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FIGURE I - 44
PLUTONIUM (M) DISTRIBUTION

EFFECT OF HNO 3 AND U0dp4 3)2 CONCENTRATION
SOURCE OF DATA: HW-19303
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FIGURE N-46
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GAMMA EMITTING FISSION DDISTRIBUTION
EFFECT OF HNO 3 AND AI(NO3) 3 CONCENTRATION

SOURCE OF DATA: MonN-319
Concentration of Al(N03)3 in Aqueous Phase Moles/Liter

0 I

Organic Phase Hexone
Aqueous Phase: 0.02 M U, OM K Cr
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FIGOC-TO
URAN IUM -FISSION PRODUCT SEPARATION FACTOR
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GAMMA EMITTING FISSI T DISTRIBUTION
EFFECT OF AI(NO3)3 AND HNO 3 CONCENTRATION

SOURCE OF DATA: ORNL - 37
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RMTONIUM DISMRIBIK

SCIES PRlT IN PROCESS SOIflTIONS

A. Hanford Works IAborEtory Data (HW-13415):

Species Present Percent of Total Volatilization Rate Pistribution Patlo Cin Dissolver Hu in Dissolver (0 zone at 1-, . .Solution Solution Aged Percent/jfifte . .
Atout 10 Day

Total nu io (1g in hrs.) .01Al  45 10 0.01'A2  50 1.0 o.ooh
B r a 

0 1 Ib 0.oo18

a . The fraction of ruthenium species 1 is quite low in fresh dissolversolution (1 per cent or less). However, the fraction increasesmarkedly upon standing to 10 or 20 Por cent species B after 30 days.
b . After ' hours usinw M ozone, practically all of the Ru remaining

is species B.

c . 0TNL June, l'h1 Flovsheet.

Note: After a head-end treatment consisting of air sperging dinsolver so-lution, containing initially 0.(0 7M 0 , for " hours at RV*C.,the initialruthenium distribution rati 9  , is eftiit 10-3 under ORNL June,1194 Flovsheet conditions.?CV

B. ORNL laboratory ata (ANL-.;)-43):

Form Dijstribution Ratio, G./L. Org.
(,./L. Aq.

Ru A 7.Js
Pu P 0.05 ± 2&Pu a .

Notes:

1. Conditions:
Aqueous phase: 1 M Al(NO Orpanic phase: (. ,( M NO

0.7o M I 3, at'd with 11,0lGt'd with hexone
Ruthenium: Ru tracer, distilled as RuO),
An equilibrium mixture of Ru A and Ru B is obtained when hu traceris introduced into the aqueous phase end allowed to remain In contactwith hexone for several days. The equilibrium constants of the reaction

Tl l 4A 'u A , k - I.ll A
pu P

are as follows: in the organic phase, 2P t YY4; in the nquenus phase,ca. 0.2 (calculated). Half time for the establishment of the
equilibrium is ca. 1 hour.

3. Ru C is obtained when the tracer is allowed to stand in dilute HN03for several months. In contact with hexons Pu C Is fairly rapidlyconverted to a mixture of Pu A and lu P. Nit, its accelerates theconversion. fltrong oxidation converts Pu 2 to Pu 1.

4. Ru P obtained when the tracer is ellowed to stand in 04 1) for severalmonths. Ru hanges farl rapio end uwhen It 
-incnLASitIFIED

mEI8F" n u1
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FIG
RUTHENIUM DISTRIBUTION

EFFECT OF AUNOM3  AND HNO 3 CONCENTRATION

SOURCE OF DATA: ORNL-343

Initial Concentration of HNO 3 In Aqueous Phase, Moles/Liter

- A.: 0.1 M Cr1Of, 0.2 M 1N43, AlNo.)3 ,Ru tracer
S5 Org.: Hexne (Volume Ratio a I:I)

c0 Scrub-
Aq.: 0.1 0 HNOw, Frost AI(N 3)3

OrgA Hene Pre-eqdbrated with AI(NOt 3 ,Ru rooer

1 Extraction -

Aq.: 0.1 M CrgO, 0.2 M AIH0 31 , Irradiated U-Al
Org.: Hexone (Volume Ratio a1:1)

o Scrub-

Aq.: 0.75 Ah 3 h
0.01- Org.: Hexone Pre-equIllbrated with AI(NOt3, Ru tracer

0.001

Concentration Ex c tioPhe Moles/LIter

x ( uSe i
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FIGURE I;-5
ZIRCONIUM-NIOBIUM DISTRIBUTION

EFFECT OF AI(N0 3 )3  AND HNO3 CONCENTRATION
SOURCE OF DATA: ORNL-343

Initial Concentration of HNO In Aqueous Phae, Moles/Liter
-0.2 0 0.2 A.4 0.6 0.8 1.0

0 Aq: 0.1 M NagCr2O7, 1.2 M A(N0g3, Irradiated U-Al

1.0 Org: Hexone (Volume Ratio r I: I )

0 Aq: 0.1 M Cr 2Of, 0. 25 M HN0 3 , Zr-Nb tracer
Org: Hexone (Volume Ratio 1: 1)
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FIGURE 1-56

CERIUM DISTRIBUTION

EFFECT OF A(NO3 %3 AND HNO 3 CONCENTRATION

SOURCE OF DATA' KAPL-223

Initial Concentration of HNO 3 in Aqueous Phase, Moles/Liter
-0.2 0 0.2 0.4 0.6 0.8 1.0

E.0

0.1 -

.2
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S13 Aqueous: 1.24 M AI(NO3)3, Ce tracer,

E o 0.025 M Na2 Cr207
Hexone: 0. 3 M HNO3 except in0.01 

acid-deficient region
O Aqueous: 0.5 M HNO3 , Ce tracer,

0.025 M Na 2 Cr 2 07
Hexone: 0.3 M HNO3

0.001
O. 0.8 0.9 1.0 1.1 1.2 1.3

Concentration of AI(NO3)3 In Aqueous Phase, Moles/Liter
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FIGURE IS-57

CERIUM DISTRIBUTION
EFFECT OF Nr2 2 7 CONEN TRATION
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FIGURE IV-58
Co CERIUM DISTRIBUTION
o EFFECT OF INERT Ce(NO 3)3  CONCENTRATION

SOURCE OF DATA: KAPL-223

0' 0a -

o Q Extraction: A(NO3)3 l.24M

HN03 0.15 M

Na2 Cr 2 O7 0-15 M
(Hexone 0.5 M HNO 3)

Scrub; AKNO 3 )3 .3M
HNNO 3  0.2M

I Volume Aqueous : 4 Volumes Hexone in

8 _ Equilibrium with Aqueous Solution from Extraction I*
W

o 10- 5  10-4 Ig-3  i- 2

Initial Concentration of inert CO(NO3) 3 in Aqueous Phase, Moles/Liter
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FIGURE ]S-59
URANIUM OR PLUTONIUM DECONTAMINATION FACTOR

AS A FUNCTION OF FISSION PRODUCT DISTRIBUTION RATIO
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FIGURE
RELATIONSHIP AMONG Ce, Ru, AND Zr+ Nb

DECONTAMINATION FACTORS
OVER-ALL Pu D.F. = 107

- . .J n.
SOURCE OF DATA:
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DECLASSIFIED MW- 18700

FIGq
RELATIONSHI

DECONTAMINATION FACTORS

WZr+Nb
FOR VARIOUS

OVER -ALL URANIUM

SOURCE OF DATA: KAPL-292
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FIGURE IE-62
HNO 3 DISTRIBUTION IN THE SYSTEM

EFFECT
U0 2(NO3)2-Al(NO3)3

OF HNO 3 CONCENTRATION
OF DATA: HW-19949
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FIGURE 3-63

HNO 3 DISTRIBUTION AS A FUNCTION OF TEMPERATURE
SYSTEM: HNO3 -H 2 0- HEXONE

SOURCE OF DATA: HW-11417
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PART II: PROCESS, continued

CHAPTER V: PROCESS ENGINEERING (SOLVENT-EXTRACTION)
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CHAPTER V. PROCESS ENGINEERING (SOLVENT-EXTRACTION)

A. BASIC PRINCIPLES

1. Principles of Solvent-Extraction

Solyeit-extraction operations are defined in the Chemical Engineers'
Handbook2j as "those in which the separation of mixtures of different
substances is accomplished by treatment with a selective liquid solvent".
Although solvent-extraction operations may include leaching and washings
solvent-extraction as used in this manual refers to liquid-liquid ex-
traction. In liquid-liquid extraction the mixture treated is liquid and
the two phases resulting from the solvent treatment are both liquids.
In the Redox IA Column, for example, plutonium and uranium are selective-
ly extracted into an organic phase when the aqueous feed originally con-
taining all the U and Pu is treated with hoxono solvent. Naturally, the
extraction obtained is dependent upon the chemical composition of the
phases involved as well as the type of extraction equipment. For a dis-
cussion of the chemical considerations involved in the various solvent.
extraction contactors of the Redox Plant the reader is referred to
Chapter IV. In practice, there are actually many different solvent.ex-
traction methods available for obtaining the liquid-liquid extraction
performance desired. A few of. these methods are discussed briefly below.

1.1 Simple contact

The simplest method and the one most common on a laboratory scale is
the simple contact in which solvent and feed to be extracted are brought
together, mixed, and the two phases are allowed to settle. The operation
may be either batch (beaker experiment) or continuous as shown in the
schematic flow diagram below:

Extract

FeedA

Solvent 
Mixer

ri

L-* Raffinate

Single Contact Extraction

For any given ratio of solvent to feed, the amount of solute which may be
extracted is fixed solely by equilibrium considerations (assuming the
phases have reached equilibrium during contacting).
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F nal
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Contact 3

Simple Multistage Extraction (3 Contacts)

If a sufficient number of contacts are made and a sufficiently large
volume of solvent is used, the concentration of the extracted component in

the final reffinate can be reduced to almost any desired low value.

1.3 Countercurrent multicontact extraction

In countercurrent multicontact extraction (also called countercurrent

batch extraction), feed and solvent enter the system at opposite terminals

of a series of contacts and flow countercurrently through the system.

Fresh extractant first contacts low solute concentration raffinate and then

contacts more concentrated raffinate as its own solute concentration in-

creases.
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1.2 Simple multistage (cocurrent) contact

In a simple contact the extract solute concentration and raffinate
solute concentration are limited by the equilibrium distribution coeffi-
cient. If a raffinate with a lower concentration of solute is desired,
the raffinate from the first simple contact may be mixed with fresh solvent
as shown in the schematic diagram below:
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Countercurrmt Multicontact Extraction

1.4 Continuous countercurrent differential contact

In continuous countercurrent differential contact operations a very
large number of infinitesimally small contacts are achieved by subdividing
one phase and passing it countercurrently through the other continuous
phase. Either of the phases may be made continuous or dispersed (ie.,either the solvent or the liquid to be extracted may be subdivided and
allowed- to pass through the other). If the lighter liquid is to be con.-
tinuous, the dispersed heavier phase is introduced at the top and allowed
to fall by gravity through the continuous phase. Conversely, if the
heavier liquid is to be continuous (as is the case for all of the Redox
adlvent-extraction columns) the dispersed lighter phase is introduced be-
low the surface of the continuous phase and allowed to rise by gravity
through the heavier continuous phase.

In practice, continuous countercurrent differential contacting is
achieved in solvent.extraction columns.

2. Solvent-Extraction Equipment

Many different types of equipment are available and could conceivably
be used to accomplish the required Pa and U soparation and purification
in the Rodox Plant. The limitations, advantages, and disadvantages of
the important equipment types are mentioned in the following discussion.

2.1 Batch equipment

Although batch equipment may be used for any number of industrial
applications, it has been little used in Redox except in the counter-
current multistage laboratory equilibrium studies made to simulate equili.
brium conditions in the various column contactorso These studies are dis.
cussed in Chapter IV.

-fl0
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Aqueous 1
Duptying Line
Aqueous Lz
Charging
Line

Solvent Solvent
Phase Make-Up
eparato

Aqueous 2
Charging Line

Aqueous 2
Emptying Line

Solv t Solvn
Rise 1 Phas

Aqu Aqueousa
Phase 2

Vessel 1 Vessel 2

Closed-Cycle Extractor

When operation of the system is started, Vessel 1 is charged with the

aqueous phase containing the solute to be extracted (e.g., above-uranium-
specification 3BP treated to reduce Pu to the non-extractable, trivalent

state) and Vessel 2 is charged with a second aqueous phase (e.g., water)

which, because of its chemical composition, is capable of removing the
solute (e.g., uranium) from solvent phase 1. Solvent (e.g., hexono or

some other appropriate organic solvent) is next added to each of the tanks

above the aqueous phase and the solvent recirculation system and agitators

are started.
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In batch equipment a high stage efficiency may be attained in each

contact. In the Redox process, however, numerous contacts are required to

achieve the desired extraction. These contacts present design and operating
problems, discussed under 2.2, below, which render the use of continuous
equipment for the Redox Plant much more advantageous.

2.11 Closed-ecycle extractor

An interesting application of batch equipment is the closed.cycle ex-

tractor (sometimes colloquially called a "mouse-trap") shown in the sche-

matic diagram below.

Although such a system is not used in the present Redox Plant it has

been considered for the reworking of off-standard plutonium product streams

(e~g., concentrated 3BP containing excessively high concentrations of ura-

nium or fission products), and has been used to a limited extent in Redox

studies at Oak Ridge National Laboratory.

I

1.
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In Vessel 1, the solvent picks up solute (e.g., uranium) as it

passes up through aqueous phase 1. The enriched solvent collecting at
the top of the vessel is then pumped into the aqueous phase at the bottom
of Vessel 2 where the solute is extracted from the solvent into aqueous
phase 2. The solvent phase collected at the top of Vessel 2 iq then sent
back to Vessel 1. With continued solvent recycling, the system eventually
approaches equilibrium and must be emptied and recharged.

2.2 Continuous mixer-settlers

Continuous mixer..settler equipment can be designed to conduct simple,cocurrent multiple, or countercurrent multiple-contact operations, Of
these three methods, only the variations of the countercurrent multiple-
contact method are discussed below since the simple contact method and
the cocurrent multiple-contact method involve a comparatively inefficient
use of solvent.

Pilot-plant and small-scale laboratory Redox studies using several
types of contactors capable of continuous countercutrent multicontact ex-
traction have been conducted at a number of A.E.C4 sites. Various mixer-
settler arrangements, each employing different refinements of the same
basic principle, have been examined. Among those considered and briefly
discussed below are the multiple-vessel mixer-settler, the S.O.D.
(Standard Oil Development) mixersettler, the pump mixer-settler (S.P.R.U.
type), and the horizontal extractor.

Since the continuous mixor-sttler variations all embody the same
basic operating principles, the advantages and disadvantages ,of the group
as a whole are considered.

Among the advantages of mixer--settlor equipnent are the following:

(a) High stage efficiencies (i.e., 80 per cent or greater) may
be obtained at carefully controlled operating conditions.
Therefore, for a solvent-extraction process known from
laboratory equilibrium studies to require a given number
of stages, mixer-settler equipment may be designed with a
fairly high degree of certainty that a sufficient number of
stages have been provided.

(b) Mixer--settler equipment generally requires less plant height
(hence a less expensive plant structure) than solvent.
extraction columns (see Chapter XIV for solvent-extraction
column heights).

A few of the disadvantages of mixer-settler equipment which led to
the selection of solvent-extraction columns as the contactor for the Redox
Plant are enumerated below:

(a) Agitators are required for each stage to mix the phases
adequately. Careful agitator-speed measurement and control
may be required to obtain agitator speeds at which high
stage efficiency is not accompanied by emulsion formation.
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(b) Either pumps and liquid-level controllers are required to main-

tain proper interstage flow or$ if gravity flow is employed
between stages, adequate means must be supplied to maintain the
correct hydraulic balance within each system.

(c) Stuffing boxes and seals for the pumps and agitators are possible
leakage sources from which contamination may be spread.

(d) Complex, costly piping is required to operate and service the
pumps, liquid-level controllers, and agitators of some types of
mixer-settler units,

(e) Since-mixer-settler units incorporate many agitators and/or
pumps, each dependent upon the other for maintaining solvent-
extraction performance, it is expected that shutdown periods
would be more frequent and greater maintenance effort would be
required in a plant incorporating mixer.settlers in place of
solvent-extraction columns.

(f) Although high stage efficiencies have been demonstrated in
small..scale mixerwettler units, little is known about scaling.
up to plant size units or about the performance of such units
over a wide range of processing rates.

2.21 Multiple.vessel mixer-settler

A multiple-vessel mixer-settler is used to perform the countercurrent
multicontact extraction discussed under 1.3, above. The mixed phases from
the mixer are pumped (or flow by gravity) to the settler, where the phases
disengage. The heavy phase in the settler is then transferred (either by
pump or by gravity) to the next mixer while the light phase continues its
countercurrent path,

2.22 S,.D. mixer-settler

The mixer-settler developed by the Standard oil Development Company
is an interesting variation of the conventional design. In the compact
box-like unit the mixers and settlers are separated by partitions. The
differential head required to induce countercurrent flow is produced by
the angle of tilt of the box unit (solventwraffinate end low), Openings
or ports are suitably placed in the partitions between the mixers and
settlers to permit the proper flow of the phases between stages.
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Schematic Diagram (Top Removed)
Showing Flow Through S. O.D, Mixer-Settler

2.23 Pump mixer-settler (S.P.RU. type)

The pump-type mixer-settler developed by S.P.R.U. (Separations Pro-
cess Research Unit of the Knolls Atomic Power Laboratory) uses the basic
flow pattern shown in the schematic diagram for the S.O.D. mixer-settler
in 2.22, above. However, the agitators of the S3P.R.U. unit are designed
to give a centrifugal pumping action which mixes the two pises and
discharges them into the settling zone, Since the hydraulic head required
for stage-to-stage flow is produced by the pump-agitators, the unit is not
tilted, as the S.0.D, mixer-settler and horizontal extractor must be, to
produce flow.

2.24 Horizontal extractor

In the horizontal extractor the'piping between the mixers and
settlers is eliminated. Essentially, a multistage unit consists of a
slightly inclined tube having agitators located at suitable intervals
to provide intimate two-phase contact. Phase separation and counter.
current flow take place in the space between the mixing units. The flow
of the phases from mixer to mixer is controlled by the angle of tilt.

2.3 Solvent-extraction columns

Columns are used to accomplish solvent-extraction by the counter.
current differential extraction method discussed in 1.4i, above. Among
the advantages of solvent-extraction columns, on which their selection
as the type of solvent-extraction equipment to be used in tir Redox Plant
is based, are the following:
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(a) Packed extraction columns incorporate no moving parts in their

design and therefore require a minimum of maintenance on radio-
actively "ihot" equipment.

(b) They make effective use of solvent by virtue of their counter-
current method of contacting the phases.

(c) As indicated in Section D, solvent-extraction columns may be
operated over adequately large flow ranges with little change
in extraction efficiency.

The simplest type of extraction column is the spry colm'. The dis-
persed phase is introduced through a suitable nozsle an Rises (or falls)
through the continuous phase in the column to the phase interface.

In a packed column more effective extraction may generally be obtained
than in an open spray column of the same height. In a packed column the
dispersed phase is broken up and forced to follow a tortuous path. The
type of packing used for a given application is dependent upon the chemical
nature of the system and the processing requirements, while packing depth
(packed height) is dependent upon the degree of separation required. The
diameter chosen is dependent upon the system and the required processing
rate,

The packing is held in position by packing supports. These supports
(spirals or gratings) should generally be designed to take up no more
column cross section than the packing itself. They also prevent plugging
of the influent or effluent lines with packing.

To minimize channeling in packed'columns, some method of distributing
the dispersed phase is generally used. For the Redox columns it was found
that fine dispersion of the organic phase by "shower-head" distributors
is not required since subdivision is quickly accomplished in the packing.
Therefore, the single tube, three-hole "spider" and seven-hole ring dis-
tributors illustrated in Chapter XIV have been specified for the Redox
Plant.

The design of both ends of solvent-extraction columns generally in-
corporates settling tones in which phase disengagement takes place. In
the Redox columns the required phase disengagement is accomplished in an
enlarged, disengagement section at the top of the column (see the schematic
diagram below), and in a section (not enlarged) void of packing at the
bottom of the column.
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Schematic Diagram
Packed Solvent-Extraction Column

Packed columns may be designed to operate with either phase continuous
by controlling the position of the phase interface in the columno In the
Redox Plant columns, the aqueous phase is made continuous because inter-
face-control instrumentation is simpler with the interface at the top of
the column, and because, in the Redox columns, the extraction performance
with the organic phase dispersed is at least as good as, if not better
than, with the aqueous phase dispersed.

Column design details are determined by the nature of the chemical
system, the solvent-extraction effectiveness required, and the desired
throughput. The considerations which led to the design of the various
packed columns used in the' Redox Plant are discussed in Section D.

The extraction height required in packed columns may be reduced by
using a pulse column. In pulse columns the packing is replaced with a
number of ipaced perforated plates. In operation the column contents are
pulsed up and down through the perforated plates with a net flow of the
lighter phase up (and heavier phase down) the column. Although pulse
columns are generally shorter than packed columns capable of the same
solvent-extraction performance, they are mechanically more complex and
therefore require more maintenance.

Pulse columns have been selected as the solvent-extraction contactors
for the Metal Waste Recovery (TBP) process. It was possible to fit the
pulse columns into the 22-ft. deep cells of the existing 221-U Building.
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This would not have been possible with packed columns without deepening
the cells by about 30 ft. At the time of the basic phases of the design
of the Redox Plant, pulse columns were in an early, pioneering stage of
development. Their appraisal as an alternative to packed columns in the
Redox Plant would have to be based on an economic balance of lower building
cost vs. the added initial cost of pulse generators and a probably higher
maintenance cost.

3. Special Terms

The terms defined in this subsection are those used frequently in
discussing the operation or evaluating the performance of solvent-extraction
columps. Examples, including colloquial terms which have come into use for
the Redox process, are included in the following discussion.

3.1 Extraction, stripping. scrubbing

In connection with solvent-extraction in the Redox process, the term
extraction is used to describe mass transfer, notably of uranium and/or
plutonium, from the aqueous to the organic phase, as, for instance, in the
lower section of the IA Column. (See the chemical flowsheet in Chapter I.)

The term stripin is used to describe mass transfer of uranium or
plutonium from e or ganic to the aqueous phase. Thus, in the IC Column
uranium is said to be stripped from the organic feed to the aqueous
effluent stream.

The removal of fission products from a uranium or plutonium-bearing
organic stream by contacting it with an aqueous stream is referred to as
scrubbin . Scrubbing is, for example, carried out in the upper packed
s on of the IA Column. The removal of small residual amounts of
uranium from the plutonium-bearing aqueous stream in the IB Column by
contacting with an organic stream is also referred to as scrubbing.

3.2 Simple and dual-purpose columns

As the name implies, a iple column is designed to carry out a
single solvent..extraction func Toin (either extraction, or stripping, or
scrubbing). The Redox IC Column is a simple column performing only ura-
nium stripping. Other columns are designed to carry out two separate
solvent-extraction functions and are therefore referred to as duals,
or pound columns. The IA and IB Columns are examples of dual-purpoe
Red~ox Ioumns. In the lower portion of- the IA Column, uranium$ plutonium,
and some fission products are extracted, while in the upper section
fission products are scrubbed from the organic phase. Similarly, in the
lower section of the IB Column, uranium is scrubbed from the plutonium-
bearing aqueous phase, while in the upper section plutonium is reduced
and extracted from the organic phase into the aqueous phase.

3.3 Flooding

Floodin (or complete flooding) in a packed liquid-liquid extraction
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column designates a typical behavior of the two liquid phases when flow
rates are so high that the two phases cannot pass countercurrently through
the column, with the result that dispersed phase leaves the column through
the continuous-phase exit line at the dispersed-phase entry end of the
column. Flooding also occurs if the continuous phase leaves the column
through the exit line intended for the dispersed phase (e.g., IAS accom-
panies the IAP in the Redox IA Column). The £loodingcaaci a is the
throughput level (i.e., flow rates) at which an ifmesimal increase in
flow rates results in flooding.

Local f dg4 in the column consists in an unusually large accumu-
lation of dipei5rd phase at some location in the two..phase zone. The
local flood may occur in the packed section or below an obstruction, such
as a packing support. It may appear as an accumulation of closely packed
dispersed-phase globules or as a single large globule forming a phase
interface across the column. If a local flood maintains a given size
(i.e., the increased effective "head" of the dispersed phase is sufficient
to cause the dispersed phase to flow through the constriction at a rate
equal to the dispersed-phase flow rate entering the local-flood zone),
the column may be operated indefinitely and give satisfactory performance
as an extraction unit.

Cyclic local flooding consists in the formation and dissipation of
local floods on a fairly frequent schedule.

3.4 Reflux (external and internal)

In solvent-extraction, as in other diffusional processes, external
reflux may be returned to the solvent-extraction column to enrich the
extract concentration. For example, the Redox IAP stream could be in-
creased in uranium concentration by using a concentrated aqueous uranium
solution in place of aqueous aluminum nitrate for the IAS stream. In a
dual-purpose column a portion of the solute may be extracted in one part
of a column and stripped in the other. This phenomenon is referred to
as internal reflux. For example, in the upper section of the IA Column
a portion of the uranium in the organic phase is refluxed internally,
some uranium being stripped from the organic phase by the IAS and carried
back down the column where it is again extracted.

3.5 Eiulibrium and operating lines

As used in this manual, equilibrium lines refer to graphical repre-
sentations of the equilibrium fIute dis ri ion between the phases for
the chemical conditions expected in the countercurrent solvent-extraction
contactors. Phase equilibrium lines for all the Redox columns have been
determined from either simple batch or countercurrent batch laboratory
studies conducted to approximate closely the chemical conditions expected
in the extraction columns. These studies are discussed in Chapter IV.

An rat line is a locus of points depicting the actual solute
concentrations a the aqueous and organic phases at various heights
within the column. The operating-line equation is developed from a
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solute material balance made around either end of a packed section.
Typical operating and equilibrium lines and their use in evaluating column
performance are presented in Section B of this chapter.

3.6 Height equivalent to a theoretical stage - (H.E.T.S.)

The mass-transfer effectiveness of solvent-extraction columns may be
evaluated in terms of the height of contactor which is required to perform
the same extraction as a single theoretical stage. A theoretical stage
is achieved in a column when two influent streams (not at equil b
entering a section of the column, mix and produce effluent streams which

are in equilibrium with one another. For solvent-extraction columns con-
taining several theoretical stages the H.E.T.S. may be obtained by dividing
the height of the contacting section by the number of theoretical stages
required to accomplish the same extraction being carried out by the column.

Although the number of theoretical stages is generally obtained for
the Redox columns by the graphical methods described in Subsection B3 of
this chapter, when the operating and equilibrium lines are both straight
the number of stages (Ns) may be calculated from the following equation as

presented by Colburn(l)t

Ns M log 1 -P) +P], * * * * , , , * * * * *, (M)
s .Log 1-

where P - the extraction factor, L/mV for extraction and mVA for
stripping;

L/V a slope of the operating line, (weight of aqueous phase per
unit time)/(weight of organic phase per unit time) on a
solute-free basis;

m a slope of the equilibrium line, (concentration in the organic
phase)/(concentration in the aqueous phase);

N - Xl/X2 for extraction and Yl/Y 2 for stripping - (if the
extractant contains sufficient solute, the values of X

become and for extraction and

stripping, respectively),

X a the solute aqueous-phase concentration - subscript 1
designates inlet (feed) concentration, subscript 2
designates raffinate concentration, and subscript x
designates extractant concentrationi

Y - the solute organic-phase concentration - subscript 1
designates the organic feed concentration, subscript 2
designates the organic effluent concentration, subscript
x designates the organic extractant concentration.

DECLASSIFIED



51 DECLASSIFIED
For the phase-equilibrium relationships involvedin the Redox process

(see Figs. V-1, V-3, and V-4), as in the general case, the equilibrium
lines are curved. Therefore, the slope is not constant and the value of
P varies. However, a close approximation of the number of stages may be
obtained from the above equation by using an appropriate mean value for
the slope of the equilibrium line.

3.7 Height of a transfer unit - (HT.U,)

The H.T.U. (height of a transfer unit), like the H.E.T.S. defined
above, is a measure of the mass-transfer effectiveness of a solvent-
extraction column. As compared with the H,E.T.S., it has certain advan-
tages which are discussed under Subsections 010 and D4 in this chapter.

The number of transfer units in the packed sections of Redox columns
may be expressed by the integrals:

X1
dX -2

Now X . . . . . . . . . . . . (2)
X2

or

lyJ
dY

Noh Y- ' t * * * * 4 * * *** *

Y2

where Now 2 the number of "overall water-film" transler units for
transfer from the aqueous to the hexone phase;

Noh 2 the number of "overall hexone-film transfer units for
transfer from the hexone to the aqueous phase)

X r 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
of composition Y;

Y = the concentration of the diffusing component in the
organic phase;

Y* a the concentration of the diffusing component in the
organic phase in equilibrium with an aqueous phase of
composition 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 the transfer between phases.

DECLASSIFIED



OW$16 DCASFE
The H.T.U. (height of a transfer unit) is calculated by dividing the

packed height by the number of transfer units calculated from one of the
above integrals.

When the equilibrium and operating lines are both straight, the
number of transfer units (Nt) may be calculated from the following equa-
tion developed by Colburn:

Nt C 293 log t-P) M +?1 (4)

If the extraction values for M and P given in Subsection A3.6, above, are
substituted in the above equation, Nt becoms Now. Similarly, if stripping
values are substituted for M and P, Nt becomes Noh. The equation is not
rigorous unless the operating and equilibrium lines are both straight (con-
stant P). However, approximate Wt values may be obtained by using an
appropriate mean value of P.

The "overall" number of transfer units$ Now and Noh, include contri-
butions of both the individual aqueous and hexone-film number of transfer
units, which are related by the following equations:

1/Now - 1/Nw + (L/mV) l/Nhs . . . . . . . . . (5)

1/Noh - 1/Nh + (mV/L) 1/Nw, -. . * . . ., (6)

where Nw is the number of transfer units required for transfer across the
aqueous film and Nh is the number of transfer units required for transfer
across the hexone fiba, It is seen from these equations that if the
individuals.film transfer-unit values are largely independent of P, as is
often believed to be the case, the overall values win be. likewise inde-
pendent whenever the terms (L/mV)1/Nh and (mV/L)1/Nw in Equations (5) and
(6), respectively, are negligible, viz., when P (i.e., L/mV for Equation
(5) or DV/L for Equation (6)) is less than about 0.1. As P increases from
0.1 to 1, the terms (L/mV)1/Nh and (mV/L)1/N become increasingly signifi.
cant, so that more significant variation of overall transfer-unit values
with P might be expected in this region.

3.8 Relation between H.T.U. and H.E.T.S.

By combining the integrated expressions for Nt (number of transfer
units) and N5 (number of theoretical stages) presented under A3.6 and
A3.7, above, it is found that the H.E.T.S, and H.T.U, are theoretically
related by the equation below, which is rigorously correct only for
straight operating and equilibrium lines:

" % T S a -23lo P

where the extraction factor P is, as explained under A3.6, the slope of
the operating line divided by the slope of the equilibrium line for ex-
traction operations and the reciprocal for stripping operations. For
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operating and equilibrium lines which are both straight and parallel, the
Value of P is unity and, although the above equation reduces to an inde-
terminate form, it may be demonstrated that the H.E.T.S. equals the H.T.U.
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 be-
comes progressively smaller than unity and the H.E.T.S. becomes progres-
sively larger than the H.T.U. For curved operating and/or equilibrium
lines, the equation applies as an approximation provided appropriate mean
values of the slopes of these lines are chosen.

B. THE OPERATING DIAGRAM (H.E.T.S. AND H.T.U. CALCJLATIONS)

1. Introduction

Included in this section is a discussion of the development and use
of the uranium operating diagrams in evaluating the solvent-extraction
performance of the Redox IA and IC Columns. Examples of the H.E.T.S. and
H.T.U. calculation methods used in typical IA and IC Column runs are de-
monstrated in Subsection B3. Although sample calculations have not been
included for all Redox columns, typical Pu and U (and in some cases HNO3 )operating diagrams tabulating the number of transfer units and stages
required for flowsheet conditions are included for all Redox columns on
Fig. V-6 through V-12 inclusive.

The operating diagrams discussed in this chapter are X - Y plots
(similar to the McCabe-Thiele diagrams used in distillation) with I and
Y axis values depicting aqueous and organic-phase concentrations, respec-
tively. Each of the diagrams includes an X - Y phase equilibrium line
for the diffusing component, and an operating line with influent and
effluent compositions labelled. The operating diagrams are used for cal-
culating the number of equivalent theoretical stages or the number of
transfer units required for the desired extraction. From the operating
diagrams a quantitative or qualitative analysis may be made of the effect
which changing phase flow ratios may have upon the difficulty (change in
number of stages or transfer units) of the separation. On some of the
operating diagrams are included parameters which show the effects of com-
position changes (e.g., salting strength parameters of Fig. V-1) upon
phase equilibrium.

2. Derivation of the Operatin Line (IA Extraction Section)

The concentration units used for constructing the IA Column operating
diagram were chosen as grams of UNT (uranyl nitrate trihydrate) per gram
of non-UNT. By neglecting the change in the grams of non-UNT for either
phase (L and V. expressed as grams of non-UNT) due to (a) the slight
mutual solubility of hexone and water, (b) the transfer of HNO3 , and (c)
the transfer of salts other than UNT (i.e.,'ANN, Na 2Cr 2O7.7 NaN0 3 ), alinear operating line may be obtained. For the IA Column extraction sec-
tion, the uranium operating line may be derived from a UNT balance around
the bottom end of the column as indicated by the schematic diagram and
equations below:
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YV XL

Values of X and Y, expressed as g.
UNT/g. non-UNT, indicate the
compositions of the aqueous end
hexone phases, respectively.

Values of L and V, expressed as g.
non-UNT per unit of time, indicate
the weight flow of the aqueous and
hexone phases, respectively.

