow equal to about one-sixth of the aqueous flow rate suffices. The 
flow rat·e of solvent required is governed by the liquid-liquid contacting 
effectiveness of the column, the process (chemical) conditions in the 
column, and the acceptable amount of plutonium leaving in the 2AW stream. 

The relatively low acidity of the scrub stream (0.75M HNO~) results 
in a reflux of plutonium from the scrub section to the feed point by a 
mechanism similar to that in the HA column, as discussed in subsection 
6. 1 .2.1. The increase in plutonium concentration at the feed point due 
to this reflux is estimated to be as much as 2-fold. It would be several 
times greater for plutonium (VI). 
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The plutonium (IV) distribution ratio is quite sensitive to varia
tions .between 2M_and 4M in the aqueous-phase nitric acid concentration. 
Upon decreasing-the nitric acid concentration from 4M to 2M (in the 
absence of complexing agents), the plutonium (IV) organic-to-aqueous phase 
distribution ratio decreases from about 25 to about 10. 

The overall fission product decontamination factor across the 2A col
umn is typically about 500. The fission products of principal concern are 
ruthenium, zirconium, and niobium. Most of the ruthenium decontamination 
is believed to occur at the feed point, while the low-acidity scrub sec
tion is relied on for zirconium and niobium decontamination. 

As in the HA column, an i·ncrease in feed point acidity improves 
decontamination from ruthenium, but impairs decontamination from zirco
nium and niobium. Under nonnal f1owsheet conditions, these effects are 
very pronounced; upon increasing the nitric acid concentration in the 
aqueous phase from 2M to 4M, the organic-to-aqueous phase distribution 
ratio of ruthenium decreases from approximately 0.03 to 0.006, 'Nhile 
that of zirconium increases from 0.04 to 0.2, and that of niobium in-
creases from 0.01 to 0.03. · 

Plutonium is decontaminated from UX1 by a factor of about 1 .5 in 
the 2A column. 

6~1.2.4.Z 28 Column 

The 28 column functions to strip the plutonium from the organic 
phase into tne aqueous phase, and to scrub any residual uranium from 
the plutonium. The organic phase (2AP) from the 2A column enters the 
2B column approximately half-way up the column. The plutonium is con
verted to the aqueous-favor.ing trivalent state by the addition of both 
hydrazine and hydroxylamine to the 2BX stream, which enters the top 
of the column. The removal of residual uranium from the plutonium 
stream is accomplished in the lower half of the column by scrubbing the 
aqueous phase with fresh organic solvent. The stripped organic "waste" 
stream (28W) leaving the 28 column is• returned to the lBXF pump tank 
(TK-J3), which feeds the lBX column, for recovery of the trace quantities 
of uranium and, occasionally, plutonitim. 

6. 1 .2.4.3 3A Column 

The aqueous product from the 28 column (28P stream) is combined 
:with the condensates from the plutonium stripper and concentrator, 
butted with 12!1, HN03, and fed to the 3A column. The plutonium in the 
28P stream is in the trivalent state and requires oxidation to the tetra
valent state before it can be extracted in the 3A column. Normally, 
the reoxidation proceeds spontaneously upon the addition of the concen
trated nitric acid; however, provision is made for the addition of sodium 
nitrite to the 3AF tank, in the event sodium nitrite is required to com
plete the oxidation of plutonium. 
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Extraction is carried out at an organic-to-aqueous volumetric flow 
ratio (0/A} o'. 0.2 and a feed-point acidity of about 3M. A 1.2!1, HN0 3 scrub stream 1s used. The 3AW stream ~s blended with the concentrated 
backcycle waste solution and recycled to the HA column. A fission prod
uct decontamination factor of about 50 is obtained in the 3A column. 

6. 1.2.4.4 38 Column 

The plutonium is stripped from the organic phase into the aqueous 
phase in the 38 column at an 0/A of 1.5. The 3BW (stripped organic) is 
returned to the 1 BX co 1 umn feed tank. 

6. 1.2.5 Neptunium Recovery 

As mentioned previously, neptunium is extracted in the HA column 
and follows the uranium to the 2D column, where neptunium is separated. 
and leaves the column with the aqueous 2DW stream. The 2DW is concen
trated to about 8!:1, HN03 in the backcycle waste concentrator, along with 
other second plutonium cycle waste streams. The neptunium is recovered 
from the concentrated backcycle waste (3WB) solution and decontaminated 
in a three-phase operation. 

A detailed description of the n~ptunium .recovery process is given 
in Section 4.6 of Chapter 4.·0. 

6.1.2.6 Solvent Treatment 

As discussed previously, the solyent used in the Purex process is~ 
30 vol% solution of tri-n-butyl phosphate (TBP) in a normal paraffin 
hydrocarbon (NPH) diluent. The diluent contains those· paraffins having 
between 10 and 14 carbon atoms. As purchased, the solvent constituents 
contain chemical impurities such as miscellaneous butyl phosphates and 
traces of hydrocarbons which are not normal paraffins. After passage 
through the process, the solvent also contains small quantities of fis
sion products, uranium, plutonium, and other impurities such as hydrol
ysis and radiolysis products and solids or colloidal materials. These 
impurities can, •if permitted to accumulate as the solvent is recycled 
through the process, result in increased product losses and/or decreased 
decontamination of the product. Thus, treatment of the solvent for 
regeneration is a necessity. 

6. 1.2.6. l Fission Product Activity 

The organic waste streams are contaminated with fission products 
(principally, iodine, ruthenium, zirconium and niobium) as a result of 
both extraction and, to a lesser extent, entrainment. Experience with 
various diluents indicates that the chemical nature of the diluent has 
a very pronounced effect on the retention of fission products and the 
ease with which they are removed. iable 6-1 presents typical fission 
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product activities in unwashed and washed solvent effluent from the first 
decontamination and partition cycle, with two of the three diluents that 
have been used in the Purex Plant while processing materials of similar 
irradiation and cooling histories (600 M\.Jd/t, 120- to 150-day cooling 
periods). (Ref. 3). 

TABLE 6-1. Effect of Diluent on Solvent Radioactivity. 

Radioactivity, uCi/gal 

Diluent Ruthenium Zirconium-Niobium 

unwashed washed unwashed I washed 

Soltrol - 170 1000-3000 500-2000 1000-2000 100-500 
NPH . 300-1000 50-200 100-300 3-30 

The washed solvent from the final uranium cycle-(for 600 MWd/t, 
120- to 150-day-cooled feed) contained, typically, 20 to 100 microcuries 
of gamma activity per gallon of solvent with Shell E-2342 or Soltrol 
diluents, and less than 10 microcuries per gallon with NPH diluent. 

6.1.2.6.2 Uranium and Plutonium 

Only trace amounts of uranium and plutonium are normally present 
in the organic waste streams, but larger amounts may occasionally be 
present as a result of improper column operation or inefficient strippjng 
due to trace organic impurities in the stripping solution. All of the 
uranium,and plutonium must be removed from the solvent to minimize cross
contamination of the products. 

6. 1.2.6.3 Entrained Impurities 

The organic effluents from the solvent extraction columns normally 
contain small quantities of entrained, emulsified aqueous and solid 
materials of indefinite composition. One sample of a solids-stabilized 
emulsion from a pilot plant test of an organic wash column (employing a 
sodium carbonate wash solution) contained aqueous, organic and solid 
phases in a volumetric ratio of 4:16:1, respectively (Ref. 4). The 
sol ids 1.vere in the form of a very fine, dark-brown, amorphous powder 
composed mainly of calcium, iron, chromium, and silicon. 

6. 1 .2.6.4 Methods of Solvent Treatment 

ihe solvent treatment in the Purex Plant is accomplished by chemical 
washing of the solvent to remove dissolved impurities. Two parallel sol
vent systems are used--one for the final uranium decontamination cycle, 
and one for the rest of the solvent extraction process. 
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The objectionable soluble impurities, such as DBP, plutonium, 
uranium, and fission products, are remoyed from the recirculating Purex 
solvent by contact with a wann mixture of sodium carbonate and potassium 
pennanganate. This washing is effected continuously in TK-Gl for 
first-cycle solvent, or in TK-Rl for the second-cycle solvent. The 
alkaline pennanganate is recirculated through the contactors until being 
withdrawn periodically from the first-cycle sy~tem and sent to underground 
waste storage. The wash solutions withdrawn from the second-cycle system 
are normally sent to the first-cycle system, but.may be sent to under
ground waste storage. Fresh material is added for makeup as required. 

The alkaline pennang~nate-treated solvent is washed with dilute 
nitric acid in the 10 or 20 column. It is then ready for reuse. A 
detailed description of the solvent treatment process is given in 
Section 4.7 of Chapter 4.0. · · 

6. 1.2.6.5 Solvent Treatment Chemistry 

The mixture of sodium carbonate and potassium pennanganate perfonns 
a number of useful reactions in Purex solvent washing. Fission produc~s 
are removed by extraction into the aqueous phase, or by adsorption on· 
the manganese dioxide (Mn02) formed in situ. Pluton-ium and uranium are 
removed by the fonnation of aqueous soluble carbonate compounds. Diluent 
degradation products are removed by adsorption· on the manganese dioxide_. 
Tributyl phosphate degradation products (DBP, MBP, and phosphoric acid) 
are removed by neutralization with sodium carbonate and the fonnation of 
aqueous-soluble carbonate complexes. · · 

The dilute nitric acid wash, which follows the carbonate wash, 
effectively removes entrained carbonate _and Mno 2, clarifying the solvent 
and slightly acidifying it for reuse. 

6.1.2.6.6 Process Effectiveness 

A comparison of the properties of solvent prior to and after the 
treatment described above is shown in Table 6-2 (Ref. 5). Also included 
in the table are properties of freshly prepared sol~ent. The solvent 
treatment reduced the fission product content of the used solvent drama
tically and also reduced the plutonium retention number (a measure of 
the presence of deleterious diluent and TSP degradation products) by a 
factor of 40. · 

In other studies (Ref. 6) carried out by contacting used Purex 
solvent with O.OlM KMn04 in 3 wt% Na2C03 at 50°C, the zirconium-niobium 
and ruthenium gamma activities were reduced by as much as 80 and 11-fold, 
respectively. 
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TABLE 6-2. Solvent Properties Before and 
After Chemical 1..Jash Treatment. 

Before After Test/Property Treatment Treatment 

TBP, vol% 29.6 29.2 

Radioactivity, J.lci / i 
Zr-95 90 3.4 

Nb-95 98 2. 1 
Ru-106 170 9 

. 
Disengaging Time, sec. 37 61 

Uranium Eo 
a 14.6 14.2 

PRNa - 2070 so -

Laboratory-
Prepared 
Solvent 

30.0 

67 

17 .4 

23 

aThe plutonium retention number (PRN) is considered to be 
a sensitive measure of the presence of deleterio:us diluent and/or 
TBP degradati.on products in used Purex solvent. Thus, the 40-fold 
reduction in the PRN attests to the effectiveness of the solvent 
treatment. 

Changing any of the following variables over the ranges given re
duced the zirconium-niobium decontamination by factors of 2 to 3;5, and 
the ruthenium decontamination by a factor of 1.5: 

• Reducing the KMn04 concentration from O. lM to 0. OOH-1 

• Reducing the temperature from SO to 25°C 

I Reducing the contact time from 20 to 5 minutes 

• Reducing the aqueous-~o-organic ratio from 0. l to o. os. · 

After three throughputs of solvent through the contactor, the 
potassium permanganate was completely reduced, and the effectiveness of 
the wash approximated that of a sodium carbonate wash. Other obs.ervations 
about the behavior of potass.ium permanganate in the Purex solvent treat
ment system are listed below: 

• The KMn04 distribution ratio (E~) was 0.034. 

1 The KMn04 treatment did not increase uranium or plutonium 
retention in the solvent. 
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1 Mn02 collected at the interface; MnOz could be readily 
dissolved in dilute nitric acid by adding reducing agents 
such as ferrous or nitrite ions. 

1 Unreacted KMn04 in the organic phase wa·s quickly reduced to 
Mn02 by a dilute nitric acid wash. It could also be washed 
out readily by water or a 3% Na2co3 solution. 

6. 1.3 Properties of Process·Materials 

The physical and chemical properties of all of the materials used in 
•~::.-~\':·· _ . the Purex process (with the exception of the most common chemicals, such 
, .... "° -: as nitric acid and caus:tic) are presented in this section. · 
-~:,· 

-~~:·' 
, __ _ 
5"·<· 

6.1.3.l Tributyl Phosphate 

Tri-n-butyl phosphate, (C4H90) 3PO, is a viscous, colorless liquid 
produced by the reaction of n-outyl alcohol with either·phosphorus 
oxychloride (POCL3 ) or phosphorus pentoxide (PzO~), with subsequent caustic 
treatment and distillation. Tributyl phosphate is used as the extractant 
in the Purex solvent extraction process because of.the specificity of the 
strong complexes jt fonns with uranium and plutonium. In order to pro
duce an organic phase with the optimum physical and chemical properties, 
TSP is. diluted with a chemically inert, petroleum hydrocarbon fraction 
with a boiling range close to that of kerosene. 

6.1.3.1.1 Specifications 

To be used as an extractant in Purex solvent extraction, TSP must 
meet the following specifications (Ref. 7): 

• Butanol content - Reducing normality less than 0.05 
1 Acidity - Less than 0.02li mono and dibutyl phosphates 
1 Water content - No turbidity-when 1 volume is mixed with 19 vol

umes of 60° Baume gasoline at 20°C. 
• Suspended solids - Less than 0.01 wt% 
t Density at 25°C - 0.970 to 0.980 g/mi 

6. 1.3.1.2 Physical Properties 

The physical properties of TBP, along with those of DBP and MBP, pre
sented in Table 6-3 are those of fundamental interest in the Purex process 
(Ref. 8-10). The solubi'lities of TBP and TSP-diluent mixtures in water 
and various process solutions are given in Figure 6-1 and are discussed 

.under subsection 6.1 .3.4 (Ref. 11). 
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TABLE 6-3. Physical Properties 

Fonnula 
~1olecular weight 
Coior 
Odor 
Density, g/mt, at 25°C 

~efractive index, ~5° 
'-1e1 ting ;,oint, 'C· 
Specific heat, ca1/(g)(°C}, at 

25°C 
i 
i 
I 
I 

Latent heat of vaporization, 
ca 1 / gram-mo 1 e 

. I 
aoiling point, 'C, at 760 IT1l1 Hg 

pressure 
3oiling point, •c, at 25 rrm H~ 

pressure 
3oi1ing point, °C, at l mm Hg 

pressure 
1/aoor pressure, mm Hg, at 100°C 
Flash point, 'F (Taq closed cuo) 

I I 
I 

i 

( n-C 4H9:)) lo 
266.32 

Colorless 
"lildly sweet 

0.9730 
1. 4245 

< -80 

,J. !l 

]il,680 

239 

177 

121 

ca. 1. a 
295 (146°C.) 

Viscosity, millfooises, at 30°C,I 
25°C, 20°C . i 29.5, 33.2, 37 . .; 

I 
Viscosity, Saybolt seconds, at I 

SS'F 38.5 
Solubility in water, g/i at 

25•c 

Solubility in water, vol'l 
Solubility of water in butyl 

phosphate, g/i, at 25°C 
Solubility of water in butyl 

phosoha te, vo 1 ;; 

Surface tension, dynes/cm, at 
25°c 

Jielectric constant at 30°C 

aOecomoosition temoerature. 

0.39 

0.5 

64 

i 

25 
7.97 

of 

I 
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Norma 1 Butyl Phosphates. 
DBP I .~18P 

(n-C4H90) 2(0H)PO ( n-OilgO) (OH) z?O 
210.2 154.1 

Pale yellow Colorless 

1.065 1.220 
1.4250 1. 419 

11,400 

4300 (25°C 1 

18 

79 
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2.0 .M, UNH 

FIGURE 6-1 . Solubility of TBP and TBP-D.i 1 uent 
Mixtures in Water and Process Solutions. 
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The vapor pressure of TSP as a function of temperature is presented 
(along with vapor pressure data for water and Deobase diluent boiling 
range cuts) in Figure 6-2. TBP has a relatively low volatility, with a 
vapor pressure of only about 0.0906 mm of mercury at 25°C. The vapor 
pressure increases logarithmically with temperature from 15 mm of mercury 
at 173°C to 760 mm mercury at 289°C (Ref. 8). 

During laboratory studies of the evaporative concentration of TBP
saturated aqueous solutions, it was found ~hat for solutions containing 
electrolytes such as uranyl nitrate, the TBP content dropped in accord
ance with what would have been predicted from classical physical chemical 
principles, and no accumulation of TSP or its decomposition products 
occurred. When a slight excess of TSP was added prior to the evaporation, 

_the excess was distilled out rapidly. From the data obtained, the ratio of 
the vapor pressure of TBP to that of water was estimated to be 1.3 x 10-3 

· _at 100°C. This ratio, multiplied by the ratio of the respective molecular 
weights (266/18), gives 1.9 x 10-2 as the weight ratio of TSP to water 
resulting from steam distillation (Ref. 12). 

6wl.3.l.3 Radiation Stability 

When subjected to radiation, t~ibutyl phosphate undergoes slow 
radiation-induced hydrolysis (radiolysis) to form.dibutyl and monobutyl 
phosphates, phosphoric acid, hydrogen, and, at high radiation qoses, a 
polymeric solid of unknown composition. The radiolysis effect does not 
appear to be significant, however, until the dosage exceeds 2 watt-hours 
per liter (in the absence of nitric acid). The data presented in 
Table 6-4 are typical of those obtained in the irradiation of TBP (Ref. 13). 

Demonstrated decontamination performance and product recoveries in 
the Purex Plant (overall decontamination factors of the order of 1-06 or 
l Q7 and uranium ".lasses II below the laboratory detection limits) attest 
to the radiation stability of TSP. Laboratory studies of the irradiation 
of TSP-diluent mixtures are discussed in subsection 6. 1.3.3. 

6. 1.3. 1.4 Chemical Properties 

The chemical properties of TBP are similar to the properties of 
esters derived from inorganic acids. The formatton by TSP of coordination 
complexes with uranium and plutonium nitrates, with nitric acid, and, to 
a lesser extent, with fission product and other nitrates are of basic 
process importance. Those complexes determine the solvent extraction 
behavior of the solutes in the process in accordance with the principles 
discussed in 6. 1. l and the data presented in 6.1 .4. 

Tri"6utyl phosphate has no active hydrogen atom and only moderate 
surface-active properties. The butyl acid phosphates formed by the hydrol
ysis of TSP are compounds capable of forming strong, undesirable complexes 
with ura~ium, plutonium and fission products, and acting as emulsifying 
and foaming agents during extraction, stripping, and calcination. The 
process effects of TBP hydrolysis are discussed below, while quantitative 
data on the effects of the acid phosphates on distribution ratios are 
presented in 6. 1.4. 
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10,000 ,-----,---------~----------------

1000 

100 

10 

1.0 

40 

CUT B, DEOBASE, 
RANGE z25o - 2400 C 

)< 

80 120 

CUT A, DEOBASE, 
RANGE 2140C-2250C 

\ 

CUT C, DEO BASE 
RANGE 2400C-277°c 

160 240 

TEMPERA ruRE, 0c 
RCP7908-138 

FIGURE 6-2. Vapor Pressures of TBP, \•later, ·and Diluents. 
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TABLE 6-4. Radiolysis Product Yields for Irradiationa of TSP. 

Constituents Weight, Molecular Mel es Gb -Ge grams Weight m 

TBP (initial) 103. 8 266 - -
TBP (recovered) 63.4 266 - -
TBP (destroyed) 40.4 266 a. 152 - 2. 15 
Gas 2. 64 18 o. 147 2.07 -
DBP 20.4 210 0.097 1. 37 -
MBP 0.33 154 0.0021 0.03 -
H3Po4 0.03 98 o. 0003. 0. 01 -
Polymer 17. 1 266 0.064 - -

al900 watt-hours per liter 
bNumber of molecules produced per 100 electron-volts absorbed 
cNumber of molecules destroyed per 100 electroR-volts a-bsorbed 

6.1.3.1.4.1 Hydrolysis 

. 

The hydrolysis, or de-alkylation, of TSP is of major importance to 
the Purex process since the hydrolysis products are known to affect the 
fission product decontamination and uranium and plutonium losses adversely, 
as well as being partially responsible for the formation of emulsions in 
the co 1 umns. · 

Tributyl phosphate hydrolyzes in either acid or alkaline media. 
Since the Purex process employs nitric acid as the salting agent, only 
the acid hydrolysis is of concern. The hydrolysis proceeds through the 
formation of •BP, MBP, and finally to orthaphosphoric acid (H 3Po4) and 
butyl alcohol by ·the cleavage of the oxygen-carbon bonds. 

Values for the rates of hydrolysis of TBP in single- (aqueous) or 
two-phase systems vary widely, depending on the method used to determine 
these rates (Ref. 10, 14). Studies have shown that factors such as the 
nitrite ion concentration in the nitric acid, chemical composition of 
the diluent (Ref. 14, 15), method of pretreating the TBP (Ref. 16), pres
ence of air (Ref .. 17), the acidity of the aqueous phase (Ref. 18, 19), 
and radiation (Ref. 11, 20) influence the rate of hydrolysis of TBP. In 
view of these factors, it is-evident that only relative values can be 
assigned to hydrolysis rates under Purex process conditions. However, 
the rates plotted in Figure 6-3 and presented in Table 6-5 are believed 
to be applicable to Hanford Purex Plant conditions within a factor of 
acout two. 
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TABLE 6-5. Rate of Formation of Dibutyl Phosphate by Hydrolysis 
of Tributyl Phosphate with UNH-HN0 3 Solutions.a 

Composition of Phases Before Equilibration 

Organic Phase Rate of Fonnation of 
Aqueous Phase DBP at 50°C, Vol% TBP in 0/ per dayc Diluentb /0 

UNH, t1 HN0 3, ~ 

2.0 6.0 12.5 0. l OS 

2.0 2.0 12.5 0.037 
2.0 0.2 12. 5 a. 011 
a. 11 6.0 12.5 0. 1 OS 

a. 11 2.0 12.5 0.022 
a. 11 0.2 12.5 0.009 

0.25 0.05 20 0.0013d 

aEqual volumes of TBP-hydrocarbon diluent and-UNH-HN0 3 solutions. 
bShell deodorized spray base 
cValues considered high by a factor of approximately two due to 

presence of light (Ref. 19). 
d25°C. 

In Figure 6-3, the rate of hydrolysis of TBP in a two-phase system 
is shown to increase with temperature. The rate is expressed as the 
percent of TBP reacted per hour and is given for 100% TBP and 20 vol% 
TBP in kerosene at aqueous-phase nitric acid concentrations of l and 4M 
over the temperature range from Oto 100°C (Ref. 15). The rate of hydrol
ysis of TBP is apparently first order with respect to T3P concentration. 
In a two-phase system, the rate of hydrolysis of TBP is so much faster 
in the organic phase than in the aqueous phase that the rate of hydrolysis 
of TBP in a two-phase system is essentially independent of the hydrolysis 
of the small concentration of TSP dissolved in the aqueous phase. The 
reaction rate may be regarded to be zero order with respect to organic
phase nitric acid concentration (determined by the concentration in the 
adjacent aqueous phase) and requires no induction period (Ref. 14, 15).-~ 
As shown in Figure 6-3 for a given temperature, the rate of hydrolysis· 
increases with increasing nitric acid concentration in the aqueous phase, 
and with increasing TBP concentration in the organic phase. 

Similar results were obtained by measuring the rate of increase of 
DBP (the rate of hydrolysis of TBP minus the rate of hydrolysis of DBP) 
in two-phase systems of equal volumes of TSP-hydrocarbon diluent and 
uranyl nitrate-nitric acid solutions. In addition to showing the effects 
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of nitric acid concentrations, Table 6-5 also shows that uranyl nitrate 
concentration has· little or no effect on hydrolysis of TSP (Ref. 18, 19). 

-
The rates of hydrolysis of DSP and MSP are not accurately known, 

but it has been shown empiric~lly that TSP hydrolyzes faster than DBP, 
and DBP faster than MBP (Ref. 10, 14, 18, 21). 

In the degradation of pure TBP to orthophosphoric acid in a single
phase aqueous system of uranyl nitrate and nitric acid, it appears that 
the hydrolysis of MBP to orthophosphoric acid is the rate controlling 
step at temperatures below 100°C (Ref. 18). However, since the decompo
sition-temperature of MBP is 105 to l10°C, DBP hydrolysis, and not that 
of MBP, must be considered as the rate controlling step at temperatures 

~much above 100°C. Hydrolysis rates for TSP in a single-phase aqueous 
system are reported to be either zero or first order with respect to the 
nitric acid· concentration. 

Approximate single-phase reaction rate constants for the acid hydrol
ysis of TSP, DBP, and MBP in aqueous 0.11M uranyl nitrate-nitric acid 
solutions at reflux temperatures (circa 100°C) are list_ed below (Ref. 18). 

Fraction Decomposed per Hour 
HN0 3, M 

TBP DBP . MBP 

6.0 0. 61 0.20 0.14 

2.0 0. 113 0.043 0.03 
0.2 -- 0. 014 --

Note: Only the amounts of.acid phosphate soluble in aqueous phase 
were determined. 

Under the operating conditions of the Purex flowsheet, DBP is formed 
in sn1all quantities (parts per million parts of solvent) while passing 
through the solvent extraction columns and complexes almost immediately 
with uranium or other metallic ions present. Since the complexes are 
more soluble in solvent than in aqueous solutions, at least 90% of the 
DBP fanned is carried by the solvent to the solvent recovery systems 
(Ref. 22). Monobutyl phosphate is formed in smaller quantities than· •BP 
since it is a product of the hydrolysis of •BP, and has a higher rate of 
hydrolysis than •BP. Monobutyl phosphate is largely removed from the 
system via the aqueous wastes, although some MBP forms "cruddy" metallic 
precipitates which are entrained in the solvent. Phosphoric acid and 
butanol are formed in still smaller quantities and are removed (princi
pally in the aqueous wastes) as rapidly as they are formed. 
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The presence of DBP, MBP, and butanol may affect the Purex process 
in many ways (Ref. 4, 23, 24). Dibutyl phosphate forms stable complexes 
with uranium and plutonium nearly stoichiometrically, and with fission 
products. These complexes strongly favor the solvent. Dibutyl phosphate 
may, therefore, cause high uranium and plutonium losses in organic waste 
streams, and a high radioactivity level in the solvent. Although the 
fission product complexes strongly favor the solvent, enough are stripped 
into the aqueous phase in the C-type columns to decrease the decontamina
tion obtained in the solvent extraction cycle. The principal process 
effects of MBP are those resulting from the formation of aqueous-favoring 
metal-organic complexes. These complexes can thus cause high product 
losses and can also form surface-active agents which promote emulsification. 
Butanol can adversely affect beta decontamination and/or cause plutonium 
losses by re·ducing plutonium (IV) to plutonium (III_). The butanol con
centration required to cause observable effects, however, is rarely 
encountered in Purex processing. 

6.1.3.1.4.2 Rapid Reactions with Uranyl Nitrate and Nitric Acid 

Tri-n-butyl phosphate reacts exothermically, with varying degrees of 
vigor, with hot, highly concentrated solutions of uranyl nitrate and 
nitric acid. The vigor of the reaction depends on the heating rate and 
composition. At conditions most conducive, the reaction assumes explosive 
violence. However, no reaction takes place at atmospheric pressure until 
enougry water and nitric acid have been distilled to permit the temperature 
of the solution to rise above 135°C. 

The vigor of the reaction increases with the initial ratio of TBP 
to uranyl nitrate. Highly concentrated uranyl nitrate solutions yield a 
self-sustained reaction with iBP even in the absence of nitric acid, but 
when nitric acid is present, the reaction is rore vigorous. The system 
TBP-HN03-water reacts with considerable violence if heated rapidly to 
temperatures above 150°C. Reaction at a moderate rate has been reported 
to occur under some conditions at 140°C (Ref. 25). The rapid reactions 
are accompanied by evolution of nitrogen oxides, but the exaci nature of 
the reactions has not been determined. In fact, one of duplicate 
fonnulations at times fails to result in an explosive mixture. 

Rates of pressure rise, determined in experiments with closed con
tainers, varied from 250 to 1,020 psi per second. The pressure increases 
developed by the reactions varied from 150 to l ,200 psi. The higher 
pressure increases were obtained in conjunction with the higher pressure 
increase rates (Ref. 26). 

Purex process conditions do not approach those under which the above
discussed rapid reactions can take place. Chapter 4.0 describes safeguards 
employed in the uranium, plutonium, and acid concentration steps to prevent 
such conditions from arising accidentally. 
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6. 1 .3. 1 .4.3 Other Reactions 

There is some evidence that the yellow color of reused solvent is 
not entirely due to the nitration of diluent (discussed under 6.1 .3.3.4), 
but that butyraldehyde, formed by the oxidation of butanol, undergoes an 
aldol condensation in the presence of sodium carbonate during solvent 
treatment, forming products which are yellow .. Materials with similar 
infrar~d spectra have been prepared synthetically from butyraldehyde 
(Ref. 27). 

6.1.3.2 Properties of Dibutyl Phosphate and Monobutyl Phosphate 

The physical properties of DBP [(C4H90)2(0H)PO], and MBP [{C4H90)(0H)2PO] 
are listed in Table 6-3 along with the properties of TBP. This table shows 
the increase of density_and viscosity of the butyl phosphates in going from 
TBP to MBP. The decomposition temperatures of DBP and MBP are 190° to 200°c 
and 105° to 110°C, respectively. 

The solubility of DBP in water decreases with increasing temperature, 
going from 24 g/t at 10°C, ·to 5 g/t at 95°C. In nitric acid solutions of 
from lM to 4M, the-solubility of DBP varies from about 6 to 14 g/i over a 
temperature range of 0° to 100°C (Ref. 10). 

Monobutyl phosphate is more soluble in water ·than is DBP and, in two
phase systems, favors the aqueous rather than organic phase (15% TBP-85% 
hydrocarbon diluent) (Ref. 10). This is the reverse of DBP behavior when 
the DBP concentration is greater than 0.05%. Dibutyl phosphate also 
favors the aqueous phase at concentrations less than 0.05%, with its dis
tribution to the aqueous phase increasing as the DBP concentration 
decreases (Ref. 28). 

The chemical properties of DBP and MBP differ from TBP and from 
each other, due to the difference in acidic character. The dibutyl acid 
ester has one titratable hydrogen with a pH value of 1.8, and MBP has two 
hydrogens with pH values of 1.9 and 6.6, respectively (Ref. 10). It has 
been. postulated that the acid hydrogens are responsible for the decrease 
in organic solubility and increase in aqueous solubility, du~ to hydrogen 
banding (Ref. 10). • 

Both DBP and MBP form compounds with uranium (VI), namely, 
U02[(C4H9)2P04J2 and uo2c4H9Po 4. 
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The following solubilities have been determined for the compounds 
(Ref. 10): 

So) ub il i ty, g U/x. 

Compound In 1/Ja ter In 1~ HN0 3 In 15% TSP 
85% kerosene by vol. 

• uo2c4H9Po4 0.07 3.3 0.08 

U02[(C4H9)2P04J2 0.0026 o. 016 12. 1 

Monobutyl phosphate and DBP also fonn compounds with plutonium (IV") 
and plutonium (VI). The solubilities of the plutonium .(IV)-MSP compound 
in 0.6M and 15~ HN03 are 0.31 and 43 mg Pu/L, respectively. The solubility 
of the plutonium (III)-MBP compound is reported to be at least 1,600 times 
greater than that of the plutonium (IV)-MBP compound; Pu(C4H9P04)2, in the 
presence of 3M HN03 (Ref. 29). Pilot plant data indicated that compounds 
are not fanned between plutonium (III) and DBP in the Purex process 
(Ref. 14). However, later work (Ref. 30) indicated that the compound 
does form and that its organic-phase solubility is as follows: 

20 vol~, TSP Solubility~ mg/1. in Solvent 
. 

Soltrol <O. 01 
Decal in 0.17 
Xylene 97 

Toluene 140 

It has been reported (Ref. 31) that iron and chromium compounds are 
fanned with DBP·. These compounds are practically insoluble in nitric acid 
or organic solutions, and, indeed, these compounds were observed during 
initial plant operation. There is some evidence that the ferrous iron 
compound of DBP may exist as a colloid in Purex solvent and may cause the 
fonnation of stable emulsions (Ref. 29). 

When contacted with sodium hydroxide or carbonate solutions, DBP 
and MBP (and their plutonium and uranium compounds) fonn aqueous-soluble 
sodium salts (Ref. 16). 

-6-36 



dw:,-.,i.o· ::.", 
!}7-...:_ 
;;~~(' ,, 
1,:-~t: 

'ijt. 

·~~.:-. 

.r~~'t,J, 
;_~;.$.-' 

.,"""""" . ; =-;;,.,,, 

·a:-... 

, ....... 

RHO-MA-116 

6. 1.3.3 Diluent 

The diluent for TBP in the Purex process is a highly refined hydro
carbon mixture having a boiling temperature range similar to kerosene 
(190° to 270°C). Some commercially available solvents which have been 
used at Hanford or other plants for the diluent were obtained under trade 
names such as Soltrol-170 (Phillips Chemical Company), Shell Deodorized 
Spray Base, Shell E-2342, AMSCO (American Mineral Spirits Company), 
Ultrasene (Atlantic Richfield Company), Bayol-D (Standard Oil of New 
Jersey), and Deobase (Sonneborn Company, New York City, New York). How
ever, the most satisfactory one found for use in the Hanford Purex Plant 

. is a normal paraffin hydrocarbon fraction (NPH) supplied by South Hampton 
Co., Silsbee, Texas. 

6.1.3.3.1 Specifications 

The specifications for the purchase of the NPH diluent are as 
follows (Ref. 7): 

* 

• N-paraffin hydrocarbon 

• c10 to c14 component 

• Aromatics as 1, 2, 3, 4-
tetrahydronapthalene 

• Iodine number (olefins as 
wt% 1-tetradecene) 

• Alcohol 

• Density at 25° 

1 Viscosity at 25°C 

• Flash point 

• Interfacial tension between 
hydrocarbon and 0. lM NaOH 

• Solids 

• Color 

Mi n i mum 98 vo 1 % 

Minimum99 vol% 

Maximum 0.2 wt% 

Maximum 0.1 wt%* 

Maximum 0.05 wt% 

Maximum 0.76 g/mi 

Maximum 1.8 centipoises 

10°c + 1°c 

• Minimum 12 dynes per centimeter 

r~one vis i b 1 e 

Colorless 

Cannot be determined at this level by routine laboratory analysis. 
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6. 1.3.3.2 Physical Properties 

The boiling points of n-decane and n-tetradecane are 174°C and 252°C, 
respectively. The solubility of diluent in water is very slight. For 
example, the solubility of normal paraffin hydrocarbon is less than 
0.005 g/2 between 25° and 50°C. The vapor pressure of the diluent at 
various temperatures is similar to that of kerosene and can be obtained 
approximately from the following equation: 

where 
p = vapor pressure, mm of Hg; and 
T = temperature, degrees Kelvin 

(6.11) 

Results from the equation increase in accuracy with increasing t~mperat_ure. 

6.1 .3.3.l Radiation Stability 

Normal paraffin hydrocarbon diluents have been successfully used 
.at full Hanford radiation levels and, although slight radiation-induced 
decomposition of some diluent components probably occurs, the deleterious 
effects on the performance of the solvent extraction system are much less 
with NPH than those experienced.with the naphthenic-based diluents which 
were formerly used. 

6. 1 .3.3.4 Chemical Properties 

Inertness in the presence of other process materials and radiation 
stability were major considerations in choosing the diluent (Ref. ~2). The 
diluent selected is composed almost exclusively-of saturated straight chain 
hydrocarbons. Traces of other types of compounds, such as olefins and aro
matics, may also be present and react to some extent with Purex chemicals. 

The amber color associated with used or reprocessed solvent in the 
Purex process was primarily due to nitration of the diluent, but can also 
be caused by the oxidation of butanol, which is present in trace amounts 
in TSP. (Only a very slight coloration ii observed when MPH diluent is 
used.) Investigations with 30% TBP in AMSCO 135-15 diluent (11% aromatics) 
indicate that neither nitric nor nitrous acid alone at room temperature 
causes coloration, but the combination of nitric and nitrous acids, which 
produces N204 gas, is responsible for nitration of the diluent and con
sequent color fonnation. 

The diluent reacts very slowly when heated with nitric acid of pro
cess concentrations. While this reaction is not detectable at tempera
tures below 35°C, a variety of reaction products are formed at higher 
temperatures. These impurities include carboxylic acids, nitre compounds, 
and other mi see 11 aneous n i tr.ogen-conta in i ng compounds such as nitrites, 
njtroso compounds, and nitrolic acids. 
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Investigations of the stability of diluents to nitric and nitrous acids 
have shown that paraffinic-type diluents such as NPH, which contains only 
nonnal paraffins, are more resistant ·to nitration reactions than naphthenic 
diluents (e.g., Shell E-2342 which contains 80% naphthenes) (Ref. 33). 

The separation of nitration products from Uranium Recovery Plant* 
spent solvent (20 vol% TBP in She1~ E-2342 diluent) and from diluent 
alone has shown that compounds of the general classification of alkyl 
nitrites, alkyl nitrates, aliphatic nitric and nitroso compounds, and 
carboxylic acids, are fanned (Ref. 33). 

The reactions of nitrogen oxides with naphthenes or paraffins occur 
in the vapor phase and very slowly in the liquid phase at room temperature 
(Ref. 34). 

The primary process effect produced by the dil,uent impurities is 
the retention of fission products or uranium in the solvent. Olefins 
react readily wi.th radioiodine to fonn relatively stable compounds 
which are not readily removed by chemical washing. However, with the 
low olefin content of the NPH di1uent (0. l wt%, maximum) togeth~r with 
the 1onger cooling time (>180 days) for the irradiated f~els, the radio-· 
activity of the process solvent is very low~ 

. . 

6. 1.3.4 Organic Phase Solutions 

6. 1.3.4. 1 Tributyl Phosphate - Diluent Systems 

6.1.3.4.1.1 Density 

The density of a solution of iBP in diluent at 25°C may be calcula
ted from the following equation (Ref. 35): 

dMixture = o. 972 NTBP + NDiluent dDiluent (6.12) 
· where 

d = density, g/mi, at 25°C 

-NTBP = volume fraction of TBP; an"d 
• 

N - volume fraction of diluent. Diluent -

For temperatures between 20° and 70°C (Ref. 2, 36), the density of 
· 30 vol% TSP in diluent decreases approximately 0.0008 g/mi per degree 
Celsius increase. The approximate densities for TSP-diluent mixtures 
(15 to 45 vol% TSP) at temperatures from 10° to 70°C can be obtained from 
the plot on the right side of Figure 6-4 (Ref. 35). 

* . Fonner solvent extraction facility in the 271-U Bu.ilding for 
recovery of uranium left in waste from the bismuth phosphate separations 
process. 
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6. 1.3.4.1.2 Refractive Index 

The refractive index (R.I.) of wa~er-free TSP-diluent mixtures at 
25°C can be calculated from the following equation: 

where 

R.I.Mixture = R.I.Diluent(l~N) + 1· 4226 (N) 

R.I. = the index of refraction (n0
25 ) measured 

at 25°C; and 

(6.13) 

N =·the.volume fraction of TBP in the mixture. 

Th~ presence of water in the solvent lowers the R.I. (Ref. 12), the 
amount of decrease being directly proportional to the water content. (The 
solubility of water in solvent is discussed later in this subsection.) 

6. 1.3.4.1.3 Viscosity 

The viscosity, n (in millipoises), of water-s~turated TSP-diluent 
mixtures at temperature, T, may be calculated from the equation (Ref. 35): 

where 

NTBP = volume fraction of TBP iri the mixture; and 

N
0
il = vo 1 ume fraction of diluent in the mixture. 

(6.14) 

The constants in the equation take into account the fact that the 
solution is non-ideal, the varying water content as a function of TSP 
concentration, and the nonproportionality of the volume fraction with 
the mole fraction. Viscosities of the mixtures decrease Togarithmically 
as the temperature is increased. 

6.1.3.4.1.4 Flash Point 

The flash point of the solvent increases linearly as the concentra
tion of TBP is increased. _The f1ash point temperature increase, ~T, in 
degrees Kelvin, may be estimated from the following equation (Ref. 35): 

. -T2 
6

T _ o log M (6.15) 
I - 2300 
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T
0 

=flashpoint of pure diluent in degrees 
Kelvin at atmospheric pressure; and 

M = mole fraction of diluent. (Calculation of 
Mon the basis of an assumed diluent average 
molecular weight of 160 leads to approxi
mately correct results with most commercial 
diluents of interest.) 

For concentrations of TSP up to about 30 vol%, the calculated flash 
points for TSP-diluent mixtures are in good agreement with the observed 
values. The Tag closed cup flash point of NPH at atmospheric pressure 

_-is 70°C. The calculated value for 30 vol% TBP in NPH is 77°C. 

~.1.3.4.1.5 Vapor Pr~ssure 

The vapor pressure of a TSP-diluent mixture depends both on the 
diluent used and the TBP concentration. The vapor pressures of TBP and 
of diluent were previously discussed in subsections 6.1.3.1 .2 and 
6.1.3.3.2, respectively. The approximate vapor pressure of a TSP-diluent 
mixture at any desired temperature may be calculated: by.multiplyi.ng the 
vapor pressure of the pure diluent at the temperature in question by the_ 
mole fraction of diluent in the TSP-diluent mixture. An assumed average 
molecular weight of 160 is a good approximation for the purposes of this 
calculation for most commercial diluents of interest. 

6.1 .3.4.1.6 Dielectric Constant 

The dielectric constant of TSP-hydrocarbon diluent mixtures varies 
from 2 to 8 as the TBP concentration increases from Oto 100 vol% TSP. 
For 30 vol% TBP in NPH diluent, the dielectric constant is less than 5 as 
compared with approximately 80 for all Purex process aqueous solutions. 

6. 1.3.4.1.7 Radiation Stability 

The effects of radiation on Purex process solvent were evaluated with 
respect to the solvent 1 s use in processing short-cooled spent fuel (Ref. 37, 
38). It was found that irradiation of a TSP-AMSCO solvent hydrolyzed some 
of the TSP to dibutyl and monobutyl acid phosphates, which reduced both 
extraction and stripping effectiveness. The above batch test results were 
further verified in continuous countercurrent ooerations with solvent, irra
diated (both with and without uranyl nitrate and nitric acid) by a Co-60 
source (Ref. 39). The hydrolysis effect was not significant until the 
radiation dosage exceeded 0:2 to 2.0 watt-hours per liter. Such an irradi
ation is up to 5-fold greater than the 0.2 to 0.4 watt-hours per liter 
exposure received by solvent in the Purex HA column while processing 
N Reactor fuel cooled 90 days with an assumed 12-minute solvent holdup in 
the extraction section. 
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The lifetime of tne TSP in dodecane, solvent in the Purex process, 
is limited by radio1ytic and hydrolytic decomposition of the extracting 
and diluting agent. The decomposition is evidenced by an increasing 
retention of fission products, especially zirconium, by the extractant. 
The chemical composition of the radiolytic-formed complexing agent was 

. identified by molecular distillation concentration and gas chromatography 
as long carbon chain phosphoric acids, and to a lesser extent, polycarbonyl 
compounds (Ref. 40). Samples of used first-cycle Purex solvent (Ultrasene 
plus 30 vol% TSP) have shown high infrared absorption values for nitro
alkane and carbonyl compounds. 

Overall beta and gamma decontamination factors on the order of 106 
obtained with Hanford fuel elements in Oak Ridge National Laboratory pilot 
plant runs, together with overall uranium losses on the order of 0.01 to 
0. 15%, further confirm the radiation stability of TSP (Ref. 2). 

6.1.3.4.2 Tributyl Phosphate-Diluent- U02(NOa,12-HN03 Systems 

6.1.3.4.2~ 1 Saturation 

The formula of the uranium-TSP complex [U02(N03)2·2 TSP], the mole
cular weight of TSP (266), and the specific gravity of TSP (0.973 at 
25°C) are known; therefore, it .may be calculated that one liter of· 30 vol% 
TSP in diluent (where TSP concentration= 1.095M) will complex 124 grams 
of uranium (0.52M). At this point, the solvent-phase is considered.to be 

.100% saturated. -The apparent discrepancy between the values for half the. 
TSP concentration (0.547M) and the actual saturation value (0.52M) is due 
to the volume change which occurs when the uranium transfers into the 
solvent. 

6. 1.3.4.2.2 Density 

The densities of -solutions of uranyl nitrate and/or nitric acid in 
TSP-diluent mixtures are dependent on the exact density of the diluent, 
as we11 as on the concentrations of the components and on the temperature. 
The solution densities at 2s~c may be calculated from the following 
equation (Ref. 41): 

where 

d2s = ds + (0.394 - 0.086 ds) [!1 U02(N03)2J 

+ (0.063 - 0.046 ds) (M HN0 3) 

d25 = density of solution at 25°C, in g/mi; 

ds = density of TSP-diluent mixture at 25°C, 
in g/mi (see Equation 6. 12 for calculation 
method) ; and 

M = concentration in mol/1 
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An equation for use in calculating the density, dT, of TBP-diluent
uo2(N03)2-HN03 solutions at temperatures between 10° and 70°C is (Ref. 36): 

where 

dT =de+ (3.20 - 0.005T - 0.008 TBP) 10-2~ HN0 3 
+ (3.16 - O.OOST + 0.0045 TBP) 10-l!! U 

+ 2.1 x 1•- 3 TBP - 7.4 x , •- 4T 

de= density of the diluent at temperature, T, in g/mi; 
T = temperature, in °C; and 

TBP = concentration of TBP, in vol%. 

(6.17) 

Equation 6.17 can be simplified to give the following equation: 

cir= ds + (0.318)[!i U02(N0 3)2J + (0.028)(r:1, HN0 3) 

- 8 x ,o-4 (t-2s) (6.18) 

Approximate densities of TBP-di1uent-UOzUI03)z-HN03 solutions at 
temperatures from 10° ta 70°C may also be obtained from the nomograph 
presented in Figure 6-4. · 

The nomograph may be used for organic-~hase solutions containing 
Oto 0.6M uranium and Oto 1 .2M HN03, with densities at 25°C of solute
free TBP:-diluent mixtures in the 0.81 to 0.87 g/m!Z. range. Densities of 
those organic-phase (solvent plus solutes) solutions range from 0.79 to 
1 • o g/mi. 

The density of. the solute-free solvent (TBP in diluent) at 25°C can 
be obtained from the plot on the right hand side of Figure 6-4. The plot 
covers TBP concentrations from 20 to 45 vol% and diluent densities at 
25°C of 0.76 to 0.81 g/mt. . 

The use of the nomograph is demonstrated by following the broken 
lines on Figure 6-4. To find the density of an organic-phase solution, 
a line is drawn between the pure solvent density at 25°C (in this example, 
0.852 g/mt) and the temperature of the solution (25°C). The intersection 
of this line with line R1 gives a point from which another line is drawn 
to the solution nitric acid concentration (0.02M). The intersection of 
this second line with line Rz~gives a second poTnt from which a third 
line is drawn ta the solution uranyl nitrate concentration {0.36M). The 
intersection of the third line with the density line gives the de.~sity of 
the solution at 25°C (0.97 g/m2). The densities obtained from Figure 6-4, 
are accurate to within approximately +1~6. 
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In the temperature range from 20° to 80°C, the densities of all 
Purex solvent-phase solutions decrease about 0.0008 g/m1 with each in
crease of one degree Celsius. 

6. 1.3.4.2.3 Viscosity 

The viscosities of TSP-diluent mixtures containing uranyl nitrate 
and nitric acid increase linearly as the concentration of the uranium 
increases. The effect of nitric acid on the viscosity of the organic 
phase is negligible (Ref. 35). 

6.1.3.4.2.4 Solubility 

The s·olubility of TSP from TSP-hydrocarbon diluent mixtures in 
aqueous soluti~ns at 20°C is plotted in Figure 6-1, which shows· that as 
the volume percent of TSP in kerosene dil•uent is decreased, the solubil
ity of TSP in the aqueous phase decreases. The effect of the presence 
of ionizable substances- in the aqueous phase is shown by the curves for 
0. 1, 0.2, and 2.0M uranyl nitrate solutions, where the TBP solubility 
decreases as the uranyl nitrate concentration is increased. The unusual 
effect of nitric acid on the solubility of TBP is shown for any specific 
TSP-diluent mixture (e.g.~ 30 vol% TSP in diluent) by the curves for 
·0, 1, 7, and llM HN03 (Ref. 12, 15, 42, 43). For aqueous solutions con
taining from Oto lM HN03, there is little or no effect on the TSP solu
bility (0.31 and 0.28 g/9.. for O and 1!1_ HN03, respectively). As the acid 
concentration increases from 1!1_ to 7M HN03, the TBP solubility decreases 
until a minimum of 0.09 g/1 is reached at 7M HN03, and frtim this point 
the solubility again increases rapidly to a maximum of 1.1 g/i at 15.9M 
HN03 (Ref. 11 , 31 ) . -

The influence of temperature on the solubility of TSP is shown in 
Table 6-6. The solubility of TSP in water, from a mixture of 30 vol% 
TSP in diluent, decreases from 0.41 g/1 at 10°C to a minimum of 0.11 g/i 
at 35°C, and then increases to 0.20 g/i at 84°C. Similarly, the solubil
ity of water in 30 vol% TSP in diluent mixture decreases from 8.9 g/1 at 
10°C, to 4.3 g/1 at 50°C, and then increases to 6.4 9/1 at 84°C. The 
presence of ionizable solutes in the aqueous solutions reduces the solu
bility of TBP, and also decreases the effect of temperature. 

6.1 .. 3.4.2.5 Specific Heat 

The specific heats of TSP, hydrocarbon diluent, and mixtures of 
TSP-diluent and uranyl nitrate at 25°C, range between 0.41· and 0.48 
calorie/g-°C (Ref. 44). 
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TABLE 6-6. Effect of Temperature on Mutual Solubilities 
of TBP, Hydrocarbon Diluent, and Water. 

Solubility, g/ 'L 

~~ater in 
30 vol% TBP- TSP in TSP in TBP in 

70% Shell Water 0. 12~ HN03 0. 04~ HN03 
E-2342a 0.2M UNH 0.2M UNH -

8.9 0. 41 -- --
7.9 0.26 0.04 o. 11 
6.9 0. 11 -- --
4.3 o. 12 a. os • o. 10 .. 

5.8 o. 18 
· 1 

-- --
6.4 0.20 -- --

Shell 
E-2342a 
in ~Jater 

--
0.004 

--
0.004 

--
--

aSolubilities for other commercial diluents such as NPH should be very 
close to those detennined for Sheli E-2342. 

6. 1.3.4.2.6 Dielectric Constant 

The dielectric constant of solvent-phase solutions of uranyl nitrate 
and nitric acid varies little with the solute concentrations; under the 
various conditions of the Purex chemical flowsheet, the ·dielectric con
stant ranges from 3 to 5, as compared with approximately 80 for Purex 
aqueous streams. 

6.1.3.5 Aqueous Uranyl Mitrate Solutions 

The physical properties of the aqueous uranium solutions given in 
this section are those of major importance to the operation and control 
of the process equipment. 

Nitric acid is the only constituent (other than the uranium itself) 
present in aqueous uranium streams which has an appreciable effect on the 
physical properties of the solutions. The plutonium contained in some· 
uranium solutions is present in such low concentrations that it does not 
significantly affect the solution properties .. Likewise, the minor com
ponents, namely, neptunium, fission products, sodium, and iron salts, 
have no significant effect. 

Uranium in the aqueous solutions of the Purex process is always pre
sent as uranyl nitrate. This compound crystallizes as a bright yellow 

. hexahydrate (UNH) solid, and imparts an intense yellow color to its solu
tions, even in very low concentrations. The intensity of the color varies 
with concentration, and can be used as an empirical means of estimating 
concentrations. 
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In order to aid in converting uranium concentrations in aqueous 
streams from weight percent uranyl nitrate to molarity, a conversion 
graph has been included- as Figure 6-5 (Ref. 45). In view of the very 
small contribution which nitric acid makes toward the density of solu
tions of moderate uranyl nitrate concentrations (see Equation 6.20 in 
6.1.3.5.2), the conversion.curves of Figure 6-5 may be used for solu
tions containing up to 2!:!_ HN03, with an error of only a few percent. If 
the density of any system is known, the conversion of concentration units 
for any of the components may be obtained from the general equation: 

. °' _ . Fonnul a weight 
Weight m - Molarity x 10 x Density (6.19) 

where the density of the solution (in g/mi) and molarity of the component 
are detennined at the same temperature. 

6. 1 . 3. 5. 1 So 1 ub i 1 i ty 

A saturated solution of uranyl nitrate at 25°C represents about 
72 wt% or 2.6M of UNH [U02(N0 3 )2•6H20] (Ref. 46). The presence of 
nitric acid markedly reduces the solubility of uranyl nitrate in water, 
as shown by the temperature-solubility phase diagrams for the U02(N03)2-
HN03-HzO systems given in Figure 6-6 (Ref. 42, 45, 47-53). A solution 
of 60 wt% nitric acid (13M) saturated with respect to uranyl nitrate 
contains 23.5 wtt;or 0.72M uranyl nitrate at 25°C. The saturation tem
peratures plotted on Figure 6-6 are, for practical purposes, considered 
as the freezing and melting points of the ·systems represented. The in
flections in the a.OM HN03 curve are considered eutectic points for the 
solid phases as indicated. 

6.1.3.5.2 Density 

The densities of aqueous solutions of the system U02(N03)z-HN03-H20 
at 25°C are plotted in Figure 6-7, where uranyl nitrate is represented in 
moles per liter from 0!1, to 2.6M (saturation of U02(N03)2 at 25°C), and 
nitric acid is· included at concentrations of 0, 1, 2, and 3M (Ref. 54). 
Densities of specific solutions at 25°C can also be calculated for given 
compositions by means of the following equation: 

where 

d25 = 0.99704 + (0.3166)(M U~ + (0.0327) (a HN0 3) 

-(0.00113)(!1_ U)(!1_ HN03) 

d25 = density at 25°C, g/mi 

t1_ = molarity of solution component_ 

(6.20) 

Equation 6.20, which is used at the Savannah River Plant, is slightly 
different, and probably more accurate, than a comparable equation given 
in the original Purex Technical Manual (H\~-31000). The.latter equation 
was adapted from one derived for the system: uo2(N0 3)2 - Al (N03)3 - HN0 3 
(or Na OH) - H2o - h_exone. 
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The effects of aqueous-soluble process materials, such as sodium 
nitrite, sodium nitrate, and ferrous sulfamate [Fe (NH2S03)2], on the 
density of aqueous uranyl nitrate so1utjons are very small at the concen
trations in which they are present in the Purex process streams. There
fore, they have been neglected in calculating the solution density (Ref. 54). 

The density of an aqueous uranyl nitrate-nitric acid solution at 
25°C can be converted to the density of other temperatures between 0° and. 
40°C by means of the following equation (Ref. 53): 

dT = 1 .0125 dzs + 0.000145T - O.OOOST dzs - 0.0036 ( 6. 21 ) 

· where 

T = temperature, °C 

The densities of uranyl nitrate solutions at their boiling points 
are plotted in Figure 6-8, with nitric acid concentrations from OM to 
lOM and temperature from 100° to 120°C as parameters (Ref. 45, SST . 

6.1.3.5.3 Viscosity 

The viscosities of aqueous uranium solutions in the Purex process 
at 25°C can be calculated by means· of the following equation (Ref. 54): 

where 

2 log10n = 0.9527 + 0.2426~.+ o.0100~ u 

+ [0.0089 - 0.023!1u]~ (6.22) 

n = viscosity in millipoises 
!:4J = molarity of uranyl nitrate 
~=molarity of nitric acid 

Thus, the viscosity of 1.65M U02(N03)2, 0.39M HN03 (HA column feed) at 
25°C is 23 millipoises. Other process materials have little effect on 

·the viscosity of the Purex aqueous uranium streams because of the low 
concentrations in which they are present. However, if a high degree of 
precision is required, coefficients for use in Equation 6.22 for calcu
lating viscosities of solutions containing various other solutes (aluminum 
nitrate~ sodium nitrate, ferrous sulfamate, etc.) are given in Reference 54. 

6.1.3.5.4 Hydrogen Ion Concentration (pH) 

The pH values at 25°C of aqueous uranium solutions containing from 
0. l to 2.6M uo2(N0 3 )2 and from -0.2 to 016~ HN03 decrease at a constant 
nitric acid concentration with an increase in uranium concentration, 
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6.1.3.5.5 Boiling Poi~t 

Boiling points for the system U02{N03)2-HN03-H20 are plotted on a 
phase diagram in Figure 6-9 as isothenns ·ranging from 101° and l88°C · 
(Ref. 56). The three components of the system are represented in weight 
percent. The uranium concentrations may be converted to molarity by 
using Figure 6-5. Figure 6-9 also includes four distillation lines which 
show the change in composition of the solutions as a function of concen
tration. As the temperature is increased, water is rapidly removed until 
the temperature reaches approximately 120°C, at which point water and 
nitric acid fonn the maximum-boiling azeotrope, and 68 wt% nitric acid 
is distilled from the solution. At approximately 188°C [the decomposi-

, tion temperature of uranyl nitrate (Ref. 49)], all of the free nitric 
·acid has been removed from the solution, leaving 92 wt% uranyl nitrate 
and 8 wt% water of hydration. This composition corresponds to the com
pound UOz(N03)2·2H20. It will be noted that further distillation above 
188°C renders the solution acid deficient, indicating that the uranyl 

.nitrate is decomposing (Ref. 45, 56). In the presence of .TSP, however, 
the incipient denitration temperature of uranyl nitrate may be reduced 
to approximately 140°C (Ref. 57). 

Boiling points of uranyl nitrate solutions, from 100° to 120°C, 
are also given in Figure 6-8, where the densities of the solutions are 
plotted at their boiling points~ · 

The boiling point of 100% UNH is 118.6 + 0.4°C at 760 rrm mercury 
. absolute pressure. The boiling point of LINH-increases directly with 
pressure in the ratio of l°C for each 16 rrm mercury over the pressure 
range of 680. to 830 mm of mercury (Ref,_ 57). 

6.1.3.S.6 Specific Heat 

The specific heats of uranyl nitrate solutions from 0.07M to 2.6M 
are shown in Figure 6-10. The figure stops at 2.6M (56 wt%) UOz(N03)2, 
since this is the saturation temperature at 25°C, and beyond this con
centration U02(N03)2•6H20 begins to crystallize out of solution. The 
specific heat of solid U02(N03)2·6HzO at 25°C is 0.23 cal/g-°C. 

6. 1.3.5.7 Refractive Index 

The refractive indices at 25°C of uranyl nitrate solutions from 
a.OM to 2.6!1_ are included in Figure 6-10 (Ref. 45). 

6.1.3.6 Aqueous Plutonium Nitrate Solutions 

The physical properties of aqueous plutonium solutions are of inter
est in the Purex process only at the final plutonium product concentration 
step, since the plutonium concentration in other process solutions is too 
low to exert an appreciable influence on the physical properties of the. 
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solutions. The effect of process amounts of plutonium in the 28P stream 
upon such properties as density, freezing point, and viscosity is slight. 
On the other hand, the chemical behavior of plutonium in solution is of -
fundamental importance throughout the entire process. Both types of data 
are included in this subsection. 

6. 1.3.6. 1 Solubility 

The nitrates of plutonium are very soluble in water. However, solu
tions of plutonium nitrate, Pu(N03)4, require the presence of from one to 
five moles of nitric acid per liter to prevent hydrolysis and subsequent 
polymerization or precipitation of the hydroxide. The plutonium (IV) 
polymer is discussed in the following subsection and in Chapter 7.0. 

, . ·· Plutonium (VI) does not fonn the polymer i_n low acid solutions. 

. The solubility of plutonium (IV) nitrate is in the range of 2. 1 to 
2.5 mol/1 at 25°C in the presence of 1.8t!_ HN03 (Ref. 58, 59). The solu
bility of plutonium (VI) nitrate is 2. 1 mol/i at 25°C (Ref. 58, 60). 

6. 1.3.6.2 Soecific Gravity 

The specific gravities of aqueous plutonium (IV) nitrate-nitric acid 
solutions at 25°C can be calculated by means of the following equation -
(Ref. 61): 

Sp.G. = 1 + (Q.031)(~·HN03) + (0.00146)(g Pu/&) 

where 
Sp.G. = sp~cific gravity of the solution at 25°C 

tt HN03 = molarity of nitric acid; and 

g Pu/i = concentration of plutonium, in g/i. 

6. 1.3.6.3 Ionic Species 

(6.23) 

Although the Purex process makes use of only the plutonium (III) and 
plutonium (IV) oxidation states in the plutonium separation steps, all of 
the pluton~um valence states possible in aqueous solutions are encountered: 
plutonium (III) - blue-violet in color; plutonium (I'I) - green [the poly
meric fonn of plutonium (IV), stable at pH values above l .0 to 1.3, is 
brown]; plutonium (V) - colorless; and plutonium (VI) - pink-orange. The 
ionic species present in a non-complexing medium are Pu+3, Pu+4

2
·, Puo2+, 

and Puoz+2, all highly hydrated (Ref. 62). The Pu+4 and Puo2+ are com
plexed by nitrate ion. In 2M HN03, the equilibrium constant for the 
reaction, Pu+4 + N03 ~ Pu(N03)+3, is approximately 2.9 (Ref. 63). Nitrate 
ion, therefore, is an effective salting agent for plutonium (IV), since it 
is probable that plutonium (IV) is extracted as the nitrate comolex or th! 
neutral molecule. The equilibrium constant for the reaction, Puo2+2 + N03 
t Pu02No3, is about 0. 19 at 8t!_ ni~rate ion concentration (Ref. 64). 
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Plutonium {IV) is highly susceptible to complexing with sulfate ion, 
whiih was once used ~n the plant, the equilibrium constant for the reaction 
Pu+ + HS04 ~ Puso4+ + H+ being appro~imately 500 at 2.3M H,so4 concen-
tratiori (Ref. 63). - -

6.1.3.6.4 Oxidation - Reduction 
_,. 

The fonnal oxidation potentials at which the concentrations of oxidized 
and reduced species are equal are given in Table 6-7 (Ref. 60, 62). The 
equations are written with the number of electrons involved on the right. 
The sign convention is used whereby the oxidized fonn of any couple will 
oxidize the reduced fonn of any couple of algebraically greater oxidation 

.· .. ,potential. · Conversely, the reduced fonn of any couple will reduce the 
··oxidized fonn of any couple of lower oxidation potential. 

Comparing the above plutonium couples with the ferrous-ferric oxidation 
potentia 1, 

Fe+2 • Fe+3 + e-, E0 = -0.771, (6.24) 
where 

E0 is the oxidation potential in volts, 

it is seen that ferrous ion (added in the Purex process in the ·fonn of 
ferrous sulfamate) is capable of reducing the oxidized fonn of any of the 
plutonium couples listed; i.e., of converting plutonium in any other valence 
state to plutonium (III). The reduction of plutonium (IV) to plutonium (III) 
by ferrous ion·is nearly quantitative in 3 to 5 minutes at 25°C and nearly 
independent of acidity and uranium concentration. 

The sulfamic acid fanned from the ionization of ferrous sulfamate +2 functions as a holding reductant; 1:e., it prevents the oxidation of Fe 
to Fe+3 by nitric acid or air. 

The oxidation potential for the hydroxylamine-nitrous oxide couple, 

(6.25) 
. 

shows that hydroxylamine could be used as a plutonium reductant in place 
of ferrous ion. However, the reaction rate for the reduction of pluto
nium (IV) by hydroxylamine rapidly decreases as the concentration of nitric 
acid is increased. The reduction is essentially complete in 1 minute in 
the presence of 0.66!.1_ HN0

3
, but requires 10 minutes for 80% completion 

with 1. OM HN0 3 (Ref. 65) • 

Comparison of the potential of· the nitric oxide-nitrous acid couple, 
+ H2• +NO• HN02 + H + e , E0 = -0.99, (6.26) 

with those of the reactions in Table 6-7 shows that nitrous acid (or a 
metal nitrite in acidic solution) wi11 oxidize plutonium (III) and 
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TABLE 6-7. Plutonium Series Oxidation Potentials. 

React ion Couple Reaction Number (Pu Valences) 

l V-VI + +2 Puo2 -+ Pu02 + -e 

·2 III-IV +3 +4 -Pu -+ Pu + e 

+3 +2 -

Oxidation 
Potential.a 

Volts 

-0. 91 

-0.92 
;;o 
:c 
0 
I 

m 3 
I • 3 III-VI + 411+ + 3 e -l.04 ·, Pu • + 21120 -• Pu02 

Ln I 
(X} _. 

_. 
m 4 IV-VI Pu+4 . +2 

+ 411+ + 2 e - -l.10 + 21120 -• Pu02 

5 I ll-V Pu+3 + 411+ + 2 e - -l. l O + 21120 ... Puo2 + 

6 IV-V Pu+4 + 411+ + - -1. 29 + 2H2o-+ Pu02 + e 

aReferred to the 112 -• 211+ couple as zero at 25° to 30°C in 1!1_ tlN~3" 
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plutonium (V) to plutonium (IV) and plutonium (VI), respectively, and 
also reduce plutonium (V) and plutonium (VI) to plutonium (IV) and 
plutonium (III). Thus, the net effect_of the nitrous acid is to oxidize 
plutonium (III) and reduce plutonium (VI) to plutonium (IV). Gaseous 
nitrogen dioxide, N204, in the presence of water fonns nitrous and nitric 
acids, and is· .... therefore a possible alternate oxidant for the oxidation 
of plutonium (III) to plutonium (IV). 

The rate of oxidation of plutonium (III) to plutonium (IV) by 
nitrous acid is highly dependent upon the conditions of the system. It 
has been shown that over 99% of the plutonium (III) in the lBP stream is 
oxidized within a few minutes at 25°C (Ref. 66) when nitric acid and 
sodium nitrite are added to the 2AF stream, giving a nitric acid concen

·tration o~ 3.3M. However, other investigations have found that under 
similar conditTons with respect to plutonium (III) and iron (III), but 
dilute (O.SM) nitric acid, 30 minutes are required to obtain 99% oxidation
(Ref. 67). -

Plutonium (III) is also oxidized to plutonium (IV) by nitrate ion. 
The reaction is auto.-catalytic; i.e., the nitrite catalyst is produced 
in the reaction, as follows: 

+3 . HNOz +4 
Pu +No;~ 3H+ + e- • Pu + HN02 + H20 (6.27) 

In the presence of 16~ HN03, the reaction goes to completion in a few 
seconds. The rate of oxidation for Purex conditions is not known, but· 
it is believed to be much lower than the rate of oxidation by nitrite ion. 

6.1.3.6.5 Disproportionation 

The most important disproportionation mechanism of .plutonium is 
the fo 11 owing: 

(6.28) 

This slow disproportionation is followed by the more rapid reaction: 
+ +4 +2 +3 Puo2 + Pu z Pu02 + Pu (6.29) 

which is the mechanism for the oxidation of plutonium (IV) to plutonium (VI) 
at macroconcentrations of plutonium, the role of the oxidizing aqent being 
to convert the plutonium (III) formed to plutonium (IV). 

In the reduction of plutonium (IV) to plutonium (III)~ the above 
disproportionation mechanism is reversed: 

+ +3 + +4 Pu02 + Pu + 4H : 2Pu + 2H 20 ( 6. 30) 

The role of the reducing agent is to reduce Pua 2+2 to Pu02+ and Pu+4 to Pu+3. 
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Due to the small differences in magnitude of the oxidation potentials 
of plutonium, given in Table 6-7, and to the rapid equilibrium of the 
electron transfer in Equation 6.29, it is possible for all plutonium 
species to coexist in aqueous solutions; e.g., a solution of pure pluto
nium (IV) salt in a.SM HCl contains, at equilibrium at 25°C, 27.2, 58.4, 
0.8 and 13.6% of plutonium (III), (IV), (V), and (VI), respectively (Ref. 62). 

Under Purex process conditions, any plutonium (VI) formed by dispro
portionation is reduced to plutonium (IV) by nitrous acid. This reduction 
is measurably slow at room temperature, especially at high acid concentra
tion. The presence of low concentrations of ferric ion [O.OlM Fe (III)] 
however, catalyzes the reaction so that the reduction is complete in a few 

•minutes (Ref. 68). After concentration, however, the plutonium product 
solution is believed to contain about 10% plutonium (VI), based on data 
for Z Plant product solutions with a similar nitric acid ~oncentration. 
Valence data for Purex plutonium product solutions have not been obtained. 

6. 1.3.6.6 Radiation Stability 

Alpha particle bombardment from plutonium decay causes both oxidation 
and reduction of plutonium (Rer. 69). Plutonium (VI) and part of the 
plutoriium (IV) are reduced, while plutonium (II.I) and part of the pluto
nium {IV) are oxidized. The·amount of each oxidation state present in a 
system after equilibrium depengs on the oxidation state of the major plu-. 
tonium species present in the original solution. In determining the effect 
of alpha· radiation on plutonium (IV) and plutonium (VI) solutions, mea:sure
ments were reported in terms of daily decrease in the average valence state 
of plutonium. It is known that acid ~oncentration and temperature affect 
the rate of reduction. The decrease in the average valence state of plu
tonium under the influence of its own alpha radiation ranged from 0.3 to 
2% per day in acidic (0. lM to l.SM) solutions (Ref. 62). 

' - -
The effect of beta and gamma radiation on the stability of plutonium 

solutions is believed to be small. No apparent reduction of plutonium (VI) 
was noted on the exposure of a solution for 1 hour to beta and gamma radia
tion from dissolved fuel elements containing on the order of 2~ of the beta 
activity of Purex dissolver solution (Ref. 64). 

6.1.3.6.7 Gas Evolution 

Plutonium nitrate solutions form a number of radiolytic products due 
to the alpha particle emission of the plutonium. The products include 
those expected from the radiolysis of water, i.e., .H, .OH, .HOz, hydrogen 
peroxide, and hydrogen, as well as nitrous acid and nitrogen oxides which 
result from the radiolysis of nitrate. 

Of.the radi~lysis products, .H2, .H, Hz02 and some of the nitrogen 
oxides· usually function as reducing agents while .OH and .Ho 2 are usually 
oxidizing agents. 
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A second mode of gas generation takes place during the reduction of 
plutonium (VI). This reaction releases oxygen in accordance with the 
following equation: 

12 ++ + +4 - -Pu02 + 12H ~ 12Pu + 9 o2 t + 6H20 + 12e ( 6. 31 ) 

6. 1.3.6.8 Plutonium Polymer Formation 

Tetra·valent plutonium nitrate, Pu(N03)4, is relatively unstable in 
dilute acid solutions, changing to the polymeric hydroxide (or hydrous 
oxide) with the release of nitric acid. The acidity at which plutonium 
polymer is formed is dependent upon the temperature and plutonium concen
tration, as well as the presence of other metal nitrates. The polymer is 

... formed in a matter of minutes when the acidity falls below _about 0.01M 
(Ref. 70). Between a pH of 2.5 and 3.0, the polymer agglomerates and pre

. cipitates (Ref. 71). The polymer can also be formed at an acidity of 
0. lM at elevated temperatures, and at even higher acidities at high 
plutonium concentrations and elevated temperatures. 

Polymeric plutonium (IV) may be formed in dissolver solution or 
process streams which are allowed to become acid deficient. An ionic 
plutonium (IV) solution, however, is stable for approximately 24 hours 
in a solution containing l.92~ UOz(N03)2, 0.20M acid deficient, con
trasting with the observed very rapid polymerization in acid-deficient 
aluminum nitrate solution (Ref. 72). 

Plutonium polymer is an -electrically positive colloid which is 
electrostatically adsorbed on substances such as paper, sand_ and glass, 
which assume negative surface charges when immersed in water (Ref. 63). 
The polymer is, not extracted by TBP at flowsheet conditions, causing 
excessive plutonium waste losses if present-. The rate of conversion of 
the colloid into the nitrate complex depends upon the acid concentration 
and temperature. The conve·rsion is slow at room temperature in lt!, HN0 3, 
but proceeds very rapidly in concentrated acid at high temperatures, 
requiring 1 to 2 hours for completion in boiling 6M HN03 (Ref. 63, 70). 
The conversion of polymer to the nitrate complex is mucn slower, however, 
if the polymeric solution is heated previous to the acidification. The 
heating, as stated previously, appears to cause agglomeration of the • 
colloid into a stringy amorphous solid. 

All of the plutonium-containing aqueous process streams are at least 
0. lM HN03 so that the formation of the inextractabl e pl uto_ni um (IV) poly
mer will not occur under normal operating conditions. In the organic 
process solutions, plutonium is complexed with TBP so that it is not 
available for polymer formation in the organic phase. 

Plutonium polymer is discussed further in Section 7.2.4 of Chapter 7.0. 

6. 1.3.7 Reducing Agents 

Ferrous ion, introduced in the form of ferrous sulfamate, is employed 
as the agent for the reduction of plutonium to its trivalent state in the 
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1B and 2N columns. Sulfamate ion, NHzSOj, introduced as ferrous sulfa
mate,· or as sulfamic acid, is.a holding reductant to prevent the premature 
nitrite-catalyzed oxidation of iron (II) to iron (III) by nitrate ion, and 
hence reoxidation of plutonium (III) to plutonium (IV). Hydrazine in the 
2DF stream reduces any residual nitrite, and hydroxylamine nitrate added 
to the 2DIS stream ensures complete reduction of any plutonium entering 
the 2D column. Hydroxylamine nitrate with hydrazine as a holding reductant 
is also added to the 28 column to reduce plutonium to the trivalent state. 
Thus, plutonium is prevented from extracting into ·the organic scrub stream 
(28S), which is used to remove residual uranium, thereby improving product 
quality . 

Neptunium entering the 2D column is reduced to the less extractable 
· tetravalent state by the hydroxylamine. By maintaining high uranium satu

ration of the solvent phase, the neptunium is made to leave the column with 
the aqueous 2DW stream. Hydrazine is also used in the 2N column as a hold
ing reductant, in conjunction with the ferrous ,sul famate, to ensure that 
the neptunium and plutonium are reduced to, and remain in, their lower 
valence states. 

6. l. 3. 7. l Ferrous Sul famate 

The anhydrous salt of ferrous sulfamate. [Fe(S03NH2)2J is highly deli
quescent, and is bel_ieved to absorb five molecules of water of hydration. 
Ferrous sulfamate has the following physical properties: 

• Ap_pea ranee 

, Melting point 

t Solubility 

2.SM solution is blue-green in color 
(Ref. 73) 

- 135°C (Ref. 74) 

The saturation concentration in water is 
approximately 3.6 to 3.8~ at 25°C. 

High pH contributes to the stability of sulfamate ion towards hydrol
ysis, while low pH is necessary for the stability of ferrous ion towards 
air oxidation and consequent precipitation. The stability of ferrous 
sulfamate toward ferric precipitation is satisfactory upon maintaining 
the pH of· solution at 2 or slightly less, with a 2 to 3% excess of sul
famic acid (Ref. 73). The overall stability of a ferrous sulfamate 
solution maintained at a pH of 2 in a vessel containing an inert-gas 
blanket is limited by the rate of hydrolysis of sulfamate ion. This rate 
is approximately O. 1% per day at 25?C, and increases to over 4% per hour 
at 80°C. The total amount of sulfate ion in the solution due to hydrol
ysis will be the sum of that produced during the preparation of the ferrous 
sulfamate (approximately 1% of the initial sulfamic acid) plus that produced 
by aging of the solution. 
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The reaction between sulfamate ion and nitrous acid, described later 
in this subsection, is the reaction which prevents the oxidation of 
iron (II) to iron (III) through an autocatalytic mechanism involving 
nitrate ion (Ref. 75). In S.OM HN03, where oxidation of iron (II) to 
iron (III) is nonnally rapid, sulfamate ion maintains the half-life of 
iron (II) in the range of 30 to SO hours at a solution temperature of 
25°C concentration, and temperature is shown in Table 6-8. From the 
table it can be seen that for a given sulfamate ion concentration, the 
half-life of ferrous ion decreases markedly with an increase in solution 
temperature, and with an increase in nitric acid concentration. The ion 
half-life with increased sulfamate is also shown. 

TABLE 6-8. Stability of Ferrou~ Ion in Aqueous Solutions. 
I 

Solution Composition, mol/t Temperature, Fe(I I) Half-Life, 
HN03 HS03NH2 F eS04 • ( NH4) 2S04 

oc hr 

4 0.2 0. l 25 130 
4 0.2 

' 
0. l 48 7. l 

I 

4 0.2 0. l 70 0.5 
6 0.2 0. l 25 23 
6 0.2 0. l so l. l 

• 
8 0.2 0. 1 25 4.3 
8 0.2 0. l 50 0.3 
8 0.3 0. l 25 8.2 
8 0.4 0. l 25 11. 0 

10 0. l 0. l 25 <O. l 
10 0. 15 0. 1 25 0.7 

6. l .3.7.2 Sulfamic Acid 

A11 ordinary salts of sulfamic acid (HS03NH2) are extremely soluble 
in water being, in most instances, more soluble than the corresponding 
sulfate or nitrate. Water solubility of sulfamic acid increases with 
temperature, as shown in Table 6-9. 
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TABLE 6-9. Solubility of Sulfamic Acid 
In Water (Ref. 75). 

Temperature, oc 

a 
10 
20 
30 
40 
so 
60 
70. 
80 

So 1 ubi l ity, 
g HS03NH2/ 
100 g H20 

14. 68 
18. 56 
21. 32 
26. 09 
29.49 
32.82 
37. 10 
41. 91 
47. 08 

itJt% 
HS0 3NH 2 

12. 8 
l 5. 7 
17.6 
20.7 
22.8 
24.7 
27. 1 
29.5 
32.0 

Some other physical properties of sulfamic acid are as follows: 

• Appearance: ~-Jhite crystalline solid-, nonvolatile 
nonhygroscopic, odorless 

• Melting point: 205°C (decomposes at 290°C) (Ref. 74) 
, Heat of solution: -5800 cal/mole 

• Density: 2.0 g/mi 

6. 1.3.7.2. 1 Chemical Prooerties 

Sulfamic acid is classed as a strong acid. Comparatively, the pH's 
of O.SM aqueous solutions of phosphoric, sulfamic, and nitric acids are 
1.9, o:-63, and 0.30, respectively (Ref. 74). In the following table, the 
pH of sulfamic acid is shown to increase with a decrease in concentration. 

Concentration of pH Sulfamic Acid, M 
. 

1.0 0. 41 
0.75 a.so 
0.50 0.63 
0.25 0.87 
o. 10 1. 18 
6.05 1. 41 
0. 01 2.02 
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Sulfamic acid hydrolyzes according to the following reaction 
(Ref. 75). 

(6.32) 

The hydrolysis rate at 25°C is about a. 1% per day for either a lM 
HS03NH2 solution in water or a 1M HS03N~2 - 1~ HN03 solution. A similar 
rate is found for a 1M HS03NH2 - 1M Al(N03)3 - 0.3M HN03 solution. The 
hydrolysis is a first:'order reaction with rate constants at 80°C of 4.56 
and 8.25% decomposed per hour for 1 and 10% solutions, respectively 
( Ref. 7 6 , 77 ) • 

Sulfamate ion reacts rapidly and completely with nitrite ion to 
give nitrogen gas and sulfate ion according to the following reaction 
(Ref. 75). 

(6.33) 

Wann concentrated nitric acfd reacts·with sulfamic acid to produce N20 
gas and sulfuric acid (Ref. 77). Dichromate~ pennanganate, and ferric 
chloride solutions do not react with sulfamic acid (Ref. 75, 76, 78). 

6. 1.3.7.3 Hydrazine 

. Hydrazine (NHzNHz), which is a clear liquid, is purchased as a 35 wt% 
solution in water. Hydrazine is a powerful reducing agent. Some oxidizing 
agents oxidize aqueous solutions of hydrazine to ammonia with the fonnation 
of small amounts of hydrazoic acid, and other oxidizing agents give compar
atively large yields of the acid, but little ammonia. In either case, 
ammonia fanned would be irmnediately converted to ammonium nitrate. Pure 
hydrazine and its aqueous solutions at~ relatively stable, but decompose 
rapidly in the presence of alkali and air to form nitrogen and water. 

Hydrazine in aqueous solutions decomposes at temperatures near the 
boiling point. It reacts vigorously with nitrous acid and other nitrites 
in acc~rdance with the following reaction: 

(6.34) 

6. l .3.7.4 Hydroxylamine Nitrate 

Hydroxylamine (NH2•H) is a strong reductant. Its chemical stability 
is as fo 11 ows: 

• Pure aqueous sol~tions are stable even while boiling. 

t Dilute nitric acid (0. 1M) solutions of hydroxyl amine nitrate 
(NHzOH•HN03) are stable-at room temperature, but less stable 
at increasing acidity, especially at elevated temperatures. 
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• Decomposition in warm nitric acid, once initiated, proceeds 
autocatalytically, decomposing entirely to gases as follows: 

(6.35) 

• Hydroxylamine nitrate is extremely hygroscopic. 

• Hydroxylamine nitrate solutions, when heated under a flame~ 
produce rapid dehydration followed by decomposition, but do not 
explode. 

• Basic solutions of hydroxylamine are less stable than acid 
solutions, decomposing according to the equation: 

4NH20H • HN03 + 40H- - N20 + 2NH 3 + 4NOi + 7H 20 (6.36) 

• Nitrous acid decomposes hydroxylamine according to the 
equation: 

1 Hydroxylamine nitrate reduces plutonium according to the 
equations below, giving a mixture of N2 and N2o. 

+4 + +3 + 4 Pu + 2NH30H • 4Pu + N20 + H20 + 6H (6.38) 

. 2Pu+4 + 2NH
3

0H+ - 2P~+J + N
2 

+ 2H2d + 4H+ (6.39) 

6. l .3.8 Surface and Interfacial Prooerties 

The process of liquid-liquid countercurrent extraction involves 
intimate contact between two essentially immiscible liquids, during which 
time the solute is transferred from one phase to the other across the 
interface between the two phases. This desired contact is obtained in 
the Purex procesi by dispersing in one phase (which remains continuous) 
fine droplets of the other phase (which then becomes the discontinuous 
phase). Because of the specific gravity differential between the phases, 
the dispersed droplets rise or fall through the oppositely flowing con
tinuous phase. Interfacial tension in such a system, analogous to sur
face tension in distillation and absorption processes, influences the 
size of the droplets of the dispersed phase. Smaller droplets are more 
easily fanned by liquids of Jower interfacial tension, the droplet diam
eter (when other factors are equal) being directly proportional to the 
interfacial tension. Small droplet diameters, in turn, mean higher total 
interfacial area, resulting in desirably high solute mass-transfer rates 
across the interface. 
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Too fine a dispersion is not desirable, however, as an excessively 
stable emulsion may result in increased difficulties of phase separation 
outweighing any advantages resulting from the increased interfacial. area 
(Ref. 79). The dispersion and disengaging characteristics of liquid
liquid systems, a function of interfacial tension, have an important bear
ing on the performance of a pulse column, as discussed in Section 6.2.3. 
However, the exact relationship between interfacial tension measurements 
made in the laboratory and the capacity and/or efficiency of a pulse 
column of given design has not been defined completely. 

6. 1.3.8. 1 Surface Tension (Ref. 80) 

: · The attraction between molecules of a liquid manifests itself near 
. the surface where the molecules are subject to an unbalanced force. The 
molecules at the surface are pulled inward by the subsurface molecules, 
and .the liquid thus tends to adjust itself to give minimum surface area. 
The force is usually expressed in dynes/cm and is readily determined. 
The surface tension of a liquid is inversely proportional to the tempera
ture and is decreased by certain surface-active agents. Some typical 
surface tension data are given in the following table (Ref. 81). From 
these data, the surface tension can be estimated to be about 26 dynes/cm 
for 30 vol% TSP in NPH. 

Liguid 

HzO 
0. 7M HN03 
2.8t!, HN03 
8.5!i HN03 
TSP 
AMSCO 123-15 
12.5 vol% TBP in 

Shell Deodorized 
Spray Base 

Temperature, oc 
25 
20 
20 
20 
25 
25 
25 

6. 1.3.8.2 Interfacial Tension 

Surface Tension, 
Dynes/cm 
71.8 
72.0 
70.9 
68. 3 
25.8 

.. 31. 9 
26.6 

The same forces are involved in interfacial tension that are found 
in surface tension. However, when two partially miscible liquids are 
placed in contact, each dissolves to some extent in the other, and may 
cause marked changes in surface tension. ihe interfacial tension may be 
defined as the work required to increase the area of the interface by 
one square centimeter. 

Figure 6-11 presents plots of interfacial tension between organic 
and various aqueous solutions against TSP concentration in a hydrocarbon 
diluent (Ref. 82). Tributyl phosphate has moderate surface-active pro
perties, as may be seen from the rapid drop in interfacial tension as 
TBP is added to diluent. 
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Table 6-10 lists the interfacial tension for a number of Purex-type 
systems at 24°C at equilibrium (Ref. 82, 83). The data indicate that 
the interfacial tension between 30 vol% TSP in MPH and 0.1!1_ HN0 3 is 
between 10· and 11 dynes/cm. 

TABLE 6-10. Organic-Aqueous Interfacial Tensions. 

Initial Phase Compositions 

Organic Aqueous 

Drum TSP 
30% TBP in Ultrasene 
30% TBP in AMSCO 125-90W 
7% TBP in Ultrasene 
Drum Ultrasene 
AMSCO 125-90W 
30% TSP in Ultrasene 
30% TBP in Ultrasene 
"30% TBP in AMSCO 125-90W 
30% TBP in Ultrasene, 

8.65 g U/i 
30% TBP in Ultrasene, 

76.5 g U/.2. 

30% TBP in Ultrasene plus 
0.05% DBP 

30% TBP in U1trasene 

6. 1.3.8.3 Contact Angles 

H20 
H20 

H20 

H20 

H2o 
_ H20 

0. 148M HN0 3 · 

1. 67M HN0 3 
5.o~ HN0 3 
1. 90M HN03, 
0.55 g U/.2. 

2.03M.HN03, 
16.5 g U/t 
H20 

0. lM NaOH 

Interfacial 
Tension, 
dynes/cm 

8.46 
11 . 01 
10.6 
16.29 
44.85 
44.0 
10. 78 
10.85 
12. 1 
11 . 29 

15.08 

10.83 

11. 0 

The surface wetting characteristics of column internals are important 
both to the design and operation of the extraction columns. Measurements 
of the angle fanned at the liquid-solid-liquid or liquid-solid-air bound
aries when the liquid and solid surfaces are brought into ·contact in the 
presence of air or another (immiscible) liquid provide indications of these 
characteristics. 

When the liquid completely wets the solid surface, i.e., a drop 
spreads to fonn a film of unifonn thickness, the contact angle between the 
liquid and solid is said to be O degree. When no wetting occurs, i.e., a 
drop of liquid fonns a perfect sphere with only a single .point of contact, 
the contact angle is 180 degrees. Intennediate angles reflect intennediate 
degrees of wetting. In general, the greater the contact angle between a 
solid material surface and the dispersed phase liquid, the better the 
material is for making perforated plates in a pulse columh cartridge. 
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\·Jhi le exact contact-angle measurements for Purex systems are not 
available, comparative aqueous-phase and organic-phase contact angles for 
clean stainless steel and three types of plastic surfaces are generally as 
follows (Ref. 84, 85, 86): 

Contact Angle 
Surface 

Aqueous 

Stainless Steela Lowest (i.e., most 
wetted) 

Polyethyleneb 2nd lowest 
Fluorotheneb 2nd highest 

Teflonb Highest (i.e., least 
wetted) 

aPrefer~ntially wetted by aqueous phase. 

bPreferentially wetted by organic phase. 

6. 1.3.8.4 Dispersion and Disengaging Times 

Organic 

High 

Lowest of 3 plastics 

Between polyethylene 
and Teflon · 

Highest of 3 plastifs 

Effective extraction performance of a pulse column is dependent on 
the fonnation of a fine dispersion of one liquid phase into the other to 
provide a large interphase contact area. An additional requirement is 
that the dispersion fanned in the column should be capable of disengaging 
(separating) fairly readily. Empirical tests of dispersion and disen
gaging times by a vibrational method may usually be qualitatively corre
lated with pulse column behavior. The method involves agitation of the 
two-phase mixture by reciprocating sieve plates. The use of stainless 
steel sieve plates results in dispersion of the organic phase in the 
aqueous phase, while the aqueous phase becomes dispersed if Fluorothene 
plates are used. 

Typical dispersion and disengaging times for Purex process systems are 
presented in Table 6-11. 

Dispersion times vary with TBP concentration, usually going through 
a maximum near 10 vol% TBP, and decreasing with increasing TBP concentra
.tion above 10% (Ref. ~l). 

Dispersion times for organic-in-aqueous phase dispersions are in
versely dependent upon the rate of mass transfer of uranium or of nitric 
acid from the aqueous to the organic phase. This effect varies with the 
TBP concentration, being more pronounced in the 10 to 15% range than at 
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TABLE 6-11. Dispersion and Disengaging Times 
for Purex Process Systems.a,b 

Aoplicable Section of Purex Columnc 

Dispersion 
Time, Sec. d 

:Jisengagini 
Time, Sec. 

Stainle~s 
Steel r Kel-Fg Stainless I g 

Steeif Kel-F 

. HA, Middle of extraction·section 
(Final aq. phase U cone. :12 g/i) 

HA Feed Point 
HA - Top of scrub section 

HC - Bottom 
HC - Middle (Final org. phase U :one. :;;15 g/t) 
HC • Top 

2A - iop of scrub section 
Bottom of extraction section 

28 - Top 
Bottom 

HAX vs H20 (distilled) 

35 

15 
8 

3 

3 

3 

40 
40 

9 
9 

3 

18 

2 

3 

7 

2 

4 
4 

so 

so 
20 

40 

30 
20 

35 
35 

30 
30 

78 

105 

108 
82 

135 
131 
330 

60 
60 

a Average va 1 ues· obtained by. ·contacting. 12. 5 mt of each phase in a 0. 54-inch I. 0. graduate with 
a pu_lse-type agitator. The agitator contains 5 stainless ste·el or-Kel-F sieve plates mounted 
0.25-inch apart on a 0. 125-inch-diameter stainless steel shaft. The plates contain 0.030-inch holes 
on equilateral triangular spacing with 0.062· inch between centers. The agitator is moved up and 
down over a distance of 2.875 inches at a rate of 100 cycles/min. 

bvalves are for synthetic solutions made up to Purex Flowsheet HW#3 comoositions, Shell E-2342 
diluent. ~ass transfer was permitted to take place during dispersion test. Disengaging times are 
for essentially equilibrated liquids. 

cCompositions of both pnases approximating those encountered in the indicated section of the 
column. 

drime required to achieve constant disoersion. "Judgment factor" in determining when aispersion 
has ceased to cnange results in possible :20~ variation between investigators. 

eTime required for the disoersion, after 2-min, agitation to settle to a 1-nm mixed phase thick
ness at the interface. 

& 

'Stainless steel sieve plates, giving organic-in-aqueous phase dispersion. 

gKel-: sieve plates, gives aqueous-in-organic pnase dispersion. 
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higher or lower TBP concentrations. Dispersion time generally decreases 
with an increase in temperature. The effect of temperature is usually 
more pronounced in uranium-bearing streams. 

The disengaging time varies little with the concentration of TBP in 
the 5 to 30 vol% range. A rise in temperature generally lowers the dis
engaging time slightly. Oibutyl phosphate, MBP, and other surface-active 
agents may greatly increase disengaging times. 

6. 1.3.9 Heats of Extraction and Stripping 

The extraction of uranyl nitrate from an aqueous to an organic phase 
results in the liberation of heat (-~H), while the stripping·of u.ran1L . 
n,trate from an organic to an aqueous phase results in the absorption of 
heat (+~H). The opposite is true of nitric acid. Some values for the 
heats of extraction of uranyl nitrate and nitric acid, and heats of 
stripping of uranyl .nitrate under various conditions, are shown in 
Tables 6-12 and 6-13 (Ref. 87, 88, 89). 

The interphase transfer of plutonium (IV), gross beta-active fission 
products, ruthenium, zirconium, and niobium is accompanied, under Purex 
conditions·, by heat effects in the same direction as for nitric acid. How
ever, uranium.and nitric acid are the only solutes present in Purex streams 
in sufficiently high concentr.ations· to cause measurable temperature changes 
in the pulse columns. Even these effects are slight, the overall tempera
ture rise in the HA co 1 umn and· the temperature reduction in the 1 C co·1 umn 
being approximately 1°C. 

6. 1.4 Solvent-Agueous Phase Equilibria 

The chemical bases of the Purex process are the extractability of 
uranyl nitrate, neptunium nitrate, and plutonium nitrate, and the relative 
inextractability of fission products from an aqueous phase containing 
nitric acid by an organic phase containing TBP. Data given in this sec
tion relative to the concentrations of solutes present in the two phases 
at equilibrium are presented largely in the fonn of distribution ratios, 
E~, as defined by the relationship: 

Eo = Weight of solute per unit volume in organic phase 
a Weight of solute .per unit volume in aqueous phase 

(6.40) 

For consistency, the distribution rati~s (or distribution coeffi
cients) presented in this section are invariably organic-aqueous concen
tration ratios, E~~ as defioed previously. Distribution ratios presented 
in this chapter, when not otherwise designated, apply at 25°C. 

Equilibrium diagrams for specific columns are discussed in Section 6.2. 
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TABLE 6-12. Heats of Extraction of 
Uranyl Nitrate and Nitric Acid. 

· Conditions 
Direction of mass transfer: aqueous to organic phase. 
Organic phase before equilibration: 30 vol% TBP in 
hydrocarbon diluent. 
0.416M uo2(N03)2 in aqueous phase before contacting. 

HN03 Concentration in 
Aqueous Phas·e Before 

Contacting, M 

2.0 
3.0 
4.0 

aHa, Kcal/mol of Transfer~ing 
Solute 

-2.4 
-4.2 
-6.6 

+1.8 
+1.2 
+0.7 

aNegative 6H represents liberation of heat to surround
ings; positive aH, absorption of heat. Tabulated aH's are 
average for 25° to 75°C. 

TABLE 6-13. Heats of Stripping of Uranyl Nitrate. 

Conditions 
Direction of mass transfer: organic to aqueous phase. 
Aqueous phase before contacting: water. 
Organic phase: 30 vol~ TBP in hydrocarbon diluent • 

. Organic-Phase 
Solute Concentrations 
Before Contacting, !1 

0.314 
a. 21 a 
0.021 

0.08 
a.as 
0.005 

aAverage values for 0° to 60°C. 
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6.1.4. l Uranium EguiTibrium Distribution 

Quantitative data are presented in this subsection which show the 
effects of process variables on the equilibrium distribution of uranium. 
The basic principles of the extraction of uranium in the Purex process, 
and a discussion of the complexing of uranium by TSP were discussed in 
Section 6.1 .1. Although the equilibrium constant, based on the equation 
for the fonnation of the TSP-uranium complex, provides a qualitative 
picture of the effect of process variables on the extraction, uncertain
ties about activity coefficients and the presence of other complexes limit 
its general applicability. The overall reactiori, and the associated 
equilibrium constant, Ku, are represented by the respective equations: 

ua2++(Aq.) + 2N03(Aq.) + 2TBP (Org.) : U0 2(N0 3)2 • 2TBP(Org.) (6.41) 

and: 
· [U02(N03)2 · 2TBP] (Org.) 

Ku [UOz ~] (Aq.) ~Na;J2 (Aq.) [TBPJ2 (Org.) (6.42) 

where the brackets indicate activities. If activities are identical with 
concentrations (i.e., in dilute solutions}, the above equilibrium ex~ression 
may be given as: 

0 

where. 

, Eua 
K = ----------------U (N03)2(Aq.) (TBP

0 
- 2U

0
)
2(org.) 

0 
E ·a u 

UO (NO ) • 2TBP 
= uranium distribution coefficient=. 2 3J 

(U02 ) 

TBP
0
= total concentration of TBP in solvent, mol/2; 

U = the molar concentration of uranium in the organic phase; 
0 

(TBP
0

-2U
0

) = an approximate expression for the free, uncomplexed TBP; 

. . 

(6.43) 

(N03) = the molar concentration of nitrate in the aqueous phase at 
equilibrium. 

Although the 11 constant 11 (Ku1 varies appreciably with changes in extraction 
conditions, it affords a qualitative interpretation of the data which follow. 
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6.1.4. 1. 1 Effect of Uranium Concentration 

An increase in the concentration 0-f uranyl nitrate may either increase 
or decrease the uranium distribution ratio, as shown in Figures 6-12 and 
6-13 (Ref. 88, 90, 91). At low uranium and nitric acid concentrations, an 
increase in uranyl nitrate concentration results in a corresponding in
crease in the uranium distribution ratio. In concentrated ni.tric acid or 
uranyl nitrate solutions, the distribution ratio (Eg) decreases with 
increasing uranyl nitrate concentration. 

The concentration of uranium in the organic phase is plotted as a 
function of the aqueous-phase uranium concentration in the equilibrium 
diagrams in Figures 6-14 (for high concentrations) and 6-15 (for low 

,concentrations) (Ref. 90). 

At high uranium concentrations, the organic-phase uranium concentra
tion approaches a saturation limit which corresponds to approximately 
two molecules of TSP per molecule of uranyl nitrate, as indicated by 
Equation 6.41. The concentra'tic,n of TSP in the solvent (30 vol% TSP in 
hydrocarbon diluent) is 1.095M. Because of the volume increase as 
uranium is added to the solvent, the theoretical saturation value for 
uranium is 0.52M rather than 0.547M (Ref. 92-95). 

6. 1.4. 1.2 Effect of Nitric Acid Concentration 

In the Purex process, nttric acid is the source of nitrate ions for 
salting uranium and plutonium into the organic phase. An increase in 
aqueous-phase nitric acid concentration (up to about SM) increases the 
uranium distribution ratioi particularly for dilute uranium solutions, 
(Fig~re 6-12), as would be expected on th~ basis of the equiJibrium ex
pression given in Equation 6.43. At acidities above approximately S~ HN03, 
however, an increase in acid concentration is accompanied by a decrease in 
the uranium distribution ratio because of reduction in the concentration 
of free TSP due to its complex fonnation with nitric acid (Ref. 94, 95, 96). 

The effect of nitric acid concentration on uranium distribution is 
also shown in the equilibrium diagrams in Figure 6-15 for low uranium 
concentrations and Figure 6-14 for high uranium concentration. 

6. 1.4. 1.3 Effect of TBP Concentration 

The effect of TSP concentration in the solvent is indicated by 
Figure 6-16 (Ref. 91, 92, 93), in which uranium distribution ratios for 
several representative aqueous compositions are plotted against the TSP 
concentration. For moderately dilute uranium solutions (0. 1M) containing 
no nitric acid, the uranium distribution ratio varies as the-square of 
the TSP concentration. For very dilute uranium solutions (O.OOSM) con
taining no _nitric acid, the value of E~ varies as the 2.5 power of the TSP 
concentration (not shown on graph). The uranium distribution ratio for 
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dilute uranium solutions containing more than 0.5~ HN03 varies approxi
mately as the 1.1 power of the TBP concentration. It is of interest to 
note that thisrratio is maintained over a fairly wide range (O.SM to 
3.0M) of nitric acid concentrations (Ref. 96, 97, 98). -

As the uranium concentration approaches saturation of the TBP, 
uranium Ei values increase in direct proportion to the TBP concentration. 

6. 1.4. 1.4 Effect of Diluent 

The uranium distribution coefficient is essentially independent of 
the type of hydrocarbon diluent used (Ref. 99). 

6.1.4. 1.5 Effect of Temperature 

The uranium distribution coefficient is decreased by an increase in 
temperature as shown by Figure 6-17, in which the coefficient is plotted 
against temperature for a few organic (Ref. 100, 101) and aqueous (Ref. 88, 
102) compositions. The effect of temperature is greatest at low uranium 
concentrations, and is quite small at high uranium concentrations, be
coming negligible as saturation is approached. 

' . 6.1 .4.1 .6 Effect of Metal Nitrates 

The salting strengths of sodium nitrate, calcium nitrate, and alumi
num nitrate are approximately the same if compared on an equivalent nitrate 
ion basis. They have approximately the same sa1ting strength as nitric 
acid at.low nitrate concentrations,• but they are more effective at the 
higher nitrate concentrations (above about 0.5~ MOi). Their effectiveness. 
as salting agents in 30% TBP is also dependent upon the uranium concentra
tion, as shown in Table 6-14 for aluminum nitrate (Ref. 90, .91 ). 

TABLE 6-14. Comparative Salting Strengths 
of Aluminum Nitrate and Nitric Acid. 

Uranium Distribution Ratio, 
U Saturation Aqueous- (g U/i Organic)/(g U/i Aqueous) 
of Solvent, % Phase N03 

HN03 as Al(N03)3 as Norma 1 i ty 
Salting Agent Salting Agent 

8 o 0.5 0.5 
0.5 2.5 2.5 
1.0 6.0 18.0 
1. 5 10.0 ca. 100 

38 1.5 6.0 10.0 

76 0 0.8 0.8 
0.5 1. 2 1. 3 ,. a 

I 
1. 6 2.3 

1. 5 2.0 4.0 
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5. 1 .4. 1 .7 Effect of Butyl Acid Phosphates 

Small amounts of MBP and DBP are P.resent in the solvent as a result 
of TBP hydrolysis. The uranium in the •BP-uranium complex is held very 
tightly. The molar equilibrium constant, Ku (see subsection 6.1 .4.1 ), 
for the reaction is 2.7 x 104 , as detennined with 10 to 25 g DPB/i of 
organic in AMSCO 125-90W equilibrated with aqueous solutions which, be
fore contacting, contained 3~ HN03 and.0.0lt1, U02(N03)z. The complexing 
reaction and the definition of the equilibrium constant are given by the 
respective equations: 

(6.44) 

Ku = = 2.7 X 104 (6.45) 

Equation 6.45 indicates that, in the presence of a stoichiometric 
excess of uranium, OBP should react quantitatively with the uranium to 
fonn the 11 unstrippable 11 uranium complex. 

The compound U02[(C4Hg)2P04]z, fanned by the reaction of DBP and 
uranium, distributes to the organic phase. The effect of DBP upon the 
uranium distribution ratio is shown in Table 6-15 (Ref. 28). It can be 
seen that the uranium concentration in the organic phase increases with 
•BP concentration, especially at the lower aqueous-phase uranium and 
nitric acid concentrations. 

TABLE 6-15. Uranium Distribution in the 
Presence of Dibutyl Phosphate. 

Aqueous-Phase U Distribution Ratio at Indicated 
Concentrations, Org. Phase DBP Concentration, 

g/'l (g U/l org.)a/(g U/2. Aq.) 
. 

u HN03 
DBP 0.02 0. 1 1 

Absent g DBP/ 2. . g DBP / 2 g DBP / 2. 

0.006 a 0.004 l 
0.6 0.03 0.005 0. 02 0. 1 8 

3 o. 1 s 0.02 0.02 a.as so 
12 0.6 0.20 0.20 0.20· 0.24 

60 3 0.60 0.60 0.60 

a20 vo 1 ;~ TSP 
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ihe compound, U02(C4H9)P04, formed by the reaction of MBP and 
uranyl nitrate, favors the aqueous phase~ Calculations fr6m solubility 
data (Ref. 10) indicate that distribution ratios should be of the magni
tude shown in Table 5-16 for dilute solutions of the compound. As shown 
in the table, an increase in aqueous-phase acid concentration greatly 
reduces the distribution ratio. 

TABLE 6-16. Distribution of Uranium in the Presence 
of Monobutyl Phosphate . 

HNO 
in Aq. Pha~e, M 

0 

1 

al5 vol% TBP 

Calculated Distribution Ratio, 
(g U/L Org. )a/(g U/2 Aq.) 

l 

0.03 

6. 1 .4. 1.8 Effect of Aqueous-Phase Complexing Agents 

Ions such as sulfate, phosphate, and oxalate, which react with the 
uranyl ion to form stable complexes in the aqueous phase, significantly 
decrease the extraction of uranyl nitrate by TBP. 

Table 6-17 illustrates the effect of phosphate in lowering the 
uranium distribution ratio (Ref. 103). An increase in phosphate concen

.tration above 0.3r:!,, however, has little effect on E~. Uranium Recovery 
:p1ant data indicated that one-third and one-molar phosphate in the feed 
lowered the uranium distribution ratio by approximately the same amount. 

TABLE 6-17. Effect of Phosphate 
on Uranium Distribution. 

Conditions 
30 vol% TBP in hydrocarbon diluent. 
33% uranium saturation of solvent. 
2.6!:1_ HN03 in aqueous phase. 

H3?o4 in Aqueous Phase Uranium Distribution Ratio 
M ( g/ L Org. ) / ( g/ 2 Aq. ) 

a.a 15.0 
0.025 12.5 
a. 061 8.5 

0.125 6.2 
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6.1 .4.1.9 Equilibrium Diagrams 

Equilibrium diagrams for the distribution of uranium between aqueous 
nitric acid solutions and a 30 vol% TBP organic phase for the entire 
range of uranium and nitric acid concentrations encountered in the Purex 
process are presented in Figures 6-14 and 6-15. The equilibrium curves, 
together with typical operating lines for several specific Purex extrac
tion columns, are given in Section 6.2. 

6. 1.4.2 Plutonium Equilibrium Distribution 

The separation of plutonium from fission products and from uranium 
is based on the relative extractability of plutonium (IV) and inextracta-

. bility of plutonium (III) by TBP. Equations for the fonnation of the most 
· probable plutonium-TSP complexes are as follows: 

Pu(N03)3 + 3TBP = Pu.(N03)3-3TBP 

Pu(N03)4 + 2TBP = Pu(N03)4-2TBP 

Pu02(N03)2 + 2TBP = Pu02(N03)2-,TBP 

(6.46) 

( 6. 47) 

(6.48) 

The equation given for plutonium (III) is not well established 
because the complex is weak, and the distribution ratio is too low for 
accurate measurement. In general, .one complex predominates for· each 
valence state, although small amounts of other fonns may be present at 
extreme conditions. Equilibrium constants based on the preceding equa
tions have been determined, and provide a correlation of the data. These 
constants have not been used to predict distribution ratios under dif
ferent conditions, however, because small errors in values assigned to 
activity coefficients are magnified through elevation to high powers, 
and may ·lead to large errors in the calculated distributions. Expres
sions for the equilibria between TSP and plutonium should include the 
effect of the nitrate complexing of plutonium in the aqueous phase, which 
is particularly important in the case of plutonium (IV), but is also 
appreciable for plutonium (III) and plutonium (VI) (Ref. 104-107). 

6. 1 .4.2. 1 Effect of Oxidation State 

The high distribution ratio of plutonium (IV) in nitric acid-salted 
systems fonns the basis for the seoaration of plutonium from fission prod
uct's, which, in general, are not appreciably extracted by TSP. As shown 
in Figure 6-18 (Ref. 91, 105), the distribution ratio of plutonium (IV), 
between aqueous nitric acid solutions and 30% TBP, ranges from approxi
mately 0.03 at O.lt1. HN03 to 3 at lt1. HN03, and to 30 at 5t1_. ihe distribu
tion ratio of plutonium (VI) is also high in salted systems, although, as 
shown in Figure 6-18, is generally lower than that of plutonium (IV) 
under similar process con9itions, the plutonium (VI) E~ being about 0.04 
at O. lt1. AN03, 1 at l!:!,, and 5 at 5!:!,. In the absence of uranium, pl1Jtonium 
(III) distribution ratios are about a factor of 100 lower than those for 
plutonium (IV) and plutonium (VI). 

6-85 



::. _::;: '\· ~·,,:' 
. ~+--,,icrt·,. _e· 

~ ~,' \ ~~ 

-~--
·i1t 

•. ~··· 

;,i:~;,; 
:t.~.:,..,";:: 

=-~-· 
'~ 

·, 

uvi - =, z 0 <: L.I.J 
~ =, 
0:::: 0 
0 <: 
~ ~ -C'I C'I 

0 
I-
<: 
IX 

z 
0 -I-
=, 
cc 
IX 
I-
V, -Q 

~ =, -z 
0 
I-
::i 
...I 
a.. 

RH0-MA-116 

I 
SOURCES OF DATA: KAPL-602: AERE-C/R-994 

30% TBP BY VOLUME 
10 

--- Pu (111) 

Pu {IV) 

1.0 ---~- Pu (VI) 

0.1 

0.01 . 

,. 

0.01 0.1 1.0 10 

AQUEOUS NITRIC ACID CONCENTRATION, mols/.t 
R CF7908-1 54 

FIGURE 6-18. Effects of Valence State and rlitr~c Acid 
Concentration on Distribution on Plutonium. 

6.-86 



~· u~~ ... :·, 
C:..~· 

.-!'!;;~,-.,..-., 

\f 
IL.,f"l: . 

_·f~ 

-~-· 
-~~·· 
~::,:.t~ 
'Q',. 

RHO-MA-116 

Plutonium (III) and plutonium (IV) distribution ratios, in the pres
ence of uranium, are compared in Figure 6-19 (Ref. 91 ). Under the con
ditions in the lSX column, plutonium (III) distribution ratios are on the 
order of one-tenth those of plutonium (~V). The low distribution coeffi
cient of plutonium (III) allows plutonium to be stripped from the uranium
containing organic phase in the lBX column, and is the basis for the sepa
ration of plutonium from uranium (Ref. 91, 105, 108). Under lBX column 
flowsheet conditions, the plutonium (III) distribution ra.tio, Ei, is 
approximately 0.02 or lower. 

6. 1.4.2.2 Effect o"f Uranium Concentration 

Uranium fonns a stronger complex with TSP than does plutonium. There-
fore, as its aqueous-phase concentration increases, uranium tends to 
replace the plutonium in the organic phase. This tendency manifests itself 
in a reduction of the plutonium distribution ratio as the uranium concen
tration increases. As shown on Figure 6-20 (Ref. 107), the plutonium (IV) 
distribution ratio, Eg, between 3!:!, aqueous nitric acid and 30% TSP decreases 
from about 10, in the absence of uranium, to 1 at 75% uranium saturation 
of the solvent, and to 0.5 at 90% saturation. 

6.1 .4.2.3 Effect -0f Nitric-Acid Concentration 

The addition of nitric acid (up to approximately 6M) results in a 
large increase in the plutonium distribution ratio as shown in Figures 6-21 
and 6-22 (Ref. 107, 109). However, at nitric acid concentrations above 
6M, plutonium in the organic phase is partially displaced by nitric acid 
so that a slight decrease.in plutonium distribution ratio results (Ref. 91, 
103 9 105, l-07, 110). Thus, as shown in Figure 6-18, the plutonium (IV) 
distribution ratio between uranium-free aqueous nitric acid solutions and 
30% TBP increases from 0.03 at O.lM HN03 to 33 at 6tt, but decreases to· 
30 as the nitric acid concentratiort is increased to 8M. 

6.1.4.2.4 Effect of TBP Concentration 

The effect of TBP concentration in the solvent on the plutonium dis
tribution ratio is illustrated by Figure 6-23 (Ref. 105), in which the 
distribution ratios for plutonium (IY) and plutonium (VI) are plotted as 
a function of the TBP concentration. At the conditions of Figure 6-23, 
the plutonium distribution ratio increases with the 1.2 to 1.4 power of 
the TSP concentration in the 20 to 40 vol% TBP range, and with higher 
powers at dilute TSP co~centrations. In the 2 to 5% TBP range, the pluto
nium E~ varies with the 1.5 to 1 .8 power of the TSP concentration. The 
relationship in the dilute TBP region approaches a simple second-power 
correlation, which would be expected at a unity activity coefficient with 
the two-to-one TSP-to-plutonium nitrate molecular ratio in the plutonium 
(IV)- and plutonium (VI)-iBP complexes. Since the plutonium (III)-TBP com
plex contains three TBP molecules per plutonium atom, Eg for plutonium (III) 
should increase with the third power of the TSP concentration, but no con
finning data are available (Ref. 105,106,107,111,112). · 
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6. 1.4.2.5 Effect of Butyl Acid Phosphates 

Dibutyl phosphate fonns a strong complex with plutonium (IV), and 
consequently, any DBP present in the solvent will result in the loss of 
plutonium to the organic waste streams. Rather than being a pure compound 
with one or two DBP molecules, the complex may contain both TBP and DBP. 
The degree to which a small amount of DBP affects the plutonium distribu
tion ratio is shown in Table 6-18. 

DBP 

TABLE 6-18. Effect of DBP on Plutonium Distribution. 

Feed: 30% TBP, 70% AMSCO, tracer Pu(IV) 
Extractant: water 

Plutonium Concentration, Plutonium Concentrati.on, counts/(min)(m1) Distribution Ratio val% ( g/ 2. Org . ) / ( g/ x. Aq . ) Organic Aqueous 

a 850 
. 

120 7 
1 o-4 565 50 11 
1 •-3 5.0 X 104 744 68 
l o·2 2.2 X 10 s 1440 150 

Strong complexes are not fanned by plutonium (III) with either •BP or 
MBP, and its distribution coefficient is not appreciably affected by the 
presence of either·of these hydrolysis products. Plutonium can be stripped 
from solvent which contains •BP by reduction to its lower (III) valence 
state (Ref. 14, 113, 114). 

6. 1.4.2.6 Effect of Aqueous Phase Complexing Agents 

The plutonium (IV) ion fonns stable complexes with several anions such 
as phosphate (P04•3), sulfate (S04-2), fluoride (F~), and fluosilicate 
(SiF6-2). Since the complexes are not extracted by TBP, but remain in the 
aqueous phase, the addition of any of tne above ions lowers the apparent 
plutonium distribution ratio. The molecular fonnulas of the complexes 
fonned are, in general, not well established, and several species are un
doubtedly present in some cases, notably with phosphate. The extent to 
which the distribution ratio is reduced by the presence of a complexing 
agent is indicated by Table 6-19 for sulfate io~ (Ref. 91 ). The decrease 
in distribution ratio is most marked at low acidities, probably because of 
more complete ionization of the complexing agents under these conditions. 
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TABLE 6-19. Effect of Sulfate on Plutonium Distribution. 

S04-2 Pu Distribution Ratio 
Pu (g Pu/i Org. )a/(g Pu/i Aq.), at 

in Aqueous Valence Indicated Aqueous-Phase HN0 3 Concentration 
Phase, t!, State 

I lM HN0
3 3M HN0 3 6M HN0 3 

0 IV 3 16 30 
0.001 IV 2 15 --
o. 01 IV a.a 13 28 

0. l IV 0.09 4 20 
a.a VI 1.2 2.Sb 

0. l VI 0.95 2.2b 

a30 vol% TSP, uranium absent 
b2~ HN03 
Phosphate ion reduces the plutonium distribution ratio to a greater 

extent than does sulfate ion. Phosphate i·s effective even in the presence 
of a large amount of uranium~ as shown in Table 6-20 (Ref. 103). 

. . 

TABLE 6-20. Effect of Phosphate on Plutonium (IV) Distribution. 

% U Saturation Distribution Ratio HN03 in · P04-3 in 
of Solventa Aqueous Phase, M Aqueous Phase, M (g Pu/1 Org.)/(g PU/L Aq.\ -

33 2.6 0 5 
0.025 2.3 
0.061 0.8 

o. 12s 0.23 

63 3.0 a 2 . 
0.025 1. l 
a. 061 0.36 
o. 12s a. 14 

a30 vol% TSP 
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6.1.4.2.7 Effect of Temperature 

The plutonium (IV) distribution ratio increases approximately 30% 
with an increase in temperature from 25° to 70°C. When uranium is also 
present, the relative increase is more pronounced because of the decrease 
in the uranium distribution ratio, which results in a larger concentration 
of uncomplexed TBP at higher temperatures (see Table 6-21). 

% Saturation 
of Solventa 

with U 

0 

80 

a30 vol% TBP 
b70°C 

TABLE 6-21. Effect of iemperature on 
Plutonium (IV) Distribution . 

Pu(IV) Distribution Ratio, 
HN03 in (g Pu/t Org.)/(g Pu/t Aq.) 

Aqueous Phase, M - 25°C 50°C 75°c 

0.2 0.07 O. 1 b 

1 3.0 4.3b 

4 24 27b 

0.5 0.1 o. 0.20 0.41 
2 0.46 0.63 1 • 13 
5 1. 6 2.4 3.,. 

·The plutonium (VI) distribution ratio, like that of uranium, decreases 
with increasing temperature, being less than half as great at 70°C as at 
25°C in the absence-of uranium, but showing a smaller decrease in the 
presence of uranium. The organic-to-aqueous distribution ratio of pluto
nium (Vt) in the 25° to 70°C temperature range is approximately one-eighth 
of that of uranium at the same temperature (Ref. 89, 115). 

6. 1.4.3 Fission Products 

While uranium and plutonium are readily extracted by TBP with nitric 
acid as a salting agent, fission products are extracted only very sparingly 
by the solvent under the same conditions. The fission products of major 
interest in the Purex process are those which are the most difficult to 
separate from the uranium and plutonium and thus, determine the overall 
decontamination factors obtained in the process. ihese are ruthenium, 
zirconium, and niobium. Iodine is also extracted, but once transferred, 
tends- to remain in the solvent rather than follow one of the product streams. 
Other fission products have lower distribution coefficients and usually do 
not contribute appreciably to the residual radioactivity after one solvent 
extraction cycle. 

6-95 



··;;;;;,r·-
-f."~:•· 
~· 

'.B 

''~---1!:""'.....J -
-~~.:~ 

~~.' 

:,a;: 

~~. 

RHO-MA-116 

Since the ratio of beta to gamma radioactivity varies among radio
nuclides, gross fission product distribution ratios determined on the 
basis of beta and garmna counts are usua11y not the same. 

Gross fission product distribution ratios depend to a large extent 
on the relative concentrations of the various elements. The gross beta 
and garmna distribution ratios, presented in the figures discussed below, 
are approximate values for typical HAF (initial feed) radioactivity 
spectra. With the least extractable fission products removed in the 
HA column, the gross organic-to-aqueous distribution ratio of the remain
ing fission products which enter subsequent columns is usually considerab1y 
higher. 

6.1.4.3. 1 Gross Beta Radioactivity 

Distribution ratio data for gross beta emitters are given in 
Figures 6-20, 6-21, and 6-22 (Ref. 107, 109). The distribution ratio 
decreases .with increasing uranium concentration in the solvent as shown 
in Figure 6-20. Figure 6-21, however, shows that with 80% uranium satu
ration of the solvent, the distribution ratio for gross beta increases 
about 2-fold as the nitric acid concentration increases from 1M to 3M.' 
Figure 6-22 shows that in the absence of u·ranium the gross beta distri
bution ratio increases from 0.02 to 0.03 with an increase in nitric acid 
concentration from 1M to 6M. The beta activity in the HA column feed is 
largely attributable-to the presence of a mixture of rare ~arth·fission 
products. At most conditions, gross beta distribution ratios are inter
mediate in magnitude between corresponding values for total rare earths 
and ruthenium, and zirconium-niobium. The rare earths exhibit lower 
distribution ratios, in ·general, than ruthenium and zirconium-niobium 
and, hence, are more completely eliminated in the aqueous waste stream 
from the first extraction column than are the 1 atter elements. In suc
ceeding extraction columns, the beta activity is normally almost exc1u
sively attributable to ruthenium and zirconium (Ref. 89, 92, 107, 111, 
116, 117). 

6. 1.4.3.2 Gross Gamma Radioactivity 

Since approximately 70% of the initial measured gross gamma activity 
is attributable to the zirconium-niobium pair, gross gamma distribution 
ratios are, as shown in Figure 6-22, intermediate between those of zir
conium and niobium. Gross gamma distribution ratios are usually higher 
than those for gross beta (1 .1 to 5 times as high at the conditions of 
Figure 6-22) (Ref. 68, 92, 116). 

6. 1.4.3.3 Ruthenium 

Ruthenium is known to exist in Purex process solutions in several 
chemical species, although the nature of the species present and the 
conversion mechanisms of ruthenium from one form to another are incom
pletely understood. Ruthenium in solution may exist in all valence states 
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from +1 to +8, but the +4 state is probably the most common. The +3, +4; 
and +8 valence states are the ones most important to the Purex process. 
It is probable that ruthenium-nitric acid compounds exist in two groups-
those containing a nitroso group (NO) and those without a nitroso group. 
In the nitroso-free group, Ru(OH)4 has been isolated, but Ru(N03)4 has 
not. The introduction of a nitroso group results in ~ompounds of the 
type Ru(NO)(N03)x(OH)3-x. Aqueous ruthenium nitrate chemistry is com
plicated by the varying ratios of nitroso, nitrate, and hydroxide in 
the complex, which affect the equilibrium distribution relationships. 
Several fonns nonnally coexist in the same solution. A disruption of 
the equilibrium between the species present (e.g., by the preferential 
solvent extraction of one species) results in the gradual conversion of 

, other fonns into the species removed from solution so as to re-establish 
~the equilibrium. 

As shown in Figures 6-21 and 6-22, the ruthenium distribution ratio 
is unique in that it decreases with an increase in nitric acid concentra
tion, presumably due to a change in the predominant chemical forms which 
are dependent upon acidity. The data presented ·are for the predominantly 
relatively inextractable fonns of ruthenium present at the column feed 
point. The effect of concentration of TBP in the solvent on the ruthenium 
distribution ratio is shown in Figure 6-24 (Ref. 118, 119). 

Treatment of partially decontaminated ,uranium solution (lCU) with 
sodium nitrite or nitrogen dioxide gas results in a higher ruthenium D.F. 
in the subsequent uranium decontamination cycle (five times greater in 
one pilot plant comparison) (Ref. 2). However, treatment of freshly dis
solved uranium with sodium nitrite does not increase the ruthenium D.F. 
in the following solvent extraction cycle. Apparently, in the latter 
case,- the amount of relatively inextractable nitroso-ruthenium is already 
at equilibrium because of .the treatment with nitric acid in the dissolving 
step (Ref. 2, 68, 89, 106, 116, 118, 120, l21, 122). 

s.-1.4.3.4 Zirconium and Niobium 

Data for the distribution of Zr-95 are shown in Figure 6-20, and 
data for the distribution of Zr-9~ and its daughter, Nb-95, are given in 
Figures 6-21, 6-22, and 6-24. The distribution ratios increase with in
creasing nitric acid and TBP concentrations, but decrease with an increase 
in the uranium saturation of the solvent. The zirconium distribution 
ratio varies approximately as the square of the TBP concentration. The 
increase with nitric acid concentration is different from the behavior of 
most elements in that the distribution ratio does not pass throuqh a maxi
mum for zirconium, but continues to rise as the acid concentration is 
increased to lZ~ and above. The increase of distribution ratio with acid 
concentration from 2 to 10~ HN03 is attributed to the chanqe in total 
nitrate ion concentration rather than acidity, since zirconium extraction 
is nearly independent of hydrogen ion concentration in this range. Thus, 
under process conditions, zirconium is, overall, th·e most ·extractable of 
the important fission products, although one or more of the ruthenium 
species, initially present in low concentrations, have considerably higher 
distribution ratios. 
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The data given in Figures 6-21 and 6-22 indicate that niobium decon
tamination should be considerably better than zirconium decontamination, 
but pilot plant results show both elements to be major contaminants of 
the product streams (Ref. 2). The 18 column showed a higher decontamina
tion factor for niobium than for zirconium. In the lC column, however, 
the reverse was true, and the niobium data must therefore be considered 
questionable. The two elements are similar in their chemical behavior, 
but zirconium has been studied in more detail. 

Zirconium may exist in several fonns in aqueous nitrate solutions; 
hydrolysis, polymerization, and complexing occur under some conditions. 
In Purex solutions, polymerization is probably not important because of 
the low zirconium concentration and the acidity of the process streams. 

_': Hydrolysis occurs in 2M HN03 to the extent of only a few percent, but at 
:\lower acidities, the amount of hydrolysis is much greater. In 3M HN03, 

zirconium is present principally in the fonn of negatively charged complex 
ions in which more than four N03- groups are associated with each (tetra
valent) zirconium atom. The extraction of a species with a nitrate-to
zirconium ratio of approximately four is indicated by the dependence of 
the distribution ratio on the fourth power of the nitrate concentration, 
and by chemical analysis of a third phase which fonns during the extrac
tion of macro amounts of zirconium. The zirconium-TSP complex contains 
two, or possibly three, TSP molecules per zirconium atom (Ref. 89, 90, 
119,123,124). 

6.1.4.3.5 Iodine 

Free iodine may be extracted by a Purex-type solvent through com
plexing with the TBP or by reaction with the diluent (Ref. 108). In 
either casej the iodine extracted by the solvent remains predominantly 
with the solvent during the strippinq operation and is subsequently only 
partially removed during solvent washing. Extraction by the diluent is 
largely the result of reaction of the iodine with olefinic compounds 
which are present in small concentrations in virgin diluent. Iodine in 
the fonn of iodide is dissolved by TBP, but is readily washed from the 
solvent by water. In the fonn of iodate, iodine is not extracted by TBP
diluent mixtures. Although the levels of iodine activity may approach 
those of other fission products in the uranium product if relatively fresh 
fuel elements are processed, the I-131 half-life is short (8.1 .days), and 
its activity is negligible in irradiated metal which has been 11 cooledll for 
180 days or more (Ref. 2, 125, 126). 

6.1.4.3.6 Other Fission Products 

Although of less importance to the process than those already dis
cussed, distribution ratios for several other fission products (principally 
rare earths) have also been measured. 
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Along with ruthen-ium, zirconium, and niobium, cerium is another 
fission product element which may, at least partially, limit decontam
ination under nonnal process conditions. Under Purex conditions, cerium 
is in its trivalent state. Cerium distribution ratios, as shown in Fig
ure 6-22, pass through a maximum at about 3M HN03. At the feed point of 
the HA column, the distribution ratio is about 0.002 (Ref. 116). 

Distributi.on ratios for the mixture of rare earths present in 
irradiated uranium are shown in Figures 6-20, 6-21, and 6-22. The values 
are sufficiently low so that the radioactivity attributable to these fis
sion products is usually neglible in comparison with that due to ruthenium 
and zirconium-niobium after one solvent extraction-cycle. In the range of 

·_ lM to 6M HN03, the rare earth distribution ratio is not appreciably in
fTu~nced by the acid concentration. It is decreased by a factor of 
approximately 40 by the presence of .uranium equivalent to 80~ saturation 
of the TSP (Ref. 89, 107, 127) . 

Distribution ratios of individual rare earths have been measured in 
isolated experiments. Gadolinium has an organic-to-aqueous distribution 
ratio of about 0.003 in the presence of lM- HN03 and 0.8M UNH, with 30% 
TSP (Ref; 128). Europium, in an aqueo1:.ts solution contaTning lM thorium 
nitrate and .2M HN03, with 22.5 vol% TSP, has a distribution ratio of 
about 0.003. Under the same conditions·, the distribut.ion ratio of 
yttrium is about 0.001 (Ref. 43). Table 6-22 lists distribution ratios 

. for several rare earths (including cerium) in a 50 vol% TBP solvent 
syst~m (Ref. 129, 130}. For an aqueous-organic system with diluent ab
sent, the distribution of yttrium increased from 0.1 with 1!1, HN03 to 100 
with 16~ HN03; under the same conditions the distribution ratio of scan
dium increased from 0.3 to 600. Each of the above rare earths has a dis
tribution ratio that ·exhibits~a second- or third-power dependence on the 
TBP concentration (Ref. 131). 

6.1.4.3.7 Factors Affecting Fission Product Distribution Coefficients 

6.1.4.3.7.1 Effect of Uranium Concentration 

The presence of uranium suppresses the distribution of fission prod
ucts into the organic phase, as shown in Figure 6-20. This is attributed 
to the fact that uranium is strongly complexed by TBP, and consequently, 
·reduces the free TBP concentration available for fission product com
plexing. As plotted, the extent of the decrease appears comparable, 
within the limits of experimental accuracy, for different fission products, 
but is greater for ruthenium. The greater reduction for ruthenium may be 
due to the increase in nitric acid concentration in the equilibrated 
aqueous phase as the uranium concentration was increased under the condi
tions of Figure 6-20. It is inferred from the data in Figures 6-20, 6-21, 
and 6-22 th~t the change in E~ for ruthenium as a function of uranium 
saturation is comparable with the change for zirconium, if nitric acid 
concentration is held constant (Ref. 89, 92, 107). 
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TABLE 6-22. Di stribut1on Ratios of· Rare Earths. 

Dtstrtbutton Ratio (g/1 Org.)/(g/i Aq.) 

Cerium Thulium Europium Samarium Holmium 

0.0093 0.0033 0.012 0.011 --
0,013 0.0053 0.017 0.017 0.00074 

0.045 0.030 0.092 0.087 0.041 
0.039 0.081 0. 13 0. 13 0. 11 

0.023 0. 12 0. 10 0.095 0. 12 

0.013 0. 19. 0.089 0.074 0. 15 

Ytterbium 

--
0.00051 
0.013 
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In the scrub sections of the uranium extraction columns, the solvent 
is approximately 70% saturated with uranium. The following data obtained 
from a series of miniature mixer-settler tests show the influence of uran
nium saturation of the solvent on decontamination for an HA column with 
the uranium saturation of the solvent varied as shown (Ref. 132). 

Fission Arithmetic Decontamination Factors, OF 
?reduct 65% U Saturation 45% U Saturation 

. Gross beta 6500 1340 
( 

Gross gamma 2000 290 
Ruthenium 338 79 
Zirconium 4770 227 
Niobium 5240 341 

6. 1.4.3.7.2 Effect of Nitric Acid Concentration 

The.effect of nitric acid concentration on the distribution of fission 
products is illustrated in Figures 6-21 and 6-22. In general, an increase 
in nitric. acid concentration increases the distribution ratio, although in 
the case of ruthenium, the effect is reversed. The overall effect of nitric 
acid is determined by the influence of nitrate and hydrogen ion concentra
tions on the competing complexing reaction of the fission products with TBP 
and with components of the aqueous solution (Ref. 107). 

6.1.4.3.7.3 Effect of Tributyl Phosphate Concentration 

Figure 6-24 illustrates the effect of the TBP concentration in the 
solvent on the distribution ratios of zirconium and ruthenium. At the 
range of-conditions of Figure 6-24, the distribution ratio, Eg, increases 
with the 1.4 to 2 cower of the iBP concentration. The TBP concentration 
dependence of the distribution ratio for cerium is approximately the same 
(Ref. 118, 122). 

6. 1.4.3.7.4 Effect of Diluent 

The hydrocarbon diluent, in its original state, has no appreciable 
effect on fission product decontamination. Diluent containing olefinic or 
aromatic components is susceptible to nitration, however, and some nitration 
products increase fission prodact (notably ruthenium) E~ values, and thus 
exert an adverse effect on decontamination (Ref. 133). For that reason, the 
Purex .process requires the use of a diluent free of significant concentra
tions of aromatics and olefins. 
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6.1.4.3.7.5 Effect of Dibutyl Phosphate 

When solvent contains DBP, a large increase in the zirconium distri
bution ratio is noted. Niobium extraction is also affected in a similar 
fashion, but to a much smaller extent. - Ruthenium and cerium are report
edly unaffected by the presence of DBP (Ref. 133). The solvent treatment 
process effectively removes DBP and its complexes (see subsection 6.1.2.6). 

6.1.4.3.7.6 Effect of Complexing Agents 

Aqueous-soluble complexing agents have the effect of decreasing the 
extractability of zirconium by causing its rete.ntion in the aqueous phase . 

. The extraction of ruthenium, however, is not suppressed by the complexing 
· agents (e.g., oxalate and phosphate ions) which are effective with elements 

.• ·such as zirconium. The effects of oxalate and fluosilicate ions on the 
'd1stribution of zirconium, cerium, and ruthenium are shown in Table 6-23 
(Ref. 92). The zirconium distribution ratio, Eg, is decreased by a factor 
of approximately 40 by O.OlM oxalate ion, and by a factor of approximately 
20 by 0.01M fluosilicate ion, at the conditions of Table 6-23. Other re
ports indi.cate·· that the zirconium E~, at the above conditions, was decreased 
by factors of 6 and 100 by O.lM sulfate and 0. lM phosphate ions, respective
ly. (These complexing agents,-which-tend to increase fission product decon
tamination.factors, generally also have the undesirable effect of complexing 
plutonium and uranium.) (Ref. 9, 92). 

6. 1.4.3.7.7 Effect of Temperature 

Fission product distribution ratios at comparable degrees of sol~ent 
saturation and aqueous salting strength are probably not greatly affected 
by temperature (Ref. 89). However, for a given aqueous-phase composition, 
an increase in temperature results in a decreased equilibrium concentration 
of uranium in the organic phase, and, as discussed previously in this sec
tion, the organic-to-aqueous distribution ratios of the principal fission 
products are increased by this change in uranium concentration. Elevated 
temperatures also cause a more rapid formation of DBP from the hydrolysis 
of TSP, and thus cause increased extraction of zirconium through complexing 
with DBP (Ref. 109). Improved decontamination factors, reported by Knolls 
Atomic Power Laboratory to have been achieved by increasing the temperature 
from 50° to 70°C, may be due to changes in .the physical .properties of the 
solution, resulting in improved scrubbing efficiency (Ref. 115, 134). 

6. 1.4.4 Nitric Acid 

As discussed in Chapter 9.0, the recovery and reuse of nitric acid 
salting agent is one of the fundamental practices of the Purex process. 
Acid is present in each of the columns, and its concentration greatly 
influences the distribution ratios of uranium, plutonium, and fission 
products, as has been discussed in preceding subsections of this chapter. 
Unlike other salting agents, such as aluminum nitrate, nitric acid is 
extracted by the solvent and, therefore, its concentration in each liquid 
phase varies widely throughout a column. 
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TABLE 6-23. Effect of Complexing Agents on Distribution of fission Produits. 

IIN03 Cone. in Ac1ueous ·Phase: 2. 8 to 2. 9t1 Solvent: 10 vol% TBP in CC1 4 

Uranium Concentration 104 
X (Distribution Ratio).~~!~~~-Complexing in Solvent, Agent % Saturation Gross Beta Gross Ga1mia Zr Ce Ru 

None 25 30 60 103 4.0 11 

42 l8 41 67 l.9 7.2 

69 6.2 18.2 25 0.40 2.2 
I 

84 3.7 ll.2 l3 0. 16 1. 3 

0.0l~ K{204 23 3.6 8.6 3.5 10 

43 3.2 4.6 1.10 2.90 10 

69 l. l 2.0 0.'18 0.43 2.6 

75 0.61 0.38 0.063 l. 5 

0. 01~ Na 2SiF 6 24 5.4 7.7 4.2 4.5 10 

45 4. 1 5.3 3.0 3.5 7.7 

73 l. 5 2.8 l.6 0.5 2.3 

85 1. 1 3.7 0.2 2.7 
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Extraction data and the solubility of nitric acid in TBP indi~ate 
that under nonna1 Purex conditions, nitric acid is extracted by TBP as 
an equal mo1ecular ratio comp1ex, as shown by Equation 6.49, although 
a complex with a two-to-one HN03;TBP rati-o probably exists at high nitric 
acid concentrations (Ref. 101). 

(6.49) 

The effects of changes in process variables may be qualitatively 
rationalized on the basis of the preceding equilibrium. Neg1ecting 
activity coefficients, the distribution ratio is given by the expression: 

where 

K = equilibrium constant; 

[No3-J = molarity of nitrate ion in the aqueous phase; and 

[TBP] = molarity of uncomplexed TSP in the organic phase 
(Ref. 41, 99, 107, 119, 135, 136). 

6. 1.4.4.1 Effects of Uranium Concentration 

(6.50) 

· The effects of uranium concentration on the nitric acid distribution 
ratio are illustrated in Figures 6-25 and 6-26 (Ref. 89). At low acid 
and uranium concentrations, an increase in the uranium concentration 
increases the nitric acid distribution ratio, E~, because of the increase 
in the nitrate iori concentration. As shown in Figure 6-26, with 0.1~ HN03 
in the aqueous phase, the nitric acid Eg increases from 0.06 to 0.09 while 
increasing the organic-phase uranium saturation from Oto 10%. At higher 
acid or uranium concentrations, the addition of uranyl nitrate decreases 
the nitric acid distribution ratio. The effect of the increase in nitrate 
ion concentration is counteracted by the reduction in free TBP concentra
tion (Ref. 91, 137). 

6.1 .4.4.2 Effect of Nitric Acid Concentration 

The nitric acid ~istribution ratio may be either increased or de
creased by the addition of nitric acid, as shown in Figure 6-25. At 
low total nitrate ion concentrations, the addition of nitric acid results 
in an increase in nitrate ion concentration in the organic phase that is 
larger in percentage than the decrease in free TBP concentration; but at 
high initial nitrate ion concen.tration, the decrease in free TBP more 
than compensates for the increase in nitrate ion concentration, and thus, 
the distribution ratio decreases with the addition of acid. In a nitric 
acid-TBP system above 4~ HN03 in the aqueous phase, the nitric acid con
centration in the organic phase is greater than the.theoretical saturation 
of the solvent based on a complex of the fonn, HN03-TBP (Ref. 91, 96, 98, 
l O 5, l 3 8, l 3 9) . 
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FIGURE 6-25. Effects of UMH and HN03 Concentrations 
on O~stribution of HN0 3. 