X, V , w, L
IAX Stream IAW tream

At steadyostate operating conditions, the weight of UNT entering the
above section of column (over a given time period) via the influent organic
and aqueous streams must equal the weight of IT leaving via the effluent
organic and aqueous streams, The weight of UNT carried by each of the four
flowing streams in unit time' is the product of the flow rate times the UNT
concerrration: YxV, XWL, YV, and XL respectively. Thus a material
balance equation for UNT may be written by equating the influent flow of
UNT to the effluent flow of UNT, as follows:

X(L) + YX(V) Y(V) + Xw(L) * . . $ . . (7)

Solving Equation (7) for Y gives the following equation, which represents
a straight line in terms of Y and X if (LIV), Yx, and Xw are constants:

Y - (L/V) X + Yx -Xw(/') .- , -. (8)

The use of the above operating line is illustrated under B3.1, below,
and on Figure V.1.

Operating diagrams for the other fedox columns are developed in an
analogous manner* For the 2A and 2B Colmns, however, the volume change
of the phases is negligible (less than 1 to ), and straight operating
lines may be developed on operating diagrams with concentrations expressed
as g./1.

3, Example H.ET,,$ and H.TUw Oaloulatiou

3.1 Example HqEBT,. calculation - IA Sctraction sction

Outlined below is the graphical "stage step.-off" method used for
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calculating the number of equivalent stages (and the H.E.T.S.) for ura-
nium transfer in the IA Column extraction section. Operating con-
ditions approximate those shown on the HW No. 4 Flowsheet (Figure 1-2).

A discussion of the stage concept may be found in the preceding section
of this chapter while a theoretical discussion of th "aphical method
may be found in Perry's Chemical Engineers' Handbook? 2 ). The following
data were obtained during the steady-state period (5 hours) of a typical
pilot-plant run, Run 8".120-U, in an 8-in. diameter column with a 13.9-ft.
packed extraction section,

UNT* UNT Non-..NT
Volume, Density, Weight, Conc., Weight, Weight,

Stream Liters Kg./L. Kg. KUiK.. g..

IAF 1245 1.644 2047 o.898 1118 929
IAS 1249 1.264 1579 0 0 1579
IAX 4558 0.810 4016 0 0 4016
IAP 5121 0.968 4957 0.220 1127 3830
IAW 2214 1.170 2590 0.0012 2.6 2587

*) UNT (uranyl nitrate trihydrate), rather than URH is used
in the H.E.T.S. determination since an average of only 3 to
3.5 molecules of wnter accompany one molecule of uranium in
transferring between phases.

The scrub..section and extraction-section operating-line equations
used below were developed from material balance expressions about the
top and bottom of the IA Column, respectively, as discussed in Subsection
B2, above.' These equations have been plotted on the equilibrium diagram,
Figure V.1, which applies for the IA Column operating at HW No. 4 Flow.
sheet chemical conditions. For definition of the terms used in the
equations below the reader is referred to Table V-24, Nomenclature.

Scrub Section: Y (L/V)Scrub X + Yp - (L/V)Scrb Xs

(1579/3830) X + (1127/3830) - 0

0.412 X + 0.294

Extraction Section: Y = (L/V)Extn. X - (L/V)Etn Xq Yx

(2587/4016) X - (2587/4016)(2.6/2587) + 0

o o.644 X . 0.000647

The equilibrium line chosen from the family of curves on Figure V-I
is dependent upon the aqueous-.phase (IAW) total salting strength. For
Run 8".20-U, the LAW total salting strength (sum of the A1(NOj)3.9120
concentration and the AI(NO3)*9H 20 salting-equivalent of the NaNO3 present)
was determined to be 377 g./l.
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The organic-phase composition at the bottom of the scrub section is
found'at the intersection of the scrub section operating and equilibrium
lines. Since this organic concentration is also the organiephase concen-
tration at the top of the extraction section, this Y value must also appear
at the concentrated end of the extractin-section operating line. There-
fore, the extraction-section stage step-off is begun at the point Xfs , which
is the aqueous-phase concentration at the top of the extraction section.
Stages are stepped off in the manner'demonstrated on Figure V-1 until the
waste composition Xw (which equals 0.001 for this case) is reached. Since
7.8 extraction stages have been stepped off on Figure V-1 'and the extraction-
section packed height is 13.9 feet, the H.E.T.S. is 13.9/7.8 a 1.8 feet.

3.2 Ecample H.TAU. calculation - IA extraction -section

The number of transfer units in the IA Column may be obtained by suit-
able methods for integrating the expression

d1

as explained under A3.7, above4

For the IA Column the equilibrium line is of irregular curvature with
a point of inflection near the dilute end. Therefore, formal integration
of the above equation is not easily accomplished and methods must be used
which closely account for the equilibrium-line curvature. A close approxi-
mation of the number of transfer unite may be obtained using either the
graphical integration method illustratd in the example below or a computa-
tion method employing Simpsonts Rule(2),

The operating and equilibrium lines deireloped for the H.E.T.S. calcu-
lations under B3.1, above, and shown on Fig. V-1 may be used in the ex-
ample IA extraction-section H.T.U. calculations for Run 8".-20-U. From the
extractionwaection equilibrium and operating lineb on Fig. V-1, the follow.
ing values of X and V, from 1fs a 0.47 to Xw'a 0.001, were obtained. (To
obtain thA value of ?* for a given value of I, a constant Y line is drawn
through X. The intersection of the constant Y line with the equilibrium
line - read on the X.axis - is the X* value.)

ahu* - /

0.47 0.238 3.97
0.3 o.153 6.8
0.20 0113 11.5
0.10 0,067 30,3
0.06 0o. 5
0.0 0.028 .5
0,0 00017 43,5
0.03 0,011 6
0.02 0.0084 .2
0,01 0.0024
0.005 0.0009 261
0.001 0 1000
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The values of X and 1/(X . X*) are plotted as shoim on Figure V-2
and the number of transfer units beneath the curve from X ' 0.47 to
X a 0.001 is determined by graphical integration to be 10.6. Dividing
the 13.9-ft. packed height (Z) by the number of transfer units, the HT.U.
is 13.9/10.6 2 1.3 ft.

3.3 Example H.E.T.S. calculation - IC Column

Outlined below is the graphical stage-step-off H.E.T.S. method used
for evaluating the uranium.atripping performance of the packed section
of a Redox IC Column operating at conditions closely approximating MW No.
4 Flowsheet conditions (see Fig. I-2). The following data were obtained
during the steady-state period (approximately 6 hours) of a typical pilot-
plant run, Run 5n-55-CU, rode in a 5..in, diameter column packed with 19.6
ft. of 1/2-in. by 1/2-in, stainless steel Raschig rings:

Concentrations, Sg./L. Weight1 Kg,
Non-. NonrUNT

Stream Liters Density UNH HU03 Total UNT HNO UNT NonwHNO3

ICF 897 0.916 0.145 0.0013 821 129 1.15 692 691
ICX 291 0.998 5.9x10-6 0 290 0.0015 0 290 290
ICU 356 1.248 0.358 0.0032 444 128 1.13 316 315
ICW 814 0.801 3.Ox10- 6  0 652 0,0025 0 652 652

The I and Y values used on the HNO3 operating diagram (Fig. V.-4) are
expressed as g.HNO3/g.non-U1NT non-HNO3, These units have been chosen so
that straight operating lines may be obtained in cases where appreciable
HNO3 transfer occurs in the column. In the particular example shown,
little HN0 3 transfer occurs and g.UNT/g.non-UNT units could be used with.
out introducing a significant error.

The following equation was derived from a UNT balance around the
dilute end of the column, and plotted as the operating line on the IC
Column uranium operating diagram (Fig. V-3). (For the derivation of a
typical IA Column extraction-section operating line, see B3.1, above.)

Y= (L/V)X - (L/V)X. + Y"

( )X - ( 0 ( ) + 002)

= 0.445x + 1.54 x l0-6

Although the operating line for use on the nitric acid operating
diagram (Fig. V--4) may be calculated in a similar manner, a satisfactory
nitric acid operating line may be obtained by drawing a straight line
sroufh the tyo p.ints which represent column end conditions (i.e.,

, Yw, and Xu, Yf) on Fig. V-4. The subscripts x, w, u, and f refer,
respectively, to the ICX, ICW, ICU and ICF streams.
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4 = 0

- (1.13/315) -0.00359

Y'f a (1.15/691) - 0.00167

In the IC Column both nitric acid and UNT transfer, with both concen-
trations affecting the equilibrium for each stage. Therefore, the equilib-
rium concentrations for the various stages in the column do not fall on any

given parameter on Figures V-3 and V-4., but must be calculated from stage
to stage in the manner described below. It is noted that under HW No. 4
Flowsheet conditions the UNT equilibrium curve is close to the 0 HNO 3 -

parameter curve. The higher HNO3 concentration parameters shown on Figure

V-3 are of use in connection with the AWL (acid) Flowsheet.

(a) The first stage on both the U1NT and HNO3 operating diagrams is
stepped 'off at the concentrated end. The first stage on the UNT

diagram is dran, as indicated, from the concentrated-end terminal

point (Xu, Yf) to a point on the nitric acid parameters which
corresponds to the concentrated end aqueous-phase nitric acid con.-

cwntration (Xu - 128/316 - 0.4051 Yf .129/692 - 0.187). The
corresponding first stage on the nitric acid d4agr is drawn from

the nitric acid concentrated.-end conditions (k, Yt) to a point on

the UNT parameters which corresponds to the concentrated-end aque-
ous-phase UNT concentration.

(b) Successive stages are stepped off in a similar manner, the aque-
ous-phase HNO3 (or UNT) concentration at the end of the preceding

stage being used to deterinno the parameter used for the next
stage on the UTINT (or Hflo 3 ) operating diagram. Stages are stepped

off until the Yw value is attained or surpassed in the last stage.
(Yj - 0.0025/652 - 3.84 x 10-6.)

(c) The equilibrium lines on each diagram may be obtained by drawing
a smooth curve through the points representing the equilibrium
conditions of each stage.

(d) Because of the wide divergence in slope between the equilibrium
and operating lines in the dilute region, linear interpolation
on a rectilinear plot does not give a correct value for the

last fraction of a stage in the IC Column. Linear interpolation
on a logarithmic plot would be more accurate in this case, but'
the best procedure is to use the equation developed by Colburn,
as indicated below:



N5  = 1g (1-?P)M+Pl

From Yi = 1.4 x 10-3 to Yw = 3.84 x 10-6:

P = m(V/L) - 4.6x1&-4 (652/290) - 1.03 x 10-3

14 .4 1.4 x 10-3
M 304 x I.6 = 3.65 x 102

N log (0.999)(365) + 0.001
log i6,oioj= o,86

The total number of stages is therefore the sum of the two stages
stepped off on the diagram plus the 0.86 stage calaulated above. The
H.E*TS. for the 19.6-ft. packed section is 19.6/2.86 a 6.85 ft.

3.4 E.ample HT.U. calculation - IC Column

The number of transfer units for uranium in the IC Column may be
obtained by suitable methods for integrating the basic expression

Y
Noh "

as discussed under A3.7.

For determining the number of uranium transfer units obtained in the
column for Run 50-55-c.., the equilibrium and operating lines developed
under B3.3, above, and plotted on Fig, V-3 are used

Since the UNT equilibrium line (Fig. V-3) has considerable curvature
at the concentrated end (when plotted on a linear plot), it would be
difficult to determine an appropriate value for the extraction factor P
to be used in Colburn t s equation. Therefore, the calculation is broken
into two parts with the number of transfer units in the concentrated
region (from Yf a 0.187 to Yi n 0.02) calculated by graphical integration,
and the number of transfer units from Yi N 0.02 to Yw 2 3.84 x 10- cal-
culated from Colburnta equation(1).

(a) Concentratedregon transfer units by graphical intepration
The data (from If 1 0.1d7 to Yj - 0.02), used in the graphical integra-
tion, have been obtained from the equilibrium and operating lines on
Figure V3. The Y* value corresponding to a given value of Y may be found
by reading the Y.-axis value of the intersection 6f the equilibrium line
and a vertical line through the given value of Y. This data is tabulated
below:
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0.187 0.059 7.8
0.14 0.024 0.6
0.100 0.0078 10.9
0.08 0.0038 13.1
0.06 0.0015 17.1
0.04 o.0oooE 25.3
0.02 0.00009 50.2

The above values of Y and i(/C - Y*) are plotted on Figure V-5 and
the number of transfer units from Y? = 0.187 to Yj = 0.02 is calculated
to be 2.40.

(b) Dilute region transfer units b Colurn's equation The follow-
ing equation, explained in A3.7, is twed for the dilute-region transfer
unit calculation:

S 2.2 log Rl-P) 14 + P1
Ioh (1-F)

From Yi - 0.02 to Yw = 3.84 x 10-6,

P - m(V/L) - (4.6 x 1o-4)(652/290) a 1.03 x 10- 3

M a Yi/Yw - 0.02/3.84 x 10-6 a 5220

o - 2.3 log ((0.999)(5220) + o.oo0l -

oh -0.999

From the calculations in (a) and (b) above1 the total number of
transfer units from Yg to Y9 is 10.9, the H.T.U. for the 19.6-ft. packed
section is 19.6/10.9, i.e., 1.8 ft.

4. Operating Diagrams for All Redox Columns

In Subsection B3 the use of IA uranium and IC uranium and nitric
acid operating diagrams for evaluating the mass-transfer performance of
IA and IC Columns during typical MW No. 4 Flowsheet pilot-plant runs is
demonstrated. Methods similar to those shown for the example calculations
may be used to determine the actual number of stages and transfer units
required to obtain flowsheet waste losses. Operating diagrams for typical
Rodox columns, showing the required number of plutonium and uranium stages
and transfer units at various Redox flowsheet conditions, are included in
this chapter as Figures V-6 through V-12, inclusive.

4.1 IA Column uranium and nitric acid operating diagrams (Fig. V-6)

Uranium operating diagrams for IA Columns operating at HW No. 4, ORNL
June 1949, and ANL June 1948 Flowsheet conditions are shown on Fig. V-6.
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Although the required number of uranium stages or transfer units is approxi-
mately the same for each of the indicated flowsheet conditions, the shapes
of the equilibrium lines used are considerably different. The HW No.'-
Flowsheet line, for example, has a point of inflection at about X u 0.05.
Hence, with slight changes in operating conditions (higher aqueous-to-
organic flow ratio or decreased aqueous-phase salting strength) the oper.
ating and equilibrium lines would be closer together and a significantly
increased number of stages or transfer units would be required to obtain
waste losses below the point of inflection. From the three IA Column
uranium diagrams of Fig. V-6 it may be noted that the scrub solution (IAS)
quickly approaches its maximum uranium concentration (i.e., approaches the
scrub equilibrium and operating line "pinch"). Hence, the proportion of
internal reflux of uranium resulting from two or three stages in the scrub
section of the IA Column would -not be significantly increased by additional
scrub stages.

Also shown on Fig. V-6 is the HW No. 4 Flowsheet nitric acid oper.
ating diagram. Negative values of X are shown on the plot. This means
that the aqueous phase is acid deficient; that is, caustic has been added
beyond the amount required to neutralize any free nitric acid in a solu-
tion containing aluminum nitrate, uranyl nitrate-, and free nitric acid.
There are 4 to 5 equivalent stages indicated on the -positive acid side on
Fig. V.6. The number of positive acid stages can be decreased consider-
ably (from 6 to as little as one equivalent stage) by decreasing the
salting strength, or increasing the aqueous-to-organic flow ratio. The
number of positive acid stages is also affected by non-flowsheet influent-
stream HNO3 concentrations. The position of the HNO3 equilibrium line in
the dilute range (below 1 a 0.005) may possibly be slightly in error
since analytical difficulties are encountered in the dilute range.

4.2 IA Column plutonium operating diagram (Fig. V-7)

On Figure V-7 are presented Pu(VI) operating diagrams for IA Columns
rocessing IAF prepared from uranium slugs containing 400 g.Pu/short ton

U. This corresponds-to a plutonium concentration of 0.21 g.Pu/1. at IW

13. 4, ANL June 1948, and ORNL June 1949 Flowsheet-conditions. The equili-
brium lines are based upon calculations using Chemical Research Section
Pu(VI) distribution ratio data and data obtained during countercurrent
batch equilibrium studies made for each of the flowsheets with IA-system
process solutions containing "cold" uranium. For calculation of the
plutonium equilibrium line it was assumed that one Pu(VI) stage is equiva-
lent to one uranium stage; i.e., phase distribution ratio calculations
were made for Pu(VI) using the aqueous-phase chemical compositions present
in each of the stages of the uranium countercurrent batch studies.

The H No. 4 Flowsheet Pu(VI) diagram exhibits a point of inflection
as does the uranium diagram. Therefore, pu(VI) wazte losses may be appreci.-
ably affected by slight changes in column operatin condition-S.'

As indicated on Fig. V-7., a considerably greater number of plutonium
(VI) stages and transfer units is required for a column operating at
ORNL- June 1949 Flowshect conditions than one operating at HW No. 4 or ANL
June 1948 Flowsheet conditions, since the equilibrium and operating lines
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are closer together for the ORNL Flowsheet. The number of stages required
may be reduced from 11.9 to 6.5 by increasing the aluminum nitrate concentra.
tion of the ORXL Flowsheet IAS from 2.0 to 2.18 M as indicated by the lower
right-hand corner diagram in Fig. V.-7. A similae reduction in the required
number of stages thay be made by increasing the IAS to IAF ratio from 1 to
approximately 1.3.

4.3 IB Column uranium and plutonium operating diagrams (Fig. V-8)

Uranium an tonium oerating diagrams for the IB Column processing
IBF containing short on U t H1W No. 4 Flowsheet conditions are
presented on Fig. V-8.

Successful operation of the IB Column is dependent upon the reduction
of Pu(VI) or (IV) to Pu(MI) by ferrous ion.

On Figure V-8 the operating diagram for plutonium mass transfer in the
IB Column is shown. The position of the equilibrium line is dependent upon
the aqueous-phase ferrous-ferric ratio and is developed from the distribu-
tion ratio equations presented in Chapter IV.

Intaddition to the masstransfer phenomenon depicted on the operating
diagram, the performance of thelB Column is dependent upon reaction rate5
i ,, the reduction of Pu(VI) or (IV) to the aqueous-favoring Pu(MII) state
(E2 values of roughly 5 x %) when the Pu and ferrous ion come into con-
tact in the top packed section of the IB Column. Chemical Research Section
data(22) have indicated that Pu(VI) is rapidly (in less than 20 seconds)
converted to Pu(MI) in simulated aqueous IB Column solutions. Also, suc-
cessful operation of the ORE pilot-plant IB Column has demonstrated the
rapid Pu reduction.

As indicated by the slight change in the scrub-section aqueous-phase
plutonium concentration, little plutonium(MII) refluxes in the bottom (scrub)
section of the IB Column.

4.4 IC Column uranium and nitric acid diagrams (Fig. V-9)

On Figure V-9 are shown the uranium and nitric acid operating diagrams
for a IC Column operating at either HW No. 4 or AM Flowsheet conditions.
The operating diagrams were developed using the "stage-to-stage" calculation
method explained under B3.3.

The "loop" in the AfL Flowsheet nitric acid diagram is caused by the
reflux of nitric acid in the lower (or concentrated) portion of the IC
Column9 The position of the HN0 3 -equilibrium line at the concentrated end
is not easily determined. Hence the loop, shown by the dotted line, is,
at best, an approximation. Nitric acid does not reflux at HW No. 4 Flow-
sheet conditions. However, with a slight increase in the ICF (or IC)
-nitric acid concentration or a higher ICF to 1C ratio, acid would reflux
giving an equilibrium curve of the same general shape as the ANL Flowsheet
nitric acid equilibrium line.
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4.5 2D and 3D Column uranium and nitric acid operating diagrams

The operating diagrams for the 2D and 3D Columns are very similar to
those for the IA Column, discussed under B4.1, above, and are not pre-
sented separately.

4.6 2E and 3E Column uranium and nitric acid operating diagrams

Operating diagrams are not shown for the HW No. 4 Flowsheet 2E or 3E
Columns. Although these columns operate with different chemical composi.
tions and flow ratios, their operating 'diagrams are developed in the same
manner as the IC diagram. The number of stages and transfer units required
for the 2E and 3E Columns have been listed on the table in Subsection B5,
below.

4.7 2A and 3A Column plutonium and nitric operating diagrams (Fig, V-10)

The 2A Column plutonium operating diagram for HnW No. 4 Flowsheet,
shown on Figure V-10, is based upon the mass transfer of Pu(IV). Fewer
stages or transfer units are required to obtain flowsheet waste losses if
plutonium is present in the 2A Column in the Pu(VI) state. By employing
cross-over oxidation techniques (i.e., hot crossover) which insure quanti.
tative conversion of plutonium to Pu(VI), a given plutonium yield in the
2A Column is more easily attained, However, conversion of all Pu to Pu(VI)
in the 2A Column makes Pu stripping in the 2B Column more difficult.

Operating diagrams have not been indicated for the 3A Column. Its
operating diagram is quite similar to the 2A Column diagram. Since the
3AX flo.w rate is only 7/8 of that of 2AX, the slope of the operating line
is correspondingly greater for the 3A Column. In addition, the salting
strength and nitric acid concentration of the 3AF (0.36 M HNO 3 ) is higher
than the 2AF (0.10 11 HNO3), thereby raising the position of the 3A extrac.-
tion-section equilibrium line* Since the equilibrium and operating lines
for the 3A Column are both raised above the 2A lines by about the same
amount, there is little differeice in the stage or transfer-unit require-
ments for the 2A and 3A Columns.

4.8 2B and 3B Column plutonium and nitric acid operating diagams
(Fig, V-.Ll)

The plutonium operating diagramnfor a 2B Column operating at HW No.
4 Flowsheet conditions (shown on Fig. V-11) is based upon the mass trans.
fer of Pu(VI). Since the equilibrium relationships for Pu(IV) stripping
are more favorable than for Pu(VI) stripping, fewer stages and transfer
units are required to obtain flowsheet waste losses if the 2BF contains
Pu(IV).

Operating diagrams have not been shown for stripping in the 3B Column.
The 3B diagram is of the same general type as the 2B diagram. However,
since the nitric acid concentration of the 3BF (0.26 m HNO3 ) is higher
than that of 2BF (0.17 M HNO3), and since the organic flow is lower in the
3B Column (about 7/8 orthat in the 2B Column), the positions of both the
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operating and equilibrium lines are raised slightly with a net increase in
the number of stages or transfer units required in the 3B Column. As indi'.
cated in Subsection B5; 3.2 stages or 8.2 transfer units are required to
attain the flowsheet 0.05 per cent Pu loss in the 3B Column while 2,9 stages
or 7.9 transfer units are required to attain the same loss in the 2B Column.

4.9 Operating diagrams for the IS Column (Fig* V.12)

The IS Column may be required for recovery of excessive uranium and/or
plutonium losses from off-standard waste streams under a variety of circum-
stances. In each case when the need for reworking an off-standard stream
arises the selection of the operating conditions is considered a separate
problem. In the selection of conditions for adequate recovery and decontam.
ination, special attention must be paid to the nitric acid operating dia-
gram, The operating conditions should not result in sufficient internal
reflux of nitric acid to permit the build-up of hazardous concentrations of
nitric acid in the bottom of the scrub section and top of the extraction
section (the part of the system most susceptible to HNO3 build-up). If the
build-up of organic-phase nitric acid concentrations above 1.0 M anywhere
in the system is avoided, the formation of potentially reactiv1NO3..hexone
mixtures will be precluded by an adequate margin. -For further disousion
of the selection of IS rework operating conditions, reference is made to
Document WI-14756(17).

Shown on Fig. V-12 are plutonium and uranium operating diagrams for
the IS Column operating at a set of typical rework (HW No. 3 Flowsheet)
conditions. The waste losses used on the diagram are Z% of the uranium
and plutonium present in the ISP instead of the approximately 0.5% losses
shown on HW No. 3 Flowsheet. The allowable losses in the IS Column are
subject to considerable variation with the frequency of rework. For ex-
amplej if the frequency of rework is less than the design basis,- the
allowable losses in the ISW may possibly be increased, depending, of
course, upon economic considerations.

As indicated on the plutonium operating diagram of Fig. V-12, the
plutonium extraction attained in the IS Cblumn is dependent upon the
valence state of the plutonium in the ISF. Considerably fewer than the
3.8 stages or 5.0 transfer units shown for P&(IV) transfer are required
if the plutonium is in the six valence state. Since an H.T.U. value of
5 ft. is not unlikely in the IS Column (optimum H.T.U. values of 3.5 to
4 ft. obtained in a 3-in. diameter pilot-plant IS Column)most of the 28-
ft. extraction-section packed height tuld-be used to attain flowsheet
losses if plutonium is processed as Pu(IV). Additional extraction safety
factor may be obtained by converting ISF plutonium to Pu(VI).

5. Equivalent-Stage and Transfer-Unit Requirements for All Redox Columns

As discussed earlier in this chapter (under A3o6 and A3.7), the
number of stages and transfer units are measures of the difficulty of the
extraction duty performed by a solvent-extraction contactor. The number
of stages or transfer units required to attain flowsheet waste losses for
uranium and plutonium extraction in the various Redox columns have been
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determined from operating diagrams similar to Figures V-6 through V-12, in-clusive, discussed in Subsection B4. The number of stages and transfer unitsrequired for all Redox columns operating under the conditions of variousRedox flowsheets are summarized in the following table:

Number of Equivalent Stages and Transfer Units
for All Redox Solvent-Extraction Columns

Column

Extn. sect.(a)
Extn. Sect.(a)
Extn. Sect.(a)

Redox
Flowsheet

Waste Loss,
% of U or
Pu in IAF

- U

ET No. 4 0.2
ORNL June '49 0.2
ANL June'48 0.2

IB Scrub Sect.(d) HW No.4 or ORNL .

0.2
0.2
0.2

3x10-5

No. of Equiv.
Stapges

Pu U

8.5 8.3
11.9 8.8
9.5 11.2

-- 4.5

No. of
Transfer Units

Pu

1 1 . 4 (b) 1 10(b)
1 4 . 9 (b) 1 2 . 1 (b)
12.4(b) i.0(b)

- n.6(b)

IC
I0
IC

E No. 4
ORNL
ANL

2E and 3E

2A (Based on PuIV)

2B (based on ithVI)

3A (Based on PuIV)

-- 0.05
- 0.05
- 0.05

HW No.4 or ORNL -

All three 0.2

All three 0.05

All three 0.2

3B (Based on PuVI) All three 0.05

IS Rework
(Extn. Sect.)

ots: (a)
(b)
(C)
(d)

HU No. 3

0.05 -

- 3.7

- 2.9.

- 3.6

-- 3.2

0.1 (d) 0 .1 (d) 3.8

Also applies for uranium in the 2D
"Overall aqueous--film" basis.
"Overall organic-.filmu basis,
2 of the U and Pu content of ISF.

2.4
2.4
4.1

2.1

-7.5(b)

- 7.9(c)

-7.5(b)

- 8.2

3.0 5.0

and 3D Columns.

The numbers of equivalent stages and transfer units listed in the abovetable are for the nominal flowsheet conditions and may vary by as much as30% with relatively minor changes in salting strength and flow ratios Forexample, a 20 g./. increase in the total ANN salting strength present inthe extraction section of a IA Column operating at H No, 4 Flowsheet condi-tiont decreases the required number of theoretical uranium stages from 8.3to 6,1.

Ia DECLASSIFIED
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From the required number of stages or transfer units, as tabulated in

the above table, the packed height required to attain the debired U or Pu

losses in each column may be calculated if values of H.ET.S. or H.T.U.

are known which are applicable to the operating conditions for each column.

Values of the HE.T.S. or H.T.U. are affected by a number of variables as

disaussed in the following section (Section C). Experimentally determined

H.E.T.S. and H.T.U. values for uranium transfer in the Redox columns appear
in Section D.

C. REDOX EfTRACTIQN COLUMNS: VAnniAs AFFECTING ETRACTION AND CAPACITY

The performance of a packed column may be evaluated in terms of its

masstransfer effectiveness and its processing capacity. The variables

affecting column performance may be divided into two categories, physical

and chemical, with the former pertaining to the physical structure of the

column, packing size, flow rates, and temperature, and the latter referring

to the chemical composition of the process solutions. The chemical varia-

bles for all Redox columns and their effects on phase-equilibrium relation-

ships are discussed in Chapter IV. The important physi6al variables and

the general trends of their effects are discussed below. More detailed

information concerning specific columns may be found in subsequent sections

of this chapter.

1, Variation with Packing Size

The flooding capacities of Redox columns increase considerably with

packing size. Under HW No. 4 Flowsheet conditions, the complete flooding

capacities of the IA Column extraction sectionIB Column scrub-section,
and IC'Column are approximately 2.0, 1, and 1.7 times greater, respec.

tively, when packed with lain. Raschig rings than the same columns packed

with 1/2-in, rings.

Optimum H.T.U. values in columns packed with 1-in, rings aie only

slightly (about 0 to 30 per cent) higher than those with 1/2-in, rings.

However, at higher processing rates, i.e.1 at rates above about 7C% of

the flooding capacity of 1/2-in. rings (sum of aqueous and hekone. flow

rate equal to approximately 1200 gale/(hr.)(sq.ft.)), lower H.T.U. values

are obtained in IA, 2D, and 3D Columns packed with 1-in, rings instead of

1/2min, rings.

2. Variation with Flow Rate

Plots of H.TU. as the ordinate vs. flow rate as the abscissa are

convex downward for all Redox columns. The curves become flatter with

increased packing size, and for plant.site Redox columns packed with

1/2-in, or 1-in. Rasohig rings, the minimum H.T.U. generally 
occurs at

apptoximately 30 to 60 per cent of the complete flooding capacity.

H.T.U. plots for all Rodox columns are attached as Figures V-14 to V.21,

and are discussed in Section D, below.
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3. Variation with Column Diameter

In pilot-plant studies in 5.05-in, and 8.2-in. columns there was ho
appreciable difference either in complete flooding capacity or in H.T.U.which could be attributed to the difference in column diameter. However,small H.T.U. scale-up factors (about 0 to 25 per cent) were noted in goingfrom 3-in. to 8-in. I.D. columns, both packed with 1/2-in, by 1/2-in.stainless steel Raschig rings.

I. Variation with Packed Height

Experimental studies in pilot-plant IA, IB, and IC Columns withpacked heights varying from 11 to 20'ft. indicated a definite increaseof H.T.U. with packed height. The H.T.,U. for a 20-ft. packed height wasapproximately io to 25 per cent higher than for a 11-ft. height.' Thismight have been due to the fact that, as packed height increased, a greaterportion of the total packed height operated on very dilute uranium or itmay have been due, at least in part, to poorer distribution of the phases(channeling) as the packed height increased. No effect on the floodingcapacity attributable to packed height has been noted.

5. Phase-Disengaging Sections

In the Redox columns it has been found necessary, particularly atcolumn volume velocities (sum of both phases) exceeding about 900 gal./(hr.)(sq.ft.), to incorporate enlarged top sections in the column designto minimize the entrainment of aqueous phase in the organic effluent.

The arbitrarily chosen Redox column enlarged top section - a 5-ft.section (approx. 3 ft. of organic phase above the interface) with doublethe nominal packed-section diameter - has proven satisfactory for mini.mizing entrainment in experimental column studies at flow rates expectedto exceed those used in the Redox Plant columns. At column flow rates(sum of both phases) from 300 to 2500 gal./(hr.)(sq.ft.), residence-timesfor organic in the enlarged top sections range from 25 to 3 minutes,respectively.

Enlarged disengaging sections at the base of the columns have beenfound unnecessary. Disengagement of organic droplets from the Aqueousphase is accomplished satisfactorily in an unpacked 15 to 21-in, highsection at the base of the column. (See Chapter XIV for dimensions ofspecific columns.) Residence times for aqueous phase in the bottom dis-engaging sections of the columns, for flow rates (sum of both phases) of-300 and 25 00gal./(hr.)(sq.ft.), range from approximately 10 to 0.5 min.,respectivelyo

Since entrainment from the Redox Plant Columns is, for most operatingconditions, expected to be less than 0.1 per cent, the upper processingcapacities of the columns are limited by the flooding capacities of thepacking rather than by entrainment.

6. Influent-Stream Distributors

Development studies have shown that plant-size Redox columns packed
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with 1/2-in. or 1-in. Rasohig rings do not require elaborate influent-

stream distributing devices. Extraction performance is as good using

simple three.hole organic-stream distributors (see details in Chapter

XIV) as with multi-hole "shower head" distributors. The hexone velocity

emerging from the three-hole distributors is not critical, satisfactory

performance having been realized over a range from 0.05 to 5 ft./sec.

Single pipe distributors are adequate for the aqueous influent streams.

An enlargement of the column diameter at the IAF feed inlet point was

found to offer no improvement either in extraction or column throughput

capacity.

As a precaution, a hollow-cone hexone.phase mixing device is provided

at the IBF feed point (see Chapter XIV), but this device is of unproved
value since development studies in plant-size columns were conducted with

plutonium absent.

7.k nr .iO--
7, Effects of Physica rperties

The physical properties of most importance in solvent.extraction

column performance are (a) the density difference- between the aqueous and

organic phases, (b) the viscosities of the phases, (a) interfacial tension
between the phases, and (d) the diffusivities of the diffusing components.

Data for these physical properties of the solutions in all Redox columns

are generally quite favorable, as evidenced by the lower HT.U. values and

higher flooding capacities of the Redox columns as compared with the tri-

butyl phosphate-hydrocarbon diluent systems, for example. Although not

too well understood quantitatively, the following semiquantitative state-

ments illustrate the general importance of the Above physical properties

on packed solvent-extraction column performance.

7.1 DensAty difference betWenphases

For a given size and type of tower packing, the flooding capacity in-

creases as approximately the first power of the density difference between

the phases. This density difference is generally 0.2 to 0.35 g./m. 
for

all Redox columns .- whereas column operation is feasible (generally with

lower flooding capacities, however) in systems with a density difference

as low as 0.05 g./ml.

7.2 Vi2cositZ

Low viscosity of the continuous phase generally favors high flooding

capacity, the flooding capacity being proportional to about the .-0.2 power

of the viscosity. Viscosities in the Redox streams are relatively low,

ranging from ca. 0.9 to 3.5 centipoises in aqueous streams, and from 0.56

to 1.0 centipoise in hexone streams.

7.3 Interfacial tension

Low interfacial tension generally favors high flooding capacity.

(The flooding capacity is proportional to about the .0.1 power of the

interfacial tension.) Interfacial tensions between hexone and aqueous
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phases of the Redox systems are unusually low, ranging from approximately
5 to 10 dynes/cm., compared with approximately 16 dynes/cm. for the TBPWaste Metal Recovery system.

7.4 Diffusivitr

Individual-film H.T.U. values are generally believed to vary directly
with the value of the dimensionless Schmidt number raised to approximately
the 0.6 power,

( 0.6

where any set of consistent units may be used, such as:

viscosity, lb./(hr.)(ft.);

P = density, lb./cu.ft.;

D = diffusivity of the diffusing component, sq.ft,/r.

Hence individual aqueous-film or organic.film H.T.U. values should be
smaller for lower viscosity and higher diffusivity'values. Smaller valuesof the Schmidt number undoubtedly account, in part, for the lower H.TPU.values obtained in Redox columns than in the TBP Waste Metal Recovery
or Purex process columns.

8. Effects of Alternative Flowsheets

Differences between ANL, ORNL, and HTW Flowsheets actually have veryminor effects on the flooding capacity and the optimum H.T.U. values
obtained. No significant differences in the flooding capacity are notedfor any given Redox column operating under the conditions of the various
flowsheets, As indicated in the tabulation below, the optimum H.TU.values are practically the same (within experimental error) for thevarious flowsheets.

Optig HT.UrJ.Vaues for Various Flowsheets

(Data obtained in 5.05 and 8.42-in. I.D. Columns packed with 1/2-in.
Raschig rings.)

Optimum HtT U.j Ft.
Flowsheet IA Column oLumn

ANL June 1948 1.1 1,8
ORNL June 1949 1.2 1.7
HW No. 4 1.2 1,7

Although the optimum H.T.U. values are mu6h the samej there areslight differences in the positions of the H.T.U. vs. flow rate curvesfor the AVL and the acid-deficient flowsheets (see Figure V-14 and V-17).
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The number of transfer units required to obtain the same uranium
waste loss for any particular Redox column operating at AITLs OREL, and HW

No. 4 Flowsheet conditions varies only about t10% as indicated in Subsec-

tion B5.

'The number of stages required to obtain the same uranium waste loss

for a particular column varies considerably with the flowsheet. This is

particularly true for the IC, 2E, and 3E Columns.' For a IC Column opere

ating at ANL Flowsheet conditions approximately 4,1 stages are required

to attain 0.05% U waste loss, while 2.4 stages'are required to attain the

same loss in an ORNL or MW Flowsheet IC Column. This difference in the

required number of stages is due to the higher nitric acid concentration

in an AkL IC Column; the higher concentration raises the position of the

uranium equilibrium line Qigher uranium distribution ratios, B&) pro-

ducing a higher value of the extraction factor, P (see Subsection 10,

below).

9. Effect of Aque -Organic Flow

H.T.U. values for Redox columns are lower when the volume flow of

the continuous aqueous phase, L, is less than the volume flow of the dis-

persed hexone phase, V. This is illustrated by the following H.T.U.

values which represent approximate optimum values for 1/2-in. rings in

each column:

Volume Flow

Redox Column Rati LH 1T.U.. Ft.(a)

IB (Scrub Section) 0.2 1.5

IC 0.3 1.7

IA (Extraction Section) 0.5 1.2(b)

2A (Extraction Section) 1.0 2.6

IS Rework (Extraction Section) 5.0 3.5

Notes: (a) "Overall aqueous-film" HT.U. values for all except
the IC Column which is an 'overall hexone..film" H.T.U.
value.

(b) 'Extraction in IA is better than in other Redox columns,
apparently due to fortuitous physical properties.

This trend to lower H.T.U. values as the dispersed-phase flow becomes

relatively greater than the continuous-phase flow is believed to be asso-

ciated with the presence of more dispersed-phase globules (and hence more

interfacial area for mass transfer) at the higher dispersed.phase flow

rate. One of the requirements for the best extraction performance, however,
is that the packing must be preferentially wet by the continuous rather

than the dispersed phase.
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10, Effect of the Extraction Factor on the HEToS

The extraction factor, P, has been defined under A346, above, as
L/V for extraction and mV/L for stripping (i.e., the slope of the oper.
ating line divided by the slope of the equilibrium line for extraction,
and the reciprocal of this value for stripping)a A table of nomenclature
appears at the end of this chapter, H.T,U. values for all Redox extrac.
tion columns have been found not to vary significantly with changes in the
value of the extraction factor. However, since the HJETS. and the
H.T.U. are related directly through the value of the extraction factor,
the H.E.T.S. varies as much as four-fold among various Redox columns due
to changes in extraction factor. This is illustrated by the following
data:

Average Extraction H.T.U., H.ET.S.,
Redox Column Factor P Ft Ft,

IA (Extraction Section) 0.5 1,2 l,8
IB (Scrub Section) 0.05 1,5 4,9
IC 0,01 to 0.05 1.7 6.6

The H.E.T.S./H.T.U. ratios, above, agree closely with ratios predicted
by the theoretical equation, given under A3.8, indicating that the
3.7-fold variation in H.E.T.S. between the IA and IC Columns is due to
the much smaller average extraction factor in the IC Column,

11, Effect of Teperature on Extraction

Distribution ratio data (see Chapter IV) for plutonium and uraniumindicate that the phasewequilibrium relationships for stripping from theorganic to the aqueous phase are favored by an increase in temperature.Also, as the temperature is increased the Schmidt number decreases (seeC7.4, above) and it might be expected that the H.T.U. in the IC Columnwould be decreased with increased temperature. However, studies in anS.42-in, diameter IC Column showed no significant difference in H,T.U,when the temperature of the feeds was increased from 190C. to 3300,

12, Effect of Packing Surface Conditioning

H.TU. values approximately double the normal values have been ob-served for a IA Column packed with 1/h-in, by 1/sin. stainless steelRaschig rings which had been degreased and pickled in 60 per cent nitricacid for 3 hours at 5000. The HT.U. gradually decreased to normal afterthe packing was exposed to the IA system for 2 to 4 daye (19). Nosuch surface effects have been observed in Redox studies using 2/24inor lwin. Raschig ring packing which had been pickled as above,
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D, REDOX H.T.U. H4E TS. AND FLOODING ATL 1E 111 R K

COLUMN SPECIFICATIONS

1, Introduction

As discussed above in Section C, the extraction performance Of a

packed column is conveniently measured in terms of either the Height

Equivalent to a Theoretical Stage (HE,T.S.) 6r the Height of a Transfer

Uat (H Xmfal wnes of the HT,S, or the .TdU. ar ea

function of the system employed, the geometry of the packed column, and

a number of operating variables as disbussed in general terms in Section
C.

Knowing the number of theoretical stages or transfer units required

in each Redox colunn based on the operating diagrams presented in Section

B, the packed height required for recovery of uranium and plutonfm in each

Redox column may be calculated by multiplying the number of transfer units

(or equivalent stages) by the T.U.1 (or H.E.T.S.) values applicable for

each column. The purpose of this section is to present lTU. data ob-

tained experimentally in Redox plantsize columns based on stdies made

with unirradiated uranium. Also presented are flooding capacity data for

each column and the methods of employing the H.T.Ur and flooding data in

establishing column diameters and packed heights for uranium and plutonium

recovery in all Redox columns.

Since the H.T.U., rather than the HE.T.S., concept was actuallY used

in establishing design specifications for the Redox columns, the bulk of

the experimental data presented in this sections and the methods of estab-

lishing packed heights, are based on transfer units rather than equivalent

stages. H.4T.S. data for the IA extraction 
section and the IC Column are

presented for comparison in Subsection 
4, below.

Design criteria for the scrub sections 
of decontamination columns are

presented in Section E,

2. H.T.U. and Flooding Capacity Data

Total flooding capacities (designated on the plots simply as Uflooding")

and H.T.U. data for uranium transfer in Redox plant-ize columns packe .

with both 1/2.in. by 1/2-in. by 1/32-in. wall and 1in, by lin. by /32iig.

wall stainless steel Raschig rings are presented graphicaly on Figures

V-lL4 through V.21, These Idata were obtained in solventaextraOtlan studies

(using uhi2adiated uranium) carried out at chemical conditions closely

simulating those of the various Redox flowsheets, For additional infonna-

tion the reader is referred to references (11), (14), (15), (19), (20), and

(21), listed at the end of this chapter.

Physical properties, phase~6quilibrium 
relationships, and phase flow

ratios are fairly well fixed for each Redox column by the chemical flow-

sheet conditions. Consequently, if the column geometry is fixed, as in

solvent.extraotion studies in a given diameter column with a given size

and height of packing, the remaining primary variable which affects the
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extraction performance is the sum of the phase flows through the column,This is expressed in this chapter as volume velocity in gal./(hr.)(sq.ft,of column cross-sectional area), the floiw5o g the sum of both theaqueous and organic phases.

Figures V-14 through V-21 are plots, for the various Redox columns$of the H.T.U. as ordinate vs. the volume velocity (sum of both phases)as the abscissa. Reference to the above plots for plant.size Redox columnspacked with 1/2-in, or 1-in. stainless steel Raechig rings reveals thatall of the curves are convex downward, and that the minimum H.T.U, genereally occurs somewhere in the range from 30 to 60 per cent of the completeflooding capacity for the packing. The H.T.U. vs. volume velocity curvesfor 1-in, packing are generally somewhat flatter than corresponding curvesfor 1/2-in. packing, and the minimum H.T.U. for l.in. rings is generallyabout 10 to 20 per cent higher than the minimum value for 1/2-in, rings,Likewise, the minimum for the larger packing occurs at a higher volumevelocity. Minimum H.T.U. values (based on uranium transfer) for all Redoxcolumns are summarized below for the various Redox flowsheets, and fordifferent sizes of packing:
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H.T.UJ. AND FLOODING CAPACITY DATA

uranium transfer in .505.in. and
columns packed with 19 to 20 ft.
the sizes indicated below*

Minimum
H.T.U.. Pt.

1.3

1.5

1.5
1.5
1.6

1.7
1.9
2.1
1.8

1.3
1.4
1.5

% of
Flooding
At Min.

H.T.U.

40
50
50

oa.3O
60

65
'55
55

40
30
15
60

45
50
50

8.42-in.
of Raschig

complete
Flooding capacity
Gal./(Hr.)(Sq.Ft.),9
Sum of Both Phases

1850 ± 200
2700
3550 ± 150

>1650
1900 50

2000
2700

ca.3500

1800
2400
3000
1500

1850
2700
3500

± 200

± 200

± 100
±50

* 200

2elad (d)2E(()
(d)

2A and (An)
3A (Ebctn. (ALL)
Sect.)

2B and (All)
3B (all)

IS Rework
(Lctn.
Sect.)

I0

HW No. 3
HW No. 3

(All)
3050 ± 100

DECLASSIFIED

a

Based on
diameter
rings of

Flowsheet

HW Not 4

HW N 4
ORO)AJL(b)

Af(c)

(All)(c)

(d)
(d)
(d)
ANL(b)

RedorX
Column

IA
(Fxtn.
Sect.)

lB
(Scrub
Sect.)

IC

3D(ael
2D(

(&tn.
Sect.)

Packing
Size, In.

1/2'
3/4(a)
1
1/2
1/2

1/2
3/4(a)
1

1/2
3/4(a)
1
1/2

1/2
3/4(a)
1

W No.
HW No.
HW No.

4
4
4

1/2

V(a)
1

1/2

3/4(a)

1/2

3/4(a)

3/4(a)

1.4
1 6
1.7

2.6
2.8

2.4
2.6

4.2
5.o

1800
2600

)3500

1600
2600

1550
2100

2450
3000

35
35
40

30
45

50
55

80
80

35

±100

*50

50

1 2.1
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Notes: (a) Since 3/4-in. rings were not tested, these values have beenestimated by interpolation.

(b) The ORNL June 1949 Flowsheet is referred to simply as ORNLand the ANL June 1948 Flowsheet as Anl,

(c) Chemical and flow conditions for the IB Column scrub sectionare almost identical in the ANL, ORNL, and HW No. 4 Flowsheets,

(d) Data apply to the ORNL or HW No. 4 Flowsheets.

(e) Limited data for the 2D and 2E Columns are extended by theanalogy of these columns to the IA and IC Columns, respec.tively.

(f) IS Column data are based on studies made in a 3-in. diametercolumn.

As shown in the table above, minimum H.T#U. values range from 1.1 ft. forthe IA Column extraction section to 5.0 ft. for the IS-Column extractionsection operating at rework conditions. The trend is from low to highH.T.U, values with increase in the aqueous-to-organic volume flow ratioas discussed in Subsection C9, above* Most of the HT.U. values lie inthe narrow band from 1.5 to 2.5 ft.

For each column, the optimum H.T.U. values obtained under the condi.tions of the three flowsheets are approximately equal.

The optimum H.T.U. values for 1-in. Raschig rings are usually lessthan 20 higher than those for 1/2-in, rings and occur at higher valuesof volume velocity. H.T.U. values for 3/4-in. rings have been estimated,by linear interpolation, between those for 1/2-in, and lin, rings.

Flooding capacities, expressed as gal./(hr.)(sq~ft.), range fromapproximately 1700 to 2400 for 1/2-in, rings, from approximately 2200 to3000 for 3/in. rings, and from approximately 3000 to 3700 for lvin.rings. The increase in ring size from 1/2 to 1 in. is thus accompaniedby a 70 to 100 per cent increase in flooding capacity.

As indicated by the flowsheet, all other Redox columns bear a closeresemblance to one of the first extraction cycle columns (IA, IB, or IC),The resemblances are reflected in the flooding capacities of the IB Columnscrub section and 2A Column extraction section as well as in the floodingcapacities of other pairs of similar columns.

IB Column scrub-section studies made with "shower head" (multi-hole)type scrub introduction devices indicated that the presence of ferroussulfamate reduced flooding capacities to approximately 75 per cent of thevalues obtained in the absence of ferrous sulfamate (Figure V.16), Thepresence of ferrous sulfamate or of ferrous ammonium sulfate and sulfamicacid was without significant effect on the flooding capacity of the 2D
Column extraction section.
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3. Development of Plant Column Specifications

H.T.U. data presented on the attached Figures V-1 through V-21 pro-
vided the experimental background for specifying the diameters and packed

heights for uranium and plutonium recovery in the various Redox solvent-
extraction columns. Detailed dimensions of all Redox solvent-extraction

columns appear in Chapter XIV.

Column diameters and packing sizes were selected so that each column

would operate in the range of optimum performance (i.e., lowest H.T.

values) over the range of processing rates specified as the design basis.

As discussed in Chapter XIV, this design basis specified a sustained pro-

duction rate of from 1 to 2.5 short tons of irradiated uranium per day at

an 80 per cent operating efficiency (giving instantaneous rates ranging

from 1.25 to 3,1 tons per day). Approximately 20 per cent additional

capacity for handling rework streams is provided in most columns, as dis-

cussed further below.

On the basis of solvent-extraction studies in most of the Redox

columns using both 1/2-in, by 1/2-in. by 1/32-in, wall and 1-in. by 1-dn.

by 1/32-in, wall stainless steel Raschig ringsi 1/2-in. rings were origi-

nally specified for Columns IA, IS, IB, 2D, 3D, 2, 3A, 2B, and 3B, while

1-in, rings were specified for Columns IC, 2E, 3E, and 04 However, be.
cause of a subsequent interest in increasing the uranium-processing capacity

of the Resox Plant to an as-yet-unspecified rate above the original sus-

tained production capacity of 2.5 tons/day (3.1 tons/day, instantaneous

rate), 3/4-in, by 3/Lpin. stainless steel Raschig rings are being procured

at the time of this writing for installation in all columns which would

limit the plant capacity if packed with 1/2-in. rings. For these reasons,

estimated performance data for 3/i.-in. Raschig rings are listed below

along with experimental data for 1/2-in, and 1-in, rings.

The following subsections present data on the expected rangeabilities

and complete flooding capacities for various sizes of Raschig rings in
each ofthe Redox extraction columns and illustrate how the respective packed

heights were selected to attain the uranium and plutonium waste losses

shown for each column on the chemical flowsheets in Chapter I. Similar de-

sign bases-for the scrub sections of the decontamination columns (IA, 2D,

3D, 2A, 3A, IS) are presented in Section E of this chapter. To provide a

convenient comparison of the capacities of the various Redox extraction

columns with alternative sizes of packing, Table V-13 summarizes the range-

ability for most of the columns (at HW No. 4 Flowsheet conditions) using

1/2-in., 3/4-in., and 1-in, stainless steel Raschig rings. Since the h-in.

diameter 2A and 3A Columns and the 31-in, diameter 2B and 3B Columns are

considered too small for 1-in, rings; the above table does not include the

use of 1.4n, rings in Columns 2A, 3A, 2%i and 3Y3. As pointed out above,,
the rangeabilities of the various columns usin 3/4,.hi.rings are not based

on experimental data, but on interpolations between data fdr 1/2-in, and.

1-in, rings (and extrapolations in the bases of Columns 2A, 3A, 2B, 3B, and
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3.01 The IA Column extraction section

Since both plutonium and uranium are to be extracted in the IA Column
extraction section, with losses in the IAW (waste) stream not exceeding
0.2 per cent of either the plutonium or the uranium in the IAF (feed)
stream, the packed height in this section must be adequate for recovery
of whichever of these two materials is the more difficult to extract.
Although the simultaneous extraction of uranium and plutonium has been
demonstrated in pilot-plant columns at Argonne and Oak Ridge National
Laboratories (as well as in the mixer-settler banks at Knolls Atomic PowerLaboratory), plutonium was not present during "cold" solvent..extraction
studies-in smalloscale and plant-scale columns at Hanford Works. Conse-
quently, H.T.U, data for plutonium extraction in plant-size columns arenot available. However, because of similarities in the chemical nature
and solvent-extraction behavior of plutonium to these properties for ura-nium, it is assumed that column geometries and operating rates which resultin optimum solvent-extraction performance for uranium will also be at leastnear optimum for plutonium. It is further assumed that scale-up factorsfor plutonium extraction (i.e., the increase in H.T.U. with increasing
column diameter) will be of a similar magnitude to those found for uraniumextraction.

The following uranium extraction data, appropriate to the plant IAextraction section (6 .5-in. I.D., 28-ft. packed height), are taken fromexperimental studies in 5.05-in. and 8 .42-in. diameter columns, data fromwhich are plotted on Figures V-14 and V-151

Rangeability for H.T.U.
Raschig Equal to or Less than 2 Feet(a)
Ring Gal./(Hr.)(Sq.Ft.), Short Tons UDayFlowsheet Size. In. Sum of Both Phases Instantaneous Sustained

ANL 1/2 500 to 1700 0.91 to 3.1 0.73 to 2,5ORNL 1/2 500 to 1700 (b) 0.91 to 31(b) 0.73 to 2.5(b)
HW No. I 1/2 300 to 1700 o.55 to 3.1 0,44 to 2.54W No. 4 3/4 (350 to 2400)(c) (0.6 to 4.4)(c) (051 to3 (c)HW No. 4 1 600 to 3000 1.1 to 5.5 0.88 to 4.4

Notes: (a) "Overall water-iilm" basis.

(b) Estimated by extrapolation.

(c) Estimated by interpolation.

The oalculated-number of transfer units required for plutonium anduranium recovery in the IA extraction section are as follows:
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No. of Transfer Units Required(&)
For 0.% For 0. Z

Flowsheet Pu Loss U Loss

AL 12.4 14.0
ORML 14.9 12.1
HW No. 4 11.4 11.3

Note,: (a) "Overall water-film" basis. Increasing the concentration
of aluminum nitrate salting strength in the extraction
section by 0.1 2 above the flowsheet value decreases the
number of transler units required (to obtain the specified
uranium and plutonium losses) by approximately 15 to 30
per cent.

Since the 28.ft. packed height provides a minimum of 14 transfer units

(for uranium H.T.U. values equal to or less than 2 ft.), uranium lost to
the IAW stream should be less than 0.2 per cent of the feed uranium when
the IA Column is operated within the above ranges at conditions of any of
the three flowsheeta.

Transfer-unit requirements for uranium and plutonium extraction are
nearly equal under the conditions of HW No. 4 Flowsheet, whereas more

plutonium than uranium transfer units are needed under fl ORNL Flow-
sheet conditions.

If, as expected, the H.T.U. for plutonium transfer is 2 ft. or-less

over the ranges of production given above for good uranium transfer, the
28-ft. packed height provides a 23 per cent safety factor (when operating
under the HW No, 4Flowsheet) for attaining the flowsheet plutonium lose

of 0.2 per cent in the IAW stream. In the event that high plutonium
losses in the IAW are experienced due to higher.-than-expected H.T.U. val-
ues for plutonium, the number of transfer units required for plutonium
recovery may be reduced (thus reducing the plutonium loss) by either in.

creasing thealuminum nitrate concentration in the IA extraction section

by 0,1 to 0.2 M. or increasing the IAX flow rate, or both.

3.02 The IB Column plutonium scrub section

This portion of the IB Column below the center feed point removes
essentially all of the uranium from the plutonium, reducing the uranium

content of the plutonium metal to 0.1 per cent or less. At an irradia-
tion level of 400 g. Pu/short ton of U, this permits only 4.4 x 10-5 per
cent of the IAF feed uranium to accompany the plutonium in the IBP stream

The following uranium extraction data appropriate to the Redox Plant

IB scrub section (5-in. I.D. column, 25-ft. packed height) are taken from

experimental studies in a 5.05-in. diameter column packed with 19 ft. of
1/2win, or 1-in, stainless steel Raschig rings, Data from these studies

are plotted on Figure V-16.
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Raschig
Ring

Flowsheet Size. In.

Rangeability for H.T.U.
Equal to or Less than 1.8 Feet(a)

Gal./(Hr.)(Sq.Ft,), Short Tons U/Day
Sum of Both Phases Instantaneous Sustained

All three
All three
All three

1/2
3/4
1

400 to l8oo 1,1 to 4.9
(600 to 2400) (c) (1.6 to 6.5)(c)
800 to 2800 2.2 to 7.6

0.87 to 3.9
(1.3 to 5.2)(c)
1.7 to 6.1

Notes: (a) "Overall water-filmlt basis.

(b) Chemical differences among the three flowsheets
(ANL, ORNL, and HW No. 4) are insignificant for the
IB Column,

(c) Estimated by interpolation.

Approximately 12 transfer units ("overall water-film" basis) are requiredin the IB scrub section to reduce the uranium accompanying the plutonium
to 4.4 x 10-5 per cent of the IAF feed uranium. The 25.ft.. packed heightin the plant IB scrub section provides 14 transfer units or more over theabove ranges of processing rates, based on an H.T.U. equal to or less than1.8 ft,

3.03 The IB Column plutonium extraction section

This portion of the IB Column above the center feed point extracts99.8 per cent, or more, of the IBF plutonium from this hexone feed streamback into the aqueous phase. As discussed in Chapter IV and elsewhere,this is accomplished in the IB extraction section by reducing the oxidationstate of the plutonium to the +3 level (using ferrous sulfamate reducingagent in the IBX stream), in which form the plutonium distribution ratioin favor of the aqueous phase is on the order of 500.

Because of the 2.7-fold higher total flow rate through the IB ex.traction section than through the IB scrab section, the plant IB extractionsection is 9 in, inside diameter and the scrub section is 5 in.insidediameter 4  Since plutonium was not present in plant.size IB Column studiesmade at Hanford Works, the 15-ft. packed height of the plant IB extractionsection was based on the performance of pilot-plant IB Column studies madeat Argonne and Oak Ridge National Laboratories, as summarized belowr

ID Extraction Section Dimensions
Source Diameter, Packed Height,

In. Ft. Packing

ANL 1 6.3 Fenske helices(a)
ORNL 3 10 Raschig rings(b)

Pu Loss
in IBU, %

0.2
0.05 to 0.09

Notes: (a) 3/1 6 .in. O.D. stainless steel helices,

(b) 1/h-in. by 3/8-in. stainless steel Raschig rings.
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The 15-ft. height of 1/2-in, by 1/2-in. stainless steel Raschig rings in

the 9-in, diameter Redox Plant IB extraction section allows for approxt..

mately a 5o per cent scale-up factor over the performance of the 3-in.

ORNL column. The loss of plutonium accompanying the uranium in the IBU

stream is expected to be equal to or less than 0,2 per cent of the plutn

ium in the IAF (feed) stream,

3.04 The IC Column

The IC Column strips 99.95 per cent, or more, of the ICF 
uranium

from the hexone feed stream back into an aqueous 
phase. As discussed in

Chapter IV, this is accomplished by means of an aqueous extractant (IC)

containing no MN salting agent. The uranium-bearing aqueous effluent

(ICU) is ready for concentration and chemical adjustment to the required

composition of the teed for the 2D Column.

The following uranium extraction data appropriate to the Redox Plant

IC Column (10-in.,I.D. 25-ft, packed height) are taken from experimental

studies in a 5.05-in. I.D. column packed with 20 ft. of 1/2-in, or 1-in.

stainless steel Raschig rings. Data from these studies are plotted on

Figure V-17.

Raschig
Ring

Flowsheet Site. In.

Rangeability for H.T.U.
Equal to or Less than 2.5 Feet(a)

iai./(Hr.)Sq.Ft.), Short ons Unay
Sum of Both Phases Intantanou s ained

ANL
ORNL or HV No.4
CHNL or 11W No.4
ORNL or NW No.4

V2a
1/2
3/4
1

600 to 1420
30 to (600

(300 to 20 00 )(b)
300 to 2500

1.9 to 4.5 1.5 to 3.6
0.95 to 5.1 0.76 to 4.1

(0,95 to 6.44 (b) (0.76 to51)b
0.95 to 7.9 0.76 to 6.4

Notess (a) "Overall hexone-film" basis.

(b) Estimated by interpolation.

The calculated numbers of transfer units required for uranium recovery

in the IC Column are as follows:

Flowsheet.

ANL
ORL or HW No. 4

No. of Transfer Units(a)
for 0.05% U Loss

8,4
8

(a) "overall hexone-film" basis.

Since the 25-ft. height of 1-in, by 1-in, stainless steel Easehig

rings in the plant IC Column provides a minimum of 10 transfer units (for

H.T.U, values equal to or less than 2.5 ft.)I uranium lost 
in the OvW

should be equal to or less than 0.05 per cent of the IAE feed 
uranium over

the range of processing rates given above for 1-in. aschig rings.

'i -
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3.05 Columns 2D and 3D

The specified 99.8% uranium recovery from these columns is the same
as the percentage recovery from the IA Column, The packed heights in
the 2D and 3D Columns are, therefore, the same as in the IA Column (de-
scribed above, under 3.1). The 2D and 3D Column diameters are 7,5 in,,
as compared with 6,5 in, for IA, because of the additional capacity
allowed for rework.

The following uranium extraction data applicable to the Redox Plant
2D and 3D Columns (7.5 in. I.D., 28.*ft, packed height) are based on
scouting 2D and IA Column studies in 5.05.in. and 8.42-in. I.D, columns,
data from which are plotted on Figures V-18 and Vl5,

Raschig
Ring

Flowaheet Size, In,

Rangeability for H.T,U.
Equal to or Less than 2 Feet(a)

Gial./Hr.) (q*Ft. ), Short Tons U/aay
Sum of Both Phases instantaneous Sustained

ORNL or HW No,4
ORNL or HW No.4
ORNL or HW No.4

1/2 300 to 1700
3/4 (350 to 2400)(b)
1 6o to 3000

0,73 to 441 0.59 to 3.
(0.85 to 5,9)(b) (0-068 to 4.7)(b)
1.5 to 7.3 1.2 to 5,9

Notes: (a) "Overall twater-film" basis.

(b) Estfinated by Interpolation.

3M6 Columns 2E and 3E

The functions of the 2E and 3E Columns are similar to those -of the
IC Column, described in Subsection 3.0h, above. Although the allowable
uranium losses are the same for all three columns, the differences in
cheadcal flowsheet conditions for the columns are reflected in the column
dimensions. Thus, the diameter of the 2E and 3E Columns is 9 in, (com-
pared to the 10.in, I.D, IC Column) and the packed length, 30 ft,
(compared to 25 ft, for the IC Column). The packed length of the 2E
and 3E Columns allows for successful operation under acidic (ANL) flow.
sheet conditions as well as under the conditions of the acid-deficient
flowsheets.

The following data applicable to the Redox Plant 2E and 3E Columns
are based on scouting 2E Column studies in an 8 .42..in. I,1) column
packed with 18 ft. of 1-in. Rasohig rings:(19)

Raschig
Ring

Flowsheet Size, In,

HW No. 4 1

Rangeability for HT,U,
Equal to or Less than 2,5 Feet(a)

Gal,/(r,)(Sq*Ft,), Shor Tons U/I
Sum of Both Phases Instantaneous bustained

300 to 2500 1.0 to 8.5 0.8 to 6.8
Note:: (a) "Overall hexone.film basis.

-ECLASSIED

3X7
HVIAO

ft=



56DECLASSIP

3.07 The 2A Column extraction section

Plutonium decontamination is to be accomplished in the 2A Column with

a permissible waste loss of P. 2, which establishes the mass-tranefer re-

quirements of the extraction section.

As stated above, in Subsection 3.01, the H.T.U. data available for

the plutonium-cycle columns are based on studies using Ilcold (unirradi..

ated) uranium to simulate plutonium. The following data (which are plotted

in Figure V"19) applicable to the plant 2A Column extraction section (4-in.

I.D., 26.5.ft, packed height) are taken from experimental studies in a

5.05-in. I.f. column packed with 16 ft. of /.in. Raschig rings:

Ranea bility for H.T.U. Equal to or Less than 3 eet(a)

Raschig Ring /(Hr.)Sq.FtO, Instantansoui Production RateMP)

Sise, In. Sum of Both Phases Equiv. Tons U Grams Pu )

1/2 350 to 1350 0.90 to 3.5 340 to 1300

3/4 (350 to 2000 )(d) (0.90 to 5.1)(d) (340 to 1930)

Notes: (a) "Overall water.film" basis.

(b) To calculate "sustained" rates the instantaneous
rates are multiplied by the 0.6 fractional operating-
time efficiency.

(c) Based on 376 grams Pu/short ton of U enrichment level.

(d) Estimated by extrapolation and by analogy with IA
Column studies using 1/2-in. and 1-in. rings'

Except for slight differences in acidity and a lower 3AX flow in the

HW No. 4 than in the other flowsheet,8, the three flowsheets (ANL, ORNL,

and HW No, I) are essentially identical for the plutonium cycles.

The 28.5-ft. packed height in the plant 2A Column extraction section

provides a minimum of 9.5 transfer units ("overall ater-film" basis)

over the above operating ranges for which the H.T.U. is 3.0 ft. or less.

With only 7.5 transfer units required to attain the flowsheet 0.2 per
cent plutonium loss in the 2W waste stream, this provides a packed height

approximately 27 per cent in excess of the bare minimum, This extra

height is expected to ensure satisfactory plutonium recovery in spite of

minor deviations in plant operation from the flowsheet salting strength

and phase flow ratio, and provides some margin of safety in the event

that H.T.U. values for plutonium are somewhat higher than those detenrined

using uranium as a stand-in for plutonium.

3.08 The 2B Column

The 2B Column strips all but 0.05% of the 2BE plutonium into an

aqueous phase, which is subsequently butted with A.N s .lting.agent solution
to serve as feed for the 3A Column. Chemical conditions and flaw ratios

for the column are virtually identical under the conditions of all three
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The following data applicable to the Redox Plant 2B Column (3.in.
I.D., 25ft. packed height) are taken from experimental studies using
uranium to simulate plutonium in a 5.05-in. I.D. column packed with 20
ft. of 1/2-in. stainless steel Raschig rings (data from these studies
are plotted on Figure V.20):

Raschig Ring
Size, In.

Rangeability for H.TU., Equal to or Less than 2.6 Ft.(a)
Gal./(Hr.)(Sq.Ft.), Instaniteo Production Rates(b)
Sum of Both Phases EqUi-. Tons Uay Grams Pu/Daykc)

250 to 1500
(400 to 1800)(d)

0.61 to 3.7
(1.0 to 4 .)(d)

230 to 1390
(370 to 1670)(d)

Notes: (a) "Overall hexonewfilm" basis,

(N) To calculate "sustained" rates the instantaneous
rates are multiplied by the 0. fractional oper.
ating-time efficiency.

(c) Based on 376 grams Pu/short ton of U enrichment
level.

(d) Estimated by extrapolation and by analogy with
IC Column studies using 1/2-in. and 1-in. rings,

The 25-ft. packed height in the plant 2B Column provides a minimum
of 9.6 transfer units ("overall heoone..film" basis) over the above
operating ranges for which the H.T.U. is 2.6 ft. or less. This is in
excess of the 7.9 transfer units required in the 2B Column to attain a
0.05 per cent plutonium loss in the 2EW stream.

3.09 The 3A Column

Except for the differences in feed composition (0.33 M HNO3 in 3AF
compared to 0.1 M in 2AF) and extractant flow (70 3AX flowrelative to
IAF N 100, compared to 80 2AX flow relative to IAF), the 2A and 3A Columns
are almost the same. The decrease in 3AX compared to 2AX flow is to mini.
mize the quantity of HNO3 carried over into the 3B Column, where HN03 isdetrimental to plutonium stripping,

Because of the column similarities, the 2A Column experimental studies
using uranium to simulate plutonium, mentioned above in Subsection 3,07sare the basis for the following rangeabilitities applicable to the Redox
Plant 3A Column (.4-in. I.D. column, 28.5-ft. packed height):

Raschig Ring
Size. In.

1/2
3/4i

Rangeability for H.T.U. Equal to or Less than 3 Ft.(a)
Gal./(ir.)(Sq.Ft.), Instantaneous Production Rates(b)
Sum of Both Phases Equiv. Tons U/Day Gram P/Diy)

350 to 1350
(350 to 2000)(d)

aL

1.0 to 3.7
(1.0 to 5.5)(d)

DECLASSIFIED
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Notes:

HW-18 700

(a) "Overall water-film" basis.

(b) To calculate "sustained" rates the instantaneous
rates are multiplied by the 0.6 fractional operating-
time efficiency.

(a) Based on 376 grams Pu/short ton of U enrichment level.

(d) Estimated by extrapolation and by analogy with IA Column

studies using 1/2-in. and 1-in, rings.