6-106 



'·-· _. . {Ji"· 

'·n·· 
-.:~~ ,~.~ 

r"'>"'."::i:" 
WI;.!!~• 

-~-~-.· 
t:?-.... 

UV'I 
-::, zo <1.1.1 
C.:)::J 
c:::o 
O< 
~~ --c:,, c:,, 

0 -

0.25 

0.20 

I-
< 0.15 c::: 
z 
0 -I-
=:, 
c:c -c::: 
I
v, 

c 0.10 
0 

u 
< 
u 
c::: 
1-

z 
0.05 

0 

RHO-MA-116 

SOURCE OF DATA: KAPL-602 

3.0 M HN03 IN AQUEOUS PHASE 

30% TBP BY VOLUME 

0 20 40 60 80 100 

ORGANIC PHASE URANIUM SATURATION, % 
RCP7909-163 

FIGURE 6-26. Effect of Organic-Phase Uranium Saturation on 
Distribution of Nitric Acid. 
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A small amount of nitric acid, derived from hydrolysis of UNH, is 
extracted by TBP even from stoichiometrically neutral aqueous uranyl 
nitrate solutions. Accordingly, the distribution ratio concept cannot 
be applied in the conventional sense to nitric acid in uranium-bearing 
systems in which the aqueous-phase stoichiometric nitric acid concentra
tion is very low (substantially below 0. 1M). Organic-phase nitric acid 
concentrations in equilibrium with stoichiometrically neutral aqueous 
UNH are usually not much lower than those in equilibrium with O.ltt HN03 
at the same UNH concentration; these organic-phase concentrations range 
from 0.002M to 0.004~ (Ref. 91, 96, 138, .139). 

6.1.4.4.3 Effect of TBP Concentration 

The equilibrium expression for the fonnation of the HN03-TBP complex 
indicates that the distribution ratio should be directly proportional to 
the concentration of uncomplexed TBP. In uranium-free systems, this p~e
diction is reasonably borne out for aqueous-phase nitric acid concentra
tions of 3 to 6M. At lower acidities, however, the Ei increases with a 
higher power of the TBP concentration {approximately the 1 .5 power at 
aqueous nitric acid molarities below 1.0). In the presence of uranium, 
it is inferred (from data obtained with a si-ngle solvent concentration) 
that the dependence of the ER on the free TBP concentration is greater 
than first power, but less than second power (Ref. 41, 98, 118, 139) .. 

5.1.4.4.4 Effect of Temperature 

The nitric acid distribution ratio is relatively insensitive to 
temperature, as shown in Figure 6-27 (Ref. 89, 115). In the absence of 
uranium, the distribution ratio, in general, decreases slightly (25 to 
30%), with an increase in temperature from 25° to 70°C. In uranium 
systems the nitric acid distribution ratio may increase with temperature, 
depending upon the relative concentrations of acid and uranium, due to 
the reduction in concentration of uranium in the solvent at elevated 
temperatures for a given aqueous composition. 

6. 1.4.5 Uranium x1 and Uranium x2 
Uranium X1 (Th-234) and UX2 (Pa-234) are products of radioactive 

decay of U-238. They are of importance to the Purex process because they· 
fonn relatively strong complexes- with TBP, and may contribute appreciable 
radioactivity to the product streams, particularly the neptunium product 
stream. Both are short-lived; the half lives are 24.5 days for UX1 and 
1.1 minutes for UXz. Corrections for their presence may be necessary in 
order to detennine the decontamination from fission products achieved in 
the process, unless ganma energy analysis or 11 gamma· scan 11 methods are 
used to identify specific fission products. 
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LO 
REFERENCE AQUEOUS PHASE 

0 KAPL-1002 0 MU, HN~ AS INDICATED 

~ ORNL-1481 3.0 M HN~. U AS I NOi CATED 

1.0 M HN~ 3.0 M HNO3 
\ , 

0.5 M HN~ 

0.1 

~ 
0.1 M HNO3 

0.01 ---------------------------
0 20 40 

TEMPERATURE, 0c 
60 

RCP7909-154 

FIGURE 6-27. Effect of i::m;::,erature on Distribution of Mitric Acid. 
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At the low concentrations in which UX1 is present, thorium probably 
fonns a complex with TBP of the fonn, Th(N03)4•4TBP. Thorium also fonns 
complexes with a lower TSP/thorium ratio at higher thorium concentrations. 
Typical UX1 and UX2 distribution ratios are given in Figure 6-28 at various 
acidities in uranium-free systems. UX1 and UXz E~ values are of the order 
of 100 to 1,000 times higher than those of fission products and about the 
same as those for neptunium (IV). The plutonium (IV)-UX1 separation factor 
(the ratio of the E~ for plutonium to that for UX1) ranges approximately 
from 5 to 10. The UXl distribution ratio increases approximately as the 
square-of the TBP concentration. As with uranium, complexing aqents such 
as sulfate and phosphate greatly depress the distribution ratio. An in
crease in temperature of 30°C decreases the distribution ratio by about 20%. 

Experiments carried out in miniature mixer-settlers operated at 
approximately Purex HW 3 F1owsheet (Ref. 140) conditions, without the 
HA-HC column codecontamination cycle, gave the following decontamination 
factors for UX1 (Ref. 141): 

UX1 Decontaminati-on Factor 
Purex Column Product . 

.. Stream Experimental Calculated 

lA lAP 1.008 1.08 
18 1.BP so.a 25.0 
2A 2AP 1.32 1. 72 

Overa 11 Process 2BP 67 .o 50.0 

It was found .that increasing the lBX acidity from 0.1 to O,S!i HN03, 
increased the 1B column DF from 50 to 250. Increasing the 2AS f1ow rate 
to 125% of flowsheet specification incre&sed the 2A column DF to 7.7. 

The distribution ratio of UX2 is of the same order of maqnitude as 
that of UX1, as shown in Figure 6-28, but any radioactivity due to UX2 
will disappear rapidly (after the elimination of UX1) because of its very 
short (1.1 minute) half-life (Ref. 91,118,136,138,141,142,143). 

6. 1.4.6 Americium and Curium 

Americium and curium are transplutonium elements which, for extracti·cn 
considerations, resemble the rare earths discussed previously. The two 
elements exhibit similar di~tribution ratios. 
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FIGURE 6-28. Effect of Nitric Acid Concentration on 
Distribution of Neptunium, ux1 and ux2. 
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The americium distribution ratios between nitric acid solutions and 
organic phases containing TBP are given in the following table: 

HNO in 
Aqu~ous 

Americium Distribution Ratio, 
(g/i Org.)/(g/i Aq.) 

Phase, 
M 100% TBP 50% TSP in Dibutyl Ether 

0.3 0.06 0.02 
1.0 0.2 Q.04 

3.0 0.3 0.04 
6.0 0.2 0.03 

10.0 0.3 0.04 

The dependence of distribution ratio on TSP conc~ntration is approxi
mately s~cond power at low acidities (approximately 1~ HN03), and third 
power at acidities above 4!1_ HN03• Americium is more effectively salted 
into the organic phase by metal nitrates than by nitric acid; with calcium 
nitrate as the salting agent, and in the absence of free acid, the dis
tribution ratios between 30% TSP and solutions of aqueous nitrate ion 
concentrations of 2M and 6M are 0.2 and 10, respectively (Ref. 92, 144, 145). 

6.1·.4.7 Other Metallic Ions 

Nonradioactive metallic ions are of potenti~l process significance as 
contaminants of the product streams. The distribution ratio$ are very low 
however, as indicated by the representative data in Table 6-24 (Ref. 72, 95, 
145, 146, 147). . 

6.1.4.8 Neptunium 

The distribution ratios (E~'s) for neptunium (IV) and neptunium (VI) 
between Purex process solvent and aqueous solutions containing various con
centrations of nitric acid are shown in Fiaure 6-28 and Table 6-25 (Ref. 148). 
The E~ values for neptunium (IV) increase from l .5 to 10.0 as the aqueous 
phase nitric acid concentration increases from 1 .0 to 6.0M. By contrast 
the Eg value for neptunium (VI) increases from 4 to 13 as-the nitric acid 
concentration increases from 1 .0 to 3.0M, and then remains relatively con
stant as the nitric acid concentration Ts increased further to 6M. 

The distribution ratios _for both neptunium (IV) and neptunium (VI) 
are strongly influenced by the concentration of uranium in the solvent 
phase as shown in Table 6-26. At an initial nitric acid concentration of 
3.0r:!_, the Eg for neptunium (IV) decreases from l to 0.08 as the ura~ium 
saturation of the aqueous phase increases from 32 to 86;L Similarly, the 
E~ for neptunium (VI) decreases from 7. to 0.4 with the above increase in 
saturation. This characteristic of neptunium facilitates its separation 
from uranium in the 2D column. 
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Cr+J 

Cu t-2 

Fe+2 
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Fe+J. 

Mg+2 

Na+ 
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Ni+2 

Ni+2 

Zn+2 

TABLE 6-24. Distribution Ratios of Miscellaneous Nitrates. 

Aqueous-Phase Composition Vol% Distribution Ratio 
TBP ( ~/ t Orq. ) / ( g/ t Aq . ) 

4,7!! HN03• 7.2 g Al/t 15 0.0003 
4.7!! HN03, 7.5 g Ca/t 15 0.0003 
1!1_ Ca(N03)2 · 30 0.008 
2. 14!! Co(N03)2 60· 0.002 

3!! HN03• l.Q!! Cr(N03)3 100 0.0001 
3!! HN031 1.9!! Cr(N03)3 100 0.0001 

3!! HN03• 0,8!! Cu(N03)2 100 0.0004 
4,7!! HN03, 0.7 g fe/t 15 0.005 
2!! HN03, 2.8 g fe/t 12.5 0.0003 
4.7!! HN03• 2!! Mg(N03)2 15 0.0003 

3!! HNO}, ca. 0.2!1_ UNH, 30 0.0003 
4 g Nat _ 

2!! IIN03, 0.18!! NaN03 12.5 0.003 
3M_ HN031 0.9!_1 Ni(N03)2 100 0.00006 
3!! HN03• l.7M_ Ni(N03)2 100 0.00006 
2!{ Zn(N03)2 12.5 0.0001 

Reference 

70 

70 

140 
142 

93 

93 
93 
70 

141 
·70 

141 

141 
93 
93 

141 
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TABLE 6-25. Effect of Nitric Acid Concentration on the 
Distribution Ratios of Neptunium (IV) and Neptunium (VI). 

HN03 in Aqueous Phase, !:1 

* 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 

Neptunium Distribution Ratio 

g Np+4;1 0rg.* g Np+6;1 0rg.* 

g Np +4 / i Aq. g Np +5 / .t Aq. 

1.5 
2.3 
3.5 
5. 1 
7.3 

10.0 

4.4 
9.7 

13.5 
16. 6 
16. 7 
15 .4 

30 vol% TSP in hydrocarbon diluent. 

TABLE 6-26. Effect of Uranium Saturation of the Solvent on· 
the Distribution Ratios of Neptunium (IV) and Neptunium (VI). 

% Saturation of Solvent 
by Uranium 

* 

32 
57 
76 
79 
82 
86 

Neptunium Distribution Ratio 
+4 · +6 g Np /L 0rg.* g Np /1 0rg.* 

g Np+4;2. Aq. 7 g Np+6;1 Aq.~ 

. 1. l 
0.4 
0.2 
0. 1 
0. 1 
0.08 

7. 1 
3.7 
1.3 
l . l 
0.7 
0.4 

30 vol% TBP in hydrocarbon diluent. 
+Initial aqueous phase nitric acid concentration is 3.0M. 
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6. 2 PROCESS ENGINEERING 

This section discusses the chemical engineering technology of the 
pulse columns in which the solvent extraction process employed in the 
Purex Plant is carried out. The chemistry of the Purex solvent extrac
tion process is discussed in Section 6.1. The pulse columns and associ
ated pulse generators are described in Chapter 3.0, Section 3.6. 

6.2.1 Basic Principles and Methods 

6.2. 1.1 Definitions of Soecial Tenns 

The tenns defined in this subsection are those used frequently in 
·_d-iscussing solvent extraction column operation or in evaluating column 
·· performance. Some of the tenns were defined in Section 6.1 and are 

included here for convenience. Convenient colloquial tenns which have 
come into use for the Purex process are also included. 

• Solvent Extraction. The solvent extraction process was de
fined in Section 6.1 as the transfer of a dissolved solute 
from an aqueous phase to an irrmiscible organic phase. In more 
general tenns, solvent extraction is defined as a process in 
which the separation of mixtures of different substances is 
accomplished by treatment with a selective liquid solvent. 
Although solvent extraction processes include leaching and 
washing, the Purex process is concerned only with liquid-liquid 
extraction, in which one or more solutes in a liquid phase are 
preferentially extracted into a second, i1TUT1iscible liquid phase. 
The effectiveness of the extraction is dependent on the chemical 
composition and physical properties of the two phases, as well 
as on the type of extraction equipment used. 

• Extraction, Stripping and Scrubbing. The tenn "extraction" is 
used in discussing the Purex process to describe the mass trans
fer of solute, notably uranium or plutonium, from the aqueous 
to the organic phase as, for instance, in the lower section of 
the HA column. 

The tenn II stri ppi ng 11 is used to describe mass transfer of • 
uranium or plutonium from the organic to the aqueous phase. 
Thus, in the C-type column, uranium or plutonium is said to 
be stripped from the organic feed to the aqueous effluent 
stream. 

The tenn 11 scrubbing 11 is used to describe the removal of fission 
products from a· uranium- or plutonium-bearing organic stream by 
contacting it with an aqueous stream. For example, scrubbing 
is carried out in the upper section of the HA column. The 
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removal of small residual amounts of uranium from, the plutonium
bearing aqueous streams in the lBS and 2BS columns by contacting 
with an organic stream is also referred to as scrubbing. 

• Simple and Dual-Puroose Columns. A simple column is a column 
designed to perform only one solvent extraction function (ex
traction, scrubbing, or stripping). The Purex lC and lBS columns 
are typical examples of simple columns in which the operations 
of uranium stripping and plutonium stream scrubbing, respec-
tively, are carried out. • 

· Other co 1 umns, such as the Purex HA co 1 umn, are designed to 
_carry out two separate sol vent extraction functi ans and are, 
therefore, referred to as 11 dual-purpose 11 columns. In the 
HA column, uranium, plutonium, neptunium, and some fission pro
ducts are extracted into the organic phase in the bottom section 
of the column and the fission products are scrubbed from the 
organic phase in the upper section. The dual-scrub column is 
a further refinement of the dual-purpose extraction column. In 
this column, a second scrub stream is introduced at an inter
mediate point in the scrub section. In the 20 column, for 
example, the primary or termi na 1 scrub stream is water., which 
strips the nitric acid and.residual fission products rrom the 
organic stream. The second or intermediate scrub stream con
tains water and hydroxy1amine nitrate to reduce plutonium and 
neptunium to the III and IV valence states, respectively. 

t Floodin1. Flooding (or complete flooding) in a pulse column 
takes pace when the flow rates of either or both of the liquid 
phases are so high that they cannot pass countercurrent1y throuqh 
the column. The result is that one of the phases leaves the 
column at the same end at which it enters. The flooding capacity 
is the throughput rate at which an infinitesimal increase in 
flow rates results in flooding. 
11 Local flooding" in the column consists of an unusually la~ge 
accumulation of dispersed phase at some location in the two
phase zone. It may appear as an accumulation of closely-packed 
dispersed-phase globules, or as a single large globule filling 
the space between two or more plates. If the local flooding 
tends to dissipate _and reform on a fairly frequent schedule, 
it is termed 11 cyclic local flooding. 11 In either case, if the 
local flood tends to maintain a given size and does.not disrupt 
the flow rate of the dispersed phase, the column may be operated 
indefinitely and ~ive satisfactory performance. 

• Reflux (External and Internal)._ The term 11 reflux, 11 as used in 
discussing diffusional processes in general, refers to the re
cycling of a portion of the product back to the feed point. In 
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solvent extraction, as in other dfffusional processes, 
11 external reflux 11 may be returned to the column to enrich 
the extract concentration. For example, the concentration 
of plutonium in the Purex 2AP-stream could be increased by 
adding a portion-of the 28P stream to the 2AS stream. 

In some of the columns, a portion of one or more of the 
solutes may be extracted in one part of the column and 
stripped in the other. This phenomenoD is referred to as 
11 internal ref1ux. 11 For example, in the HA column extraction 
section, nitric acid is extracted into the organic phase at 
the bottom of the section and partially stripped back into the 
aqueous phase at the top. Also, in the HA column, a portion of 
the uranium and plutonium in the organic phase is refluxed 
internally, being stripped from the organic phase in the scrub 
section and carried down the column by the HAS to the extrac
tion section where it is again extracted into the organic phase. 

1 Amplitude and Frequency. The pulse amplitude is the magnitude 
of the up-and-down displacement of the liquid in a pulse column, 
as measured between the extreme positions of the pulse (i.e., 
twice the distance between the mean position and an extreme). 

The 11 pulse frequency 11 is the time rate of pulsing, expressed 
in cycles per minute. 

The 11 amplitude-freque-ncy product 11 is frequently used· as a 
simple means of correlating the pulsing conditions with column 
performance. It. is equal to the pulse amplitude times the 
frequency, and is conveniently expressed in inches per minute. 

• Volume Velocity, The term "superfici.al volume velocity 11 may be 
defined as the sum of the net volume f16w rates of the two 
phases in the column divided by the total cross-sectional area 
of the enclosing column, neglecting the cross-section of the 
column occupied by ~acking or plates. It is expressed in this 
manual as gal/hr-ft . The volume velocity which produces com
parable performance in columns with identical internal compo
nents, but different diameters, is essentially constant. 
Volume velocity is used, therefore, to correlate column per
formance (flooding and efficiency) with throughput rate. 

• Pulsed Volume Velocity 

The 11 pulsed volume velocity" is simply the pulse amplitude
frequency product expressed in superficial volume-velocity 
units. It is directly proportional to both the pulse amgli
tude and frequency. In units of gallons pulsed/(hr) (ft2 of 
column cross-sectional area), it may be calculated by multi
plying the pulse frequency (in cycles/hr) by the pulse 
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displacement in gallons (employing the sum of the "up" and 
ndown" displacements), and then dividing by the column cross
sectional area in square feet. Alternatively, if the ampli
tude, a, and the frequency, f, are expressed in the usual 
unit5 of inches and cycles/min, respectively, the pulsed vol
ume velocity in gal/hr-ft2 is equal to 74.81 af. 

. ' 

• Equilibrium and Operating Lines. An "equilibrium linen is a 
graphical representation of the equilibrium solute distribution 
between the aqueous and organic phases for the chemical condi
tions existing in the countercurrent solvent extraction con
tactors. The development of the phase equilibrium data for 
the Purex .process is disc~ssed in Section 6.1 . 

An "operating linen is a locus of points depicting the actual 
soluta concentrations of the aqueous and organic phases at_ 
various heights within the column. The operating line equation 
is developed from a solute material balance made around either 
end of a plate or packed section. Typical operating and equili
brium lines for the Purex columns and discussion of their use 
in evaluating column performance are presented in 6.2.2. 

1 Height Equivalent to a Theoretical Stage {HETS). The mass 
transfer effectiveness of solvent extraction columns may be_ 
evaluated in terms of the height of a contacting section required 
to perform the same extraction duty as can be achieved in a 
simple contactor (or theoretical stage) in which two influent 
streams not at equilibrium are mixed and produce effluent streams 
which are at equilibrium. The equations and methods for calcu
lating the HETS in a solvent extraction column are shown in 
subsection 6.2.2.2. 

1 Height of a Transfer Unit. Height of a transfer unit (HTU), like 
HETS, is a measure of the mass transfer effectiveness of a sol
vent extraction column. In a contirruous, countercurrent, solvent 
extraction column, however, equilibrium between the phases is 
not closely approached. Thus the HETS, which is a comparison 
of the solute transfer process that takes place in a segment of 
the column with that in a simple contactor in which ihe phases 
are allowed to reach equilibrium, provides only an approximate 
measure of extraction efficiency. The transfer unit, as dis
cussed in 6.2.2.2, is defined on a differential countercurrent 
basis, and consists of a step on the operating line such that 
the change in concentration of the solute is equal to the average 
difference between the concentration values on the equilibrium 
curve and the operating line over the region of the step. The 
relation between the HTU and the HETS is also discussed in 6.2.2.2. 
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• Pinching Flow Ratio. The "pinching" flow ratio is defined as 
the 1owest ratio of extractant- flow to feed flow that is theo
retically sufficient for transfer of all of the solute in the 
feed into the extractant when the number of theoretical stages 
or transfer units is infinite. A "pinch" occurs when the 
actual solute concentrations in the two phases at some point 
in the column are equal to the equilibrium concentrations. 
This condition is shown graphically on an operating diagram by 
the equilibrium and operating lines intersecting or touching. 
The practical significance of the pinch in connection with 
operation of the Purex Plant columns is discussed in 6.2.2.5. 

6.2.1.2 Methods of Solvent Extraction 

Many different methods are available for accomplishing a liquid
liquid extraction and obtaining the desired performance. A few of these 
methods are discussed briefly in this sub-section. 

• Simple Contact. The simplest method, and the one most commonly 
used on a laboratory scale, is the simple contact, in which the 
solvent and the feed containing the solute to be extracted are 
brought together, mixed, and. the two phases a 11 owed to sett 1 e. 
The operation may be either batch, using a single container, or 
continuous, utilizing s~parate mixing and settling chambers. 
For any given ratio of solvent to feed, the maximum amount of 
solute which may be extracted is fixed solely by-equilibrium 
considerations. 

• Simple Multistage (Cocurrent) Contact. In a simple contact, 
the extract and raffinate solute concentrations are fixed by 
the equilibrium distribution coefficient (see 6.1.1.2.3). If 
a raffinate with a lower concentration of solute is desired, 
the raffinate from the first simple contact may be mixed with 
fresh solvent. 

If a sufficient number of contacts are made, and a sufficiently 
large volume of solvent is used, the concentration ~f the ex
tracted component in the final raffinate may be reduced·to 
almost any desired low value. 

• Countercurrent Multicontact Extraction. In countercurrent 
mu1ticontact extraction, feed and solvent enter the system 
at opposite terminals of a series of contacts and flow counter
currently through the syste~. Fresh extractant first contacts 
low-solute-concentration raffinate, and then contacts more con
centrated raffinate as its own solute concentration increases. 

• Continuous Countercurrent Differential Contact. In continu
ous countercurrent differential contact operations, a very 
large number of infinitesimally small contacts are achieved by 

_ subdividing (dispersing) one (dispersed) phase and passing it 
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countercurrently through the other (continuous) phase. Either 
of the phases may be continuous or dispersed. For example, if 
the lighter phase is to be continuous, the dispersed heavy·phase 
is introduced at the top and allowed to fall by gravity through 
the continuous phase. When the heavier phase is continuous, 
the dispersed light phase is introduced through a distribution 
nozzle at the bottom and bubbles up through the heavy phase. 
Continuous, countercurrent, differential contacting is generally 
achieved, in practice, in tall, vertical, solvent extraction 
columns. 

6~2. 1.3 Solvent Extraction Eguioment 

Many different types of equipment are available and could conceivably 
be used to accomplish the required plutonium and uranium separation and 
purification in the Purex Plant. The principal limitations, advantages, 
and disadvantages of the important equipment types are mentioned in the 
following discussion. ·· 

6.2.1;3.l Batch Equipment 

Batch equipment has been used in the Purex process development only 
in laboratory equilibrium determinations. A high efficiency of solute 
transfer may be achieved in each contact in batch equipment, but th·e large 
number of contacts required p~esent design and operating problems which 
render the use of batch equipment impractical in a large plant. 

6.2.1.3.2 Continuous Mixer-Settlers 

· Continuous mixer~~ettler equipment can be designed to conduct simple 
contact, cocurrent, or countercurrent multiple-contact operations. Of 
these three methods, only countercurrent multiple contact has been used 
in pilot plant studies and as production plant-equipment, since the other 
two methods involve a comparatively inefficient use of solvent .. 

Mixer-settler equipment can be operated at high stage efficiencies 
(better than 80% of a theoretical equilibrium stage). The number of 
stages required to provide the separation desired can thus be forecast 
with a high degree of certainty. 

6.2. 1 .3.2. 1 Pump-Mix Mixer-Settlers 

Pump-type mixer-settlers, originally developed at the Knolls Atomic 
Power Laboratory, are employed as solvent extraction contactors in the 
Savannah River Purex separatjons plant (SRP). In such a mixer-settler, 
the mixing chambers are separated from the settling chambers by parti
tions. A centrifugal pump-agitator in each mixing chamber picks up 

· both incoming phases in a hollow, vertical shaft, and discharges them 
radially, intimately mixed, into an adjacent settling zone, thus pro
ducing the necessary hydraulic head to produce stage-to-stage flow and 
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maintaining the liquid-liquid interface in the desired position in each 
stage. The two-phase flow in the settling zone is cocurrent and the 
flow between stages is countercurrent. -

The ·impeller in a pump-mix mixer-settler operates at a speed of 
300 to 500 rpm. There are no submerged seals or bearings, so the motor
impeller assembly has a long life expectancy and can be replaced remotely. 

Relatively large cross-sectional area and liquid holdup is required 
for the settling chamber of a pump-mix mixer-settler to assure complete 
disengagement of the phases. Because of this large holdup requirement, 
the solvent in a pump-mix mixer-settler is subject to considerably more 

'. .(a factor 2 to 4) radiation damage than in~ solvent extraction column. 
·_': Horizontal-type mixer-sett1.ers usually require less vertical head space, 

but greater floor space than solvent extraction columns with the same 
processing capability (Ref. 68, 149). 

6.2. 1.3.2.2 Centrifugal Mixer-Settlers 

The centrifugal mixer-settler is a low-holdup device developed at 
the SRP to replace the large pump-mix mixer-settlers in the first solvent 
extraction cycle. The unit consists of a small (ca. 10-inch-diameter) 
mixing chamber containing a straight, turbine-type impeller, sunnounted 
by a liquid-liquid centrifuge with a bowl diameter of abo~t 14 inches. 
The overall height of th~ unit, including drive motor, is about 6 feet. 
Each unit has a stage _efficiency about the s·ame as that of a pump-mix 
mixer-settler. Thus, an assembly of six centrifugal mixer-settlers and 
their piping can be installed in the same floor space as one or, at the 
most, two pump-mix mixer 0 settler stages. 

A ·major advantage of the centrifugal mixer-settlers over the large 
pump-mix gravity settling units, and the primary incentive for their 
development, is the low solvent residence time (of the order of a minute 
or less per stage vs several minutes for the gravity units). A major 
disadvantage of both the centrifugal mixer-settlers and the pump-mix 
gravity settlers is the mechanical complexity and cost of the units. 

6.2. 1.3.3 Continuous Countercurrent Differential Contactors 

The major difference between countercurrent differential contactors 
and the continuous mixer-settlers described above is that with the con
tactors, the two liquid phases flow countercurrent to one another at all 
times9 and no attempt is made to achieve equilibrium between the phases 
at any point in the contactor. Like the continuous mixer-settlers, 
differential contactors can be divided into two general classifications: 
those that utilize natural gravitational forces to achieve countercurrent 
flow and phase disengagement, and those that utilize other generated 
forces. A third type, the pulse columns used at the Hanford Purex Plant, 
is a combination of these two types. 
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6.2.1.3.3. 1 Centrifugal Contactors 

A centrifugal extractor is a horizontal, countercurrent, liquid
liquid contacting device consisting of a series of concentric stages in 
which both mixing and settling are accelerated by a variable-speed 
centrifugal force field. The rotor can be operated at speeds up to 
1800 rpm, and the unit has an organic phase holdup time of 30 seconds 
or less (about the same as a centrifugal mixer-settler), compared to an 
organic phase holdup time in a pulse column of 1 to 2 minutes per theo
retical stage. Centrifugal contactors have the disadvantage of relatively 
low throughput per unit. A number of units would thus be required to 

.. obtain the throughput capacity of a single solvent extraction column . 
·· These units have been used successfully, however, in processes requiring 

low, high-velocity throughputs, such as the pharmaceutical industry. 

6.2.1.3.3.2 Solvent Extract1on Columns 

Large-diameter vertical columns are used to accomplish solvent 
extraction by the countercurrent differential method discussed in 6.2. 1.2. 
Solvent extraction columns can be operated with either phase continuous 
by controlling the position of the interface in the column. Settling 
zones (usually of enlarged cross-sectional area), in which phase disen
gagement takes place, are provided at each end of the column. 

The chief advantages of solvent extraction columns over other types 
of extra·ction equipment are their lack of mechanical complexi·ty and 
effectiveness of solvent utilization. 

In the simplest type of column, the spray column, the gispersed 
phase is introduced through a suitable nozzle and rises or desc~nds 
through the continuous phase in the column to the liquid-liquid interface. 
More effective extraction can be obtained by filling the column with a 
porous medium than with an open spray column. In a packed column, the 
dispersed phase is broken up and forced to follow a tortuous path through 
a packing material such as Raschig rings or Berl saddles. The type of 
packing used for a given application depends largely upon the chemical 
nature of the system and the processing requirements, while the depth. 
(packed height) is dependent upon the degree of separation required. 
Since the interfacia1 area between the two phases in a packed column, 
even with small packing, is relatively low, packed columns are useful 
only in processes in which the distribution ratio (driving force) is 
high and the resistance to transfer between the phases is low. These 
conditions existed with the Redox process, which used methyl isobutyl 
ketone (hexane) as a solvent. With the Purex process, however, both 
the solute distribution raties and the mass transfer coefficients are 
significantly lower, and inordinately tall (>100 ft) packed columns 
would be required. 
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In the pulse columns used in the Hanford Purex Plant (see Sec
tion 3.6 for detailed designs), substantially more effective contacting 
is obtained by applying an up-and-down_motion to the liquid contents. 
As stated above, this type of solvent extraction contactor utilizes a 
unique combination of external forces and gravity to achieve liquid
liquid. extraction and separation of the phases. 

A pulsed, perforated-plate column, originally described by · 
W. J. D. Van Dijck (Ref. 150), offers a more than 2-fold reduction in 
column height, as compared with a conventional, unpulsed, packed column. 
In such a_pulse column, the up-and-down pulsing motion is superimposed 
on the net countercurrent liquid flow through a cartridge consisting 

. of a series of stationary, spaced, horizontal, perforated plates. As 
· an a 1 ternative to the perforated pl ates, _a pulse column may employ 
bulk packing such as Raschig rings. The upward and downward pulsing 
movement of the column contents through the plate perforations or pack
ing interstices causes vigorous agitation- of the countercurrently flow
ing 1 iquid str·eams, resulting in their emulsification and intimate mixing. 
The performance characteristics of pulse columns as functions of design 
and operating conditions ari discussed in more detail in 6.2.3. 

In the case of perforated-plate columns, the pulsing also performs 
another important function in that it provides the means for counter
current flow of the aqueous and organic phases. The specific gravity 
difference between the two phases is usually not sufficient to cause 
a significant countercurrent flow through the small holes in the per
forated plates. Consequently, the net flow of the discontinuous phase 
through the column is caused almost enti_rely by the actions of the pulse 
generator, 

As stated previously, the most important advantage of pulse columns 
over packed columns is that, for the same extraction duty, pulse columns 
can be made much shorter than packed columns (Ref. 151). Additional 
advantages of pulse columns over packed columns are a less pronounced 
dependence of extraction effectiveness [height of transfer unit {HTU) 
values] on throughput rate and, in the case of sieve-plate columns, the 

• greater ease of a temporary shutdown and startup because of the minimal 
flow through the plates in the absence of pulsing. 

The primary disadvantages of a pulse column, compared with a packed, 
unpulsed column, are the initial cost of a pulse generator, if a mechani
cal device is used, and its potential maintenance requirements. If air 
pulsing is used, the mechanical devices can be installed.outside of the 
highly-contaminated process cell, but cannot be eliminated, since large 
quantities of pressurized air and complex valving mechanisms are required. 

The original designs for the Purex Plant pulse columns and column 
cartridges are based on extensive development studies performed at 
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Hanford in intermediate- to full-size equipment. Pilot plant studies 
using radioactive feed solutiOQS were performed in small pulse columns 
at the Oak Ridge National Laboratory. 

6.2.2 Evaluation of Solvent Extraction Performance 

The use of the operating diagram in evaluating the performance of 
the Purex Plant pulse columns is discussed in this subsection. The con
cepts of the height equivalent to a theoretical stage (HETS) and the 
height of a transfer unit. (HTU) and their relationship are discussed, 
and' equations for calculating the HETS and HTU are presented. 

Typical HETS and HTU calculation methods used for evaluation of 
HA and lC column operation are given in 6.2.2.2. Typical operating 

,diagrams for uranium and plutonium transfer in the HA and lC columns are 
presented, with specific examples based on the current flowsheet for proc
essing Zircaloy-clad N Reactor fuels (Ref.. 152). The effect of fluoride 
ion on the equilibrium lines is not considered; however, the principles in
volved are readily translatable to any other desired flowsheet condition. 

The concept of the minimum, or pinching, extractant-to-raffinate 
flow ratio is developed from operating diagram consideratiqns. Graphs 
for the determination of the pinching flow ratios for the Purex A 

-(extraction-scrub) ·and C (stripping)-type columns; showing the effect 
-of feed and extractant compositions, are presented. 

6.2.2. 1 The Operating Diagram 

An operating diagram for a liquid-liquid solvent extraction system 
is a graphical presentation, usually on a log-log scale, of the equili
brium and operating lines for a given set of process conditions. The 
1 i nes a re usua 11 y plotted in terms· of grams ( or gram-moles) of di ffus i nq 
component per liter of solution. 

The operating diagrams discussed in this chapter are X-Y plots 
(similar to the McCabe-Thiele diagram used in distillation calculations) 
with X- and Y-axis values depicting aqueous-phase and organic-phase 
concentrations, respectively. Each of the diagrams includes an X-Y 
equilibrium line for the diffusing components and an operating line 
connecting influent and effluent stream compositions. The operating 
diagrams are used for calculating the number of.equivalent theoretical 
stages, or the number of transfer units required for the desired extrac
tion. From the operating diagrams, a quantitative or qualitative anal
ysis may be made of the effects which changing operating variables have 
on the extraction effective~ess of the separation. 

6.2.2.1.1 Equilibrium Line Development 

As stated in the previous subsection~ the equilibrium line represents 
the solute concentration in the organjc phase which is in equilibrium with 
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a given aqueous-phase solute concentration. The data used to construct 
the equilibrium line are obtained from laboratory studies, as discussed 
in Section 6. 1.4. 

6.2.2. 1.2 Operating Line Eguations 

The operating line, as stated previously, depicts the actual solute 
concentrations in the aqueous and organic phases at various heights in 
the column, and is developed from a solute·material balance around either 
end of the column section. A rigorous calculation would require consi
deration of the change in volume which occurs because of the transfer of 
uranyl nitrate and nitric acid, and would yield a curved operating line . 

· By neglecting the change in volume, the calculation is greatly simplified 
· and a straight line is obtained with only a slight loss in accuracy. 

For the HA column extraction section, the uranium or plutonium 
operating line may be derived by a material balance around the· bottom 
end of the column, as indicated by the schematic diagram and equations 
which follow. 

where 

Y,0 

HAX Stream j 
Yx, 0 __ _. 

X,A 

HAi~ Stream 
Xw, A 

X = Aqueous-phase solute concentration, g/i 
y = Organic-phase solute concentration, g/ 1. 

A = Aqueous-phase flow rate, liters per unit time 
0 = Organic-phase flow rate, 1 i ters per unit time 
X designates the influent or feed point 
w designates the effluent or raffinate point 
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At steady-state operating conditions, the weight of diffusing 
solute entering the above section of column over a given time period 
via the aqueous and organic streams must equal the weight of the solute 
leaving via the effluent streams. The weight of solute carried by each 
of the four flowing streams in unit time is the product of the flow 
rate times the solute concentration: YxO, X.J-., YO, and XA, respectively. 
Thus, a material balance equation for uranium may be written by equating 
the influent flow of uranium to the effluent flow of uranium, as follows: 

XA +YO= X A+ YO 
X W 

( 6. 51 ) 

Solving the preceding equation for Y gives the following equation, 
which represents a straight line in tenns of Y and X if A/0, Yx, and 
Xw are constants: 

Y = (A/0) X + Yx - (A/0) Xw (6.52) 

The use of the above operating line is illustrated:in 6.2r2.2. 

Operating lines for the other Purex columns are developed:in an 
analogous manner .. For example, the equation for the HA column scrub 
section operating line is: 

and the equation for the lC column operating line is: 

Y = (A/0) X + Yw - (A/0) Xx 

where the subscripts denote the following streams: 

p = uranium or plutonium product streams; 
s = scrub stream; 
w = waste stream; and 
x = extractant stream. 

6.2.2.2 Evaluation Methods 

(6.53) 

(6.54) 

The extraction effectiveness of a solvent extraction column is 
frequently expressed in tenns of the percent waste loss obtained. This 
method is fully satisfactory for comparing the effect of changing a 
single variable on extracti-0n perfonnance of an existing column, and is 
used in day-to-day and trend analysis evaluations of the performance of 
the pulse columns in the Purex Plant. This method, however, does not 
provide an absolute quantitative measure of the extraction effectiveness 
of a solvent extraction column and obviously cannot be used in designing 
a column or cartridge from laboratory and pilot plant data. A more 

6-126 



~•: 

·. ·~ '-~-

RHO-MA-116 

precise, quantitative method of evaluating the perfonnance of solvent 
extraction columns involves consideration of the basic theory of mass 
transfer and the equations that have been developed to express the 
phenomenon. A discussion of the theory of mass transfer is beyond 
the scope of this manual; however, the methods and theoretical equations 
developed for evaluating mass transfer (or solvent extraction) effec
tiveness are presented in this subsection. 

6.2.2.2. l Height Eguivalent to a Theoretical Stage 

The height equivalent to a theoretical stage (HETS), as defined 
previously, is that height of a contacting section of column required to 
perfonn the same extraction that can be achieved in a simple contactor 
in which two influent streams, not at equilibrium, are mixed and allowed 
to reach equilibrium. For solvent extraction columns perfonning the 
extractive duty equivalent to several theoretical stages, the HETS may 
be obtained by dividing the total height of the contacting section by 
the number of theoretical stages (Ns) required to accomplish the same 
extraction being carrieq out by the column. 

The number of stages in a column can be detennined, when the equi
librium and operating lines are both straight, by the following equation, 
which is similar to one presented by Colburn (Ref. 153): 

where 

N = ln[M(l-P) + P] (6.55) 
s ln(l/P) · 

P = the extraction factor, the ratio of the slopes of the 
operating and equilibrium lines (P = A/mO for extraction 
and mO/A for stripping); 

x1 - Y 2;m Y 1 - x2m 
M = x

2 
_ y

2
;m for extraction and y

2 
_ x

2
m for stripping; 

A/0 = slope of the operating line, (volume of aqueous phase 
per unit time) / (volume of organic phase per unit time); 

m = slope of the equilibrium line, (concentration in the 
organic phase)/ (concentration in the aqueous phase); 

X = the solute concentration in the aqueous phase; and 

Y = the solute concentration in the organic phase. 

Subscripts l and 2 refer to concentrated-end and dilute-end concen
trations, respectively. 

6-127 



. ' \.;t;J;_,·,, : 
: 'i- .... ,,:;;;~ .- ,_, -

··~----
L ,-~,!'I;~••• 

RHO-MA-116 

For the phase equilibrium relationship5 involved in the Purex 
process, the equilibrium lines are curved; therefore, the slope is not 
constant~ and the value of P varies. A reasonably close approximation 
of the number of stages may be obtained from the above equation, however, 
by using an appropriate mean value for the slope of the equilibrium line. 
A more rigorous method of detennining the number of equivalent theoreti
cal stages in a Purex Plant pulse column involves graphically ''stepping 
off11 the stages on the equilibrium diagram. This method. is illustrated 
in subsection 6.2.2.3. 

6.2.2.2.2 Height of a Transfer Unit 

The concept of the transfer unit, as discussed in 6.2.l .1, more 
closely represents the actual conditions in a continuous, countercurrent, 
differential contactor (such as a pulse column) than does the equivalent 
theoretical stage. In addition, the HTU is less sensitive than HETS to 
variations in the numerical value of the extraction factor, P. 

The number of transfer units in the cartridge sections of the Purex 
Pl ant co 1 umns may be expressed by the fol lowing integrals (Ref. 1 53) : . 

where 

Nt = 
[, 

Xz 

* dX/X-X (for extraction) (6.56) 

Nt = t, 
Yz 

* dY/Y-Y (for stripping) (6.57) · 

Nt = the number of transfer units, overall raffinate-film basis, 
for transfer from the raffinate to the extract phase; 

X = the concentration of the diffusing component in the 
aqueous phase; 

X* = the concentration of the diffusing component in the aqueous 
phase in equilibrium with an organic phase containing the 
diffusing component of concentration Y; 

Y = the concentration of the diffusing component in the organic 
phase; 

Y* = the concentration of the diffusing compone~t in the organic 
phase in equilibrium with an aqueous phase containing 
diffusing component of concentration X. 

Thus, the number of transfer units is an integrated ratio of the change in 
diffusing component concentration to the concentration driving force which 
causes transfer between phases. 
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When the equilibrium and operating lines are both straight, as 
they frequently are at the dilute end of the column, Nt may be calcu
lated from the following equation (Ref. 153): 

N = ln [M~l-P) +P] 
t -P (6.58) 

where Mand Pare defined in 6.2.2.2.1 for the discussion of Ns 
calculations. 

When the equilibrium and operating lines are not straight, 
approximate Nt values can be determined by using a mean value for P. 

· .. For unfamiliar systems, this mean value may be detennined by dividing 
the operating diagram into a number of equally-spaced X or Y segments, 
determining the P Value for each segment and using the average of the 
P values for the mean value of P. For familiar systems, the mean 
value of P may be detennined by inspection (after a' few rigorous cal
culations for Nt have been made for similar systems). Modifications 
of Colburn's basic equation to accomodate a curved equilibrium line 
can be found in the Chemical Engineers' Handbook (Ref. 154) . . : . .. 

The overall HTU (based on the raffinate-phase film), which is 
ca-lculated by dividing the packed or cartride height by the number of 
transfer units, includes contributions of both the individual raffinate
film and extract-film HTU values. These expressions are related by the 
following equation: · 

_ (6.59) 

where Rand E refer to the raffinate-phase and extract-phase films, 
respectively, and Pis the appropriate extraction factor. It is seen 
from this equation that, if the individual-film HTU's are largely inde
pendent of P, the overall value will likewise be independent whenever P 
is negligible (i.e., less than 0.1). As P increases from 0.1 to 1, the 
term (P)(HTUE) becomes increasingly significant, and more variation of 
the overall HTU values with P might be expected. The mean P values for 
the Pu.rex extracti an and stripping. columns operating under fl owsheet 
conditions are less than o. 1, with the exceptions of the lC, 2E, and 
2A columns, which have P values between 0. 1 and 0.2, and the lBX column, 
which has a P value of about 0.3. 

6.2.2.2.3 Relation Between HTU and HETS 

By combining the integrated expressions for Nt and N5 , it is found 
that the METS and HTU are theoretically related by the following equation, 
which is rigorously correct only for straight operating and equilibrium 
lines: 

HETS = ln~l/P) 
HTU -P (6.60) 
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where Pis the extraction factor. For operating lines which are both 
straight and parallel, the value of Pis one, and although the above 
equation reduces to an indetenninate form, it can be d,amonstrated that 
HETS equals the HTU. As the relative slopes of the operating and 
equilibrium lines are changed so that these lines diverge more and 
more, the numerical value of P becomes progressively smaller than 
unity, and the HETS becomes progressively larger than the HTU. For 
curved operating and/or equilibrium lines, the equation applies as an 
approximation, provided appropriate mean values for the slopes of these 
lines are chosen. 

6.2.2.2.4 Other Evaluation Methods 

The evaluation of the performance of solvent extraction columns or 
the prediction of performance of a column with a known number of transfer 
units under varying flowsheet conditions has been facilitated by a 
compt.1ter program (SEPHIS) developed at ORNL (Ref. 155) The program was 
developed to provide answers to many of the· questions regarding the 
application of the Purex process· to liquid metal fast-breeder reactor 
(LMFBR) fuels. The program has been revised for application to the 
Hanford Purex process (Ref. 156, 157), providing for transient stage
wise calculations for the simultaneous mass transfer of uranium, pluto
nium (III), plutonium (IV), and nitric acid between aqueous and TSP
hydrocarbon phases. 

6.2.2.3 Example HETS and HTU Calculations 

6.2.2.3.l HETS Calculations for the HA Column 

The HETS is determined by dividing the column packed height or car
tridge height by the number of equivalent theoretical stages in the 
column. The number of stages can be determined from a knowledge of the 
phase equilibria and operating conditions in the column. The graphical 

· stage step-off computation'of the number of stages (N 5 ) and the HETS 
for uranium transfer in the HA column is presented below. 

The following data will be assumed to have been taken during a 
typical steady-state operating period in the Purex Plant HA column having 
a 13.5-foot-high extraction section: 

Stream Volume, 2. 
U Concen- HN03 Concen-

trati on, g/ 1. tration, !1 

HAF 2,000 393 0.4 
HAS 1,717 0 2.0 
3WB 1 ,637 19 7.7 
HAX 10,943 0.0002 0 
HAP 11 , 320 71.4 0.02 
HAW 5,000 0.003 2.96 
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The operating diagram for this hypothetical run is plotted in 
Figure 6-29. The operating lines were derived from the equati~ns pre-
sented in 6.2.2. 1 as follows: -

• ~pper Extraction Section (above 3WB distributor): 

= l / 2 [HAF + HAS + . HAW - 3W8] Average slope, (A/O)x HAP HAX 

r 3717 3363] 
= , i2 l1rn +10943 = o. 318 

Y = (A/O)x X + Yx (A/O)x Xw 

Y = .318X + .0002 - (.318)(.003)· 

Y = .318X - .0008 

• Lower Extraction Section 

= [HAF +HAS+ 3WB + HAW] Average slope, (A/O)x 1/2 HAP HAX 

= 1/2 [0.473 + 0.457] = .465 

y = (A/0) X + Y - (A/0) X 
X X X W 

y = 0.46SX - .0012 

• Scrub Section 

y = (A/0\X + Y p (A/0\Xs 

y = 1717X 
11320 + 71 · 4 - 0 = 0. 1517X + 71 .4 

( 6. 61 ) 

(6.62) 

The equilibrium lines, chosen from the family of curves in Figure 6-14 
(corrected for temperature), are dependent upon the salting strength of 
the nitric acid in the aquous phase throughout the column. A rigorous 
determination of the acid gradient in the column involves stepping off 
the nitric acid and uranium stages together, starting from each end of the 
column. This is a time-consuming calculation, involving successive trial
and-error assumptions until the stages stepped off from either end coincide, 
since the uranium and nitric acid equilibria are interdependent. The 
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EXTRACTION SECTION 
EQU ILi BR IUM LINE" 

UPPER 
EXTRACTION 

~SECTION 
OPERATING 
LINE 

LOWER EXTRACTION 

-~ SECTION OPERATING LI NE 

1- EQ'BM DATA INTERPOLATED FROM DATA 
IN HW-26459 (REF. 102) 

2 - ARH-F-103 FLOWSHEET 
3 - TEMP. 40-45°c 
4 - XW : 0.003 g U / .t ; XFS • 232 g U /.t 
5 - 3 W B STREAM ENl!R S ONE_ ST AG£ BELOW 

HAF ENTRY PO INT 

LO _,,. 10 

X, g U / J. IN _AQUEOUS PHASE 

FIGURE 6-29. Example Uranium Mass Transfer 
Calculation, HA Column Uranium. 
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equilibrium- lines can then be drawn by connecting the equilibrium points 
for each stage. It usua·lly is not necessary to use such an elaborate 
method to draw the equilibrium line fo~ an A-type column, however, since 
about 90% of the equilibrium concentration of nitric acid in•the organic 
phase is reached in the first stage at the bottom of the column, and the 
shape of the equilibrium line for other operating conditions is similar 
to the one shown in Figure 6-29. Thus, by knowing the end conditions in 
the column, a satisfactory equilibrium line can be estimated for the 
entire column. 

Before the number of stages in the extraction section can be calcu
lated, the composition of the aqueous and organic phases at the top of 
the extraction section must be detennined. Since the HA column is a dual
purpose column, the organic phase leaving the extraction section is an 
influent to the scrub sectioni and the aqueous effluent from the scrub 
section mixed with the HAF is an influerit to the extraction section. The 
construction of a uranium operating diagram for the scrub section would 
show that the organic and aqueous phases at the bottom of the scrub 
section are essenti~lly at equilibrium. Thus, the concentrations of the 
aqueous and organic phases at the bottom of the scrub section are found 
at the point of intersection of the scrub section operating and equili
brium lines. The uranium equilibrium line for the scrub section is 
essentially the.same as for the upper portion of the extraction section. 
After the aqueous composition at the feed point is determined (by mate
rial balance), the stage step-off procedure can be performed. The 
aqueous and organic phase uranium concentrations at the bottom of the 
scrub section were determined, for this example, to be approximately 
45 and 78 g/t, respectively. 

In this example, 3.5 stages were stepped off; therefore, the HETS 
is 13.5/3.5 or 3.8 feet. In the usual case where the number of stages 
is not an exact integer, the magnitude of the fractional stage remaining 
is calculated by using Equation 6.55, or by interpolating with a linear 
scale on the logarithmic operating diagram, as illustrated in stage 3.5 
of Figure 6-29. 

6.2.2.3.2 Example HTU Calculation for the HA Column 

The operating diagram presented in Figure 6-29 will also be used 
for the following example HTU calculation. 

The number of transfer units (overall aqueous-film basis) in the 
HA column extraction section can be detennined by integrating the 
expression: /, 

X 2 

dX/X-X* (6.63) 
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explained in 6.2.2.2.2. The equilibrium line for the HA column is of 
irregular curvature with a considerable deviation at high uranium 
concentrations from the simple relationship, Y = mX*, which was used 
to derive Colburn's equation for Nt, shown below, from the former 
expression: 

N = ln[M(l-P) + P] 
t 1-P 

(6.54) 

A· close approximation to the number of transfer units may be 
obtained by using Colburn 1 s equation for the dilute portion of the 
column, and by graphically integrating Equation 6.63 for the concen
trated portion of the column. Though 11 counting the squares 11 is the 
most accurate method of graphical integration, several approximate 
methods of integration, such as Simpson 1 s Rule, are available and 
require much less time to calculate than counting the squares. -
Simpson I s Rule wil 1 be il 1 ustrated in the ·fa 11 owing example: 

• Dilute-Region Transfer Units by Colburn's Equation: Equation 
6.70 is used for the dilute-region transfer-unit calculations. 

· In this equation, · 

. X 
1 10 

M + Xz = ....... 0 _....,.00"""'3._0 = 3333 

10 

0.003 

Nt = 8.9 

p _ A/0 _ 0~457 = 0_038 -m- 12 

= ln[M(l-P)+P] = 
1-P 

ln[(3333)(0.962) + .038] 
0.962 

• Concentrated-Region Transfer Units by Graphical Integration: In 
graphically integrating Equation 6.63, values of X and X* are 
obtained by drawing constant Y lines on the operating diagram 
(Figure 6-29), and reading the corresponding values of X and X* 
at the intersections of the constant Y lines with the operating 
and equ.ilibrium li_!'les, respectively .. Values of X are selected 
to facilitate the use of Simpson's Rule so that the increments 
between successive values within each group of these values 
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a re equa 1 (e.g. , 5, 10 and 15). Furthennore, each group of three va 1 ues 
should be selected so that the calculated incremental areas are all 
approximately equal. These data, calcuJated for values of X suitable 
for use with Simpson's Rule, are tabulated below: 

X 

10 
15 
20 
30 
40 

60 
80 

156 

232 

X* y = 
1/(X-X*) 

Area= 
( h/ 3 )(yo + 4y 1 + y 2) 

0. 14 0. l 014] 
0.24 0.0678 
0.36 0.0509] 
0.62 0.0340 
1.0 0.0256] 
2.0 0.0172 
4. 1 0.0132] 

20 0.0073 
60 0.0058 

5 0.713 

10 0.713 

20 0. 721 

76 l. 22 

r Area= 3.36 

]

232 

Nt = 

10 

232 J x~~. = 

10 

i: .. ~rea = 3.36 

1 Total Number of Transfer Units: The total number of transfer 
units in the HA column extraction section is detennined by 
addition of the results obtained in the two examples shown 
above: 

Nt ( tota 1 ) = Nt] 232 = Nt]l O + Nt]232 = 

0.003 .003 10 

8.9 + 3.4 = 12.3 

• Height of a Transfer Unit: The HTU is detennined by dividing 
the 13.5-foot cartridge height by the number of transfer units: 

HTU = 13 · 5 - 1 1 ft . 12:4 - . . 
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1 Calculation of Number of Transfer Units 
a ue ror ,n o urns gua 10n: average va ues ror the 

slope, m, of the upper and lower portions of the equilibrium 
line are assumed to be 12 and 10.5, respectively, then: 

P = A/mO 

P1 = 0.318/12 = 0.0265 for the upper extraction section 

and P2 = 0.465/10.5 = 0.0443 for the lower extraction section 

216 M1 = W = 21.6 

10 M2 = _003 = 3,333 

N = ln[M(l-P)+P] 
t . 1-P 

Upper section transfer units: 

= ln[21.6(1-0.0265)+0~0265] = 
Nt 1-0.0265. 3· 13 

Lower section transfer units: 

Nt = ln[3.333(1-.0443)+0.0443] = 8 43 1-0.0443 . 

Total number of transfer units: 

Nt = 8.43 + 3.13 = 11.6 

HTU = ir:~ ft. = 1.16 ft. 

The percent error in Nt, using the simplification, is: 

(12.3 - 11.s) ,aa~ = 6 ·0o/ 11.6 IQ • ,o 

Since the accuracy of the ca1culated values is probably no bet~er 
than two significant figures, the simplified method, using an average 
value for P, yielded the same result as that obtained using the more 
rigorous method. 
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6.2.2.3.3 Example HETS Calculation for lC Column 

The graphical step-off method for calculating the HETS for the 
Purex Plant lC column is presented below. The process conditions 
shown in the table were taken from the current flowsheet for process
ing N Reactor fuels (Ref. 152) modified to the extent that the lCX 
to lCF flow ratio (A/0) was increased from 0.813 to 0.955. 

The following data are assumed to have been taken during steady
state conditions of a typical Purex Plant production campaign: 

Stream Vo 1 ume, 2. 
U Concen- HN03 Concen-

tration, g/2. tration, M 

l BU-1 CF 33,000 51.4 0.065 
lCX 31,500 0 o. 01 
lCU 32,300 53. 5. 0.086 
1 cw 32,000 0.001 0 

The operating diagram for this hypothetical operating period is 
presented in Figure 6-30. The operating line was derived in 6.2.2.1.2, 
resulting in Equation 6.54, shown below: 

· Y = (A/O)X + Yw - (A/O)Xx ( 6-. 54) 

The average slope of the operating line is: 

= (l/2)(31 ,500/32,000 + 32,300/33,000) 

= 0. 98 

Thus, Y = 0.98X + 0.001-0 

The equilibrium line, which is dependent on the nitric acid concen
tration and temperature, was determined by stepping off the nitric acid 
and uranium stages together, starting from the concentrated end· of the 
column. An investigation of nitric acid transfer shows that approximately 
90% of the acid entering in the feed to the C-type columns is transferred 
to the aqueous phase in the first theoretical stage, with most of the re
maining acid in the organic phase transferring in the second stage. Thus, 
it isn't necessary, in most cases, to draw the nitric acid operating dia
gram to determine the position of the uranium equilibrium line. The 
equilibrium line determined as explained above was then adjusted to 
account for the higher temperature (55°C vs 45°C). 

In this example, slightly over 5 stages were stepped off; therefore, 
the HETS for the 18-foot-long cartridge is 18/5 = 3.6 feet. The large num
ber of stages is caused by the relatively close approach of the lC column 
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f1owsheet to pinch conditions. The equilibrium and operating lines are 
close together and the concentration gradient (or "driving force") is 
small. Thus, relatively little transfer is taking place in the concen
trated region of the column. 

6.2.2.3.4 Example HTU Calculation for the lC Column 

The number of transfer units for uranium transfer (overall organic
film basis) in the lC column may be detennined by using a suitable method • 
of integrating the basic equation 

(6.57) 

discussed under 6.2.2.2. The operating diagram (Figure 6-30) developed 
in the preceding example will be used for this calculation. Since the 
equilibrium line has considerable curvature, it would be difficult to 
detennine an appropriate value for the extractio~ factor, P, to be used 
in Colburn 1 s equation. "Therefore, the calculation is broken into two 
parts, as was the HA column calculation, with the number of transfer 
units in the dilute region calculated by classical integration and the 
number of transfer units in the concentrated region calculated by graphi-
cal integration using Simpson's Rule. . · 

• Dilute Region Transfer Units: In the dilute region of the 
column (from Y = 0.001 g U/i to Y = 4 q U/i), the value of 
Y* is negligible compared to the value of X, thus: 

· 4.0 

]

4.0 

N = 

t 0.001 

f dY/Y-Y* 

0. 001 

= ln 4.o = 8.3 0.001 

4,0 

f dY/Y 

0.001 

• Concentrated Region Transfer Units: In evaluating the integral: 

]

51.4 

Nt = 

4 
!

Sl.4 

dY/Y-Y* 

4 

values of Y and Y* are found from Figure 6-30 at the intersec
tion of appropriate constant X lines with the operating and 
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equilibrium lines, respectively. These data, obtained at 
suitable intervals of Y to be used in Simpson 1 s Rule, as dis
cussed in the example for the HA column, are tabulated as 
follows: 

y Y* 

4 0.065 
7 0.25 

10 0.75 
15 2.5 
20 5.0 
25 9.0 

30 13 
40.7 23 
51.4 39 

y = 
1/Y-Y* 

0.25! 
0. 15 

0.11 l 
0.08 

0. 07 l 
0.06 

0.06! 
0.06 
0.08 

3 

5 

5 

11. 2 

Area= 
(h/3)(y

0 
+ 4y1 + y2) 

0.95 

0.82 

0.63 

.1. 1 

E Area= 3.5 

Total Nt = 8.3 + _3.5 = 11 .8 

HTU = 18/11.8 = 1.5 ft. 

6.2.2.4 Stage and Transfer Unit Requirements 

The number of equivalent theoretical stages or transfer units 
required to perfonn a given extraction duty can be calculated using the 
process f1owsheet as a basis. The heights of the stages or transfer 
units, which are dependent upon the phase contacting efficiency and mass 
transfer kinetics, as well as the chemical equilibria, are determined 
from pilot plant test data obtained under the same f1owsheet conditions. 
With the va 1 ues for Ns and HETS, or Nt and HTU thus detenni ned, t_he 
packed or cartridge height required for each column is readily calculated 
by the equation: 

Total Height= (Ns)(HETS) = (Nt)(HTU) 

The number of theoretical stages and transfer units required to 
attain 0. 1% waste losses for uranium and plutonium extraction in the 
various Purex Plant columns 1s presented in Table 6-27. Except as noted, 
the data presented are for process conditions defined in the study flow
sheet, HW #3 (Ref. 140), upon which the original plant column and cart
ridge designs were based. The use of the current flowsheet (Ref. 152) as 
a basis for the calculations would change the Ns and Nt values somewhat, 
as shown by the comparisons for the HA and lC columns. 
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TABLE 6-27. Number of Theoretical Stages and Transfer 
Units Required for Purex Solvent-Extraction Columns.a 

-
Number of Theoretical Stages Number of Transfer Units 

Column 
u Pu u Pu 

HA Ext. 2.0b 7.0b 7.2 
2.4 7.7 

1C 4. 1 b 8.1 b 
4.3 7.9 

lBX ca. 6c ca. 1 oc 
lBS 2.7d 10.0c 

2A Ext. 3.Be 7. 1 
9.3 10.Se 

28 2. 1 7.0 
20 Ext 2.0 7.0 
2E 3.5 7.7 

aBased .on 0.1% waste loss and process conditions of HW#3 f1owsheet 
(Ref. 140) except as noted. 

loss. 
bBased on conditions of ARH-F-103 flowsheet (Ref. 152) and 0.1% 

cBased on an assumed value of 0.02 form. 
d0.1% uranium in piutonium or 5.7 x 10-5% uranium loss, based on HAF. 
eBased on conditions of ARH-F-103 flowsheet and 0.7% plutonium loss. 

6.2.2.5 Pinching Extractant-to-Feed Flow Ratios 

The theoretical minimum, or pinching, extractant-to-feed flow ratio, 
as defined in 6.2.1.1, is the lowest ratio of extractant flow to feed flow 
that is theoretically sufficient for all of the solute to transfer into 
the extract. Two types of pinch can occur ~n a solvent extraction column-
a dilute-end pinch and a concentrated-end pinch. The dilute-end pinch 
occurs when the extractant contains a small amount of the product salute, 
or when an inextractable species of the product material is present in 
the feed. When a dilute-end pinch occurs9 the waste loss is insensitive 
to an increase in the organic-to-aqueous flow ratio. The concentrated-
end pinch occurs because of insufficient extractant flow and can always 
be relieved by increasing the extractant-to-feed flow ratio. The minimum 
extractant-to-feed flow ratios actually Tieeded to avoid high losses in 
the Purex Plant extraction and stripping columns are typically 10 to 50% 
higher than the theoretical ~inimum ratios due to flow channeling and 
backmixing in different portions of the column cross section. · 
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The selection of an appropriate flow ratio generally involves compro
mise. Unacceptably high losses result from an excessively low extractant
to-feed flow ratio. In the A-type columns, an excessively high organic 
extractant rate impairs decontamination perfonnance, as discussed in 
6.2.5, in addition to increasing the throughput rate and load on both the 
column in question and the ass.ociated C-type column. In a C-type column, 
a.high aqueous extractant rate increases the evaporation load on the 
associated concentrator. The discussion and figures in 6.2.2.5.1 and 
6.2.2.5.2 are presented to assist in the selection of advantageous flow 
ratios to be employed in the operation of the Purex Plant A-type and 
C-type columns for a variety of potential operating conditions. 

6.2.2.5. 1 Minimum Flow Ratio in the A-Type Columns 

Figure 6-31 may be used to calculate the theoretical minimum, or 
pinching, flow ratio for the A-type columns (HA and 20) when operated 
under a wide variety of flowsheet conditions. This graph shows the. re
lationship between the uranium concentration in the feed and the ratio of 
the scrub volumetric flow to uranium mass flow. The curves were calcu
lated for a- column with a single scrub stream, but they should be appli-
cable, as .well, to dual-scrub columns, provided that the sum of the top 
and intennediate scrub-stream·'flow rates is used as the HAS flow rate. 

The following example illustrates the use of .Figure 6-31, assuming 
the operating conditions shown below: 

HAF composition: l.35~ U, 2.0M HM0 3 

HAS-to-uranium ratio:. 0. 249 gal /1 b (Purex HW#3 fl owsheet) 

Starting with Xf (HAF) uranium concentration, a line is dra;n ho~i
zontally to intersect the 0.249 HAS/uranium line; this gives XFs, the 
aqueous-phase uranium concentration at the feed point (0.98M), assuming 
six scrub stages.* From· this intersection, a line is extended vertically 
to intersect the pinching 0/A vs XF.s line. The value of the pinching 
0/A (1 .86) may be read by drawing a line horizontally from this inter
section to the ordinate axis. This value is for HW#3 flowsheet conditions, 
which call for an HA column operating temperature of 25°C. The above 
pinching 0/A should be increased about 10% for the current flowsheet 
conditions. 

The actual extractant-to-raffinate flow ratio in the column should 
be about 10 to 20% greater than the pinching flow ratio to prevent losses 
due to insufficient transfer units or to phase channeling. 

* The amount of uranium refluxed back to the feed point by the scrub 
stream •is a function of the scrubbing efficiency (or Ns) as well as the 
scrub flow rate. Fewer stages would reflux less uranium, and the value 
for XFs would be less. 
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6.2.2.5.2 Minimum Flow Ratio in the C-Type Columns 

The effect of feed and extractant stream compositions on the pinching 
extractant-to-raffinate flow ratio in the C-type columns (lC and 2E) is 
shown in Figure 6-32. An auxiliary graph is added as a variable ordinate 
axis to correct for the effect of increased temperature. Correction 
factors for use with TSP concentrations diff~ring slightly from 30% are 
also included. · 

The use of Figure 6-32 to detennine operating conditions for the 
C-type columns is illustrated by the following example for which the 
conditions (typical of the present N Reactor fuel flowsheet) shown below 
are assumed. 

lCF composition: 0.216!:1 UNH, 0.065fi HN0 3 
ltX composition: 0.01~ HN03 
lC column temperature: 55°C. 

Starting with the YF (lCF) uranium concentration, a line is drawn 
vertically to. inte~sect the 0.01~ HN03 lCX parameter. From this i~ter
section, a line· is extended horizontally to intersect that ordinate which 
applies for the 55°C column temperature. The pinching lCX:lCF flow ratio 
(0.82) may be read by interpolating between the pinching A/0 parameters. 

The actua 1 extractant fl ow rate used in the column is norma 11 y about 
10 to 15% above the pinching value obtained in the above example to mini
mize the adverse ~ffect of phase channeling. 

6.2.3 Pulse Column Variables 

In this section, pulse column design and operating variables are 
identified, and their effects on column operating performance are discussed. 

6.2.3.l Perfonnance Characteristics of Pulse Columns 

6.2.3. 1.1 Phase Dispersion Characteristics 

Pulse column operation is characterized by three distinct types of 
phase-dispersion behavior, as illustrated in Figure 6-33 and described 
in the following paragraphs. The type of phase dispersion is dependent 
on the throughput rate and the pulsing conditions. (In most instances 
in the Purex Plant, the pulse amplitude is fixed by design, and the 

· dispersion characteristics are detennined by throughput and pulse fre
quency.) The changes in phase-dispersion behavior accompanying changes 
in frequency or throughput rate involve gradual blending of one type of 
operation into another, rather than abrupt transitions. 
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Mixer-settler-type operation (Figure 6-33a) occurs at low through
put rates and frequencies and is characterized by the separation of the 
light and heavy phases into discrete, c1ear layers in the interplate 
space during the quiescent portions of the pulse cycle, During the up
ward portion of the pulse movement, the light phase initially resting 
under the sieve plate is forced up through the perforations, and rises 
in fairly large globules through the layer of heavy phase above the plate. 
Simi 1 arly, ·the heavy phase descends during the downward movement of the 
pulse. With mixer-settler-type operation, the pulse column is highly 
stable but relatively inefficient compared with operation of the same 
column under emulsion-type operation. 

Emulsion-type operation (Figure 6-33b) occurs at higher throughput 
rates and/or frequencies than mixer-settler operation, and is character
ized by small drop size (typically, 1/16-inch, or less, in diameter), 

· fairly uniform dispersion -of the discontinuous phase, and little change 
in phase dispersion in the course of the pulse cycle, The high inter
facial contact area per unit volume renders this the most efficient .type._ 
of operation. 

Unstable operation (Figure 6-33c) occurs at still higher throughput 
rates and/or frequencies than the other two types of dispersion behavior. 
Unstable operation is characterized by either one_ of two different types 
of phase dispersion. The more corrmon type of instability in the Purex 
Plant pulse columns occurs in the nozzle plate cartridges with the 
organic phase continuous or in columns with the aqueous phase continuous, 
in which some· of the sieve or riozzle plates have become preferentially 
wetted by the organic phase. This type of instability is characterized 
by mixtures of fine and coarse drops of the dispersed phase, the coales
cence of the dispersed phase into large, irregular-shaped globs, and 
periodic reversals of the continuous phase in short sections of the __ 
column (cyclic local flooding). As the throughput and/or frequency is 
increased still further~ the cyclic local flooding progresses to the 
point of complete flooding, and one or both of the entering streams is 
prevented from passing through the column and leaves through the exit 
line intended for the other phase. 

The mass transfer efficiency of the column at the point of incipient 
instability may be as high or even slightly higher than in emulsion-type 
operation. As the instability increases to a cyclic local flooding condi
tion, however, the efficiency generally becomes poorer than in emulsion
type operation, but remains higher than in mixer-settler type operation 
until complete flooding is reached. 

Another type of instability that has been obs.erved in glass demon
stration columns operating with the aqueous phase continuous, and is 
presumed to occur in the large columns as well, consists of a very fine 
dispersion of organic and aqueous droplets. At the point of instability, 
it is virtually impossible to identify which phase is continuous. This 
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type of emulsion is resistan·t to disengaging, and generally propagates 
to the closest end of the column to its point of fonnation, and exits 
at that end. This type of instability characteristically occurs in a 
region of the column where very little mass transfer is taking place 
(e.g., the top of C-type columns and about one-fourth of the distance 
down from the top of the lBX column). The mass transfer effectiveness 
in the region with this type of instability is very poor. However, since 
very little mass transfer is taking place, the calculated HTU values may 
not be affected appreciably. 