The 28.5-ft. packed height in the plant 3A Column extraction section

provides a minimum of 9.5 transfer units ("overall water-film" basis) over

the above operating ranges for which the H.T.U. is 3.0 ft. or less. With

only 7.5 transfer units required to attain the flowsheet 0.2 per cent 
plu-

tonium loss in the 3AW waste stream, this provides a packed height approxi-

mately 27% in excess of the bare minimum.

3.10 The 32 Column

The flowsheet conditions of the 2B and 3B Columns are almost the same

except for the differences in feed composition (0.26 M HNO 3 in 3BF compared

to 0.17 M HN03 in 23F) and flow rate (69 3BF flow relative to lAF a 100,

compared to 79 2BF flow relative to IAP).

Because of the column similarities, the 2B Column experimental studies

with uranium simulating plutonium, mentioned above in Subsection 3,08,

are the basis for the following rangeabilities applicable to the Redox

Plant 3B Column (3-in. I.D. column, 25.ft. packed height):

Raschig Ring
Size, In.

1/2
3/4

Ran eab it for-H.T.U Eq% to or Less than 26Ft.(a)

/(Hr.)(Sq.Fte), Instantane r
Sum of Both PhaseS EqigTnj U/ay Grams PU/Rak

. 250 to 1500
(400 to 1800)(d)

0,69 to 4.1
(1.1 to 4,)(d)

250 to 1500
(10 to 1860)

Notes: (a) "Overall hexone-film" basis.

(b) To calculate "sustained" rates; the instantaneous rates

are multiplied by the 0.8 fractional operating-time
efficiency.

(c) Based on 376 grams Pu/short ton of U enrichment level.

(d) Estimated by extrapolation. and I)y analogy with IC
Column studies using 1/2.in. and 1-in, rings.

The 25-ft. packed height in the plant 3B Column provides a minimum of

9.6 transfer units ("overall hexone.filmt basis) over the above operating

ranges for which the II.T.U. is 2.6 ft. or less. This is in excess of the

0.2 transfer units required in the 3B Column to attain a 0.05 
per cent

loss in the 
3BW stream.
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3.11 The IS (rework) Column

The function of the IS Column is to recover uranium and plutoniumfrom off-standard Redox aqueous waste streams. Because of adoption ofthe TBP process, its functions no longer include recovery of uranium fromunderground (Bismuth Phosphate process)wastes. These rework operatingconditions will have to be set on the basis of the composition of the par.ticular off-standard waste to be reworked. The chemical and phase volume-ratio conditions must be chosen se al to prevent refluxing of HNO3 in thecolmn and high HNO3 in the ISP,(17)

The use of the IS Column in rework of waste high in uranium contentis illustrated by the nominal conditions of IS Column operation given inthe HW No. 3 Flowsheet.(17a) The routing of streams and preparation ofIS Column feeds are discussed in Chapters VI, X, and XII. Operating dia.grams for typical uranium and plutonium rework operation are discussedabove, in Subsection B4.

Studies with unirradiated uranium in a 3-in. I.D. column having anextraction section packed with 15 ft. of 1/2-in. Raschig rings are themain basis for the H.T.U.-volume velocity curves for the extraction sectionof the plant-size IS Column. These curves for the plantesize column (5-in.I.D., 28-ft. packed height in extraction section) are presented on FigureV--21 and indicate typical performance only.

The experimental studies reveal that the H. ToU. for the IS extractionsection operating at rework conditions decreases continuously as the volumevelocity increases up to about 85 per cent of the flooding capacity. Asdiscussed above in Subsection 09, the generally high H.T,U. values for theIS (rework) Column are believed due to the high value of the aqueous-to.organic volume flow ratio.

The following rangeabilities applicable to a plant-size column arebased upon the IS experimental studies mentioned above:

Rates for Best Extraction
(82 of Flooding)

Ga./Ir. )(Sqt TEquiv )
Sums of Both Phase

2100
(2600)(c)

Ft. (b)
A~ ox. Waste Losses

W.

0'6(
(0.62)(0)

Notes: (a)

e"q

Instantaneous uranium tonnage rates (for the 5-in.
IS Column) equivalent to the ISP volume if ISP were
0.48 M in uranium, as for flowsheet IAP and relative
flow rates were the same as in W No, 3 Flowsheet.
(ISF:ISX:ISS n 10:2:1)

(b) "Overall waterfilmu basis; estimated for the 5-in.
plant IS Column assuming a 20 per cent scale..up
factor from the 3.in. column experimental data,
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(c) Estimated by extrapolation and by analogy with IA
Column studies using 1/2-in, and 1-in, rings.

As stated above, operating conditions for the IS Column will vary
with the composition of the stream to be reworked so that the above perform-

ance data are presented as typical only.

3.12 The 10 Column

The primary purpose of this hexone-washing column is to remove resi-

dual plutonium and uranium from the combined hexone waste streams (i.e.,
I0W, 2EW, ME, 2BW, and 3BW) before this spent hexone is treated with

caustic and distilled in the Hexone Distillation Column, G..3 (see Chapter

IX). Plutonium and uranium stripped from the spent solvent (into water

or approximately 2 wt. per cent Na2003) in the 10 Column may be recovered

by recycling the batches of concentrated salt waste (of which the IOW be.

comes a part) to the Rework Adjustment Tank, D-7., thence to the IS Feed

Tank, F-8, and back to the IS frework)Column.

Using water as the IO stream, the 10 Column conditions are similar

to the dilute end of the IC Column (for uranium) or the 2B Column (for

plutonium), except that the aqueous-to-organic flow ratio may be as 
low

as 1/20 during normal plant operation with uranium and plutonium losses

at or below the flowsheet concentration in the 10? (0.10 g. UNH/l.;
0.000014 g. Pu/1.). The following performance data applicable to the

12-in. I.D. Redox Plant 10 Column (packed with 15-ft. of 1-tn. by 1-in.

stainless steel Raschig rings) are based on 10 Column studies and analogy
with the IC and 2B Columns.

Rangeability for HoT.U.ts(a) Equal to or Less than

3 Ft. (for Uranium) and 4 Ft. (for Plutonium)

Gal./(Hr.)(Sq.Ft.) sum of both phases 300 to 2500

Gal. hexone processed/24 hr, 5400 to 45,000
Equiv. tons uranium/24 hr. (Redox Plant) 0.? to 5.9

Note: (a) "Overall hexone-film" basis.

A minimum of approximately 5 transfer units for uranium and 3.75 for

plutonium should ensure removal of over 90 per cent of the uranium and

plutonium from the hexone in the 10 Column.

4. H.E.T.S. osus H.T.U. Data

Although H.T.U. data were employed$ above, to illustrate the develop-
ment of solvent-extraction column specifications for the Redox Plant,
essentially the same column design specifications could have been arrived

at using H.E.T.S. data rather than H.T.U. data. As explained in Subsection

C10, above, the H.E.T.S. is influenced markedly by the numerical value of

the extraction factor, while the H.T.U. is relatively insensitive to this

variable. This difference between H.E.T.S. and H.T.U. values is shown on

Figure V-22 by experimental H.E.T.S. and H.TU. data for both the 
IA ex-

traction section and the IC Column,
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H.T.U. values for both columns fall in the range from 1 to 2 ft.

H.E.T.S. values for the IA extraction section average approximately 2 ft.vs, 1.3 ft. for the corresponding H.T.U. values$ whereas H.E.T.S. values
for the IC Column range from 5.4 to 6.4 ft. As explained in Subsection
010, these high H.E.T.S. values for the IC Column are due to the relatively
small average value of the extraction factor (0.01 to 0.05 vs. approximately
0.5 in the JA extraction section).

The H.E.T.S. varies with the numerical value of the extraction factoras well as with all of the factors which affect the H.T.U., H.E.T.S. values
of 5 to 10 ft. being commonly observed in packed solvent.extraction columns
when the extraction factor is 0.05 or less, Thus, an abnormally high
H.E.T.S. value does not necessarily indicate a difficult mass-transfer
operation, but may be due to a small extraction factor. The mass-transfeCperformance of a packed solvent-extraction column is, therefore, considered
to be better revealed by H.T.U. than by H.E.T.S. data.

E. FISSION-.PRODUCT DEONTAMINATION; DEVELOPMENT OF SCRUB-SECTION HEIGHTS

1. Introduction

This section is devoted to the performance (required and expected) ofthe scrub sections of the decontamination columns, namely Columns IA, 2D,3D, 2A, 3A, and the IS (rework) Column. The function of these decontami.
nation-column scrub sections is to remove as much of the fission products
as possible from the ascending hexone streams (which carry uranium and/orplutonium) by scrubbing the hexone phase with a highly salted 1.3 M to 2 Maqueous aluminum nitrate stream. The scrub streams are highly salted to ~minimize stripping (and hence internal refluxing in the columns) of uranium
and/or plutonium. (The IB Column scrub section performs a different func.tion and is discussed in Section D, above).

The more important radioactive fission products of process signifi-cance are discussed in Chapter II. The chemistry of these fission productsand their phase-distribution ratios at Redox process conditions are dis..cussed in Chapter IV. The relative inextractability into the hexone phaseof these fission products (hexone/aqueous distribution ratios below 0.1 formost species)- is the fundamental property which enables their almost quan-titative separation from uranium and plutonium in the Redox- solvent.-extrac.tion columns.

Because some species of radioactive ruthenium, zirconium, and niobium(columbium) present in the dissolved, irradiated slugs decontaminate lessreadily than the bulk of the fission products, special provisions are madein the Redox Plant to remove 90 per cent or more of these three fissionproducts in the "head.end" IAF feed preparation steps prior to solvent..extraction. These head-end treatments, which involve -volatilizing rutheniumin the feed-oxidation step and adsorbing zirconium and niobium on a solidscavenger (MnO 2 or Super Filtrol) are discussed in Chapter III.
Decontamination of uranium and plutonium from fission products in theRedox solvent-extraction process has been successfully demonstrated by manyindependent experimental studies at various A.E.C. sites, including
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the followingo (a) laboratory batch-extraction studies conducted at at
least four sites, (b) "hot" pilot-plant packedwoolumn studies at Argonne
and Oak Ridge National Laboratories (including operation at full Hanford
radioactivity level at ORNL), and "hot" countercurrent mixer.settler studies
at Knolls Atomic Power Laboratory. High-spot performance data from the
above decontamination studies and scale-up factors allowed in arriving at
design specifications for the decontamination-column scrub sections for the
Redox Plant columns are presented in Subsections 5 and 6, below4

2. Design Basis for Decontamination

For slags irradiated at energy levels as high as 600 megawatt-days.
per ton and "cooled" for 90 days, beta and gamma radioactivity in the dis-

solver solution will be approximately 0.23 and 0.16 (theoretical) curibs

per gram of uranium, respecttvely. Since the permissible radioactivity
levels in the product uanium are tentatively set at a maximum of 1 x l-O

beta curies and 5 x 10- gamma curies per gram, the overall urani decon--

tamination fattgra for the Redox process should be at least 2 x 1 for
beta and 3 x 100 for gamma activity. The allowable total activity (beta
plus gamma) in the product plutonium is tentatively set at 8 x 10' theo-
retical curies per gram and thus the decontamination facto for the com-
bined activi onium should be approximately 8 xentra

tion a 0 ama of pluton im per ton o ur un the dissolver so

Experimental studies have shown that uranium and plutonium decontami-

nation factors of more than 104 may be expected for the combination of

head-end and first-solvqntextraction..cycle treatment under acid.deficient
flowsheet conditions. 7) A reduction in the column feed concentrations of

Ru, Zr, and Nb by a factor of approximately 10 is effepted in the head-end

treatment with the remaining decontamination to the lO4 value attained in

the first-cycle columns. Most of the decontamination in the first-cycle
columns is effected in the IA Column. Fission products in the IAP stream

are divided approximately equally between the IBP and the IBU, and only
on the order of 1( of the fission-product radioactivity in the ICF is

carried by the ICW.

Second-plutonium-cycle decontamination factors are expected to be

approximately 100 for beta and 300 to 500 for gamma; second-uranium-
cycle decontamination factors, approximately 20 to 50 for beta and

approximately 40 to 65 for gamma. The second-cycle decontamination fac-

tors will be substantially lower than those for the first cycle because

the fission products which are most susceptible to removal by solvent-
extraction are removed in the first-cycle columns.

3. Mass Transfer (Scrubbing) of Fission Products

Normal mass-transfer concepts may be used to explain the functioning
of the scrub sections of the decontamination columns in the removal of

fission products with knomn, reproducible distribution coefficients.
Principles of mass transfer may also be used to calculate the number of,

equivalent stages or transfer units required to attain any desired D.
for a fission product or group of fission products,

n'S DECLASSIFIED



DECLASSIFIED H~
Laboratory and pilot-plant decontamination performance data showthat such an idealised approach is actually appl4cable to nearly all ofthe fission products. Thus, as would be predicted on the basis of mass-transfer theory, decontamination factors for the IA Column are of theorder of 104 (99.99% removal of fission produets). Hence, behavior offission products in accordance with classical mass-transfer concepts isthe rule rather than the exception, From 0.01 to 0.3% of the fission

products in the IAF remain in the IAP because of:

(a) insufficient height of the scrub section;

(b) distribution coefficient (Eu) values unfavorable for
stripping (i.e., Ea in the range from 0.2 to 0.h); and

(c) the so-called "inextractabletl (or, more rightfully,
"lunstrippable" or "unscrubbable") behavior of certain
fission products, due to complexing in the organic phase
or formation of organicwfavoring forms of some fission
products (notably Hu), In these cases, EO values for
the fission products are greater than 0.5.

Although the fraction of the total fission products in the IAF whichexhibits "inextractable" performance is small (generally 0.1% or less), itis nonetheless highly important because DF.'s for recovered U and Pu (fromfission products) must be on the order of 106 to 107.

This subsection deals with the massutransfer behavior of the bulk ofthe fission products (99 per cent or more) which exhibit normal massedtransfer behavior. Subsection E4 discusses the phenomenon of firrevers.ible" extraction of some of the fission products.

3.1 Fissione.product operating digrams

The basic principles for the construction of operating diagrams arediscussed above, in Section B. As indicated in Section B, equilibriumdata are an essential element in the diagrams. The following equilibriumdata (distribution coefficients) for fission products are intended asrepresentative only, because, as indicated in Chapter IV, the values varyconsiderably with changes in HNO3 crA1(NO3)3 concentration:

Fission Product Distribution Coefficient, Eo

Ca 0.01
Nb 0.02
Ru 0.01 to 0.2
Zr 0.02

Values are estimated for the scrub section of the IA Column operatingUnder HW No, 4 Flowsheet conditions. It is estimated that distributioncoefficients for the remaining fission products are on the order of 0.01or lessE
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The listed values for distribution coefficients were used in conw

structing four of the operating diagrams (for Ce, Nb, Ru, Zr) presented
on Figure IV-23. (The diagram for sinextractable" Ru is discussed in Sub-
section 4, below.) Because of the wide range of concentrations involved,
it was more convenient to construct- the- diagrams on logarithmic.scale co-
ordinates, With the exception of Nb, Ru, and r1 decontamination factors
of over 104 are indicated for each of the fission products ins IA Column
scrub section with 2 to 2,5 equivalent stages (e.g,, 2,4 x 10) for Ce) 9

3.2 D.F. as a function of the number of scrub stages or transfer units

The straight operating and equilibrium lines suggest application of
the Colburn equations (see under A3.6 and A3.7 above) to the calculation
of stages and transfersunit requirements in fission-produot removal.

Figure V.24, which is a graph of transfer units in the IA Column scrub
section versus decontamination factor has been constructed on the basis

of the Colburn equations and the assumption stated on the figure. With
the aid of the graph it is possible to determine the number of IA Column
scrub-section stages or transfer units required to attain a specified D,F.
for a fission product of known distribution coefficient, Conversely, the

graph may be employed to calculate the decontamination factor for a fission

product of known distribution coefficient in a column with a known number
of stages or transfer units in the scrub section, Sample calculations are

given below,

It will be noted that Figure V-24 indicates that some decontamination
occurs with no stages or transfer units in the scrub section. This ini-

tial decontamination is a consequence of the fact that the-organic feed to

the scrub section has been contacted with an aqueous phase, IAFS, contain-

ing approximately onewhalf the IAF fissionwproduct concentration. The
organic feed to the scrub section has therefore already undergone consid-

erable decontamination due to the highly aqueous.favoring distribution

coefficient of the fission products (most of the fission product remains

in the aqueous phase) in this part of the extraction section, Further rew

duction in the concentration of fission products in the organic phase is

effected in the scrub section by scrubbing the ascending organic stream

with an aqueous phase in which the fission products are relatively very
soluble, For each transfer unit in the scrub section, the decontamination

factor is increased by a factor of approximateg 2.5 for fission products

with distribution ratios (E ) below 0.05. As Ea values increase, the
effect of each transfer unit on the decontamination factor becomes less

pronounced so that, for values of Ea above 0,35, increases in the height

of the scrub section have little effect on the decontamination factor.

The use of Figure V-24 may be illustrated with two calculations
showing the determination of (a) the number of "overall hexone~film"
transfer-units required to attain a given DF. for a fission product of

known 308 and (b) the D.F. attained with a set number of transfer units

for a g~ven fission product with a known Ese

(a) Let it be assumed that the fisaion product has an Ej of 0.05,
the required DF, is 3 x 10, and it is desired to determine
the number of transfer units required. Reading on ,he left.
hand vertical scale (Fig, V..24) up t6 D.F. U 3 x 10> and across

to Ew o 0.05 (radial parameter line), it is found (on the
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abscissa) that approximately 10 transfer units are required. (Asm be read from the theoretical-stage parameter line at DF, = 3 x17 and Ea 2 0.05, this corresponds to about 5 theoretical stages.)
(b) Let it be assumed that the fission product has an Ea of 0.20, there

are 5 transfer units in the-scrub section, and it is desired to de-
termine the D.F. attainable. Reading on the lower horizontal scaleover to 5 transfer units and following the vertical line at 5 up toits intercept with the Ea a 0.20*line, one finds the intercept to e1.3 x 10 (D.F, scale). The'D*F. attainable is therefore 1,3 x 10MThe influence of Eo on the D.F. is shown by taking a second example,assuming 5 transfer units and n Ep of 0.4005. For this latte ease.the indicated D.F. is 1.2 x 104. ?he fortyefoldjscrease in E istherefore accompanied by a onewhumf.-fold increase in the D.P.

Figure V-24 may also be used in calculations involving the number oftheoretical stages in the IA Column scrub section by using the sloping (stage)parameter lines instead of the vertical (transferwunit) lines.
4. The "Irreversible" Ebtraction of Sioe Fission Products

It has been- observed in laboratory and pilot-plant studies that certainfission products, or ". as is more often the case - small fractions of cer-tain fission products, under some conditions extract initially into the hexonephase and cannot be subsequently scrubbed back into an aqueous stream. Such"irreversible" extraction behavior has been explained in terms of two mecha-nisms, both of which undoubtedly occur to some extent in the Redox process,
One of the possible mechanisms is the formation of an organic-favoringcomplex compound of the fission product in question with some other solute.Zirconium may be thus complexed by 1MC (methyl isobutyl carbinol) or MO(mesityl oxide) under acid-flowsheet conditions; and cerium, by dichromate.Other complexes may be attributable to unknon impurities. Because of theextremely low concenp ations in which individual fission products are present(on the order of 10 ?to 104 M in the IAF stream) a very low concentrationof complexing agent would be effective.

Another possible mechanism is the presence of certain fission products,notably ruthenium, in more than one chemical form, some with low and somewith high distribution ratios. hile the solvent-extraction behavior ofruthenium is only partially understood, it'is fairly well established thatruthenium exists in several solute species, of which two, designated by theOak Ridge nomenclature as RuA and RuB, both believed to be nitroso complexes,predominate in nitrate-salted hexone..aqueous systems. The distributionratio (org/aq.) of RuA in IA-type systems is generally in the range of 1 to10. That of RuB is about 0.1 or less. In any one system an equilibriumproportion of RuA:RuB tends to become established at a slow rate (half.timeof the order of 1 hr.). The equilibrium ratio of RuA to RuB under Redox IAColumn conditions is not known, but is believed to be in the range 0.01 to

The effect of the presence of significant amounts of RuA on- decontam..ination from ruthenium is adverse. As apparent from Figure V.23, the
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concentration of a ruthenium species with a distribution ratio (Ea) of 2
is not significantly reduced by processing in the IA Column. Thus if 5%
of the total ruthenium is present in a form with a distribution ratio (Fi)

of 2, a total Ru (arithmetic) decontamination factor of 20 cannot be

exceeded.

The bearing of ruthenium volatilization on the inextractable" ruthe-

nium problem is complex and not entirely clear. On the one hand, laboratory

data obtained at Hanford indicate that the initial gross Ru distribution

ratio (E) is about 3 to 6 times as high for untreated dissolver solution

as for the 5% residue from volatilization (Ea of 0.008 as compared with

0.0018 in a typical instance). On the other hand, in SPRU (mixer-settler

pilot plant) r4)hs under ORNL flowsheet conditions, Ru D.F.s across the IA

battery were only 30 to 400 after head-end treatment (volatilization of

ruthenium and Wn0 2 scavenging) as compared with 500 without head.end treat.

meni.

For further data on the chemical species of ruthenium in solution and

their distribution ratios and conversion rates, reference is made to

Chapter IV.

59 Laboratory and Pilot-Plant Decontamination Performance

5.1 Laboratory batch studies

"Hot" laboratory-scale batch experiments, under conditions simulating

those of the process, have been extensively used in the study 
of the de-

contamination performance of the Redox process. The quantitative predic-

tion of column performance with more than orderaf..magnitude accuracy from

laboratory countercurrent batch studies has not been possible, because of

the complexities and uncertainties of individual fission-product extraction.

stage and transfer-unit heights, and because of such anomalies ad the

"irreversible" extraction behavior of some fission products, discussed in

Subsection EB, above. However, simple, multiple, and countercurrent batch

laboratory results often provide a valuable qualitative and order-of-

magnitude quantitative indication of the effects of various independently

controlled factors on process decontamination performance. Some illustra.

tive laboratory countercurrent batch dFIs are tabulated below.

Radio-
activity
Approx. dF

Column %HW No. of Sta11W
Simulated Flowsheet Level Extn Scrb _Let, Uamm

(8) ANL 5 6 4 1.6 1.a
(8) ORNL No. 1 5 6 4 3.8 (a)

W(6) M No. 4 (a) 10 6 3.4 2.7

(6) ORNL No. 1 (a) 10 6 3.9 3.1

(16) ORNL No. 1 100 1 2 2.9 2.7
(16) ORNL No. 1 100 1 2 3 8(b) 37

2D( 8) ANL 30 6 4 0.3 0'3

2D 8 ORNL No. 1 30 6 4 2.5 2.5
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Notes: (a) Not reported,

(b) Including dF in head-end treatment, in which ca. 90%
of the Ru was removed by ozonolysis and ca. 70% of
the Zr and Nb by Filtrol scavenging. (All other dFes
in the above table were obtained without head-end
treatment.)

5.2 Pilot-plant studies

Pilot-plant studies of the decontamination performance of the Redox
process were carried out in packed columns at Argonne and Oak Ridge National
Laboratories and in mixer-settlers in the Separations Process Research Unit
at Knolls Atomic Power Laboratory. The pilot-plant equipment sizes wereas follows:

Column or
Mixer-Settler

Battery

ANL Columns(a)
Diam., Packed

i. Height, Ft.

ORNL
Di1am.,

In.

Columns(b)
Packed

Height, Ft.

Mixer Settlers(c)
No. of
Stages

IA, extn.
scrub

IB, extn.
scrub

IC

2A, extn.
scrub

2B

2, extn.
scrub

2E

Notes:

1
1

1
1

1.5

1
1

1

10.7
10.0

6.3
6.3

8.4

8.9
8.3

26.0
13.8

10.0
11.O

14.3

12
8

10
10

10

7,8

(a) Packed with 1/1-in.
packing was used in
here.)

(b) Packed with 1/h.in.
rings.

2
2

2

25.8
12.5

14.7

12
8

10

Raschig rings. (Fenske helix
early runs and suzmrized

diam by 3/ 8.in, long Raschig

(c) 600 ml./stage.

The decontamination factors obtained in these studies are summarized
briefly below. A somewhat more detailed summary is presented in Table
V-25. Table V-25 includes dF's for those individual fission products (Ru.Zr, Nb, and Ce) which are important because they generally control thegross fission-product decontamination factors obtained.
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Pilot-Plant First--yJcle _P71e

EQuipment

ML packed
columns

ORNL packed
colums

SPRU mixer-
settlers

Flowsheet

ANL
ORNL No. 1
HW No, 4

ANL
ORNL No. 1

ORNL No. 1
HW No, 4
ORNL No. 1*

Radioactivity,
Approx. % HW

Level

5
55

5 to 30
30 to 100

5
5
5

Gama dF Based on Radio-
activity in Dissolver Solution

IPr U
(IPStream) (ICUStem

3.1
3.8
3.7

3.2
3.9

4.3
5.0*

2.93 6
3.8

2.0
3.7

3.9
4.0
4,9'

*) Including dF in head-end treatment (Rnk volatilization with 10404
and Zr-Nb scavenging with co-formed Mo 2 ). (All other dY's in the

above table were obtained without head-end treatment.)

Pilot.-Plant Second-Cycle dF's

Equipment

ANL packed
columns

ORNL packed
columns

SFlowsheet.

ANL

ANL
ORNL No. 1

Radioactivity,
Approx. % MW

Level

100

Game dF Based on Radio-
activity in 2AF or 2DF

FU U

(2BP stream) (2EVZ Stream)

2.6 -

30 -
30 -

1.0
1.8

Pilot-Plant Two-Cyle d'S

Equipment

ANL packed
columns

ORNL packed
columns

aid

Flowsheet

Radioactivity,
Approx. % HW

Level

100

ANL
ORNL No. 1

30
30

Gamma dF Based on Radio-
activity in Dissolver Solution

(2BP Stream) (2BU Stream)

5.7

3,0
5.6
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It may be noted from Table V-25 and from the above summary that

second-cycle dF's are generally substantially lower than those for the
first cycle. This is due in large measure to the fact that the fission
products in second.cycle feeds contain a lower proportion of those chemi-
cal species which are easy to decontaminate from and hence were very
largely removed by the first cycle.

With 600 Mw.day/ton, 90-day "cooled" slugs the dFIs required to be
achieved in the solvent-extraction battery in order to meet the tentative
product radioactivity specifications are as follows:

dF Required in Solvent-Ectraction
If no Head.-End If Head-End

Treatment Treatment
is Used is Used

U beta 6.3 ca, 5.1
U gamma 6.5 ca. 5.3

Pu beta 6,9 ca. 5.9
Pu gamma 6.9 ca. 5.9

The pilot-plant data summarized above and in Table V-25 indicate that,with head-end treatment (discussed in Chapter III), the required dF's for
both uranium and plutonium will be met in the Redox Plant in two solvent.
extraction cycles under acid-deficient flowsheet conditions. Under acid
(ANL) flowsheet conditions two cycles may be inadequate. If two solvent-
extraction cycles should suffice for achievement of the required dF's, thethird cycles can be by-passed and held as stand-by.

6. Development of Redox Plant Scrub-Section Packed Heights

The specified packed heights (20 ft.) of the scrub sections of the
Redox Plant decontamination columns (IA; 2A, 3A; 2D, 3D; IS) are basedprimarily on the 12.5 and 13.8-ft. heights found satisfactory in the ORNL
pilot-plant studies discussed under 5.2, above. kiheight allowance of
about 5Q% was made for the scale-up factor on going from the 2-in, and
3-in. columns packed with 1/h-in. by 3/8-in. Raschig rings to 4-in, to7.5-in. columns packed with 1/2-in. by 1/2-in. rings. Since the original
design, the packing size has been changed to 1-in. by 1-in. in IA, and
3/4-in. by 3/-in. in Columns 2A, 3A, 2D, 3D, and IS.

Consideration of the transfer-unit requirements, for representative
scrubbing duties (see Subsection E3, above) employed in conjunction withfission-product H.T.U. estimates for the decontamination-column scrub
sections, supports the adequacy of the 20-ft. scrub-section heights arrived
at as described above. Thus, as read from Figure V-24, the attainment ofa IA Column D.F. of 10 for a fission-product species with a distribution
ratio (Ea) of 0.01 requires about 6 transfer units. With an estimated
H.T.U. of 2.5 to 3 ft., a D.F. of 104 would be achieved by 6 times 2.5 to
3, i.e., 15 to 18 ft. of scrub-section- packed height, as compared with 20
ft. available.
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F. LOCATION AND USE OF MTBACTION COLUMN PRESSURE TAPS

1. Function of Pressure Taps

In the Redox Plant a lag of several hours may occur from the time

that a column effluent line sample is taken until the analysis is known.

Furthemore, line samples will not be taken routinely. It is desirable

to have a method of detecting any off-standard operation as soon as it

starts so that immediate corrections in operating conditions can be made

and appropriate line samples may be taken as an aid in determining the

causes and extent of the off~etandard operation. Studies of the solvent-

extraction of uranium in plant-sise packed columns at Hanford Works have

demonstrated that static or differential pressure, measured at connections

along the side of the column, gives a reliable indication of flooding in

the packing, and that differential pressure reflects the apparent density

of the liquid in the column as influenced by the concentration of the

uranium salt (and of aluminum nitrate salting agent) in solution.

2, Location of Pressure Taps

The pressure tape on the several solvent-extraction 
columns have been

located so as to provide the maximum useful information for control pur-

poses. The locations are based upon an appraisal of the solution density

gradient through the column and of important variables which affect this

density gradient for anticipated operating conditions. The types of

pressure instruments used on each of the solvent-extraction columns and

the locations of the pressure taps are summarised in the table below.

The technical basis for the tabulated infrormation will be apparent from

the discussion which follows. Fbr a functional description of these in-

struments and data on their ranges and accuracy, reference is made to

Chapter IIK.

Types and Location of Extraction Column Pressure Taps

Type of Spacing of

Column Taps Location of Taps Taps, Ft.

1A, IS, 2D, 3D Differential 6 ft. below t p of 4
extn, sectionYl

IB Static 5 in* below bottom -

of packing

IC, 2E, 3E Differential 15 ft. below t p of 4
packed section a)

2A, 3A Static 5 in. below bottom
of packing

2B, 3B Static 6 in, below bottom -

of packing

IO Static 6 in. below bottom --

of packing E AEPIPR
Note: (a) Position of center -line between two taps.
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3. Effect of Uranium Losses on Density

3,1 IA. IS, 2D, and 3D Columns

Figure V-26 shows the estimated aqueousphase (ie., continuous.
phase) density as a function of packed height for the extraction section
of IA-type columns (i.e., Columns IA, IS, 2D, and 3D). Below a level
approximately 10 feet down from the top of the extraction section, theaqueous.phase density is mainly dependent on the ON concentration in the
aqueous waste stream (determined by the scrub-stream ANN concentration
and the scrub.to.feed ratio). The principal dissolved constituent contrib,.uting to the aqueous.phase density just below the feed point is the uraniumin the feed, which is to be maintained substantially constant in plantoperation. The aqueous-phase density changes the greatest amount as a re-sult of aqueous-phase uranium concentration changes in the zone from ap.proximately 3 ft, to 9 ft. below the top of the extraction-section packing(if it is assumed that the top 2 ft. are used up in achieving effectivemixing of the phases). The differential pressure taps for these columnsare located in this region because it is in this region that variations incolumn performance entail the most pronounced changes in aqueous..phaseuranium concentrations -- and hence density. For example, with the IAColumn extraction section operating under HWi No. 4 Flowsheet conditionsan increase in H.T.U. from 2 to 3 ft. (corresponding to an increase inuranium loss from approximately 0.08% to o.65%) would result in an increasein the aqueousophase density between the pressure taps located as shown inthe table above from 1.234 to 1.275 g,/mi. (a change corresponding to about8% of instrument scale). It is noted however that a change in differentialpressure reading for the IA Column may also be due to a change in ANN con.centration or changes in flow rate (or ratio).

Since high Pu(VI) losses are generally accompanied by high uraniumlosses, the IA Column differential pressure readings provide an indirectindication of Pu(VI) losses also. However, since the plutonium in thecolumn is too dilute to affect the differentkal pressure readings directly,Pu(IV) losses are not indicated by the readings.

3.2 IB Column

In the IB Column the uranium concentration in the aqueous phase neverexceeds approximately 100 g. UNH/1., and uranium is always a minor contrib-utor to the density of the aqueous phase. For example, a tenfold changein the uranium concentration in the IBP stream exerts a negligible effecton the aqueous-phase density gradient through the column. Consequently,static or differential pressure taps on the IB Column are not suited toindicating off-standard uranium extraction, However, the static pressuretap at the base of the column is useful as an approximate indication ofthe ANN salting strength in the aqueous phase, It may also be used toindicate floodina, as discussed below,

3.3 IC, 2E, and 3E Columns

Since uranium is by far the major dissolved constituent contributingto the aqueous.phase density in the IC, 2E, and 3E Columns, these columns
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are ideally suited to be monitored for changes in uranium transfer by

means of differential pressure taps along the side of the column. While
the following discussion deals specifically with the IC Column, it is also

applicable to the 2E and 3E Columns.

In order to provide a sensitive indication of high uranium content

in the ICW stream, the differential pressure taps have been located as

close as possible to the top (i.e., ICW) end of the IC Column, 
but suf-

ficiently far down the column so that the differential pressure instrument

is capable of registering changes in aqueousaphase density as uranium

extraction changes.

If the IC Column is operating at a given waste loss (e.g., 0.0% of

the feed uranium), the UNH concentration and its contribution to density

can be computed as a function of packed height. This calculation has been

made for several representative IC Column operating conditions and three

resulting curves are plotted on Figure V-27. As indicated on this figure,

at a point 10 ft. above the bottom (or 15 ft. below the top) of the packed

section of the column, the calculated aqueous-phase density changes from

1.01 to 1.03 g./ml. (a change corresponding to about hI of instrument

scale) when the uranium waste loss changes from 0.05% to 0.5. Density

changes of this magnitude are sufficiently large to be registered by the

differential pressure instrument.

Curves for the 2E or 3E Columns are similar to those shown for the IC

Column although they are displaced slightly to the right because of an

increased uranium concentration.

3.4 2A. 2B. 3A. and 3B Columns

Since no uranium is present in these columns and plutonium concentra-

tions are too amal to affect the aqueousephase density significantly,

differential pressure instruments would not be capable of responding to

changes in plutonium transfer. However$ as in the case of the IB Column,

the static pressure tap at the base of each of the second and third plu-

tonium-cycle columns is useful in indicating when flooding occurs and,

for the 2A and 3A Columns, also indicates the approximate ANN concentra-

tion in the aqueous phase.

3.5 IO Column

A static pressure tap on the 10 Column provides a method of detecting

flooding conditions in the column. A macro build-up of uranium in the

aqueous phase is indicated by an increase in apparent density for the

solution in the column.

4. Effect of Flow Rate on Aparent nsity

Figure V-28 shows the effect of flow rato on apparent density as

obtained in experimental runs. It is not known to what relative extents

the decrease in apparent density with increasing flow rate is (a) due to

fluid friction of the phases flowing countercurrently or (b) to the
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sometimes-postulated effect of the rising hexone-phase globules averaging
in with the aqueous phase to give a weighted..average density for the two-
phase system.

The absolute values of the experimental apparent densities as plottedmay be in error because of improper functioning of the instruments used(relaxed-diaphragm pressure transmitters). However, the trend of decreaseof apparent density with increasing flow rate in any one column appearsto be well established from the data on which Figure V-28 is based.

5. Detection of Flooding

As shown in Figure V-28, there is a decrease in apparent density withincrease in flow rate for any one column, This decrease in density isrelated to a gradual increase in the relative percentage of organic phase(as compared to the aqueous phase) in the column as the flow rate is in-creased. At flooding, portions of the column are completely filled withorganic phase and the pressure tap readings for a column will show a moreor less sharp decrease in apparent density,

G. SPECIAL PROBLES

The expectation of continuous satisfactory performance of the RedoxPlant solvent-extraction columns over long peridds is based on thousandsof hours of trouble-free operation in pilot-plaIt studies. This sectionsummarizes experimental information on "crud' formation, emulsificationin the columns, and same trace-impurity effects. In exceptional circum-.stances, such effects may give rise to anomolous column behavior. 'Nor.mally, however, if such effects (like crud formation) occur at 'all, theydo so to only a harmless extent.

1. Crud Formation

The formation of a dark brown-to-black precipitate, which built upon the interface, was observed in almost all IA, IC, and 2D Column runsand in about 10 per cent of the IB runs made in "cold" pilot-plant columnsat Hanford Works. This observation was generally borne out by "hot" and"cold" pilot studies at other sites, In the Hanford experiments with1/2-in, and 1-in. Rasohig-ring packing the "cruds" did not give rise tomaloperation of the columns or accessories, The cruds were swept out bythe effluent organic stream at sufficient rates to prevent excessiveaccumulation at the interface.

Crud formation has been attributed to diverse causes, but the spedificorigins of cruds observed in pilot-plant runs are only. partially under-stood. A crud formed in the 2D Column under acid-deficient conditions issometimes attributed to precipitation of iron (from the reductant in 2DS)at the relatively low hydrogen ion concentration of the system (pH about2). In a pilot-plant run at Oak Ridge under acid-deficient conditions(1 8 )the 2DU (2D organic effluent) line was plugged by a crud with an FetAlatomic ratio of approxinately 6:1. Attempts to reproduce such a crud
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at Hanford succeeded only qualitatively: a crud did form, but its Fe:Al

ratio was 40 times lower and it did not accumulate in sufficient quantity

to result in line plugging or other mechanical trouble.

Suspended solids in column influent streams may contribute to crud

formation. This effect is expected to be minimized in the Eedox Plat by

passing all "cold" column influents through strainers which remove all

particles larger than 0.005 in., and by the feed clarification step dis-

cussed in Chapter III.

Analyses of interface crud from Hanford IA Column ("cold") runs indi-

ated tha OUnd of tin and silicon were important factors in the crud

formation''. The origin of these materials and the methods for their re-

moval are discussed in Chapter III.

There is evidence to i ;4cate that some crud formation may be rel2.ted

to ipurities in the hexone . The sources of ispurities in the hexone

and the methods for their removal are described in Chapter IX.

Crud accumulations may sometimes be removed by temporary operation of

the affected column at increased acidity. To remove crude resisting such

treatment, mechanical flushing of the column may be required.

2. EiMlsification

An emulsion may result from the intimate Intermixing of two phases

of low interfacial tension.

In pilot-plant experiments at Hanford, 2 to 3 ft. of emulsion was

observed at the interface in ORNL June 1949 Flowsheet, 5-in. diameter

IB Column runs in which a "shower-head" organic distributor was used.

The distributor plate contained 121 holes 0.04 in. in diameter.

Surface-active impurities, notably some silicious materials derived

from the Al-Si slug-bonding layer, may reduce the interfacial tension

between the phases sufficiently to cause emulsification. In Hanford

pilot-plant experiments, emulsion resulte fr1 IAF silicon concentra-

tion of 60 p.p.m., but not from 30 p.p.m.

The immediate effect of a severe emulsion on column operation is the

carry-over of aqueous phase in the organic effluent and erratic operation

of the interface control instrument. Such conditions of operation, if due

to silicious materials, may be reflected in an 
increase in the silicon con-

tent of uranium or plutonium product streams.

3. Trace-Impurity Effects

The effects of trace impurities derived from slugs on column per-

formance were investigated to a very limited extent on the laboratory

scale. These investigations were carried out with IAF made from crystal-

line UNH. Ammonium nitrate was used as salting agent. The column was

packed with 3/16-in. stainless steel Fenske helices. The results indicate
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that traces of Si, Sn, Fe, and Cu may have significant effects on H.E.T.S.,
but they can by no means be regarded as conclusive. The following are
IA Column results obtained under conditions designed to be comparable:(9,10)

Trace Impurity Added H.E.T.S., Ft.

None 1.75
Si 2.21
Sn 1.30
Sn and Si 1.23

Fe, Al, and Cu 1.19
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HW- 18700FIGURE -1FIG. V - ITION FOR URANIUM MASS TRANSFER IN THE EXTRACTION SECTION OF A REDOX IA COLUMN

(OPERATING AT HW- No.4 (SEE P16.1-2) FLOWSHiEET CONDITIONS)
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DEASSIMED am - --. I HW-18700
FIGURE W

GRAPHICAL INTEGRATION ME1 IOD FOR THE NUMBER
OF TRANSFER UNITS OBTAINED DURING RUN 8"-20-U
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FURWE-4
IC COLUMN HNO3 OPERATING DIAGRAM

(CALCULATIONS FOR RUN 5"-55-CU)

This figure is used in conjunction with 'ig-ure ;-for evaluating the mass-

transfer performance of IC Columm runs. :tumbers on each paraneter refer to

the U:- concentration in the aqueous phase expressed as g.UTDg. aqueous

phase (UL11-free basis). The equilibrium and operating ires shown are dev-

eloped as discussed in Subsection B3.3 of the text.
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FIGURE V-5

DETERMINATION OF THE NUMBER OF TRANSFER UNITS OBTAINED DURING RUN 5"-55-CU

BY GRAPHICAL INTEGRATION

±H dIll I,

This figure includes only those transfer units (1 ) from
Y;= 0.1E7 to Y- 0.02. The nwber of transfer w$s in the
dilute region (below Y = 0.02) have been calculated by equa-
tion as indicated in Subsection B3..
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OPERATING DIAGRAMS
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DICLASSiRED HW- 18700
Fig.I-9

Figure 7-9

OPERATING DIAGRAMS FOR IC COLUMN
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FIGURE Y-10
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IFIGURE Y- Il
2B COLUMN OPERATING DIAGRAMS FOR ThE HW No.4 FLOWSHEET
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FIGURE V - 12

OPERATING DIAGRAM FOR IS REWORK COLUMN
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lasis: E # Flowsheet

Refer to Figures V-12 to V-21 for Experiastal Data
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DECLASSIRED HW-18700
Figure r- 14

HTU. vs. VOLUME VELOCITY - IA COLUMN EXTRACTION SECTION

Comparison of Flowsheets

Diffusing Conponent: Up ), (Unirradiated U)

Packing: .- in. x f-t. x 6-In. Wall Stainless-Steel Raschig Rings.

H.T.U. Calculations: "Overall Aqueous - Film " Basis

Legend
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Figure 2-15
H.T U. vs. VOLUME VELOCITY - IA COLUMN EXTRACTION SECTION

comparison of -Inch and I-Inch Raschig Rings.

Diffusing Component: U0,(N0 3)2 (Unirradiated U

Chemical Flowsheet: HW No. 4

Packing -- in. f-in x -L-in Wall or
I-In. x I-In. x -In. Wall

Stainless Steel Raschig Rings.

' .T.U. Calculations: COverall Aqueous-Filme BSs

5.05-In. l.D. Column,

20-Ft. Pocked Height - -

0- -
0

0

-f--l
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L~ i
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Figure Y-16
H.T.U. vs. VOLUME VELOCITY- IB COLUMN SCRUB SECTION

0 t

m3

Diffusing Component:

Flowsheet:

Columin Diameter:

Pocked Height:

Pocking:

H. T. U. Calculations:

U02(NO) 2 (Unirrodiated U)
HW No.4

5.05 In.

19.6 to 19.8 Ft.

L-In. x .- In. * -In. Wall or I-In.X I-in. x j- in. Well
Stainless - Steel Reschig Rings, as Indicated.

*Overall Aqueous- Flhn' Basis

Legend:

Rasolig
Symbol RingSir@, In.

Flooding With I-In. Rings,
Estimated for I-in. Rings Ferrous Sulfamate Absent:
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-- - - - -- In. Rings, Ferrous

Sulfamate Present

Flooding With In.RinsFlooding With I-In.Rgs,
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Figure Y-I7
H.T.U. vs. VOLUME VELOCITY- IC COLUMN

Diffusing Component : U0, (NO3), (Unirradicated U )

Cokuna Diameter:

Pocked Height

Packing:

I.T.U. Calculations:.

5.05 In.

19.6 to 19.8 Ft.

j-I. x j-In. x k-in. Wall or

I-in. x l-In.x 1-In. Wall Stainless-
Steel Roschlg Rings.

*Ovwall Organic- Film" Basis:

I-in. Rings, Acid- -in. Rings,
Deficient Flowsheets A.. Iomhe 1 -

rFOOdin With -In. Rings,
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Figure V-18
H.TU. vs. VOLUME VELOCITY- 2D COLUMN EXTRACTION SECTION
Diffusing Component:

Chemical Flowsheet:

Ooblin DIameter:

Pocked Height:

Packing:

H.T.U. Colculations:

U0 (NOS), (Unradiated U)

HW No.4, With Reductmnt Modified as Shown.

5.05 In.

15 Ft.

4-1n. a j-In. I h-in. Wall Stainless -

Steel Roaschig Rings.

*Overall Aqueous -FIle Basis
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Acid.

0
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DE~LASSFB HW- 18700

Figure 7-19

HTU. vs. VOLUME VELOCITY - 2A COLUMN EXTRACTION SECTION

Diffusing Component:

Flowsheet:

Column Diameter

Packed Height

Packing:

H.T.U. Calculations:

Unirradiated U (UNH) Used as a "Stand-In" fo Pu.

HW No.4

5.05 In.

16.0 Ft.

i- in. x f' -in. x k -in. Wail Stainless-Steel Roschig Rings.

"Overall Aqueous-Film" Basis
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Estimated For
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HW- 18700

Figure Y-20

H.T.U. vs. VOLUME VELOCITY - 2B COLUMN

Diffusing Component: Unirradiated U (UNH) Used as a "Stand-In" for Pu.

Flowsheet: HW No.4

Cohonn Diameter 5.05 In.

Packed Height 19.9 Ft.

Packing : I-in. x i-in. x b- In. Wall StaInless-Steel Roschig Rings.

H.T.U. Calculations: "Overall Organic- Film" Basis

Estimated For I-in. Rings

' i.Rings--------- 4inRig
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COMPARISON OF H.E.T S. WITH H.T.U.
Typical IA and IC Column Runs

Diffusing Componest.

Flowaheet:

Column Diameters:

Packing:

.T.U. Calculations:
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U) ..
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-In. x-in. x ta-in. Wall Stainless-Steel Rosohig
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'Overall Aqueous Film" Basis For IA Column
0Overall Organic Film * Basis For IC Column
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Figure V-23
IDEALIZED FISSION-PRODUCT OPERATING

DIAGRAMS - IA COLUMN

Basis: (I)Decontamination factors and fission- product
concentrations from HW-14261
(2)lntegrated 400megawatt -days exposure over
360 days, followed by 90 days "cooling"
(3)Distribution coefficients estimated from data
in ORNL-343 and KAPL-223

(4) Phase volume ratios as in HW No.4 Flowsheet.

(5) Concentrations of fission products in scrub (Xs)
and extractont (Yx)ore zero in every case

Symbols: Xfs ,concentration of the f.p. in lAFS.
Xw ,concentration of the f.p. in lAW.

yp ,concentration of the f.p. in LAP.
Ns ,number of stages in scrub section.

Noh,number of transfer units in scrub section,
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DECONTAMINATION IN THE IA COLUMN
Effect of Fission-Product Distribution Ratin

HW-18700

Basis: (a) Feed: scrub: extractant volume flow ratios=: 1: 14 . (b) Fission-product distribution ratios in the portion of
the extraction section just below the feed tee equal to those in the scrub section. (c)"Overall organic film"
transfer units in the scrub section.

Nomencloture: m= Slope of the scrub section equilibrium line; i.e., g. of f.p. per g. UNT-free organic phase divided by the
g. of f.p. per g. UNT- free aqueous phase.
V: Organic phase flow rate (UNT free), wt. per unit time.
L. Aqueous phase flow rate (UNT free) in the scrub section, wt. per unit time
Ea= Distribution ratio in the scrub section, g. of f.p. per liter of organic phase divided by g. of f.p. per
liter of aqueous phase.
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HW - 18700

AQUEOUS PHASE DENSITY vs. PACKED HEIGHT
IA COLUMN EXTRACTION SECTION

heSe orve indicat the sflr'miate aqurns-k.. density in the
A C.1mm am a fuction of heijat for the AlL, G UL #1 or RW #k Flow-

emote . No allowance ba been made for the effect of flow rate on
apparent density. The oura lave been calulated on the basis of an
assm4 .. T.S. of 1.8-ft. for the AIL Flawsbeet, and 2.5-ft. for the

IL #1 or 1W #4 llawheets. The top 2 ft. of eatraction seation packed
Seight ware ase Met ffetivly let to eatraction, to allow for the
sizing of the I0 and USA.
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- --------
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Figure 1-27
AQUEOUS PHASE DENSITY vs. PACKED HEIGHT

IC COLUMN

These curves indicate approimiate
aqueous-*base density In the IC Colm
as a fumtion of height for ANL, (1L
#1 or IW #4 lowsheets. No allowance
has been mnde for the effect of flow-rate 4 r
On agfarest density. The ames have
been calculated m the basis of an
semed N.T.U. of 2.5, 3.2 and 4.7 feet
to give vaste losses of apprlmately
0.005, 0.05 and 0.5% respectively.
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1f - U Colm aqueom feed stream.

US - 1A Colm aqueous Scrub strum.

TAP - TA ColJm ersmic efflmant strem.

UN - T Coin aquamm. effluent stream.

I - IL Cole organic extractant.

=7 - IC Colum organi feed stream.

3VU - M Colm aqueous effluent stress.

- calmo eranic e unt stress.

o - IC Colim aqueous aztractat.

g TL - se flow ea phase on a INT-free basis (weigt/

u>vt tim.). represents the slope of the operating
I~a lme.

. Slope t the equilibri m lime; drf/CX or 'X if . is
commtant.

-- - xi/z for eztzectin and Yj/r for stripping. if the .-
treataut contains suf Icseat solute the values of N be-

-o ne (Z3 - W/) / M2 - TO) and (1 - xam) /(72 - Xm)
for etrmactia mad stripping, respectively.

P - The slope of the operati line divided by the slope of
the equilbriia Ime. (rJW) for artraction (i.e.,
tmrer ta aqueon to organic), and the reciprocal

o) r stripping (i.e., transter from organic to aque-

W - Uraqi nitrate hemhfrate (il.vt. - 5().

- Urual nitrate tribydrate (lavt. - MO).9 -Nss flow of organic pase on a MfT-free basis (weight/
mit time).

I v11t ratio; g.M/g.aqsous phase on a Mrn-free basis.
Also, In comestIon with plutonium operating diagrams,
g31. f cqueom phase on a uff-free basis.

I - Weight ratio; g.M03/g9squeous phase on a UNT and H3-free
beuis. Also, in connection with plutonium-cycle operating
diarams, g.oj3/l-, aqueous phase.

I - Concentration in an aqueous phase in equilibrium with an
organic phase of concentration T. (Same units as I.)

T - Weight ratio; g.UIT/g.orgonic phase on a UK-free basis.
Also, in connection with plutonium operating diagrams,
g.Pu/l. of organic phase on a UIT-free basis.

T' - Veight ratio; g.HO 3 /g. organic phase on a UT and HNOfre#
basis. Also, in connection with plutonium-cycle operai
diagrams, gmOD3/l.organic phase.

T* - Concentration in an organic ph&s in equilibrium with an
aqueous phase of concentration I. (Same units as T.)

Z . Length of packed section, feet.

Subscripts

1, 2 = Concentrated and dilute-end values, respectively, for I
and/or .

I - Intermediate vauie of X or T, located between values of I
or T with subscripts 1 or 2.

f - Concentration in feed stress.

fs - Concentration in combined feed and scrub streams.

p - Concentration in plutoniu-bearing effluent stream.

5 - Concentration

u - Concentration

w - Concentration

x - Concentration

in

in

in

in

scrub stress.

uranium-bearing effluent stroem.

waste stream.

extractant stress.
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PART II: PROCESS, continued

CHAPTER VI. SOLVENT-EXTRACTION PROCEDURE
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CHAPTER VI. SOLZNT -EXTRACTION PROCEDURE

A. ENGINEER'S FLOW SKETCHES

1. Introduction

A brief overall description of the Redox process is presented in
Chapter I, in connection with the .discussion of the chemical flowsheets.
The reader is also referred to Chapter IV for background material which
involves the chemistry. of solvent-extraction operation.

Embodiment of the above-mentioned chemical process principles in the
Redox Plant is set forth in the engineer's flow sketches (Figures VI-1,
VI-2, and VI-3), which, with a description of solvent-extraction procedures,
form the basis of the present chapter.

2. Interpretationof the Flow Sketches

The .engineer's flow sketches presented as Figures VI-l, VI-2, and
VI-3 schematically show the process -streaias and equipment for the First
Solvent-Extraction Cycle, Second and Third Uranium Cycles, and the
Second and ThidPlutonium Cycles, respectively. The schematic symbols
employed for all of the diagrams are explained on Figure VI-1.

The ,stream volumes shown on the sketches are based on a uranium pro-
cessing rate of 3-1/8 tons per day. Tank volumes are shown as working
volumes and generally represent about 70 to 80% of full capacity for the
tanks.

Additional information covering such items as lubrication lines,
electrical lines, connectors, and spare connectors may be obtained from
the engineering flow diagrams in Chapter XII. Exact dimensions of process
equipment may be found in the detailed mechanical design drawings for the
specific equipment pieces.

Plutonium concentration (included on Figure VI-3) is treated separately,
in Chapter VII.

B. NORMAL PROCEDURE

The compositions and flow rates shown on Figures VI-1, VI-2, and VI-3
correspond very closely to those presented in the HW #4 Redox Chemical
Flowsheet at a throughput of 3-1/8 tons of uranium metal per day. The
satisfactory operating ranCe of the installed equipment, however, covers a
much broader range of conditions as a result of the "built-in" flexibility
of the plant. It is possible to operate the Redox Plant with the 0.R.N.L.,
A.N.L., or modifications of the H.W. Flowsheets as presented in Chapter I.
In addition, the continuous uranium proceasing capacity may be varied by a
factor of about 3, from 1.2 to 3.9 tons per day (instantaneous rates),
without exceeding the allowable plutonium and uranium waste losses. It is
also possible to by-pass certain solvent-extraction cycles, as discussed
later in this chapter, if adequate decontamination of uranium and/or pluto-
nium can be achieved in fewer than the three cycles available for each.

DECLASSIFIED
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1. First Solvent-Extraction Cycle

1.1 General

The principal steps of the First Solvent-Extraction Cycle are per,
formed in three countercurrent liquid-liquid extraction columns and
an evaporator for concentration of the uranium-laden effluent from the
third extraction (IC) column. The daily charge to the IA Column (first
extraction column) at a uranium processing rate of / tons da is
1 76 ga ns of feed solution (IAF) containing from to 1630 gram

g nium (Tus corresponds to s nf i
See pe for a tabulation of Pu concentration vs. pile-irradiation
level of uranium.) The beta radioactivity will be on the order of 300
(absolute) curies/gal. and gamma activity will be about 200 curies/gal.
These nominal numbers for radioactivity may vary by a factor of about
three, depending upon (a) irradiation in the piles, (b) "cooling" time,
and (c) decontamination effected in head-end treatment.

1.2 Steady-state operation

The uranium and plutoniun-bearing feed (IAF) is pumped through a
recording and controllinC rota ±eter from the IA Feed Tank, F-7, to the
center feed point of the IA Column. This uranium-plutonium solution
mixes with the aluminum nitrate-salted (AM-salted) aqueous scrub (IAS)
which is gravity-fed through a recording and controlling rotameter to
the top of the column. In the extraction (lower) section of the IA
Column uranium, plutonium, and some fission products are extracted into
the rising hexone extractant ("AX). In the scrub (top) section of the
column the rising uranium-laden hexone is scrubbed by IAS which
extracts the bulk of the fission products from the rising hexond
globules. Before being gravity-fed to the bottom of the IA Column,
the hexone (IAX) stream, from the Organic Header, may be acidified by
line-blending with 60% HNO supplied from Tank 701-A. The process
involves feeding 60% mNO y means of a piston pump into a mixing tee
carrying the hexone stre m. The frequency of the pump piston and
therefore the volume of nitric acid is changed in direct proportion to
the hexone rate by automatic control instruments. A description of
this control equipment is contained in Chapter XIX.

The aqueous waste effluent from the IA Column (IAW) should contain
not more than 0.2% of the entering uranium and plutonium, in addition
to 99.9 per cent or more of the entering fission products. The organic
effluent (IAP) contains the bulk of the uranium and plutonium from the
IAF, together with a snall fraction of the original quantity of fission
products.

The IAP stream cascades to the middle (feed point) of the IB
Column. It is the function of the IB Column to separate the plutonium
from the uranium. A chemical reductant (either ferrous sulfamate or a
mixture of ferrous ammonium sulfate and sulfamic acid) and ANN are
gravity-fed through a record.ng-controlling rotameter into the top of
the IB Column in an aqueous extractant stream (IBX). The reducing
agent contained in the IBX reduces the plutonium to the trivalent
state, in which form it is highly distributed to the aqueous phase.

0004 DECLASSIFIED
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Uranium is not affected by the chemical reductant and remains in the hexone
stream in the hexavalent state. In the scrub (lower) section of the IB
Column the aqueous stream is scrubbed by the rising hexone scrub stream
(IBS), so that the total uranium content of the aqueous effluent plutonium
stream (IBP) is less than 0.1 weight per cent of the plutonium. Of the
total gamma curies entering the IB Column, approximately one half (about

50 to 100 curies per 3-1/3 tons of uranium fed to the IA Column) are con-
tained in -the IBP stream and are essentially removed in the Second and
Third Plutonium Decontamination Cycles. The uranium-laden hexone stream
(IBU) leaving the top of the IB Column should contain not more than 0.2% of
the plutonium introduced into the IA Column and on the order of 100 gamma
curies of radioactivity (on the basis of 3-1/8 tons of U).

The IBU stream cascades to the bottom of the IC Column. An aqueous
extractant stream (ICX) is gravity-fed through a recording-controlling
rotameter to the top of the IC Column and extracts uranium from the rising
hexone phase. The effluent hexone phase (ICW) leaving the IC Column
should contain not more than 0.05% of the uranium contained in the IAF.
The aqueous uranium stream (ICU) leaving the bottom of the IC Column
cascades to the middle of the steam stripping column located on the ICU
Concentrator. The small a&iount of hexone dissolved in the ICU is flashed
off in the column (by the water vapor rising from the Concentrator pot) to
prevent the formation of undesirable hoxone decomposition products during
concentration. A 25% caustic solution is added continuously by a metering
pump to the Concentrator to adjust the acidity of the concentrate prior
to further processing in the Second and Third Uranium Decontamination
Cycles.

The IS Column, which is shown on Figure VI-1 in parallel with the IA
Column, is normally not used. It serves for the rework of any aqueous
waste streams for the recovery of excessive uranium and/or plutonium
losses. Its use for this purpose is discussed in Section C, below. The

rework operating procedure for the IS Column is similar to that for the
IA Column. By means of in-cell jumper changes, the IS Column may be

operated as a IA-type column -- either in parallel with, or in place of,
the IA Column.

All "cold" aqueous influent streams to the solvent-extraction battery
are gravity-fed from tanks situated in the "cold" sections of the Redox
Processing Building (202-8). "Cold" organic influent streams to the
solvent-extraction columns are fed directly from the Organic Header, with
nitric acid line-blended into each stream (if required) as described above.

Flow-control instrumentation on column influent streams (both "cold"
and "hot") is automatic but can be operated manually when required, e.g.,
when the equipment is started up or shut down. Column interface control-
lers maintain the interface in each column by regulating the flow of

aqueous effluent from each column. Differential pressure recorders on

the IA, IS, and IC Columns and a static pressure recorder on the IB
Column are provided as a means of detecting flooding conditions in the

columns and also as an aid in the early determination of any excessive

uranium losses. A detailed description of the various instruments shown

on the flow sketches is given in Chapter XIX.
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Auxiliary equipment sho 'n on the sketches, such as strainers,
samplers, jets, and pumps, is described in detail in Chapters XVI and
XVII,

1.3 Start-up

The preceding discussion has dealt with steady-state operation
of the columns. A brief outline of the start-up procedure employed
for the First Solvent-Extraction Cycle is given below.

(a) The columns are first filled with "cold" aqueous solutions;
i.e., IAS solution in the IA Column, IBX solution in the
IB Column, and ICX solution in the IC Column.

(b) After step (a), above, the "cold" hexone streams are started
to the columns; i.e., IAX to the IA Column, IBS to the IB
Column. The open steam at the base of the ICU Concentrator
column is turned on to strip the hexone from the IC aqueous
effluent.

(c) After the flow rates of the "cold" aqueous and hexone streams
become steady, feed (IAF) solution is gradually started to
the IA Column. Caustic solution addition to the ICU Con-
centrator is started in order to neutralize the effluent ICUM
When the ICU Concentrator pot is full and its content
boiling, the open steam supply to the base of the Concen-
trator column is turned off.

The control instruments are .nnually operated while flows are
being increased (or decreased), but when flows become steady the
instruments are shifted to automatic control.

1.4 Shutdown

When the Redox Plant is to be shut down, a reversal of the above-
mentioned procedure for start-up is followed, as outlined below:

(a) The feed (IAF) to the IA Column is shut off.

(b) Stripping plutonium and uranium from the columns is then
carried on for a period of about 30 minutes, if flow rates
are as shown on Figure VI-1, with all streams on except the
IAF. About 90 gallons of organic (IAX) are required to
strip uranium from the plant-size IA Column. It is possible
to turn off both the IA? and the IAS and to strip uranium
from the static aqueous phase with only the IAX stream flowing.
Hoever, allowing the IAS stream to continue flowing has the
advantage of gradually increasing the salting strength in the
extraction section of the column and of displacing fission
products out the bottom of the column. The flow rates shown
on Figure VI-1 provide approximately 130 gallons of organic
(or one aqueous displacement) if stripping is carried on for
thirty minutes. Increased stripping times are therefore
required if flow rates lower than those indicated in

cm Figure VI-1 are used.
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(c) After IA Column stripping is completed, the IAS, IAX, and IAW

flows are stopped, leaving the column temporarily filled with its
liquid contents. The IB Column is allowed to run for an addition-
al period of approximately thirty minutes to insure complete
removal of uranium (and plutonium) from the IB Column. After IB
stripping is conplete, the IBS flow is stopped. The organic
solvent left in the IA, IB, and IC Columns is then displaced
successively from the top of each column by introducing IAS to
the IA Column, IBX to the IB Column, and ICX to the IC Column.

(d) Finally, the aqueous contents of the IA and IB Columns are
drained to the Salt Waste Header, and the uranium-bearing aqueous
solution in the IC Column is drained to the ICU Concentrator,
which leaves the columns empty for the next start-up.

If direct maintenance is required in the Silo or Canyon area, it is
possible to introduce special decontamination solutions into the head tanks
for decontaminating the inside of a particular column or other "hot" equip-
ment piece. Wall sprays are also available for cleaning the Silo and
Canyon and the outer surfaces of "hot" equipment.

2. Second and Third Uranium Decontamination Cycles

2.1 General

The engineer's flow sketch for the Second and Third Uranium Decontam-
ination Cycles is presented as Figure VI-2. In general, the process
equipment provisions and connections are similar to those of the First
Solvent-Extraction Cycle, as described in Subsection 1, above.

As presented in Figure VI-2, the required further decontamination of
the uranium effluent stream from the First Solvent-Extraction Cycle (ICU)
is accomplished by solvent-extraction with hexone in a battery of four
columns used in series. The first two of these (2D and 2E Columns) consti-
tute the Second Uranium Decontaination Cycle; the last two (3D and 3E
Columns), the Third Uranium Decontamination Cycle.

Because of uncertainties existing at the time the Redox Plant was
designed, 3-cycl operation was provided for, to insure adequate decon-
tamination of uranium and plutonium. Subsequent developments indicate
that only two uranium cycles may to required, especially if the Dissolver
solution is subjected to head-end treatment as discussed in Chapter III.

After initial start-up, it is expected that the 3DF uranium stream
(i.e., concentrated 2EU) will meet final uranium specifications on a
continuing basis. The 3DF can then be routinely jetted to the 3EU Con-
centrate Seailer, E-12, on an 8-hr. basis and thence to decontaminated
UM storage, thus entirely by-passing the Third Uranium Decontamination
Cycle. It may prove advantageous to use the by-passed third cycle as a
rework facility (discussed in Section C) in tho event that only two cycles
are routinely required for uranium decontamination.
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If one-cycle processing of urant u develops as a feasible operation,
it can be accomplished by directing concentrated ICU into the 2DF Tank

(which would act as a receiver on an 3-hour basis) and thence jetting
to the 3EU Concentrate Sampler, E-12.

2.2 Steady-state operation

Feed for the 2D Column (2DF) overflows from the ICU Concentrator,
F-2, where it has been concentrated and adjusted in acidity, to the
2DF Tank, F-1. The uranium feed (2DF) is pumped through a recording
and controlling rotameter to the center feed point of the 2D Column.
Uranium extraction and decontamination is as in the IA Column. The
hexone extractant (2DX) is gravity-fed through a recording-controlling
rotameter to the bottom of the 2D Column. An aqueous scrub stream
(2DS) containing aluminum nitrate and a reducing agent (either
ferrous sulfanate or a mixture of ferrous ammonium sulfate and sulfsaic
acid) is gravity-fed to the top of the 2D Column. The function of the
reducing agent is to reduce residual quantities of plutonium contained
in the uranium-laden hexone stream to the aqueovs-favoring form
(trivalent oxidation state) and thereby effect decontamination of the
uranium from plutonium. The hoxone stream containing uranium (2DU)
leaving the top of the 2D Column cascades into the bottom of the 2E
Column, where, like in the IC Column, the uranium is extracted into an
aqueous solution (2EX). The aqueous uranium stream (2EU) leaving the
2E Column overflows to the 2EU Concentrator, F-5. Here it is stripped
of hexone neutralized with caustic, and then concentrated to form a
feed (3DF5 identical in coposition with 2DF.

The uranium solution (3DF) thus obtained may be subjected to
another solvent-extraction cycle for further decontamination in the
3D and 3 Columns. The operation of this third cycle is identical to
that of the second.

The product from these decontamination cycles is an aqueous
solution containing about 60 weight per cent uranyl nitrate hOxahydrate
(UNH) and innocuously small amounts of radioactive fission products and
plutonium. Tentative specifications of the final uranium are as follows:

Beta radioactivity from 1 x o10 absolute curies/g. U
fission products

Gamma radioactivity 5 x 10-3 absolute curies/g. U
from fission products

Plutonium 1 part/107 parts of U

Iron I part/103 parts of U (000 p.p.m.)

Sodium 1 part/103 parts of U (1000 p.p.m.)

2.3 Start-up

The start-up procedure for the Second and Third Uranium Decontam-
ination Cycles is identical in principle to that described for the
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First Solvent-Extraction Cycle (under 1.3, above). It involves (a) starting
the "cold" aqueous streams to fill the columns, (b) starting the hexone
stripping streams, and (c) gradually starting the uranium feed after the
hexone and "cold" aqueous streams are adjusted to the proper rates. As in
the ICU Concentrator, the initial stripping of hexone from the feed to the
2EU Concentrator is accomplished by open steam to the base of the Concen-
trator column.

2.4 Shutdown

The shutdown procedure for the Second and Third Uranium Decontamination
Cycles is also identical in principle to that discussed for the First
Solvent-Extraction Cycle (under 1.4, above). It involves (a) turning off
the feed stream (2DF or 3DF), (b) stripp.ng the remaining uranium from the
columns, (c) overflowing the hexone with a "cold" aqueous solution (i.e.,
2DS or 2EX), (d) draining the aqueous contents of the 2D and 3D Columns to
the Salt Waste Header, and (e) draining the uranium-bearing aqueous contents
of the 2E and 3E Columns to their respective uranium i'oncentrators.

3. Second and Third Plutonium Decontaaination Cycles

3.1 General

3.11 Introduction

The engineer's flow sketch for the Second and Third Plutonium Decon-
tamination Cycles is presented as Figure VI-3. In general, most of the
process equipment provisions and connections are similar to those of the
First Solvent-Extraction Cycle, as described in Subsection 1, above.