6.2.3. 1.2 Conditions of Stable Operation 

ihe operation of a pulsed column containing a sieve-plate cartridge 
is markedly different from that of a pulsed, packed column. With a 
packed column, the maximum throughput is obtained without pulsing. With 
a sieve-plate column, on the other hand, no significant countercurrent 
flow can be obtained without pulsing·of the liquid contents of a properly 
designed column. The capacity of a sieve plate column at low frequencies 
is equal to the pulsed volume: velocity (defined in 6.2.1 .1) and so in
creases in proportion to the amplitude - frequency product (or, at con
stant amplitude, in proportion to the frequency). At low frequency -
amplitude products, the pulsed volume veloci-ty, V, is given by: 

where 

V = 74.81 af (Ref. 61) (6.65) 

Vis given in gal/hr-ft2 (both phases) 

a is the pulse.amplitude in inches (from one extreme position 
to the other), and · 

f is the pulse frequency, in cycles/min. 

Equation 6.65 defines the straight portion of the curve shown in Figure 6-34. 
As seen from the figure, flooding may occur due to insufficient pulse fre
quency. As the frequency increases (with constant amplitude), a maximum 
pulsed volume velocity is obtained-. As the frequency increases further, 
the flooding capacity becomes progressively lower than the pulsed volume 
velocity. After passing through a maximum value, the flooding capacity 
decreases with further increases in the pulse frequency. 

6.2.3. 1.3 Factors Affecting Pulse Column Perfonnance 

The factors affecting the perfonnance of a pulse column may be 
divided into two broad groups--those which may be varied in the course 
of operation of a column of a fixed design (operating variables) and 
those which are fixed by design of the column, cartridge, or the asso
ciated pulse generator (design parameters). 
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The important operating variables are pulse frequency, throughput 
rate, flow ratio of the liquids, solute concentrations, physical proper
ties of the liquids (notably specific gravity, viscosity, interfacial 
tension, diffusivity) including properties dependent on the choice of 
the diluent for the TBP, and temperature. The effects of these opera
ting variables on extrac~ion effectiveness and capacity of pulse columns 
are discussed briefly in 6.2.3.2,. below. The effects of the variables 
on decontamination perfonnance are discussed in 6.2.5. 

The more important design parameters are pulse amplitude, choice of 
continuous phase, nature of the column internals (sieve plates, sieve 
and louver plates, nozzle plates, Raschig rings), wetting characteristics 
of the column internals, geometry of the packing or sieve plate (hole size 
and spacing, plate spacing, nozzle depth, free area), height of the cart
ridge or packed section, column diameter, and pulse wave shape. The 
general effects of these design parameters on the extraction effective
ness and throughput capacity of pulse columns are discussed briefly in 
6.2.3.3. The considerations that led to the designs adopted for the 
Purex Plant columns are described in 6.2.4. 

-
6.2.3.2 Effect of Operating Variables on Extraction and Capacity 

The direction and order of magnitude of the effects of the more 
important operating variables on the extraction effectiveness and capa
city of pulse columns are described in this subsection. The reader is 
referred to 6.2.5 for specific data on the effects of these vartables 
on the decontamination perfonnance of the Purex Plant pulse·columns. 

6.2.3.2.1. Pulse Frequency 

·The effect of pulse frequency on the throughput capacity of a 
pulse column is described in 6.2.3.1.2 and illustrated in Figure 6-34. 

Within the region of stable operation, HTU values generally decrease 
sharply (often over 3-fold) with increasing pulse frequency as the phase 
dispersion is transfonned from mixer-settler type to an increasingly 
intimate emulsion type. On the threshold of unstable operation, there 
is sometimes an increase in HTU values with increasing pulse frequency 
as a result of incipient coalescence of the dispersed phase. 

Experience indicates that frequencies giving near-optimum perfonn
ance generally lie somewhere in the range of 75 to 95% of the flooding 
frequency. Optimum frequencies for the Purex Plant columns, which employ 
fixed amplitudes for different columns in the range of 0.53 to 1.86 inches, 
are generally between 35 and 110 cycles/min., depending on the column 
and operating conditions. -
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6.2.3.2.2 Throughput Rate 

The relationship between throughpµt rate and the upper and lower 
flooding frequency of a pulse column is described in 6.2.3.1.2 and illus
traded in Figure 6-34. 

Extraction efficiency, as measured by HTU values, is relatively 
insensitive to variations in throughput rate, provided that the pulse 
energy is sufficient to produce good emulsion-type phase dispersion. 
Plots of HTU values versus throughput rate (expressed in tenns of super
ficial volume velocity) at constant pulsing conditions vary in shape as 
a function of cartridge geometry, type of column (extraction, scrub or 
stripping) and the pulse frequency. Generally, however, the plots are 

'";' convex downward and relatively shallow, with HTU values varying by 
10 to 15% over a 2- to 3-fold range of throughput rates, and increasinq 
HTU values at both high and low rates. · 

The increase in constant-pulse HTU values at low throuqhput rates 
can usu-ally be overcome by increasing the pulse frequency, taking advan
tage of the higher flooding frequencies attained at low throughput rates. 
No such expedient is available, however, for reducing the HTU values at 
high throughput rates. Therefore, a diameter decrease gained by use of 
a cartridge designed to provide a high ·superficial flow rate may result 
in increased column height, impaired solvent extraction capability, or 
both, as discussed in 6.2.3.3. · 

6.2.3.2.3 Flow Ratio 

HTU values generally increase with increasing continuous-to-dispersed 
phase flow ratio. 

·The flooding volume velocity (sum of phases) of a pulse column prob
ably increases with increasing continuous-to-dispersed phase flow ratio 
(Ref. 158). The effect, however; is not significant for the Purex columns 
in the flow ratio ranges of interest. 

6.2.3.2.4 Solute Concentration 

Height-of-transfer-unit values generally increase with decreasing 
solute concentration. For example, a 3-fold reduction of the concentra
tion of uranium in the feed to a column may result in decreasing its 
concentration in the raffinate by only 50%. · Height-of-transfer-unit 
values are higher at the dilute end of a column than at the concentrated 
end. 

6.2.3.2.5 Physical Properties of Liquids 

Physical properties known to be important in pulse-column perfonnance 
are: (a) the density difference between the liquid phases; (b) the den
sity of each phase; (c) the viscos1ty of the continuous phase; (d) the 
interfacial tension between the ph~ses; and (e) the diffusivities of the 
diffusing components. 
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While these effects are complex and not sufficiently well understood 
to pennit•prediction of column perfonnance from physical data, some em
pirical evidence supports the following generalizations (each applying 
when all other factors are equal) as potentially useful first approximations. 

• Effect on Capacity. The flooding capacity increases at 
approximately the 0.7 power of the density difference between 
the phases. The density difference in the Purex Plant column 
liquids ranges from about 0. 1 to 0.3 g/mi. 

The flooding capacity is inversely proportional to the approxi
mate. 0. 3 power of the change in continuous-phase viscosity; 
i.e., a low continuous-phase viscosity favors a high flooding 
capacity. The Purex Plant continuous-phase viscosities range 
from 1 to 3 centipoises. The viscosity of the dispersed 
phase does not appear to exert an important effect on the 
flooding capacity. 

The flooding capacity is proportional to about the 0.4 
power of the interfacial tension; the- interfacial tensions 
between the organic and aqueous phases of the Purex process 
systems are fairly low--generally between 10 and 15 dynes/cm. 

•·Effect on HTU. Individual-film HTU valu~s are generally 
believed to vary approximately with the 0.6 power. of the dimen
sionless Schmidt number,~. for the phase in question where, 
with consistent units: Pv 

1.1 = viscosity, 
p = density, 

D = diffusivity of the diffusing component. 

Hence, individual aqueous-film or organic-film HTU values should decrease 
with decreasing viscosity and increasing diffusivity or density values. 

Transfer unit heights and flooding capacities may vary somewhat with 
the physical properties imparted by the diluent to the solvent phase, as 
discussed above. Column perfonnance may also be affected by the nature 
and concentrations of any chemically activ.e impurities in the diluent. 

6.2.3.2.6 Temperature 

An increase in temperature usually increases the flooding capacity 
and decreases the HTU, presumably because increased temperature reduces 
the liquid viscosities and increases the diffusivity of the solute. 
Experience has shown the flooding capacity to increase about l~b for each 
degree Celsius rise in temperature. The viscosity of liquids generally 
decreases about 2% for each degree Celsius rise in temperature, while 
the diffusivity is, ideally, directly proportional to the absolute 
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temperature. Thus, for a 20°C rise in temperature, the individual-film 
HTU's, and consequently, overall HTU's, in the absence of complicating 
channeling and back-mixing effects, should decrease by almost 30%, al
though a 10% overall HTU decrease has been more typical of pilot plant 
experience. While increased temperature generally lowers HTU values, its 
effect on the distribution ratio of the solutes of interest may be favor
able or unfavorable, as discussed in Section 6.1. 

The net effect of a temperature increase on column performance is the 
resultant effect of the mutually reinforcing or opposing tendencies. In 
the Purex A-type columns, the temperature effect on uranium distribution 
ratio works to oppose the effect on HTU, while in the C-type columns, 
these two effects reinforce each other. The potential benefits of 
elevated temperature operation must also be weighed against possible 

.adverse effects of accelerated solvent and diluent degradation . 

Purex Plant experience has shown moderate increases in temperature 
to be beneficial in ~very instance. The only process streams that are 
not maintained above ambient temperature (~25°C) are some of the low
volume scrubbing and stripping streams (to the second and third pluto
nium cycles and the neptunium recovery cycle). 

6.2.3.3 Effect of Design Parameters on Extraction and Capacity 

The nature, direction and order of magnitude of the effects of the 
parameters which are fixed by design on the extraction effectiveness 
and throughput capacity of pulse columns are described briefly in this 
subsection. 

6. 2. 3. 3. 1 . Pu l se Amp l i tude 

The effect of pulse amplitude on column performance appears, from 
limited studies, to be of a lower magnitude than that of pulse frequency. 
Correlation of column performance with pulsing conditions has generally 
involved use of the amplitude-frequency product as a parameter which 
defines the pulsed volume velocity or minimum condttions of pulsing for 
countercurrent flow through a sieve-plate cartridge to occur. A review 
of the data, however,· indicates the effect of changes in pulse amplitude 
on column performance to be substantially different from changes in 
pulse frequency. While a rigorous analysis is not possible with the 
limited data available, some qualitative relationships have been estab
lished and are included in the following general observations: 

• A pulse amplitude equal to approximately one-half of the dis
tance between adjac~nt sieve plates appears to provide optimum 
performance.· Thus with 2-inch-spaced stainless steel sieve 
plates, a 1-inch amplitude yields lower (typically 10%) HTU 
values and higher (10-25%) capacities than a 1/2-inch amplitude, 
an·d slightly (5%) lower HTU values and about the same capacity 
as a 1.5-inch amplit~de. 
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• A pulse amplitude equal to or greater than the plate spacing 
results in substantially higher HTU values--probably due to 
increased back-mixing. 

•. Flooding, good emulsion-type operation and low HTU values 
occur at lower amplitude-frequency products with a 1/2-inch 
amplitude than with a 1-inch amplitude. 

6.2.3.3.2 Plate or Packino Wetting Characteristics and Choic~ of 
Continuous Phase 

The trend of increasing HTU values with increasing continuous-to-
;dispersed phase flow ratio is attributed to the decr~a~e in the interfacial 
contact area as the relative flow of the dispersed phase decreases. 
Thus, other factors being equal, slightly improved extraction efficiency 
may result if the phase with the larger flow rate is dispersed in the 
phase with the smaller flow rate. In this case, the advaniage, which 
sometimes does not.occur at all, depends upon the perforated plates· 
being wetted by the continuous phase. With plates perferentially wetted 
by the dispersed, rather than the coritinuous phase, HTU values are gen
erally higher. (The wetting characteristics of various materials used 
for perforated plates are present~d. in 6.1.3.8.3.) Visual observation . 
of the dispersion in small-scale glass columns confirms the above effects. 
When the sieve plate (or packing) is preferentially wetted by the dis
persed. phase, it coalesces on the plates and travels through the column 
in large streams or globs, rather than dispersing as small drops of 
fairly uniform size and much larger interfacial area. 

A second criterion for the choice of continuous phase, which gen
erally has been found to override the phase ratio considerations discussed 
above, is that the interface should be located at the waste end of the 
column. When operating in this manner, interface "crud" (an accumulation 
of siliceous, degraded organic and other materials) leaves the solvent 
extraction column with the raffinate stream, rather than following the 
product through the remainder of the process. Since the interface crud 
contains substantial amounts of adsorbed fission products, the decontami
nation perfonnance would be severely reduced if the interface crud followed 
the product stream. 

The above phenomenon was experienced in the Purex Plant irmiediately 
after the initial 11 hot 11 startup. The A-type columns (except for the 
2A column) were operated with the aqueous phase continuous and the C-type 
columns (except for the 2B column) were operated with the organic phase 
continuous. ·satisfactory decontamination perfonnance was achieved only 
after the A- and C-type columns were replaced with ones designed for 
operation with the organic and aqueous phases continuous, respectively. 

6.2.3.3.2 Height of Plate or Packed Section 

The HTU values generally increase with increasing column height. 
This is primarily due to a general trend toward higher HTU values with 
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decreasing diffusing component concentrations~ as discussed previously 
·in 6.2.3.2.4. The above relationship is the most pronounced in the de
contamination sections of the A-type columns. Only minor improvement in 
the overall decontamination factor is gained by increasing the scrub 
section height above about 18 feet. The Purex Plant HS column, which 
provided additional scrubbing to the HAP stream in an 18-foot-high car
tridge section, provided a OF ranging upward to a.bout 10, and was typi -
cal ly about ·2. 

Hard-to-avoid chemical impurities (such as those giving rise to 
11 inextractable 11 uranium or plutonium) sometimes limit the improvement in 
extraction effectiveness that would otherwise be obtainable by increasing 
the column height (and hence the number of transfer units in the column). 

· 6.2.3.3.3 Column Diameter 

As the column diameter increases, the countercurrently flowing 
liquid phases display an increasing tendency to channel in some portion 
of the column cross section rather than distribute evenly across it. 
This channeling tendency causes increasing overall transfer·unit heights 
and, thus, increasing uranium and plutonium losses as the column diameter 
becomes larger. The severity of these effects varies with the physical 

. properties of the liquid phases and with the column design. Since the 
adverse effect of channeling on column performance is greatest when the 
density difference. between the phases is greatest and the extractant flow 
in excess of the theoretical minimum requirement is small, the impainnent 
of column performance with diameter scale-up is particularly serious in 
the Purex A-type columns. 

The 11 scale-up 11 factor (ratio of full-scale to intermediate, pilot 
plant-scale HTU values) upon going from 3-inch~diameter to Purex Plant
scale (7-inch to 34-inch-diameter) columns is variable~ For the C-type 
columns, the HTU increases less than 50% upon increasing the diameter 
from 3.0 to 27 inches. For A-type columns, however, the effect of in
creasing the extraction section diameter from 3.0 to 24 inches is, in the 
absence of louver-plate redistributors, very large. Waste losses, under 
optimum operating conditions, from a 13-foot-high plate section increased 

. from 1 ess than 0. 001 to 6%. · 

The effect of increasing the column diameter from 3 inches to 
Purex Plant size (7 to 34 inches) on the flooding capacity. and shape of 
the flooding throughput versus pulse frequency curve is not appreciable. 

·The transition from stable, emulsion-type operation to unstable operation 
occurs at similar conditions of throughput and pulse frequency, but the 
smaller column sometimes floods more readily than the larger columns. 

6.2.3.3.4 Sieve Plate and Cartridge Geometry 

The selection of column internals, including packing or cartridge 
and plate design, for a given pulse column application is generally a 
trial-and-error procedure involving a compromise between high capacity 
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and low HTU values. The cartridges that were selected initially for 
use in the Purex Plant columns were, with three exceptions, all replaced 
by cartridges whJch were custom designed for the specific service, and 
which gave substantially superior performance as compared with the ori
ginal designs. 

New plate and cartridge designs should always be tested and compared 
with existing cartridge designs in a test column before installation in 
the Purex Plant. A knowledge of.the general effects of the various plate 
and cartridge design parameters on pulse column performance is very help
ful in expediting the selection p~ocess. The gener~l effects of the 
plate and cartridge design parameters on column performance are summarized 
in Table 6-28. 

TABLE 6~28. Effect of Design Parameters on 
Pulse Column Performance. 

Design · 
Parameter 

Hole Diameter 

Plate free (or 
perforated) area 

. Plate Spacing 

Plate-to-wall 
clearance 

Magnitude and Nature of Effect .. 

Second order effect on capacity and HTU in the 
range of 0.08 to 0. 188 inch. First order effect 
for diameters smaller or larger than the above 
1 imits. 

First order effect, with both capacity and HTU 
values increasing by up to 15% with an increase 
in free area from 10 to 23%, and by as much as 
50% with a further increase in free area to 33% . 

Second order effect on both capacity and effi
ciency in the range of 1 to 4 inches. 

Negligible effect, provided the clearance does 
not constitute greater than about 15% of the 
total cross-sectional area of the column. Sub
stantial increase in HTU for increasing clearance 
above this amount, particularly, if the column 
internals are wetted by the dispersed phase. 

Markedly superior perfonnance (in both capacity and efficiency) can 
be obtained by custom designing a cartridge for a specific extraction 
duty and flowsheet. Glass-column studies of the dispersion behavior of 
various systems have shown that flooding nearly always starts at the 
same location with any given cartridge and flowsheet conditions. "Opening 
up 11 the cartridge to relieve the. instability may, thus, result in a higher 
capacity with negligible decrease in the efficiency. This can be accom
plished by increasing either the free area or the plate spacing, or both, 
in the unstable region. 
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Another technique for relieving one type of instability without 
sacrificing efficiency is to include a few plastic plates appropriately 
spaced in the unstable region. This technique is particularly effective 
in columns in which the aqueous phase is continuous and the instability 
is characterized by the formation of an emulsion of very fine, stable 
droplets of organic. The plastic plates provide coalescing surfaces for 
the fine organic droplets, and a distance equivalent to several plates 
is required for.the fine, tight emulsion to reform. By inserting plastic 
plates. at appropriate locations, the instability can be dissipated and 
higher pulse frequencies (with the resulting lower HTU values) or higher 
throughput rates can be attained. 

6.2.3.3.5 Nozzle Plates 

. Nozzle plates are sieve plates fabricated from stainless steel or 
other similar corrosion-resistant metal with each hole indented or 
11 dimpled, 11 causing the hole to act as a small jet nozzle. Nozzle plates 
were initially developed to provide a superior alternative to plastic 
sieve plates for organic-continuous operation. To be effective in this 
use, the nozzles must protrude at least 0.03 inch from the plate surface. 
Later pilot plant studies, verified by Purex Plant experience, have 
shdwn that nozzle plates also provide superior performance to sieve 
plates for aqueous-continuous phase operation. The nozzles are oriented 
in the opposite directiQn of flow of the continuous phase (downward for 
organic-continuous· operation and upward for aqueous-continuous operation. 

The reason for the improved performance of the nozzle plates is 
hypothesized to be that the thin layer of the continuous phase that is 
trapped by the protrusions provides a coalescing surface for the con
tinuous phase. Favorable nozzle plate designs may typically exhibit 
50% higher throughput capacity and up to 30% lower HTU values than well

_designed plastic sieve plates .. 

6.2.3.3.6 Louver Plates 

Severe channeling of the discontinuous phase, leading to high HTU 
values and high losses in large-diameter columns, can be remedied by the 
use of louvered redistributor plates. The improvements in extraction 
efficiency obtained by the use of louver plates is shown in Table 6-29. 
Such a redistributor consists of a solid horizontal plate provided with 
louvers designed to impart a swirling or eddying motion to the column con
tents as they are pulsed. The louver slats are oriented upward, and addi~ 
tional eddying effects are imparted by vertical baffles placed in the path 
of the liquid discharged from the l~uvers. Louver plates are located at 
selected intervals along the length of the column. A suitable length 
(6 inches) of the column just above and just below the redistributor plate 
is generally left free of sieve plates to relieve flooding tendencies and 
to provide sufficient unimpeded space for the swirl to cause mixing of the 
column contents and, thus, break up channeling. 
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TABLE 6-29. Effect of Redistributors on 
Uranium Loss in the A-Type Columns. 

Data from dual-purpose column studies; aqueous phase con
tinuous. Cartridge geometry: stainless steel sieve plates, 
1/8-inch holes, 23% free area, 2-inch plate spacing, 13.5-foot
long extraction section. 

% Uranium Loss 

Amplitude x Frequency 23.5-Inch Column 
Inch/Minutea 3-Inch 

Column Without l~i th · 
Louver Plates Louver Platesb 

'' 
_,, 

26 to 28 0.0009 12.6 . ----
37 --- 10.7 a.as 

53 to 55 0.0004 6.4 0.001 
64 --- 6.4 0.001 

aPulse ampltude.= 0.9 inch 
b. - .... 

13% free-area louver plates with 6 inches of free space on 
either side inserted 14, 40, 80, and 120 inches below top extrac
~ion section sieve plate. 

Louver plates with 13 to 17% free areas, such as used in the Purex 
Plant, have been found to have no significant effect on the throughput 
capacities of columns employing a 23% free-area sieve or nozzle plate 
cartridge. 

6.2.3.3.7 Pulse Wave Shape 

The pulse displacement-vs-time curve for the mechanical pulsers 
employed for the larger (7 inches or greater in diameter) columns in 
the Purex Plant is approximately sinusoidal in shape. The air pulsers 
for the 3A and 38 columns produce a pulse wave shape varying from a 
.modified notched or flat-topped sawtooth shape at low frequencies to a 
sharp sawtooth shape at higher frequencies. 

Pulse wave shapes substantially deviating from the sine wa~e often 
give minimum HTU values comparable to those obtained with sine waves. 
Other wave shapes, such as·a sawtooth shape, may substantially reduce 
throughput capacity as well as flooding frequencies from those obtained 
with a sine wave pulse. Plant experience with the 3A and 38 columns, 
however, has shqwn no problem in this respect. 
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6.2.4 Development of Purex Plant Pulse Column Designs 

The column and cartridge designs used for the Purex Plant solvent 
extraction battery evolved to their present status as a result of exten
sive development studies, followed by plant operation and identification 
of problems. Additional pilot plant studies were then performed to test 
new design concepts and develop improved designs to overcome specific 
problems. 11 Custom-tailored 11 cartridges, designed for specific columns 
and functions, thus evolved to provide good extraction and scrubbing 
efficiencies over a wide range of conditions. The initial development 
studies--both 11 cold, 11 using nonirradiated natural uranium, and 11 hot, 11 

using dissolved, irradiated fuel elements, were performed in experimental 
... co 1 umns ranging in size from 2 inches ( ORNL Hot Pi 1 at Pl ant studies) to 
: full scale. The development studies upon which the initial design speci

fications were based are reported in References 2 and 159. The later 
studies (after startup of the Purex Plant) were all performed in 3- or 
4-inc:h-diameter glass columns. A sumnary·of these later studies is given 
in this section. 

The salient design details (column size and cartridge configuration) 
of the existing pulse columns are presented in Chapter 3.0, Section 3.6. 

6.2.4.1 Functional Requirements 

The Purex Plant pulse columns were designed to permit the recovery 
of greater than 99% of the uranium and plutonium products at processing 
rates in excess of 30 short tons of uranium per day. During the process
ing of N-Reactor fuels under the·conditions of the current flowsheet 
(ARH-F-103), however, the plant is limited (by the feed preparation and 
the waste treatment operations) to a maximum instantaneous capacity of 
about 11 short tons per day. 

The Purex process and solvent extraction system have a demonstrated 
capability of near quantitative separation of the uranium and plutonium 
products. The uranium product contains, typically, less than one part 
of plutonium per billion parts of uranium and less than one part of 
neptunium per million parts of uranium. The plutonium product contains, 
typically, less than 200 parts (each) of uranium and neptunium per million 
parts of plutonium. The neptunium product from the solvent extraction 
system contains, typically, one gram of uranium and 0.0003 gram of pluto
nium per gram of neptunium, and requires further purification by ion 
exchange. 

The uranium, plutonium, and neptunium product streams from the 
solvent extraction system require near quantitative removal of the radio
active fission products. Overall decontamination factors on the order of 
106 to 108 are routinely achieved. The gross radioactivity of the 
uranium product is typically less than that of aged natural uranium, and 
the fission product radioactivity of the plutonium product is typically 
less than 3 µCi/g Pu. · 
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6.2.4.2 Development of the A-Type Column Design 

The "standard cartridge"* and aqueous phase - continuous operation, 
which was used with success in the extraction column of the uranium 
recovery operation at U Plant, was specified for the original A-type 
columns in the Purex Plant (Ref. 160). \~ith the standard cartridqe, 
however, the flooding volume velocity in the scrub section of the· column 
was substantially lower than that in the extraction section. A larger 
diameter was specified for the scrub section to compensate for the lower 
flooding velocity. Column diameters of 24 inches for the extraction 
section and 32 inches for the scrub section were specified to provide 
efficient performance in both sections over a wide range of throughput 
rates. 

Poor fission product decontamination performance was experienced 
with the A-type columns immediately after processing of irradiated fuel 
conmenced. The poor performance was attributed to a combination of 
backmixing in the scrub section and 11 bleed-ing:r of interface·crud into 
the product stream. This prob:lem was corrected by changinq to organic 
phase - continuous operation, with the interface located at the raffinate 
end of the column. This change required the replacement of the A-type 
columns with ones equipped with interface controllers in the lower disen
gaging sections, and with cartridges capable of operation with the organic_ 
phase continuous. Nozzle plate cartridges were selected for the extraction 
sections, based on development studies which showed them to provide 
superior performance under nearly all conditions, but particularly with 
the organic phase continuous .(Ref. 161); Numerous cartridge designs. were 
investigated for use in the .scrub sections, with the most promising 
appearing to be the mixed-plate, or 11 zebra, 11 designs. A cartridge com
prised of alternate groups of four stainless steel. and two linear poly
ethylene plastict plates on a 1-inch spacing '"as recommended for the . 
HA scrub section (Ref. 161). This cartridge gave good performance, but 
the plastic plates deteriorated rapidly, breaking up into small pieces 
that jammed flow meters and plugged valves. The recommended replacement 
for the HA scrub cartridge was comprised of 6% free area nozzle plates 
on a 3-inch plate spacing (Ref. 162). Louver plates, described in 
Sections 3.6.1 and 6.2.3.3, ·are spaced at about 4-foot intervals in all 

* Stainless steel sieve plates with 1/8-inch-diameter perforations, 
23% free area and 2-inch plate spacing; louver plates appropriately spaced 
to prevent channeling of the phases. . . 

1 The material specified for the plastic plates used in Purex Plant 
pulse columns is poly-trifluoromonochloroethylene. Two brands of this 
material, which have been used with equal succesi, are Kel-F, manufactured 
by the M. W. Kellogg Company and Fluorothene, manufactured by E. I. duPont 
de Nemours and Company. Lin-ear polyethylene was specified for some of the 
early replacement cartridges because of its superior resistance to radia
tion damage, but was found to be extremely susceptible to 11 environmental 
embrittlement11 and cracking (believed to be caused by exposure to oxygen 
and/or polar solvents) and thus unsatisfactory for use in the Purex Plant 
pulse columns. · 
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of the A-type column cartr,idges, except the 20 scrub cartridge, to 
inhibit channeling of the liquid phases. 

The dual-diameter HA column with nozzle-plate cartridges in the 
two sections perfonned satisfactorily for a number of years, until its 
replacement in 1967 as part of the 4.0 Capacity .Project (a program to 
increase the processing capacity of the plant). The column was replaced 
with a 26-inch unidiameter column, after successful demonstration in the 
"cold" pilot plant of "graded-plate•• cartridges,* to obtain comparable 
flooding capacities in the extraction and scrub sections. The perfonn
ance of the unidiameter column has been very good, with acceptable 
extraction and scrubbing efficiencies obtained over a five-fold range 
of throughputs. The flooding characteristics of the unidiameter HA column 

· are presented in Figure 6-35. As the figure shows, instability occurs at 
slightly lower pulse frequencies in the scrub section than in the extrac
tion section, but well within the range of efficient operation. The 
maximum operating capacity of the column has not been demonstrated in the 
plant, as it is greater than the capacity of some of the ancillary equip
ment and other portions of the processing system. 

The cartridge that was recomnended for the 20 column scrub section 
at the time of the change to organic phase - continuous operation was 
similar in design to the mixed-plate cartridge initially reconmended for 
the organic-continuous HA column. The cartridge was comprised of alter
nate pairs of stainless steel and poly-trifluoromonochloroethylene 
plastic plates on 1-inch spacings (the original zebra cartridge) 
(Ref. 161). The decontamination perfonnance of this cartridge was · 
initially excellent, but corrmenced deteriorating after about 4 years 
and was removed. The plastic olates were suspected of being broken and 
deterioratedt in a manner similar to that experienced with the polyethylene 
plates in the HA column. The cartridge was_ replaced with a nozzie-plate 
cartridge similar to the one in the HA column, based on the favorable 
performance of the HA column, as well as pilot plant studies indicating 
good scrubbing efficiency. The 2D column, however, was subject to sudden 
unexpected flooding, which generally required a complete stripping, or 
depletion, of the uranium from the organic phase before stability could 
be restored (Ref. 163). The problem was particularly severe during 
startup of the plant after extended shutdowns. Plant tests of a 10% free 
area and a 11 graded, 11 """* 6% free area _nozzle plate cartridge produced 
similar performance. Therefore, after a total of about 8 months, a 
second zebra cartridge, identical to the first one, was installed. 

* Cartridges with varying plate spacings and/or free area. 
TThe cartridge was coated with .a yellowish 11 slimy" substance, but 

no deterioration was apparent from a visual inspection. 
** Plate spacing increased from 2 inches at the bottom to 3 1/2 inches 

at the top. 
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The zebra cartridge perfonned very well for over 10 years until 
the plant was shut down in 1972. The flooding characteristics of the 
20 column are presented in Figure 6-36; The flooding curves for the 
scrub and extraction sections are nearly coincident, indicating a very 
close match between the two sections. Throughput rates eq~ivalent to 
nearly 35 tons of uranium per day have been demonstrated for short 
periods in the 20 column, but, like the HA column, the maximum capacity 
of the plant column has not been detennined. Also, like the HA column, 
good performance at low throughput rates has also been demonstrated in 
the 20 column. 

6.2.4.3 Development of the C-Type Column Design 

The original design specifications for the C-type columns, in 
keeping with the generally accepted (at that time) concept that superior 
extraction performance is obtained if the phase with the greater flow is 
dispersed, called .for organic phase - continuous operation (Ref. 160). 
Poly-trifluoromonochloroethylene sieve plates were specified initially, 
but were replaced with stainless steel nozzle plates before processing 
of irradiated fuel conmenced. Problems.of organic carryover into the 
product .streams were experienced from the start, however, and column 
operation was changed to aqueous phase continuous. The nozzle plates 
performed satisfactorily at the prevailing throughput rates, even though 
the nozzles were pointed downward. All replacement cartridges have had 
the nozzles pointed upward for improved performance with aqueous phase -
continuous ~peration. The graded cartridges, presently specified 
(Figures 3-12, -14) utilizing Fluorothene sieve plates mixed with 
stainless steel nozzle plates, evolved over several years of pilot plant 
scouting studies followed by in-plant testing. These· cartridges perfonned 
satisfactorily from 1964 until the plant was shut down in 1972. A com
parison of the perfonnance characteristics of the various types of 
cartridges that have been tested in the pilot plant is presented in 
Table 6-30. From the table, there would appear to be relatively minor 
differences between the nozzle-plate cartridge (columns 4 and 5 of the 
table) and the graded, mixed-plate cartridge (column 7). The major 
advantage of the graded, mixed-plate cartridge, however, which is not 
readily apparent from the pilot plant data, is one of superior opera
tional stability during extended operating periods and under adverse 
conditions such as the presence of emulsion-inducing impurities in 
the stripping solution. 

The flooding characteristics of the cartridges specified for the 
lC and 2E columns are presented in Figure 6-37. The throughput capa
city of the C-type columns is about four-fold higher than the rates at 
which the columns. are nonnally operated. The steep slope of the flood
ing curve, however, pennits operation of the columns at the frequencies 
required for efficient perfonnance. 
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TABLE 6-30. Performance Comparisons of Various Cartridges for the C-Type Columns. 

Cartridge Designation Standard Plastic 

Cartridge Description 
Fluorothened Plate Mtl SST 

llo l e Di am , i n 1/8 3/16 
Free Area,% 23 23 
Plate Spacing, in 2 4 

Continuous phase aqueous organic 

Max. Stable Capacity, l7 21 Tons U/day 

Max. Stable Frequency, 
cycles/min .• 

10 tons U/day 120 
20 tons U/day 45 

Operating Efficiency 
HTU. at 20 tons 2.1 0.95 
U/day, ft 

aNozzle plate cartridge, nozzles pointing down. 
bNozzle plate cartridge, nozzles pointing up. 

NP-Oa NP-0 NP-Uh Graded N/Pc 
-

SST SST SST SST/Fluro. 
1/8 3/16 3/16 3/16 
10 23 23 23/23e 
4 2/4d 2/4d varied 

organic aqueous aqueous aqueous 

30 33 39 45 

1\,85 >120 >120 "'120 
70 90 80 I 90 

• 

1\,1. 2 I\, 1. 2 I\, 1. 2 I\, l. 2 

cMixture of nozzle and plastic plates with grad~d, or varying, plate spacing. Cartridges of this 
design are currently installed in the plant lC and 2E columns. 

dPlates spaced 2 inches apart in upper one-third of cartridge and 4 inches apart in lower 
two-thirds. 

ePlate spacing varies from l/2 to~ inches; s~e Table 3-4 for details. 
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6.2.4.4 Development of the 18 Extraction Column Design 

The standard cartridge was originally specified for the lBX column, 
based on "hot" pilot plant studies at ORNL, which indicated an approxi
mate 0.1% plutonium loss should be attainable. The original column 
diameter (27 inches) was based on flooding studies in pilot plant columns 
ranging in diameter from 3 to 24 inches and the desire for a processing 
capacity of at least 15 tons of uranium per day. 

The column perfonned satisfactori-ly, as predicted, at the processing 
rates for which it was designed. As the plant production rate was in
creased to greater than two-fold above the design capacity, the need for 

_ a higher capacity column became critical and an "opened-up" cartridge 
was developed. This open cartridge was comprised of 33% free area sieve 
plates w1th 3/16-inch-diameter perforations, on a 4-inch plate spacing, 
and with 28%-free area louver plates spaced at 4-foot intervals. The 
spare lBX column containing a cartridge of the design described above 
was installed. This new lBX column had excess capacity, but was rela
tively inefficient, with plutonium losses typically in the 1 to 2% range . 
This column was replaced in 1967, after several years use, by a larger 
(32-inch-diameter) column containing a cartridge of the original, standard 
design, and the plutonium losses decreased to 0.1% or less. The flooding 
characteristics of the lBX column are shown in Figure 6-38. The indi
vidual flooding points presented in the figure were obtained during cold 
pilot plant studies of several cartridge configurations designed for 
increased capacity (Ref. 164). While the capacity of the lBX column 
with the standard cartridge· (shown in the figure) was substantially less 
than that of a mixed, nozzle-plastic plate cartridge that was tested, it 
has proven to be more than two-fold higher than the maximum expected rate. 

6.2.4.5 Development of the-1B Scrub Column Design 

The column and cartridge originally specified for the 1B scrub duty 
was an 8-inch-diameter column containing a 13.3-foot-long standard cart
ridge modified by the addition of 20% free area louver plates at 2-foot 
intervals. A diameter of 8 inches was specified, based on the flooding 
characteristics of the pilot plant column and the plant.design throughput 
rate. The column height of 13.3 feet was based on the required uranium 
scrubbing duty (10 transfer units) and the average height of a transfer 
unit obtained in the pilot plant studies (1.3 feet). This column gave 
reasonably good performance and was used in the plant for a number of 
years. 

The relatively low throughput capacity of the column~ however, 
required flowsheet adjustments at processing rates much in excess of 
20 tons of uranium per day. This restriction was eliminated in 1967 
when the originally installed column was replaced with the spare column 
containing a remotely removable cartridge comprised of 21% free area, 
3/16-inch hole-diameter nozzle plates on 2-inch spacings. This new 
cartridge provided approximately twice the capacity of the standard 
cartridge. 
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The flooding characteristics of the 16S column with the specified 
nozzle plate cartridge are shown in Figure 6-39. The superior capacity 
of the nozzle plate cartridge is apparent in the figure. In addition, 
a ten-fold improvement in uranium stripping efficiency was obtained 
with the nozzle plate cartridge. 

6.2.4.6 Development of the 2A Column Design 

The diameter of the 2A column is limited to 7 inches by criticality 
prevention considerations. Consequently, the only cartridges that war
ranted consideration were those which provided satisfactory performance 
at superficial volume velocities (in a 7-inch-diameter column) corre
sponding to plant processing rates in excess of 20 tons of uranium per 
day~· Several different cartridge designs and materials of construction 
were tested, including. the standard cartridge, Fluorothene sieve plates, 
nozzle plates, Fluorothene Raschig rings, and stainless steel Raschig 
rings. The stainless steel and the Fluorothene sieve plates exhibited 
unacceptably low flooding capacities. The nozzle plates were not devel
oped until after the pulse column design specifications were established 
and so were not considered initially. Fluorothene Raschig rings were 
specified for the plant 2A column in preference to stainless steel rings 
because of their slightly higher capacity and superior extraction per
formance, and the advantage of organic phase - continuous operation. 

Visual ob_servation of the dispersion characteristics in 11 cold 11 

tests and scrubbing .studies (using nitric acid as the -transferring solute) 
indicated that the fission product scrubbing effectiveness of Fluorothene 
Raschig rings should be adequate. The decontamination performance of the 
plant 2A column was marginal, however, and it was eventually replaced 
with one containing a nozzle plate cartridgeo The specified nozzle plate 
cartridge was comprised of 23%-free area plates, with 3/16-inch-diameter, 
0.035-inch-deep nozzles, and with a 2-inch plate spacing in the extraction 
section and a 3-inch spacing in the scrub section. 

In the pilot plant studies, the nozzle plate cartridqe exhibited a 
flooding capacity at least as high as the F1uorothene Raschiq rinqs, and 
the dispersion characteristics appeared to be superior. The observations 
were verified by the performance in the plant; decontamination performance 
improved by approximately twenty-fold. The flooding characteristics of 
the 2A column with the specified nozzle-plate cartridge are shown in 
Figure 6-40. A comparison of the curves in the figure indicates the 
flooding characteristics of the two sections of column are ver.v well 
matched:1 as increasing temperature results in higher flooding frequencies. 
This was verified in the pilot plant studies, in which it was difficult 
to determine whether the extraction or the scrub section flooded first. 

6.2.4.7 Development of the 2B Column Design 

The 2B column studies were directed towards the development-of a 
satisfactory cartridge for aqueous phase - continuous operation, as both 
the flow ratio (A/0 < 1.0) and the desired interface position (raffinate 
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end of the column) favored this operation. Two stainless steel sieve
plate cartridge designs were tested--the standard cartridge design and 
a cartridge comprised of 2-inch-spaced sieve plates with 0.06-inch
diameter holes and 21% free area. Both cartridge designs gave good 
performance; the standard cartridge was slightly less efficient, but 
had a higher flooding capacity. The standard cartridge was specified, 
partly because of its higher capacity and partly because of the concern 
about plugging of the small holes in the other cartridge, and it provided 
satisfactory performance during the entire plant operating period. The 
2B column has been replaced several times; the most recent replacement 
was to provide a feed distributor about 7 feet up from the bottom of the 
column for entry of the 2AP/2BF stream. The distributor at the bottom 
of the column is used to feed a clean organic (28S) stream to the column 
to achieve additional uranium decontamination. The flooding character
istics of the 2B column without the additional scrub stream are shown 
in Figure 6-41. The addition of the organic scrub stream caused no 
apparent adverse effects on the flooding capacity. 

6.2.4.8 Development of the 3A and 38 Column Designs 

The 3A and 3B column designs were based on the 2N and 2P column 
designs but with annular instead of slab bottom disengaging sections. 
The original intent was to make the new columns 3 inches in inside 
diameter, which is adequ·ate for processing 30 kg of plutonium per day. 
However,. the-diameters were increased to 3.5 inches to provide the 
capacity required for the potential processing of U-233 in the columns. 
The cartridge designs are similar to those used in the 2~ and 28 columns 
but the 3B column cartridge has louver plates near actual or space solu
tion entry points. The air_pulsers for these columns are of the design 
(see Section 3.6.4) used for the CA column in the Plutonium Reclamation 
Facility, 236-Z Building. 

Pilot plant work in support of the 3A and 38 columns was limited to 
verifying the pulse amplitude, air pressure, and frequency relationships 
developed in Reference 165 and shown in Figures 6-42 and 6-43. Flooding 
curves for the 3A and 3B columns are similar· to those for the 2N and 
2B columns, respectively. These curves are shown in Figures 6-44 and 
6-41, respectively. 

6.2.4.9 Development of the 2N and 2P Column Designs 

The development studies leading to the design specifications for 
the 2N and 2P columns,* described in Reference 162, were relatively 
brief. The flowsheet for these columns was similar to that for the 
second plutonium cycle (2A and 28 columns) and previous pilot plant 
studies in support of HA and lC column cartridge improvement provided 
important background inform~tion on general performance characteristics 
of various cartridge designs. 

* . The neptunium recovery co 1 umn·s were designated the 3A and 3B co 1 umns 
initially, and are referred to ~s such in the development studies. The 
designations were changed to 2N and 2P when the third plutonium cycle was 
installed in the plant. 
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6.2.4.9. 1 2N Column and Cartridge Design 

The throughput rate.for the 2N column is approximately equal to 
that for the 2A column. In addition, the 2A column was used successfully 
for the processing of neptunium on a campaign basis prior to the instal
lation of the neptunium recovery 11 package. 11 For these reasons~ the only 
cartridge that was tested for the 2N column was a nozzle plate cartridge 
similar* to the one in the plant 2A column. (Ref. 162). The design speci
fications for the 2N column were also very similar to those for the 
2A column, the primary difference being the use of annular instead of 
slab-type disengaging sections. 

. . The good extraction and scrubbing perfonnance of the pilot plant 
· column using uranium and sodium as stand-ins for neptunium and fission 
·products, respectively, was verified during plant operation. The column 
has perfonned very well during approximately 9 years of plant service to 
plant shutdown in 1972. The flooding characteristics of the 2N column 
are shown in Figure 6-44. 

6.2.4:9.2 2P Column and Cartridge Design 

The specifications for the 2P column and cartridge were based on 
extensive development studies, with 14 different designs tested (Ref. 162). 
ihe cartridge that was initially specified for the Purex Plant 2P column 
was a graded, mixed nozzle-plate cartridge comprised of both 10 and 23%
free area nozzle plates. The 10%-free area plates had 1/S~inch-diameter 
nozzles.and the 23%-f.ree area plates had 3/16-inch-diameter nozzles. 
Polyethylene-coated stainless steel sieve plates were inserted at 1-foot 
intervals in the top 14 feet of cartridge. The original cartridge was 
replaced after about 3 years by one of similar design, but with Fluoro
thene sieve-plates in place of the polyethylene-coated sieve plates. 

The specified cartridge is a complex one, but the development studies 
indicated the design provided the needed perfonnance over the wide range 
of processing conditions encountered during the three phases of the 
neptunium recovery and decontamination operation. The 2P column has 
perfonned well in the Purex Plant; stability has been good, even during 
the transition between phases, and uranium decontamination performance 
has been about as predicted by the development studies. The flooding 
characteristics of the 2P column are shown in Figure 6-45. 

6.2.4.10 Development of the 0-iype· Column Design 

The 0-type columns were.originally designed to be used as organic 
wash columns in which spent solvent from the solvent extraction cycles 
is scrubbed with an aqueous sodium carbonate solution. Washing of the 
organic solvent was initially considered a time-dependent operation, as 

* The only difference is the inclusion of two louver plates, each, 
in the extraction section and scrub section of the column to ensure good 

· dispersion with the high density difference between the phases. 
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discussed in Section 6. l, and so it was thought necessary that the 
0-type columns be operated with the organic phase continuo~s. Thus, 
the cartridge had to be compatible with organic phase - continuous _ 
operation. Fluordthene sieve plates were specified initially, since 
nozzle plates had not yet been tested for this service, and were 
inst~lled in both the 10 and the 20 columns. The cartridge in the 
10 column was subsequently replaced for a few years by a stainless 
steel nozzle plate cartridge because of concern for the radiation 
stability of the Fluorothene plastic plates. Both original 10 and 
20 columns are in service. The replacement 10 column with the nozzle 
plate cartridge is stored as a "hot" spare. 

Shortly after startup of the Purex Plant, the solvent treatment 
procedure was changed to include a carbonate-pennanganate wash in 
·the solvent feed/wash tanks,. fol lowed by an acid wash in the 10 and 
20 columns. This procedure has been effective and the demand on the 
pulse columns is very low. 

6.2.5 Decontamination 

The solvent extraction principles discussed in 6.2.3.2 are also 
applicable to the problem of separation of contaminants (principally 
fission products) from uranium and plutonium in the Purex Plant. The 
relative inextractability of the fission products into the organic phase 
(organic-to-aqueous distribution ratios of less .than 0.02 for most. 
species) is the fundamental property which allows their a1most quanti
tative separation. This section discusses the application of solvent 
extraction theory to the evaluation of product decontamination perfonn
ance, presents pilot and Purex Plant decontamination perfonnance data, 
and discusses the effects of process variables on this perfonnance. 

6.2.5.1 Mass Transfer of Fi.ssion Products 

Nonnal mass transfer concepts are useful in explaining the function 
of solvent extraction columns in the removal of contaminants such as 
fission products from uranium and plutonium product streams. Under some 
conditions, for which distribution ratios are known and reproducible, 
the number of transfer units or equivalent stages required to attain a 
desired decontamination factor (OF) for a contaminant may be estimated. 
Under other conditions, for which distribution ratios are not known with 
certainty, practical application of mass transfer theory is limited. In 
either case, an understanding of mass transfer in relation to decontami
nation is necessary for the proper evaluation of contaminant distribution 
ratios that are experimentally detennined in the laboratory. 

6.2.5.1.1 Fission Product Operating Diagrams 

The basic principles for the construction of operating diagrams are 
explained in 6.2.2.1. As indicated, equilibrium data are essential in 
the diagrams. The fission product equilibrium data for Purex flowsheet 
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conditions are incomplete and probably approximate, at best. Data which 
have been published are generally limited -by the following factors: 

• Laboratory batch-contact stages are not always 100% efficient. 
Lower efficiency may be caused by factors such as insufficient 
agitation or entrainment between phases. 

• The effects of some variables, such as fission product concen
trations and acidity, on Ei values have not been evaluated in 
depth. 

• Increases in E~ values with increase in the number of stages 
have been noted for some fission products. This may be caused 
by the initial removal of a particular species of· fission pro
duct with a low Eg. 

For these reasons, the use of operating diagrams for estimating the 
number of transfer units (or theoretical itages) is generally consid~red 
impractical. 

6.2.5.2 Evaluation Methods 

The chemical conditions (acidity; uranium concentration, and temper
ature) in the scrub sections of the A-type columns, where most of the 
decontamination is accomplished, are relatively constant; Average dis
tribution ratios can therefore be approximated for most of the fission 
products of concern. For e~ample, for a point in the scrub section of 
the HA column where the nitric acid concentration in the aqueous phase 
is 2.0M and the organic phase is approximately 60% saturated with uranium, 
the distributuion coefficient for zirconium is 0.01. Since the acid and 
uranium concentrations are essentially constant throughout the scrub 
section, the distribution coefficient for zirconium is also expected to 
be constant and the equilibrium line should be straight. For such cases, 
the Colburn equations discussed in 6.2.2.2 and 6.2.2.3 are useful in ex
plaining the relationships between values·of E~ for the fission products 
and decontamination performance in solvent extraction columns. 

6.2.5.2.1 Decontamination Factor Versus the Number of Transfer Units 

The following discussion applies only to the scrub sections of 
A-type columns, as these are the only column sections devoted_ exclusively 
to decontamination. The overall decontamination factor, OF0 , for a par
ticular fission product is equal to the product of the feed plate decon
tamination factor, OFF, and the scrub section de~ontamination factor, 
OF5. The feed plate OF represents the decontamination that occurs at 
the point of entry of the feed stream because only a small fraction of 
the fission products in the aqueous feed (HAF) transfers into the organic 
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extractant ( HAX). In tenns 'of 'vo 1 umetr'i,c -fl ow rates and so 1 ute (fission 
product) concentrations: 

Xf Af 
OFF= y 0 

1 , 
(6.66) 

and DFS = 
y l a, 
y2 °2 

(6.67) 

DF
0 

[ xf Af] = 
y l 01 

[ y, a, l 
y2 02 = 

Xf Af 
y2 02 (6.sa) 

where 

Af = volume of aqueous feed per unit of time; 

0 = volume of organic phase per unit of time; 

xf = solute (ftssion product) concentration in the aqueous 
feed;· 

Y = solute concentration in the organic phase; 

and the subscripts l and 2 refer to influent and effluent conditions, 
respectively. 

Again, for this same case,, the Colburn equation relates the number 
of transfer uni5s, Nt, in the scrub section to the scrub section distri
bution ratio (Ea) and DF5: 

where 

N = 2.3 log tM(l-P) + P] 
t -P 

p _ m 0 - A ; 
s 

. ( 6. 69) 

Q = reciprocal of the slope of the operating line (organic 
As flow rate/aqueous flow rate); 
m = slope of the· equilibrium line= (E~)S for a straight line; 

v, X m 
M = - X . 

y2 - X m' 
X 

yl = solute concentration in the organic influent stream; 

Yz = solute concentration in the organic effluent stream; 

xx = solute concentration in the aqueous influent (scrub) stream. 
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Under conditions of a single scrub, Xx= 0 and M = v1;v2. Also o1 and o2 are essentially equal, so that: 

Y 1 °, Y 1 
DFs = y2 02 = ~ = M (6.70) 

Thus for the above conditions, OF_ may be substituted for Min the 
_ Colburn equation. ~ 

The overall decontamination factor, DFo, may be related to the scrub
section decontamination factor, DFs, by the application of feed-plate and 
scrub-section material balances and the assumption that the aqueous and 
organic solute concentrations at the feed point are essentially at equili
brium, a generally valid assumption. Thus: 

M 
DFo= 0 0 (Af=As)-M+l (6.71) 

(Ea) F 

where (E~)F equals the feed-plate distribution ratio. 

When (E~)F and (E~)s are approximately equal, which may often be 
the case, the above equations can be used to express Nt in terms of either 
distribution ·ratio and DFo. 

Equations analogous to those presented in 6.2.2 can also be developed 
in terms of the number of theoretical stages, Ns. 

Th~ use of the above equations may be illustrated by a sample calcu
lation of the number of transfer units required to attain a DF0 equal to 
800 for a fission product with (E~)s and (E~)F equal to 0.01. Relative 
flows a~e given as Af:A

5
:0 = 1.0:0.67:3.33. Substitu~ing in Equation 6.71, 

M 800 = ..,..,( o-_.,,,.,o, .... )-( 3 ..... _..,,,.3~3 ) (1.0 + 0.67) - M + l 

E0 0 
p = ~= 

As 

Substituting Mand P 

( 0. 01 ) ( 3. 33) 

0.67 = a.as 

into Equation 6.59: 

N = t 

2.3 log [(1-0.05) 16.2 +-0.05] 
1-0. OS 

Nt = 2.88 
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6.2.5.3 The 11 Irreversible 11 Extraction of Some Fission Products 

Laboratory studies and Purex Plant experience indicate that small 
fractions of some of the fission products, once extracted into the 
organic phase, cannot be scrubbed back into the aqueous phase. Such 
irreversible behavior has been explained in terms of.two mechanisms, 
both of which undoubtedly occur to some extent in the Purex process. 

One of the possible mechanisms is the formation of an organic
favoring complex compound with some other solute of the fission product 
in question. Zirconium may be thus complexed by DBP, formed by the 
hydrolysis of TBP. Other complexes may be formed with unknown impuri
ties, such as nitration products of the diluent .. Because of the 
extremely low concentration in which the individual fission products 
are present (in the range of 10-S to 10-4M in the HAF stream), a very 
low concentration of complexing agent couTd be effective in forming 
these compounds . 

Another possible mechanism involves the presence of certain fission 
products in more than one chemical form, some with low and some with 
high distribution ratios. Irreversible behavior by zirconium, niobium, 
and iodine, in addition to that of ruthenium, has been observed. 

6.2.5.4 Pilot Plant Decontamination Performance 

The use of the Purex process for th_e decontamination of uranium and 
plutonium from fission products and from each other was demonstrated in 
laboratory and "hot" pilot plant studies .at a number of Atomic Energy 
Co1m1ission (predecessor of the Department of Energy) sites pri_or to the 
startup and successful operation of the Purex production plants at Hanford 
and Savannah River. Hot pilot plant studies were performed in mixer
settlers at the Kno·lls Atomic Power Laboratory (KAPL), and provided the . 
bases for the design of the mixer-settler contactors at the Savannah River 
Plant. Hot pilot plant studies were also performed at the Oak Ridge 
National Laboratory (ORNL), using pulse columns, and provided some of 
the basic data used in establishing the height of the scrub sections for 
the Hanford Purex Plant columns. 

Pilot plant decontamination performance is discussed briefly in 
this subsection as it relates to expected performance based on theo
retical calculations and to actual experience in the Purex Plant. 

6.2.5.4.l Pilot Plant Studies at ORNL 

The use of pulse columns for the decontamination of uranium and 
plutonium from radioactive fission products was initially demonstrated 
at ORNL (Ref. 2). Decontamination factors for zirconium and niobium in 
the ORNL 1A column (analogous to the Purex Plant HA column) were in the 
range of 200 to 3000 .. Typical •F's in the Purex Plant HA column with an 
18-foot-high scrub section, operating with the organic phase continuous 
and using normal paraffin hydrocarbon diluent, are in the range of 
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3000 to 10,000 for Zr-Nb. (The two fission products are not separated 
in the laboratory analyses.) 

Calculations based on mass transfer theory indicate that typical 
•F's should have been about 5000 for zirconium and 50,000 for niobium, 
assuming six transfer units in the 18-foot-high scrub section. The 
relatively low •F's obtained in the ORNL pilot plant studies are attri
buted to the following factors: 

• Eddy diffusion (or back-mixing) in the aaueous-continuous 
scrub section, causing a portion of the fission products to 
migrate to the top of the column counter to the downflowing 
scrub stream. This problem was eliminated in the Purex Plant 
by operating the A-type columns with the organic phase 
continuous. 

• Insufficient height of the scrub section. 

• Distribution coefficient (E~) values relatively unfavorable 
for stripping (i.e., ER values in the range of 0.01 to 0.4). 

• The so-called 11 inextractable 11 (or, more correctly, 11 unstrippable 11 

or 11 unscrubbable 11
) behavior of certain fission products, due 

to complexing in the organic phase or formation of organic
favoring forms. This factor is believed to be related, primar
ily, to the type of•diluent used. High radioactivity of the 
organic solvent and relatively ~oar ruthenium decontamination 
performance of the Purex Plant solvent extraction system were 
serious problems witti both Shell E-2342 and Soltrol-170 diluents, 
particularly after extended use. (Both of these diluents con
tained substantial amounts of unsaturated compounds.) These 
problems were virtually eliminated with the use of normal 
paraffin hydrocarbon diluent. 

6.2.5.4.2 Pilot Plant Studies at KAPL 

Hot pilot plant studies of the Purex process were also performed at 
KAPL (Ref. 166). The KAPL studies differed from the ORNL studies, however, 
in that mixer-settlers were used instead of pulse columns and additional 
decontamination by head-end treatment was investigated, and the KAPL 
flowsheet included a co-decontamination cycle similar to the Hanford Purex 
HW#3 flowsheet. Gross gamma decontamination factors of about 22,000 for 
the first solvent extraction·cycle compared favorably with the theoretical 
calculations and with later experience in the Purex Plant. 

6.2.5.5 Effect of Design and Operating Variables on Decontamination 
Performance 

The effects of design and operating variables on the decontamination 
performance of the pilot plant columns and mixer-settlers are discussed 
and compared with Purex Plant operating experience in this subsection. 
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6.2.5.5. 1 Effect of Scrub Section Height 

The effect of scrub section height (or number of stages) on decon
tamination perfonnance appeared to be n·egligible in both the ORNL studies 
and the KAPL studies. In two separate studies at ORNL (Ref. 2), increas
ing the column scrub section height by 50% produced no significant change 
in DF. In the KAPL studies, increasing the number of scrub stages from 
five to eight resulted in no change in DF's which could be charged to 
the equipment change. 

Prior to startup of the Purex Plant, the heights of the HA and 
lA column scrub sections were increased from 13 to 18 feet when scout-

: ... ,ing studies in the Hanford Hot Semiworks indicated a potential problem 
.· of poor decontamination perfonnance. Whether or not · the 1 onaer scrub 
;sections improved the decontamination perfonnance is moot, as the columns 
that were initially installed had other deficiencies, and their deconta
mination performance was unacceptably low. The problem of inadequate 
decontamination in the A-type columns was corrected by replacing the 
HA and 20 columns with ones designed to operate with the organic phase 
continuous. Later, the co-decontamination cycle was effectively elimi
nated by bypassing the HC and 1A columns. The HC column was then con
verted and used as an additional scrub (HS) column in series with the 
HA column. Although use of the HS column was discontinued a few years 
before the plant shutdown (after the change to NPH diluent, and process
ing of N Reactor fuels had become routine), typical. DF values obtained 
prior to the column 1 s deactivation were of the order of 2 to 10. The 
lower values were generally obtained when the radioac::tivity in· the HAP 
stream wa-s highest, indicating; the preseric:e of an "unscrubbable" species 
of fission product. 

6.2.5.5.2 Effect of Throughput Rate 

The relationship between throughput rate and decontamination per
formance was found, in pilot plant studies, to be essentially the same 
as that between extraction efficiency and throughput rate, as would be 
expected. In studies with volume velocities comparable to production 
rates of 5 and 10 tons U/day in the Purex Plant, a consistent, approxi
mately 50% reduction in OF accompanied the decrease in throughput at 
constant pulse amplitude and frequency. An increase in pulse amplitude 
of 30% at the lower throughput rate resulted in an increase in the OF 
to approximately the values. obtained at the higher rates. Thus, OF 
values could be held constant over a relatively large change in through
put rate by appropriate adjustments in the pulsing conditions. This 
same characteristic has been observed consistently .in the Purex Plant. 

6.2.5.5.3 Effect of Organic Phase Uranium Saturation 

The effect of varying uranium concentration in the organic solvent 
on the scrub section decontamination performance was studied in the ORNL 
pilot plant. A series of runs were made in which the uranium saturation 
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of the lAP stream and, therefore, the lA column scrub section, was 
varied from 75% (the ORNL flowsheet value) down to ·50%. No significant 
change in DF's was observed when the saturation was reduced from 75 to 
60%. A further decrease in saturation to 50%, however, decreased the 
DF's by factors ranging from 2 for ruthenium to nearly 50 for zirconium. 

This general effect has not been studied quantitatively in the 
Purex Plant, but is routinely observed during operation of-the HA column. 
Standard operating control of the HA column involves maintaining the 
organic phase uranium saturation at the maximum level, consistent with 
low plutonium lasses to the raffinate stream. Any significant decrease 
in saturation (identified by a decrease in the extraction section dif-

. ferential pressure) is accompanied by an increase in the HAP gamma mon
itor reading. This was very pronounced before processing of N Reactor 
fuels commenced. 

6.2.5.5.4 Effect of Acid Concentration 

. The equilibrium data for ruthenium, zirconium and niobium (shown 
in Figures 6-20, 6-21 and 6-22), the three fission products of primary 
concern in the Purex process, indicate the following general relation-
ships should ap~ly: · 

, Ruthenium •F's should increase with -increasing acid 
concentration. 

, Zirconium DF's should decrease with increasing acid 
concentration. 

, Niobium. DF's should not change to any great extent, but might 
show a slight decrease with. increasin~ acid concentration. 

Pilot plant mixer-settler studies were perfonned at KAPL to compare 
the 11 high-acid 11 flowsheet such as that used at ORNL (2!1, HN03 in the 1AF 
and 3!1_ H~o3 in the l AS) with a 11 1 ow-acid II fl owsheet ( 0. 5~ HN03 in 1 AF and 
2!1_ HN03 1n lAS). The reported results for the first.cycle (lAF to lBP and 
lCU) verified the above relationships with respect to the plutonium (lBP) 
stream, with ruthenium DF's averaging a factor of about three higher with 
the high-acid flowsheet and average zirconium-niobium DF's averaging a 
factor of about two higher with the 1 ow-acid f1 ows heet. The OF I s for the 
uranium product (1CU) stream were consistently sligh_tly higher w_ith the 
high-acid f1owsheet, however. No measurements were made of the radio
activity of the lAP stream, however, and the change in acidity of this 
1AP stream is believed to have caused enough of a change in the distri
bution ratios in the lBX column to overshadow the beneficial effects of 
lower acid concentration in the lA column on zirconium and niobium DF's. 

The current Purex Plant flowsheet for processing N Reactor ~uels, 
utilizing a high-acid lower extraction section coupled with low-acidity 
feed and scrub streams (0.4!:!_ HN03 and 2M HN03.respectively) has demon
strated ·excellent decontamination perfonnance for ruthenium and good 
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perfonnance for zirconium and niobium. The second uranium cycle, 
operated at a very low acidity (1.5M HN03 in the 2DF and O.OM HN03 
in the 20S), has proven very effectTve i~ removing the residual 
zirconium-niobium contamination. 

6.2.5.5.5 Radioactivity of the Solvent 

Recovered* organic solvent from the first solvent extraction 
cycle (lCW) was successfully reused as extractant for the first cycle • 
and the second plutonium cycle. A study of residual radioactivity in 
the solvent and second uranium cycle decontamination showed adverse 
effects on the uranium product quality, however, and a second solvent 
treatment system was recorrmended for that cycle. 

As discussed previously in 6.1.2.6.1, Purex Plant experience has 
shown the residual radioactivity concentration of the ·organic solvent 
to be primarily a function of the diluent .. A pure, saturated, straight
chain hydrocarbon such as n-dodecane or NPH exhibits markedly superior 
stability towards radiation and chemical attack, as compared to diluents 
composed of mixtures of saturated and unsaturated, isomeric and aromatic 
hydrocarbons (such as AMSC0-123, Shell E-2342 and Soltrol-170). Further
more, an organic solvent containing a nonnal paraffin hydrocarbon diluent 
shows much less tendency to retain radioactivity, and the radioactivity 
that is retained in the lCW is washed out much more readily during the 
solvent treatment process. 

The Purex Plant still utilizes two solvent treatment systems. I't 
is quite probable, however, that,satisfactory perfonnance could be 
achieved with a slightly modified single treatment sys·tem. The main 
barrier to changing to a singl'e system is the lack of an economic 
incentive. 

6.2.5.5.6 Solvent Centrifugation 

The ORNL pilot plant studies showed approximately 3-fold increases 
in •F's as a result of centrifuging the carbonate-washed organic to 
remove entrained solids. 

_ The Purex Plant was provided with liquid-liquid centrifuges for 
each solvent treatment system and they were used for a number of years. 
Shortly after startup, however, the solvent treatment process was modi
fied to incorporate an acid wash after the carbonate wash. The acid 
wash removed most of the entrained solids, and the centrifuges are no 
longer used. · 

71: 

Treated by intimate contact, or 11 washing, 11 with a 2.5% sodium 
carbonate solution. 
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6.2.5.5.7 Interface Location 

The ORNL pilot plant studies were generally made with the aqueous 
phase continuous (top interface). The cartridges were composed of 
stainless steel sieve plates with 1/8-inch-diameter perforations, 23% 
free area and 2-inch plate spacings, which gave reasonably good perfor
mance with the aqueous phase continuous. In the few runs which were 
made with the organic phase continuous, however, the·effect on decon
tamination performance varied from none measurable to severely adverse. 
This was not surprising, since the cartridges had been observed to 
give very poor phase dispersion when operated with the organic phase 
continuous. 

Operation of the A-type columns with bottom -interface (organic 
phase continuous) has, as was discussed previously, been demonstrated 
in the Purex Plant to provide superior decontamination performance, 
as compared to top interface operation. 

6.2.6 Use of Column Instrumentation for Detection of Off-Standard 
Conditions 

6.2.6.1 Column Static and Differential Pressure 

Air bubbler-type pressure instruments, described in Section 3.10, 
are provided for each column for·measuring the static (or differential) 
pressure of the column contents. The instruments actually record the 
differential pressure (DP) between two points in the column. Thus, the 
static pressure is a measurement of the DP between the bottom and the 
top of the column, or the total static 11 head 11 on the column, in inches 
of water. Static pressure instruments are provided for each column. 
The differential pressure instruments, which are provided, additionally, 
on some columns, measure the DP between the bottom (or top) and some 
intermediate location in the column. Thus, differential pressure instru
mentation measures the DP's across the scrub and extraction sections of 
the A-type columns and across the lower and upper portions of the lBX, 
2B, 38 and 2P columns. The apparent specific gravity of the column 
liquid contents can readily be calculated from the indicated static 
pressure by dividing the indicated measurement, in inches of water, by 
the vertical distance between the two pressure tops. All column pressure 
measurements are dampened by "snubbers" in the transmitting lines to 
minimize the effect of pressure fluctuations caused by the action of the 
pulsers. 

In general, any change in the column operation which increases the 
column holdup of the dispersed phase will cause the apparent specific 
gravity of the column to approach the specific gravity of the dispersed 
phase. Thus, increasing the volume velocity, the flow rate of the 
dispersed phase, or the pulse frequency in an aqueous-continuous column 
will cause the apparent specific gravity to decrease. In an organic 
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phase-continuous column, an increase in dispersed phase flow rate or 
pulse frequency will cause the apparent specific gravity to increase. 
Increases in pulse frequency wi 11 al so i_ncrease the 11 error, 11 or dis
placement, in the DP readings caused by pressure fluctuations produced 
by the pulsing, even with snubbers on the transmitting lines. 

The approach of a complete flood in a column (in which the dis
persed phase becomes the continuous phase in a portion of the column) 
is indicated by a sharp change in the apparent specific gravity towards 
that of the dispersed phase. Thus, a flood in an organic-phase-continuous 
column will be indicated by a sharp increase in the c·olumn static pressure. 
The indications from the differential pressure instruments will be 
.similar to, but more pronounced than the static pressure indications. A 
·flood in the HA column scrub section that causes a five chart-division 
fncrease in the static pressure, for instance, will likely cause an 
increase of up to 10 chart divisions in the scrub section DP measurement, 
an·d a sma 11 er, more gradua 1 decrease in the extraction section DP measure
ment. The_ sharp change in static pressure and scrub section DP reading 
is attributable to a rapid buildup of the discontinuous phase in the 
column as complete flooding is approached. The concurrent decrease in 
extraction DP reading is caused by the reduced dispersed-phase flow in 
the extraction section as a result of the scrub section flood. 

A :similar but much more gradual change in apparent specific gravity 
(or static and differential pressures) occurs when flooding is caused by 
emulsification. This type of flooding is sometimes characterized by 
the gradual accumulation of ·the dispersed phase as a tightly packed emul-
sion which may, in times leave;the column through the continuous phase . 
outlet. This gradual change in static pressure with emulsification differs 
from that normally occurring with a change in frequency or flow rate in 
that it does not stabilize after a few minutes of operation. 

Cyclic forms of instability, such as· cyclic local flooding, often 
occur at operating conditions slightly less severe than those that cause 
complete flooding. This instability is characterized by cyclic buildup 
of the dispersed phase in the column until it develops enough 11 head 11 to 
channel its way through the continuous phase. It can sometimes be 
detected by cyclic variations in the static or differential pressures. 

6.2.6.2 Interface Controls 

The pu 1 se co 1 umn interface contra 1 s, described in Section 3. 10, a re_ 
intended primarily for control of liquid flows, rather than to provide 
information on column operation. An analysis of the longer-term inter
face fluctuations in conjunction with the column static and/or differen
tial pressure recordings, however, can provide a more complete understand
ing of the nature of erratic columri behavior. Minor cyclic local flooding, 
for instance, may be indicated as an erratic or fluctuating interface 
level, but not be severe enough to cause a noticeable change in the static 
pressure reading. 
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6.2.6.3 In-Line Monitors 

In-line monitors, described in Section 3.10, are used for the 
continuous measurement of the radioactivity and certain other chemical 
properties of the process streams. The HAP gamma monitor measures the 
fission product (primarily Zr-Nb) content of the organic product stream 
from the HA column and, in conjunction with the extraction section dif
ferential pressure, is used to maintain the desired uranium saturation 

.in the organic solvent. The plutonium neutron and alpha monitors on 
the partition system and the second and third plutonium cycle effluent 
streams are important criticality prevention tools. The neutron moni
to~s on the lBX c6lumn and the· lBXP stream and the alpha monitor on the 
lBSU and 1BP streams are used to detect perturbations in the plutonium-

,uranium partitioning system and prevent internal refluxing of plutonium 
-or partition failure. The alpha monitors on th~ 2AW and 3AW- streams pro
vide continuous measurements of the plutonium concentrations in these 
streams and, thus, are used to maintain control of the plutonium inventory 
in the backcycle system. Neutron monitors· are also used to d~tennine the 

· plutonium content of the feed preparation tank (TK-E6) and the 3WB receiver 
tank (TK-J1) in the backcycle waste system, and to monitor the cadmium 
concentration in AMU Tank 151, as described in subsection 3.10.6.8.2. A 
nitrite monitor on the 2AF stream and conductivity monitors on the HAS, 
HAW and 2AS streams are-used for continuous measurement and control of 
the nitrite and acid concentrations of these respective streams. Alpha· 
monitors on the 2BP and/or 3AF streams are used in conjunction with those 
on the lBP and 2AW streams to determine the path of plutonium through the 
second plutonium cycle. The uranium photometer on the 20W stream is used 
indirectly to maintain control of the uranium saturation in the 2DU by 
controlling the 20W uranium concentration. Continuous indications of 
fission product contents in the aqueous product streams of solvent extrac
tion cycles are provided by the 18P, 2BP, and 2EU gamma monitors. 

··• . 

6.2.6.4 Stream Flowmeters and Valve Loading Pressures 

Occasionally,· the flowmeters on, particularly, the radioactive 
process streams become partially plugged or the electrical properties 
of the transmission lines change, causing a change in the calibration, 
or the instrument system may fail completely. A knowledge of the air 
loading pressure on the diaphragm-operated valve controlling the flow 
of the stream of concern can be very useful in maintaini~g the approxi-
mate flow on an emergency basis. · 

6.2.7 Special Problems 

This subsection discusses briefly the experimental information 
available on inestractable uranium and plutonium, crud formation, emul
sifying impurities and emulsification, and pulse loss or distortion. 
In unusual circumstances, such conditions may give rise to anomalous 
column behavior, but generally, their effects are minor and do not 
cause any operational problems. 
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6.2.7.1 11 Inextractable11 Uranium and Plutonium 

Both MBP and DBP, decomposition products of TBP, as well as some 
other elements and compounds fonn stable complexes with uranium and 
plutonium. The complex fanned with MBP is strongly aqueous-favoring 
and only sparingly soluble in Purex aqueous and organic streams. Any 
MBP present in the organic extractant or formed by hydrolysis of DBP 
in th~ solvent extraction columns will carry out a corresponding amount of 
uranium and/or plutonium in the aqueous raffinate. The uranium-MBP com-. 
plex is a fine, possibly colloidal, precipitate and may collect at the 
interface temporarily, but will eventually exit with the aqueous raffinate 
stream. The complex fonned·with DBP, on the other hand, is strongly 

.-···organic-favoring and will leave the solvent extraction system in the 
organic raffinate streams.· Other chemicals which .fonn strong, aqueous
favoring complexes with uranium and/or plutonium, and thus cause high 
waste losses, include fluoride, oxalate, sulfate and phosphate ions. The 
uranium and plutonium complexed in this manner and leaving the columns in 
the raffinate streams is referred to as 11 inextractable 11 or 11 unstrippable, 11 

as the degree of extraction or stripping of these complexes is very small 
because of their unfavorable distribution ratios. 

6.2. 7 .2 11 Crud 11 Fonnation 

Interface 11 crud11 is the collo.quial name given to the brownish-black 
solids which collect at the liquid-liquid interface in the solvent extrac
tion columns. The exact composition of this material is not known. Anal-. 
ysis of representative samples,of the crud, however, .have shown it to · 
contain iron, aluminum, and siiicon in varying proportions, with lesser 
amounts of such elements as calcium, barium, manganese, magnesium, chromium, 
and nickel. Radioactive constJtuents consist largely of ruthenium, zir
conium and niobium. Entrainment of this crud in the product streams (which 
could occur rather easily since its apparent density is between that of 
the aqueous and organic phases) would have the effect of reducing the de
contamination factor obtained in the column. For this reason, the Purex 
Plant solvent extraction columns are designed with the interface position 
at the waste end of the column. Thus, the entire length of the column is 
available to scrub the interface crud out of the product stream, and any 
carryover will be with the raffinate stream. 

6.2.7.3 Emulsions 

Effective extraction perfonnance of a pulse column is dependent on 
the formation of .a relatively fine phase dispersion to provide a large 
interphase contact area. It is an additional requirement, however, that 
the dispersion fanned in the column should be capable of disengaging 
fairly readily. Emulsions which do not disengage readily may be respon-
sible for the following undesirable effects: · 

• Decreased capacity, reduced pulse frequency ranges for good 
performance, and reduced extraction efficiency; 
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• Increased organic solvent losses and fission product carry
over in the organic product streams; 

• Interface foam may interfere with interface controls, increase 
entrainment, and cause flooding if the foam is allowed to 
propagate into the plate section. 

A discussion of the above effects and their possible causes follows. 

6.2.7.3. l Emulsification, Interface Foam, and Entrainment 

, Occasionally, because of the chemical flowsheet conditions, exces-
,sive pulsing, or the presence of emulsion-stabilizing impurities, the 
net rate of emulsion formation in the column, or a portion of the column, 
is greater than the rate of dissipation of the emulsion. If the accumu
lation of emulsion continues until an appreciable amount of the discon
tinuous phase is entrained in the continuous phase effluent, the column 
is said to be emulsified or flooding by emulsification. 

Interface foam is produced when the dispersed phase fails to 
coalesce when it reaches the interface. The foam (or partially stabi
lized emulsion) may accumulate to a stable height, or it may propagate 
throughout the plate section, eventually producing flooding by emulsi
fication. Two types of interfacial foam have been observed: a simple 
type in which droplets of one phase are disper.sed in the other phase, 

· and a more complex type in which thin, fi.lmy II ba 11 cons II of one ·phase 
are both filled and surrounded by the other phase. The latter type of 
emulsion is believed to give the frothy appearance to the top layer of 
the normal ,·slight amount of interface foam in the aqueous-continuous 
columns. Excessive in~erface foam may be produced by emulsion stabi
lizing impurities which collect at the interface. 

Entrainment refers to the carryover of one of the phases with the 
effluent stream of the other phase. The entrained liquid normally 
amounts to only a small fraction (typically, 0.01 to 0.1%) of the total 
flow of the phase, and usually consists of very fine droplets, some of 
which may be colloidal in size, which usually do not settle out in 
disengaging sections. An emulsifying agent in the column would be 
expected to increase the amount of entrainment. Entrainment is unde
sirable for the fo11owing reasons: 

• Entrainment of the organic phase in the aqueous effluents 
represents a potentially economically important loss of solvent, 
and adds an additional stripping load to the uranium and back
cycle concentrators. Some of the solvent may be recovered in 
the condensate recycle system, but would likely contain decom
position products that would have an adverse effect on solvent 
extraction performance. 

t Entrainment of the aqueous phase in the organic product streams 
may, in some instances, permit the carryover of fission products 
to subsequent extraction cycles. 
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6.2.7.3.2 Emulsifying Impurities 

The presence of any emulsifying im~urities in the pulse columns may 
intensify any or all of the undesirable effects discussed in this sub
section. Potential emulsifying agents include the decomposition products 
of TBP (particularly DPS) introduced in the solvent, and colloidal 
alumina or siliceous material introduced in the feed or as an impurity 
in 11 cold 11 chemical solutions .. Other colloidal or gelatinous compounds, 
containing such metallic elements as aluminum, iron, tin, gallium, 
barium, manganese, magnesium, chromium and fission products, have been 
identified either as potential emulsifying agents or as constituents 
of emulsion-stabilizing interface crud. These compounds may be fanned 
in the column by combination of the metallic ions with the acidic de
composition produc;ts of TBP, or with unsaturated hydrocarbon impurities 
in the TBP diluent. This latter mechanism is not likely, however, with 
the use of n-dodecane or a similar highly refined nonnal paraffin hydro
carbon. The metallic ions introduced to the system may. come from the 
uranium fuel elements, concentrator corrosion, or 11 cold 11 chemical 
impurities. 

Primary reliance on elimination of emulsifying impurities,in the 
Purex Pl ant rests on the sol vent treatment system and·· on the purity 
specifications for the chemicals procured (Ref. 7). 

6.2.7.3.3 Emulsion-Induced ·Instability 

'Excessive emulsification, ~hich would ,result in unstable operation 
or flooding, may nonna 11 y be prev·ented without impa i nnent of HTU va 1 ues 
by the proper selection of pulsing conditions and superficial v61ume 
velocities for the chemical system and column design involved. However, 
under unusual conditions not nonnally encountered in the Purex Plant, 
special problems in this respect may arise as a result of large differ
ences in the ease of phase dispersion in the different portions of the 
column. In such cases, the most easily dispersed portion of the·column 
system may be susceptible to emulsion-induced instability at the pu_lsing 
conditions required to produce reasonably good perfonnance in less easily 
dispersed portions .• 

Emulsion-induced instability effects sometimes do not arise immedi
ately upon establishment of operating conditions susceptible to their 
occurrence. At borderline conditions, the column may operate stably 
for hours until an accumulation of emulsifying impurities, abrupt changes 
in interface position, or flow rate. fluctuations catalyze the development 
of instability. The instability usually takes the form of large globs 
(approximately 1 to 2 inches in diameter) of coalesced dispersed phase, 
which channel through the tightly 11 packed 11 emulsion in the unstable 
region. In extreme cases, cyclic local phase inversion, or even complete 
flooding, may result. In any case, extraction efficiency is likely to be 
reduced as a result of coalescence and channeling of the dispersed phase. 
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6.2.7.4 Pulse Transmission 

The effectiveness of the pulse in creating the desired phase dis
persion is dependent upon a reasonably undistorted transmission of the 
pulsing movement from the pulse generator to the liquid contents of the 
column. Distortion of the pressure wave produced by the pulser could 
occur in a number of ways. It may reduce the effective pulse amplitude 
in the column, impairing the column's extraction effectiveness, or it 
may increase the amplitude so the column will flood at throughputs and 
frequencies lower than those of the normal flooding thresholds. 

_ Air trapped in the pulse transmission pipeline may cause serious 
pulse distortion. In limited pilot plant studies, pulse amplitude gains 
of up to 50% and amplitude losses of up to 80% have been caused by trapped 

·:~air. Whether the amplitude is reduced or increased depends on the fre-
··quency and hydraulic cha-racteristics of the system. To prevent the accu

mulation of air, the Purex Plant pulse transmission lines are designed 
without any intermediate high points at which air might- be trapped. Any 
_air that might find its way to the pulser piston located at the top of the 
transmission line normally escapes through the clearance around the piston 
rings and through a special 3/32-inch-diameter bleed hole through the piston. 

Another possible cause of pulse distortion is cavitation in the pulse 
transmission line. Cavitation occurs when the pressure at some point in 
the pulse transmission line becomes less than the vapor pressure of the 
liquid with the subsequent formation of vapor bubbles in the line. Cavi
tation is accompanied by shock pressures, as the vapor bubbles collapse, 
which may be damaging to mechanical elements in the system. To avoid 
cavitation, the minimum pressure (algebraic sum of the hydrostatic, atmo
spheric, and acceleration pressure) in a pulse system must at all times 
exceed the vapor pressure of the pulsed liquid. This requirement deter
mines the minimum pulse leg diameter and maximum pulse leg height, since 
the minimum pressure decreases with decreased diameter of increased height. 

The minimum pressure at the pulse generator is reached when the pulse 
flow changes from positive to negative (pressure reaches a high negative 
value). The minimum value of the acceleration pressure is given by the 
following equation (Ref. 167): 

2 -8,rklow 
Pmin = 

0
2g 

where, with consistent units, 
Pmin = minimum acceleration pressure 

k = half-cycle pulse volume 
t = length of pulse leg 
p = liquid density 

w = pu 1 se frequency 
D = diameter of pulse 1 eg 
g = acceleration of gravity 
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CHAPTER 7.0 - URANIUM AND PLUTONIUM SOLUTIONS 1 

CONCENTRATION TECHNOLOGY 

The following four streams containing uranium and plutonium are con-
centrated by evaporation in preparation for subsequent processing: 

• The uranium product leaving the solvent extraction battery 

• The plutonium product leaving the solvent extraction battery 

• The uranium stream leaving the lC column 

• The backcycle stream, which is an accumulation of extraction 
column waste streams, and contains uranium, plutonium, and 
neptunium. 

Any solvent entrained or dissolved in the concentrator feeds is re
moved wi th the distil 1 ate to minimize adverse effects of products from 
TSP hydrolysis or other reactions which might occur. De-entrainment 
columns sunnounting the concentrators reduce the entrainment losses of 
uranium and plutonium to negligible values. The operations perfonned 
in the concentration steps are described in this chapter. 

7.1 CONCENTRATION OF URANIUM SOLUTIONS. 

Efficient operation of the Purex solvent extraction batteries re
quires that the ur~nium-bearing aqueous stream ("lCU) be concentrated 
from 0.272M to 2. 12M uranium before being introduced as feed to the sub
-sequent soTvent extraction cycle. The backcycle stream (3WF), an accumu
lation of solvent extraction aqueous waste streams, is concentrated from 
0.02M to 0.08M uranium before being returned to the HA column or 2NF tank. 
The uranium product stream (2EU) is concentrated from 0.38M to 2.12M 
before shipment to the calcination operation. - -

7.1.l Properties and Compositions of Solutions 

7.1 .1. 1 Concentrator Feed and Product Comcositions 

The pertinent data concerning the lCU, 2EU, and backcycle (3WF) solu
tions before and after concentration are listed in Table 7-1. The compo
sitions noted may vary somewhat (perhaps up to 25%) as a result of changes 
in extraction column flow ratios and concentrator operating temperatures. 
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TABLE 7-1. Typical Uranium Concentrator StreAm Data. 
! Basis: , 

Purex Flowsheet - Reprocessing N Reactor f~els (Ref. 1). 
Processing Rate - 10 tons uranium per day. j 

I 

Concentrator: E-JB~ 1 E-K4- l I E-H4-l 
! 
' 

Stream: · 1 cu lUC 2EU 2UC 3WF 3WW -
Component 
or Property 

I 

UNH, M 0.272 2. 12 0.381 2. 12! 0.018 0.082 
I 

HN03, r1_ 0.086 0.90 0.011 0.06 1.82 8.4 

Specific gravity 1. 09 1. 71 l : 12 i.si 1., o 1.25 
at 25°C 

' i 
Flow, gal/min 27 .4 3.52 18.4 3.3d 25.1 5.3 

I 

i 
The specifications for the uranium product, i .e•;~ the overflow from 

concentrator E-K4-l (2UC stream), are indicated in Taole 7-2. 
I 7. 1. 1.2 Condensate Compositions I 

The condensates contain essentially all of the diluent and TBP enter
ing the concentrators. In addition, they may containlup to 10-4% of the 
uranium in the feed to the concentrators and trace amo.unts of fission 
products. I 

I 
7;1.1.3 Tribu~yl Phosphate Hydrolysis ! 

Tributyl phosphate hydrolyzes slowly in bo·il ing ~cid solutions to 
form successively: dibutyl phosphate (DBP), monobutyl phosphate (MBP), 
and orthophosphoric acid, the first hydrolysis step being.rate determining. 
The reaction in a single phase is zero or first-order/with respect to 
HN03 concentration. The hydrolysis products of TBP form strong complexes 
with uranium and plutonium which exhibit undesirable 8istribution co
efficients and emulsifying characteristics. For example, in the lC, 2E, 
and 28 systems, the DBP complex of uranium or plutoni~m exhibits a high 
organic-to-aqueous-phase distribution ratio (Eg) which hinders the 
transfer of uranium or plutonium into the aqueous propuct phase, and may 
result in a high product loss to the solvent effluen~. The complex formed 
between uranium or plutonium-and MBP is relatively in,soluble in either 
phase, and forms emulsions or interfacial scum in thel solvent extraction 
columns. Further discussion o'f the effects. of TBP hy

1

drolysis products 
can be found in Chapter 6.0. I 

I 

I 
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TABLE 7-2. Uranium Nitrate Product Specifications (Ref. 2). 

Chemical or Property 

Uranium 
Uranium-235 
Nitric Acid 

Other Actinides: 
Plutonium 

Thorium 

Fission Products: 
Zirconium-Niobium-95 
Ruthenium-103 and 
Ruthenium-Rhodium-106 
All others, excluding 
Technetium-99 

Organic 
Other Impurities: 

Iron 
Chromium 
Nickel 
Sodium 

* 

Specification 

2.0 to 2.2M 
<l. 0 wt%* 

.:.0.2M 

10 parts per billion parts (ppbp) 
uranium 
750 parts per milli~n parts 
(ppmp) uranium 

.:.10 JJCi/lb uranium 

.:_20 uCi/lb uranium 

.:.20 :.iCi/1b .uranium 

Nondetectable 

.:.40 ppmp uranium 

.:_16 ppmp uranium 

.:.12 ppmp uranium 

.:.20 ppmp uranium 

This specification is included.as a critical mass control in the 
uo3 Plant. When processing 72 or 94 metal, no U-235 analysis is required. 

7. 1. 1.4 Red Oil Fonnation 

A complex mixture of organo-uranium compounds insoluble in either 
aqueous or solvent process streams can be fanned under off-standard 
processing conditions. This mixture, commonly called "red oil" at 
Hanford, sometimes called "third phase" at other sites, varies from 
yellow-orange to red in color and has a specific gravity which may range 
from 1.1 to 1.6. While not completely characterized, it is known to con
tain uranium, TBP decomposition products, and possibly nitrated fragments 
of the hydrocarbon diluent. Red oil is produced by a chemical reaction 
between an aqueous solution of uranium -and nitric acid with a Purex-type 
solvent, either by prolonged contact at ambient temperatures or by re
peated concentration of solvent-saturated aqueous solutions. 

7-3 



·.~•,;: 

-·~;~· .• ~-~~.-
i.-... -SC..l::f ·:-:_\-';_' 