As presented in Figure VI-3, the required further decontamination
of the plutonium effluent stream from the First Solvent-Extraction Cycle
(IBP) is accomplished, aft3r re-oxidation of the plutonium, by solvent-
extraction with hexone in a battery of four columns in series. The
first two of these (2A and 2B Columns) constitute the Second Plutonium
Decontamination Cycle; the last two (3A and 3B Columns), the Third
Plutonium Decontamination Cycle.

d

3.12 By-passing of cycles

It was mentioned under 2.1, above, that it may be unnecessary to
use all three dccontanination cycles to secure uranium of sufficient
purity. The achievement of adequate plutonium decontamination by the
use of only two of the available three cycles may also be possible.
However, a one-cycle Redox process for plutonium is not feasible since
the plutonium from the IB Column (IBP) must be separated from the
aluminum nitrate saltinz agent.

The third Plutonium Dfcontaination Cycle may be by-passed by
connecting the 2B Column aqueous effluent (2BP) line directly to the
3BP Receiver, E-2. This can be accouplished by a jumper change in the
Silo.
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3.13 Critical mass control

A general discussion of the size of the critical mass of plutonium
and of critical nass control methods is presented in Chapter XXV. The
reader is referred to that chapter for a discussion of how the size
of the critical .ass is affected by such variables as plutonium concen-
tration, nitrate concentration, the number of megawatt-days/ton of
pile exposure received by the parent slugs, and the geometric con-
figuration of the plutonium solution.

As explained in Chapter XXV, operational critical mass control in
the solvent-extraction cycles is necessary only in the Second and Third
Plutonium Decontamination Cycle tanks. The uranium cycles are con-
sidered safe by vir4-i of the invariable co-presence of enough
neutron-absorbing U to render criticality impossible. The plutonium-
cycle.colunns are safe by virtue of their geoetries, provided that
their plutonium content does not exceed 5 kilograms.

In the plutonium-cycle tanks, critical mass control is achieved
by operation in safe batches, each containing approximately 300 g. of
plutonium. As discussed in Chapber XXV, the maximum allowable batch
plutonium content will be set at a value somewhat in excess of 300 g.,
to provide reasonable working tolerances in batch size control.

Tanks which receive continuously are subjected to an additional
safeguard because they are more liable to accidental overfilling.
These tanks, which include IBP Receiver (or 2AF Tank),3AF Tank, and
3BP Receiver, are designed to overflow before they can collect a volume
of solution which will contain over 600 g. of plutonium when the plant
is processing slus wIth irradiajjion levels of up to 420 megawatt-days/
ton a 0imatell 3 . P/to - . At higher slug irradiation levels,in order to maintain ts same safeguard, the MBP stream must be
diluted with aluminum nitrate solution (from the IBP Butt Tank, E-6 &
7-B) to a higher relative volume than indicated on the MW j#4 Flowsheet.
By limiting these tanks to contain not over 600 g. of plutonium when
the tanks are filled to overflowing, they do not attain the critical
mass for plutonium fron slugs with 420 megawatt-days/ton or greater
pile exposure (i.e., L ._ C n U or ove

As discussed in Chapter MV, the possibility of criticality during
plant operation is extremely remote even when sufficient plutonium is
present to form a minimum critecal mass. For example, the following
events must occur simultaneously in a given tank before it will become
critical: the plutonium (ca. 600 g.) must (a) totally precipitate,
(b) form a 12 to 15-inch sphere surrounded on all sides by at least
4 inches of water reflector, (c) be uniformly suspended in a spherical
shape at approximately the optimum Pu concentration (20 to 40 g. Pu/l.),
and (d) contain no nitrate or other foreign solutes.

The concentration of plutoniuwz processed determines the maximum
volume of solution normally contained in process tanks in order to
maintain the batch size within the nominal 300-g. figure. This is
illustrated in the table below, which is based on a uranium processing
rate of 3-1/3 tons/day.
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Gal. IBP Gal. 3BP

G. Pu/Ton G. Pu/Gal. Containing Containing
of U of IBP 300 G. Pu 300 G. Pu

250 1.24 242 98
275 1.36 220 89
300 1.49 202 82
350 1.74 173 70
400 1.93 151 61
6oo 2.98 100 40.5

Note: Working volume for IBP Receiver = 215 gal.; for 3BP
Receiver a 89 gal.

Contemplated routine analysis for plutonium at steady-state conditions
will be only from the 3BP Sampler. The total product plutonium (in 3BP)
will be checked against the amount of feed plutonium (in IAF) for purposes
of accountability. A small change in the amount of plutonium as accounted
for in the 3BP (plus a small amount in the waste stream) as compared with
the amount introduced as IAF is normally expected. However, a sudden
drop in the amount of plutonium collected as 3BP (on the order of 50 or
more g. of Pu) is of immediate concern as it is indicative of a severe
off-standard condition, such as precipitation in one of the receiver tanks.
For example, if plutonium in the 2AF Tank were to start to precipitate
just after the 3BP Receiver is emptied, by the time 300 g. of Pu (one
batch) would normally have collected as 3BP only 130 g. of Pu (from solu-
tion held up in the second and third cycles) would collect in the 3BP
Receiver. In the meantime 600 g. of Pu would have precipitated in the
2AF Tank -- 300 g. from the initial content of the tank and an additional
300,.r from the 2AF solution received in the interval.

At start-up, additional samples of plutonium streams are obtained
because a period of about 24 hours is required from introduction of IAF
until steady-state conditions are reached at the 3BP Receiver. Because
of this significant time delay, it is necessary to obtain grab samples
from lll tanks which could have accumulated 300 grams of plutonium during
the time interval from start-up to the time of sampling.

The discussion above has not made allowances for plutonium intro-
dieed as a rework stream. If, as an example, 3BP solution is to be
reworked through the 2A Column, it will be about 3 times as concentrated
in plutonium (flow ratio of 2AF:3BP. = 42:16) as normal 2AF. It is
probably advisable to dilute such a rework stream with ANN solution to
the same plutonium concentratIon as normal 2AF so as to enable maintenance
of the nominal 600-g. tank ovorflor point. When such rework is being
done,. it is required that exact material balance figures (through an
increased sampling schedule) be available in order to keep plutonium
batch size within the nominal 300-g. figure.

After shutdown of the plant, it is considered good policy to flush
vessels in the plutonium cycles with nitric acid before start-up. A
nitric acid flush of the plutonium system will dissolve plutonium salts
and tend to remove all the held-up plutonium from the system. This
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procedure permits the keeping of accurate plutonium material balances
after the plant is again in operation.

3.14 Continuous and batch cross-over oxidation procedures

At the time of writing this chapter, a decision has not been
reached as to whether the plutonium cross-over oxidation will be accom-
plished on a batch or on a continuous basis. Batchwise oxiddtion was
provided for in the original plant design. Subsequent technologidal
improvements have pointed up the feasibility of continuous oxidation,
the employment of which simplifies operating procedures and helps re-
lieve a potential bottleneck for increasing the plant plutonium pro-
duction capacity. A description of both processes is given in this sec-
tion.

Figure VI-3 shows equipment and process lines as originally sched-
uled for installation in the Redox Plant. A proposed design change to
permit continuous rather than batchwise cross-over oxidation in'rolves
the following line changes. The IBP stream cascades directly to the
2AF Tank, E-5. Because the oxidation reaction will then occur in the,
2AF Tank, it is necessary that the tank be equipped with a chemical
addition line (for Na Cr 0 addition) and an agitator. In order to
handle 3BP solution wKicSi ;equires reworking, a new line is installed
from the 3BP Rework Tank, E-4, to the present IBP Receiver, E-6. After
chemical tdjustment in Tank E-6, the rework plutonium stream is pumped
to the Cross-Over Oxidizer, E-7, and then pumped to the 2AF Tank, E-5.

3.2 Steady-state operation

With a batchwise cross-over oxidation of plutonium, the plutonium
stream (IBP) is gravity-fed to the IBP Receivor, E-6. From here, it is
pumped (in batches) through a recording-controlling rotameter to the
Cross-Over Oxidizer, E-7. Food to the oxidizer may enter directly into
the tank, or it may be introduced into the column above the tank, E-7,if it is necessary to strip the dissolved hexone from the solution
(required only for hot oxidation of plutonium to the VI valence state).
The oxidant (Na2Cr2 07) is batched into the Cross-Over Oxidizer from the
Cross-Over Addition Tank, E-7-D. Plutonium in the IBP stream leaving
the IB Column must be reoxidized from the III to the IV or VI valence
state to render the plutonium readily extractable by hexone in the 2A
Column. With 0.1 M concentrations of Na2Cr207 and HN03-, plutonium III
is oxidized to plutonium IV in less than a minute at room temperature.
Oxidation of plutonium to the VI valence state at these same concen-
trations requires from two to four hours at a temperature of about 80'C.
To prevent partial decomposition of the hoxone which may cause some
plutonium precipitation, the hexone is vapor-stripped from the IBF
solution before a hot cross-over oxidation (i.e., oxidation to the
Pu(VI) state). If, however, the plutonium is to be oxidized only to the
IV valence state, the absence of heating during oxidation renders hexone
stripping unnecessary. For a discussion of the chemistry of the cross-
over oxidation step, reference is made to Chapter IV. From the Cross-
Over Oxidizer the plutonium stream is pumped batchwise to the 2AF Tank,
E-5. Thence it is continuously pumped through a recording-controlling
rotameter to the 2A column.
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With continuous cross-over oxidation of plutonium, the IBP stream is
gravity-fed to a receiver (probably the 2AF Tank, E-5), where it is
treated with acid dichromate solution. The resultant oxidized plutonium
stream is then continuously pumped through a recording-controlling rotameter
to the center feed point of the 2A Column.

Plutonium extraction in the 2A Column is based on the same principle
as its extraction in the IA Column. After extraction in the 2A Column,
the plutonium is stripped (transferred from the organic to the aqueous
phase) in the 2B Column. The plutonium-bearing effluent (2BP) from the
2B Column is adjusted in salting strength by the continuous addition of
aluminum nitrate so that its composition is approximately that of the IBP.
The required aluminum nitrate is continuously supplied to the 3AF Tank,
E-1, through a recording-controlling rotameter from the ANN Butt Tank,
E-1 and 2-A. The adjusted solution (3AF) may be processed in the Third
Plutonium Decontamination Cycle (3A and 3B Columns) which is similar to
the preceding cycle.

The aqueous effluent from the third cycle is collected in the 3BP
Receiver, E-2, sample4 for accountability and to check for conformance
with specifications, concentrated, and finally received in PR cans. The
concentration procedure is described in Chapter VII.

The flow of the "cold" streams follows the general pattern described
previously for the First Solvent-Extraction Cycle. Hexone from the Organic
Header is blended with 60% HNO3 from the common HNO3 head tank, 603, through
separate batch feed tanks (702-A, for the 2A Column; 703-A, for the 3A
Column). After line blending, the hexone is gravity-fed through
recording-controlling rotameters to the bottoms of the two columns.
Aluminum nitrate scrub solution for the extraction columns is gravity-
fed through recording-controlling rotameters from separate tanks (802-A,
for the 2A; 803-A, for the 3A) in order to allow the use of Na 2 Cr 2 7 as
an oxidizing agent in the 2A scrub solution if desired. Aqueous
extractant for the stripping columns (2B and 3B) is gravity-fed through
recording-controlling rotameters from feed tanks (802-B, for 2B; 803-B,
for 3B) supplied from a common head tank, 408.

The purity specifications for 3BP have not, at this writing, been
definitely established. It is tentatively expected that the specifi-
cations will be approximately as follows:

Beta plus gamma radioactivity 0 x 10-5 absolute curies/g. of Pu
from fission products

Iron Approx. 5% by wt. of Pu

Uranium Specification has not been deter-
mined. The Fu in the 3BP solution
is expected to be contaminated by
approx. 0.1 wt.% of U, based on
the weight of Pu.

Aluminum Specification has not been deter-
mined. the Pu in the 3BP solution
is expected to be contaminated by
approx. 3 wt.% of Al, based on
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3.3 Start-up

The start-up procedure for the Second and Third Plutonium Decon-
tamination Cycles is identical in principle to that described for the
First Solvent-Extraction Cycle (under 1.3, above). It involves (a)
starting the "cold" aqueous streams to fill the columns, (b) starting
the "cold" organic streams, and (c) gradually starting the plutonium
feed after the hexone and "cold" aqueous streams are flowing at the
prescribed rates.

It should be noted that critical mass control procedures make it
necessary to increase sampling frequency at start-up. (See 3.13, above.)
The sampling schedule must be sufficient to keep accountability records
for plutonium on individual tanks as they gradually reach steady-state
concentrations.

3.4 Shutdown

The shutdown procedure for the Second and Third Plutonium Decon-
tamination Cycles is also identical in principle to that described for
the First Solvent-Extraction Cycle (under 1.4, above). It involves
(a) turning off the feed stream (2aAF or 3AF), (b) stripping the remaining
plutonium from the columns, (c) overflowing the hexone with a "cold"
aqueous (i.e., 2AS or 2BX) solution, (d) draining the aqueous contents
of the 2A and 3A Columns to the Salt Waste Header, and (e) draining
the plutonium-bearing aqueous contents of the 2B and 3B Columns to the
2AF Tank and 3BP Receiver, respectively.

C. REMEDY OF OFF-STANDARD CONDITIONS

In Subsections 1 to 4, below, after a recapitulation of uranium
and plutonium product specifications, the general methods of detection
and remedy of possible off-standard conditions in the solvent-extraction
battery are discussed. Specific off-standard conditions, their
detection, likely causes, and remedies are dealt with in more detail
in Tables VI-4 to VI-7. A brief synoptic discussion of these tables is
presented in Subsection 5, below.

1. Purity and Yield Specifications

In general, final specifications for the effluent streams from
Redox have not been firmly established, and probably will not be until
after operation of the plant has made it possible to determine the
performance under normal running conditions. Final decisions on specifi-
cations and on when an off-standard stream is to be reworked will be
based on a balance betWeen considerations (a) of the adverse behavior
of an off-specification material in subsequent processing (or on the
value of the U and/or Pu losses in the case of waste streams), and (b)
of the cost of meeting the specifications in normal operation or by
rework.
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At this writing, tentative specifications for decontaminated uranium

(3EU) are:

Beta radioactivity from 1 x 10-7 absolute curies/g. U
fission products

Gamma radioactivity 5 x 10-8 absolute curies/g. U
from fission products

Plutonium 1 part/107 parts of U

Iron 1 part/103 parts of U (1000 p.p.m.)

Sodium 1 part/103 parts of u (±ooo p.p.m.)

Tentative specifications for decontaminated plutonium (3BP) are:

Beta plus gama radio- 8 x 10-5 absolute curies/g. of Fu
activity from fission
products

Iron Approx. 5% by wt. of Pu

Uranium Specification has not been deter-
mined. The Pu in the 3BP solution
is expected to be contaminated by.
approx. 0.1 wt.% of U, based on
the weight of Pu.

Aluminum Specification has not been deter-
mined; The Fu in the 3BP solution
is expected to be contaminated by
approx. 3 wt.% of Al, based on
the weight of Eta,

The maximum permissible total uranium and plutonium losses to the
solvent-extradtion battery waste streams will be finally set after the
plant is in operation, but will probably not exceed about 1.5% of the
uranium and plutonium in the IAF.

2. General Methods of Detection of Off-Standard Consttions

During routine plant operation, it is expected that only the final
effluent streams will be checked by frequent analyses. After detection
of off-standard conditions in an effluent stream, it will be necessary
to clieck systematically back through the possible sources of error until
the specific cause is discovered and corrected.

Generally, detection of an off-standard uranium,- plutonium, or waste
effluent stream calls for an immediate check of readings supplied by the
instruments for each colurm. These readings include:

(a) flow rates of all influent streams;
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(b) pressure readings from the differential and static pressure
taps (to detect possible flooding or, in some cases, high
uranium loss);

(c) specific gravities of influent streams (especially solutions
in the ANN head tanks); and

(d) radiation-recorder readings (if required).

Flow rates of all influent process streams to the Redox columns
are controlled by Hammel-Dahl valves operated by Foxboro recorder-
controllers and Fischer and Porter rotameter-transmitters. Normal
control of flow rates is automatic except during periods of start-up
and shutdown. If the flow rate of a particular stream, as indicated
by the recorder, is suspect, it is possible to obtain a cross-check by
the use of feed tank weight factor readings.

The flow control, static and differential pressure, and radiation
instruments are described in Chapter XIX. The technical basis of the
location of static and differential pressure taps on the solvent-
extraction columns is discussed in Chapter V. The exact locations of
the several pressure taps are given in Chapter XIV.

3. Use of Column Static and Differential Pressure Readings

3.1 Detection and remedy of flooding

Detection of flooding in the solvent-extraction columns is done by
the use of remote instruments because of the high radiation level of
the process solutions. Chief reliance for the detection of flooding is
placed on the differential pressure or static pressure readings for the
column under consideration. At flooding, there will be a drop in either
of these two pressure readings as the lighter organic phase tends to fill
the columns. A 'econdary effect will be erratic changes in aqueous
effluent rate as the controller attempts to maintain a changing inter-
face by regulating the aqueous effluent. The normal readings of the
several instruments are established by calibration during initial
operation of the columns.

Generally a flood in a column is dissipated by reducing the influent
stream rates and then waiting until the operation of the column is
restored to normal. The flow rates may then be gradually increased.
If non-standard conditions are the cause of flooding (such as emulsifi-
cation or plugging of the packing), it may be necessary to shut the
plant down until these conditions are remedied.

3.2 Detection of hiph uranium loss

Pilot-plant studies have demonstrated that static or differential
pressure measurements give an indication of uranium waste losses from
the columns as well as of flooding. A discussion of the technical back-
ground of the use of such measurements is contained in Chapter V.
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3.21 IA, 2D, 3D. and IS Columns CFIED
The IA, 2D, 3D, and IS Columns are all equipped with differential

pressure taps which are located in that region of the column extraction
section in which the density changes attendant upon variations in uranium
waste losses are most pronounced. Because of the presence of ANN salting
agent in these columns, a rise in the differential pressure reading for
a column does not necessarily reflect a high uranium loss but may indicate
an increased concentration of ANN. Correction for this effect must be
made before a high uranium loss may be reliably inferred.

Since high Pu(VI) losses are generally accompanied by high uranium
losses, the IA Column differential pressure readings provide an indirect
indication of Pu(VI) losses also. However, since the plutonium in the
column is too dilute to affect the differential pressure readings
directly, Pu(IV) losses are not indicated by the readings.

3.22 IC. 2E, 3E Columns

Since uranium is by far the major solute contributing to the aqueous-
phase density in the IC, 2E, and 3E Columns, these columns are ideally
suited to be monitored for changes in uranium transfer by means of dif-
ferential pressure readings. It is expected that a waste loss increase
as small as 0.025% is sufficiently large to be registered on the dif-
ferential pressure instrument.

3.23 Other columns

Since no uranium is present in the 2A, 2B, 3A, and 3B Columns and
since the plutonium concentrations are too low to affect pressure
readings, the static pressure taps on the plutonium-cycle columns cannot
be used to detect high plutonium losses. Uranium losses in the IB
Column are likewise unsuited to be monitored by pressure taps, the
uranium concentrations involved being too low. Besides their use to
detect flooding, the IB, 2A, and 3A Column static pressure readings
provide an indication of the ANN concentration.

4. Rework of Off-Standard Process Streams

Any required rework of off-standard process streams in the Redox
process will normalb' involve one of the following three streams!

(a) the concentrated salt waste -- to recover excessive
uranium and/or plutonium losses;

(b) the final uranium product stream (3EU, or 2EU if the
Third Uranium Decontamination Cycle is not used) - to
decontaminate the uranium from an excessive plutonium
and/or fission-product content; and

(c) the final plutonium product stream (3BP, or 2BP if the
Third Plutonium Decontamination Cycle is not used) --
to decontaminate the plutonium from an excessive uranium
and/or fission-product content.

Methods of reworking these off-standard streams are discussed below.
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4.1 Off-standard concentrated salt waste

Uranium enters the salt-waste concentrate directly from the IAW,
2DW, and 3DW streams. Plutonium is received directly from the IAW, 2DW,
2AW, and 3AW streams. Uranium and plutonium are also received,
indirectly, from the uranium and plutonium stripping columns (ICW, 2EW,
and 3EW for U; 2BW and 3BW for Pu), through the hexone-washing column
(I), in the IOW stream. Relatively small amounts of uranium and
plutonium may be received in the salt waste by way of the bottoms from
the Condensate Evaporator.

If the concentrated salt waste shows uranium and/or plutonium con-
centrations above the allowed values, it is transferred to the Rework
Adjustment Tank, D-7. If the off-standard waste contains excess
plutonium, it is necessary to oxidize e solution while in Tank D-7
until the plutonium is converted to tehVI valence state. After chemical
adjustment, the solution is transferred to the IS Feed Tank, F-B.
Uranium or plutonium extracted in the IS Column enters the IB Column as
IBF. Depending upon conditions, it may be necessary to reduce IA Column
flow rates so as not to exceed IB Column capacity. As shown in Figure
VI-l, it is possible to route the ISP stream directly to the IC or 2E
Column feed point (by a jumper change made with the remote crane).
However, unless plant experience shows that excess plutonium losses are
practically never encountered, the routing of ISP may be to the IB
Column even though the particular batch treated may not contain
plutonium, because of the inconvenience of more or less frequent jumper
changes.

4.2 Off-standard uranium product (JEU)

As shown in Figure VI-2, normal rework of off-standard 3EU will be
from the 3EU Concentrate Sampler, E-12, to the Rework 2DF Tank, E-13,
and thence, after chemical adjustment, to the 2DF Tank, F-1, as feed to
the 2D Column.

In the rather unlikely event of the 3EU containing amounts of
plutonium too large to throw away (as. 2DW) or containing fission products
in concentrations above about 100 tiues the maximum allowed values, it
will be necessary to transfer the off-standard 3EJ from the Rework 2DF
Tank, E-13, back to the Oxidizer, H-4, via the Reoxidation Header.
Treatment of the off-standard stream would then follow normal processing
procedures as discussed in Section B, above.

If, as it appears likely at the present writing, it is possible to
decontaminate urcanrim in two cycles (and perhaps in only one cycle),
advantage maY be taken of the unused third cycle for uranium rework.
Such a procedure could be accomplished as outlined below. With a two-
cycle process, normal uranium routing would be through the first and
second uranium cycles as presently outlined. The uranium stream from
the 2EU Concentrator, F-5, would flow to the 3DF Tank, F-4, and would
then be jetted to the 3EU Concentrate Sampler, E-12, on an 8-hour basis.
If adequate uranium decontamination should 'normally be obtainable in a
single cycle, the ICU concentrate could be routed directly (by gravity
flow) to the 3DF Tank and thence jetted to the 3EU Concentrate Sampler.
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An off-standard batch would be jetted. from the 3EU Concentrate Sampler

to the Rework 2DF Tank for chemical ad'justment and then directly (via new
jumpers) as a 3DF stream to the 3D Column. After being processed in the
3D and 3E Columns, the uranium stream would flow to the 3EU Concentrator
and thence to the 3EU Concentrate Receiver, E-11.

4.3 Off-stanard plutonium product (3BP)

Normal routing of off-standard plutonium (3BP) will be from the 3BP
Sampler, E-3, to the 3BP Rework Tank, E-4. From Tank E-4, the stream is
jetted to the Cross-Over Oxidizer, E-7 (via the 1BP Receiver, E-6, if
continuous cross-over is used). However, if the 3BP contains excess
uranium, it must go back to the First Cycle in order to go through the IB
Column. In order that the plutonium may be properly extracted in the IA
Column, it must be oxidized to the VT valence state. This oxidation is
carried out in the Cross-Over Oxidizer, E-7, at near-boiling temperature.
To prevent the decomposition of hexone during oxidation, the dissolved
hexone is stripped out of the. solution in the Cross-Over Oxidizer column
before the oxidation is carried out. The oxidized solution is transferred
to the IA Feed Tank, F-7. Rework plutonium streams containing only excess
fission products can be oxidized continuously at room temperature in the
2AF Tank, E.5, with Na 2 Cr 2 0 and ANN being added in the Cross-Over Oxidizer.

5. Specific Off-Standard Conditions

.5.1 Solvent-extraction columns

Tables VI-4, VI-5, and VI-.6 contain a listing of the off-standard
conditions which can conceivably occur in the operation of the solvent-
extraction columns. Methods of detection, possible causes, and remedies
are indicated for the various off-standard conditions in the several
columns of the tables. An attempt has been made to list the separate
causes in the order of likelihood of their occurrence. For example, on
Table VI-4 under Item A, the most frequent cause of high uranium loss to
the IAW was judged to be a low salting strength in the extraction section
of the IA Column.

The following brief table covers likely causes of off-standard con-
ditions as detected by contemplated routine analyses of effluent streams
from the Redox Plant. Cross references to Tables VI-4, VI-5, and VI-6
are made in order to aid in quickly determining which specific condition
is at fault and how it may be corrected.
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Solvent-ExtmactiZAnmns

Synopsis of Possible Off-Standard Conditions

First Symptom Likely Causes
Reference

(Table No. and Item)

(4 Excess uranium in
salt waste stream

() Excess plutonium in
salt waste stream

(1) U from IAW, 2DW,3DW
(2) U from ICW,2EW,3EW
(3) J from U concentrator

condensates

(1) Pu from IAW
(2) Pu from 2AW, 3AW
(3) Pu from 2DW
(4) Pu from 2BW, 3BW

Table VI-4,A;
Table VI-4,F;
Table VI-7,A

Table VI-4,B
Table VI-6,A
Table VI-5,B
Table VI-6,D

Table VI-5,A
Table VI-5,E

(e Excess fission-product
content in 3EU

(d) Plutonium in 3EU IB + 2D + 3D Column
failure

(P) Excess fission-product
content in 3BP

(f) Uranium in 3BP

Table VI-4,C; Table VI-5,D

Table VI-5,C; Table VI-4,E

Table VI-4,C; Table VI-6,B

U in IBP Table VI-4,D

Aluminum in 3BP 3 Column flooded Table V ,

Note: Excessive concentrations of impurities sut as Fe and Cr
are treated as given in items (c) or (), above. A
large anount of these particular ions may indicate an
excessive corrosion rate in the process equipment.

5.2 Uranium concentrators

Table VI-7 contains a listing of the off-standard conditions which
can conceivably occur in the operation of the uranum concentrators.
Methods of detection, possible causes, and remedies are indicated for
the various off-standard conditions in the several columns of the
table. The off-standard conditions covered in Table VI-7 are (a)
uranium in the condensate, (b) excessively diluto product stream,, and
(c) excessively concentrated product stream.

5.3 Excessive pl on-un eccumulation

Effective crittctl mass control calls for the immediate splitting
of any plutonium-cycle tank batch containing more than the maximum
permissible amount of plutonium. For details of the critical mass
control methods, reference is fhade to tholdiscussion under B3.13, above,
and to Chapter XMV. 4
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PART II: PROCESS, continued

CHAPTER VII. PLUITONIUM CONCETrRATION

CONTENTS

A. DESCRIPTION Or PROCESS .................................. i... 702

1. General .................. 702
2. Properties and Compositions of Solutions ................. 704

2.1 Physical properties and compositions ................. 704
2.2 Chemical behavior ........ ......... .......... 706

3. Plutonium Pre-Concentrator .............................. 707
3.1 Description .. . . ..... ........ 707
3.2 Hexone stripping .... 706
3.3 Concentration ..... 708
3.4 Deentrainiment ........ ,.....1......708

4. Plutonium Concentrator . 709
4.1 Description ............ . . . ....... 709
4.2 Concentration .... ,........................ ....... 709
4.3 Deentrainment *..........4.....s...................... 709

5. PR Can ........ 4....... ............................. 709

B. PROCEDURE ................................................. 710

1. Normal Procedure ......... .4. . ................... 710
1.1 Receiving and sampling , 710
1.2 Pre-'oncentration .. ........................ 710
1.3 Concentration . .4.. ............... . 711
1.4 Packaging and removal ............................ 712
1.5 Critical mass control ............................... 711

2. Remedy of Off-Standard Conditions ..,...................... 712
2.1 Off-standard plutonium product solutions ........... 712
2.2 Rework of Plutonium Transfer Trap solutions .......... 712
2.3 Insufficient condensate decontamination .............. 712
2.4 Plugging of columnpacking *......................... 713
2.5 Over.concentration ............................. 713
2.6 Plutonium holdup in vessels ......................,. 714

REFERENCES ...... ... ............................................ 715

DECLASSIED



DECLAS FED 702 1&l87O

CHAPTER VII. PLUTONIUMI CONCENTRATION

A. DESCRIPTION OF PROCESS

1. General

Decontaminated plutonium solution from the 2B or 3B Columns must be
evaporated to a volume suitable for shipment to the (231 or) 234-5 pro-
ceases. In order to conduct the operation with a maximum of operating
convenience and to minimizw the problem of exposbd 'coil scaling at low
liquid levels, the required volume reduction is carried out in two concen-
trator vesselst the Plutonium Pre-Concentrator, E-16, and the Plutonium
Concentrator, E-17. Approximately a three-fold volume reduction is obtain-
ed in the- Pre-Concentrator ftollowing steam-stripping of the dissolved hexone
in the Pre-Concentrator strippingwdeentrainment column. The final volume
reduction is carried out in the Concentrator. The concentrated plutonium
product is removed in- critically safe 30oliter batches, containing approxi-
mately 300 grams Pu, via the PR Can.

The, following table summarizes a number of the important process and
operating variables in the plutonium concentration steps as a function of
the enrichment level of' the parent sluge.' The tabulation illustrates a
range, over which- these operations may be' conducted.' The bases for this
table include the assumption that the second and third plutonium cycles
can deliver those quantities listed above the . o level without re-
sorting to, dilution of the' IBP stream with ANN" o6ution as an additional
aid in maintaining critically safe batch sizes in the IBP Receiver, 3AF
Feed, - and 3BP Rec' Hence ons indicated for enrich-
ment levels abov 376 grams of plutonium/ton of ran d not be
applicable at plan a artup, but on upon cop on of certain
equipment changes(l),as an alterna to the above mentioned dilution
required at enrichment' levels above 37 n Because of critical
mass limitations-throughout-the'cross-over a ep and the plutonium decon-
tamination cyich rb atch dilution at enrichment
levels above 376 ens of lutoni ton of iran the plant at start
will be 1 ed to a u imumf ra s production of aboKg. /day

* lutonium' (1.2' 3g./day, 6 mo4 sustained production rate . -
latiev n uld permit operation up to the

e ton level shown in the table-below without the requirement that the
IBP streambe uted with ANN solution for critical mass control.

low
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PLUTONITUI CONC3NTRATION AID PROCESSING RATE
VERSUS L±UJaCIlKZI LEVZL

Bases: Uranium Capacity (Maximum Instantaneous)(b) Z 3.125 Short Tons/Dal
(255 Gal*, 3BP/Day).

Average Batch Size = 300 Grams Plutonium
Volumetric Basis: Redox Production Plant Chemical Flowsheet

(HJ-No. 1). No Dilution of IBP, 2BP, or 3BP
for Critical mass Control.

Final Pu Concentration = 10 G./L. in JO L. (7.95 Gal.).
One PR Cage.

Enrichment Pu Rate Batch
Level, Grams/Day Volume Average Number of 300-%.

Grams Pa/ (,xinmum Gal, 3BP/ Pu Conc. Overall Batch/Day
Short Ton Instan a- 300-Gram in 3BP Volume (Maximum In--

of U neous)kb) Batch G. pu/L.(a) Reduction stantaneous(b)

0 7 1 98 0.81 12.3/1 2.6
300 938 82 0.97 10.3/1 3.1
350 1094 70 1.13 8.8/1 3.6
376 1176 65 1.22 0.2/1 3.9
400 1250 61 1.30 7.7/1 4.2
450 1406 51 1.46 6;8/i 4.7
500 1563 49 1.62 6.2/1 5.2
600 1875 41 1.94 5.2/1 6.3

(a) Uncorrected for losses earlier in process.

(b) Average production rates may be determined by multiplying
the maximum instantaneous rates by 0.8.

It is emphasized that the above processing conditions- apply to an
assumed uranium capacity of 3.125.-short tons per day. Uranium production
may vary, but values for the last columnr above may, with the capacity
limitations discussed below, be readily computed by multiplying the
batches/day figure by the ratio of the now uranium rate to 3.125.

The capacity of the plutonium concentrators is limited by the time
required for transferring the solutions to and from the individual con-
centrators, and the heat transfer limitations of the concentrators. A
maximum of six to seven 300-gram Pu brtchcs r day Mybe processod
thr.gh the prcsent concentr-tion oquinint a rimximuminstantz
rate of from 1800 to 2100 grams Pu per a' it no reflux is added to
tiic conconltrator Columib USC 01 reflux at a rate equal to 25 per cent
of the total overhoad rate iill roduce the maximum capacity to 5 to 6
batches per day. Those capacities can be maintained so long as the
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uranium processing rate does not exceed 4.3 tons per day 1,th no reflux or
3.7 tons per day with 25 per cent reflux when operating uader IN No. 4 Flow-
sheet conditions. These capacities may be maintained dur-wng -igher uranium
processing rates if operating conditions are adjusted to give a smaller vol-
une of 3BP per ton of uranium processed. If the plutonirn capacity of the
Redox Plant is to be increased above this maximum rate, rovisions to the
present concentrators or the installation of a second set o: concentrators
will be necessary. These capacity considerations apply ,o ihe plutonium
concentration equipment alone and do not imply that the pLatt as a whole
is capable of meeting these capacities. Further minor changes at early
parts of the process may be required befohe n t caiL exceed an instan-
taneous plutonium production rate of over ve 300-gainIIThRdhi '

To process the maximum number of batches per day, the lime cycles of
the two concentrators must be as nearly equal as possibl., This is neces-
sary in order that one concentrator will not be standing :LD.e for a portion
of the time when the other is in operation. The time cycle may be made
equal except in cases where the final Pre-Concentrator volume would be less
than 20 gal., as this volume is necessary to cover the Pr:e-Concentrator
coil. The volume to which a batch should be concentrated in the Pre
Concentrator for optimum time cycle operation and the estimated time cycle
per concentrator, as dptermined by the initial volume of 3BP collected for
the batch in the 3D? Receiver, may be determined from Figures VII-1 and
VII-2,

The Plutonium Pre-Concentrator and the Plutonium Concentrator are
located in the Plutonium Cage in the North Sample Gallery., These vessels
and theit auxiliaries are shown on the Engineerts Flow Sketch for the
Second and Third Plutonium Cycles, contained in Chapter V1 and a general
description of the plutonium cage is contained in Chapter XI. The Pre-
Concentrator, Concentrator, and PR Can are discussed frcn a functional
point of view in Subsections A3, Ah, and A5, below.