I~-

• lb~··• 
~~~. 

_f...,ir,J 
-~~· .. 
'~'"· 
!.~~/ 
(fy.;;. 

RHO-MA-116 

I 
' 

There is some disagreement w:ith regard to red oil /generation. For 
example, some investigators have been unable to make i~ with NPH diluent. 
Others have found that the hydrocarbon diluent employed: is of importance 

. in solvent nitration. In bench-scale experiments on so:lvent nitration 
(R~f. 3), the NPH used in the pilot plant High Tempera~ure Gas-Cooled Re
actor (HTGR) fuel reprocessing studies was found to be !more resistant to 
nitration than diluents used in early plant applications of the Purex pro
cess. Red oil was_ not formed in these tests under con~itions reported to 
produce red oil with diluents previously used. Savannqh River Laboratory 
has made a third phase which is yellow when pure, but ~urns red when mixed 
with TSP a_nd heated (Ref. 4). I 

The presence of DBP-bearing red oil in solvent ex4raction columns 
promotes unfavorably high uranium and plutonium distriqution ratios in 
C-type columns, as discussed in Chapter 6.0. Red oil ~ay be an inter
mediate product in the rapid reaction of solvent with nitric acid (dis-
cussed below). · · . / 

7.1.1.5 Rapid Reactions of Tributyl Phosphate With Ni~rate Ion 
'. 

A rapid reaction may result when mixtures of TSP Jnd aqueous solutions 
of uranium and nitric acid have attained a minimum temperature of 135°C 
during concentration (Ref. 5-7). This reaction, discu~sed in Chapte~ 6.0, 
may, under some conditions, be sufficiently violent to /rupture a concentra
tor. The conditions required for such a reaction are prevented from aris
ing in the Purex uranium concentrators by the following design and opera
tional safeguards. The reboilers are heated with a ma~imum of 29-psig
pressure steam, which limits the maximum temperature attainable in the con
centrate to 135°C. Steam pressure, weight factor, andltemperature instru
mentation is incorporated to automatically shut off th~ steam to the con
centrator tube bundles before potentially hazardous over-concentration can 
occur. Steam stripping of the concentrator feeds priot to concentration 
minimizes the TSP content of the concentrator bottoms. i 

; 
i 

7.1.1.6 Solids Formation i 

If the UNH feed rate to a concentrator is reduced:appreciably from 
normal without a compensating reduction in steam fl ow, j the uranium sol u
t ion in the reboiler becomes more concentrated than nofmal and may solid
ify or dry to the point of incipient calcination. Over-concentration 
may be detected by an increasing concentrate boiling temperature or by 
an increase in the specific gravity of the concentratel Safety devices 
including high steam pressure, high liquid temperaturei and low weight 
factor interlocks are provided to prevent such a condition from becom-
ing extreme. ' 
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7.1.1.7 Criticality Considerations 

The uranium concentration vessels are not critically safe by design 
geometry. Therefore, the amount of plutonium in the feed to the concen
trator must be controlled below a value which would amount to a critical 
mass if all the plutonium in the concentrator were to precipitate. 

7.1.2 Steam Stripping 

Prior to concentration of aqueous solutions of uranium, dissolved 
or entrained solvent is removed by steam stripping to minimize the for
mation of DBP or red oil. Solvent removal is accomplished by ·introducing 
the solution to the concentrator via a stripping tower in which the 
solution is countercurrently contacted by water vapor leaving the reboiler. 
The TSP and diluent are vaporized, carried with the water vapor to the 
condenser, and are either recycled to solvent extraction or leave the 
process with the condensate. 

A McCabe-Thiele operating diagram for the steam stripping o1 TSP 
is presented in Figure 7-1. A similar diagram for the diluent is not · 
included since the degree of diluent removal is not critical. Also, 
diluents are more volatile than·TsP and are therefore more completely 
removed by steam stripping. 

The equilibrium Hne in Figure 7-1 is plotted from vapor pressure 
(Ref. 8) and solubility (Ref. 9) data for TSP, .and defines the equilib
rium concentration of TBP in the vapor (Y) as a function of the TSP con
centration in the liquid. (X) when boili-ng at standard atmospheric pressure. 
The equilibrium data shown are for a TBP-water system. The effect of the 
concentrations of nitric acid and uranyl nitrate in the concentrator feed 
on the pressures is as·sumed to be negligible. In that portion of the 
equilibrium line representing a true solution of TSP in the liquid, it is, 
assumed that Henry's law applies, as the partial pressure of the dissolved 
component is proportional to its concentration in the liquid phase. For 
the vapor phase. it is assumed that the perfect gas law and Dalton's law 
apply. Thus, the partial pressure of the TBP in the vapor is equal to the 
product of the TSP mole fraction in the vapor and the total pressure. Com
bining these principles, the relationship between vapor and liquid compo
sitions can be stated mathematically as follows: 

Y = KX 

where 

Y = mole fraction TSP in the vapor phase; 
K = proportionality factor (in _this case, 62.2); 

X = mole fraction TSP in the liquid phase. 
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As the va 1 ues of X a re -increased_ to exceed the so 1 ubi 1 i ty of TBP in 
the aqueous phase (concentrator feed), a second liquid phase (entrained 
solvent) is present and the values of Y become limited by the ratio of 
vapor pressures of pure TSP and water at the operating pressure and tem
perature. This value of Y is constant for any amount of entrained solvent 
in the concentrator feed. 

The operating line shown in Figure 7-1 is drawn to represent the 
stripping of TSP to the desired concentration of five parts of TSP per 
million parts of LINH under the anticipated operating conditions. The 
equation for the operating line is developed from a TSP material balance 
around either end of the stripper. At steady-state operating conditions, 
the amount of TSP entering the strjpper vi a the i nf1 uent streams must 
equal the amount of TBP leaving via the effluent streams. Also, neither 
the liquid nor vapor flow rate changes appreciably from plate to plate. 
Equating the influent and effluent flows on the bottom plate, the follow
ing expression is obtained: 

where 

X = mole fraction TSP in liquid entering bottom plate; 
xw·= mole- fraction TBP in liquid effluent from_ strip~ing tower; 
Y = mole fraction TBP in vapor leaving bottom plate; 

Y5 = mole fraction TBP in vapor entering stripping tower; 
L = flow rate of liquid, moles per unit time; 
V = flow rate of vapor, moles per unit time. 

Rearranging the above equation gives: 

If L/V, Ys, and Xw are assumed constant, this equation defines a 
straight line when plotted on rectangular coordinates, and expresses the 
operating conditions throughout the stripper. While L/V is not constant 
because a portion of the steam entering the stripper will be condensed 
in heating the entering feed, the L/V change is so slight that it can be 
neglected. By assuming_ v5 is zero and inserting the maximum value of Xw 
desired in the stripped solution, an operating line can be constructed 
from the above equation. The operating line is shown in Figure 7-1, and 
shows that 1.65 theoretical plates would be required to strip a typical 
entering feed. containing 0.35 g TSP/i (Ref. 11 ), to a desired concentration 
of 0.0005 g TBP/t. This latter concen·tration corresponds to five parts of 
TBP per million parts of UNH. Two theoretical stages would suffice to 
strip a feed containing up to 1 .58 g TBP/i (corresponding to 0.49 vol% 
entrainment of 30% TBP) to the maximum des~red Xw value. ~n ~peratio~, 
the ratio of actual to theoretical plates ,n the steam str1pp1ng section 
will prob~bly vary between two and five (i.e., 20 to 50% overall plate 
efficiency. 
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7. 1.3 De-entrainment .,! 

7.1.3~1 Concentrators E-JS-1 and E-K4-1 

Entrained droplets of uranium and plutonium soluitions must be removed 
from. th7 overhead vapors of. the uranium ~oncentratorsf to minimize the losses 
of fission products, plutonium, and uranium to the co~densate. Since the 
condensate streams are sent to cribs or recycled, plu:tonium and uranium 
effluent losses a.re maintained below maximum pennissifble limits. The 
losses are considered acceptable if they are less than lQ-4% of the uranium 
and/or plutonium from the concentrators. I _ _ 

_ In the concentrators, liquid de-entrainment fro~ vapor is accomplished 
by impingement and low vapor velocity. Liquid dropl~ts entrained in the 
vapor jetting from the reboiler tubes are partially nemoved by deflection 
from the impingement plate above the tubes. The vapdr velocity is then 
reduced to about 2 ft/sec in the central chamber wherl processing 10 tons 
of uranium per day, pennitting additional particles to settle. Entrained 
droplets of concentrate are further removed by passiria through the strip
ping section of the concentrator ~ewer, where the f1d6ded bubble-cap trays 
provide effective de-entrainment, resulting in a cumJlative concentrate
to-overhead de-entrainment factor on the order of 10~. Droplets of con
centrator feed sol uti.on which are entrained at the f~ed pl ate are de
entrained from the vapors by passage through the one/(or three) bubble~cap 
tray(s) and the Raschig ring packing above the feed tray, with the 
de-entrain·ed liquid draining back by gravity. The d~gree of de-entrainment 
obtained is dependent on the superficial vapor ve1oc1tY in the tower, and, 
to a lesser-degree, upon the number of dry bubble-cap trays employed above 
the feed tray. / · 

• I 

The entrainment obtained with a small-scale (6-~nch-diameter) model 
of a concentrator de-entrainment .tower of the design! described above is 
summarized in Table 7-3 (Ref. 10). j 

The pilot plant data indicate that it is possib~e to operate the 
concentrators at rates as high as 21 tons of uranium/ per day [HW #3 flow
sheet (Ref. 12) conditions] and still realize entrainment losses of less 
than 0.01% when using one de-entrainment tray above ~he-feed tray. How
ever, Purex has operated with rates greater than 30 /1tons/day without 
excessive entrainment losses. 

i 
7.1.3.2 Concentrator E-H4-1 I' 

De~;ntrainment devices for Concentrator E-H4- l ,are similar to those 
described above except for the Raschig ring packed iection and the number 
of trays. Instead of the packed section, Concentrator E-H4-1 contains a 
mist de-entrainment pad abo~e the bubble-cap trays./ The pad is 8 inches 
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thick by 74 inches in diameter. It was fabricated from 5-mil-diameter 
· tantalum wire, and has a bulk density of 10 to 12 lb/ft3. Concentrator 

E-H4-1 has six bubble-cap trays in its de-entrainment tower, while E-J8 
and E-K4 have seven trays each. 

TABLE 7-3. Concentrator Entrainment as a Function of 
Throughput Rate. 

Equivalent Superficial Percent of Feed 
F Uranium Entrainedc Throughput Rate, Vapor Velocity, Factorb Tons Uranium/Daya Ft/Sec 

Three Traysd One Trayd 

9 to 10 1 . 8 to 2. O 0.34 to 0.37 <0.0005 <0.0003 

15 3., 0.58 <0.0003 0.0003 
.·20 4., 0.76 ~0.003 
22 4. 6. 

' 
0.86 0.0003 8 

25 5.2 0.97 10 
29 6.0 1. :i 20 --

aBased on Purex Plant concentrator operating at Purex HW #3 Flowsheet 
conditions at experimental superficial vapor rate. 

boefined as: 

(Vapor ratet ft3/sec) (Vapor density, lb/ft3)0· 5 

(Column crass-sectional area, ft2) (Sp.· gr. of liquid feed)O.S 
cPerc~nt ura~ium entrained= (concentration of uranium in vapor) 

(100)/cancentration of uranium in feed. 
dNo liquid addition above feed point, surmounted by 3-foot layer of 
1-inch stainless steel Raschig rings. 

7.2 CONCENTRATION OF PLUTONIUM SOLUTIONS 

7.2.1 Praoerties of Plutonium Nitrate Solutions 

7.2.1.1 Properties of Boiling Solutions 

Plutonium nitrate - nitric acid solutions containing up to 800 g Pu/t 
have been prepared by evaporation. Batch-evaporation curves (without 
reflux) for a variety of feed solution compositions are shown in Figure 
7-2. These curves illustrate the effect of plutonium nitrate concentration 
on·the boiling point of plutonium nitrate-nitric acid solutions. An equili
brium diagram for the plutonium nitrate-nitric acid-water system is shown 
in Figure 7-3 (Ref.13). 
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FIGURE 7-3. Equilibrium Diagram for the Plutonium Nitrate
Nitric Acid-Water System. 
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7.2.1.2 Valence Stability 

i 

i 
I 
I 

I 
I 

Under the usual conditions of evaporation, only the tetra-and hexa-
valent states of plutonium are stable. Plutonium (V) c~nnot exist at the 
high acidities involved and plutonium (III) is oxidized!rapidly by hot or 
concentrated nitric acid. Plutonium (IV) is oxidized td plutonium (VI) at 
acidities below 4M, with the maximum rate occurring aroynd lt:1- No ap
preciable oxidation of plutonium (IV) occurs at nitric acid concentrations 
above 6M because of the fonnation of nitrate complexes.! Slow reduction 
of plutonium (VI) occurs as the result of alpha radiati6n effects (Ref. 13). 
The observed rate of this reduction in a.SM HCl at z"s 0 clcorresponds to 
a haif-life of 296 days (Ref. 14). Other reduction mec~anisms occur in 
,concentrated nitric solutions as the amount of plutonium (VI) remaining 
after only 22 days of storage at room temperature is in~ignificant 
(Ref. 15). i 

I 
7.2.2 Compositions of Plutonium Nitrate Solution~ and Condensate 

I 

7.2.2.1 Feed to Stripper-Concentrator ! 
I 

- I 
Decontaminated plutonium Solution (38P) from the 38 column is butted 

with nitric acid, then stripped to remove residual TBP,i and concentrated 
in a stripper-concentrator (vessels T-L6 and E-L7). Th~ composition of 
the feed to the stripper-concentr~tor, based on the conpitions stated in 
Reference l, are indicated as follows: i 

Pu, g/t 
HN03, M 
SpecifTc gravity 

7.2.2.2 Product Comoosition and Specifications 

I 

I 
I 

27 .8: 
1. 21 

I 
1. Q85 

The quality specifications for the plutonium product for feed to the 
oxalate precipitation process are given in Table 7-4. ! 

I 
I 

The plutonium solution leaving the stripper is co~centrated to 
approximately 350 g Pu/i and 7M HN03 in the concentratdr bottoms. Based 
on data obtai~ed between M~rch-and Sep~emb~r '.972, the jcont~nt_of ind~vid
ual elements 1n the plutonium product ,s w1th1n the ranges 1nd1cated ,n 
Table 7-5. I 

! 
7.2.2.3 Condensate Composition I 

I 
The combined process condensate from the stripperland concentrator 

contains 0.7M HN03 and a trace of plutonium. Since this stream is re
cycled to the 3AF feed tank, no plutonium is lost via the condensate 
stream. Steam condensates from T-L6 and E-L7 are recytled to the back-
cycle concentrator feed tank (TK-FlO). I 

7-12 

.r 



-·· 1;~ 

··Lr;t:. 
;::'"-•--· 

.i\'.'."'J". 
· t~!1'f 
'· ,.,....,.,, ! 

\~.,..•\: 
. cy-..;; 

RHO-MA-116 

TABLE 7-4. Plutonium Nitrate Quality Specifications (Ref. 2). 

Chemical or Property 

Plutonium 

Nitric Acid 

Plutonium-240 
Other Actinides: 

Uranium 
Neptunium 

Fission Produ~ts: 
Zirconium-Niobium-95 

All others, CP instru
ment rea_di ng on can 

Organic 
Other impurities: 

Silver 
Aluminum 
Boron 
Beryllium 
Bismuth 
Chromium 
Copper 
Iron 
Manganese 
Molybdenum 
Nickel 
Phosphorus 
Lead 
Sil icon 
Tin 
Titanium 
Zirconium 
r Lithium, Magnesium, 

Sodium, Calcium, 
Potassium 

Specification 

1 00 to 450 g/ 2. 
(0.84-to 3.76 lb/gal) 
2.0 to 12.0M 
(1. 025 to s-:-15 1 b/gal) 
Report value 

~2,000 ppmp plutonium 
~1 ,000 ppmp plutonium 

<3.0 x ,o-11 uCi ZrNb/At. 
-(one batch in a sliding block 

of 20 b·atches may be 4 x 1 o-11 ) 
Emergency can - <50 mr/hr; 
PR can - <8 mr/hr 
Nondetectable 
ppmp plutonium 
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TABLE 7-5. - Metallic Impurities in Purex Plutoniud Product . 

Element Concentration ~ange, ppm 

Aluminum 2 - 3,000 
Arsenic <8 - 490 
Barium < 5 - 19 
Beryllium <0.1 - <0.8 
Bismuth <0.1 - 50 
Boron <0.2 - <0.8 
Cadmium <0.2 - <l 
Ca lei um <8 - 1 ,1000 
Chromium 8 - 250 
Cobalt 2 - 130 
Copper 2 - 62 
Ga 11 ium <5 - 50 
Iron 10 - 1,085 
Lead <l - 570 
Lithium <2 - 22 
Magnesium <l - 85 
Manganese < 1 - 10 
Molybdenum <0.5 - 25 
Nickel < 1 - 1 65 
Niobium < 1 - 25 
Phosphorus 20 - 900 : 

Potassium <20 - 100 
Silicon <l - l 00 
Silver <5 - l 00 
Tantalum <50 - 100 .. 
Titanium <20 - l , 109 
Tungsten <30 I 

I 
I 

: 
Uranium 0.3 - 4,200 
Vanadium - <l - 20 
Zinc <l - 300 
Zirconium <10 - 900 
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7.2.3 Steam Stripping 

In the plutonium stripper, the. plutonium solution is stripped of 
both dissolved and entrained TSP while flowing countercurrent1y to the 
steam flow down through a packed section into a disengaging section. 
Concentrated nitric acid is added to the plutonium solution before enter
ing the stripping section to prevent formation of plutonium polymer which 
could plug the packing. During the stripping process, the solution is 
conc.entrated from 27. 8 to 150 g Pu/t. The mechanism of steam stripping 
is given in Section 7·.1.2. The steam for the stripping operation is 
vaporized liquid from the concentration of the stripped plutonium in the 
solution in the vertical tube reboiler. It is estimated that with an 

·· L/V f1ow ratio of two, the TSP in the liquid will be stripped to less than 
0.01 g TBP/t as the liquid passes through the stripping section which 
contains· 8 feet of Raschig rings. 

7.2.3.1 Red Oil Formation 

As in the uranium concentrators (see Section 7.1.1 .4), "red oil , 11 a 
nitration product of TSP and its degradation products, could be formed 
in the plutonium concentrator in the event of a malfunction of the plu
tonium stripper. Red oil is produced when the temperature of a 
TBP 0 Pu(N03)4-HN03 mixture reaches a level high enough to decompose the 
plutonium nitrate to produce NOz -which nitrates the organic phase. The 
three conditions necessary for red oil fonn~tion during concentration 
of p1 utoni um nitrate solutions have been shown to be:· (a) temperature 
above 150°C, (b) a min~mum TBP/Pu weight ratio c:if a. 15, and (c) conditions 
of incipient calcination with violent MO and ~!Oz' release (Ref. 16). 

7.2.3.2 De-entrainment 

Entrained droplets of plutonium solution must be removed from the 
overhead vapors during the stripping operation to minimize plutonium in 
the condensate streams. The upper packed section of the stripper de
entrains these droplets from the rising vapors by impingement of the 
drops on the packing, and the separated liquid drains back to the strip
ping section. 

7.2.4 Plutonium (IV) Polymer 

The tetravalent plutonium. ion hydrolyzes more readily than any 
other plutonium species to form a highly insoluble plutQnium (IV) hy
droxide with an estimated solubility product of 7 X 10-,6 (Ref. 17). 
Hydroxide precipitation requires a large excess of hydroxyl ion. Of 
greater concern in the Purex Plant is the partial hydrolysis of 
plutonium (IV) in dilute HN03 solutions to form a colloidal polymer with 
an extremely high, widely varying molecular weight of 4 X 103 to 
1 X 107 (Ref. 18). Polymer formation during processing could result 
in high solvent extraction waste losses, emulsification in solvent 
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extraction columns, excessive foaming during concentretion, plugged lines, 
and potential criticality hazards, since polymer can accumulate or migrate 
uncontrolled into Purex process vessels. ! 

. : 

The po 1 ymer is i dent i fi ed by its bright green coil or and its absorp
tion spectrum, which differs from that of monomeric p!lutonium (IV). The 
polymer, a positively charged colloid in acidic solut:ions, is not extracted 
by TBP (Ref. 17.) As shown in Figure 7-4 for dilute !(Ref. 19) and Figure 
7-5 for more concentrated aqueous plutonium nitrate s!olutions (Ref. 20), 
polymer fonnation is dependent on acidity, plutonium !(IV) concentration 
and temperature. Thus polymerization can occur at hiigher acidities as 
the plutonium concentration and/or temperature incre~se(s). In Purex 

· ... organic solutions, plutonium {IV) is complexed with ~BP and is therefore 
r __ not available for polymerization. / 

Polymer may be fanned under conditions of transilent instability as 
in the water dilution of acidic plutonium ·solutions ~ith inadequate agita
tion. Polymer may also be formed in localized areas jof low acidity, even 
if the final solution acidity is tao high for polyme~ization to occur 
(Ref.-21). - Dilute nitric acid is therefore generall~ used for dilution 
of plutonium nitrate solutions. ! 

: 

Dilution of dissolved fuel element solution wit~ water is permitted 
as the acidic nature of the uranyl nitrate solution ~ssures a low pH, 
even at acid deficient conditions. For example, an ~onic plutonium (IV) 
solution is _stable for approximately 24 hours in a 0~2!.1_ acid deficient 
solution containing 1 .92M U02(N03)2, in contrast witij the very rapid 
polymerization seen. in acid d_eficient aluminum nitra~e solutions (Ref. 22). 
Other observers also report (Ref. 18) that nitrate ion has an effect on 
polymerization; polymer was observed to fonn rapidlylin low acid solutions 
with NH4N03 concentrations below 0.5~, slowly in 1 tq 2M nitrate solutions, 
and not at all with nitrate concentrations of 4M or ~bove. 

. - I 

Depolymerization is slow in HN03 solutions at room temperature, with 
the rate being approximately first order in polymer concentration, and 
is even slower for polymers fanned at elevated tempehtures as shown in 
the fol 1 ow i n g tab 1 e: 

Half-Times for :Jepolymerization of Plutonium (IV) Polymer 

Fonnation HN03 Concentrafion 
Temperature, oc 

2M 4M 6MI lOM - - -
- 20 days 400 min. 100 rin 30 min. 25 

80 1 year --- 15 d~ys ---
I 
I 
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FOR A GIVEN TEMPERATURE, POLYMER WILL NOT 
FORM AT THE ACID ANO Pu CONCENTRATIONS lOOoC -···· 
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FIGURE 7-4. Plutonium Polymerization Curves for Dilute Solutions 
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FOR A GIVEN Pu CONCENTRATION, POLYMER WIU NOT 
FORM AT THE ACID CONCENTRATIONS AND 'TEMPERATURES 
ABOVE THAT Pu CONCENTRATION CURVE. POLYMER WILL 
FORM AT THOSE CONDITIONS BELOW THE CURVE. 
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FIGURE 7-5. Plutoni.um Poiymerization Curves for cbncentrated Solutions 
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Polymers become more difficult to depolymerize with age. For example, in 
SM HN03 at 25°C, polymer aged far several months at 25°C had a depaly
merizatian half-time of 320 hours compared to only 20 hours for freshly 
·fanned polymer under identical conditions: The accelerating effect of 
elevated temperatures on the depolymerization rate of even the aged poly
mer is illustrated by a half-time of only 0.56 hour at 95°C. Depolymeri
zation is also accelerated by fluoride with complete depolymerization 
attained in less than 5 minutes with SM HN03 - 0.05M F~, and a half-time 
of 2.4 minutes with 5!:! HN03 - 0.05M F-complexed with 0.2~ Al (N03)3 
(Ref. 23). . 

7.2.5 Criticality Prevention 

~, • All the vessels in the second and third plutonium cycles are geo
metrically favorable for plutonium nitrate solutions up to 450 g Pu/i. 
"Geometrically favorable" means the system is subcritical under any 
for-eseen neutron moderation and reflection condition, as opposed to "safe" 
which means subcritical under any moderation and reflection condition. 
The neutron interaction in the several parts of each equipment piece, as 
we 11 as between the different equipment pieces, must be considered in 
evaluation of safety. Small-dimension slabs, cylinders, and annuli are 
all utilized for components of the plutonium cycle .vessels as shown in 
Table 7-6. 

TABLE 7-6. Geometrically Favorable Vessels in Second 
and Third Plutonium Cycles. 

Vessel Geometry Vessel Geometry 

TK-JS (2AF) 3-inch-wide T-L6 4-inch-diameter 
annulus (Product Stripper) cy 1 i nders ( 2) 

T-L 1 (2A) ?-inch-diameter E-L7-1 4-inch-diameter 
cylinder (Concentrator) cylinders (2) 

T-L2 (28) 7-inch-diameter TK-L8 4-inch-diameter 
cyl in~er (Receiver) cylinders (2) 

TK-L3 (3AF) 2-inch-wide TK-L9 5-inch-diameter 
annulus (Sampler Tank) cylinders (3) 

T-L4 (3A) 3 1/2-inch-diamtter TK-L 11 4-inch-diameter 
cylinder (Rework Tank) cylinders (3) 

T~LS (38) 3 1/2-inch-diameter TK-L13-10 5-inch-diameter 
cylinder (Loadout Tank) cylinder 

NOTE: Column disengaging sections are slabs or annuli. 
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CHAPTER 8.0 - NEPTUNIUM CONCENTRATION AND ION 
EXCHANGE PURIFICATION TECHNOLOGY 

8.1 INTRODUCTION 

Neptunium was first recovered in the Purex Plant in June of 1958. 
Since that time, Np-237 has become a regular third product for the Purex 
Plant. Continual efforts have been made to increase the neptunium recovery 
and to make the recovery operation more compatible with the remainder of 
the plant. Process development and research efforts resulted in the 
installation of equipment in 1962 for the continuous extraction and puri
fication of neptunium in two packaged units called J Cell Package and 
Q cen Package. 

The J Cell Package is equipped for a complete solvent extraction 
cycle. The solvent extraction equipment i-s approximately the same 
size as the second plutonium cycle.equipment.; It is capable of extracting 
and decontaminating neptunium on a continuous basis without interrupting 
the nonna1 processing of uranium _and plutonium in the remainder of the 
plant. The use of this equipment is advantageous in that previous methods 
of op~ration required neptunium to be recovered during down periods. 

The neptunium purification unit, known as Q Cell, is located in the 
basement of the Purex building in the west end of the alternator room· 
adjacent to the PR room. As shown in Figure 2-7 (Chapter 2.0), Q Cell 
includes .a control room, a shielded hot cell, a shielded maintenance hood, 
a maintenance room, a loadout room, and an aqueous makeup (AMU) level. 
The latter is a second floor installation above the control room. 

Q Cell was constructed in the building so that the neptunium recovered 
and decontaminated in J Cell Package could be further purified before it 
is shipped off site. Initially, final purification of Np-237 was carried 
out in a developmental faci1 ity in the 222-S Building. It was in this 
facility, operated by Separations Chemistry Laboratory personnel, that 
the basic flowsheet for batch ion exchange purification was developed 
and demonstrated. 

The Q Cell purification unit is designed for batch operation and 
has the flexibility to handle not only neptunium recovered in the Purex 
Plant, but also neptunium recovered from offsite sources. Unpurified 
neptunium batches from other sources can be routed to the Q Cell equip
ment via a neptunium loadin hood located near the KS sampler in the 
sample gallery. More detailed equipment and process descriptions for 
Q Cell can be found in Chapters 3.0 and 4.0, respectively. 

The.remainder of this chapter deals with the technical aspects of 
the Q Cell neptunium concentration and ion exchange purification. 
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8.2 NEPTUNIUM CONCENTRATION 

I 
I 

I 

I 
I 
I 
i 
i 
: 

The E-Q2 stripper-concentrator is used to concent~ate the 2PN stream 
from phase III of the second neptunium cycle to Np-237/ cdncentrations suit
able for ion exchange adsorption. A detailed descri ptii ori of E-Q2 is given 
in Section 3.7 (Chapter 3.0). ! 

' 
8.2. 1 Stripper Section I 

The 2PN stream contains trace quantities of solu~le and entrained 
organics carried over from the J Cell.solvent extracti~n process. To 
prevent organics from entering the concentrator and pdssibly creating a 
.red oil .hazard, the feed is passed downward through a /stfipper located on 
top of the concentrator where rising steam from the cqncentrator strips 
out the organic. The steam is condensed and routed tq t~e backcycle 
waste system. / 

i 

I 
8.2.2 Concentrator Section 

The concentrator .is a thermosyphon evaporator witth steam heating. 
The steam pressure is limited to 29 psig (134°C at sa.ur~tion) to prevent 
an explosion hazard stemming from organic materials in the concentrator. 
Table 8-1 gives conditions of the streams entering an~ l~aving the 
concenttator. . . · i I 

. I 

TABLE 8-1. E-Q2 Concentrator Stream Condiiions. 

Volume, liters 
Temperature, 0 c 
Sp. Gr. 
HN0 3 
Neptunium 

• , I 

910 
, 25 

2PN 
Feed 

1.04 
0.7M 
2 g/ 'l. ( 0. 008r1) 

2PC i I 
Product Concen tf a t

1

e 

-200 
101 

1.05(1.09@2? 0 0) 
3. lM I 

' 
-g g/i(D. •38M) 

I 

2PD 
Di sti 11 ate 

710 
5.0 

-1. 0 

•. 

-• .025M 
0 

I I . . 
Nitric acid concentrations in the E~Q2 concentra~o~ are approximately 

two orders of magnitude greater than neptunium concenrtrations. Therefore, 
the process conditions ~re dependent on the acid mola~itly rather than 
neptunium concentration. Figure 8-1 shows partial pr~ssures of water and 
nitric acid over a 3. lM HN0 3 solution, which corresponds to the final 
acidity of the concentrator product. At the product 1lcoricentrater temper
a tu re of 101°C, the nitric acid partial pressure is 1.31mm Hg, which 
corresponds to a 0. lOr:1_ HN03 distillate concentration. 1ctually, the 
composite distillate acidity is approximately 0.025M since the evapora
tion process begins at 0. 7!1_ HN03 in the feed and ends. with 3. lM HN•3 in 
the concentrate. I 
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FIGURE 8-1. Partia1 Pressures of Nitric Acid and Water Over an Aqueous 
Solution of 3.lr1_ (17%) Nitric Acid. 
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8.3 ION EXCHANGE PURIFICATION 

Ion exchange, which is used for final purificati n of the neptunium 
product~ is the reversible interchange of ions betwee aj solid ion exchange 
material and a liquid phase, during which there is no permanent change in 
the structure of the solid. The tenns "reversible" ad i'no permanent 
change" are key points in this definition and are the characteristics 
which allow ion exchange to be useful. Some applicat ans of ion exchange 
include water conditioning, chemical separations, chemical synthesis, 
medical research, food processing, mixing, and agricu tu~e. 

8.3. l Ion Exchange Material Criteria 

Ion exchange ma teri a 1 s must meet certain basic· r quli rements, some of 
which are closely interrelated and cannot be modified without altering 
another. Some of the more important requirements are as follows (Ref. 1): 

• An exchanger must.have a high total capacit (high number of 
adsorption sites per unit mass of resin) . 

• The resin should exhibit good chemical equili~rium charac
teristics when handling the expec~ed solute lithin a given 
pH range. 

• The kinetics of the adsorption reaction she 1 be such that 
a high operating capacity may be obta·ined. 

• An extremely low solubility is of major val e since ion 
exchanger beds are reused. Also, the produ t quality can be 
affected adversely if materials can be leac e from the resin. 

I 
• Good chemical stability favors resistance ,o ~ttack by acids 

or· bases, to oxidation or reduction, and to radiation. 

• Good physical stability prol~ngs resin life w~en exposed to 
swelling, hydraulic pressures, osmotic pressu~e, and mechanical 
forces such as those encountered when pumping resin slurries or 
backwashing a column. 

8.3.2 Chemistry 

8.3.2. 1 Neptunium Valence Adjustment 

In nitric acid solutions, neptunium can exist i the (IV), (V), and 
(VI) oxidation states. Neptunium (IV) is most imper ant in that it fonns 
a nitr~te comple~ which_is _rela~ively sta~le in SM_n trrc acid containing 
hydrazine. In dilute nitric acid, neptunium (IV) is less stable, oxidiz
ing relatively rapidly to the (V) state. 
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Hydrazine (N2H4) and ferrous ion (Fe++) are effective in reducing 
neptunium from the {V) and (VI) states to the (IV) state (Ref. 2). In 
8M nitric acid containing O.OSM hydrazine-, the time required for reduction 
to neptunium (IV) at 25°C is 24 hours and at 65°C is less than l hour. To 
attain the desired neptunium (IV) state in the Q Cell ion exchange feed 
stream (3XF), the solution, containing 0.1M NzH4, 6.3M nitric acid, and 
about 6 gNp/i, is heated to 60°C for 1 hour. 

Ferrous ion is more effective as a reducing agent than hydrazine. 
For example, a combination of 0.03~ N2H4 and 0.05~ ferrous ·ion in 8M 
nitric acid solution at 25°C gives complete reduction .to neptunium TIV) 
in less than 30 minutes. Ferrous sulfamate as the source of ferrous ion, 
wfth hydrazine as the protecting age.n_t or holding reductant to react with, 
or 11 kil1 11

, oxidizing material, is used in the 2N solvent extraction column 
and· was formerly used in the 3XF to give neptunium (IV). The latter use 
was discontinued to reduce the potential for iron and sulfur contamination 
of the Np product and to reduce gassing problems in the column. 

·.-

Ni trite ion (N02) acts either as an oxidizing or reducing agent, de
pending on the N02 and nitric acid concentrations (Ref. 3)~ Neptunium is 
converted ;ram the (V) to the (VI) state in nitrite ion concentrations 
of 6 x 10- to 1 x 10-2M and nitric acid concentratioas of 1 to 6M. 
When the nitrite ion molarity _is greater than 1 x 10-~ and the nitric 
acid concentration is 1 to 6M, neptunium is converted from the (VI) to 
the (V) state. Both neptunium (IV) and (VI) are formed with nitrite ion 
concentrations between 10-3 and· 10-2r1 and greater than 6M nitric acid. 

8.3.2.2 Ion Exchange Adsorption 

Since neptunium chemistry closely resembles the chemistry of plu
tonium, its anionic nitrate complex is assumed .to be Np(N03)~- in solu
tions having high nitrate ion concentrations. 

Amberlite IRA-97 (made by Rohm and Haas Company, and fonnerly called 
Amberlite XE-270), which is used in the 3X column for neptunium purifi
cation, is a weakly basic resin having tertiary amine functional groups. 
The ion exchange adsorption of neptunium is expressed by the following 
equations (Ref. 4): 

+ - ( )2-2R3NH N03 + Np N03 6 
-.... 

2R3NH+N03 + Np(N0 3)4 
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Ion exchange adsorption of neptunium reaches a ax1mum between 
7 and 9M nitric acid and is quite high over the rang o' 6 to lOM acid. 
Elution-is accomp1ished with low nitrate concentrati ns which ionize the 
adsorbed neptunium complex. 

8.3.2.3 Radiochemistry of Neptunium-237 (Ref. 3) 

Neptunium-237 decays by alpha (a) emission (2.l x 106 years half
life) to Pa-233. Protactinium-233 (27.0 days half-1 fe1) beta (S) decays 
to U-233 •.vhich is an alpha emitter. Neptunium-237 also! has several gamma 

·decay energies which contribute to the total radiati n emitted by this 
isotope. . . I 

Protactinium-233 reaches an equilibrium concent atron with ilp-237 of 
696 microcuries of Pa-233 per gram of rlp-237. Figur 8-2 shows the growth 
rate of Pa-233 from the decay of Np-237. 

8.3.3 Amberlite IRA-97 Ion Exchange Resin 

Amberlite IRA-97 is a weak base macroreticular nion exchange resin 
composed of a. styrenedivinylbenzene skeletal structu e ~ith tertiary 
amine exchange sites. . The resin is converted to the ni ~rate form and 
added to the 3X column, producing a chemically stabl ard physically . 
durable fixed bed for purification and concentration off.neptunium. 

· Amberl ite IRA-97 is well suited for neptunium p ri,fication since it 
exhibits excellent thorium decontamination propertie . Thorium accumu
lation in J and Q Cell neptunium recovery systems ha been a problem 
following past thoria (Ref. S) processing campaigns. Slince thorium chem
istry closely resembles that of neptunium, most ion xc

1
hange resins will 

not separate the two. This was the case with Dowex 1~ resin which was 
used prior to 1972. Laboratory tests with Amberlite IR\Di-97 resin show 
thorium decontamination factors at least an order of magnitude greater 
than Dowex 21 K. 

8.3.3.1 Specifications 

Amberlite IRA-97 is extremely stable chemically and offers excellent 
physical durability. Specifications of the resin ar given in 
Table 8-2 (Ref. 6). 
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TABLE 8-2. Specifications of Amberlite I -97. 
I 

Resin· type 
Ionic form 
Skeletal structure 
Functional group 
Moisture content 
Swelling (OH- to MO~ form) 
Porosity in the dry state 
Total anion exchange capacity 
Maximum operating tempe~ature 
Shape 
Screen grading 

Shipping weight 

8.3.3.2 Thermal Stability 

Weak base 
Hydroxide 
Styrenedivi ylbenzene 
Tertiary am ne 
46-54% 
40% tota 1 

48% 

1.4 meq/mi et resin 
l 00°C 

.. Spherical b ads 
25 to 50 me .h I 
(U.S. Stand :rdi screen) 

42 1 b/ft3 I 

Amberlite IRA-97 resin in the nitrate fonn exhib'ts good thermal 
stability well above the 70°C maximum allowable opera ing temperature 
of the 3X column as pointed out by differen'l;ial the analysis results 
shown in Figure 8-3 (Ref. 7). The first exotherm occ rs at· about 180°C 
and a second smaller one at 420°C. Note, however, th t/t~e maximum rec
ommended operating temperature for Amberlite IRA-97 r s·n is 100°c 
(Table 8-2). 

8.3.3.3 Distribution Ratios 

By definition, the ion exchange distribution ra io (K) of a species 
is the ratio of the concentration of that species in th rgsin to that 
in the solution in equilibrium with the resin. For eptunium, Kd is as 
follows: 

= g Np/g oven-dried resin 
g Np/g solution 

Neptunium distribution ~atios are greater than horium distribution 
ratios by at least an order of magnitude in 4 to 9~ ittic acid solu
tions (Ref. 7) (see Figure 8-4). This selective ads rption of neptunium 
over thorium results in favorable thorium decontamin tibn factors even 
in solutions containing high concentrations of thori m. 
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8.3.3.4 Kinetics 

The rate at which ion exchange equiJibrium is approached is of con- · 
siderable importance in equipment design and operation. If the rate 
of exchange is slow, more time is required for separation processes, and 
flow rates must be lowered. Since, for neptunium, the exchange process at 
the active site is very fast, the rate-detennining step is the diffusion 
of i ans to and from the active site. 

Kinetics of neptunium sorpti on on Amberl i te IRA-97 resin are ·i 11 us
trated in Figure 8-5 (Ref. 7). Equilibrium between 7.~ HN03 and the 
resin at 26°C is approached after 3 hours. 

8.3~3.S Radiation Stability 

No specific infonnation regarding the radiation stability of 
Amberlite IRA-97 is available. However9 polymers and resins similar in 
chemical str~cture will show moderate radiolytic degradation after 
receiving 10 rads absorbed dose and considerable degradation after 
108 rads absor~ed dose (Ref. 8). · · 

Assuming all the radiation energy from Np-237 in equilibrium with its 
daughter, Pa-233, is absorbed by Amberlite IRA-97, 2.7 years wQuld be 
required for the loaded resin to obtain an absorbed dose of 107 rads. 
This estimate does not consider ridiation effects from thorium. Past 
experience with ion exchange resins shows that degradation can result in 
pressurization and structural failure of ion exchange columns (Ref. 9). · 

8.3.4 Ion Exchange Process Cycle Technology 

Purification of neptunium by ion exchange first involves pretreatment 
of Amberlite IRA-97 resin followed by loading the neptunium in the IV 
valence state on the resin. Undesired contaminants, such as uranium, 
plutonium, and fission products, are preferentially washed off the loaded 
resin in a series of controlled batch scrubs. After decontamination, the 
neptunium is removed from the resin by eluting with dilute nitric acid 
into the product tank (TK-Q6) for valence adjustment and loadout. 

8.3.4. 1 Resin Pretreatment 

Prior to the loading step, the last solution passed through the T-Q4 · 
column in the previous run is nonnally the low acid eluent (0.35M, HN03). 
To condition the resin for adsorption of Np(NO )2-~ about two bed 
volumes of 6.0r:t HN03 - 0. 1r1_ N2H4 are passed th~o8gh the column immediately 
before the load cycle. 
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8.3.4.2 Loading 

Neptunium feed is adjusted to the (IV) valence state in the makeup 
and feed tank (TK-Q3) by adding nitric acid and hydrazine. A 0.lM hydra
zine concentration and ·a 6.3M nitric acid concentration will convert 
neptunium to the (IV) state when heated to 60°C for 1 hour. 

The resin is loaded by passing approximately seven bed volumes 
(310 liters) of feed downflow through the 3X column. The nominal 
6 g Np/i in the feed can be loaded an the resin to concentrations as 
high as 30 to 40 g/i, even from feedstocks containing up to 100 g Th/i. 
The feed rate is typically 120 mt/min (43.2 g Np/hr). 

Load cycle effects of nitric acid, flow rate, and temperature are 
shown in Figures 8-6, 8-7, and 8-8, respectively (Ref. 7). Unless other
wise noted, all data in these figures are for 6.3~ nitric.acid - 0.01!1, fer
rous sulfamate - 0.0lM hydrazine solutions-containing 25.7 g Th/i and 
5.1 g Np/i. For these conditions, sorptian and breakthrough behavior of 

. thorium is relatively insensitive to changes in feed acidity, flow rate, 
and column temperature. As could be expected for the primary species being 
exchanged, sorptian and breakthrough behavior of neptunium is more sensi
_tive than thorium to changes in all these param~ters. For example, neptu
nium loads more efficiently in 7 and 8M nitric acid feeds than from 6.3r:1, 
acid (Figure 8-6). Also, lower feed rates (Figure 8-7) and higher bed 
temperatures (Figure 8~8) act to increase neptunium loading. 

8.3.4.3 Decontamination Scrubs 

Fallowing the load cycle, a plutonium scrub cycle consisting of 
6.7M nitric acid, 0.1M ferrous sulfamate, and 0. lM hydrazine is used 
when the plutonium concentration is greater than 0.5 g Pu/1000 g Np. 
Ferrous sulfamate, hydrazine, and strong acid are used in this and other 
scrubs to maintain tetravalent n~ptunium to prevent undesired neptunium 
elution. Normally, plutonium concentrations are law enough following 
the J Cell solvent extraction process that the plutonium scrub is not 
needed. 

A mixed nitric-hydrofluoric acid scrub is used to remove Zr-95, 
Nb-95, and other undesirable fission products from the loaded resin bed. 
Thorium and small amounts of neptunium are also removed during ·the 
fission product wash cycle. The effects of acidity, flaw rate, and 
column temperature on thorium and neptunium scrubbing are plotted in 
Figures 8-9 and 8-10 (Ref. 7). 

Each column volume of fluoride fission product scrub solution 
(after the first) removes about 3% of the neptunium loaded on Amber
lite IRA-97 resin. This wash solution must be recycled to the stripper
concentrator to recover lost neptunium. To minimize such recycle, the 
fission product wash volume should be kept to the minimum required for 
adequate removal of fission products and thorium. 

8-13 



::r' ·. Q--,. 

RHO-MA-116 

1.2 

l.O 

o:s 
Q o 6.3 M HN~ FEED c...:i u 0.6 a 7.0 M HN~ FEED 

'v 8.0 M HN~ FEED 

0. 4 ALL RUNS AT zsoc AN 
l..58 mt cm·2 min. -1 

0.2 

0 
0 l 2 3 4 5 6 7 8 9 10 

COLUMN VOLUMES 

al THORIUM 

COLUMN VOLUMES 

bl NEPTUNIUM 

(C/C0 
• CONC. IN EFFLUENT/ CONC. IN INFLUENT! 

FIGURE 8-6. Effect of Feed HN03 Concentra ion on 
Column Loading Cycle. 

8-14 

11 

10 



RHO-MA-116 

1.2 

l.O 

0.8 
· -2 - -1 Q o 1.a; ml cm 

2 
min. 

~ 0.6 ~ l.58 ml cm· min. -1 ~ 

• 2.10 ml cm·2 min. -1 

0.4 AU RUNS AT 25°C WI T1i 
6.3 ~ HN~ FEED 

0.2 

0 
0 . l 2 3 4 5 6 7 8 9 

COLUMN VOLUMES 

al THORIUM 

0.35 
o l.a:5 ml cm·2 min. -1 

0.30 • 1.58 ml cm·2·min. -1 
~ 2.10 ml cm·2 min. ·l 

0.25 

Q 0.20 
Sic 
~ 

0.15 

0.10 

0.05 
AU RUNS AT 25°C WITli 
6.3 M HNO3 FEED 

0 
0 4 5 6 7 8 9 

COLUMN VOLUMES 

bl NEPTUNIUM 

(C/Co • CONC. IN EfFLUENT/CONC. IN INFLUENT} 

10 11 

FIGURE 8-7. Effect of Feed Flow Rate on Column Loading 
Cycle. 

8-15-

10 

12 



':~ 
·''(·,,J 
~~:!!'.' 

'1 I" .m: ~,·. 
i:;,.,J 
t, .. =;;i· 
~ 
'"""ii...;, -a· ..... 11 

..... 

RHO-MA-116 

l.4 ,----------------------1----, 
o ZSoC: l.05 ml cm· 2 min. ·i 
• 40°C, 1.05 ml cm·2 min.· l 
• 2S"C, 2.10 ml cm·2 min.· l 
'v 4fiJC: 2.10 ml cm·2 min.· l 

l.2 0-

1.0 

c::, 0.8 
~ 
i;.i 

0.6 

0.4 r I 
I 

/ 
,I 

0.21'· ,I 
,I 

ALL RUNS 'NI Tl-! 6.3 ,~ HNO, fEED 

..-" 
QL<' I 

.,"' 
0 l 2 3 4 5 6 7 8 9 

COLUMN VOLUMES -

31 Tl-!ORIUM 

0,40.--------------------i---

0.35 

o 25°C: L05 mt c:m·2 min. ·t 
c 4D°C: l.05 mt c:m·2 min.· 
• 25°C: 2.10 ml cm·2 min. ·l 
'v 4fiJC; 2.10 ml cm·2 min. ·l 

0.30 ALL RUNS WITI-t 6.3 fil HN03 FEED 

0.25 

c::, 
~ 0.20 
c.., 

0.15 

0.10 

0.05 

bl NEPTIJNIUM 

4 5 6 g 

CCI.UMN VOLUMES 

!C/Co • CONC. IN EFFLUENT /CONC. IN INFLUENT) 

9 10 ll 12 

~¢--!! 

FIGURE 8-8. Effect of Temperature on Column 
Loading Cycle. 

8-16 

tl 



100 

. ~ 60 

= I.I.I 

40 

100 

~ 90 
e 
u 
V'I 

:E 80 
:::::) -e::: 
i 70 ;-

!z 
I.I.I 

~ 60 
I.I.I 
Q,, 
I.I.I 
::::,. 

~ 50 
...l 

~ a 40 

30 

0 2 

0 2 

4 

RHO-MA-116 

o 25°C; l.05 ml cm -2 min -l 

• 4a°C; l.05 mt cm -2 min -l 

• 25°C; 2.10 mt cm -2 min -l 

v 40°C; 2.10 ml cm -2 min -l 

6 8 10 12 14 
COLUMN VOLUMES 

(al 7M HNO3 - O.0lM Na F SCRUB 

o zs0c; l.05 ml cm -2 min -l 

• 40°C; LOS ml cm -z min -l 

• 25°C; 2.10 ml cm -2 min -l 

v 4<flc; 2.10 ml cm -z min -l 

4 6 8 10 12 
COLUMN VOLUMES 

14 16 

(bl 8MHN0
3 

-0.0lMNaFSCRUB 

16 

18 

FIGURE 8-9. Thorium Scrub Behavior in Fission Product 
Wash Cycle. 
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o 25°C; 1.05 ml cm- min. -l 
• 40°C: 1.05 ml cm-2 min. -1 
• 25°C: 2.10 ml cm-2 min. -1 
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RCP7Cl06-30 

FIGURE 8-10. Neptunium Scrub Behavior in Fission Pr duct Wash Cycle. 
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As seen in Figure 8-9, at least three column volumes of wash are 
required to remove 75% of the thorium remaining on the loaded resin. 

Fluoride remaining in the column from the fission product wash is 
removed by a fluoride scrub consisting of 8.0M HN03 and 0. l~ N2H4. As 
shown in Table 8-3, Amberlite IRA-97 generally gave excellent fission 
product decontamination factors at 25°C during the 13 plant runs conducted 
in 1972. Thorium decontamination was very high and far exceeded that 
attained with the formerly used Dowex 21K resin in most cases. However, 
the thorium content of the neptunium ~reduct exceeded the <3 wt% 
specification in five of the runs due to processing of feeds with extremely 
high thorium contents of 7 to 1_14 g Th/:2. as compared .to 3.5 to 12 g Np/i. 
This problem should not recur as approximately 370 lb (169 kg) of thorium 
was flushed from the system and was transferred to an underground storage 
tank during the plant shutdown period. 

TABLE 8-3. Neptunium Purification With Amberlite IRA-97 
Resin -- Plant Performance. 

* 

Average Np Recovery, % 
Range of Recoveries;% 
Decontamination Factors* 

Thorium 
Ru-106-Rh-106 
Zr-95-Nb-95 
Pa-233 
Uranium 

Decontamination Factor= 

75 
40 to 102 

40 to 16,000 
16 to 530 
2 to 420 
<1 to 100,000 
140 to 192,000 

Np Concentraiion in Product X Contaminant Concentration i~ Feed 
Np Concentration in Feed Contaminant Concentration in Product 

8.3.4.4 Elution 

Purified neptunium is recovered from the resin by elution with 
approximately three column volumes of dilute nitric acid (0.35M) in 
which the neptunium nitrate complex dissociates. The product elution 
is carried out in three distinct but continuous steps: forecut, product 
elution, and aftercut. During the forecut, strong acid remaining from 
the fluoride wash is displaced as the neptunium will not come off the 
resin in the presence of strong acid. When neptunium appears in the 
effluent, as observed in a sight glass, the product cut begins and 
continues until the effluent color changes from green to clear. At 
this point, the aftercut is taken to remove residual neptunium from the 
resin. Both fore- and aftercuts are reprocessed with the next run as 
they contain small amounts of neptunium. As Figure 8-11 illustrates, 
neptunium elutes from Amberlite IRA-97 in a very narrow volumetric band, 
even at 25°C. As a result, high product concentrations are obtained 
with minimal fore- and aftercut neptunium concentrations. 
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8.4 GENERAL SAFETY PRECAUTIONS 

The list of recormnended safety pre~autions shown in the Appendix 
were compiled from operating experiences with nitrate-fonn ion exchange 
resin (Ref. 9). 
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APPENDIX 

PRECAUTIONARY MEASURES RECOMMENDED 

IN THE USE OF RESINS 1 

A. Measures Associated with the Chemistry of Resins 2 

B. 

1. Avoid drying of resin either in use or in sto age. 

2. Check for dark brown areas in the resin that ay indicate 
nitration and possible thermal .instability of the resin. 

· 3. Observe predetermined safe temperature 1 imi t. 

4. Observe predetermined safe nitric. acid concentrations. 

S. Add sulfamic acid or hydrazine to nitric acid solution to 
react w.i th nitrite ion impurity. 

. : 

6. Observe predetermined safe contact time limi] between resin 
and specified concentrations of nitric acid. 

7. Limit Ionic loading t.o ·the predetermined safj value .. 

8. Avoid addition of extraneous ions and materi11s to resin. 3 

Measures Genera 11 A 1 i cab 1 e to S·afe Chemi ca 1 Prdcessi n 4 

1. Provide pressure relief valve on column to a aid rupture. 

2. Limit dimensions-of column to safe size. 

3. Provide adequate blending of all nitric acid solutions. 

4. Monitor concentrations of all streams. 

5. Monitor temperatures in column. 

1Each section is listed in approximate order of descending 
importance. 

2rhe safe limits may be unknown and cannot there ore be stated 
without definitive tests. 

3rhat is, by using wate~ and chemicals free of c,ntaminants. 
4As with the measures in Group A, values or limi s would need to 

be determined for the specific conditions being used. 
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·6. Provide high-tempe_rature alann so that column is flushed 
internally with water when alann sounds.~ 

7. Observe predetermined precautionary measures when equipment 
stands idle. 

8. Vent column when not in use. 

9. Limit amount of radioactive materials processed to predetermined 
safe va1.ues. 

l O. 

:·11. 

12. 

13. 

14. 

15. 

16. 

Improvise cautiously and with adequate safety protection when 
processing with off-standard conditions. 

Follow tested procedures. 

Have adequate cleanup during and following maintenance. 
. ·. i /.\,··''• .•· .:.·:-· ,, .. '· .. 5_':, ·: .. ·. 

Provide a·n,,•external ·column flush. · · ... · · 

Ins ta 11 mechani s~}\uth' as an'. 'a,g·~ ta tor, to minimize risk of 
forming stagnant air pockets in column. 

Regenerate resin with a continuous flow of nitric acid to 
dissipate some heat of reaction away from the column. 

Limit bed volume of resin to _predetermined safe size. 

17. Provide good heat transfer from column by internal cooling 
coils or external cooling jacket. 

5subject to limitations necessary to make the system critically 
safe. 
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CHAPTER 9.0 ACID RECOVERY ANO GASEOUS FISSION. 
PRODUCT WASTE HANDLING TECHNOLOGY 

Radioactive liquid, solid, and gaseous wastes are generated at the 
Purex Plant during the reprocessing of spent nuclear fuels. These wastes 
are treated at Purex to control radioactive and toxic releases to the 
environment at acceptable levels, and to recover nitric acid for reuse in 
the plant. United States Department of Energy (DOE) environmental release 
limits, Environmental Protection Agency (EPA) environmental release limits, 
and Washington State environmental release limits must be complied with 
for all Purex releases to the environment. v,astes containing radioactivity 
in quantities greater than acceptable limits are treated to recover ura-

'nium, plutonium, strontium, and cesium. The waste is then neutralized, 
· ·concentrated, and stored in underground double-shell tanks while awaiting 

DOE decisions on an acceptable process and product form for final storage; 

This chapter contai,ns technology for distillation and sugar denitra- · 
tion of aqueous waste, absorption·-of nitrogen oxides from gaseous waste, 
and vacuum fractionation of nitric acid to obtain a concentrated reusable 
nitric acid. In addition, some proven techniques and methods being devel
oped for removing radionuclides from Purex off-gas streams are presented. 

9. 1 ACID RECOVERY TECHNOLOGY 

Nitric acid is ·used at the Purex Plant to dissolve uranium and pro
vide 11 salting 11 strength in solvent extraction operations. The main reason 
for selecting nitric acid is that it can be reco~ered and used again 
without generating large volumes of contaminated aqueous waste. Nitric 
acid is recovered at the Purex Plant by evaporation and denitration of 
high-level waste and absorption, of nitric acid and· nitrogen oxides from 
off-gas streams, and is concentrated by vacuum distillation to 50% acid 
for reuse in the process. The recovery of nitric acid provides a substan
tial economic benefit by reducing the quantity of acid purchased, and by 
reduction in the volume of high-activity wastes which are converted to 
an interim storage form. 

9. 1. 1 Acid Removal from High-Level Waste 

The aqueous raffinate from the HA column (HAW stream) i$ about 3M HN03 
and contains greater than 99% of the fission products charged to the 
dissolvers. This stream contains most of the nitric acid used for salting 
strength in the solvent extraction system. Most of the acid is removed 
from the high-level waste by distillation to allow reuse of the nitric 
acid in the Purex Plant. Distillation of the nitric acid is controlled to 
prevent excessive contamination from entering the recovered acid, which 
would adversely affect the uranium, plutonium, or neptunium decontamination 
in the solvent extraction process. Sugar is added to the feed tank to 
suppress ruthenium volatilization during distillation. Two de-entrainment 
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pads in the top of the concentrator provide additional decontamination 
of the recovered nitric acid. Aluminum nitrate is add d to the T-FS 
absorber for corrosion protection to complex any fluoride that vaporizes 
or is entrained from the E-F6 concentrator. 

9;1.1.1 Distillation 

Distillati~n of nitric acid from the high-level aste in the E-F6 
concentrator is a continuous process. Feed solution (lWF) is continuously 
fe~ to the concen~rator, while vapor (AAF) is continuo

1

usly removed, and 
liquid (1WW) overflows from the concentrator at a conJtant rate to 
produce an acceptable high-level waste concentration. The concentrator 
solution is maintained at boiling temperature by appl 

1

ing steam to each of 
the· two tube bundles. As shown in Figure 9-1 (Ref. 1 )

1

, the concentration 
of nitric acid vaporized is dependent upon the concen ration of nitric 
acid in the concentrator reboilers. 

The vapor exiting the concentrator (AAF) is ate uilibrium with the 
110°C liquid (lWW) overflowing to Tank F26. The lWW tream contains_ 
2.8M HN03, 0.68M Al (N03)3, and 0.23r:1_ NaN03. · The_ nitr te ions associated 
with the aluminum and sodium provide a:salting e'ffect~to increase the 
partial pressure of the-nitric acid above that of a c mparable nitric 
acid-water solution. The nitric acid partial pressur for equilibrium ·· 
with the concentrator solution at 110°C is about 15 ~ 1 of mercury. In 
general, for a given nitric acid concentration in the bottoms, the 
higher the bottoms aluminum nitrate concentration, th higher the acidity 
of the overheads (Ref. 2). At flowsheet conditions, !he nitric acid and 
vaporized water are condensed to a concentration of l lM HN03. 

The HAW stream is diluted with condensate from t e T-FS acid 
absol'."ber to strip .nitric acid from the concentrator s61ut{on. ·rhe 
condensate addition rate is limited by the maximum baffling capacity of 
E-F6. · . 

9.1.1.2 Ruthenium Suppression During Distillation 

Distillation of nitric acid from high-level radi active waste must be 
carried out in a manner that prevents excessive contag1 ination of the acid 
.with fission products. The fission products can affe t the quality of the 
uranium product, and will cause higher radiation fiel s in the contact 
maintenance areas of the 206-A Building, which contai 1 s the vacuum frac
tionator and acid storage vaults (U Cell). 

Under oxidizing conditions, such as exist in a n·tric acid waste con
centrator, some ruthenium ox~dizes and forms a volati e species, ruthenium 
tetroxide. As a result, the recovered acidic and non cidic condensates 
are excessively contaminated with radioactive rutheni 
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It has been demonstrated that sodium nitrite will reduce ruthenium to 
a nonvolatile state, but the cost of the chemical is igh and the sodium 
increases the salt content of the waste which must be stored. 

Ruthenium is maintained in a nonvolatile reduced state by adding 
sugar (sucrose) to the boiling waste in the concentra or feed tank (TK-F7). 
After entering the concentrator, sugar reacts with th nitric acid and 
forms a significant amount of nitrite ion, which in turn holds ruthenium 
in a reduced nonvolatile form. The reaction of sugarland nitric acid does 
not increase the salt content of the waste, but rathelt produces minor 
amounts of nonradioactive gases. · 

. Since 1963, sugar solution (initially 0.001M) ha been used in the 
lWF stream to suppress ruthenium volatilization Tn th~ concentrator. 
Figure 9-2 (Ref. 3) shows a comparison of ruthenium DF's in the plant
recovered acid in the presence of no reductant, 0.013t NaN02, and O.OOlM 
sugar in the lWF. Sugar provided four times the ruthenium OF compared· to 
that for sodium nitrite, which had previously been. used as a reductant. 

. Ruthenium tetroxide ·vapor pressure is dependent ~pan the nitric· acid 
concentration of the concentrator bottoms, as shown i Figure 9-3 (Ref. 4). 
The data. in Figure 9-3 were obtained at room temperat re when no sugar or 
metal_ ions were present. The data indicate that incr asing nitric acid 
concentration decreases the vapor pressure of rutheni m tetroxide. How
ever, the vapor pressure.of ruthenium tetroxi4e in~re ses as sodium nitrate 
concen·tration is increased, as shown in Figure 9-4, w ich shows vapor 
pressures at room temperature. The presence of other metal ions in solu
tion is believed to enhance the volatility of rutheni m tetroxide also. 
The vapor pressure of ruthenium tetroxide in nitric atid increases sharply 
with temperature. · 

As plotted in Figure 9-2, the calculated zirconium-niobium OF across 
the concentrator remained essentially constant, thus indicating that 
the fue 1 fission product content was a 1 so es sen ti a 11 I the same during 
this period. Currently, a concentration of 0.0024M sugar is maintained 
in the lWF. -

Another advantage to be gained from the sugar a dition is a reduced 
rate of corrosion in the stainless steel acid concen rater vessel. Cor
rosion of stainless steel by nitric acid is signific ntly accelerated by 
the presence of corrosion product chromium in the +6 valence state. It is 
thought that sugar-ienerated nitrite sh~fts the chro ium toward the rela
tively innocuous Cr 3 in the cr+3 z er+ equilibrium (Ref. 3). 
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FIGURE 9-2. Effects of Sugar and Sodium Nitrite Reductants 
on Volatilization of Ruthenium From lWF. 
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9. l. 1.3 Fluoride Volatility During Distillation 

Residual fluoride from the dissolver coating remo al step is carried 
in the solvent extraction feed to the high-level radioective waste. Alumi
num nitrate is added to the feed to reduce the corrosion of stainless 
steel by complexing the fluoride. The complexed fluor 1ide is not extra.cted 
in the HA column, but is discharged to the high-level radioactive waste 
via the HAW stream. Some fluoride in the waste strea volatilizes during 
acid distillation in the E-F6 concentrator, and is collected in the acid 
recovered in the T-FS absorber. It is assumed that tis noncomplexed 
fluoride vo 1 a ti 1 i zes as hydrogen fluoride ( vapor pres 

1

ure of about 0. 02 mm 
of mercury) from the boiling concentra "'°r so 1 uti on. . 1 umi num nitrate is 

. constantly added to the absorber to maintain an alumi um-to-fluoride ratio 
; of three or greater. The a 1 umi num comp 1 exes the fl uo i de, thus preventing 
excessive corrosion of the stainless steel vacuum fra tionator. 

9. 1. 1.4 Sugar Denitration 

Sugar denitration is employed in the Purex proce s to reduce the· 
nitri'c acid concentration of the high-level waste (lW~) prior to further 
fractionization of the waste at B Plant and disposal 1n undergro~nd stor
age tanks. Initially, the high-level radioactive ·wasie was_ neutralized 
with caustic prior to storage in underground tanks. tn 1962, a continuous 
fonnaldehyde denitration process was tried· in the pla~t and difficulties 
were experienced (Ref. S). The process proved ineffettive due to foaming 
and plugging of lines when actual plant waste was used. instead of syn
thetic solutions. • Plant denitration efficiencies wer7 50% less than those 
experienced in the laboratory. - / -

The ·sugar de~itrati9n process was developed to r~duce aluminum-
clad fuel waste acidity from l0r:1_ to a minimum residua~ acidity of 0.5!:!_ 
free acid (Ref. 6). The process has since proved eff ctive in the plant 
for denitration of Zirflex waste where the acid conce tration is reduced 
from 2.8M to about 0.95M. The time required for deni ration of Zirflex 
waste is-24 hours for a-2,500-gallon batch of waste. Twelve-hour addition 
and 12-hour digestion times are required. The sugar enitration reaction 
is dependent upon nitric acid concentration, metal io concentration, 
time, and temperature. However, under any given conditions, the reaction 
can be controlleti by the rate at which sugar is added or by the _tempera-
ture of the reaction vessel contents. · 

9. l. 1.4. 1 Denitration Mechanism 

The products of denitration of acidic waste with polyhydroxy com
pounds such as sucrose (C12Hzz011) are all gaseous, insisting of oxides 
of carbon and nitrogen. Sugar (sucrose), upon hydrol sis with acids, 
yields glucose and fructose in equal amounts. The h drolysis and oxida-

•tion of the glucose portion of the sugar follows as ep-wise reaction 
sequence similar to that shown in Figure 9-5. 
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The oxidation of fructose follows a reaction ·sequ nee similar to that 
of glucose, and the two hydrolysis reactions and at le st three oxidation 
reactions are required before any evolution of gaseousicarbon dioxide will 
occur. A relatively long induction period of from 6 to 10 minutes has 
been noted before the oxidation becomes noticeable. Te stoichiometric 
equations for the reactions are thought to be: 

( 9. l ) 

CO+ N0 2 +CO 2 + NO (9.2) 

12HN03 + 24NO • 18(N02 +NO)+ 6H20 (9.3) 

(9.4) 

24 HN0 3 + 12CO • 24N02 + 12C02 + 12H2• (9.5) 

(9. 6 )· 

-According to the above reactions, the observed e ficiency could range 
to _12 to 48 moles of nitric acid destroyed per mole o sucrose consumed. 

9.1.1.4.2 Denitration as a Function of Acid Concentr tion 

Results of studies summarized in Figure 9-6 show that the destruction 
of nitric acid with sucrose is linear with acid conce tration, i.e., 1 mole 
of sucrose destroys approximately 14 moles of acid at all of the acid 
concentrations tested (Ref. 7). 

9. 1. 1.4.3 Denitration as a Function of the Metallic alt Concentration 

The stoichiometry of the sucrose denitration rea tion (moles of 
nitric acid destroyed per mole of sucrose fed) and th speed of the reac
tion with added metal salts were studied. Figure 9-?j(Ref. 8) shows that 
the destruction of acid is much faster in the waste m!terial than in pure 
nitric acid. Compositions of the synthetic lWW, simu ating wastes from 
processing aluminum-clad and Zirca1oy-c1ad fuel e1eme ts, used in the 
tests are shown in Table 9-1. 
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TABLE 9-1. Compositions of Waste from Processing 
Zircaloy-clad and Aluminum-clad Fuel Elements 

Component Zircaloy Waste; Aluminum Waste, 
M M 

A1 3+ 0.68 0. 1 

Fe3+ 0.20 a.a 
Ni 2+ 0.2 

Cr3+ 0. 1 

Na+ 6.0 

F- 0.15 

HN03 7.0 5.6 

As shown in Figure 9-8 (Ref. 7), differences between denitration 
reaction rates can be attributed to differences in ferric ion concen
trations. For a reaction time of 24 hours, the moles of nitric acid 
destroyed per mole of sucrose changes from 11 .5 to 20.5 when the ferric 
ion concentration is increased from Oto lM. 

A matrix of experiments was run to determine the optimum amount of 
sugar needed to denitrate a zirconium acid waste (~WW) of the following 
composition (Ref. 8): 

Comoonent Concentration, M 

A1 3+ 0.68 

Fe3+ 0.20 

F- 0. 15 

s02-4 0.3 

Na+ 0.4-0.6 

Rare Earths 0. 01 

HN03 2-4 
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As shown in Figure 9-9, the amount of sugar added for denitration of 
waste containing 2.5 to 3.SM acid should be based on a stoichiometric 
ratio of acid to sugar in the range of 23.5:1 and 26.5:l. These ratios 
permit the reduction of acid and carbon content in the waste to acceptable 
levels (lM H+ and 2% residual carbon, based on total sucrose added) in a 
reasonable time (15-21 hours). 

9. 1. 1.4.4 Denitration as a Function of Temperature and Time (Ref. 7) 

The initial reaction temperature required for rapid acid destrttction 
by sucrose is approximately 85°C, although it has been noted that onca the 
reaction has started and then stopped, the restart temperature is much 
lower (approximately 50°C). 

The ratio of moles of nitric acid destroyed per mole of sucrose fed 
improves approximately 10% by increasing the reaction temperature from 85° 
to 100°C. The acid destruction is not improved with the use of a reaction 
tower above the reaction vessel, as required for a formaldehyde denitration 
process. The initial induction period is only 6 to 9 minutes after the 
initial addition of sugar (i.e., before visible evidence of oxides of 
nitrogen), and air sparging requces this pe.riod by a factor of 2 to 4. 

A number of laboratory batch denitration studies were performed to 
detennine acid destruction as a function of time. Typical results for the 
denitration of synthetic acidic waste (0.8M iron) with time are shown in 
Figure 9-10. The results show that 49% of-the original nitrate and 37% of 
the hydrogen ion were destroyed during the first 10 minutes, but only 4% 
of the total carbon content ha·d been evo 1 ved as an oxide. The difference 
noted between the hydrogen ion and nitrate destroyed during the initial 
reaction is due to the intennediate formation of organic acids. 

To define more fully the rate of sucrose (or residual carbon) destruc
tion, several other batch denitration studies were performed. As shown in 
Figure 9-11, 60% of the sucrose was destroyed after 60 minutes, 75% after 
120 minutes, and 99% after approximately 20 hours. 

9. 1. 1.4.5 Other Potential Sources of Sugar 

Batch denitration tests (Ref. 7) were performed to evaluate other 
potential useful sources of sugar. A "standard liquar 11 and a 11 thick 
juice 11 were obtained from the Utah-Idaho Sugar Company, Moses Lake, 
Washington. In addition, a supply of Hawaiian "black strap 11 molasses was 
obtained from the Pacific Molasses Company, Portland, Oregan. As shown in 
Table 9-2, all sugar so~rces tested compared favorably for denitration 
with refined sucrose. After 24 hours of reaction~ the percent residual 
carbon and the moles of hydrogen ion destroyed per mole of molasses fed 
appear high when compared to the other sugars tested. This is probably 
due to the presence of other reactive carbonaceous materials in molasses 
which are not reported as sugar. 1 

9-15 



- i:-..J .... 
~r-i·: 

-V, 

e:::: 
::i 
0 
~ 

30 

s 27 
CCI 
e:::: 
< u 
...J 
< 
S 24 
V, 
L.&,J 
e:::: 
I-· z 
~ 21 
e:::: 
1.1,,,1 
c.. 
N 
e:::: 
0 
- 18· + ::: 
:El -

9 

,. 

/ 

/ 
/ 

10 

RHO-MA-116 

a 

\ 
\ 

~\ 

-- FOR 3.5 MAC D WASTE 

- - FOR 2.5 M ACID WASTE 
x TIME TO 1 M 1H+) 

a TIME TO 2% ESI DUAL 
CARBON 

t OPTIMUM ACID TO 
5UGAR RAT! 

aa 

,c 

/ 
/ 

20 30 

MOLES AC I D PER MOLE OF SUGAR 
ACP7908·80 

FIGURE 9-9. Optimum Sugar Addition for Oenitra
tion of Zirconium Acid Was e 

9-16 



20 .. • 0 100 

•~A--A 

0 / 6.___--
w 
LL 
w 

18 80 
Vl 
0 CONDITIONS: 400 ml SYNHIETIC PUREX 0 

w 
~ 
u WASTE to.BM Fe) zo 

00 
::> 40 ml OF 2.5M SUCROSE al<( 
VI n:: w 
~ TEMPERATURE: 100oc c:( Vl 

0 16 ,,,,,6 60 Uo 
::';E 

....Jn:: -
.~ 

c:( u 
0 ::> ::> 
!.U OVl 

>- vi ....J 
0 0 RESIDUAL CARBON 

;u 

~ 
w<C :c 

I;; n:: 6 0 

'° 
I 

I w 14 ~ BASED ON ANALYSIS OF N02 + N0
3 

40 .- .- ~ ·z ):,, ___, 0 LtJ:Z: 
-...J uO I 

~ 
BASED ON ANALYSIS OF H+ 

___, 
0 • n:: 0 ___, 

z 

•/ 

LtJ w 0\ 

:c I 0.. Vl 

Vl 
<( 

~ 12. 
al 

0 
20 

::';E 

0------0---lO 
0 0 

1o3 

TIME, min. 
RCP1908-BI 

FIGURE 9-10. Denitration Rate of Acid Waste by Sucrose. 



,~~ 

ltJ;~. 
~~<.

t~•·.l 
.r-,n.1• 

- =;,;~e- . 
FE, 

-Q 
1-',J 

zO 
OQ 
QQ < 
c:::: 1-',J 
'<( V, 

uO c:::: 
-I u 
<=i 
=i V, Q 
- -I 
V, < 
1-',J i--, 
c:::: 0 ........ 
zz 
1-',J 0 
UQ 
c:::: 1-',J 
1-',J V, 
Q.. <C 

i::c 

100 

10 

1 

0.1 

RH0-r1A- l l 6 

g~o 
Oo 

CONDITIONS: 400 ml SYNTHETIC PUREX WASTE (0.8M Fel 

TEMP ERA TU RE: 100°c 

I I I I 

1a2 1a3 
TIME, min. 

~CP7908-82 

FIGURE 9-11. Destruction Rate of Sucrose by Acidic Waste. 

9-18 



--... 

RHO-MA-116 

TABLE 9-2. iJeni trati on of Syn the tic Acid ~-Jaste 
by Various Sugar Forms. 

Sugar Fonn ~eaction 'lolume. mt 
H• Residual a I Acid 

iime, hr ii c.-rcon, ~ Oestruct1on° 

Standard Liauol"' o.o '100 6.4 -
Conditions: 1.0 425 2.3 55.3 

[100 mi:. 111\1 (O.Sf! ;:9) i.75 360 a.a 11.6 

50 11111. stand1rc 1 iquor] ,5.75 360 0.41c 2.a 

Conditions: o.o .100 6.4 -
(400 mt lWW (0.81! Fe) 1.4 450 3.7 40.6 

25 mi Standillrd liquor] 7.2 425 3.0 5.6 
22.7 415 2.9 1.3 

'1"hicit Juice-

Condi ti ons : - 400 6.4 -
(400 !Tit iWW (0.81! Fe) 2.0 460 3.7 41. 7 

25 mt thick juice] 7.7 425 3. 1 5.9 
23.7 400 J.2 1.2 

Slack Strao ~olasses-

Conditions: a.a 400 6.4 -
[400 mt lWW (O.Sl,i Fe) 1.0 ,l,4Q 4.2 51.9 

15 mt black Strillp) 24.0 '125 4.1 3. 7 ~-
i:.::md i ti ons : a.a .100 6.4 -
C .100 :nt 1WW (O.~ ;:e) 1. iS <150 4.5 31.ii 

25 :n11. of 1. ~ sucrose] 4.75 435 4.2 7.5 
18.0 415 4.2 1.a 

. - ... 
St.lndard Uauor ihick Juice 31aclc Strao r4olasses 

Dry SUDStance, ~ 68.0 Ory su0stanc1, . 01. 1 Assi.an. 48~ ,ugars . 
Sugar, . 63.6 Sugar. :: .17.8 SoG 1.4 . 
pH 7.9 pH 1.a Sugar concentration, 
SQG 1.32 SoG 1.30 ~ (suap11er's anal.) 1.96 

Sucrose concen- Sucrose :oncen- Strontium, ppm 100 
:ration, :!, ,,2.46 tration, :j_ 2. ,9 C.slcium, g/1. i.S 

Stront1wn, PPIII 18 Strontim, ppm 22 Obtained f'l"OIII: Pacific 
Calcium, g/'I. a.6 Calci1111, ;,i 1.0 Mo 1 asses Ca. 

Approximate cost: S:39 • .25/ton 

a3ased on percent of total carbon fed as sugar 
=.~oles of H- per :nole of sugar fl<! 

c?r!cipitate fonned was very fine ana ~aM co :issolve 
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None of these sugar sources was considered a sui able replacement for 
sucrose, however, since liquid storage tanks would ha e to be installed. 
Also, the relatively high strontium and calcium conte t of these sources 
would add to the volume of fission product strontium Jhich must be sepa
rated from the high-level waste, as well as requiring more capsules for 
storage of the recovered strontium. -

Three other sugars were tested to determine thei~ effectiveness as 
denitrating agents. The sugars tested were Cerelose Brand Dextrose, 2001 
(Powder), Enzose Brand Hydrol, E-081 (Powder), and Polyol, ll-1416 (liquid). 
These sugars were used to denitrate nonradioactive so utions simulating 
typical lWW from aluminum-clad fuel. The results of he tests showed that 
approximately 11 moles of nitric acid were destroyed er mole of Cerelose, 
Enzose, or Polyol, as compared to 24 for sucrose. On a carbon content 
basis, denitration by the other sugars is quantitativ ly about the same as 
that for sucrose . 

9.1.1.4.6 Mold Growth in the Sugar 

Mold growth in the sugar makeup tank was found t cause plugging of 
the sugar solution headers and rotameters. A laborat ry program found 
several compounds that keep mold from forming in suga solutions. The 
compounds are: 

Compound Concentration, M 

Sodium Hydroxide 0.01 
Nitric Acid 0.005 
Phenol 0.01 
Formaldehyde 0.01 

Since the sugar solution header is black iron, nitric acid cannot be 
used. Phenol and formaldehyde are not stocked for ot

1

her uses at Purex, so 
sodium hydroxide is used to inhibit mold growth in the sugar solutions. 
The current O.OOSM NaOH concentration was found to be adequate during later 
plant tests. -

9. 1.2 Nitric Acid Absorption 

Nitric acid distilled from the high-level radio ctive waste concen
trator is absorbed in an atmospheric pressure absorber (T-FS) and col
lected as 19% nitric acid. The T-FS tower has the c lpability of operating 
as ari atmospheric pressure fractionator with a reboiler stripping section 
and a rectifying section to produce 60% acid. Howev r, only the top 
absorber section of the tower is currently used. 
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Sugar denitration off-gases from TK-F15 are routed to the.E-F6 tower 
and enter the T-FS absorber as part of the gaseous feed stream (lWD-AAF). 
This denitration off-gas contains oxides of nitrogen (NOx)", which are 
partially recovered as nitric acid in the T-FS absorber and E-FS condenser 
system. It is estimated that 25% of the NOx liberated during sugar deni
tration is converted to nitric acid (Ref. 8). The total amount of NOx 
liberated from sugar denitration, however, is small compared to the nitric 
acid evaporated from E-F6. 

9. 1.3 Absorption of Nitrogen Oxides in the Backup Facility 

Dissolver off-gases are treated in the 293-A backup facility absorp
tion towers (T-XA and T-XB) to· recover nitrogen oxides (NO and NOz) as 
nitric acid. The nitrogen oxides (designated collectively as NOx) are 

·i· recovered to reduce their release to the atmosphere in order to comply 
with emission and gas plume opacity standards, and to produce nitric acid 
for use in the Purex Plant. 

The XA tower in the backup facility was designed to recover 90% of 
the entering NOx and provide a gas resiqence time of approximately 30 sec
onds at 1000 scfm. The XB tower.was originally an iodine scrub tower, but 
.is now used to recover NOx ( gas res i'dence time in T-XB is about 16 seconds 
for a flow of 1000 scfm). Actual plant performance of the XA and XS 
towers combined is around 50% of the design value for·XA. 

9.1.3.l Chemical Reactions for NO ._Ab_s __ o_rp._t __ i __ o_n 
. . X 

Absorption of nitrogen oxides in water to produce nitric acid is a 
corrmercial chemical process, and methods are available for producing 
concentrated acid (Ref. 9). The important chemical reactions involved in 
the absorption are thought to be: 

2NO (g) + o2 (g) ~ 2N02 (g) 

2N02 (g) ! N2o4 (g) 

N204 (g) + H20 (1): HN03 (1) + HN0 2 (1) 
~ -2HN02 (1) ~ H2D (1) + NO (g) + N0 2 (g) 

NO+ N02 + H2D; 2HN02 
. (Nz03) 

(9. 7) 

(9.8) 

(9.9) 

(9. 10) 

(9.11) 

From the reactions, a large amount of heat is produced which must be 
removed in the tower to get maximum absorption. The rate of the reaction 
given in Equation 9.7 increases with decreasing temperature and the 
equilibria of 9.8 and 9.9 are more favorable at lower temperatures. 
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Since the overall absorption reaction is: 

1.SN2o4 (g) + H20 (1) ! 2HN03 (1) + NO(g) (9 •. 12) 

some NO is a 1 ways regenerated and has to be reox id i zed to NOz. The 
oxidation reaction is nonnally the rate-limiting step n the absorption 
process. As the concentration of NO decreases, the re ction becomes 
extremely slow and long residence times, high pressure~, low temperatures, 
and excess oxygen (or oxidizing agents) are required fqr complete oxi
dation. Provided there is adequate oxygen, the bulk ol the NO (80 to 90%) 
is oxidized to N02 by the time it reaches the absorpti,ln column. 

Pilot plant tests on a model of the XA and XS col~mns indicated that 
nitrous acid in the recycle stream, rather than the oxldat,on of the NO, 
was limiting the efficiency of the absorption process. The tests also 
showed that low gas flow rates, low temperature, and i~creased flows of 
fresh water to the top of the columns increa-sed absorption efficiency. 
The effect of low gas flow rates (500 vs 1000 scfm) isl to provide a longer 
residence time for the gas in the column, allowing more material to be 
absor.bed either through mass transfer or kinetic react~ons. Lowering the 
column temperature (100°F to 60°F) shifts the equilibrr·um reactions to 
favor formation of the absorbed compounds (N204, Nz03) and also increases 
the solubility of their reaction products. Addition of fresh water 
dilutes the nitrous acid which builds up in the recycl stream and- inhib-
its NOx absorption. · 

Nitrous acid can be removed by heating the recycl~ streams to 160°F 
and stripping the HN02 with a-ir, adding hydrogen perox "de to oxidize HN02 
to HN03, or by reducing the HNOz to Nz and CO2 with ur a. All three 
methods have been tested in the pilot plant and have p, oven to be effec
tive. The recycle streams to the columns could be eli~inated, but they 
are needed to absorb the heat of reaction produced dur·ng the absorption 
process. If the column temperature is lowered to 60° to 70°F and the 
nitrous acid in the recycle stream is removed or destroyed, the concen
tration of NOx leaving the columns should be consistently between 0.5 and 
2 vol% of the exit gases. · 

Data from the past perfonnance of the backup facility (Ref. 10) 
indicate that the gases leaving contained up to 11 .5 fl% NOx (see 
Table 9~3). Under projected future operations with m~tal dissolution 
occurring in only one dissolver at a time, oxygen deficiency will occur 
during the peak dissolution rate and would cause excessive NOx emissions. 
To prevent the emissions, air will be added to the di solver off-gas far 
enough upstream of T-XA to give the necessary residen e time for the 
oxidation of NO and absorpti~n to take place. 
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9. 1.3.2 NOx Emissions and Opacity Measurements 

When this section was written, negotiatio.ns betwe n the Department 
of Energy, Richland Operations Office (DOE-RL) and the Washington State 
Department of Ecology were in progress to detennine th! standard for 
visual opacity of a N02 plume rjsing from the Purex 29 -Al stack. The 
opacity of the plume is caused by light absorption in, he NOz, which 
produces a brown color. -Ultimately, additional recove y of NO? by the 
methods described in Section 9. 1.3. l will be required or compTiance 
with a 20~~ ( current standard) or 40% (standard propose by DOE-RL) opacity 
standard. Purex NOx emissions are expected to-meet am ient air concentra
tion standards. 

A study was conducted to detennine the relationship between visual 
plume opacity and N02 concentration (Ref. 11). Opacit measurements were 
taken by trained, certified smoke opacity readers and compared to theoret
ical opacity values. Readings were taken from plumes at the 333 Building 
(UNC), the Purex 291-Al stack, and the Idaho National Engineering Labora
tory- (INEL) at Idaho Falls. The results of the study are shown in Fig
ure 9-12, where 100 minus percent opacity is plotted as a function of NOz 
concentration times path length (plume depth). As can be seen from Fig
ure 9-12, the visual opacity values were highly impre ise and did _not 
agree with theoretical va.lues. Since visual opacity" easurements are the 
legally accepted measurement for determining opacity ompliance, the data 
were statistically analyzed to correlate N02 concentr !tions with the 
corresponding visual .opacities. Results of the stati tical .analyses are 
shown in Figure 9-13. The definitions of the statistically based plots 
are as fa 11 ows: 

• Regression line - The curve that best fits -he exper.imental data 

• Upper confidence li~it - Based on the regre sion line, there is 
a 95% probability that the observed opacity will be less than 
predicted by these values. · 

• Tolerance limits - With a 95% probability, 9% of the averaged 
or individual readings will be less than pr dieted by the respec-
tive curve. · 

Based on the tolerance limit fa~ the averaged reading , a N02 discharge of 
125 ppm from the Purex stack would produce a plume of 20% opacity, while a 
discharge of 225 ppm would produce a plume of 40% opa,ity. Since there is 
an air dilution factor of approximately 100 for the g ses leaving the 
backup facility and entering the stack, the concentra ion of N02 in the 
gases leaving the backup facility can be 100 times hi,her than the limit 
for the stack gases. 
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9. 1.4 Vacuum Fractionation of Nitric Acid 

During uranium metal fuel reprocessi.!'lg, nitric acid ·is recovered 
from: 

• Overhead acid vapors produced in the lWW waste concentrator 
and condensed in the acid absorber (T-F5) as 3.2M acid; 

• Nitrogen oxides produced in the dissolvers during metal disso
lution and absorbed in the backup facility gas absorbers as 
2.0M acid; · 

• Nitrogen oxides produced in the U03 Plant calciners during 
conversion of UNH solution to U03 powder and absorbed in the 
condenser-absorber off-gas system as 10.4M acid. 

The three recovered acid streams are combined in the vacuum fraction
ator feed tank to produce a feed stream which is approximately 3.4M acid. 

··The acid is then concentrated to 10.4M in the fractionator tower (f-U6) 
before being recycled to the uranium dissolution and solvent extraction 
processes. 

9.1.4. 1 Fractionator Design Methods 

The vacuum fractionator, which is described in Section 3. 14, is a 
distillation column perfonning a binary separation of nitric acid and 
water. A schematic of the 14-tray_ column, which was designed· by the 
Lummus Company_ of New York, is shown in Figure 9-14. .The fracti onator is 
designed to produce 13~ (60 wt.%) HN03 from a 5.~ (28 wt.%) acid feed 
with a 99.9% recovery efficiency, although during plant operations, the 
tower is used to produce 10.4M acid from a 3.4M acid feed. The top of the 
tower is operated at a pressure of 100 mm of mercury absolute to lower the 

~-- reboiler operating temperature and reduce corrosion rates of the process 
vessels. 

Generally, one of the graphical methods (McCabe-Thiele or Ponchon -
Savarit) is suitable for the calculation of the number of theoretical 
plates required in a binary separations system. However, the high purity 
of distillate required makes graphical methods impracttcal since a part of 
the fractionation occurs in a region where the system composition is more 
than 99% water. Therefore, plate-to-plate calculations are used to 
determine the number of theoretical plates in the column. The fraction
ator design calculations are shown in a notebook entitled, "Process 
Calculations, Design and Layout for Nitric Acid Vacuum Fractionator 11 

prepared by the Lummus Company. 
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9. 1.4. l. l Eguilibrium Diagram 

In designing the fractionator, the _lack of vapor-liquid equilibrium 
data for low acid concentrations was overcome using activity coefficients 

·predicted by extrapolation of known equilibrium data by the Van Laar 
correlation in the fonn of: ~ 

where: 

yN = the activity coefficient of nitric acid in water 

xN = the mole fraction of nitric acid in the liquid 

xw = the mole fraction of water in the liquid 

(9. 13) 

A,B = empirical constants derived from high acid composition 
equilibrium data. A plot of equilibrium data detennined 
A= 0.8176 and B = 0.753. 

The equilibrium line for low acid concentration (in.the xN range of 0.001 
to 0. 1) of the acid-water system is detennined using the equation: 

where: 

YN = the mole fraction of nitric acid in the vapor 

P = the vapor pressure of pure nitric acid at the column 
operating temperature 

ff = the column operating pressure. 

(9. 14) 

The resulting equilibrium line (assuming P = 287 mm Hg and ff= 130 mm Hg) 
is shown on Figure 9-15. 

9. lo4. 1.2 Operatina Lines 

Plate-to-plate calculations were completed by combining equations for 
material and enthalpy balances taken around each end of the fractionator. 
The results (5.6 theoretical plates at a reflux ratio of 0.23) were then 
plotted on a McCabe-Thiele diagram to determine the stripping and recti
fying sections' operating lines shown in Figure 9-15. 
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9. 1.4. 1.3 Tray Efficiency 

The vapor phase Murphree efficiencY- for an individual tray is deter
mined by: 

where: 

yn Yn+l 
Ev= Y* Y 

n n+l 

Ev= the Murphree trar efficiency for the vapor phase 

(9. 15) 

Yn+f = the mole fraction of nitric acid in the vapor entering 
tray n 

,v; =.the m~le fraction of nitric acid in the vapor leaving tray n, 
assuming the tray- is an equilibrium stage 

Yn = the mole fraction of nitric acid in the vapor actually 
leaving tray n. 

Plate efficiencies of 0.4 were assumed for the fractionator design. Thus, 
14 trays ( 5. 6/0. 4 = 14) were bui 1 t into the tower. In actual opera ti on, 
however, M~rphree vapor phase tray efficiencies were determined to be a.so 
in the rectifying section and O. 70 in the stripping se.ction c;,f the vacuum 
fractianator. The efficiencies were determined by sampling a rectifying 
section plate while operating the column under known conditions (Ref. 12). 
Actua-1 trays can be stepped off on a McCabe-Thiele diagram using the 
reported tray efficiencies. 

9. 1.4. 1.4 Recycle Ratio 

The fractionator uses a recycle of fractionator distillate. The 
nitric acid concentration in the fractionator distillate is controlled by 
adjusting the reflux ratio, Rv, 

where: 

Rv = Reflux (AFR) flow rate/distillate (AFD) flow rate. (9.16) 

The minimum reflux ratio, (Rv)min' was determined to be O. 11 from a 
Ponchon - Savarit diagram. The operating lines shown in Figure 9-15 were 
determined using a reflux ratio (based on a desired distillate acid con
centration) of 2.2 times the minimum (Rv = 0.23). Since the recycle 
stream contains nitric acid, some decrease in the separations capability 
of the fractionator is expected. Normally, the recycle acid concentration 
is small and has a negligible effect an column operations. However, the 
effectiveness of column separations can be grossly changed if the reflux 
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ratio is allowed to approach the minimum reflux ratio. As the reflux 
ratio approaches the minimum, the distillate acid concentration increases, 
resulting in excessive acid in Purex recycle streams. 

9. 1.4. 1.5 Feed Point 

As shown in Figure 9-14, the fractionator is con tructed so that one 
of three different trays (8, 9 or 10) can be selected~as the feed plate. 
During the production of 10.4~ acid from 3.4~ acid fed, the feed point is 
locateq on tray 10. Studies indicate that when opera ing in this mode, 
the separation is severely limited below the- feed tra due to the differ
ence in composition of the feed stream and liquid on he feed tray 
(Ref. 12). The column operation could be improved by lowering the feed 
point to tray 12; however, installation of a new feed line to tray 12 
would be required. 

9.1.4.2. Chloride Ion Accumulation 

Any chloride ion present in the plant nitric aci is expected to 
accumulate in 15 to 25% nitric acid at the tower aper ting pressures. A 
corrosive concentration of chloride in nitric acid is from 200 to 500 ppm. 
A chloride purge system is installed on the fractiona1or to remove any 
accumulated chloride ions from trays 6, 7, 8, and 9. !The chloride purge 
system.has not been used during previous ·operating peliods because nci 
significant quantities of chloride have been detected by sample-analyses. 
However, a periodic evaluation of chloride accumulati n in the fraction
ator nitric acid during plant operation is desirable ince chloride 
poisoning of the silver reactors in the dissolver off gas has been deter
mined to be a problem (see Section 9.2.1.3). 

9. 2 GASEOUS FISSION PRODUCT 1..lASTE HANDLING TECHNOLOGr 

Some radioactive fission products produced in th~ fuel during irradi
ation in the reactors are sufficiently-volatile to esFape from the Purex 
Plant during fuel reprocessing. Some of these fissior products can be 
controlled by simply cooling the fuel prior to procesring, while others 
require additional equipment to prevent their release. Volatile fission 
products of concern include I-131, I-129, Kr-85, C-14, and tritium. 
Release guideline concentrations for these radionucli es are found in DOE 
Manual, Chapter 0524 (Ref. 13). 

9 . 2 . 1 . I ad i ne .--

Iodine is released in tbe dissolver off-gas when irradiated uranium 
is dissolved in nitric acid. Iodine is also released from the process 
vessels to the ventilation system of the plant as· the uranium is processed 
through solvent extraction. Containment of I-131 was accomplished by the 
use of silver reactors when processing 11 green 11 fuel (cooled for 90 to 
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120 days) at Purex. During early years of operation, the fuel which was 
processed cooled to between 90 and 180 days. In later years of plant 
operation, the reactors were left in the system, but were not retained 
in a fully active condition since the fuel was routinely cooled for more 
than 180 days (I-131 has a half life of 8.07 days). 

9.2. 1.1 Chemistry and Performance of the Silver Reactor 

In the developmental stages of the silver reactor, tests were made on 
the unit using an aliquot of radioiodine-bearing gas. Radioiodine enter
ing and leaving the silver reactor was measured by analysis of a caustic 
solution used for absorption of iodine from a portion of the influent and 
effluent gases. Data from these tests indicated that the retention of 
radioiodine in the silver bed would be 99.9 to 99.99% (Ref. 14). In 
actual operation, however, the units operate ~ta retention efficiency of 
99 to 99.99% for I-131 when reprocessing relatively green fuel elements. 

The types of silver-bearing material which have been used very 
successfully are: (a) pellets of pure silver approximately 1/16-inc~ in 
diameter; (b) a silicon carbide matrix which contained approximately 3% 
silver; and (c) unglazed, porous ceramic column packing soaked in a con
centrated silver nitrate solution. Of the three types of packing, t~e 
silver ni.trate-coated ceramics were the most economical, and for this 
reason are considered th!! best packing. The .unglazed ceramic Berl saddle 
was selected as the best packing for maximum contact area, minimum pressure 
drop, and adequate porosity. The porosity of the ceramic controls the · 
absorption of the silver nitrate solution and, as a general criterion, the 
more silver that is absorbed, the longer. the unit remains efficient. 
For this reason, a ceramic that is unglazed and, consequently, quite 

.. porous is desirable. 

The largest known contributors to low efficiencies of the reactor are 
low gas temperature and free chlorine, which will replace the iodine 
already reacted with silver. The influence of temperature on iodine 
retention was further evaluated in the laboratory by passing a 10% nitrogen 
dioxide - 90% air mixture containing iodine over a silver nitrate bed at 
different temperatures. As seen from the results of these tests given in 
Table 9-4, the iodine retention in the bed decreases markedly with a 
relatively small decrease in temperature. Further investigation in the 
laboratory also revealed that the amount of iodine passing the silver bed 
increases approximately as the square of the off-gas nitrogen dioxide 
concentration (Ref. 15). 
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TABLE 9-4. Effect of Temperature on Iocine 
Retention in Silver Nitrate Bed 

90% Air - 10% N0 2 
Residence Time in Silver Nitrate Bed .;. 1.4 r inutes. 

Test No. - Temperature, OF Amount of I '> Passing 
Through Bed 

1 

1Jg/ft3· 

1 420 o.oi4 
2 368 o. 71~ 

3 320 60.0 

4 284 580.0 

In the preliminary stages,. it was believed that .. he collection of 
iodine on the silver reactor could be represented by ~he equations: 

which is the reaction occurring in the presence of water, or 

6AgN03_ + 3 I2 ~ SAgI + AgI03 + 6N02 + 3/2 o2 

(9.17) 

(9. 18) 

Later experiments in the laboratory (Ref. 16) ha~e indicated that 
the following reactions also occur, depending upon su~h factors as nitro
gen dioxide concentration, temperature and pressure: 

2AgN03 + I2 ~ 2AgI + 2N02 + o2 

2AgN03 + I2 + 2 o2 ~ 2AgI03 + 2N02 

(9. 19) 

(9.20) 

Thus, ,t can be seen that an overall chemical e5uat1on for the system 
is very difficult to write because of changing varia,les as the uranium
nitric acid reaction ~regresses. Other laboratory s udies show that the 
isotopic exchange reaction given below occurs. This reaction could 
partially account for the lowering of actual perform nee below expected 
performance: 

2AgI* + I2 ~ ~AgI + I2* (9.21) 

where I* represents radioactive I-131, and I is stable iodine. 
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Several experiments were run in the laboratory (Ref. 17) by intro
ducing radioiodine over a heated bed of silver iodide and measuring the 
amount of radioiodine passing the bed. -The indicated effi.ciency of this 
reaction was 99.9%. These data indicate that a bed of silver iodide as a 
final cleanup layer would be beneficial in increasing the overall iodine 
retention efficiency of a silver reactor. 

Silver nitrate melts at 413°F, which limits the maximum temperature 
of silver reactor operat_ion. There is also some evidence of lower melting 
eutectics of silver nitrate-.silver iodide. Melting of this eutectic at 
operating temperatures could cause the somewhat shorter useful life of the 
reactors than a stoichiometric calculation would indicate. 

9:2.1.2 Studies of the Purex Ventilation Silver Reactor 

Studies were conducted to _evaluate the performance of the Purex 
ventilation silver reactor (T-F2) during periods of aluminum-clad fuel 
reprocessing. From these studies (Ref. 18) a number of observations were 
made: 

• The spent silver reactor contained silver chloride, but no 
detectable iodide. Silver iodide would have been detectable 
if its mass had been more than one-fifth that of the silver 

· chloride. 

, The off-gas, both upstream and downstream of the reactor, 
contained carbon tetrachloride (CCl4). 

• Estimates of carbon tetrachloride concentration in the off-gas 
ranged from 10-l0 to 4 x 10-9 g/2. for different samples. 

• A small peak in the gas chromatograms of upstream and downstream 
samples was tentatively ascribed to methyl iodide (CH3I). 

• If the methyl iodide peak identification was correct, the 
estj111ates of its concentration in the off-gas ranged from 
1 a- 1 z to 1 a- 1 o g/ 2.. 

• The presence of methyl iodide (if correctly identified) and 
carbon tetrachloride downstream shows that the present silver 
reactor does not efficiently trap organic halides. 

• The off-gas contained at least 2 x 10-6 g/2. of nonnal paraffin 
hydrocarbon, slightly degraded to olefins. 

As a result of this study, the addition of carbon tetrachloride to 
Tank FlO from the laboratory waste stream was discontinued. · No method has 
yet been devised to suppress the evolution of methyl iodide, which is 
probably formed by a reaction between iodine and organic from the solvent 
extraction process. 
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9.2. 1.3 Evaluation of the Dissolver Off-gas Silver R actor Performance 

Samples of the Band C Cell silver reactors' Ber~ saddles were 
obtained and analyzed for silver, I-129, I-127, and other halogens. 
Analysis of the sample from the top of the lower bed if the C Cell silver 
reactor indicated that the coating on the Berl saddle consisted of 
55.4 wt.% silver, 16.8.wt.% chlorine, 4.5 wt.% bromin , and 0.75 wt.% 
iodine. This implies that about 90% of the surface silver reacted with 
chlorine, about 10% with bromine, and less than 0. 1% ~ith iodine. The 
high chloride content was confirmed by analysis of tht Berl saddle samples 
from the top of the B Cell reactor bed. Trace amounts of bromine and 3% 
free silver were also reported. Analysis of solids removed from the 
entrance piping to one of the Redox Plant silver reactors also confirms 
·that chloride combines with the major portion of the Silver. 

Chloride entering the reactor combines with the lilver and prevents 
the removal of iodine from the off-gas. Chloride wil~ also displace 
iodine from silver iodide. The presence _of the chlor"de in the reactors 
at least partially accounts for the low DF across the silver reactor 
during plant operation in 1968 through 1972 as determ·ned by I-131 and 
I-129 measurements. 

• The source of chloride loading of the Purex diss lver silver reactors 
is.not known for certain. Some possible sources incl de:. (a) the Purex 
laboratory waste added to the backcycle system prior o 1970, (b) the 
caustic used in dissolving aluminum cladding, and (c) continuous release. 
of trace quantities of chloride from dissolver soluti n during plant 
operation in the period from 1969 to 1972. The addit"on of chloride
bearing waste from the laboratory to the process was hown to be respon
sible for the chloride poisoning of the process venti ation silver reactor, 
but this practice was discontinueQ in 1969. Prior to this time, some 
chlo·ride from this source may have been transferred t the dissolver 
system via recovered acid, resulting in the poisoning of the dissolver 
silver reactors. Dissolver caustic may have contribu ed to chloride 
poisoning in the past, but since very little aluminum clad fuel remains to 
be processed, only a very small amount of caustic wil be used in the 
dissolver, and essentially no chloride will be added ia this source during 
future operations. Chloride traces from dissolver so ution are still a 
concern, but can be controlled by the frequency of re eneration of the 
silver reactor. .. 

The chemicals 
chloride content. 
specifications for 
process are listed 

used in the Zirflex process have b en analyzed for 
The results of these analyses and urrent chloride 
the chemicals which may contribute chloride to the 
in Table 9-5. 
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TABLE 9-5. Chloride Specifications and Content 
of Zirflex Process Chemicals 

- Maximum Chemical Chloride 
Chemical Analysis, Specification, Contribution 

to Process, Wt% Wt% g Cl-/MTU* 

Aluminum Nitrate <0.,0024 <0.005 <7 
Nonahydrate (1.9M) 

Fresh Nitric Acid <0.00067 <0.05 <12 
(12.2M) . 

Purex Recov. Acid <0.00091 ----- <15 
(10. 4M) 

* MTU = Metric ton of uranium 

The chloride content of the chemicals is considerably lower than 
their respective specifications, except for -the aluminum nitrate chloride 
content, which was about half the concentra~on of the specification. 
Thes~ analyses of available chemicals indicate that less than 34 grams of 
chloride per metric ton of uranium (MTU) are present in the dissolver 
solution. 

For 12% Pu-240 fuel, the total iodine content after one yea~ of 
cooling is about 19 grams, or 0. 15 gramatom I/MTU. The dissolver off-
gas could contain up to 6 atoms of chlorine per atom of iodine. A full 
silver reactor charge is 250 pounds of silver nitrate {670 gram-moles of 
si.lver). Assuming that all of the chlorine volatilized to the off-gas and 
that 50% of the silver reacted with halogens prior to unacceptable break~ 
through of iodine, about 350 MiU could be processed prior to regeneration 
of the silver reactor. 

In past operating periods, the I-131 loading capacity of the silver 
reactors varied from about 150 to 1,800 MTU processing equivalent while 
providing an iodine OF of about 100. The iodine content of the 12% 
Pu-24_0 fuel to be processed is about twice that of the fuel processed in 
the past. If chlorine is ·the predominant halogen present, however, 
doubling the iodine content will have little effect on the loading capac
ity of the reactors. Maintaining atmospheric I-129 emissions to past 
release rates will require -less uranium throughput between reactor 
regenerations. 
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9.2.2 Tritium 

Tritium associated with the fuel el~ments (calcul ted to be 
17.5 Ci/ton U for Zircaloy-clad fuel) is produced by t rnary fission and 
neutron irradiation of light-element impurities such a lithium, boron, 
and deuterium in the fuel elements. During fuel decla ding and dissolu
tion, the tritium is released to gaseous and aqueous s reams in the form 
of elemental tritium and tritiated ammonia and water. Before process 
condensate recycle was instituted in the Purex Plant, nalysis of the 
effluents indicated that about 2.5;~ of the tritium was released to the 
main ventilation stack, largely as elemental tritium; bo~t 90%, in 
water, was sent to cribs and surface ponds, and the balance remained in 
the high-level waste prior to waste fractionization (Rf. 19). With 
process condensate recycle, the flow path of tritium will change, but 
the degree and direction of the changes have not been verified. No 
plans for recovery of tritium are cu.rrently under consideration. 

Removal of tritiated water from aqueous solutions is a difficult· 
process and has been limited to small laboratory-scale operations. At the 
present time, the most economically and technically fa arable process is 
one based on water-hydrogen sulfide exchange coupled with a distillation 
process (Ref. 19). · · 

A proposed fuel reprocessing scheme which allows for recovery of 
tritium uses· a voloxidation process in which uo2 fuel ~lements are oxidized 
to Uj08 by heating at 490°C. Tritium is evolved from the fuel:as water 
vapor (HTO). The tritiated water is then absorbed on olecular sieves, 
concentrated and sto,red (Ref. 19,20). Due to the pyre horic nature of 
uranium metal, however, extensive research would be neicessary before the 
voloxidation process could be applied to Purex head-end operations. 

9.2.3 Krypton-85 

Essentially all of the Kr-85 charged to the dissolvers escapes to the 
atmosphere via the dissolver off-gas system. This amounts to about 
300,000 Ci per gigawatt-year, or about 800 Ci per she t ton of uranium 
processed (assuming an exposure of about 2,400 MWd/t). 

Several absorption processes are being evaluated for collection of 
krypton from off-gases by various DOE contractors. S me of the absorb
ehts that look promising in pilot plant studies are f eon, liquid nitro
gen, and liquid carbon dioxide. Adsorbent material sch as charcoal, 
zeolite molecular sieves, silica gel, and methycrylat plastics provide 
efficient adsorption of krypton, and can be regenerat din place for 
reuse. 

Absorbents are predominantly stored under pressu e in standard gas 
cylinders. Storage of krypton on zeo1ites inside of as cylinders is also 
being considered. 
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9.2.4 Carbon-14 Production and Control 

Most of the C-14 present in N Reac_tor fue 1 is produced by ( n, p) 
reaction with N~14. Nitrogen-14, present in unirradiated fuel in both 
the uranium metal and the zirconium cladding, has a cross section of ,,.· 
12.6 millibarns (±30%) for neutron capture-proton release (Ref. 20). 
The actual quantity of C-14 produced in the fuel at a given exposure has 
not been measured, but the calculated C-14 production, based upon the 
nitrogen specifications for the N Reactor fuel, fs: 

N-14 Source 

Uranium 
Zirconium 

Maximum C-14 (ppm) 

75 
40 

Maximum 
Granis C-14/MTU 

75 
3 

The actual average nitrogen contents of the metals used by United 
Nuclear Corporation (UNC) to fabricate fuel elements are: 

N-14 Source 

Uranium 
Zirconium 

Maximum C-14 (ppm) 

15 
· '.- 40 

Maximum 
Grams C-14/MTU 

15 
3 

i=-rom these average values of nitrogen content, the avera~e value of 
C-14 content of irradiated fuel is calculated to be 2. 12 x 10 Ci/MWd(t) 
for uranium, and 0.34 x 105 Ci/MWd(t) for ztrconium, for a total of 
2.46 x ,as Ci/MWd(t). . 

This .number multiplied by three gives an estimate of C-14 production 
based on the reactor•s electrical rather than thermal output. Therefore, 
the average C-14 content of irradiated fuel is 7.38 x 10~ Ci/MWd(e). 

The actual behavior of C-14 (5,730-year ·half-life) in the Purex Plant 
has not been detennined and no process for its removal from off-gases 
is now in use. No actual measurements of quantities _or forms of C-14 in 
dissolver off-gases have been made. 
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. CHAPTER 10. 0 SAFETY 

10.1 HEALTH PROTECTION FROM RADIATION 

A comprehensive coverage of this subject is beyond the scope of this 
section. For detailed background coverage, refer to References 1 through 
4. The principles followed in the protection of personnel from radiation 
by shielding are discussed in 10.2. The following information deals with 
radiation hazards and with personnel protection methods other than 
sh i e 1 d i ng ·. 

10. 1 .1 General Radiation Safety Procedures 

A poste9 radiological area is an area, defined by physical barriers, 
that is posted with prescribed caution signs for purposes of personnel 
radiation protection. Entry into posted radiological areas is controlled 
by radiation work procedures. The area posting classifications are defined· 
in Reference 3. 

10.1.1.l Radiological ·Survey Frequency 
I 

Routine radiation and contamination surveys are performed in work areas 
. at a frequency determined by the Radiation Monitoring Section. Addi~ional 

surveys plus audits performed by Radiological ·Engineering may be required 
to determine the effectiveness of contamination control procedures. The 
requirement for surveys is established on the basis of experience with 
those tasks that might result in ·significant exposure of personnel to radi
ation or airborne contamination and have a potential for spread of radio-
active contamination. · 

10. l .1 .2 Radioactive Contamination Limits 

An evaluation of levels o~ radioactive contamination is required in 
order to determine: 

• The adequacy of the level of decontamination performed on a 
facility 

• The extent of required excavation or other demolition of 
activated structures 

• The disposition of equipment, materials, and scrap. 

Facilities and equipment are evaluated for smearable and total (fixed plus 
removable) contamination by means of smear survey and direct instrument 
surveys. Activated structures are evaluated for radioactive concentrations 
by sampling or surveying with detection instruments. 
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~~here practicable, items are decontaminated to lev ls lower than the 
acceptable limits. 

During most activities, all scrap generated is evaluated for radio-
active contamination prior to release to normal waste c or packag-
ing for disposal by land burial. 

10. 1.1.3 Radiation Limits 

. The limits used in defining a radiation zone, for eleasing material, 
equipment, or ,property from a radiation zone, for nonce upational and 
otcupational exposure, for airborne contamination contr 1, and liquid waste 
control are delineated in Reference 3. 

10. 1.1.4 Radiation Survey Reports 

Radiation survey reports indicate the contaminatio and radiation 
levels at specific locations throughout the plant. 

10. l. 1.5 Signs and Warning Devices 

Signs are posted to provide clear identification o the potent~al 
radiological hazards present. Areas with surface conta. ination or high 
radiation exposure are enclosed with ropes. to discourag routine person
nel entry. 

The presence of airborne contamination is 
bell and flashing red light. 

10.l.l.6 Facility Ventilation 

by a continuous 

The facility vent1lation systems are designed to a sist in controlling 
airborne contamination by directing the flow of air fro areas of least 
contamination potential toward areas of higher contamin tion within the 
building. Airflow is controlled by maintaining a succe sively lower static 
pressure in each area of higher contamination. All fac'lity exhaust from 
areas containing radioactive material is directed throu h prefilters and 
nigh efficiency filters for removal of particulates. 

10.1.2 Nature of Radiations (Ref. 5) 

Nuclear radiations are invisible and undetectable y the unaided senses. 
There are two general :ypes of.nuclear radiation: (a) its of matter which 
comprise some of the building blocks of atoms (neutrons, alpha and beta 
particles), and (b) e-lectromagnetic waves of the same g neral type as 
light and heat, but of extremely short wave length--ga a and x rays. The 
radiations emitted in the chemical separations processe are- alpha, beta, 
and gamma. Neutrons; which for practical consideration are emitted on1y · 
during fuel element irradiation, are not discussed is chapter. 
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10.1.2. l Alpha Particles (Ref. 6) 

Alpha particles are ejected spontarteously by the nuclei of uranium and 
plutonium atoms, but not by fission product elements. Alpha particles are 
identical with the nuclei of helium atoms and thus have a mass of four with 
a positive charge of two. Because of the large mass and charge, the pene
trating power of these particles is very low. The alpha emitters encountered 
in the Purex process have a maximum energy of about 6 MeV. Particles with 
an energy of 5 MeV have a range of 3.48 cm in air and 0.0037 cm in tissue 
(Ref. 7). A very small thickness of almost any material such as a thin 
sheet of paper, a film of water, or the outer layer of skin will completely 
stop alpha particles. Ionization from alpha particles external to the 
body -is not a problem in the Purex Plant. However, because alpha particles 
produce an extremely dense path of ionization before being stopped (one 
alpha particle may produce from 100,000 to 150,000 ion pairs), it is vitally 
important to.prevent alpha emitters from en-taring the body. 

10.1.2.2 Beta Particles 

Beta particles are high-energy electrons emitted during the decay of· 
radioactive· nuclei. These particles carry a negative charge of one unit 
and have velocities ranging _up to0.99 times that of light. The corre
sponding energies range from near zero up to several million electron 
vo 1 ts. . Some ma teri a 1 may emit _beta rays with energies up to 11 or 12 MeV, 
but energies above 2 to 3 MeV are rare. 2-MeV beta particles have a range 
of 700 cm in air and are completely stopped by 0.9 cm of water or tissue 
or 0.08 cm of lead. The higher-energy beta particles can penetrate to the 
germinal layer of the skin and cause moderate to severe burns; thus, beta 
radiation is hazardous when the observer is directly exposed-or when the 
emitter is taken ·into the body. ihe electrons are, under some conditions, 
absorbed with the formation of X-ray photons in a process known as -
Brehmsstrahlung· ( 11 slowing-down radiation 11

). Under exceptional circumstances 
involving high-energy beta particles, this secondary radiation may also be 
a hazard (Ref. 8). 

10.1.2.3 Gamma Rays 

Gamma rays are a fonn of electromagnetic radiation similar to X-rays 
and have a wave length roughly one-millionth that of visible light. These 
rays penetrate matter to a much greater extent than alpha and beta particles. 
A beam of gamma rays loses intensity exponentially along its path and is 
not considered to have a definite limit or range. However, one frequently 
uses the term tenth-value-layer which is the thickness of the medium 
required to reduce the intensity tenfold. For gamma radiation of 2-MeV 
energy, the intensity of radiation is reduced tenfold by 1.8 inches of 
lead, 2.7 inches of steel, or 19 inches of water. The same tenfold reduc
tion for this energy level gamma ray would require 1,300 feet of air (Ref. 9). 
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Ganma rays lose energy while traversing through.matter This energy appears 
in the fonn of liberated electrons; hence, the tenn 11 iamizinq radiation. 11 

Even though the ionization power of qamma rays is roughly one-thousandth 
that of alpha particles (Ref. 10), gamma rays penetrat very far and are 
therefore a major problem. 

10.1.2.4. Definition of Tenns 

A roentgen (R} is a quantity of x or gamma radiat·on that produces 
1 electrostatic unit of electricity of either sign per 0.001293 aram of 
air. (Note: 0.001293 gram is the mass. of l cm3 of dry atmosoheric air 

... at 0°C, and 760-,m Hg pressure.) The energy absorbed· hen l roentaen 
•. is produced in air is .about 87.7 ergs/gram. [This vale replaces the 

r83 ergs/gram fiqure used until the late 1950 1 s and is ased on more 
recent data (Ref. 11).] 

A rad {roentgen absorbed dose) corresponds to an bsorbed dose of 
100 ergs/gram of matter (Ref. 8),. 

A rem (roentgen equivalent man or mammal) is that dose of any ioniz
ing radiation which pro_duces a relevant biological eff ct eoual to that 
produced by 1 roentgen of high-voltage (about 0.4 ~eV) x radiation, other 
exposure conditions being equal. The use of the rem i a convenient short
hand method for addinq exposure from mixed radiations. '1ue recoqnition 
~ust be given to the relative biological effectiveness of the various 
radiations. For the chronic exposures, the .mixed radi tions mav be added 
in tenns of rems according to the followinq scale of r lation (Ref. 12): 

X-rays or gamma rays 

Beta particles 

·-Alpha particles 

1 R = l rad= 1 rem 

1 rad = 1 rem 

l rad = 20 rems 

A curie is de-fined ·as that quantity of a radioac ive element which 
undergoes 3.7 x 101° disintegrations per second. This definition refers 
to disintegrations occurring and not to the number of particles emitted 
per second. For example, l curie of a radioelement, isinteqrating at a 
rate of 3.7 x 1010 atoms per second, may emit directl and indirectly 
(i.e., through daughter- elements) several times 3.7 x 1010 alpha, beta, 
and/or photon particles per second. Conventional ins ruments for measur
ing radioactivity count the number of particles rathe than the number of 
atoms disintegrating per unit of time. Due to counti a efficiencies beina 
much less than 100%, instruments do not count all of he particles beina 
emitted and appropriate corr~ctions must be made tote number of particles 
counted to estimate the total number of particles bei q emitted. 
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10. 1.2.5 General Body Exposure 

ihe critical tissues for high energy beta radiation (up to three 
million electron volts) are the superficiil ti~sues of the skin. 

Alpha particles ordinarily do not penetrate more than 1 to 2 inches 
of air and are completely absorbed by as little as 1/30 mf11imeter of 
tissue or one protective layer of clothing. Alpha particles are therefore 
not normally considered in determining external radiation exposure limits 
but are of concern in evaluation of internal radiation dose. 

l O. l. 2. 6 Personnel Contamination L imit·s 

The maximum permissible contamination levels on skin or clothing or 
protective equipment removed from a radiation zone ("release limits") are 
6,000 disintegrations/minute/100 cm2 for combined beta-gamma contamination 
and. 220 disintegrations/miriute/100 cm for a·lph-a contamination. These 
1 imits coincide with the approximate detection thresholds for standard 

. radiation detection counting ~nstruments (Ref. 3). 

10. 1.3 Methods of Monitoring 

Various elaborate provisions in building and equipment design and 
in equipment operation have been made to protect personnel from the hazards· 
of radiation. In addition 'to these safeguards, a thorough and constant 
.program of radiation monitoring is maintained to preveAt accidental over
exposure or contam,nation of personnel and contamination of work_ areas. 

The chief items requiring monitoring are broken down jnto five main 
categories: (a) operating areas and equipment, (b) personnel, 
(c) processing-area air, (d) stack gas, and (e) environs. The following 
discussions cover in brief-·the general features involved in the control 
of radiation hazards in each of the above categories. Detailed descrip
tion of the monitoring procedures and equipment used is beyond the scope 
of this chapter. 

10. 1.3.1 Monitoring of Operating Areas and Equipment 

The equipment and facilities provided are adequate for handling the 
radioactive process solutions under nonnal operating conditions. However, 
in the event of operational accidents or the need to enter any of the 
equipment cells or areas for inspection or maintenance, the areas and 
equipment are surveyed to determine the degree of contamination and 
radiation. In addition, surveys are made of all the operating areas to 
detect contamination for subsequent removal. The techniques of decon
tamination are discussed in Section 10.3. 
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10. 1.3. 1.1 Area Radiation Measurement 

Fixed monitor stations which measure and record nstantaneous beta 
and gamma radiation levels in the Purex Plant 202-A 6 ilding are located 
as follows: 

Location of Detector 
Central Control Room 
Power Unit Control Room 
Head-End Control Room 
293-A Control Room 
Aqueous Makeup Facility 
Operating Gallery 
Sample Gallery 
Storage Gallery 
Canyon Lobby 
Crane Cab 
Crane Cab Airlock 
Crane Cab Gallery 

-Crane Maintenance Platfonns 
PR Room 
Hot Shop 
M Cel 1 
Q cen 
R Cell 
Vacuum Fractionator 
Recovered Acid Storage Vault 
Railroad'Tunnel 

The recorders for all crane cab stations are lac 
other recorders are located in the dispatcher 1 s offic 

Number of 
Detectors 

4 
2 
4 
2 
2 

8 
9 
" '-
2 
2 

2 
3 
2 
1 
1 
1 
3 
3 
1 
2 
1 

ted in the cab. Al1 

A complete monitoring installation consists of a ion chamber, a 
Beckman Model-V vibrating reed amplifier and switchin mechanism, and a 
recorder. The ionization chamber is a 5-inch-diamete Bakelite shell with 
approximately half of the wall of the chamber cut awa and covered with 
0.005-inch-thick cellulose nitrate or cellulose aceta e sheet for detection 
and measurement of gamma and beta radiation. 

The Beckman Model-V Amplifier can be connected t between 1 and 
12 ionization chambers, depending on the switching me hanism used. ~adi
ation fields which can be reliably detected are limit d by the volume of. 
the ionization chamber and bi the sensitivity of the eckman Amplifier. 
The Model-V Beckman Amplifier has a typical useful rage for measurement 
of from 0.3 mr/hr to 900 mr/hr (the exact range depen son the specific 
ionization chamber used). Sensitivity can be changed for special operating 
cond i ti ans by adding or removing p 1 ug-i n res is.tors. he instruments are 
~alibrated and source checked routinely. 
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10. 1.3.l.2 Portable Survey Instruments 
-

The value of any radiation survey is dependent on the judgment of the 
person in selecting an instrum·ent, making the survey, and interpreting the 
results of the survey. In order to prevent errors, survey instruments must 
be used in substantially the same way as used during calibration. 

To get reliable and reproducible results with any instrument, the 
fo 11 owing precauti ens are taken: 

, Sufficient warmup time is allowed (usually on the order of a 
few seconds). 

• The instrument is adjusted to zero if the instrument has an 
adjustment knob. It is possible to make this zero adjustment 
in the radiation field . 

• The distance from source is accurately measured. 

• Caution is ·exercised to avoid contamination of the survey 
instruments. 

• Since most instruments are sensitive to mechanical disturbances, 
flames, electrical discharges, or air drafts, care is taken to 
avoid these conditions. 

• It is quite possiole to miss radioactive contamination or beams 
of radiation by surveying too rapidly. Therefore, considerable 
skill and experience are required to detect the presence of 
radiation or be assured that radiation is absent. 

10. 1.3.2 Radiation Protection Standards and Controls 

The "Radiological Controls 11 manual forms the basis for radiation pro
tection policies for personnel and contains the reconmendations for control 
of radioactive materials and radiation hazards (Ref. 3). This manual 
contains standards for establishing radiation zones, radiation work 
procedures, controlling personnel radiation exposure, airborne contamin
ation control, disposal of radioactive materials, preparation of radiation 
records, and documentation of radiation occurrences. All exposure indi
cated by the exposure measurement program is considered to have been 
received by the individual unless an investigation proves otherwise. 

10.1.3.2.1 Personnel Monitoring Devices 

A multipurpose dosimeter is worn by employees who enter radiation 
zones. Each dosimeter contains four lithium fluoride thermoluminescent 
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chips which have specific functions. The dosimeter is orn above the 
waist and below the head on the front of the body with he face of the 
badge away from the body. When the likelihood of the d simeter being 
contaminated is high, the dosimeter fs either worn on t1e inner pair of 
protective coveralls or placed in a plastic wrapping fol protection. 

A self-reading pencil dosimeter is issued by Radiation Monitoring on 
a daily basis in conjunction with the multipurpose dosileter during certain 
operations. Each Radiation Monitoring office is equipp d with a self
reading dosimeter charger. 

Whenever operations are perfonned that pose a pote
1

tial for significant 
.. extremity exposure, a dosimeter such as a finger ring d(l)simeter is utilized 

· for extremity men i tori ng. l 
An integrating dosimeter is a small portable dosim ter that indicates 

the accumulated dose of an individual by emitting a beep at every !J1rem of 
exposure received. 

Thermoluminescent specialty dosimeters are used to supplement regular 
dosimetry by providing a more detailed analysis of expo ures to iarious 
parts of the body. 

10. 1.3.2.2 Qualified Radiation Workers 

An individual does not enter a radiation area exce, tin a visitor 
status (escorted by a qualified radiation worker) or pe~1 fonn work with 
radioactive materials unless currently qualified as a r diation worker. 
Appropriate training is given by Human Resources Develo ment in conjunction 
with Radiation Monitoring. A record of personnel qualified as a radiation 
worker, which includes the ability to perform self-moniForing, is kept by 
Human Resources Development. Periodic retraining to assure that qualified 
personnel remain proficient is also conducted and docum~nted. · 

·10. 1.3.2.3 Protective Clothing 

Personnel working in a radiation zone wear protect·ve clothing and 
equipment as prescribed in the Radiation Work Procedure (Ref. 4) issued by 
Radi-ation Monitoring with approval of the appropriate o erating and 
service groups. Protective clothing and equipment oft e following kinds 
are prescribed: 

1 Head protection: cloth caps, c1oth hoods, rub er hats. 

1 Hand protection: canyas, leather, surgeon's r bber gauntlets, 
or rubberized canvas gloves worn individually or in specified 
combinations. 

• Foot protection: shoe covers, canvas boots, o rubber galoshes 
worn individually or in specified combination 
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-
• Body protection: laboratory coats, coveralls, and/or plastic 

suits. 

, Respiratory protection: full face respirator, self~contained 
breathing apparatus, or air line respirator . 

• Dosimeters: multipurpose. TLD badge (pencils and finger rings 
when specified). 

Prior to removal, a complete survey of all protective clothing and 
equipment is made with alpha detecting (poppy) and beta-gamma detecting 
(Geiger-Muller/GM) instruments. The protective clothing is removed at the 
boundary of the radiation zone prior to the special "step-off pads 11 in 
such .a manner that the individual steps from a potentially contaminated 
area to a clean area without spreading contamination. Depending upon the 
contamination level, the used clothing is either placed in a laundry 
hamper for washing or wrapped and labeled with the contamination level for 
guidance of laundry personnel. 

10.1.3.2.4 Monitoring of Personnel Leaving a Radiation Zone 

The individual is resurveyed after removing the protective clothing. 
As a further.check, hand and shoe counts are taken on both alpha and beta
gamna fixed counting instruments or on bpth a poppy and GM instrument 
aft~r each exit from .a radiation zone, before eating or smoking, and before 

.·leaving the facility for the day. Qualified radiation workers may survey 
themselves only. All other workers or visitors must be surveyed by a 
Radiation Monitor. 

10. 1.3.3 Evaluation of Airborne Radioactivity 

Airborne radioactivity is evaluated to assure that no indi.vidual is 
- exposed to airborne radioactive or toxic material in excess of regulatory 

limits. 

10. 1.3.3.1 Air Monitoring 
. . 
Air monitoring for airborne radioactive material is performed by means 

of continuous air monitors in areas specified by Radiological Engineering. 

10. 1.3.3.2 Air Sampling 

Air sampling for airborne radioactive or toxic material is perfonned 
by the following methods: 

• A fixed system of piping is continuously evacuated by a central 
exhauster so that vacuum is obtainable at any of the several 
outlets to which standard filter holders are attached. Similar 
systems may be provided for use with individual vacuum pumps in 
the event. that using a central vacuum system is impracticable. 
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t Portable air samplers are used for 11 spot 11 sa.oles. Each sampler 
requires a 110 volt a.c. power supply-and co tains an air pump. 

t Constant air monitors (CAM's) continuously s

1

lmple and monitor a 
given air stream. The CAM's emit both audible and visual alanns 
at a preset adjustment and are located throuahout the various 
facilities. · 

• Lapel air samplers are worn by employees at the direction of 
Radio 1 ogi ca 1 Engineering. The samplers are 'tJOrn c1 ose to an 
individual's face to monitor the actual air being breathed. 

•·Toxic gas detectors are used as indicated b the potential for 
such exposure. 

10.1.3.3.3 Limits for Airborne Radioactivity Le~els 

Every reasonable effort is made by the use of en ineering safeguards 
to maintain airborne contamination at the lowest crac1icable levels. If 

. airborne contamination levels approach or exceed the applicable limits, the 
appropriate respiratory protective devices are utiliz~d to control exposure. 
Continuous air ~onitors are set to alann when such colditions exist in 
the work area. • 

The ap.plicable limits, maximum pennissible conce
1
tration (MPC), for 

airborne contamination levels in the radiologically pested areas are 
described in Reference 3.· In the event any employee 1s exposed to air
borne radioactive materials in excess of the ~PC, he is not pennitted to 
return to work in a contaminated facility until the dlposition of radio
active material in his body is detennined to be withi acceptable limits. 

Self-contained breathing apparatus or supplied a·r respirators are 
worn when airborne particulate activity exceeds 20 ti es the MPC. The 
filter mask which does not have an air supply is not rn in this situation. 

Personnel do not enter or. remain in areas where he airborne oarticu
late activity level exceeds 1,000 times the MPC. Thi restriction applies 
even to personnel wearing self-contained breathing ap aratus or air line 
respirators. If personnel entry is required to these areas, containment, 
and filtered ventilation are used to reduce airborne radioactivity levels 
to be1ow 1,000 times the MPC. Exceptions to this req~irement are pennitted 
in emergency situa_pions as defined in Reference 13. 

At the discretion of Radiation Monitoring or Radiological Enqineering, 
certain specific operations may require the use of r~spiratory protective 
devices strictly on the basis of the potential for e~posure to airborne 
contaminants. Such operations are identified as war proqresses. 
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10.1.3.4 Stack Gas Monitoring 

The off-gas streams from the primary building (291-A-l), PR room 
(296-A-l), west sample gallery hood (296-A-2), east sample qallery hood 
(296-A~3) and laboratory stacks (296-A-SA and 296-A-SB) are continuously 
monitored for radioactivity (plus NOx in the primary building exhaust) as 
described in the following sections. Additi~nal stack qas samples are 
obtained as described in 10.1.3.4.4. 

10.1.3.4.l Primary Building Stack 

A flow totalizer (FT), record sampler (RS), and monitor sampler (MS) 
are installed on the primary building stack. The FT and RS subsystems are 
installed with sensing probe penetrations at the 768-foot level (qrade 
level is 708 feet) of the 291-A-1 stack. Sufficient samplinq nozzles are 
positioned across the stack at the center of concentric equal (stack flow) 
areas to obtain representative gas samples~ A digital readout of the stack 
flow rate and a low stack flow audio-visual alarm are provided in Panel B-14 
in the central control room. 

Gas flows from the RS probes via the manifold header and insulated, 
heat-traced transport line to a particulate filter. A charcoal cartridqe
type filter- for collecting iodine is located downstre_am of the particulate 
filter in one RS leg. A second RS leg contains absorbers for collectina · 
C-14 and H-3 for analysis. The quantities of alpha, -iodine, C-14~ and 
H=3 released are determined for record by periodic a-nalyses of the filters 
and absorbers plus measured st'ack flow rates. A third ~S leg balances flow 
rates for optimum performance using flow control valves in each leg. An 
audio-visual alarm in the dispatcher's office is activated when the RS stream 
flow rate is low. Isokinetic flow conditions are maintained in the RS stream 
by a flow synchronizing controller. Flow indicators, control equipment, 
vacuum pump, and other RS equipment are located in the 292-A Building 
(Sample House). 

Tpe MS sensing probes are at the 782-foot elevation level of the 
291-A-1 stack. The average nozzle velocity is isokinetic at the normal 
flow rate of 120,000 cfm. At other stack flow rates, the system maintains 
an optimum monitor equipment flow rate through the monitorina instruments 
even though the flow is not isokinetic. 

The MS transport line, which is heat traced and insulated to crevent 
condensate formation, descends in an 11 S" fashion to the 292-A Sample House. 
One monitor leg is composed of the following: 

• An alpha particulate (Pu-239) monitor, fixed filter, monitored 
continuously with an analog recorder in the central control room 
_and an audio-visual alarm in the dispatcher's office. T-he alarm 
level is 1 x 10-12 ~Ci/mt. 
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• A beta particulate (Sr-90) monitor, fixed ilter, monitored con
tinuously with an analog recorder in the c ntral control room 
and an audio-visual alarm set at 2 x 10-lO µCi/mt in the dis
patcher's office. 

t A radioiodine monitor (I-129 and I-131) wi h an analog recorder 
in the central control room and an .audio-visual alarm io the 
dispatcher's office. The alarm level is st at 1 x 10- 10 uCi/mi. 

• A beta gas monitor for Kr-85 with an analo recorder in the 
central control room. 

A second sample leg is composed of the followin 

1 A beta/ganuna monitor moving filter, locate 
with an analog recorder in the central con 
visual alarm in the dispatcher's office. 

the 292-A Building 
room and an audio-_ 

• A I-131 and I-129 caustic scrubber system located.in the 292-A 
Building with an analog recorder in the ce tral control room and 
an audio-visual alarm in the dispatcher's. ffice. 

The NOx content of the stack effluent is determ ned by measuring the 
opacity of the stack or drawing· a continuous sample ,hrough a NOx analyzer. 

10.1.3.4.2 PR Room Stack 

An RS and an MS system are installed on the PR 
1
oom stack (296-A-l) 

to determine the Pu-239 concentration in the effl ueni. The RS system 
utilizes i-sokinetic sampler nozzles (probes) in the stack at the same 
level as the stack velocity measurement section. A total-sample flow rate 
sensor and total-sample nozzle velocity transmitter tontrol total sample 
velocity. A velocity synchronizing controller relat,s total-sample average 
nozzle velocity with stack average velocity to maintain isokinetic sample 
flow conditions. The RS gas passes through a partic~late filter for removal 
of alpha particles. The quantity of Pu-239 releasedJis detennined from 
periodic analyses of the filter plus measured stack ]_low rates. 

The MS system utilizes separate but similar isokinetic sampling nozzles 
in the stack located two duct diameters downstream ffom the RS section. The 
MS system maintains a constant sample volume with vatying stack flow rates. 
The nozz1es. provide an isokinetic sample at a nonnal stack flow of 
5,000 cfm. Alanns provided include: (a) low total ampler flow velocity, 
(_b} monitoring equipment failure, and (c) high alpha radiation. ihe con
tinuous stack monitoring instrument is an alpha partt·culate (Pu-239) fixed 
filter device located in an-enclosed area ne~;2the b se of the stack. The 
minimum detection level for Pu-239 is 2 x 10 ~Ci/ i and the alarm is 
activated at 2 x 10-ll µCi/mt. The alpha measuremen is recorded in the 
central control room and the a1anns are located int e dispatcher 1 s office. 
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10.1.3.4.3 East (296-A-3) and ~lest (296-A-2) Sample Gallery Hood Exhausts 

The 296-A-2 and 296-A-3 stacks are equipped with RS and MS systems 
similar to those described for the 296-A-l stack. The 296-A-2 MS includes 
continuous measurement capability for both alpha and beta radiation while . 
the 296-A-3 MS continuously measures beta radiation only. The RS systems 
include particulate filters which are periodically analyzed, f1ow measure
ment and control capability, and audio-visual low flow alarms located in 
the dispatcher's office. · The MS systems include recorders in· the central· 
control room plus high radiation, low flow and failure alanrrs in the 
dispatcher 1 s office. 

10. 1.3.4.4 Laboratory Exhausts 

The 296-A-SA and 296-A-5B stacks are also equipped with RS and MS sys
tems similar to those described for the 296-A-1 stack with continuous 
measurement capability for alpha radiation_. The RS systems include parti
culate filters which are periodically analyzed, flow measurement and control 
cap~bility, and audio-visual low flow alanns located in the dispatcher 1 s 
office. The MS _systems include recorders in the central control room plus 
high radiation, low flow and failure alanns in the dispatcher's office. 

10.1.3.4.5 Stack_ Sample Analyses 

The following stacks are sampled: 

Stack 
Desiqnation 

291-A-1 

291-A-l 

296-A-l 

296-A-2 

296-A-3 

296-A-5 
296-A-6 
296-A-7 
296-A-8 
296-A-10 
296-A-14 

Samele 
Location 

Primary Building Exhaust 
( SO-foot . 1 eve 1 ) 
Primary Building Exhaust 
(200-foot level) 
PR Room Exhaust 
West Sample Gallery Hood Exhaust 
East Sample 1iallery Hood Exhaust 
Laboratory Exhaust 
East Sample·Gallery and U Cell Exhaust 
West Sample Gallery and R Cell Exhaust 
White Room Exhaust 
No. 2 Burial Tunnel Exhaust 
Backup Facility Exhaust 

The samplers are isokinetic units through which gas is drawn by: 
(a) connection to the building vacuum system, (b) by a jet, or (c) in the 
case of stack 296-A-14 by a Motoaire vacuum pump. The qas stream passes 
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through a 2- or 4-inch-diameter HV-70 filter or a 47- illimeter-diameter 
Metrocel filter. l 

The filters are changed weekly, except for the 2 1-A-l filters, which 
are changed three times each week. After removal, th~ filters are sent to 
the 222-S Building laboratory for countinq to determiTe alpha.and beta 
radioactivity shortly after arrival (~6 hours) and aq~in after 48 hours. 
This procedure allows for the decay of the naturally ?ccurring radon. The 
filters are retained in the laboratory for compositin~ over a 13-week period. 
After this period the filters are burned and the ash ns counted to determine 
qarrma radioactivity and the plutonium, americium, and strontium content. 

10.1.4 Treatment of Radiation Injuries 

Any injury, no matter how small, received while orkinq in a radio
logically posted .area must be reported inmediately to the Radiation Monitor, 
who will evaluate the potential for internal d_epositi n and reconmend 
corrective action, if any is.required. 

Employees working with radioactive materials rep rt any skin breaks 
to their supervisor:-. The nurse on duty provides a dr ssinq or protection 
for the skin break. A person having skin breaks performs work with radio
active materials only with the specific approval of his supervisor. The 
supervisor ensures that the degree of protection afforded the skin break 
is adequate in view of the employee's work assignmen and the contamination· 
status of the work location. · 

10.1.5 Bioassay 

Bioassay, principally by means of urinalysis, i 
of assessing internal deposition of radioactivity in 
line specimen is obtained from each worker prior to 
in radiologically posted areas. Durinq the facility 
ar~ collected at frequencies determined by Radiologi 

utilized as a means 
personnel. A base
is assignment to work 
ooeration, specimens 
al Engineering. 

Special bioassay specimens, including urine and fecal specimens, are 
obtained at the discretion of Radiation Monitoring 0

1 

Radioloqical Enqineer
ing whenever there is reason to believe that personn 1 may have been sub
jected to internal deposition of radioactive mate~ia 

Whenever the analysis of a routine or special b oassay specimen 
indicates radioactivity is present in excess of the inimum detection limit, 
resampling is performed. Until such time that a ree aluation is completed, 
the employee is not permitted entry to radiation ares. 

-
10. 1 .6 Personnel Decontamination 

In the event of employee skin contamination, Ra iation Monitorinq is 
immediately notified. Radiation Monitoring is charg 1 d with the responsi
bility for remoying all skin contamination and for f'nal release surveys 
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of employees after decontamination has been accomplished. Radiation Monit
oring makes followup surveys to detennine potential contamination spread. 
Radiological Engineering evaluates the internal or external personnel 
exposures resulting from the event. Eac~ instance of skin contamination is 
recorded on a "Personnel Contamination" record card. 

If high levels of contamination are detected on protective clothing 
sufficient to result in a measurable dose to the individual's skin, the 
clothing is promptly removed to minimize the exposure and saved for evalu
ation. The source of contamination is identified and preserved for further 
study. A complete body survey is then perfonned to detennine contamination 
levels. If high dose rates are observed, the level is reduced promptly. 
Dose rates and locations involved are recorded. If loose hiqh-level con-

; ta.-mination is encountered, respiratory protection is worn and extreme care 
· is taken to avoid spread of contamination. 

Skin contamination known or suspected-to have originated from radio
active material in a caustic, corrosive, or organic carrier is inmediately 
diluted or flushed with sanitary water. Extreme care is taken to prevent 
contamination spread to any skin or body opening. 

10.1.7 Removal of Eguipment From Radiologically Posted Areas 

All equipment or materials moving into unpasted areas from any radio
logically posted area is surveyed for radiation and radioactive contamin
ation levels.· No item contaminated in excess of established limits is 
moved into an unpasted area. The radiation anq contamination levels are 
assessed by Radiation Monitoring inmediately prior to the transfer of the 
i tern._ Required decontamination is perfonned by Ooerati ans personnel. 

An item with inaccessible surfaces that has never been subjected to 
decontamination efforts is released only if it is reasonable for Radiation 
Monitoring to assume that the inaccessible surfaces could not be contamin
ated unless the accessible surfaces are contaminated. Release of 
radioactive material for either unrestricted or regulated use is done 
in accordance with References 2 and 4. 

10.2 RADIATION INTENSITIES AND SHIELDING 

High levels of alpha, beta, and gamma radioactivity are associated 
with the irradiated uranium fuels processed in the Purex Plant. Harmful 
effects of the radiation upon personnel and the extent to which protection 
from these effects is necessary are indicated in Section 10.1. The present 
section explains methods of reducing the intensity of radiations by the 
interposition of a massive shield between the radiating source and the 
receptor (Ref. 14). Of the three types of radiation, the very penetratino 
ga1T1T1a rays (or photons) are the most important from a shielding standpoint. 
Several feet of concrete are required to reduce the intensity of electro
magnetic radiation from ga1T111a rays to a low level. Alpha oarticles, which 
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are helium nuclei, and beta oarticles, which are elec rans, are both far 
less penetrating than ganma rays. These particles ar nonnally absorbed 
by the vessel walls and are of concern only in special situations. 

10.2.1 Initial Radiation Intensities 

The effect of radiation on matter is a function f the radiant energy 
which is absorbed in the matter. The estimation oft e radiation intensity 
from a radioactive source ·and at a receptor offers a. ractical method for 
predicting and controlling the effects of exposure to radiation on the 
receptor. 

The radiation intensity at a receptor is a funct on of the initial 
radiation intensity (at the source) and of the attenuation (i.e., intensity 

· reduction) attained between the source and the recept,r. Attenuation is 
discussed later in this chapter. This section define radiation units and 
presents methods for estimating the initial radiation intensity. 

10.2. 1.1 Radiation Units and Interconversion 

With other conditions assumed to be constant, th absolute rate at 
which radiant energy from a source is dissipated (or absorbed) in matter 
is a function of the power of the source, the energy !f individual radia
tions, and the properties of matter. . 

For any ionizing radiation (including gamma, bet , and alpha), units 
of radiation have been defined in tenns ·of energy absbrption. The rad is 
defined as 100 ergs of energy absorbed per gram of an~ matter whereas the 
roentgen corresponds to the· absorption of about '87. 7 rgs of energy from 
x or gamma radiation per gram of air. This means tha~· the dose in rads 
per unit time, at a receptor exposed to a given sourc , is dependent on 
the properties of the receptor. In actual practice, l:he effect of bio
logical receptor properties is generally negligible~ ~ince, under identi
cal irradiation conditions, the rates of energy absorption per gram in 
substances of corrmon interest (e.g., water, human tis ue, air) are rouqhly 
equal. 

10.2.1.2 Initial Ganma Radiation Intensity 

The initial gamma intensity from a source is co only expressed in 
terms of roentgens per unit time at a di stance of 1 1entimeter from the 
source. It is a measure of the rate of ganma energy dissipation per cubic 
centimeter of air at that point and is directly prop rtional, approxi
mately, to the ganma power of the source. For example, if the total gamma 
energy is considered to be ~onc~ntrated at a point, 

5500 CEF 
X = ---,,,---

ci2 
( 1 ) 
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x = initial ganma exposure rate, R/hr 
C = ganma curies 
E = energy level, MeV 
d = distance from the source, centimeters 
F = fraction of photon emissions for each disintegration~ 

The actual values of C and E are nonnally obtained from instrument 
readings and/or a knowledge of the irradiation history of the source. For 
example, if the irradiation history of the fuel from the reactor is known, 
the radioactivity in ganma curies per ton of irradiated uranium, for any 
fission product emitting photons of a particular energy level, may be 
estimated. From a knowledge of the Purex Plant flowsheet (or operating 
conditions), the ganma curies per ton of uranium can then- be converted 
to other bases, e.g., ganma curies in the volume of solution in a 
particular vessel. 

For maximum accuracy, Equation 1 and other radiation intensity 
expressions presented in this chapter are used to estimate an individual 
exposure rate for each energy level present in the source. Individual 
exposure rates are then sunmed to give the total exposure rate. However, 
a solution of sufficient accuracy for most practical purposes may be 
obtained by the use of conservative simplifying assumptions concerninq 
the energy spectrum of the source and frequency of photon emissions. A 
value of "effective. mean" energy level for the source is selected. Fis 
assumed to be 1, and an estimate is made based on total curies of all 
energy levels present in the source. 

10.2.2 Attenuation of Ganma Rays 

Attenuation (i.e., intensity reduction) of photons is accomplished by 
distance and by passage through matter. The various attenuation mechanisms 
are considered in this section. These mechanisms are employed in the Purex 
Plant to reduce intensities to values consistent with personnel safety. 

10.2.2.1 Attenuation by Distance 

Apart from the attenuating effects of any matter through which the 
radiation passes, the intensity of garrma rays at any point decreases with 
increasing distance from the source. For a mathematical point source, the 
intensity is inversely proportional to the square of the distance. For 
an infinite line sourcei the intensity decreases with the first power of 
the distance. In the theoretical case in which the radiation oriqinates 
from an infinitely large area, no attenuation with distance occurs. For 
real-object sources of finite extension, the manner in which the radiation 
intensity decreases with increasing distan~e is generally intermediate 
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between these idealized special cases. The exact rel,tionship depends on 
the shape of the source and on its size compared tote distance to the 
receptor. Evaluation of the exact intensity-distance relation for real
object sources is mathematically complicated. Howevei, results suffic
iently accurate for most practical purposes may be ob ained by treatinq 
a real-object source as the most nearly equivalent ma ,hematically simple 
source type--point, line, or large bulk. The use of ~hese approximate 
methods of calculation is discussed in Section 10.2.4 

10.2.2.2 Attenuation by Passage Throuah '1atter 

Unlike alpha and beta particles, qarrma rays are 
11
,ot completely stopped 

by a certain thickness of matter, but are attenuated ~Ya factor which is 
• an ~xponential function of the thickness of matter tr~versed. This attenu

ation is the result of three possible mechanisms: nhotoelectric absorption, 
Compton scattering, and pair production. These attenlation mechanisms are 
described and their relative importance under various conditions is dis-

. cussed below. 

10.2.2.2.1 Photoelectric Absorotion 

Pnotoe1ectric absorption occurs when the entire neray of the photon 
is used to eject an electron from one of the inner or• its of-an atom. 
Absorption by this mechanism predominates at low qanm eneraies and 
rapidly increases with the ·atomic number of the absor er. In liqht ele-

. ments, such as aluminum, the photoelectric effect accbunts for most of 
the absorption up to about 0.1 MeV. In heavy element, such as lead, 
photdelectric absorption is effective up to·.about 1 M V. 

10.2.2.2.2 Compton Scattering 

Compton scattering is an interaction of a photon and'an electron in 
one of the outer orbits of an atom. Part of the phot n's eneroy is ~iven 
to the electron ejected from an atom, while the remai der of the eneray 
appears as a scattered photon of lonaer wavelenqth. his process accounts 
for most of the attenuation in the intennediate enerq ranae of 1 to 5 MeV 
in lead. Compton scatterinq varies with the number o electrons per cubic 
centimeter of absorber and hence is proportional to he density of the 
absorber. Therefore, in the energy range where this process predominates, 
the effectiveness of a shield is rouqhly proportional to its density, and 
is otherwise nearly independent of the .composition o the shield. Comoton 
scattering decreases with increasinq qamma eneray·. 

10.2.2.2.3 Pair Production 

Pair production occurs when a photon enters the field of a nucleus 
and is converted into a positive electron (positron) and a neqative elec
tron (beta), plus a certain amount of translational neray of these parti
cles. When the ~ositron collides with another elect on, the mass of the 
two particles is· converted into two 0.5 MeV nhotons. This phenomenon occurs 
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to a significant extent only at very high ganma energies and increases 
rapidly with the energy of the photons and the atomic number of the 
absorber. Pair production does not taka place to any siqnificant extent 
in Purex Plant shielding, since the highest gamma energy encountered is 
only approximately 2.5 MeV. 

10.2.2.3 Absorotion in Lead 

Figure 10-1 shows the contribution of each of the absorption mechan
isms to the total absorption of ganma radiation in lead. Indvidual and 
total absorption coefficients are plotted as functions of photon eneroy. 
Below approximately l MeV, photoelectric absorption is the predominatinq 
mechanism; from about 1 to 5 ~1ev, Compton scatteri nq accounts for most 
of the absorption; and above this ranoe absorption by pair production 
becomes particularly significant. 

10.2.2.4 Self-Absorption by a Source 

In a thick source, such as the HAF tank, a considerable fraction of 
the intensity is absorbe_d in the source itself and appears as heat enerqy. 
It is evident that radiation from incremental volumes near the surface is 
not attenuated, but radiation from incremental volumes some distance from 
the surface is attenuated to an extent dependent on the distance the ray 
traverses in reachinQ the surface. Thus, the fractional contribution of 
the total radiation ieavinq the surface decreases exponentially as incre
mental volumes further from the surface are considered. It may be shown 
by integration that the· total radiation from an infinitely thick source is 
equal to the radiation from a source one mean-free path in thickness, 
measured in the direction of the beam, without self-absorption. The mean
free path is defined as the thickness of absorber (source, in this case) 

. required to reduce garrma radiation intensity by a factor of e (2. 718). 

Es-timates of radiation intensity are qenerally corrected for self
absorption if the source thickness is greater than one mean-free path. 
Under these conditions, estimates are based on the radiation in a source 
of thickness equal to one mean-free path. If the radiation from such a 
source may be considered to be concentrated at a point, the initial qamma 
radiation intensity may be estimated by use of the following equation: 

where 

X = SSOOCEA 
jJ 

(2) 

X = initial gamma intensity, R/hr at l centimeter distance in air 
C = garrma Ci/cm3 

E = energy level of the source, MeV 
? 

A= projected area of the source, cm-, as 11 seen 11 by the rec~ptor 
~=total absorption coefficient in reciprocal centimeters. 
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FIGURE 10-1. Mass Attenuation Coefficients for Lead. 
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For use in the equation above, Figure 10-2 presents a plot of total 
absorption coefficient (µ), in reciprocal centimeters, and the mean-free 
path (1/u), in centimeters, as functions of garrma-ray energy level for 
each of several common absorbing materiafs. Also in Figure 10-2, the 
dashed line labeled "Compton µ/p" can be used to estimate the absorption 
coefficients (or the mean-free paths) for materials of low atomic number 
at energies greater than 0.1 MeV. For example; HAF has a density of 1 .5. 
At 1.5 MeV, the. value of µ/p (0.044 cm-1 from Figure 10-2) multiplied by 
the density gives the absorption coefficient as 0.066 cm-1. 

Like Equation l, Equation 2 is derived for use with monoenergetic 
sources, but may be used directly for a source with a range of energy 
levels if a value of "effective mean" energy level is available. 

10.2.2.5 Attenuation Eguation 

The attenuation of gamma radiation upon· passage through matter may be 
computed from the following equation, based on the combined effects of the 
absorption mechanisms involved and on the fact that the intensity falls 
off exponentially with the thickness of the absorber . 

where 

X = BX e-µx 
0 

(3) 

X = radiation intensity after traversing x centimeters of absorber, 
R/hr 

B = "buildup factor", an empirical correction factor for secondary 
photons produced by Compton scattering (see text and tables 
below) 

X = initial radiation intensity in R/hr at 1 centimeter 
0 

e = 2.718 

µ = absorptio~ coefficient in reciprocal centimeters (Figure 10-2) 

x = distance through absorber (shield) in direction of beam, 
centimeters. 

The buildup factor, B, allows for the photons which are not destroyed 
(but merely reduced in energy and diverted) by Compton scattering. The 
magnitude of B varies with the shield (absorber) material, with photon 
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energy and with shield thickness, although the rel~tionship is difficult 
to define. Values of B, estimated on this basis for use in the design 
of the Purex Plant, are tabulated below. 

Absorber 

Air 
Water 
Concrete 
Steel 
Lead 

Buildup Factor, B 
Used in Purex Plant Design 

Thin Shields 
(<1 Mean-Free Path) 

6 

1 , 
1 

Thick Shields 

6 

33 

3 

1 

1.5 

fovestigations completed after the Purex Plant design led to B 

--- ---- --~~ 

factors for concrete, lead, and water which are generally considered as more 
nearly correct than those listed above. The later values are listed below. 

Buildup Factor, B 
Corrected by More Recent Investigations 

Thin Shield Intermediate Shield Thick Shield 
Absorber ( <l -Mean-Free (2-8 Mean-Free (<8 Mean-Free 

Path) Paths) Paths) 

Concrete 1 5 15 

Lead 1 2 3 

Water ---- 22 39 

10.2.2.6 Attenuation by Solid Objects 

As discussed in Section 10.2.2, when a primary gamma ray impinges 
on matter, such as a thick slab, the mechanism of Compton scattering pro
duces photons of reduced energies. These photons are scattered in all 
directions with some escaping from the slab on the same side as the source. 
The net effect is a 11 ref1 ection 11 of a portion of the primary beam, known 
as back-scatter. 
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In the design of shielding, gamma-ray attenuati6,
1
, resulting from 

scattering by the shield must be considered. If thete is any possibility 
for radiation to be scattered around a shield or th_rq1gh an opening in the 
shield, the design must assure adequate attenuation~ scattering. In 
practice, this is accomplished by means of labyrinth~ which are discussed 
under Section 10.2.6.2. i 

i 
10.2.3 Attenuation of Alpha Particles i 

I 
Because of the large mass (compared to electron~ and photons) and 

double charge of alpha particles, the ion production I ,er unit length of 
path (i.e., rate of energy absorption by matter thro~~h which the particle 
passes) is high. This means· that the total energy of!the particle is 
absorbed in passing through a relatively short dista~ e in matter. For 
example, the range of the 4.18 MeV alpha particle fra U-238 is approximately 
l inch in air, 0.001 inch in the dead layer of skin, I 1 .0006 inch in 
aluminum, and 0.00035 inch in lead. Because of thisl hart range, the 
intensity of alpha radiation may be neglected .insofat as shielding calcu-
lations or the effect of material is concerned. ! 

I 
i 

10.2.4 Attenuation of Beti Particles 1 

I 
' ' 

Compared to gamma photons, beta particles are m~ h less penetrating 
because of their greater mass and associated greater'! nergy absorption in 
matter. For example, the 2.3 MeV beta particle from ither Pa-234 (UX2) or 
Rh-106 has a range of approximately 25 feet in air a~~ 0.15 inch in aluminum. 
Nonnally, beta particles do not penetrate container walls. Because of the 
relatively short range of beta particles in material$~of interest, as 
compared to the inherent mass and geometry of the Puf x Plant, beta attenu
ation mechanisms are of pri~ary interest only as rel* ed to the problem of 
a receptor at a short distance from a· ba.re beta sourfj. 

For beta radiation, the effect of intensity att~ uation by distance 
is similar to that for gamma. Likewise for beta radj tion, the effect of 
air as an absorbing material (shield) between the sou ce and the receptor 
provides only negligible attenuation compared to pur~ distance attenuation. 
Unlike gamma radiation, however, the range of beta pa ticles in air is 
definitely limited by absorption and varies significa~tly with energy level. 
Thus, for a point source, the attenuation of beta ray by distance may be 
approximated by the method explained for gamma rays,I rovided the distance 
from source to receptor is small compared to the rang~ in air. The initial 
intensity (as estimated by the method outlined underi 0.2. 1.2) is divided 
~ the square of the disance (in centimeters) to thr r~eptor. 
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For a beta source of thickness greater than one mean-free path, the 
initial intensity must be .corrected for self-absorption. For beta rays, 
the mean-free path, µ centimeters, of a particle of energy level E (MeV) 
in a material of density p (g/cm3) may be approximated by the expression 

0. OSSE 1. 33 
µ = ........ ---~--

p 
(4) 

10.2.5 Calculation of Gamma Radiation Intensity at a Receptor 

.The:' gamma radiation intensity at a receptor is a function of the 
initial radiation intensity and of the attenuation attained between the 
source and the receptor due to the combined effects of distance and of 
interposed matter (shielding). Initial radiation intensities and attenu
ation have been discussed in·previous sections of this chapter. In this 
section, methods are presented for: estimating intensities at receptors 
under conditions likely to_be of interest in the Purex Plant. 

10.2.5.1 Effective Mean Energy Levels 

In estimating the total radiation intensity from a source o·f more 
than one energy level, maximum accuracy results if individual values of 
intensity·, calculated for each energy level present, are surrmed. For 
approximate estimates, however, a single calculation for each type of 
radiation is more convenient, based on an estimated value of the 11 effective 
mean 11 energy level for that type of radiation.. · 

"For the Purex Plant, the energy spectrum of the uranium fuel elements 
is roughly constant. Therefore, in most cases it is practical to approxi
mate radiation intensities on the basis of conservatively estimated values 
of effective mean energy level. 

Because of the variation of absorption coefficients with energy level 
and material ~se~ Figure 10-2), calculated values of mean effective energy 
level are affected by self-absorption of the source and by shielding. For 
approximate solutions of Purex Plant problems, the effect of self-absorption 
is negligible but effec~s due to shielding should be .considered. For example, 
in estimating the garrma intensity from a given source, the effective mean 

·energy level may vary by a factor of three, depending on the amount of 
shielding involved. For a source with the energy spectrum of N Reactor 
Ma:k IV uranium fuel elements irradiated for 220 days to 2435 MWd/t and 
11 cooled 11 for 180 days, the approximate variation of mean effective energy 
level, for garrma radiation, with concrete shield thickness is shown by the 
following table. 
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I 

Variation of Mean Effective Ener Le~~, 
With Shield Thickness 1 

I 
Concrete Shield Thickness, Ft 0 2 i 6. 5 

I 
Effective Mean Energy Level, MeV 0.3 1. 1 1 2. 1 

For a conservative approximation of Purex Plant j~mma intensities, 
mean effective energy level values of 0.7 MeV, in the i~bsence of shield
ing or with a thin shield (6 inches of concrete or le~.s) and 1.6 MeV, in 
the presence of thick shielding (more than 6 inches o~~cpncrete), may be 
assumed. For the principal beta case of interest, vi~ .• a receptor· 
immersed in a radiation source (10.2.5.2 below), a val: e of 1.5 MeV 
may be used as the effective mean value of the beta erl rgy maxima. 

10.2.5.2 
. i 

Point Source I 

I 
i 

A real-object radiation source may be considered i s approximately 
equivalent to a mathematical point source if the dist~ ce between the 
source and the receptor is greater than any dimension lof the source area 
facing the receptor. Under these conditions, the rad~~tion attenuation 
due to the combined effects of distance and passage t~ ough matter is 
approximately governed by the following equation: · I 

where 

I 
: 
I 
I 
I 

! 
i 
I 
I 
I 

I 

. i 

d = distance from source to receptor, centimeterJ 
I 

( 5) 

B = 11 8uildup factor 11
, an empirical correction fac or for secondary 

I 

photons produced by Compton scattering I 
·: 

e = 2.718 : 

X = radiation intensity at the receptor, R/hr 
I 

X
0 

= initial radiation intensity, R/hr 

x = distance through absorber (shield) 
centimeters 

I 
i 

i 
1 

in directij 
I 
I 
I 

n of beam, 

~=absorption coefficient in reciprocal centimet rs (see Figure 10-2). 
I 
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The use of Equation 5 is illustrated by the calculations below, in 
which the intensity of garrma radiation at a point 25 feet from the HAF tank 
and shielded by 6 feet of concrete is estimated. For this case (thick 
source) X

0 
is calculated by means of Equation 2: 

where 

X = SS00CEA 
0 1-1 

C = 0. 17 gamna Ci/cm3 

E ~ 2.1 MeV (10.2.5.1). 

A= ·74,300 cm2 (10 foot diameter by 8 foot liquid depth) 
1-1 = 0.066 cm- 1, for HAF (10.2.2.4) 

X = (5500) (0.17) (2.1) (74,300) = 2_2 x 109 R/hr 
o (0.066) 

For use in Equation 5, 

d =· 760 centimeters 
B = 15 _, 
1-1 = 0.105 cm for concrete 
x = 183 centimeters of concrete. (The beam of radiation is assumed 

to be perpendicular to the two parallel shield faces.) 

Hence the intensity of radiation at the receptor is estimated to be 

i = (2.2) (10) 9(15) (2.718)-(0.lOS) (lS3) 
(760) 2 

= 2.6 x 10-4 R/hr 

= 0.3 mr/hr 

As is frequently the case when estimating by the simplified method 
outlined abovej this intensity value may be on the conservative (high) 
side. 
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i 10.2.5.3 Line Source I 

A real-object source, such as a column or a pipeln e, may be considered 
a 1 ine source if it is longer than the distance to the[ eceptor and its 
diameter subtends an angle smaller than about 54 degre~ at the receptor. 
Under these conditions, th·e approximate attenuation du~ to di stance al one 
may be calculated from the following equation: 

· where · 

X = intensity at the receptor, R/hr 

X
0 

= initial radiation intensity, R/hr 

I 

i 
l 
I 

a= perpendicular distance from the sou.rce _(or it~ extension) · 
to the receptor, centimeters \ 

L ·= length of the source, centimeters ~! 

e = angle.subtended by the longest dimension oft . source _(L) 
at the receptor, degrees I 

( 6) 

When the effect of shielding upon the radiation ir. ensity from a line 
source is also to be evaluated, it is generally conven~ nt to divide, for 
calculation purposes, the line source into two to four! component parts each 
of which meets the criteria for point sources. The ra~·ation intensity at 
the receptor due to each of these component parts is t~ n calculated by 
the use of the point source equation (Equation S) and~ e intensity at 
the receptor dye to the several components of the sourc are added together 
to obtain the total intensity at the receptor. [ 

I 

10.2.5.4 Large Bulk Sources 

The radiation intensity at a receptor located at o very near the 
surface of a real-object radiation source, or at any re eptor located at 

• I 

a distance smaller than the smallest dimension of the s urce facing the 
receptor, may be calculated from the following equatiop 

I 

(a) For a thick source, J.e., for a source which is more than one 
mean-free path thick (e.g., a tank): 

211' I* 
0 I= --µ 

( 7) 
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(b) For a thin source, i.e., for a source which is less than one 
mean-free path thick (e.g., a large spill): 

R2 
2.3 log ~ + l 

a 

where 

I= radiation intensity at the receptor, R/hr 

r* = initial radiation intensity from cm3 of source, R/hr 
0 

~=absorption coefficient of source, reciprocal centimeters 

V = volume of source, cm3 

A= area of source, cm2 

(8) 

R = radius of circular source, centimeters. For a .noncircular 
source, the average of the largest and smallest radii or 80% of 
the larg~st radius, whichever is larger, may be used. 

a= perpendicular distance from source to receptor, centimeters. 

Equations 7 and 8 may be--used in radiation attenu-ation calculations 
when no shielding is involved for any real-object source which does· not 
meet the point-source or line-source criteria suggested under 10.2.5.2 
and 10.2.5.3. However, Equation 7 quite often yields unduly conservative 
results. A thick real-object source which is too large to meet the point
source or line-source criteria is subdivided.into two parts, each of which 
meets the line-source criteria, or into two to four parts, each of which 
meets the point-source criteria. More realistic results are then obtained 
by carrying out distance-attenuation calculations for each part separately 
and adding the intensities at the receptor due to the several parts. When 
both shielding and attenuation by distance are involved, subdivision of 
the source into components meeting the paint-source criteria is almost 
always the simplest reasonably accurate calculation method. 

10.2.5.5 ISOSHLD - II Program 

The ISOSHLD (pronounced Isoshield) - II computer program (Ref. 15, 16) 
provides a convenient semirigorous method to perform gamma ray shielding 
calculations for isotope sources in a wide variety of source and shield 
configurations. This computer program replaces hand calculations, which 
were very time consuming and approximate. Isotopic decay, material 
attenuation, buildup factor, and other required basic data for the com
puter calculations are available as subroutines. Thus, for most problems 
the user need only supply the geometry and material composition of the 
source and shields. 
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The IS0SHLD program plus a program specially prep red to extract 
i nfonnation from the IS0SHLD output to make further callcul at ions were 
used to detennine the mean gamma energy levels and dos[ rates at _a total 
di'stance of 12 feet from the center of two different ~j 

1

urces. Calcula
tions were made for source cooling times of 0, 180 da*, and 5 years with 
intervening concrete shield thicknesses of 0, 2_, and !6.5 feet. The cases 
considered include a bare fuel assembly (24.1 kg uranilLm), and fuel . 
assembly di~solved in a _10-foot-diameter by 10-foot-hil~h cylindrical 
tank made of 3/8-inch-thick steel. Neglecting self-s ielding effects, 
the dose rate from N fuel elements dissolved in the s1ine tank is approx
imated within 10% by multiplying the dose rate from t IE single assembly 
by N. The results of these calculations with N = l a I< 200 (to approxi
mate HAF conditions) are summarized in Table 10-1. _ 

.·TABLE l0-1.· GanmaDose Rate(a) and Mean Energy Levell a) as Functions 
of Source, Cooling Time, and Concrete Shield 1~ickness . 

Source Cooling 
Time 

Rems/
hr 

: 
I 

Concrete Shield I hickness 
[Units are (Rem$1 hr)/Mel/] 

I 
·I 

0 ft 2 ft' .· 6 ,. ft I .~ 

MeV Rems/ 
hr "'eV 

Rems/ 
hr MeV 

Bare fueb 
Assembly 

0 1. l(B)c 
5.5(5) 
1,4(4) 

0.35 
0.30 
0.27 

3. o ( 5) !~ . s 7.6 3.0 

1 Fuel 
Assembly 
Dissolved in 
Tankd 

200 Fuel 
Assemblies 
Dissolved in 
Tankd 

· 180 days 
5 years 

0 
180 days 

5-years 

0 
180 days 

5 y~ars 

7.4(7) 
4.5(5) 
1. 6( 4) 

l.5(10) 
9.0(7) 
3.2(6) 

0.35 
0.30 
0.27 

0.35 
0.30 
0.27 

7.3(1) p.3 
1.3 11.5 

1.5(5) 
6.6(1) 
1. l 

3.0(7) 
1.3(4) 
2.2(2) 

:, 
:( . 3 
il. 1 
11. l 
i 
' 

[; . 3 
1. 1 
1. 1 

aAt a total distance of-12 feet from center of so~rce 
b24. 1 kg of uranium 

7.2(-5) 2.1 
l . 5 ( -6) 2. 2 

1.8 
2.5(-5) 
5.1(-7) 

1.5(3) 
5.0(-3) 
1 • 0 ( -4) 

3.0 
2. 1 
2.2 

3.0 
2. l 
2.2 

c,_ l ( 8) = 1. l x 108 , e.g. 
d 
10-foot-d,ameter x 10-foot-high cyl1ndr1cal tank of 3/8-,nch steel 
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10~2.6 Purex Plant Shielding 

After discharge from the reactor and subsequent "cooling," irradiated 
fuel is transported by· railroad to the Pu-rex Plant (202-A) for processing. 
During all phases of these operations, shielding adequate for personnel 
safety is required. Purex Plant shielding is designed to reduce radiation 
intensities ot a mazimum of 1.0 mr/hr in radiologically controlled areas. 

Massive lead-shielded casks (see Section 3. 1), each of which carries 
168 N-Reactor fuel elements (approximately 4.3 tons of uranium),. are used 
to transport irradiated fuel by railroad. The radiation from the fuel is 
attenuated to a gamna intensity of less than 10 mr/hr outside the cask. 
Upon arrival at the 202-A Building, the irradiated fuel elements are 
charged directly to a d·issolver. 

Radiation escaping to the out-of-doors during th~ ____ unloading of the 
fuel elements from the railroad cars in the.Building 202-A railroad tunnel 
is attenuated by earth and by concrete shielding. The railroad approach to 
the building is a curved section of track, about 600 feet long, located 
10 feet below grade in a cat, the outer edge of which is topped with a 
12-foot-high (above grade) earth embankment. A 95-foot-long railroad 
tunnel extension, with 2-foot-thick concrete walls and a 1-foot-thick 
concrete roof, shields that section of the approach adjacent to the build
; ng. Two concrete wa 11 s on opposite sides of the track and para_l l el to 
th'e building at approximate distances of 175 feet and 700 feet shield 
the open end of the railroad tunnel extension. The near wall (on the 
inside of the curved track) .is l foot 6 inches thick; the far (outer) wall 
is 1 foot thick. · 

The principal shielding elements in the 202-A Building are concrete 
walls and roof. For economy of design and construction, the thickness of 
any continuous wall is constant.· The thickness is that required to give 
protection from the radiation source of maximum intensity shielded by the 
wall. Thus, the shielding for many parts of the building is more than 
adequate. 

The upper walls of the canyon are 4 feet thick and are designed to 
protect personnel in the operating gallery in the event that a fuel element 
is suspended near the·wall. The lower canyon wal1, on the south, which 
is 2 feet 6 inches thick, provides sufficient protection for the nonnally 
unoccupied pipe trench. An outer wall on the south side, 5 _feet 6 inches 
thick, protects personnel from the radiation from the pipes and from. that 
radiation not sufficiently attenuated by the thin. inner wall. The canyon 
roof is 1 foot thick. 

Concrete cover b 1 ocks for the process ce 11 s, the II hot II pipe trench, 
the decontamination cell, and the pool cell are designed to limit the 
radiation level on the canyon deck to 100 mr/hr. Thus, in the absence of 
any radioactive materials above the deck level, access to the canyon is 
permitted if the cel1 cover blocks are in place. Process cell cover blocks 
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are 3 fe~ thick; decontamination cell and pool cell·! eeks are 2 feet 
thick; and pipe trench cover blocks are 2 feet 6 inchT thick. Cell cover 
blocks for the acid storage vault are 1 foot thick. [ 

The concrete sidewalls of the railroad tunnel, w1 hin the canyon area, 
are 4 feet thick and limit the radiation level on the runnel floor to 
12 mr/hr, when cell covers are in place. 

i 
To eliminate direct radiation to the crane cab, tie cabway is shielded 

by a concrete curtain wall 2 feet 2 inches thick and a concrete cab gallery 
floor slab 2 feet thick. The crane operator in the ca is protected from 
scattered radiation by 4 inches of steel on the top a~ upper sides, 
3 inches on the lower sides, and 1 1/2 inches on the ~rttom. The auxiliary 
crane, which operates at a higher level in the ~anyon~ has no shielding 
wall. This crane is either remotely operable from th' regular crane or 
independently operable from the nonshielded cab. Thet uxiliary crane is 
used independently o_nly when radiation levels pennit.[ 

A concrete pipe chase runs the length of the samp e gallery behind the 
sample enclosure. This chase has a front wall l foot! hick and removable 
concrete covers 1 foot thick which attenuate the radia ion from the sample 
drain headers, recovered acid header, recovered solve~t header, and labora
tory drain header. The chase for interconnecting line between the Solvent 
Treatment Building (276A) and the canyon has walls 2 r et thick. 

In additio_n to the principal shielding elements pf the 202-A Building, 
special shielding is provided as required for the cont ct operation of 
certain equipment. For example, various thicknesses o lead, concrete, 
and steel are used for shielding the sampling equipmeh . These materials 
are also used for shielding in the product removal rob; the product removal 
cans are shielded~with 1/2 inch of lead. I 

,·· 
The Waste Storage Facilities (241 Tank Fanns) an~ the piping from 

the 202-A Building are shielded by a minimum of 7 feeF of earth. Portions 
which have no earth cover (e.g., diversion boxes and p mp pits) are shielded 
by concrete covers. Diversion box covers are made upj f three blocks, 
each of which is l foot 8 inches thick. The pump pit! over is a concrete 
block 2 feet 6 inches thick. l 

Special design techniques, based on attenuation scattering, are 
employed to prevent the escape of high intensity radi~ ion through neces
sary openings, or interruptions, in otherwise continues shielding. These 
openings, or apertures, are frequently-required for op rating or construc
tion convenience. In the Purex Plant, apertures inclu e the clearances 
around cell cover blocks, the openings resulting fro~ passage of process 
piping through shielding, an~ access openings into rariation zones. 

It is apparent that if a straight length of pip~ ere run through a 
shielding wall, radiation could escape through the space required by the 
pipe. On the other hand, if the path of the pipe wer:e curved, the 
radiation would be attent,1ated by the effective straightline thickness of 
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the shield a~d scattering through the pipe. In the Purex Plant, piping 
through concrete shields is run with an offset bend of at least five 
diameters in the shields. 

Likewise, if the joint between a cell and the cover block were a 
straight line, radiation could escape through the resulting crack. In tt1e 
Purex Plant, radiation through such joints is attenuated by maintaining 
close clearances and fabricating steps in the joint such that no straight
line crack passes more than one-third of the distance through the shield. 

For the case of openings such as doorways, labyrinth~ are frequently 
constructed in the shielding material to attenuate radiation. A laby
rinth pr·ovides a path through the shield which includes sufficient right 
angle turns to scatter· any radiation entering the opening to a harmless 
level. In addition, the labyrinth is constructed with walls of a thick
ness sufficient to cause any straightline radiation to pass through the 
normal shield thickness. 

;-~~- 10. 3 DECONTAMINATION OF SURFACES 

Surface decontamination techniques are employed in the Purex Plant 
for the removal of radioactivity from various operating equipment pieces 
and operating areas prior to removal of the equtpment for maintenanc~ 
purposes. A summary of information concerning decontamination solutions 
and methods is contained herein. 

10.3. l General 

The intensity of radioactivity within the Purex Plant covers a wide 
range, and the types of work which may require decontamination of equip
ment diverge widely. The usual practice is to flush the equipment piece 
in place prior to removal from the canyon for maintenance work or for 
replacement. 

Because of the almost universal use of stainless steel in the con
struction of the Purex Plant process equipment, the problem of decontam
ination of process equipment is largely a problem of removing radioactivity 
from stainless steel. Decontamination of this particular material has 

.received considerable study, and a reasonable degree of success has been 
realized. The structural and supporting elements of the plant are 
fabricated almost entirely from concrete and mild steel. These materials 
without a protective coating are extremely d.ifficult, if not impossible, 
to decontaminate. In the processing areas, all non-stainless steel 
elements have been covered with protective coatings which have good resis
tance to process solutions and prevent wetting the bare material with 
contaminants. These coatings permit the use of chemical reagents for 
decontamination which might otherwise react with the unprotected surfaces. 
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Decontamination of the surfaces of Purex Plant J uipment and 
structural elements necessarily involves empirical pJ cedures based on 

'knowledge obtained in plant practice and laboratory~ udies at Hanford 
and other sites. The usefulness and feasibility of d contamination has 
been demonstrated clearly. The principal difficulti~s encountered are 