2. Properties and Compositions of Solutions

2.1 Phyical properties and compositions

Tabulated below are the important components and physical properties
of the 3BP solution before and after concentration. Normal flowsheet
variations, caused by slight variations in column flow ratios, composi-
tions of feed streams, and operating temperatures, are to be expected
during operation and are reflected in the range of values indicated.

Bases; Operation at 400 */ton 1 at 3.125 ton/day U pro-
cessing rate maxmu instantaneous) under IU N04 4 Ylovsheet
conditions. Volume reduction in Pre-Concentrator to 23
gal.
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Stream
3BP .rate Concentrate

2orMonent

S1.0 to 1.2 2. To 3.2 7.7 to 9.2
Al+++ g./g. pu(b) 0.03 0.03 0.03
Fe+++, g./g. Pu(C) <0.0 <o.O5 <0.05
Cr+++, g./g. pu(b) <3 x ic-3  <3 x 10-3 (3 x 10- 3

Na+ g./g. pu(b) 2 x io- 3  2 x ic-3 2 x 10- 3

50" , 3./g. pu(b) 1 x 10- 3  1 x l1- 3  1 x 10- 3

Silica (as SiO2) g./g. Pu (b) 4 x 10-3 4 x 10-3 4 k 10-3
Ca++ g./g. b 1 x 10-3  i x 10-3 ix
?Ig++ pub) 1 x 10- 3  1 x 10-3 1 x 10-3
a15g g. . Pu 1 x 10-3  1 x 10-3  1 x 1c- 3

Hexone, t. % of Soln. 1.7 to 2,0 0 0
UNH, g./g. pu(b) 0.001 0.001 0.001

Properties

Specific gravity at 250C. 1.03 to 1.04 1.08 to 1.10 1.25 to 1.29
Boiling point, OC. 100 to 101 101 to 103 114 to 117
Freezing point, OC. -3 to -5 -11 to -15 -24 to -31
Viscosity at 250., cp. 1.0 1.1 1.5 to 1.7

Radioactivity from Fission Products

Gross b ta plus gamma curies/g. e x ia-5 8 x io-5 8 x ia-5
Pu(cl

(a)* The plutonium is present mostly (ca. 8C%) in the IV valence
state. The remainder is in the VI state.

(b) Specifications for the allowable concentrations of these
components were not available at the time of this writing.
Values given are order-of-magnitude estimates of the ex-
pected impurity concentrations, based on available solubility
data and demineralized water specifications. (Demineralized
water enters the plutonium product stream because it is used
for 2BZ and 3BX make-up.)

(c) Probable specification value.

Nitric acid concentrations and physical properties will differ
slightly from those values listed above if 23P solution is being pro.
cessed, since the 2BP stream contains a lower concentration (0.8 to 1.0
M) of nitric acid, Different plutonium concentrations in the irradiated
slugs, variations in uranium processing rates, and changes from HW No. 4
Flowsheet operating conditions may cause deviations from the figures
tabulated above. The physical properties of concentrator solutions de-
pend almost entirely on the nitric acid concentration, as even the final



plutonium concentrations are relatively low. This is illustrated by the
freezing points listed in the table above. The original 3BP freesing
point is only 3 to 5 degrees lower than pure water, as the nitric acid
concentration is relatively low. The final freezing point of the concen-
trate is 20 to 28 degrees lower because the concentration steps have
increased the acid concentration eight-fold to a concentration which de-
presses the freezing point substantially. The plutonium concentration,
while also increased eight-fold, is still low enough to have no appreciable
effect. (This is an opposite condition from that encountered in the
uranium concentrators where the final concentrate contains sufficient
uranium to raise the freezing pointsubstantially.)

2,2 Chemical behavior

PlutoniVm is present in the coqentrators in the form of the IV and
VI ions (Pu+4 and Pu02++ ions. Pu+ may be associated in ionic complexes
with up to six N03" ions, PuO++ with up to two NO3- ions). The plutonium
nitrates are very soluble in high concentrations of nitric acid. Pu(IV)
nitrate concentrqtions as high as 1200 g./l. in 1.7 M nitric acid have
been reported.. 2 )

In plutonium solutions with nitric acid concentrations below 0.5 M,
there is a possibility of partial hydrolysis or the formation of the
polymerized form of plutonium(IV), Nitric acid is normally present in
the concentrator solutions at concentrations (see table above) where this
cannot occur. The plutonium(IV) hydrolysis reaction is ra pd and rever-
sible and takes place according to the following eqution: 4)

Pu+ 4 + 2H20 - Pu OH+ 3 + H30+

Plutonium hydroxide will precipitate if the solution pH is 2.5 or greater.(2)
Plutonium polymer is a complex mixture of high molecular weght, hydrolyzed
Pu(IV) stable in low (about 0.1 M or less) acid solutio , ( As long as
the acidity of the solution is on the order of 0.1 M, polymerization takes
place relatively slowly at elevated temperatures.* When the acidity is of
the order of 0.01 M, however, po eritation occurs very rapidly and is
complete in a matter of minutes. U) This polymer will partially precipi-
tate when the nitric acid concentration is increased to approxima 1 M,
and redissolves on further increase in acid concentration to 6 142.
Depolymerization rites are slow, unless the solution is heated. Polymer
may be rapidly dissolved and depolymerized by increasing the nitric acid
concentration to 6 M and heating at 900C for one hour.\) As pointed out
above, the range ofacid concentrations In the concentrators are sufficiently
high that no difficulties due to polymer formation or hydrolysis are anti-
cipated.

Occasional precipitation of plutonium from hexone-saturated 2BP solu-
tions, which had been stored for several weeks, was observed at Argonne
National Laboratory and traced to hexone or its decomposition products.(5X6)

*)It was reported that polymer can be produced by heating Fi(IV) for one
hour in low (0.1.0,3 M) acid solutions, but that polymerization is not
complete as some Pu(If) is oxidized to Pu(VI) by the acidi Temperature
was not given but is believed to be between 70 and 1000C,
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Analysis of the supernate revealed that generally over 90 per cent of the
plutonium had precipitated. It is believed that methylisopropyl diketone,
a hexone decomposition product, is the material responsible for the
formation of the precipitate, which is believed to be an impure plutonium
(IV) oxalate. Stability experiments at Hanford Works (7) have shown that
2BP or 3EP solutions saturated with diketone (20 g./l.) yield a precipi-
tate when heated to 8000. for from three to four hours, and in eight to
ten hours when pure hexone is substituted for the diketone. Concentrations
of either hexone or diketone of 3 g./1. (approximately 15% of the satura-
tion value) gave no precipitate when heated to 75 to 800C. for 48 hours.
No plutonium precipitation was observed in hexone-saturated aqueous Redox
solutions after standing for six weeks at room temperature. It was con-
cluded that plutonium will not precipitate in normal IBP, 2BP, or 3BP
streams at room temperature and that any step requiring the heating of
these solutions should be entirely safe if preceded by a hexone-stripping
operation to remove 90 to 95% of the dissolved hexone.

Decomposition products are regularly removed from the hexone used in
the Redox Plant in the solvent treatment facilities and the bulk of the
dissolved hexone is removed from the 3BP stream by live-steam stripping
before it is heated in the concentrators. These preventative measures
should eliminate the possibility of a hexone-plutonium precipitation.

It has been experimentall demonstrated that the hexone-plutonium
precipitate may be dissolved,(5)(6) if the remaining dissolved solvent
is first removed from the solution, in excess concentrated nitric acid
(16 M) at room temperature or in a solution of 0.65 M HN03, 0.1 M
Na2Cr2O7, and 1.3 M Al(NO3)3 at 750C Attempts to dissolve it in 6 m
and 10 M HN03 at 7 C. failed. No dissolution attempts have been ma~e
at boiling temperatures.

3. Plutonium Pre-Concentrator

3.1 Description

The Plutonium Pre-Concentrator, E-16, in which the initial concen.-
tration of the plutonium product stream is carried out, consists of a
vertical tank equipped with jacket and coil and mounted with a column.
The function of the column is two-fold: it serves both for stripping
hexone from the entering feed, and deentraining plutonium solution
droplets from the overhead vapor.

The tank (180-gal. volume) is supplied with 100-lb./sq.in. steam,
water, and air through a single line to the coil (9.4 sq.ft.) and jacket
(8.1 sq.ft.) and with 15-lb./sq.in. steam to a sparger which discharges
into the top of the tank. The column (12 in, inside diameter) contains
two sections packed with one-inch Raschig rings (lower section 4 ft. 9
in. high, upper section 21 in. high), a weir-type inlet feed distributor
located between the two packed sections$ and three domineralized water
spray nozzles at the top of the column for intermittent flushing and to
provide liquid reflux, if necessary. Flow indicators are provided on
the steam line to the coil and jacket, the steam line to the sparger,
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and the water line to the spray nozzles. Column differential pressure,
tank-to-cell differential pressure, and tank weight factor indicators are
also provided. A vapor condenser, F-15, containing 22 sq.ft. of con-
densing surface is connected to the vapor outlet at the top of the column.
A more complete description of the Pre-Concentrator is contained in Chap-
ter XV.

3.2 Hexone stripping

Hexone is steam stripped from the entering plutonium feed solution as
it flows down through the lover packed section into the tank. Live steam
for the stripping operation may be supplied through the sparger or by
boiling a heel of demineralized water in the tank. The latter method is
preferred, as it provides an additional "perfect plate" for the stripping
operation. It may be desirable to use the former method5 however, to
reduce the time required for the stripping operation.

The transfer unit height for hexone stripping in the lower packed
section is expected to be on the order of 1-1/2 ft.; thus the 4-3/4 ft. of
packing provide approximately three transfer units and will reduce the
hexone concentration in the Pre-Concentrator feed to approximately 0.1
weight per cent (95% hexone removal), Additional hexone removal is
accomplished in the tank if the stripping steam is supplied by boiling
the tank liquid.

3.3 Concentration

Following the stripping operation, the plutonium solution is concen-
trated by boiling with coil and jacket steam to a volume suitable for
processing in the Concentrator. The bulk of any remaining hexone is dis-
tilled from the solution at this time, The Pre-Concentrator is designed-
to operate at a boil-up rate of 29.5 lb./(hr.)(sq.ft, of liquid surface),
which corresponds to a total rate of 175 lb./hr, Vapor velocity through
the column when operating at this boil-up rate is 1.7 ft./sec.

3.4 Deentrainment

Entrained droplets of plutonium solution must be removed from the
overhead vapors during the stripping and concentration operations in
order to minimize plutonium contamination of the condensate stream.
The upper packed section acts to deentrain these droplets during the
stripping operation and both packed sections perform this function
during the concentration operatlon. During both operations a conden-
sate desntrainment factor of 104 is required. This corresponds to a
plutonium loss to the condensate of approximately 0.0001 g./l. At
the normal operating rates it is expectcd that this requirement can
easily be met without the use of reflux. If it should become necessary
to improve doontrainment, roflux may be added from the water spray
nozzles. Under these circumstances, a reflux rate equal to one-fourth
of the total overhead rate is recommended.
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4. Plutonium Concentrator

4.1 Description

The Plutonium Concentrator, E-17, in which the final concentration
of the plutonium product stream is carried out, consists of a vertical
tank equipped with jacket and coil and mounted with a column. The
column serves to deentrain plutonium solution droplets from the overhead
vapor stream.

The tank (48 gal, volume) is supplied with 100-lb./sq.in. steam,
water, and air through a single line to the coil (2.8 sq.ft.) and jacket
(2.9 sqft.). The column (6 in. inside diameter) is packed with 4 ft.
8 in, of graded packing consisting principally of 1/2-inch Raschig rings.
A cold--finger reflux condenser (2.4 sqAft.) is contained in the top of
the column to provide liquid reflux intermittently for flushing or con-
tinuously, if required. A vapor condensers .-18, containing 9.8 sq.ft.
of condensing surface is connected to the column vapor outlet. Flow
indicators are provided on the steam line to the coil and jacket and on
the water line to the reflux condenser. Column differential pressure,
tank-to-cell differential pressure, and tank weight factor indicators
are also provided. A more complete description of the Concentrator is
contained in Chapter XV.

4.2 Concentration

The plutonium soluti-on is concentrated by boiling with coil and
jacket steam to the final PR Can volume in the Concentrator. The Cancen-
trator is designed for a bdil-up rate of 41 lb./(hr.)(sq.ft of liquid
surface), which corresponds to a total rate of 72 lb./hr. Vapor velocity
through the column at this boil-up rate is 2.7 ft./sec.

4.3 Deentrainment

A condensate deentrainment factor of 104 is required during the con-
contration operation. This corresponds to a plutonium loss to the con-.
densate of approximately 0.0001 g./l. At the normal operating rate it
is expected that this requirement can easily be met. If it should become
necessary to improve doentrainment, a portion of the vapor strean- can
be refluxed with the reflux condenser. Under these circumstances, a
reflux rate equal to one-fourth of the total overhead rate is recommended.

5. PRCan

The PR Can (15 gal. capacity, 30 1. working volume) is a stainless-
steel vessel used to transport the concentrated plutonium solution to the
(231 or) 234-5 Building. A complote description of the PR Can is con.
tained in Chapter XVI. When being stored or transported inside the
building, the PR Can is contained in an outor carrier vessel. For trans.-
portation between buildings, both of these vessels are contained in a
special truck-mounted carrier. The PR Can is filled through a hole in
the top. This hole is closed with a clamp-operated metal plug during
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transportation. The hole and the area over which the plug travels are en-
closed within a well which limits the spread of leakage and allows any
leakage to be flushed into the can. Both the PR Can and its carrier vessel
are equipped with eyes for engaging hoist hooks.

The PR Can is filled through the PR Can Stopper, which is located-in-
side the east end of the Plutonium Cage. This stopper is a metal plug,
fitted with a teflon gasket to provide a vacuum-tight seal, which contains
the filling line from the Plutonium Concentrator, E-17, and a vacuum line
from the Plutonium Transfer Trap, sf21.

Bo PROCEDURE

1. - Normal Procedure

The procedure described below applies to 2BP or 3BP material result-
ing from the process> 3.125 short tons of uranium per day at a plu.
tonium level of about 00 grams per For other enrichment levels,
batch volumes are sele dtff±rrX 65dance with paragraph A-1, above, and
the extent of volume reduction in each concentrator is determined from
Fig. VII-.1 to give maximum operating convenience and optimum time cycles.
In all cases, batch volumes contain approximately 300 grams of plutonium
as specified for critical mass control and at higher plutonium levels a
greater number of batches of smaller initial volumes must be processed
through the equipment per day.

1.1 Receiving and sampling

The 3BP solution is received in the 3BP Receiver, F-2, in the canyon
until the batch volume of 61 gal. is collected. The batch is jetted from
the 3BP Receiver to the 3BP Sampler, E.3, also in the canyon, where it is
sampled. The batch iS held here until it is determined from. the sample
that it meets specifications. If the sample shows that the batch contains
more than the proper amount of plutonium it is split in half at this point
by jetting only one..half of it to the Pre.-Condentrator and holding the
other half for processing as a separate batch,

1.2 Pre-Concentration

The sampled batch is jetted from the 3BP Sampler through a 3 gal./
min, steam jet into the Pre-Concentrator, located in the Plutonium Cage,
The feed enters the Pre-Concentrator column through the feed inlet.
Live steam is fed through the column during the period when feed is
being admitted. This steam is suppliedi either from the sparger or from
boiling demineralized water in the tank' at the rate of 300 lb./hr. to
strip the hexone from the entering feed. The time required for the strip-
ping operation is approximately 30 minutes. At the completion of the
stripping operation, steam is fed to the coil and jacket at the approxi-
mate rate of 200 lb./hr. and the solution is concentrated by boiling to
a volume of 23 gal. It is then cooled to 350C. for transfer to the
Plutonium Concentrator, ES.1. The times required for concentration and
cooling are approximately 150 minutes and 15 minutes, respectively. The
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overhead vapor streams from the stripping and concentration operations are
condensed in Condenser E-15, and collected in the Pre-Concentratbr Conden-
sate Recoiver, E-"L. Condensate is jetted periodically from this receiver
to the waste condensate treatment system, where it is subjected to an
additional distillation before disposal to the cribs.

1.3 Concentration

The cooled concentrate in the Plutonium Pre-Concentrator, E-16, is
Lransferred to the Plutonium Concentrator, E-17, by drawing a vacuum on
the Concentrator with the vacuum jet via the Plutonium Transfer Trap,
E-21. The valve between the Pre-Concentrator and the Concentrator is then
opened and the batch is drawn into the Concentrator. Approximately 30
minutes are required for the transfer operation. Steam is admitted to the
coil and jacket at the approximate rate of 90 lb./hr. and the solution is
heated to boiling. Boiling is continued at this steam rate until the batch
has been evaporated to the final PR 0an volume of about 8 gal. The solu-
tion is then cooled with coil and jacket water to 2500. before final
transfer into the PR Can. The times required for heating, 6vaporation,
and cooling are approximately 20 in., 110 min., and 50 min., respectively.
Overhead vapor from the Concentrator is condensed in condenser E-18 and
collected in the Concentrator Condensate Receiver, E-19. This waste con-
densate is periodically jetted to the waste treatment system.

1.4 Packag innd removal

The PR Can and its carrier vessel are brought up to the east end of
the Plutonium Cage. The PR Can is lifted from the carrier vessel by a
traveling chain hoist and carried into the Cage. It is then raised in
place under the PR Can Stopper. A vacuum is drawn on the PR Can with the
vacuum line from the Plutonium Transfer Trap. The valve between the
Concentrator and the PR Can is then opened and the concentrated plutonium
solution is drawn into the PR Can. The final sample, for accountability,
critical mass control, and product purity, is taken from the line sampler
during this transfer. At the completion of the transfer, the PR Can is
removed from the Stopper and cleaned of any outside contamination. It is
then closed and put into the outer carrying container for shipment. It
is estimated that the time required for the packaging and removal operation
will be at least one hour, although the actual solution transfer time is
only about ten minutes.

1.5 Critical mass control

Specifications for critical mass control (see Chapter XXV) allow the
handling of batches with an average plutonium content of 30X grams in the
concentrators and PR Can. Batch size is controlled in the 3BP Sampler
so that the average size of batches fed to the Pre-Concentrator will be
approximately 300 grams. Slight upward deviations from this figure will
be allowed in order to avoid the necessity of frequently splitting batches
in the 3BP Sampler. The maximum allowable batchsize will be determined
after the plant goes into operation, as discussed in Chapter XXV.
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The only possible circumstances that would result in the accumulation

of over a safe batch of plutonium in the concentrators are an accidental
mixing of two batches or a holdup of plutonium, caused by accidental pre-
cipitation or crystallization, which would mix with the next batch. If
two batches are accidentally mixed, they must be split immediately. It
will be normal procedure to make material balances, based on the 3BP
Sampler Tank and PR Can samples, for each batch processed. Plutonium
holdups large enough to cause a criticality hasard will thus be detected
aasd must be immediately removed by the methods outlined under 2.6 below.

2. Remedy of Off-Standard Conditions

2.1 Off-standard plutonium pruct solutions

Off-standard plutonium product solutions (those failing to meet the
specifications for uranium and fission-product decontamination or product
purity) should be detected in the 3BP Sampler and recycled as outlined in
Chapter VI. Any off-standard condition which should escape detection in
the 3BP Sampler will be detected fron the PR Can line sample after the
solution has been loaded. It is considered unlikely that this will ever
happen, and thus no facilities for recycling PR Can solutions have been
installed. However, if it does become necessary to rework PR Can solu-
tions, a spare flange has been loft on the Plutonium Transfer Trap, F-21,
to which a suitable connection for adding recycle solutions can be added.
Solutions added to the Transfer Trap are recycled as outlined under 2.2,
below.

2.2 Rework of Plutonium Transfer Trap solutions

All solutions from the Plutonium Cage in need of reprocessing are
routed back to the process through the Plutonium Transfer Trap, E-21,
Plutonium solutions may- be added to the Transfer Trap from PR Cans (as
outlined in 2.1, above), from the Plutonium Cage sump through the sump
jet, or, if the PR Can is accidentally overfilled, through the vacuum
line from the PR Can. These solutions are sampled in the Transfer Trap
to determine the type of rework necessary and are then jetted to the
3BP Sampler, E-3.' They are then reworked through the process as outlined
in Chapter VI, or, if otherwise within *hipping apecifications, concen-
trated for shipment. It must be noted that the 3BP Sampler is regularly
in use, and thus the routing of rework solutions through it must be care.
fully scheduled. Contaminated rework solutions routed through the 3BP
Sampler must be followed by a demineralised water flush, in order to
avoid cross-contamination of main-line product solutions.

2.3 Insufficient condensate decontamination

A condensate deentrainment (decontamination) factor of lo, which
corresponds to a plutonium concentration in the condensate of approxi-
mately 0.0001 g./1., is required in order that the condensate may be
disposed of to underground cribs after one additional evaporation. (See
Chapter X for a discussion of waste condensate treatment and cribbing
tolerances.) Under normal operating conditions it is expected that the

DECLASSIIED



13
713 DEHRED 700

actual condensate deentrainment factor will be greater than 1i5. (See
Chapter x .) Excessive contamination of the condensate streams is possi-
ble only if the concentrators are operated with (a) an excessively high
boil-up rate, (b) too large a volume of reflux, or (c) the column packing
partially plugged with solids. All three of these conditions may cause
high entrainment losses and, sometimes, flooding and will be indicated
by high differential pressure drops across the columns. Pressure drops
should never be allowed to exceed 7 inches of water across the Pre-
Concentrator column and 5 inches of water across the Concentrator column.
If differential pressure readings show that these allowable pressure drops
are being exceeded in either column, the boil-up rate should immediately
be lowered and, when stripping hexone or using reflux, the feed or reflux
rate cut back. If contamination of the condensate (caused by entrainment)
exceeds 0.0001 g. Pu/1. and the columns are operating well within their
allowable pressure drop range, reflux should be added at a rate equal to
25 per cent of the total overhead rate to improve deentrainment.

No provisions are made for returning plutonium-contaminated con-
densate to the concentrators, as the plutonium will be recovered in the
waste treatment system if enough is present to make recovery economical.

2.1 Plugging of column packing

Plugging of the packing in either column is very unlikely, as the
concentrator solutions are normally far from the saturation point and
thus any solution in contact with the packing will have little tendency
to deposit solids upon it. Periodic wash-downs will tend to remove any
solids that deposit before they can plug the packing. Should the packing
become plugged, the solids can be removed by a water wash-down of the
packing. This is done with the water spray in the Pre-Concentrator column
and by operating with reflux in the Concentrator column. If this method
is unsuccessful the column must be removed and the packing dumped and
cleaned or replaced with new packing.

2.5 Over-concentration

Over-concentration in either concentrator will be evident from
weight factor instrument readings on both the concentrator and condensate
receiver vessels. In cases of over-concentration where the volume is
still greater than 4 gal., the solution should be diluted to the final
concentration volume (20 gal, in the Pre-Concentrator, 8 gal. in the
Concentrator) with demineralized water. If the volume is less than 4
gal., a volume of 60% nitric acid sufficient to bring the volume to
4 gallons should be added and water then added to bring the volume up
to the final concentration volume. After dilution the solution should
be heated to 9000. and circulated through the recirculating jet spray
for one hour. The processing of the solution may then be continued
following normal procedure. This dilution procedure should remove any
plutonium that has crystallized out because of the over-concentration.
It is possible, however, that it will not, and this holdup of plutonium
will be detected and removed as outlined in 2.6 below.
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2.6 Plutonium holdup in vessels

ACplutonium holdup in the concentrator vessels could result from an
accidential precipitation or crystallization of the plutonium from the
concentrator solutions. Off-standard conditions which may result in pre-
cipitation or crystallization are: (a) nitric acid concentration less
than 0.5 11 in the Pre-Concentrator (3BP) feed stream; (b) incomplete
hexone removal from the Pre-Concentrator feed stream, or (c) extreme over-
concentration. Nitric acid concentrations less than O.5 M are extremely
unlikely, as the bulk of the acid contained in the 3B Colum feed streams
leaves this column in the 3BP stream. Incomplete hexone removal will re-
sult only if the stripping steam rate to the Pre-Concentrator column is
too low and would be obvious because of the resultant low condensate col-
lection rate in the Pre-Concentrator Condensate Receiver, E-1. There is
only a slight possibility that the incomplete removal of hexone would cause
a precipitation, as it would be distilled off in the Pre-Concentrator be-
'fore it was in contact with the plutonium solution long enough to result
in precipitation. It is vnlikely that over-concentration will result in
a plutonium holdup if ha:iled as outlined under 2.5, above.

Any holdup of plutonium caused by these or other reasons, will be
detected by the plutonium critical-mass and accountability material
balance, which is made on the basis of the 3BP Sampler and PR Can samples
for each batch.

Plutonium holdups are removed by adding 25 gal.-of 6 M nitric acid
solution to the Pre-Concentrator, heating to boiling, and Eirculating
for one hour with the recirculating jet spray. During this period reflux
is added to the Pre-Concentrator column, at a rate equal to the boil-up
rate, to flush the column. The solution is then cooled and transferred
to the Concentrator. It is again heated to boiling and circulated with
the recirculating jet spray for one hour. During this period the column
is-operated under conditions of total reflux to flush the packing. The
refluxing is then stopped and the solution concentrated to 8 gal, for '
shipment. If this treatment fails to remove the hel&up plutonium, use
may be made of the following expedient, which is based on limited infor-
mation and may not be optimum. An oxidizing solution (25 gal.) containing
0.7 M nitric acid, 0.1 M sodium dichromate, and 1.3 M aluminum nitrate
is alded to the Pre-Concentrator, heated to 75 0 C., nrd recirculated for
sight hours. This solution is then transferred to the Concentrator,
heated to 7500., and recirculated for another eight hours. It must then
be transferred batch-wise through the PR Can to the Plutonium Transfer
Trap, as outlined under 2.1 above, from where it is reworked through the
plutonium cycles for removal of the sodium dichromate and aluminum
nitrate and then processed through the concentrators as a normal batch.
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FIGURE 21I-I

VOLUME REDUCTION It P.E -CONCENTRATOR

FOR MAXIMUM NUMBER OF BATCHES/DAY

Basis: Flow and Heat Transfer Rates Shown on Fig. ZE-3

The final Pre- Concentrator volumes plotted on this
figure will result in equal batch processing times for the
Pre- Concentrator and Concentrator, which permits the process-

I-

F-

I-

ing of the

90

08

-
4-

0

50'

maximum number of batches / dav.

:i

Reflux rate=0

.S

0t
> 0

E &

0 total overhead rate
C W)

.sa

f I I I I I I I I I I f I I I I I I IK I

I~

15 20 25 30 35
Final Volume in Pre-Concentrator, Gal.

DEcLAssMED

40



rn r,

) ) )



DUMA8 R-18700
FIGURE 31-2

OPTIMUM TIME CYCLES IN THE PLUTONIUM CONCENTRATORS

Basis : Flow and YWTrnsfer Rates Shown on Fig. X- 3.

The time required per concentrator is based on an

assumed volume reduction in the Pre- Concentrator as

indicated by Fig. 3M-I.
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CHAPTER VII-I. AqUEOUS MAKE-U

A. DESCRIPTION OF PROCESS

The function of the Aqueous Make-Up System is the preparation and dis-
tribution of aqueous chemical solutions (except dissolver solution) having
proper specifications for use throughout the Redox Plant. Figure VIII-1
'is a schematic presentation of the entire chemical make-up system. The
stream data and chemical requirements shown on this sketch are based on an
instantaneous. -plant capacity of, 3-1-/a tons of uranium per day. compositions
of column feed solutions made in the Aqueous Make-Up System are tabulated
below:

Components

Feed Al(N03)3 '9H20 NaOH Fe(NE203)2  ENO N&CrO.*2,0
Stream WErin--- yfl-n-t.'"-j"'. -- v w--R--Wt.p Mr

IAS 52.3 1.8 0.62 0.20 -- -- -- -- 0.23 0.01

IBX 40.1 1.3 -- -- 1.0 0.05 0.27 0.05 -- --

Ix )
2EX) -- -- -- -- -- -- 0.25 0.04 -- --
3EX)

2DS ) 51.9 1.8 0.62 0.20 1.0 0,05 -- -- --

3DS)

2BX ) -- -- -- -- -- -- 0.63 0.1 -- --
3BX)

2AS 40.3 1.3 -- -- -- -- - -- 0.25 0.01

3AS 40.6 1.3 -- -- -- -- -- -- -- --

The specifications of the chemicals used may be found in Reference (4).

Demineralized water is used in the preparation of all solutions that
enter the solvent-extraction columns. Two demineralizing units (on the
second level of the silo) are supplied with 200-W Area filtered water, and
each has a maximum throughput of 1250 gallons per hour. They discharge in-
to the Demineralized Water Storage Tenk, SW-131 (15,000-gallon capacity),
located in Building 211-S, the Chemical Tank Farm. Distribution of this
water is handled through a head tank, 602 (2400-gallon capacity; three-
hour holdup), which supplies the various make-up vessels by gravity flow
from the fifth level of the silo.

Aluminum nitrate is delivered by the vendor in the form of 70 to 75
weight per cent (as Al(N0)1.9&0) solution and stored in three 149,000-
gallon storage tanks, S8-1I , 1 2, and 113, in Building 211-S. The stock
solution is adjusted to 61,7 weight per cent in the Aluminum Nitrate Ad-
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justment Tank, 202 (3500-gvllon capacity), before it is routed to the head
supply tank, 601 (2300-gallon capacity; holdup time of ten hours). Fifty
weight per cent sodium hydroxide solution is stored in two 99,000-gallon
tanks, SQ-101 and 102 (located in Building 211-8), and delivered to a head
supply tank, 604 (1800-gallon capacity; holdup time of twelve hours), on
the fifth level of the silo. Similarly, sixty per cent nitric acid solu-
tion is stored in three tanks, SA-121 (15,000-gallon capacity) and SA-122
and 123 (4 1,000-gallon capacity), and delivered to a head supply tank,
603 (1800-gallon capacity; holdup time of 23 hours), on the same level of
the silo. Sodium nitrate, used in the coeting-removal solution, is pur-
chased as the dry chemical and made up to the desired composition with
water in Tank 509 (1100-gallon capacity; holdup time of 54 hours) before
being routed to the Dissolver operating gallery tanks. Also, sodium
dichromate, an oxidizing agent in some process streams (e.g., IAS, IAF,
2AS, 2AF, ISS, and ISF), and sodium carbonate, used in IOX, are purchased
as the dry chemicals and made up into the desired solutions in Tank 506
(400-gallon capacity; holdup time of 110 hours) and Tank 501 (1100-gallon
capacity, holdup time of 22 hours), respectively.

Ferrous sulfamate, the plutonium-reducing agent in IB, 2D, and 3D
Columns, is prepared in Tank 504 ( 400-gcllon capacity) by reaction of
powdered iron with sulfamic acid solution. The completed charge is filter-
ed to Tank 503 ( 400-gallon capacity) and adjusted to 30 weight per cent
ferrous sulfamate before delivery to Tank 405 (130-gallon capacity) for
use in the make-up of IBX, 2DS, and 3DS. Ferrous sulfemate may be added
also to the ISS Make-Up Tank, 403 (6O-gallon capacity), for use when the
IS Column is used as a rework column. The use of ferrous ammonium sulfate
and sulfemic acid is being considered rt the time of this writing as a re-
placement for the preparation of ferrous sulfamate by the reaction of iron
powder and sulfamic acid.

Aqueous wash solutions for decontamination purposes are made and
stored in Tank 505 (1100-gallon capacity). Water, nitric acid, and caustic
are piped to this tank; other washing aids may be added to the tank
manually.

B. PROCEDURES

1. General Procedures

Portable scales and weigh, tanks are used for the measurement of small
quantities of make-up chemicals such as sodium dichromete, 50 per cent
caustic, 60 per cent nitric acid, 30 per cent ferrous sulfamete solution,
iron powder, and sulfanic acid. Weight-factor manometers are used for the
measurement of large qunntities of water, caustic, and nitric acid added to
the tanks.

All aqueous solutions are made up batchwiso in agitated tanks equipped
with heating and cooling coils as shown in Figure VIII-1. Salted feed
streams such as IAS, 2AS, 3A3, and IBX are prepared in individual tanks.
Since 2DS and 3DS are identical in composition, they are made in the same
tank. Similarly, dilute nitric acid streams of like composition (e.g.,
ICX, 2EX, and 3EX; or 2BX and 3BX) are prepared in a single agitated tank.
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Completed solutions are pumped through Cuno filters to the various gallery
tanks from which they are fed to the columns.

2. Preparation of Acid-Deficient Aluminum Nitrate Solutions

The aluminum nitrate solutions, IAS, 2DS, and 3DS, have a specificaticn
of minus 0.2 M nitric acid and are, therefore, termed "acid deficient". These
solutions become stoichiometrically neutral upon addition of 0.2 moles of
nitric acid per liter of solution. The pH of these solutions, however, is
on the acid side (pH approximately 2). This "acid deficiency" in IAS, 2DS,
and 3DS is produced by the addition of caustic, approximately 0.2 moles per
liter of solution. In order that the formation of insoluble oxides of
aluminum may be prevented, the caustic is added slowly to the solution at
room temperature and in the presence of good agitation. Even when agitatiaa
is adequate, local.precipitation occurs at the point of caustic addition, but
this precipitate redissolves readily.

3. Preparation of Ferrous Sulfamate Solution

Ferrous sulfamate may be prepared by the reaction of sulfamic acid
with ferrous hydroxide, ferrous carbonate, or metallic iron. Due largely
to the availability of the required materials, the metallic iron method
is used. An equation showing the reaction is presented below:

Fe + 2fH 92 803 0 Fe(NH2SO3)2  + H2 + heat.*

Baker and Adamson U.S.P., or equal, hydrogen-reduced iron powder and
technical-grade sulfamic acid are used. Evolution of hydrogen during the
reaction necessitates inert-gas blanketing to avoid a fire and explosion
hazard.