in decontamination of concrete and mild-steel surfac~~ where failure of 
the protective coating pennits contamination to conta t unprotected 
surfaces. 1 

10.3. l .1 Tenninology 

The decontamination procedure has given rise to he use of certain 
special tenns and concepts. 

The tenn decontamination is used to designate t
1 

removal of radio-
active chemical elements from solid surfaces. : 

Contamina·nts are the ra~ioactive elements prese~ on the solid surface. 
I 

- • I 

Mechanism of contamination is the means whereby! he radioactive 
elements are transferred to and fixed to the solid s~tface. 

Decontamination methods are the means utilized 1 remove radioactive 
elements. The methods are generally classified as (al physical--total or 
partial removal of the contaminated surface; (bJ che~~cal--reaction with 
the radi-oactive elements or the larger mass of the asrociated nonradio
active materials to attain soluble or extractable fa~· s; and (c) physico
chemical--suspension by surface-active agents .. 

10.3.1.2 Principles of Decontamination· 
I 

i The mechanism governing surface contamination an decontamination 
is not completely understood. However, laboratory t~ ts and in-plant 
decontamination of process equipment indicates some b the principles of 
contamination-decontamination phenomena to be as folTTows (Ref. 17): 

I 
I 

t The art of decontamination requires the.car rol cf radioactivity 
at all times. Good planning and the subse~ ent pursuit of a well
thought out decontamination procedure are m ndatory. 

i 
t Surfaces contacted by 11 spi 11 s II should be fr shed or swabbed before 

the activity has had a chance to dry. This principle also applies 
to the interior of process vessels. I 

• Removal of a thin .film or layer of the con:taminated surface is 
necessary for achievement of maximum deconitlamination in the short-
est time. I 

I 
• Complexing, chelating, and metathesizing ~gents are of little 

value after the activity has dried. 1 
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• Successive use of several reagents over short periods of time 
( l to 4 hours)- appears to produce better decontamination than 
the use of a single reagent over an extended period of time 
(24 to 48 hours). 

• Good agitation is necessary for the successful use of any reagent 
in solution. / 

• The efficiency of a given reagent usually increases as the temper
ature increases; however, the maximum practical temperature may be 
limited by corrosion considerations. 

• Surfaces may be protected from radioactive contaminants by reduc
tion of the surface free energy (used here as analogous to ease 
of wetting). Coating exposed surfaces with relatively non-wetting 
membranes such as paint or non-polar plastics is always desirable 
where practical. 

• Application of strippable coatings or other inert membranes, where 
practical, presents the simplest and perhaps the easiest method of 
decontamination. 

10.3.1.3 Factors Influencing Decontamination 

The following are some of the factors affecting decontamination pro
cedures in the Purex Plant: 

• The constituents of the Purex process solutions do not normally 
form insoluble compounds. Hence, any deposits formed by exceeding 
the saturation point should be removable with water flushes. 

• The Purex Plant incorporates design features to confine process 
materials within the interior of processing equipment. 

• The employment of continuous-flow equipment in the Purex process 
necessitates some mechanical complexity, with the associated need 
for equipment replacement and adjustment. 

• Facilities (Decontamination Cell ,·Hot Shop, and Regulated Shop) 
have been provided for servicing repairable contaminated equipment. 

10.3.1.4 Protective Coatings 

Structural elements in the plant have been either protected with a 
chemically resistant coating or constructed of 18-8 Cr-Ni stainless steel. 
Thus, all exposed concrete within the cells has been protected with Amer
coat No. 33 or 74 with the exception of the floor areas in the Pool, 
Decontamination and L Cells (from the 2B column, T-L2, on) which are pro
tected with stainless steel sheathing. Structural-steel elements and 
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certain equipment fabricated from carbon steel have b en protected with 
Amercoat No.- 33 or 74. This type of construction fat"litates removal 
of gross radioactivity by simple water flushing. 

10.3. 1.5 Construction Materials 

Process equipment normally wetted by process so tions is fabricated 
almost entirely from stainless steel. Some importan but relatively small 
elements utilize Stellite, Kel-F, and Teflon. All o these materials are 
exceptionally resistant to chemical attack and are d~ ontaminated readily. 

I 
I 

10.3. 1.6 Desi n Features Facilitatin Decontaminatib 
I 

All equipment normally in contact with process~ lutions is designed 
·to be fully drainable and flushable. The processeqG·pment also incor
porates seals· on all pump and agitator shafts, that,! ith the vacuum vent 
header system, effectively confine radioactive ma·terlk l to the interiors 
of process equipment. . . 

10.3.1.7 Makeuo and Routin of Decontaminatin Solu1 ·ens 

The Aqueous Makeup facilities include a utility akeup tank (TK-105) 
designed primarily for the makeup .of decontaminating olutions·. The 
·utility makeup tank discharges to a wash solution hea er, which is piped 
to all tanks feeding canyon process equipment~ Decop aminating solutions 
are made up in the utility makeup tank, routed throug the wash solution 
·header to the appropriate aqueous makeup tanks, and~ en routed to the · 
process equipment in need of decontamination via nor,n 1 process piping. 
In some cases it is necessary or advantageous to empr y an indirect 
routing, i.e., to route the decontamination solution

1 
hrough one or more 

other pieces of process equipment before it reaches I e piece to which 
it is destined. Any of the aqueous makeup tanks may e employed for 
decontaminating agent makeup if the need arises. 1 

10.3.2 Stainless Steel 

The Purex Plant process equipment components (tk ks, lines, pumps, 
etc.) are fabricated almost entirely from the 300 se~·es of chrome-nickel 
stainless steels. The decontamination of stainless? eel is consequently 
of prime interest. Since the problem of decontaminaF·on is solved by ari 
empirical approach, discrimination between 300 serie~ types is not 
justifiable. I. 

Stainless steel contamination is categorized as~ 
inants on internal surfaces~ (b) alpha contaminants b 
(c) beta and/or gamma contaminants on interior surfac 
and/or gamma contaminants on exterior surfaces. In g 
corrosive effective decontaminant is used, so that at 
ment is maintained at a minimum. 
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Internal surfaces are first in the sequence of decontamination because 
of the greater freedom and control associated with this operation and be
cause these surfaces contain large amounts of easily removable contam
ination. To produce results of the greatest value, decontamination flushes 
are routed from areas of low radioactivity into areas of high radioactivity. 
Decontaminants that are combined with process wastes for disposal must be 
compatible with the process solutions so that nonnal plant production is 

· not interrupted (Ref. 1 8). 

10.3.2.1 Internal Alpha Contamination 

Alpha (notably uranium and plutonium) contamination inside process 
vessels assumes relative importance only where the fission-product beta 
and ganma activities have reached comparatively low levels, i.e., down
stream (with respect to uranium and plutonium) from the HA column. 

Nitric acid is the preferred decontamination reagent since the 
principal alpha contaminants (plutonium and uranium) are soluble in this 
medium. As-received 57 wt% nitric acid is the most effective, readily 
available concentration, although lesser concentrations have been used 
successfully. Some judgment must be exercised as it is possible to 
roughen highly polished surfaces with concentrated acid (20% or above). 
Normally, a temperature of _25 to 30°C is adequate. 

10.3.2.2 External Alpha Contamination 

Thi:! problem of decontaminating external surfaces is complicated by 
the possibility of extending the contamination to otherwise clean areas. 
Therefore, caution must be exercised, since the need for decontaminating 
surfaces adjacent to those originally contaminated may be increased by 
unrestricted a.nd uncantro 11 ed fl u~hi ng. 

The following precautions are observed in decontaminating external 
surfaces: 

, The redistribution of existing contamination is limited to the 
smallest possible area. 

• Norma 11 y the surface is not fl coded with water or other decontam
inating agents. 

• The surrounding surfaces that might be wetted during the decontam
ination treatment are protected. 

• Contaminated materials such as tools, rags, swabs, or gloves are 
not placed in uncontaminated areas. Disposable containers such 
as bags or boxes are used for storing all cleaning supplies. 
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The choice of decontamination. reagents is based[ n factors such as 
the original surface finish, necessity for preservinJ the finish, and 
limitations of drainage facilities for solvents or hi hly radioactive 
chemical agents. The materials listed below have bee found to be useful 
for room-temperature application, but the relative ef,ectiveness has not 
been established. I 

• Fifty-seven wt% nitric acid 

• Five wt% nitric acid 

• Permanganate-bisulfite. The sequence of oJ rations consists of 
scrubbing the surface with saturated potassium permanganate solu
tion, removing the permanganate by wiping, l~crubbing the surface 
with 10% sodium bisulfate solution, and flJ hing the surface with 
water. 

• Organic solvents 

• Abrasives 

, Inhibited hydrochloric acid. I 
i 

10.3.2.3 Internal Beta and Ga1T111a Contamination I 
I 

Beta and gamma contamination, due primarily to ifl ssion products' is 
of greatest concern in the earliest process steps, i., ., before substan
tial decontamination of process solutions is accompll hed by the process. 
Since most of the surfaces contaminated with beta and or gamma contaminants 
are also likely to be contaminated with alpha contamj ants, it is general 
practice to use nitric acid for the first flush, part; cularly if a sig
nificant amount of plutonium holdup is suspected. All hough beta and/or 
garrma contaminants are not completely remo 1,ed by nitrf c acid, it is useful 
in removing the major portion of nonradioactive mate als constituting 
the film in which the radioactivity is bound. 

Oxidizing, reducing, and complexing agents have een used success
fully for decontamination. A surrmary of the solutio found most effective 
is shown in Table 10-2. Solutions containing a mixt e of tartaric 
acid and sodium hydroxide or a mixture of oxalic acitj and nitric acid are 
effective for removing zirconium-niobium contaminatiq . A solution con
taining potassium permanganate and sodium hydroxide tj moves ruthenium 
from surfaces. The basic permanganate solution has ti en used in conjunc
tion with a nitric acid-fluoride-ferrous sul famate mil ture which removes 
any precipitated manganese d1oxide plus additional rJ ioactivity, particu
larly zirconium and niobium. Either sodium or potas~ium fluoride mixed 
with aluminum nitrate is used to remove accumulation! of silicates. 
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TABLE 10- 2. Purex Decontamination Solutions. 

Name Composition Wt% Specific Application 
Gravity Temperature,°C 

Caustic Sodium Hydroxide 25 1.27 80 

Caustic-Tartrate Tartaric Acid 2 1.06 80 

Sodium Hydroxide 5 

Oxa 1 ic-Ni tric Oxalic Acid 5 1.03. 60 

Nitric Acid 3 

All<a line Perman- Potassium Permanganate 4 1.05 Ambient 
ganate Sodium Hydroxide 1 

Acid Nitric Acid 15 l.08 Ambient 

KF Potassium Fluoride * * 90 

Aluminum Nitrate 
Nonatiydra te 

Haf Sodium Fluoride * * 90 

Aluminum Nitrate 
Nona hydrate .. 

* Composition variable depending upon anticipated usage. 

Product Removed 

Basic Aluminum Oxide 

Zirconium-Niobium 

Zircon i um-Niobium 
and 

Manganese Dioxide 

Ruthenium 

Plutonium and ' 
Uranium 

Silicates 

Silicates 
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For successful internal decontamination, frequ~ t changes of decon
tamination solutions are more beneficial than extendJd contact time. The 
most rapid dissolution of radioactive contaminants i1 the decontaminating 
solution occurs in from 15 minutes to 2 hours, deperyqing upon the solu
tion used (Ref. 19, 20). Considerations governing ~~e frequency of chanqe 
include the cost of ·solution disposal. Adequate agi ation is also a prime 
requisite of successful internal decontamination, ary• elevated tempera
tures usually add to the effectiveness of flushina s ,lutions. 

In addition to liquid decontaminants, live s~e[ assists the decon
tamination process in some cases. The mechanism of! econtamination with 
steam may involve either the penetration of minute~], cesses inaccessible 
to liquids or by the exertion of an abrasive action 

I 
10.3.2.4 External Beta and Gal'Tima Contamination I 

I 
I 

The plant areas in which external beta and ga~ contamination is of 
potential concern coincide with those in which intetlal beta-gamma contam
ination levels are high. Decontamination efficiencx· is hampered by the fact 
that the flush solutions are not confined by equipme 

1

t and efforts to re-
strict the contamination spread by decontaininatiDg .~~ents are generally not 
very effective. The decontaminating agents shown iry Table 10-2 can be used 
for the removal of external contamination. The deco,taminating solutions 
may be applied from the closest point of vantage by[~eans of a pump or jet 
or spray nozzle. To assist in carrying the contamiry4tion from the decon
taminated area to the sump, the entire area u~dergoi~g decontamination is 
liberally flushed with water. 

10.3.3 Iron and Carbon Steel 

Iron and carbon steel are employed for machine
1 

nd structural elements 
. (e.g. , e 1 ectri c motors, jumper braces) not nonna 11 y ! 

1 

etted by process so 1 u
ti ons. As installed, these elements are protected b a chemical-resistant 
coating. Experience with decontamination of unprot~ ted iron or steel has 
been generally disappointing. Complete removal oft e contaminated piece 
is usually the most practical solution. I 

i 
Nitric acid, although effective in decontamina~ ng stainless steels, 

is not effective in the decontamination of unprotect d iron and steel. The 
degree of re-adsorption of the highly diluted, radio ctive elements by the 
freshly fanned, unoxidized meta11ic surface appears! o create a practical 
obstacle that limits the decontamination. In additj n to being ineffective, 
the use of acidic solutions increases the difficulty of successfully re
moving the contamination with subsequent decontamin4,ing agents because 
of the surface-etching effect of the acid. j 

I 

I 
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1 O. 3 ."4 Concrete 

Concrete, in the absence of a protective surface coating, retains con
taminants to a high degree. Chemical o~ physico-chemical reagants are not 
effective in removing either chemically fixed or physically adsorbed 
radioactivity. The Purex Plant is designed and constructed on the basis 
that concrete surfaces are always· protected by a chemical-resistant coat
ing. In the event of contamination which penetrates through to the con
crete base material, only two courses appear practical: (a) physical re
moval of the contaminated surface, or (b) shielding of the contaminated 
concrete surface. 

10.3.5 Glass 

Glass finds its greatest application in the construction of labora
tory equipment. Accordingly, the type of contamination may vary widely. 
A 5 wt% solution of arrmonium hydrogen fluoride (NH4HF2) has been effective 
in decontaminating glass at Oak Ridge National Laboratory. Etching does 
not result if the time of contact.is kept to only a few minutes (Ref. 21). 

Nitric acid in concentration of 20 to 60 wt% is. also used effectively 
for decontaminating laboratory glassware. The more concentrated solutions 
are used for soaking the equipment while the less concentrated are usually 
used for-swabbing. Laboratory cleaning solution (95 wt% sulfuric acid satu
rated with sodium dichromate) is also effective for decontaminating 
glassware. 

10.3.6 Lucite and Plexiglass (Ref. 21) 

Lucite and Plexiglass (polymerized methyl methacrylate), transparent 
thermoplastics, are construction materials employed in the Product Removal 
Room that also find numerous applications as components in laboratory 
equipment. The transparency of Lucite is an essential requirement in its 
product removal room applications; therefore, precautions must be taken 
to use decontaminating agents that do not cau·se "fogging." In laboratory 
applications, loss of transparency is of less concern. Cleaning solutions 
(95 wt% sulfuric acid saturated with sodium dichromate) routinely used in 
laboratories as a decontaminating agent for Lucite cause "fogginess," 
which increases with the number of applications. 

The primary contaminant in the product removal room is plutonium in 
an aqueous nitric acid system. A suitable procedure for removal of plu
tonium contamination is as follows: 

• The adjacent uncontaminated areas are protected with absorbent 
paper. 

• Five to ten weight percent nitric acid is applied by swabbing. 
(Nitric acid in concentrations in excess of 20 wt% attacks 
Lucite.) The swabbed area is pennitted to remain wet for 3 to 
5 minutes. 
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• The nitric acid is removed by sponging the urface with water. 

• The surface is dried with a soft, clean, n tabrasi~e cloth or 
paper. 

Personnel carrying out the decontamination must be adequately pro
tected from alpha contamination. To avoid recontami ation of the surface, 
separate containers must be provided for clean and u td cleaning materials. 

The transparency of a polished Lucite surface m be impaired and 
pennanent fixation of plutonium may be caused if the purface is wetted by 
a reagent in which Lucite is soluble. Since Lucite ~ soluble in many 
corrmon organic solvents, no organic solvent is norma y used for its clean
ing or decontaminating. 

10.3.7 Wood 

Wood is utilized primarily for structural or eq "pment items, such 
as office fittings and furniture, not nonnally subje to contamination. 
Occasional temporary requirements may result in the · troduction of wood 

- into process or laboratory areas. Decontamination o !wood is extremely 
difficult because of its porous, absorbent structure (.Ref. 20). Protection 
from fixation of radioactivity is dependent upon the pplied protective 
coating. In the event that contamination penetrates he protective coat
ing, either partial or complete remov·a1 of the wood· the most practical 
and economi.ca 1 procedure. 

10.3.8 Protective Coatings 

Protective coatings employed in the Purex Plant 
steel and concrete surfaces are either vinyl or epox 
ings provide a protective film that is smooth, chemi 
process and decontaminating solutions, and not readil 

or application to 
based. These coat
lly resistant to 
wetted by them. 

Since the protective films are the only barrier to essentially per
manent contamination of the base materials, it is im rtant to use a de
contaminant which will inflict the minimum damage to the coating. Highly 
reactive materials such as nitric acid, chromic acid, or caustic soda are 
used as sparingly as possible and only in dilute solutions. The following 
agents, listed in order of preference, are recommend d: 

• Water 

• Detergent solutions 

• Complexing agents,- oxalates, citrates, tartrates 

, Alkaline permanganate-oxalic acid. This p ocedure requires 
direct manual application of 1 1/2 wt% KMn 4-1/2 wt% NaOH solu
tion for a 5- to 10-minute period followed ~Yan application of 
1 to 2 wt% NaOH solution and a water flus . Manual application 

· of 5 wt% oxalic acid followed by a second ater flush completes 
the procedure. 
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10.3.9 Skin (Ref. 2) 

The techniques used in skin decontamination are important because of 
the danger of the entrance of contaminants into the body, either orally 
or through skin breaks. 

Most skin contamination can be removed successfully with soap and 
water. Areas of the body that have toughened skin surfaces, .such as the 
palms of the hands, may be decontaminated with abrasive type soaps such 
as 11 Lano-Kleen 11 or 11 Lava 11 soap, When further reduction in contamination 
levels is not being achieved using soap and water, other reagents are 
used. The following basic sequential steps will, under nonnal circum
s~ances, successfully remove radioactivity from skin surfaces: 

• Soap and Water. Regular bar soap and tap water are usually 
sufficient. As mentioned, a lightly abrasive soap such as Lava 
may be used on toughened skin su·rfaces. If, after severa 1 soap 
and water washings, no reduction in the contamination levels is 
noted, then use: 

1 Clorox (household type, only). Use Clorox directly as it comes 
from the container. Apply to the contaminated skin surface with 
a light rubbing.action using cotton sponges. Refrain from reap
plying contamination or spreading the contamination to unaffected 
areas by using a fresh sponge for each swipe. Rinse the skin · 
surface with water after each Clorox application. Continue using 
Clorox until no reduction in radioactivity is noted. If contamin
ation remains, then use: 

, EDTA (10 wt% solution). Apply EDTA to the contaminated skin sur
face using cotton sponges. Rinse the skin surface thoroughly 
with water after each application. Do NOT apply EDTA more than 
two times. If contamination still remaTns then use: 

• Potassium Pennan anate and Sodium Bisulfite (4 wt% solutions . 
Using a cotton-tipped app icator, app y potassium permanganate 
(KMn04) solution directly to the contaminated skin surface. Allow 
time for the solution to dry on the skin; then" using additional 
applicators, remove the stain with a solution of sodium bisulfite 
(NaHS03). If the three previous steps have been attempted, make 
only two efforts to remove the contamination with the potassium 
permanganate/sodium bisulfite technique. Rinse the skin surface 
thoroughly with water after each application. 
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10.3.10 Clothing 

In-those areas within the Purex Plant where th e is a hazard of 
personnel contamination with radioactive materials, ~11 persons entering 
are required to wear coveralls, shoe covers and/or o~ershoes, caps, and 
gloves, as a protection against contamination of sk~- and street clothing. 
This outer protective clothing is called special wo pennit (SWP) cloth
ing. In addition to these items, towels are furnis d where required. 
The SWP clothing·is monitored for contamination both before and after 
laundering. Articles of clothing registering less an 10,000 disinte
grations per minute and/or 6 mrad per hour are sent o the laundry_ in 

·_ regular'SWP laundry bags. All items contaminated to levels higher than 
10,000 disintegrations per minute and/or 6 mrad per jour but less than 
40,000 disintegrations per minute and/or 50 mrad pe hour are wrapped in 
a labeled plastic bag and placed beside the proper l~undry hamper. Pro
tective c_lothing contaminated in excess of 40,000 dislintegrations per 
minute and/or SO mrad per hour is discarded in a conJaminated waste 
container, for eventual disposal by burial. 

In the laundry, non-SWP clothing is handled sep!rately from the SWP 
clothing. All towels and non-SWP 9lothing are wash in equipment used 
only for such clothing. Ozonite (a detergent) is us d as a washing 
agent for this clothing. · · 

A special procedure is used for washing normal ~WP clothing (<6 mrad 
·per hour). After a water rinse, the material is was ed with Turco 4182A. 
If a radiation survey after washing indicates any r sidual contamination, 
the procedure is repeated until all contamination is removed. More highly 
contaminated clothing (6 to SO mrad per hour), wrapA~d separately, is 
collected until a sufficient quantity has been accu ~lated to warrant 
separate washing. SWP rubber goods are decontamina d and then washed. 

10.4 HAZARDS OTHER THAN RADIATION 

The nature and extent of fire, explosion, and p siological hazards 
from Purex process chemicals are addressed in this s ction. Design fea-· 
tures incorporated into the plant to eliminate or mi imize these hazards 
and any special operational precautions required ar reviewed. 

10.4.1 Flammability and Explosiveness 

Potential fire and explosion hazards in the Pu jX Plant arise primarily 
from the use of a moderately flarnnable organic solve~t. Other potentially 
hazardous materials, besides the solvent, are hydrog~n and arrmonia gases, 
evolved in certain process steps, and oxidizing/redu ing chemicals ~sed 
in the process. Suppression of fire and explosion h zards has been a 
prime consideration in the design of the Purex proces\s and of the Purex 
Plant. A discussion of these hazards follows with p rticular emphasis 
on (a) their extent, (b) engineering features design d to eliminate or 
minimize them, and (c) any special operational preca tions required. 
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10.4.l.1 Definition of Tenns 

Definitions of special tenns relati_ve to flanvnability _and explosive
ness are: 

• Flash Point is the lowest temperature at which a liquid gives off 
enough flanmable vapor at or near its surface to ignite in an 
intimate mixture with air when contacted by a spark or flame. 
Flash point detenninations are made in either closed cup or open 
cup apparatus. The results obtained by open cup detenninations 
are affected by room atmosphere conditions and are usually several 
degrees lower than closed cup flash points. 

• Autoi nition tem erature is the temperature at which a material 
.solid, liquid, or gas will self-ignite and sustain combus~ion 

in the absence of a spark or flame. 

• Fire point is the lowest temperature at which a mixture of air 
and vapor continues to burn in an open container after being 
ignited. 

• Lower ex losive limit LEL is the lowest percentage, by volume, 
o f anvnable vapor in air in which flame propagation can occur. 

• Upper explosive limit (HEL) is the highest percentage, by volume, 
of flamnable vapor in air in which flame propagation can qccur. 

10.4. 1.2 Solvent 

The solvent in the Purex Plant is a solution of tributyl phosphate 
(TBP) in a hydrocarbon diluent having a boiling r~nge similar to kerosene. 
While both components are combustible, the relatively low volatilities and 
high flash points preclude the possibility of fire or explosion under nor
mal prescribed conditions of solvent use in the Purex Plant. Potential 
hazards may arise from abnonnal or nonstandard conditions. 

10.4.1.2.1 Flammability Properties 

The closed cup flash point of nonnal paraffin hydrocarbon diluent 
currently used in the Purex Plant and TBP are 158°F (Ref. 22) and 295°F 
(Ref. 23), respectively. The addition of TBP to diluent lowers the diluent 
vapor pressure in proportion to the amount of TBP added, and consequently 
raises the flash point. Flarrmability and explosive properties of normal 
paraffin hydrocarbon diluent other than the flash point are not reported. 
The values shown below are for kerosene and may be regarded as approximately 
correct for Purex Plant diluent. For example, the autoignition temperature 
for dodecane, which is a major component of the diluent, is 399°F (Ref. 22). 

Lower explosive limit 
Upper explosive limit 
Autoignition temperature 
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10.4.1.2.2 Extent of Solvent Handling Hazard 

The bu1k of the solvent within the 202-A and 276-" Buildings is 
normally handled by the following solvent feed tanks: 

Name of Vessel 
100 Feed 
200 Feed 

Vessel N.~inber 
TK-G 5 
TK-R~ 

These tanks have a total working volume of 23,00 I gallons, and the 
normal in-process inventory approximates 25,000 to 30 1 00 gallons. Tanks 
G7 and RS are used, as necessary, to store the column Iolvent inventory 
during down periods. 

Diluent and TSP storage facilities are provided f the 211-A Chemical 
Tank Farm. The following tanks are located in this a· a:_ 

Name of Vessel Tank Number Nominal Vo me, Gallons 
Diluent Storage Tank 
TBP Storage Tank 

TK-40 
TK-41 

65,000 
30,000 

The fire and explosion. hazard is small in both o: the previously 
mentioned areas. Flammable vapor-air mixtures are no, p'roduced at normal 
operating temperatures. The 211-A Chemical Tank Fann s ~n outdoor in
stalla~ion, .and the tanks within the area are vented ~o the atmosph·ere .. 

10.4.1 .2.3 Precautionary Measures 

To prevent a solvent fire in the Purex Plant, th, solvent concentra
tion in air is maintained too lean to support combust 1 <•n, i.e., less than 
the lower explosive limit. Since the solvent at prev ling temperatures 
is below its flash point (a class III solvent), the u I of an inert gas 
blanket is not required for flammability control. Ho II ver, the fire pro
tection systems described in Section 2.11 are located~ process areas for 
fire detection and control. 

Fire prevention by maintaining vapor concentrati s too lean to 
support combustion places primary reliance on the con

1 

'L 1 of the temper.a-
. ture of the solvent and/or diluent. The flash point cf normal paraffin 

hydrocarbon containing 30 vo11 TBP in air is near 200' f. The highest temp
erature attained by the solvent in contact with air i the Purex process is 
about 130°F. Thus, 70°F is available as a safety mar n and/or to compensate 
for operational and instrument variations. The accum 1 ation of potentially 

10-46 



:ru~,.'. 

~··· 
.'.~"" 

RHO-MA-116 

dangerous pockets of vapor in process areas is prevented by adequate venti
lation. Additional provisions to avoid solvent fires are made by using 
nonsparking tools and rotating equipment jn solvent handling areas, where 
all electrical equipment is installed in conformance with the National 
Electrical Code (Ref. 24) requirements for handling class III solvents. 
It should be noted, however, that the design of electrical connectors 
and electrical equipment in accordance with these requirements· is not 
"explosion proof" and is not suitable for use with a flammable liquid at 
or above its flash point. Sparking devices, such as switches, relays, 
and fuses, are installed in zones where solvent vapors are essentially 
absent. 

10.4. 1.3 Hydrogen 

10.4.1.3. l Explosive Limits of Hydrogen 

The physical properties of hydrogen pertinent to flammability and 
explosiveness are (Ref. 22): 

Lower Explosive Limit: 
Upper Explosive Limit: 
Autoignition Temperature: 

4.1 vol% 
74.2 vol% 
1085°F 

10.4.1.3.2 Evolution of Hydroaen During Decladding 

During the ·removal of Zircaloy-2 cladding, the 7-hour average hydro
gen content of the gas leaving the dissolution vessels is 0.01 vol%. 
After remova 1 .of ammonia and water vapor, the concentration of hydrogen 
increases to 0.3 vol% prior to discharge to the stack. Thus, the hydro
gen concentration is at least a factor of 10 below the lower explosive 
limit, and therefore constitutes no hazard. 

10.4.1.4 Amnonia 

10.4.1.4.l Explosive Limits of Ammonia 

The physical properties of ammonia pertinent to flammability and 
explosiveness in dry air are (Ref. 25): 

Lower Explosive Limit: 
Upper Explosive Limit: 
Autoignition Temperature: 

15.0 vol% 
28.0 vol% 

651°C (1204°F) 

Amnonia also reacts with silver nitrate (present in the off-gas iodine 
removal facilities) to form explosive silver azide. 
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10.4.1.4.2 Ammonia Evolution 

Ammonia is formed in the dissolvers during the · ircaloy decladding 
process in preference to hydrogen if nitrate is pres t and during the 
metathesis process as described in Section 4.0. Amm 1 ia is also evolved 
in large quantities when the decladding waste soluti, is reacted with 
caustic solution in E Cell using the reverse strike ~ ocedure in which 
waste is slowly added to the caustic. · 

10.4. 1.4.3 Ammonia Removal 

To minimize downstream hazards, the dissolver a 
· .ammonia scrubbers are operated at a low temperature 

water-air mixture for effective and safe removal of 
off-gas system, including condenser, steam heater, p 1 

filters, blower and stack, is provided for the exhau 
ding waste tanks and the concentrator which is used 
of spent ammonia scrubber solutions. Separation of 1 

E Cell off-gas 
i th a saturated 
, nia. A separate 
-filters, final 

from-E Cell declad
. reduce the volume 

this manner prevents the reaction with nitric acid c tained in the vessel 
and·condenser vent systems to form ammonium nitrate ,articles which would 
deposit on the fi 1 ters. • . 

16.4.1.5 Tribut 1 Phosphate-Nitric Acid, Tribut 1 P s hate-
Uran 1 Nitrate _and Tri but 1 Phos hate-Plut, 
Nitrate Reactions 

10.4. 1.5. 1 Nature and: Conditions of the Reaction 

Tributyl phosphate is capable of reacting exoth 
solutions of nitric acid and/or uranyl nitrate. The 
with various degrees of vigor, depending on the temp 
tion of the reacting mixture. Under extreme conditi, 
disruptive violence (Ref. 26). The temperature requJ 
a rapid TBP-HN03, TBP-U02(N0~)2, or TBP-Pu(N03)4, rea 
the composition of the reacting mixture. However, t 
pressure have indicated that the temperature must be 
for a rapid TBP-U02(N03)2 reaction to take place, ab 
TBP-Pu(N03)4 reaction. 

10.4. 1.5.2 Location and Extent of Hazard 

The potential hazard of a rapid TBP-HN03, a TBP 
TBP-Pu(N03)4 reaction is present only in the uranium 
waste concentrators. The continuous concentrators n, 
temperatures which are safely below the temperature I 

. a rapid reaction. Also', TSP-is normally present onl 1 

concentrations in these concentrators. The potential 
accidental introduction of TBP into the concentrator 
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accidental overconcentration of the aqueous liquid to a composition with 
a boiling point exceeding the temperature required for initiation of the 
reaction. 

10.4. 1.5.3 Plant Precautions 

The Purex Plant is designed to prevent a rapid TBP-HN03, TBP-U02(N03)2, 
or TBP-Pu(N03)4 reaction by minimizing the concentration of TBP in the 
process concentrators and by limiting the maximum temperature pennitted 
in these vessels to a value below the temperature required to initiate 
the rapid reaction. The presence of TSP in the concentrators is minimized 
by passing the aqueous feeds through pulse-column liquid-liquid disengag
ing sections. In addition, the feeds to the uranium and plutonium concen
trators are steam stripped prior to entering the heat exchange zones. 
Safety devices are also provided to prevent an accidental overconcentration 
of process-solution with an accompanying temperature high enough to initi
ate a rapid TBP-HN03 or TBP-U02(N03)2 reaction. The set points on these 
devices are given in Table 10-3. 

10.4.l.6 Rapid Nitration of Diluent 

Because of the known reactivity of nitric acid with olefins to fonn 
· potentially hazardous dinitro-olefins (and to a lesser extent with aromatic 

hydrocarbons),' the hydrocarbon diluent used in the Purex· process is essen
tially free of olefins· and aromatics. To preclude the possibility of 
such nitrating reactions in the Purei Plant, diluent specifications con
servatively pennit a maximum olefin-plus-aromatic concentration of only 
0.3 wt% Although the maximum safe olefin concentration in the solvent has 
not been demonstrated experimentally, diluent meeting the above specifi
cation is known to be safe. 

10.4. 1.7 Ammonium Nitrate 

Concern has been expressed regarding the safety of up to 7,000 pounds 
of the organic contaminated ammonium nitrate contained in the upper 2 feet 
of the Purex primary exhaust system No. l fiberglass fiiter. (A slightly 
smaller amount is contained in the bottom 2 feet of the No. 2 filter.) 
Arrnnonium nitrate is an explosive and a dangerous fire hazard under confine
ment but is difficult to detonate by impact or friction (Ref. 27). 

Anmonium nitrate decomposes at an appreciable rate at elevated tem
peratures. The resultant vapors do not sustain combustion below about 
300°C (the salt melts at 169.6°C) and requires a spontaneous ignition 
temperature of 450°C (Ref. 28). A temperature of 450°C and a pressure of 
60 to 80 atmospheres are required for detonation of pure salt. At the same 
temperature, the detonation pressure for commercial grade arrmonium nitrate 
is 20 atmospheres (Ref. 29). Materials such as dichromates and sodium 
chloride act as catalysts to increase the decomposition rate of the salt 
(Ref. 29). 
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Concentrator 

Solution high 
alarm, 6 C 

temperature 

Solution high temperature 
alarm shuts off steam, 0 c 

lligh pressure in steam 
chest shuts off steam, 
psig I 

Low liquid level shuts 
off steam supply, inches 
of water 

I 

ActivatiQn Condition of Concentrator Safety Devices. 
.. 

E-J8 E-K4 E-H4 E-f6 E-fll T-L6- l T-L7-1 

120.5 120.5 120.5 120.5 129 119. 5 

.. 

125 125 125 125 138 123 123 

29 29 29 29 39 29 29 

l7 l7 l7 17 17 l7 l7 

.. 

TK-FH 

120.5 

125 

29 
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Tests reported in Reference 30 showed that the mixture expected in 
the plant filter at up to 7.5 times the ayerage load1ng density could not 
sustain a detonation and would not be capable of thermal runaway reaction 
even if subjected to high temperatures for extended periods. ,, 

10.4. 1.8 Oxidants and Reductants 

Fires and/or explosions could result from the improper storage or 
handling of various chemic':a 1 oxidants and . reductants used in the Purex 
process. See Reference 31 for a discussion of the hazards involved with 
these chemica 1 s. 

·1 O ._4. 2 Phys i o 1 og i ca 1 Effects of Process Chemicals 

The following brief review of the physiological effects of the process 
chemicals is presented to assist in recognizi-ng and minimizing the health 

_hazards involved in the operation of the Purex Plant. Detailed handling 
· procedures and first aid advice for specific chemical exposure instances 

are beyond the scope of this section. 

The threshold limit values (TLV).(Ref. 25) listed in this section are 
established by the American Conference of Governmental Industrial Hygienists 
a·nd are equivalent to the former maximum allowable concentration (MAC) 
values. The TLV's generally refer to time-weighted concentrations for an 
8-hour work day and 40-hour work week that produces no adverse effects· i'n 
nearly all workers. The TLV is usually expressed in parts of gas or vapor 
per mill ion parts of air (ppm) or in milligrams per cubic meter (mg;m3) 
for fumes, mists, and some dusts. 

10.4.2. 1 Amnonium Fluoride-Ammonium Nitrate (AFAN) 

Ammonium fluoride-anmonium nitrate is received as an alkaline solu
tion of 36 wt% anmonium fluoride and 7 wt% ammonium nitrate. 

10.4.2.1.l Physiological Effects 

Soluble fluorides are very irritating to the skin, eyes, and mucous 
membranes. Acute effects resulting from exposure to fluorine compounds 
are due to hydrogen fluoride. The solution is poisonous and ingestion 
results in acute intoxication. 

10.4.2. 1 .2 Tolerance Concentrations 

The TLV for arrmonium fluoride is 3· ppm. 

10.4.2.1.3 Extent of Hazard 

AFAN is used only in the Zircaloy decladding operation. 
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10.4.2. 1.4 Precautions 

AFAN is received as an alkaline solution to avoi 
effects of hydrogen fluoride. 'Equipment for handling 
in accordance with normal· chemical plant practice. P 
clothing is worn by operating personnel and the safet 
are kept operable and accessible. 

10.4.2.2 Cadmium Nitrate 

Cadmium nitrate is a toxic chemical and powerful 

_10.4.2.2.1 Physiological Effects 

the potential 
EAN is designed 
per protective 
1showers provided 

idizing agent. 

emble those of 
to 30 minutes 
abdominal pain. 

Ingestion of cadmium salts causes effects which e 
food poisoning. The symptoms, which become apparent 15 
after exposure, include diarrhea, nausea, vomiting, al 
The i 11 ness is serious but se 1 dam fa ta.1 . 

Inhalation of fumes from cadmium compounds resul ,- in the following 
symptoms which may be delayed up to 3 or 4 hours afteJ exposure: throat 
dryness, metallic taste, nausea, dizziness, coughing, 

1

nd shortness of 
breath. The fumes are odorless and nonirritating eve t dangerous levels. 

10.4.2.2.2 Tolerance Concentration 

3 The TLV for cadmium and its compounds is 0.2 mg/ . 

l 0. 4. 2. 2. 3 Extent of Hazard j 
Cadmium nitrate solution is used as the jet moti 

I 
fluid for the 

transfer of highly concentrated plutonium nitrate rewo lk solutions. The 
chemical is receiv~d in drums as a 45 to 50 wt% solutji: _· 

10.4.2.2.4 Precautions 

Cadmium nitrate is stored in a separate tahk in e 211-A area and 
transferred from there by pump directly to the head ta k for use. Res
piratory protection and protective clothing are worn , ing transfer from 
the drums to the storage tank. 

-10.4.2.3 Hydrazine 

Hydrazine is a powerful reducing agent .. Hydrazi 
Plant is obtained as a 35 wt% aqueous solution which i 
and no more dangerous to handle than any strong acid a 
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10.4.2.3.1 Physio1ogica1 Effects 

Hydrazine by _ingestion, inhalation, or skin absorption may cause 
damage to the 1iver and destruction of red blood ce11s .. Hydrazine is a 
suspected carcinogen of lung, nervous system, 1iver, kidney, and subcutan
eous tissue. 

Hydrazine vapors attack the membranes of the nose, throat, and eyes. 
Inhalation may cause dizziness and nausea; however, the odor of hydrazine 
is so irritating that it is unlikely that anyone would breathe quantities 
sufficient to cause pennanent damage (Ref. 31). 

10.4.2.3.2 Tolerance Concentration 

The threshold limit value for exposure to hydrazine isl ~pm in air . 

10.4.2.3.3 Extent of Hazard 

Hydrazine is used in the aqueous makeup area (AMU). in the 28S, 2NS, 
2DF-NiH4, 3XF-N2H4, and various Q Cell ion exchange pretreatment and 
scrub solution makeups. 

10.4.2.3.4 Precautions 

Proper protective clothing is used when handling hydrazine and access 
to operable safety showers is available. 

10.4.2.4 Hydrogen Peroxide (H 2o2) . 

Hydrogen peroxide is a toxic chemical and strong oxidant. Solutions 
of less than 50 wt%· H202 wi11 not start a fire inmediately when spilled 
on combustible material but the higher concentration resulting from dry
ing may lead to spontaneous combustion. 

10.4.2.4.l Physiological Effects 

Solutions, vapors, and mists of hydrogen peroxide are irr~tating to 
the· eyes, -respiratory tract, and skin. Contact of the eyes with vapor or 
mist from higher concentrations may cause severe damage which may not be 
noticeable illinediate.ly upon exposure. Inhalation of highly concentrated 
H202 vapors can cause extreme irritation and inflanmation in the nose and 
throat. Skin contact can produce local reddening up to burns with destruc
tion of tissue, depending upon concentration and length of contact. 

10.4.2.4.2 Tolerance Concentration 

The TLV for H202 is 1 ppm. 
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10.4 .. 2.4.3 Extent of Hazard 

Hydrogen peroxide is used in the Purex Plant o y to adjust the 
plutonium valence to plutonium (IV) in plutonium ni ,,..ate feed solution to 
the oxalate precipitation process. 

10.4.2.4.4. Precautions 

Hydrogen peroxide is stored in tight 1 y covered c•onta i ners pl aced in 
cool areas. It is received and used as a 13 to 15 it% aqueous solution. 
Appropriate protective clothing is worn when handli 1

1~ H202 and safety 
showers are available to wash H202 from the skin. 

~-10.4.2.5 Hydroxylamine Nitrate 

Hydroxyl amine nitrate is a moderately toxic ma
1

~1 rial combining to a 
degree the effects of hydroxylamine and ni.tric acid 

10.4.2.5.1 Physiological Effects 

Locally hydroxylamine is .irritating and system .1,ic exposure can 
cause methemoglobinemia. 

. . 
10.4.2.5.2 Tolerance Concentration 

Although no limits are given for the exposure :c hydroxylamine nitrate, 
contact should be avoided to the greatest extent po ~ible. 

10.4.2.5.3 Extent of Hazard 

Hydroxylamine nitrate is received from 2-34-5· Z IEuilding in a dilute 
nitric acid solution and is used in the AMU area· in lthe 2DIS-HN and 2BX 
solution makeups. 

10.4.2.5.4 Precautions 

Proper protective clothing is used when handli I~ hydroxylamine nitrate 
and access to an operable safety shower is availabl1. 

10.4.2.6 Nitric Acid 

Nitric acid is a highly corrosive mineral acid and powerful oxidizing 
agent. The proper types of protective gloves, clot ing, and goggles must 
be worn when handling this material. 

10.4.2.6.l Physiological Effects 

Indication of the magnitude of the nitric acid contact hazard is 
given by tests which have shown that 70_ wt% HN03 prt~uces definite skin 
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burns in 5 to 15 seconds. Burns of first, second, or third degree may 
result from nitric acid contact. Skin which has contacted nitric acid 
must be washed with water i1m1ediately before very severe, possibly 
permanent, damage resu 1 ts. ·· 

In cases of ingestion, severe internal burns may be e~perienced. 
The patient should be given abundant amounts of a lukewarm;fluid such 
as salt solution, soapy water, or milk, followed by egg whites and 
milk. Vomiting should be induced as soon as possible. Emetics and 
carbonates should be avoided. 

10.4.2.6.2 Tolerance Concentrations 

... While a prolonged contact with dilute (less. than 5 wt%) nitric acid 
"res~lts in.stinging and mild irritation of the skin, contact with concen
trated (greater than SO wt%) nitric acid causes severe burns in a matter 
of seconds. Precautions should be taken to prevent such contacts. 

The ingestion of nitric acid should be avoided. While no permissible 
limits are given in the literature, the ingestion of 10 mi of concentrated 
ac·id is considered fatal. The TLV for nitric acid vapor is 2 parts per 
million (Ref. 25). 

10.4.2.6.3 Extent of Hazard 

Although the process consumption of nitric acid is large, the great
est contact hazards occur in equipment decontamination and during samp
ling of solutions containing nitric acid. Appreciable concentrations of 
nitric acid as a mist are not normally encountered in the Purex Plant. 

10.4.2.6.4 Precautions 

As previously indicated, the proper types of protective gloves, cloth
ing, and goggles are worn when handling nitric acid. Standard chemical 
plant design practice was followed in installation of the nitric acid 
handling facilities. Deluge-type safety showers and hose bibs are provided 
at strategic locations in operating areas to provide for rapid washing 
in cases of surface exposures, and are kept operative and accessible. 

10.4.2.7 Oxides of Nitroaen 

Oxides of nitrogen are formed when nitric acid co"ntacts organic or 
reducing materials such as uranium, sawdust, iron filings, etc. These 
oxides consist of a mixture of NO, N02, and N2o4. 

10.4.2.7.1 Physiological Effects 

Nitric oxide itself is neither an irritant nor a health hazard but 
is oxidized in the air ts the dangerous dioxides. The nitrogen dioxide 
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and tetroxide dimer exist together in equilibrium co ~entrations which 
are temperature dependent. These nitrogen oxides art only slightly irri
tating to the mucous membranes of the upper respirat y tract. Therefore, 
low but dangerous amounts of nitrogen oxides may be 1· haled before dis
comfort is observed. Higher nitrogen oxide concent~ ions (60 to 150 ppm) 
cause immediate irritation of the nose and throat, · h coughing and burn
ing in the throat and chest. The symptoms often cl up on breathing 
fresh air. However, perhaps 6 to 24 hours after prd nged ·exposure to 
100 to 150 ppm nitrogen oxides or short exposures t9 200 ppm, a sensa
tion of tightness and burning in the chest, shortnes of breath, sleep
lessness and restlessness occur. Air hunger incread rapidly with the 

_ :''" development of cyanosis, fol lowed by death. 

··TO. 4. 2. 7. 2 To 1 erance Concentration· 

The effects of _nitrogen oxides over a wide ran of ;oncentration 
are as follows: 

Concentrition, as N02, ppm 

200 to 700 

Physiologica Response 

Rapidly fata after very short: 
exposures. 

100 to 150 Dangerous fo exposures of 30 
to 60 minute 

s Threshold li 1·t value 

10.4.2.7.3 Extent of Hazard 

The greatest hazard of exposure to nitrogen oxi s comes from the 
fact that serious effects are not felt until several h

1

1

o~rs afterward. 
Nitric acid contact with organic materials or metals due to spills or 
improper decontamination procedures, represents the 

I 
lnief source of such 

fumes, and care should be exercised in all cases whe nitrogen oxide 
fumes are observed. 

10.4.2.7.4 Precautions 

Nitrogen oxide fumes are best handled by contra ing the processes 
so that the threshold limit value for nitrogen oxide is never exceeded. 
If it is necessary for an individual to enter an are 1 where nitrogen 
oxide fumes are present, a suitable air mask and pro 1 ctive clothing is 
provided. 

The presence of oxides of nitrogen may be detec
1 

d by odor and, to 
a certain extent, by color. A characteristic odor i distinct at concen
trations of less than 5 ppm in air. Based on labora 1 ry data with some 
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-
supporting fi.eld observations, the visible threshold for the reddish-
brown tint of nitrogen dioxide (N02) is related to the depth of the 
field by 

C = 2400 
o d 

where 

d = stack diameter, inches 

C
0 

= N02 concentration, ppm (Ref. 32) 

It should be noted, however, that other oxides of nitrogen (NO and N204) 
are practically color1ess and that the relative proportions of the dif
ferent molecular forms are temperature dependent. Thus, an atmosphere 
colored by oxides of nitrogen is probably dangerous, but the absence of 
color does not necessarily indicate safety. 

10.4.2.8 Normal Paraffin Hydrocarbon (NPH) 

The Purex diluent is paraffinic 'hydrocarbon having .from 10 to 14 
carbon atoms. Diluent vapors are heavier than air and tend to set~le 
and accumulate at low points. 

10.4.2.8.1 Physio·logical Effects 

Inhalation of NPH vapor causes irritation of the mucous membranes of 
the eyes and nose. The vapor is a simple asphyxiant or a narcotic when 
present in high concentrations. The symptoms of asphyxiation are rapid 
respiration, diminished mental alertness, nausea, vomiting and loss of 
consciousness. 

10.4.2.8.2 Tolerance Concentrations 

No tolerance limits are specified in the literature for the consti
tuents of the normal paraffin hydrocarbon diluent used in the Purex Plant. 
The TLV for Stoddard Solvent, a hydrocarbon distillate having a similar· 
boiling range to Pure.x diluent, is about 500 ppm (Ref. 25). 

10.4.2.8.3 Extent of Hazard 

Normally, the diluent inventory consists of up to 21,000 gallons in 
the 202-A and 276-A Building process vessels and up to 60,000 gallons in 
storage at the 211-A tank farm. The possibility of diluent contacting 
the skin during sampling operations or because of leaks and spills is the 
greatest potentiai hazard to be encountered when handling diluent. A 
hazardous vapor concentration might occur if a process pipe rupture re
leased large quantities of diluent in a 202-A Building operating area. 

10-57 



RHO-MA-116 

10.4.2.8.4 Precautions 

Equipment for handling diluent is designed in ac 
safe chemical plant practice. In the 202-A and 276-A I 
ventilation system maintains diluent vapors below haza 
The 211-A tank farm is in an open area which permits~ 
escape to the surrounding atmosphere where dilution to 
concentration occurs. 

10.4.2.9 Oxalic Acid 

1

, dance with normal 
u il dings, the 
~ous concentrations. 
ardous vapors to 
negligibly low 

Oxalic acid is a highly toxic chemical that may b absorbed through 
i.n· . the skin in appreciable amounts. Oxalic acid, a redud nt, is stored in 

:}~f:k. a cool area fo tightly covered containers. 

10.4.2.9.l Physiological Effects 

Oxalic acid produces a strong local caustic actio on the skin and 
mucous membranes. Concentrated oxalic acid solutions I educe marked 
irritation and prolonged exposure produces gangrene o~ Fhe skin. In
gestion of 1/2 to l ounce of oxalic acid is usually fa al. Exposure 
to vapors or mists from oxalic acid solutions or inhal I ion of the dust 
causes irritation of the.nasal passages. · 

Systemic intoxication may occur after ingestion ci 
of the acid with central nervous system involvement inl 
vulsions followed by paralysis. Chronic poisoning ma~ 
disability (Ref. 31 ). 

10.4.2.9.2 Tolerance Concentration 

The TLV for oxalic acid is 1 mg/m3• 

10.4.2.9.3 Extent of Hazard 

Oxalic acid is received in the solid form. and use 
0.95M solution to precipitate plutonium oxalate from p 
feed-or at lower concentrations in the makeup of decon, 
solutions. 

10.4.2.9.4 Precautions 

inhalation 
· ca ted by con
, ause permanent 

in the process as 
tonium nitrate 
minating flush 

Respiratory protection and protective clothing ar worn when hand
ling solid oxalic acid. Safety showers and hose bibs e available for 
rapid washing and removal of c-oncentrated solutions fr the skin. 
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10.4.2.10 Potassium Hydroxide (KOH) 

Potassium hydroxide is a strong caustic chemical with properties 
similar to those of sodium hydroxide. ·· 

10.4.2.10.1 Physiological Effects 

Inhalation of caustic mists or dusts causes severe irritation of 
the eyes, nose, and throat. Potassium hydroxide, as a solid or in solu
tion, has a markedly corrosive action upon all body tissue. Exposed 
body areas should be washed immediately with water. 

10.4.2.10.2 Tolerance Concentrations 

TLV for potassium hydroxide is 2 mg/m3. Contact with KOH as a solid 
or liquid sheu1d be avoided . 

10.4.2.10.3 Extent of Hazard 

Potassium hydroxide is received and stored as a 45 wt% solution for 
use in metathesizing uranium tetrafluoride solids produced during the 
decladding process to hydrous uranium oxide. 

10.4.2.10.4 Precautions 

Equipment for handling potassium hydroxide solutiqns is designed in 
accordance with normal chemical plant practice. Proper protective cloth
ing is worn by operating personnel and the safety showers provided are 
kept operable and accessible. 

10.4.2.11 Potassium Permanganate (KMn04) 

Potassium permanganate is a powerful oxidizing agent that may react 
explosively when contacted with sulfuric acid, alcohol, ether, fla1T1T1able 
gases and combustible materials. 

10.4.2.11.1 Physiological Effects 

Permanganate dust acts as a lung irritant with prolonged exposure 
resulting in pneumonia and bronchitis. Like other manganese compounds, 
it is a systemic poison causing permanent damage to the nervous system 
and is particularly hazardous as the TLV is below the irritating level. 

10.4.2.11.2 Tolerance Concentrations 

The TLV for potassium permanganate is 5 ppm. 

10-59 



-------------------------------

RHO-MA-116 

10.4.2.~l .3 Extent of Hazard 

Potassium permanganate is received as a solid d used in the make
up of the solvent treatment wash and some flush sol ions. 

10.4.2.11.4 Precautions 

Respiratory protection is worn when handling s
1 

id KMn04. The 
chemical is stored separately in tightly covered me l containers. 

10.4.2.12 Silver Nitrate (AgN03) 

-Silver nitrate is a powerful oxidizing agent a , a fire hazard. 
Silver nitrate crystals react vigorously with reduc ng solids. 

10.4.2.12.1 Physiological Effects 

Contact of silver nitrate solutions w"ith the s 1n causes a charac- · 
teristic, but nonhannful, darkening due to silver d

1 

rosition and/or 
reaction with protein of the skin. Ingestion of th bitter tasting, 
highly caustic, silver nitrate results in a poisoni , caused by absorption 
irt the blood followed by deposition ·in various body issues. 

10.4.2.12.2 Tolerance Concentrations 

-A fatal ingested dose for an adult is 30 grain with death occurring 
within a few hours to several days. 

10.4.2.12.3 Extent of Hazard 

Silver nitrate is received in crystalline fonn nd is used only 
infrequently as a dilute solution for regenerating tie silver reactors. 

10.4.2.12.4 Precautions 

Standard precautions, including isolation and (nimal protective 
clothing, are used during storage and handling of s, ver nitrate. 

10.4.2. 13 Sodium Fluoride (NaF) 

Sodium fluoride is a highly toxic chemical tha must be handled with 
extreme caution. Addition of NaF to acidic solutio liberates hydro
fluoric acid. 

10.4.2.13.l Physiological Effects 

Inhalation of NaF powder can destroy mucous me rane and tissue cells. 
Large doses can cause damage to the gastrointestina and nervous systems 
as well as bone structure. 
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10.4.2.13.2 Tolerance Concentration 
.. 

The 1 etha 1 dose by ora 1 ingestion i.s 1 ess than 60 mi 11 i grams. Doses 
of 25 to SO mg cause severe vomiting, diarrhea and central nervous system 
disorders. 

10.4.2.13.3 Extent of Hazard 

Sodium fluoride is used in the makeup of the dilute scrub solution 
used to remove fission products from the ion exchange column in the nep
tunium purification cycle . 

. ·'10\4.2.13.4 Precautions 

Personnel handling NaF wear respiratory protection,- safety goggles 
and protective clothing. The NaF required for the scrub solution makeup 
is either purchased in the desired size package or prepackaged in a small 
ventilated glovebox or hood located in the laboratory. 

10.4.2.14 Sodium Hydroxide 

Sodium hydroxide is a chemical widely used in· industry. Proper pro
tective equipment, such as gloves~ clothing, and gogg-les, is worn when 
handling sodium hydroxide. 

10.4.2. 14.1 Physiological Effects 

Sodium hydroxide as a solid or in solution has a markedly corrosive 
action upon all body tissue. The corrosive action causes burns and fre
quently deep ulceration, with ultimate scarring. Prolonged contact with 
dilute sodium hydroxide solutions also has a destructive effect upon 
tissues. No time should be lost in washing exposed body areas with water. 

Inhalation of sodium hydroxide when dispersed as a dust or mist of 
concentrated solution can cause damage to the upper respiratory tract and 
to lung ti?sue, depending upon the severity of the exposure. Ingestion 
of sodium hydroxide either in the solid or solution fonn causes serious 
damage to the mucous membranes or other tissues with whic~ contact is 
made. 

10.4.2. 14.2 Tolerance Concentrations 

The recommended TLV for sodium hydroxide is 2 mg/m3. 
sodium hydroxide as a liquid or a mist should be avoided. 
2 grams is sufficient to cause death. 
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10.4.2.14.3 Extent of Hazard 

The usage of sodium hydroxide when processing 
is confined to neutralizing process wastes and reg 
demineralizer units. The hazard is thus localized 

10.4.2.14.4 Precautions 

Equipment for handling sodium hydroxide soluti 
accordance with nonnal chemical plant practice. P 
ing is worn by operating personnel and the safety s 
kept operable and accessible. 

10.4.2.15 Sulfuric Acid 

·rcaloy clad fuel 
rating the water 
a great extent. 

sis designed in 
er protective cloth
wers provided are 

Sulfuric acid is a corrosive mineral acid wid~ : used in the chemical 
industry. In handling sulfuric acid, the -proper t~ s of gloves, clothing, 
and goggles are _worn. 

10.4.2.15.l Physiological Effects 

Sulfuric acid causes severe burns on contact ·ih the skin. Concen
trated sulfuric acid is a strong dehydrating agent, nd this property 
causes a burning and destructive action. Sulfuric id splashes on the 
skin should be rinsed irrmediately with abundant qu ities of water. 

Except on· heating, no appreciable fumes are e1 

acid. However, a spray or mist may be produced du 
The fumes and mists are very irritating and attack 
tract. 

In case of ingestion of sulfuric acid, the pa 
milk of magnesia, up to 8 fluid ounces, and quanti 
followed with egg whites and milk. Emetics and ca 
avoided. Without treatment, ingestion of only 3.8 
may result in death of an adult. 

10.4.2.15.2 Tolerance Concentration 

ved from sulfuric 
g chemical reaction. 
e upper respiratory 

nt should be given 
s of water or milk, 
nates should be 
ams of sulfuric acid 

Nonnally 0. 125 to 0.5 ppm of sulfuric acid va in air may be mildly 
annoying, 1.5 to 2.5 ppm can be definiteiy unpleas~ , , and 10 to 20 ppm is 
unbearable. The threshold limit value for ,sulfurid cid fumes is 1 mg/m3. 

10.4.2.15.3 Extent of Hazard 

The principal use for 93 wt% sulfuric acid in . 
the regeneration of water demineralizer units. Th 
cause of the limtted quantities involved and the lo 
contact with personnel. 
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10.4,2.15.4 Precautions 

As previously indicated, protective clothing designed to prevent 
contact of the chemical with the skin is worn when handling sulfuric 
acid. Standard chemical plant design practice was followed in instal
lation of the sulfuric acid handling facilities. Deluge-type safety 
showers and hose bibs are provided at strategic locations in operating 
areas to provide ·for rapid washing of surface exposures. 

10.4.2.16 Tributyl Phosphate 

Tributyl phosphate (TBP) is.a colorless, odorless organic liquid. 
Due to .its low volatility, TBP vapors are seldom present. 

10.4.2.16.1 · Physiological Effects 

Tributyl phosphate is classed as a moderately toxic acute local 
irritant which is also moderately toxic if ingested or inhaled. Tri
butyl phosphate causes stimulation of the central nervous system, but 
the effect is not severe enough to cause permanent injury. The effect 
of chronic exposure is not given in the literature. 

10,4.2016.2 Tolerance Concentrations 

· The TLV for TBP is ·S mg/m3. 

10.4.2.16.3 Extent of Hazard 

Tank cars of TSP are emptied into the 30,000 gallon TSP storage tank, 
TK-41, at the 211-A Chemical Tank Fann. The handling of TSP is accom
plished with permanently installed pumps and piping . 

10.4.2.16.4 Precautions 

Equipment for handling TBP was designed in accordance with normal, 
safe chemical plant practice. 

10.4.2.17 Uranium, Plutonium, Neptunium and Radioactive 
Fission Products 

Uranium, plutonium, neptunium and radioactive fission products repre
sent a serious health ha~ard. The principal physiological effect of these 
substances is due to radioactivity. Plutonium is also highly toxic and 
has the lowest permissible level of any of the radioactive elements. In 
the body, plutonium is concentrated in the blood-forming sections of the 
bone. The hazards involved in handling these chemicals are discussed in 
Section 10.1 and Reference 31. 
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1'0.4.2.18 Other Process Chemicals 

Other process chemicals, aluminum nitrate, fer ous sulfamate, sodium 
carbonate, sodium nitrate, sulfamic acid, sugar, an tartaric acid are 
discussed in Reference 31 but are not hazardous eno 1 ah to warrant a de
tailed discussion here. Reasonable care should be I xercised, however, 
in handling these chemicals (except sugar), to avoi 1 skin contact and to 
assure that ingestion does not occur. Chemical sto 1 age areas are 
arranged to assure separation of noncompatible chem 1 cals and reduce fire 
or exp 1 o_si on hazards. 

10.5 CRITICALITY PREVENTION 

The principal plutonium isotope, Pu-239, and tie uranium isotope, 
U-235, are both capable of self-sustained nuclear~ ssion reactions. Both 
nucl ides· are handled in the Purex process .. However the U-235 content of 
the fuel is limited and U-235 is invariably associa ed with n~utron 
absorbing U-238. A chain reaction of ~-235 is therl fore _not possible under 
the conditions of the Purex_process once the fuel i in solution. Conse
quently, this section deals only with Pu-239 critic lity prevention. . 

10.5.1 Introduction 

Plutohiurn-239 is capable of both slow- and fas
1 

-neutron chain reac
tions. Slow-neutron chain reactions ~esu1t when tH neutrons released by 
the fission of Pu-239 nuclei are moderated to lowe~ levels by collisions 
with other kinds of atoms before capture by other~ -239 nuclei, which 
in turn fission and continue the reaction·. Fast-n; tron cha in reactions 
are basically the same, except that free neutrons u dergo essentially no 
moderation with other atoms and thus lose no. energ~ before capture. A 
certain quantity of plutonium must be present unde1 a give.n set of con
ditions before a fission reaction can become-self- staining. This 
quantity is called the ~r-,;ticaZ mass. Since the fi sion capture cross
section is smaller for fast neutrons than for slow eutrons, a larger 
weight of Pu-239 is required to produce fast neutrg criticality. Under 
certain conditions, as little as 0.5 kilogram of p~ tonium may undergo a 
slow-neutron chain reaction, while a fast-neutron 1 action requires 
S kilograms. Typical fast-neutron reaction conditi ns--plutonium concen
trations above 5,000 g/i and H:Pu atomic ratios be1 ow 5--are entirely 
foreign to the Purex process. However, less extreme conditions result in 
significant contribution to slow-neutron reactions lby neutrons of higher 
energy. · The specific concern with critical mass i~ the Purex Plant is 
generally the prevention of slow-neutron reactionsjof plutonium, with 
the potential contribution of higher-energy neutro~s being of concern only 
in exceptional cases, as noted later in the sectiorn. This section pre
sents the technical and experimental background of the critical mass 
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problem as well as the design features and operational safeguards employed 
to preclude a critical accumulation of Pu-239 in the Purex Plant. It will 
become evident from the following discussion that special criticality 
safety measures are required only in connection with equipment containing 
pl uton·ium after it has been separated from uranium. 

10.5.2 Critical Mass for Slow-Neutron Fission 

The amount of plutonium required to reach criticality is dependent 
on a number of factors which affect either moderation .(slowing down) of 
fast neutrons or the possibility of neutron capture by the Pu-239 present. 
The principal factors include: (a) the relative abundance of the various 
plutonium isotopes, (b) the concentration of the plutonium, (c) the nature 
and concentration of other chemical elements present, (d) the geometry of 

·"the assembly, and (e) the nature of surrounding materials. 

10.5.2.l Minimum Critical Mass 

The smallest conceivable volume for a self-sustained Pu-239 chain 
reaction would be with solid Pu-239, which would undergo a fast-neutron 
reaction. However, the smallest conce_ivable weight of plutonium which 
could sustain a reaction would occur ~ith the plutonium moderated for a 
slow-neutron reaction. Such a minimum conceivable critical mass under 
conditions of the Purex Plant occurs when the plutonium is unifonnly 
distributed in an approximately 12-inch-diameter sphere,"moderated, and 
surrounded by water. The value of the "minimum critical mass" varies 
slightly with the total reactor exposure that the parent fuel elements 
have received, because of the increased concentration of Pu-240 fanned 
with increased reactor exposure. Plutonium-240 has a poisoning effect 
which inhibits the criticality of Pu-239. 

The minimum critical mass for pure Pu-239 in water (which has sig
nificance as a limiting case for p1utonium produced at zero megawatt-day 
per ton reactor exposure) has been calculated as 510 grams, and occurs at 
a plutonium concentratfon of 32 g/i in a 12.2-inch-diameter sphere. (This 
hypothetical value is derived from measured critical masses by applying 
appropriate corrections for foreign ions and solid walls of finite thick
ness necessarily present in experimental detenninations.) The minimum cri
tical mass values for water moderated plutonium produced in fuel elements 

·with various total reactor exposure levels are shown in Figure 10-3 (Ref. 33). 

10.5.2.2 -E.ffect of Geometry 

The effect of sphere or cylinder diameters on the critical concen
tration is shown in Figures 10-4 and 10-5 (Ref. 33). These curves illus
trate the situation for complete_ly water-reflected spheres and cylin
ders, i.e., for those cases where a large percentage of neutrons which 
initially escape from the vessel are reflected back to the plutonium mass. 
The critical diameter versus plutonium concentration for unreflected infi
nite cylinders is shown in Figure 10~6 (Ref. 33). The critical concen- · 
tration (and mass) is higher for air-reflected (air-surrounded) spheres or 
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cylinders, since few of the escaping neutrons are refl cted back to the 
plutonium mass. It may be noted from Figures 10-3 and 10-4 that the critical 
mass of plutonium is highly dependent on the geometry f the containing 
vessel as well as the plutonium concentration. In fac,, a plutonium concen
tration above a certain critical value is required to upport a chain reac
tion in a cylinder of any given diameter, even when th cylinder is infin
itely long. Figure 10-5 and 10-6 show the effect of d ameter on the criti
cal concentration of infinitely long, water-reflected nd air-reflected 
cylinders for plutonium produced at various irradiatio levels. These curves 
can be used to find the maximum diameter of an "always safe" infinitely long 
cylinder in which slow-neutron criticality is impossib e. As the irradia
tion level of the plutonium increases, the maximum saf diameters increase 
because of the poisoning effect of the increased Pu-24 concentration. 

ld.5.2.3 Effect of Other Elements 

The introduction of chemical ions into a plutoniu solution generally 
increases the critical mass. This. increase ·is caused y .the combined 
effects of substituting nonmoderating foreign ions for some of the water 
moderator which causes more neutrons to escape from th vessel and 
substituting foreign ions with neutron absorption eras -sections higher 
than that of water. Since the foreign ion absorbs mar of the slow 
neutrons and moderates fewer fast neutrons, the critic 1 mass must be 
increased. to provide more .neutrons to counterbalance t e increased loss 
of neutrons due to absorption and leakage. 

The uranium isotope U-238 also inhibits plutonium criticality, render
ing a chain reaction impossible in a solution containi g the uranium iso
topes (notably U-238 and U-235) and plutonium in appro imately the propor
tions as in the irradiated fuel elements. 

10.5.2.4 Effect of Plutonium Concentration 

ihe critical mass as a function of plutonium cone ntration passes 
through a minimum at an optimum plutonium concentratio , as shown in 
Figure 10-3. · 

. Figures 10-5 and 10-6 indicate the critical conce tration of various 
long air-reflected and water-reflected cylinders. The critical concentra- 3 tion for these infinitely long cylinders falls rapidly from about 0.08 g/cm 
towards an asymptotic value as the diameter increases bove 8 to 10 inches. 

The critical concentrations in slabs of varying t icknesses for a 
3 wt% Pu-240 system are shown in Figure 10-7 (Ref. 33). The critical con
centration for slabs falls rapidly toward an asymptoti value as the slab 
thickness (solution depth) increases up to 6 to 10 inc es depending upon 
the amount of reflection and isotopic content. 

10-70 



i::OL-·· · 

'~~~:· ..... 
.. ;~ 

j~ 

~?: 
:·~~. 
~tt;r:::w~ 
iijr.,,_ 

, .;• r "-:' ~:. 

RHO-MA-116 

,· 

7000 ,--------------------

5000 

N ---C') 

/ UN REFL.E CTED 

a 

z 
0 -t-
< e::: 
I-z 1000 L.1..1 u z 
0 u 
~ 
::, -z 
0 
I-=:, 
-l 
c.. 

FULL H20 REFLECTION 

100 .__ ______ _... __ ....i,,__.,.__..i...,.. __ __._~ 

1 2 3 5 7 10 20 30 

SOLUTION DEPTH, in 
RCP7906-38 

FIGURE 10-7. Critical Slab Concentration, Plutonium (3 Wt% Pu-240) - Water. 

l 0-71 



, 

RHO-MA-116 

For plutonium concentrations below the critical 
is safe from chain reaction in any vessel, regardless 
shape providing there is no neutron interaction with 
containing vessels. 

10.5.2.5 Effect of Surrounding Materials 

alues, the solution 
of its size and 
ther plutonium 

The effects of surroundings on critical cylinder geometry were dis
cussed briefly above. The following effects were not d when the critical 
shape containing 500 g Pu/2 solution (3 wt% Pu-240) w s surrounded with 
air and with water: 

Geometric Shape 
Minimum critical infinitely 
long cylinder inside 
diameter, inches 
Minimum critical infinite 
slab solution depth, 
inches 

Air-Reflected 
9.8 

5.7 

Water-Reflected 
6.7 

2.5 

As indicated above, surrounding a vessel with wa er instead of air 
significantly affects the minimum critical dimensions. In those portions 
of the Purex Plant where safe geometry has been emplo ed, it has generally 
been assumed that the vessels will be reflected by a inimum of l inch 
of water unless interaction w.ith other v~ssels is cal ulated. In the 
latter case, the actual system is assumed. However, in the plant it is 
generally impossible to design an equipment piece whi his completely 
surrounded by air. Therefore, the effects introduced by the surroundings 
must be considered and ·suitable. allowances made in th geometry of the 
vessel. Among the effects which must be considered a e the following: 

• The thickness and type of container walls. For example, 'increas
ing the stainless steel wall thickness has a adverse effect on 
safe slab and cylinder dimensions. 

1 The presence of nearby objects which can mod rate and/or reflect 
neutrons to the vessel. In this category wo ld fall the various 
appendages (e.g., auxiliary instrument lines and support dun
nage) to the vessel and confining cell walls. 

• The presence of nearby (or connecting) vesse s which contain· neu
tron sources. When neutron sources are 2 fe tor more away from 
a vessel, "interaction" effects are generall negligible. 
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• The presence of other types of reflectors, such as concrete or 
lead. Concrete is a better reflector than water for vessels, 
containers, or arrays which have one noncurved dimension which 
is fairly large (>l foot). ·Since most of the Purex vessels 
are longer than this, concrete is usually included in safe 
design calculations. Lead must be greater than 6 inches thick 
to exceed the ·reflecting effect of water and this condition 
seldom occurs. 

10.5.3 Criticality Prevention Methods (Ref. 34) 

Accumulation of a critical mass of plutonium in any process solution 
is prevented by the use of any of the following basic approaches: (a) con
centration control, (b) geometrically favorable shapes, (c) batch limits, 
(d) neutron absorbers or poison control, or (e) some combination of two 
or more of the above. · 

The method of concentration· control involves processing solutions 
of compositions that cannpt become critical under any possible process 
condition. Criticality is not pos·sible because of the absorption of free 
neutrons by other ·elements in the solution. A solution cannot be consid
ered safe without additional safeguards if any condition leading to 
separate precipitation of the plutonium is possible. 

The method of.geometrically favorable shapes involves handling 
plutonium in equipment of such size and shape that enough free neutrons 
escape for criticality to be impossible in any unexpected contingency. 
This is different from geometrically safe equipment which would be safe 
for.any plutonium concentration, an extreme and unnecessary limiting 
condition. The geometrically favorable solvent extraction columns in 
the Purex Plant are sometimes incorrectly referred to as safe columns. 
The diameter of such columns is dependent upon the supports or reflectors 
around them. These columns, designed against a_ slow-neutron reaction, are 
known to be 11 critically favorable 11 only for plutonium concentrations up to 
450 g/t. However, in nitrate systems the columns are satisfactory for 
concentrations up to at least 1,000 g Pu/t. 

-Tha method of batch limits involves handling the plutonium in iso
lated batches which contain less plutonium than the minimum amount which 
will become critical under the most unfavorable conditions expected. 

' 

The method of poison control involves the addition of strong'neutron 
absorbers such as cadmium, i.e.; cadmium nitrate, to absorb free neutrons. 

10.5.4 Criticality Prevention in the Purex Plant 

In the Purex Plant all four ~f the above mentioned methods of criti
cality prevention are employed. In the initial processing steps of the 
Purex Plant--from the dissolvers through the codecontamination cycle-
criticality prevention is achieved by the principle of safe concentration 
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and plutonium mass limits. The plutonium and uraniu in these proces.s. 
equipment pieces are present in the same ratio as in the irradiated fuel 
and ·criticality is not possible because of the large amount of U-238 
present. By selective precipitation of plutonium in the head-end vessels, 
it would be conceivable to accumulate a critical mass. However, the 
chemical conditions required to pennit selective precipitation are diffi
cult to create, and the possibility of accumulation of a critical mass in 
these vessels is, accordingly, extremely remote. N w limits pennit safe 
operation even with selective plutonium precipitati n. 

In connection with the lBX and lBS columns and the 2AF tank, safety 
methods based on combinations of concentration cont ol and Qatch limit 
principles are employed as dis~ussed in Section 10 .. 3. 

In the second and third plutonium extraction c cles and the pluto
nium sampling and loadout facilities, vessels of ge metrically favorable 
design, i.e., slabs and cylinders either alone or i favorable combina
tions~ are used,. Consideration was given during th design of various 
equipment pieces to the interaction and reflection ffects for each 
specific equipment installation and suitable allowa ces were made in the 
dimensions of the vessels to provide a safe integra ed unit. These 
geometrically favorable vessels are subcritical eve if plutonium preci
pitates were to accumulate in them. 

Batch limitations are employed in meterinq the plutonium product 
solution into product removal cans, even thouqh bat hinq .is not required 
from a criticality prevention standpoint at the Pur x Plant since both 
the sampler tank and the product removal cans are o geometrically favor
able design. Batching is employed for accountabili y reasons, to provide 
critically safe batches suitable for handling in su sequent processinq 
steps, and to avoid overflowing the product receive vessel. 

Poison control is used in the transfer of cone ntrated rework solu
tion from L Cell back to the feed makeup tank (TK-E ). 

In determining the criticality prevention meth ds to be employed, 
as well as in the design of the various geometrical y favorable vessels, 
the following basic assumptions are made: 

1 The feed material to be processed in the lant is irradiated uran
ium having an average initial concentrati n of less than 1 .15 wt% 
U-235. For irradiated uranium in which t e plutonium content is 
less than about 2,300 grams per ton of ur nium, the resulting 
solutions are safe because of the neutron absorption of U-238. 

1 The uranium fuel elements processed are i radiated in the reac
tors to a level to produce plutonium with at least 3% Pu-240. 
The design of the geometrically favorable vessels is based on 
this minimum Pu-240 content. At higher i radiation levels, the 
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Pu-240 content of the plutonium is increased.· Since Pu-240 acts 
as a poison, the geometricalli favorable ve~sels contain a greater 
factor of safety for processing fuel elements having a higher 
irradiation exposure. 

10.5.4ol Geometrically Favorable Equipment 

Equipment of geometrically favorable design is employed from the 
2AF tank through the rest of the plutonium processing operation. Included 
in this equipment group are: the 2AF tank, the 2A and 28 columns, the 
3AF tank, the 3A and 38 columns, the plutonium stripper, concentrator and 
condenser, the plutonium receiver, the plutonium samplers, the vacuum tank, 
and the product removal cans. The plutonium denitration facility equipment, 
which is scheduled for installation prior to resuming plant operation, is 
also geometrica1ly favorable. 

In the design of geometrically favorable equipment, cylinders and 
· slabs of'small dimensions are interconnected. In the case of the 2A and 
28 columns, for example, the plate section of the, column is a 7-inch-I.D. 
cylinder while the phase disengaging sections at the top and bottom of the 
columns are slabs of 3-inch inside height or annular shapes of similar 
thickness. To aid in the design of these columns and other critically · 
favorable vessels, the following guides have been used. 

• Favorable columns are limited to a maximum internal diameter of· 
7 inches. and safe slabs to a maximum inside thickness of 3 inches-. 
These dimensions are sufficiently smaller than the actual criti
cal diameters and thicknesses for air-reflected assemblies to 
allow for a reasonable extent of reflection and interaction 
effects with surrounding vessels, concrete, and structural mem
bers and thereby to pennit reasonable flexibility in design. 

• The maximum size right-angle tee employed in an air-reflected 
critically favorable assembly is limited to 5-inch pipe. 

• A 7-inch-I.D. critically favorable cylinder should neck down to 
5 inches or less for a distance of at least 2 feet before a sharp 
bend or miter joint. 

• A critically favorable 3-inch-thick slab should neck down to 
a width of 12 inches before transition (i.e., conversion for 
attachment to a 5-inch pipe}. 

• In general, pipes should not connect to the large flat faces of 
critically favorable slabs but should center on the 3-inch-high 
sides. Such pipes shou1d extend 2 feet from the slab before run
ning perpendicular to the large flat faces of the slab. For the 
3-inch slabs used in the 2A and 2B columns, calculations indi
cate that half-inch-diameter pipes may enter directly into the 
slab as long as these pipes are 2 feet apart. 
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• In general, pipes should not enter directly into the 7-inch-I.D. 
cylinders. However, for the 2A and 28 columns, calculations 
have indicated that the construction used for the 11 doughnut-type 11 

distributor introduces no intolerable eff cts as long as the 
2-inch International Pipe Standard (I.P.S.) 11 doughnut 11 is at 
least 6. inches from the outside shell of he cylinder. From the 
"doughnut" three equally spaced 1/2-inch ipes lead into the 
cylinder proper. 

1 Geometrically favorable assemblies should be placed at least 
2 feet from other vessels containing plut 

• The method of supporting a safe assembly is important. The 
effects of supports and the surroundings ust be considered. 

• New and revised equipment design is revie ed by criticality safety 
specialists prior to constructian and/or installation, depending 
upon complexity. 

10.5.4.2 18 Extraction and 18 Scrub Columns and 2A Tank 

The 18 extraction column, the 18 scrub column, and the 2AF tank rely 
primarily on concentration control for·criticality revention. During 
normal or near-normal operation, the plutonium cone ntration in these 
process vessels (0.2 to 1.0 g/1) is far below the limiting concentration 
of 6 g Pu/i. · 

In the 32-inch-diameter 1B extraction column, he following safe
guards are available in addition to dilution: 

• In most of the lBX column, uranium is pre ent in appreciable con
centrations along with the plutonium. 

, Three neutron monitors are located 5 feet apart vertically on the 
lower section of the lBX column to provid an instantaneous indi
cation of changes in the Pu-239 concentra ion. 

1 An alpha monitor on the lBSU stream which recycles to the lBX 
column feeq tank provides an indication o excessive plutonium 
recycle. 

• The addition of ferrous sulfamate is cont olled so that the plu
tonium concentration in the column _should not exceed 6 g/2 and 
cannot exceed 7.2 g/t. 

During periods of abnonnal operation it would e possible to accumu
late plutonium in the lBX column. For example, if he lBX and aqueous 
effluent streams.were shut off and the organic feed was introduced to the 
column, plutonium would strip into the aqueous phas . Under such condi
tions, the plutonium would build up until the ferro s iron reducing·agent 
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is oxidized. At flowsheet conditions, the existing aqueous phase plutonium 
concentration might then· approximate 7.2 g/t assuming sufficient reductant 
addition, slightly less than the 8 g/i minimum criti~al concentration. 
The presence of uranium in both the continuous phase (aqueous) and the 
dispersed phase (organic) provides an additional margin of safety. 

The 8-inch-diameter 18S column is safe against a slow-neutron reac
tion by virtue of its geometry for any plutonium concentration up to 
450 g/i with minimal water reflection. However, the upper disengaging 
section is not geometrically favorable and plutonium concentration control 
is necessary. Similar control is required for the lBX column disengaging 
section and the SJ Sump. · 

· The occurrence of a nuclear chain reaction with the potential minimum 
critical mass of plutonium for the 18S-column (1,600 grams) would require 
the accidental co-occurrence of the following events, each extremely un
likely in itself: 

• An undetected plutonium holdup of 1,600 grams 

• A reflux into the upper disengaging chamber. 

The annular 2AF tank is geometrically favorable in the presence of 
nitrate for a p·lutonium concentration of 450 g/t. However, the plutonium 
concentration is kept low for sump safety considerations. Similarly, the 
plutonium concentration in the geometrically favorable second neptunium 
cycle equipment is limited because of the sump._ 

10.5.4.3 Sumps 

In case of rupture of an equipment piece ·containing concentrated 
plutonium solution, the solution is collected in the cell sump. In the 
design of L Cell (containing the second and third plutonium extraction 
cycles) and the PR room sumps, critically favorable slab construction has 
been employed. The sumps have been so designed that the contents of any 
one vessel in the cell may be safely dumped into the sump under normal 
conditions. To determine the presence of slight leaks and a possible 
accumulation of solutions containing plutonium, the weight factor dip 
tubes for the L Cell sumps, SLK and SLL, are connected to alarm lights on 
the operating panel boards. The relatively flat SLL sump can normally 
safely receive the contents of any vessel above it if the sump plutonium 
content is initially low. Critic~lity safety analysis indicates that a 
total plutonium content of 50 kg is subcritical in the sump after any 
foreseeable accident. 

10.5.4.4 Rework Effects 

During periods of nonstandard operation of the Purex Plant, it is 
occasionally necessary to rework waste and product solution containing 
significant amounts of plutonium. To accomplish this, the solution is 
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routed to the feed makeup tank (TK-E6) 1.vhere it is ombined with dissolver 
solution for transfer to the HAF tank (TK-Hl) or it is routed to the 3AF 
tank. Special operating precautions must be taken hen batches are re
worked via the HAF tank to prevent enriching the di solver solution suffic
iently to approach criticality prevention limits. or example, the vessels 
at the head end of the process are safe primarily b cause the plutonium 

_ c~ntent·of irradiated uranium from N Reactor fuel i less than 2,300 grams 
per.ton. Thus, the plutonium added to TK-E6 for re ark must not result in 
the presence of more than 2,300 grams per ton of ur nium. 

10.5.S Consequences of a Crtticality 

The possibility of a plutonium criticality inc dent in the Purex 
P.lant is extremely remote. Criticality could occur on·ly as the resuit 
OT a number of simultaneous abnormal events, each e tremely unlikely in 
itself. If a critic~l concentration is accidently eached in any process 
vessel, the outcome will depend largely upon the ra eat which the super
critical conditions are attained. The possibilitie range all the way. 
from (a) simmering at a temperature slightly above- hat of the room, 
th-rough (b) slow boiling, and (c) boiling· at a pres ure high enough to 
·eject plutonium solution through the vent system to the atmosphere, to 
(d) a steam explosion with a temperature of less -th n'. 5000°C. Cases c 
and dare consider.ed· extremely unlikely. The mos:!;'.;; x.treme conditions 
believed at.all likely if the critical concentratio Jis exceeded are: 
("a) development of about two atmospheres ·of absolut pressure for less 
than 1/10 of a second in the process vessel and (b) a. high gamma radiation 
field in the irrmediate area even behind 1 1/2 feet f concrete shielding. 
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