Solutions of ferrous sulfamate are to be made about 2.3 M in ferrous
ion. Since two solids, metallic iron and excess sulfamic acid, are present
in the make-up vessel throughout most of the reaction time, vigorous agita-
tion is required. The solubility of ferrous sulfamate (see Chapter IV) is
much greater than that of sulfamic acid. An excess (two to three per cent
of the stoichiometric quantity) of sulf'mic acid is required so that the
pH of the final solution is less than 2.2, a pH below which ferrous ion is
more stable.

As indicated by the equation, the reaction between metallic iron and
sulfamic acid is exothermic. Using hydrogen-reduced iron powder, the re-
action should take piece without additional heating; in fact, a temperature
rise of approximately 200F. should occur. Although the reaction would be
faster at a higher temperature, the temperature should be maintained below

*)This heat of reaction has not been reported. However, sulfemic acid
is similar to hydrochloric acid in respect to its reaction with iron; thus,
the heat evolved would be approximately equal to the heat of reaction for
iron and hydrochloric acid, 20.7 kilocalories per gram mole of iron.
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120 0F. to minimize hydrolysis of the sulfamatc ion to the sulfate ion.
Due to the long reaction time required at 1200 F. or below, perhaps as long
as a full day, a three days' supply is made up per batch.

The Ferrous Sulfamate Preparation Tank, 504, is equipped with hlating
and cooling coils, temperature and weight-factor indicators, and on agitator.
In addition, a nitrogen blanketing and vent system is provided for the
elimination of oxygen and removal of the hydrogen evolved in the reaction.

In the preparation of a batch of ferrous sulfamate, 1890 pounds of
water are measured into Tank 504, the agitator is turned on, and 1182
pounds of sulfamic acid are added. The nitrogen purge is turned on, and
330 pounds of iron powder are added slowly to the acid slurry. Heating
will accelerate the reaction, but the temperature should be controlled be-
low 1200F. When the specific gravity of the solution at 800F. reaches
1.42, the reaction is considered complete, and the charge is cooled and
sampled. Ferrous ion concentration and pH cre the criteria of a completed
reaction. The desired concentration of ferrous ion is 130 grams per liter
in a solution with a pH less than 2.2. If the pH is above 2.2, additional
sulfamic acid is dissolved until the desired pH is attained. Then agita-
tion is stopped so that unreccted iron (approximately 65 pounds) can
settle out of the solution. After a one-hour settling period, the super-
natont is pumped from Tank 504 through a Cuno pressure filter and into the
Ferrous Sulfamate Solution Adjustment Tank, 503. A slurry heel (contain-
ing approximately 65 pounds of unreocted iron and 190 pounds of sulfamic
acid) is left in Tank 504 for use in the next make-up. The solution in the
adjustment tank, 503, is diluted with demineralized water to a 30 weight
per cent ferrous sulfamote solution.
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CHAPTER IX. SOLVENT TREATMENT

A. INTRODUCTION

The solvent used in the Redox process is methyl isobutyl ketone
(MIBK), otherwise known as "hexone . "Hexone" is a trade name employed
by the Carbide and Carbon Chemicals Corporation for methyl isobutyl ke-
tone, and, strictly speaking, should not be used for this product when
supplied by any other manufacturer. However, the word "hexone" (uncapi-
talized), representing methyl isobutyl ketone regardless of the manufacturer,
has come into common usage during the development period of the Redox pro.
cess.

Hexone, as received from the manufacturer, contains impurities formed
during its synthesis. In addition to these impurities, several oxidation
products are formed while hexone is in contact with Redox solutions con-
taining nitric acid. The important impurities are listed in the following
table:

Impurity Chemical Formula Orign

Methyl isobutyl carbinol (1IBC) (CH9 2CH-CH2-CHOH-CH3 Synthesis
Mesityl oxide (MO) (CH )20CH.COP0H 3  Synthesis
Methyl isopropyl diketone (CH3)2CH.CO.CO.CH3 Oxidation

product
1,1-dinitroisobutane (CH3)2CH.CH(N02)2  Oxidation

product
Organic acids, e.g., Oxidation

products
Acetic acid CH3COOH
Isobutyric acid (CH3)2CH.COOH
Isovaleric acid (CH3)2CH.CH2.COOH

In the synthesis of hexone,(2) a condensation of acetone forms mesityl
oxide:

2CH3'CO-CH3 (CH3)2.COH.CH2.CO0CH3

(CH3)2.COH.CH2.CO.CH3 -e (CH3)2.C:CH*CO.CH3 + H20.

Hydrogenation of the oxide produces hexone:

(CH3)2.CsCH*CO.CH3 + H2 - (CH3)2eCH.CH2.0COCH3.

Small quantities of methyl isobutyl carbinol (MIBC) are formed during the
hydrogenation, and small amounts of mesityl oxide (MO) remain; thus, both
MIBC and mesityl oxide are present in low concentrations in raw hexone.
The other impurities listed are the main products formed from oxidation of
hexone by nitric and nitrous acids. The reactions of hexone with nitric
and nitrous acids are explained in Chapter IV and also in Reference (12).



DECLASSED -53903 H.18870

For use in the Redox process, hexone as received from the manufacturer
must meet the specifications tabulated below(13):

Purity not less than 99.0% by volume hexone
Distillation 11 to 1170C, (A.ST.M. D268-46)
Refractive index nD200OC a 1.3953 * 0.00
Color maximum 15 platinum cobalt (Hazen)

standard
Acidity less than 0.05% by volume as acetic acid
Oxidizing normality less than 0.001 N
MIBC (methyl isobutyl shall not exceed 0.6% by volume

carbinol)
Mesityl oxide shall not exceed 0.3% by volume

As is discussed below, procedures must be employed to reduce the
MIBC concentration to 0.95 per cent or less before the hexone is suitable
for the Redox process.(7) The deleterious effects of hexone impurities.
on the extraction and decontamination of plutonium and uranium are dis-
cussed in greater detail in Chapter IV, Hence, only a brief resume of
the problem is presented here.

Both of the two main impurities p resent in hexone as a result of itssynthesis, MIBC and mesityl oxide (MO), can possibly be deleterious to
process performance. The removal of zirconium, niobium (i.e., columbium),and cerium from the product streams is believed to be affected adversely
by small concentrations (greater than 0.05 per cent) of MIBC in hexone
under acid flowsheet conditions,(4) though possibly not under acid-.
deficient flowsheet conditions. Variations in the plutonium (IBP) anduranium (ICU) decontamination factors of as much as 50- to 100-fold, en.
countered during 0.R.N.L. pilot plant development with the A.N.L. acid
flowsheet, were attributed to the high MIBC content of hexone which was
approximately 0.1 to 0.3 per cent. Laboratory experiments(JL) have in-
dicated that concentrations of MO as low as about 0.25% in the hexoneIAP stream will reduce Pu(VI) to a hexone-insoluble state, probably
Pu(V). This occurs fairly rapidly, with a half-time of one-half to onehour. A second, slower reduction to Pu(IV) and/or Pu(III) follows,
with a half..time of several hours. Thus MO may adversely affect plutonium,losses to the IAW, 2AW, and 3AW streams. Only a small amount of data onthe effect of hexone impurities were obtained during the pilot plant de-velopment of the 0.R.N.L, acid..deficient flowsheet, Results of one runat S.P.R.U. under 0.R.N.L. Flowsheet conditions have indicated that
substituting raw Carbide and Carbon hexone, containing 0.6 per cent MIBCand 0.3 per cent MO, for high-purity, pretreated hexone had no adverseeffect on either IBP or ICU decontamination(ls), but may have been thecause of about 3 times higher than normal plutonium losses to the IAW
(waste) stream.

The effect of other specific impurities have not been as extensivelystudied. In general, however, low concentrations (less than 0.001 N) ofoxidation products in hexone produce no detrimental effect on the die.,tribution coefficients for U(VI), Pu(VI), or Pu(IV). However, based onlaboratory studies, oxidizing impurities in hexone in concentrations
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exceeding 0.001 N may affect IB Column performance by oxidizing the ferrous
ion to ferric ion, thus affecting the III):Pu(IV) ratio and, hence, the
distribution coefficient of plutonium. Methyl isopropyl diketone should
be prevented from accumulating in the hexone because this hexone impurity
mayin the plutoninm concentration step,decompose to the oxalate ion, and
form a precipitate of plutonium oxalate.

Hexone impurities may play a part in the formation of "crud", an insol-
uble matter which on occasion accumulates at the organic-aqueous interface
in the solvent-extraction columns, particularly the IA Column. An occasional
tendency for the columns to plug on account of an emulsion at the interface
has been noted during the solvent extraction of uranium. Some experimental
evidence, described in Chapter IV, indicates that bexqne impurities possibly
have an effect on "crud" formation in the column( 1 )( 2)3), but no direct
correlation has been reported. An expedient which has been used to a limited
extent during the development period for the Redox process involved the wash-
ing of hexone with aluminum nitrate solution just before it was used.(l) No
justification for this method has been reported, except that it seemed to re-
move (by a process of "crud" formation) those materials which would cause
the formation of "crud" with the aluminum nitrate.uranium nitrate solutions
in the extraction columns.

Solvent treatment, necessary for removal of hexone impurities, is per-
formed in two separate portions of the Redox Plant. Facilities for batch
treatment (Figure IL.1) are provided in the Organic Treatment Building
(276-S), located west of the Redox Production Plant (202-S). Equipment
for continuous recovery of hexone (Figure IX.2) consists of the 10 Column,
the lowest column in the Solvent Extraction Column Cascade in the silo, and
the Organic Distillation Column, G-3, located in the Organic Cell 0 of the
canyon.

B . PRETREATMENT

Raw hexone is pretreated batchwise according to the procedures out-
lined later in this chapter (Subsection Di). The facilities provided in
the 276..S Building for pretreatment of hexone are shown schematically in
Figure I1-1. Essentially, this pretreatment consists of a nitric aci&
dichromate wash of the hexone followed by water and caustic washes. This
acid-dichromate wash, IN each in HN0 3 and Na 2Cr 2O7*2H20, oxidizes MIBC to
hexone.(4) Acid concentration has a pronounced effect on the oxidation,
the optimum range being 1.0 to 1.4 M. Raw hexone having an MIBC content
less than 0.2 per cent is readily purified to 0.02 per cent or Jess in a
1-1/2 hour, single-stage agitation. At an initial MIBC content of 0.4
per cent, some advantage is gained by increasing the treatment time to
2-1/2 hours. When the initial MIBC considerably exceeds 0.4 per cent,
single-stage operation does not yield a product of desired purity, Two-
stage treatment with intermediate water washing produces the desired re-
sults when the MIBC concentration is as high as 0.67 per cent. In addition
to the oxidation of MIBC, mesityl oxide (MO) is oxidized by Na2Cr2O7.2H20
to organic acids.

Following the acid.dichromate wash, a stoichiometric quantity of
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caustic (50 weight per cent) is added to neutralize the acid solution
before the wash is pumped to the 276-S Building Crib, Solutions which
are "cribbed" should have a pH in the range of 5-8. Acidic solutions
(pH below 3) leach the alkaline soil and cause channeling with the re..
sultant decrease in absorption of radioactive contaminants. Retention
of plutonium is thought to be favored when the pH is 5-7 and. retention
of fission products,when the pH is about 8. (The problems of waste
disposal are discussed in more detail in Chapter X.) After the neutral.
ized dichromate wash is decanted, two water washes remove residual salts
(primarily NaNO3). A 0.5 per cent (0.13 M) caustic wash neutralizes
organic acids formed by oxidation of MO and adjusts the pH of the
hexone to approximately 7. Azr residual caustic is removed by a final
water wash of the hexone.

In the washing operations, adequate time and good agitation are
both essential for sufficient contact of the hexone with the washing
agent. Occasional emulsification is encountered during washing opera..tions, but a few pounds of nitric acid added to the emulsion ordinarily
breaks it. The settling time for the final wash (sixty minutes) islonger than the time (twenty minutes) allotted for the initial and in-termediate washes. Following the initial and intermediate washes, atwenty-minute settling period is adequate because a small residual
aqueous heel from one wash does not decrease the effectiveness of thefollowing wash appreciably. However, after the final wash, a sixty-
minute settling period is allotted so that essuntially complete dis-engagement is achieved and no aqueous heel enters the organic feedsystem. If more than a few gallons of water were transferred to the
Organic Head Tank and entered the extraction columns, the operation ofthe columns would be adversely affected (resulting in increased plutoniumand/or uranium losses). In addition to the longer settling period, thefinal washing is performed at a temperature less than 770F., the normaloperating temperature in the solvent-extraction columns, so that waterof saturation does not separate out of the hexone after it leaves thetreatment tank. Data indicating the effect of temperature on the mutualsolubilities of water and hexone are presented in the following table:(5)

Solubility of Hexone in Water Solubility of Water in Hexone
Temperature, Weight % Temperature, Weight %

OF, Hexone OF. Water

45.7 2.62 35.6 1.4470.3 1.94 77.7 1.94104.9 1.53 101,7 2.35
130 - 140 l.45(in.) 123.6 2.92
165.2 1.53 165.2 3.63202.1 1.93 201.2 4.73

Additional data are presented in Chapter IV.
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C.' SOLVENT RECOVERY

The purpose of the Solvent Recovery System is two fold: (a) to re-
move the residual plutonium, uranium, and fission products from hexone
which is recycled to the Redox process and (b) to remove oxidation products
(and any condensation products which might be formed) from hexone. This
purpose is accomplished by continuous washing and distillation of the
hexone. The facilities in the 202-S Building for hexone recovery are
shoten schematically in Figure IX-2.

1. I0 Column Wash

Hexone from the extraction cycles (i.e., ICW, 2BW, 2EU, 3BW, and 3EW)
is continuously and countercurrently washed in the 10 Column. The wash
solution, demineralized water or 2 per cent (0.192 M) sodium carbonate, is
used in a ratio of one volume of wash to twenty volumus of solvent. Water
does not extract the plutonium, uranium, and fission products quite as read.
ily as carbonate, nor does it neutralize any organic acids. However,
water does dissolve the water-soluble organic acids, and it has the adven.
tage over carbonate that it does not add solids to the waste to be stored
underground. Dilute sodium hydroxide might be used as the extractant,
but it would precipitate residual ions of uranium and plutonium in the
column rather than allow them to flow to the waste receiver.

When the plant operates at an instantaneous uranium processing rate
of 3.-1/8 tons/day, the 10 Column (twelve inches in diameter) is operated
at a volume velocity of approximately 1300 gal./(hr,)(sq.ft.), sum of both
phases. This volume velocity is about fifty per cent of the flooding ca-
pacity of the column when packed with one-inch Raschig rings. At these
operating conditions the HT.U. (see Chapter V) obtained during uranium
extractio studies in the 10 Columi using water as extractant is about
2.5 feet. 10) Although the H.T.U. has not been determined for a column
using sodium carbonate extractant under similar operating conditions, a
conservative estimate is approximately three feet. Theref6re, the fifteen.
foot packed section (see Chapter XIV for additional specifications for the
I0 Column) is equivalent to about five transfer units when dilute sodium
carbonate is used as extractant. The diffusing components (Pu, U, and
F.P.16) are present in the column in extremely low concentrations. Their
distribution ratios (organic/aqueous) at these low concentrations are very
low. However, even though the distribution ratios may be taken as essen-
tially zero, the minimum concentration of diffusing components in the
organic effluent is about 1/150 of that in the organic feed to the 10
Column. This factor is calculated assuming that 5 transfer units ("overall
organic-film" basis) are available, and that the distribution ratios (or-
ganic/aqueous) are effectively zero.

2. Distillation

The organic effluent from the I0 Column is treated in the Organic
Distillation Column, G-3, by simultaneous distillation and caustic scrub-
bing (5 weight per cent aqueous NaOH, 1.3 !!). The purpose of this treat..
ment is to remove the remaining hexone oxidation products (i.e., methyl
isopropyl diketone, 1,1-dinitroisobutane, and organic acids) from the
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hexone so that it may be recycled to the Redox process. Although the
mechanics of removal are not clearly understood, methyl isopropyl dike-
tone in concentratioxup to 20 grams/liter (approximately 100 times the
concentration anticipated during operation) is removed (approximately
90 per cent) b a caustic wash with the hexone in either the liquid or
vapor phase. (8) As illustrated in the following equation, caustic also
removes 1,1-dinitroisobutane to a similar degree by forming a water-
soluble salt of the tautomer of 1,1.dinitroisobutane:

(CH 3) 2CH-CH(NO2) 2  (CH3 )2CH-C(NO 2)(NO 2 H) NaOH ,

(CH3)2CH.C(NO2)(NO2Na).

The organic acids (e.g., acetic acid) are neutralized by the caustic as
shown in the equation below:

CH3C00H + NaOH -+ CH3 C00Na + H20

In addition to the hexone oxidation products, any residual (trace
amounts) of uranium, plutonium, and fission products are removed by
precipitation of complex sodium salts.

A McCabe-Thiele-type operating diagram for the Organic Distillation
Column is plotted in Figure IX-3. The vapor composition (Y), expressed
as moles of hexone per mole of vapor, is plotted on a logarithmic scale
versus the liquid composition (X), expressed as moles of hexone per mole
of liquid, also on a logarithmic scale. The equilibrium data shown are
for the hexone-water system although the aqueous phase in the column is
a dilute (5 per cent) caustic solution. This approximation is justified
because the vapor pressure over the dilute caustic solution is approxi-
mately the same as that over water at the same temperature. The horizon..
tal section of the equilibrium line represents the azeotropic composition
(36.2 mole per cent hexone) of the hexone.water vapor which is distilled
from the immiscible liquid phases at 740 mm. Hg total pressure (the
average operating pressure in the column). The compositions and boiling
points of the hexone..water azeotropes at different pressures are shown
in the following table.(5)

Wt. % Mole %
Pressure, mm. Hg Temperature, OF. Hexone Hexone

27 67,6 61.2 43.7
45 78.6 81.0 43.4
89 101.1 79.3 40.8

108 108.1 79.6 41.2
207 132.8 78.5 39.6
382 158.5 77.7 38.5
752 189.5 75.9 36.1
760 190.2 75.7 35.9
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The operating diagram in Figure IX-3 is divided into three sections,
MAeth having a separate operating line: (a) hexone feed plate (Plate 5 on
Figure IX.2), (b) hexone stripping section (Plates 6 and 7 and the Re-
boiler), and (c) caustic treatment section (Plates 1, 2, 3, and 4). The
hexone feed (0.84 mole fraction hexone) entering the column is mixed on

,:Plate 5 with the hexone-saturated caustic scrub solution (0.0032 mole
fraction hexone) overflowing from Plate 4 as shown on Figure IX-3 by the
dotted horizontal line starting at Xfo The curved portion at the upper
end of the Feed Plate Operating Line represents the changes in composition
occurring on the plate as the hexone feed is heated to the boiling point
(diluted by condensation of steam used for heating). Thus, Xf (0.84 mole
fraction hexone) is diluted to Xfc (0.58 mole fraction hexone) by condensed
steam and caustic, The straight portion of the operating line for Plate
5 is represented by the following equationt

Y a 0.527 X - 0.0012.

Based on the assumption that 80 per cent of the hexone is vaporized from
the feed plate, the composition of the feed plate overflow is 0.12 mole
fraction hexone, The feed plate effluent is mixed on Plate 6 with the
cold (770F.), hexone-saturated aqueous return (Xr : 0.0032 mole fraction
hexone) from the condenser, and the mixture is heated to the boiling
point. The straight portion of the operating line for the hexone strip-
ping section is represented by the following equation:

Y = 1.06 X - 0.0003.

Based on the assumption that the remaining hexone phase (approximately 20
per cent of the hexone fed to the column) is vaporized from Plate 6, the
overflow from Plate 6 is caustic solution saturated with hexone (0.0032
mole fraction hexone). If Plate 7 and the reboiler each have an overall
efficiency of 20 per cent (i.e., 0.2 theoretical plate per actual plate),
the composition of the waste caustic solution leaving the column (X) is
0.00048 mole fraction hexone.

For the caustic treatment section of the column (Plates 1, 2, 3, and
), the operating line is represented by the following equation:

YC 0.053 X + 0.352

Since the numerical value of X to be substituted in the equation is small
(never exceeding 0.003). this operating line is nearly horizontal at a
value of Y = 0.352. As the caustic flows down through Plates 1, 2, 3, 4,
it becomes saturated with hexone, and the vapor actually decreases in
hexone concentration slightly as it rises through the column. One theo-
retical plate is essentially adequate to achieve hexone saturation of the
caustic, and since the plate efficiencies are expected to be high (approxi-
mately 106%) in this section of the column, one actual plate is adequate.
However, three additional plates are provided so that the time of contact
(approximately 5 seconds) of hexone with the caustic scrub solution is
sufficient to achieve removal of the oxidation products. The hexone-water
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vapor leaving the column is condensed, cooled to approximately 770F,, and
the resulting immiscible liquids are decanted continuously. As discussed
in the previous section, the liquids are cooled to 771F. so that water
of saturation does not settle out of the hexone at a later point in the
process. This cooling would not be important if the hexone were retreated
following each distillation cycle because the hexone would be in contact
with water again.

3. Retreatment

Recycled hexone, which was pretreated before introduction into the
Redox process, should be free of impurities and oxidation products of
hexone after it has been through the Solvent Recovery System. Therefore,
the hexone is usually returned to the Organic Header Feed Tank, 0-3
(Figure IX-1), without further treatment. However, a routine sample of
the hexone is taken and analyzed specifically for MIBC. Although MIBC
is not known to be formed in the Redox process, hexone does decompose
slowly during prolonged storage to yield MIBC. The concentration of
hexone oxidation products (methyl isopropyl diketone and 1,1-dinitroiso-
butane) are determined at less frequent intervals than MIBC. Empirical
methods (e.g., distribution ratio test) for ascertaining the quality of
the hexone are currently being developed and may replace the tests for
individual impurities. Analytical methods are described in Chapter XX.

If these routine analyses of hexone indicate an accumulation of
impurities the entire supply of hexone in the system, approximately
24,000 gallons, is retreated in batches of 10,000 gallons each before
it is returned to the Organic Head Tank, 804, If a specific tank-full
of hexone is found to be unsatisfactory, this one batch may be retreated
without retreating the entire inventory, This retreatment procedure is
identical with that described in Section D1 for pretreatment of raw
hexone; however, the specific weights and volumes of chemicals indicated
in Section Dl are for 4000-gallon batches and must be increased propor,
tionally for 10,000-gallon batches.

D. PROCEDURE

1. Normal Procedure

1.1 Pretreatment

Raw hexone is added to the system when the normal hexone inventory
of approximately 24,000 gallons drops to approximately 20,000 gallons.
Based on the assumption that routine retreatment is not necessary, the
hexone losses to process wastes are approximately 150 gallons per day
which drops the inventory to 20,000 gallons in approximately 4 weeks.
Figure IX.-l is a schematic diagram of the Organic Treatment facilities
where raw hexone is added.. A batch of 4000 gallons of raw hexone is
pumped to the Organic Sampler and Treatment Tank, 0-2 (working volume,
11,000 gallons), from one of two, 21,500-gallon Organic Storage Tanks,
S0-141 and 142, buried north of the 276-S Building.
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The pretreatment procedures described below apply to typical raw

hexone having an initial MIBC concentration of less than 0.4 per cent.

(a) The hexone is agitated for two hours with a 400 gallon (ten
per cent by volume) wash solution that is 1 M each in HNO3
(5.3 weight per cent) (350 pounds 60 per cent HNO 3) and
Na2Cr207.2H20 (22.2 weight per cent)(1000 pounds solid).

(b) Following the aciddichromate wash, a stoichiometric quantity
of caustic (270 pounds 50 per cent NaOH) is added to neutralize
the acid0 After twenty minutes of continued agitation, a
twenty-minute settling period is allowed for disengagement of
the two phases. The aqueous phase is decanted to the 276-S
Building Crib, a single crib for disposal of hexone-saturated
aqueous wastes of negligible activity.

(c) The hexone is given two 200-gallon (five per cent by volume)
water washes to remove salts (primarily NaNO3) formed during
the neutralization. Twenty minutes are allowed for each
agitation and settling period. These washes are also cribbed.

(d) Neutralization of residual acids is accopplished by a 400 gallon
(ten per cent by volume) wash which is 0.13 M NaOH (0.5 weight
per cent NaOH)(35 pounds 50 per cent NaOH). After twenty-minute
agitation and settling periods, this wash is cribbed.

(e) One 200-4allon (five per cent by volume) water wash is used for
removal of residual caustic. This wash is performed at a tem-
perature below 770F. After a twenty-minute agitation, a sixty-
minute settling period is allowed so that complete disengagement
is accomplished. The wash is decanted to the 276-S Building
Crib.

(f) A sample of the hexone is taken and analyzed for MIBC. When the
MIBC content is 0.05 volume per cent or less, the hexone is
suitable for use in the Redox process.

Note: If the hexone is previously known to contain more than 0.4
per cent MIBC, two-stage acid-dichromate washing is performed
with one.hour agitation periods.

1.2 Solvent recovery

Figure 1.2 is a schematic presentation of the Organic Recovery System.
Hexone from the solvent-extraction columns (i.e., ICW, 2BW, 2EW, 3BW, and
33W) flows at 16.5 gallons per minute into the base of the I Column where
it is contacted countercurrently with water or a two per cent (0.192 M)
sodium carbonate wash. Water or dilute sodium carbonate is fed to the top
of the column at 0.84 gallon per minute from the Organic Wash Addition
Tank, 801-0 (holdup time, 12 hours) by gravity flow through a remotely con-
trolled valve. The aqueous effluent, IOW, leaves the column through a
valve remotely controlled by the interface recorder-controller (see Chapter
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XIX) and flows to the Waste Header Receiver, Tank D-13. Provisions are
made for sampling this stream.

The hexone effluent, I00, from the 10 Column overflows to the
Organic Distillation Column, G-3, where it is caustic washed and die-
tilled. In addition, a hexone.water mixture (58 weight per cent hexone)
from the Condensate Stripper, D-5 (described in Chapter X) is blended
into the 100 and increases the average hexone feed rate to the column
from 16.5 to 16.8 gallons per minute. The hexone feed enters the column
at the fifth plate from the top. Steam vaporizes the hexone, and a
hexone-water vapor passes up .the column where it is scrubbed with dilute
caustic, and leaves the column at a temperature of 1930F. or higher.

The temperature of the vapor leaving the top of the column regulates
the steam supply to the reboiler by means of a temperature controller
and automatically-operated steam valve. For positive control of the
steam, the vapor temperature is maintained at least as high as 1930F.,
four degrees higher than the azeotropic boiling point of 1890F. at 740
mm, Hg, so that the vapor (25 weight per cent water) is richer in steam
than the aseotropic vapor (24 weight per cent water). Thus, if the
steam supply to the roboiler coils decreases slightly, the steam content
and the temperature of the vapor leaving the top of the column decreases,
and the controller responds. However, if the vapor temperature were
maintained at 1890F., the azeotropic boiling point, any decrease in the
steam supply to the reboilor would decrease the rate of vaporization,
but the vapor would still have the azeotropic composition, and thus its
temperature would be unaffected, and the controller would not respond.
If the quantity of hexone distillcd is less than the feed rate, hexone
accumulates in the column and eventually is lost in large quantitibs by
overflowing from the raboiler to the Organic Waste Receiver, G..4.

The vapor is condensed in a Condenser.Cooler-Separator, and the two
immiscible liquids arc continuously decanted at 770F. The aqueous phase
returns to the sixth plate of the column as reflux. The herone, dis.
tilled and caustic washed, overflows from the separator to the Organic
Surge Tank, G-1. The Organic Surge Tank has a normal operating volumte
of 1000 gallons; however, its capacity of 5000 gallons can be used in
case additional holdup time (four hours maximum) is needed. A submerged
pump continuously pumps the recovered hexone to the Organic Receiver,
Tank 0-1, in Building 276..S.

The 5 per cent (1.3 N) caustic scrub solution in the column is made
by dilution of 25 per cent (8.o V) caustic in Tank 0-3..B (working capa..
city, 170 gallons). The causticflows by gravity at a rate of 0.31
gallon per minute through a controlling rotameter and automatically oper-
ated valve to the distillation column. Normally Tank G-3-B is used as
the feed tank; however, during make-up and adjustment in Tank 0-3..B,
an auxiliary feed tank, G-3-A, is used. The caustic flows downward
through seven bubble..cap plates to a closed-steam reboiler (capacity
1440 gallons), overflows to the Organic Waste Receiver, Tank G-4 (holdup
time, eight hours), and is jetted periodically to the Waste Header Re-
ceiver, Tank D-13.
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Recycled hexdne is routed from the Organic Receiver, Tank 0-1 (work.-

ing volume, 11,000 gallons), to the Organic Sampler and Treatment Tank,
0-2. This step is the transition from the continuous recovery process to
a batchwie treatment process. Normally, a routne sample is taken of the
h n; ie it is in Tank 0-2. Then the hexone is pumped to the Organic
Header Feed Tank, 0-3 (working volume, 11,000 gallons) from which 'it is
continuously pumped to the Organic Head Tank, 804 (holdup time, 25 minutes).

1.3 Addition of: nitric acid to hexone

Nitric acid may be added to each "cold" organic feed stream (i.e.,
IAX, 'ISX, 2AX, 3AX, 2DX, and 3DX) individually before it enters the column.
A reciprocating, piston pump (automatically controlled) injects the acid
into hexone 'as the aolvent .flows through an enlarged "blending" section of
the feed line. The details df this pumping system are described in Chapter
XVII. Resistance thermometers, ldcated on both sides of the point of acid
additiori, are wired to a Brown instrmnnt which records any temperatur e in-
crease to-the acid is added. During operation, an increase (2 to 30C) in
this 'temperature difZerence indicates chemical reaction of the nitric 'acid
and hexone. (The ndmalI temperature rise due to the heat of mixing upon
addition of 60% nitric acid to hexone until a concentration of 0.5 1 HN0 3is reached is 1 to 200.)

,There are two reasons for prohibiting hexone and nitric acids from
being in contact with each other longer than necessary: (a) slow oxidation
occurs whih results in products having deleterious effects on column per.
forhance, and (b) the remote, hazard of a violent hexone-nitrio acid reaction
exi$ts. This hazard is discussed in Chapter XXIV.

2. Remedy of Off-Standard Conditions

Two methods are provided for detection of off-standird solvent treat-
mentconditions. A radiation recorder (described in Chapter XIX) is in.
stalled on the inlet line to the Organic Receiver, Tank 0.-. ornally,
the process radiation level cannot be detected above background (natural
radiation level). However, if any radiation is detected, investigation of
the entire process (particularly the I Column and the Organic Distillation
Column) should be made to detect improper operation. The radiation-
recorder instrument is located on the inlet line to Tank 0-1 rather than
on the tank proper. This location allows an early and accurate detection
of off-standard conditions involving radiomaterials before a large volume
of undesirable material is accumulated or the off-grade material is masked
by'accumulated liquid in the tank. If the hexone contains a significant
amount of radioactive materials, i.e., greater than 200 co./min./mI., it
is washed in the Organic Sampler and Treatment Tank, O.-2, with water or
dilute (0.21) nitric acid solution until the radidaterials are removed
The washes', after neutralization in the case of the nitric acid wast,
are cribbed with an adequate amount of dilution'water so that they do not
exceed cribbing tolerances (sea Section B2, Chapter X).

The second method for detection of off-standard conditions involves
the routine sampling and analysis of the recovered hexone as it passes
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through the Organic Sampler and Treatment Tank, 0-2. Normally, MIBC
content is determined for each batch, and analyses for hexone oxidation
products are made at less frequent intervals. When these analyses indi..
cate an excessive amount (specifications tabulated in Section A) of
impurities, the solvent is retreated. Although it is not anticipated,
the hexone may become unsatisfactory for use even after repeated retreat-
ment, a condition which would necessitate disposal of the used hexone and
replacement with raw hexone. No facilities are provided in the Redox
Plant for the disposal of large quantities of hexone. However, it could
be stored in a tank car until facilities for disposal (e.g., burning)
could be provided.
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PART II: PROCESS, continued
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CHAPTER X. WASTE TREATMENT AND DISPOSAL

A. INTRODUCTION

The radioactive wastes from the Redox Plant are treated and disposed
of so that they do not cause a hazardous pollution of the environs of the
Hanford Works. Liquid wastes which contain appreciable quantities of
radiomaterials are concentrated and stored in large underground tanks.
On the other hand, liquid wastes which contain only trace quantities of
radiomaterials are discarded into cribs from which the water percolates
into the ground with the accompanying absorption of residual radiomaterials
by the soil. Process cooling water, which should not be contaminated, is
collected in a retention basin and monitored before being discharged to a
pond from which it seeps into the ground or is evaporated. Gaseous wastes
are treated to remove radioactive iodine and particulate inatter,/Ne'

a oactive noble gases (xenon, ryp on) are so ge a atmosphere
ere they are di ted to a safe concentratio Although these basic meth-

o as e disposal are na n causing a hazardous condition,
the storage of large volumes of high-activity wastes is extremely expensive,
and the disposal of any radioactive materials to the ground or atmosphere
is not desirable as a long range practice. Therefore, a constant effort
is being made to devise new methods which will decrease the costs of waste
storage and the hazards of pollution of the atmosphere and potable water
sources.,(7) In addition, routine monitoring is used to ascertain the ex.
tent of pollution and to follow the courses of the radiomaterials which
are discharged to the environs, because it is necessary to know with
accuracy that the wastes released are not adversely affecting the welfare
of the region.

The following table based upon a probable maxium instantaneous
capacity of 3-1/8 tons of uranium per day presents the sources of Redox
Plant liquid wastes, their volumes, radioactivities (expressed in "count-
able" curies as defined in Chapter II), and intended disposal methods:
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Instantaneoua Capacity: -- 3./8 T.U/Da o±'oo

Volume1 Gal./Day*
3U3u ?U,2Fu 1U,2pt1

Cycles

Activity
Level (3.

Cycle Basis)
Curies/Gal.

Estimated
Pu Content
(3-Cycle
Basis) -

Zr and Nb
Scavenging

Ru Scrub.

Main Process
(fEltraction
Columns, Or-
ganic Wash

Column, Org.
Dist. Column
bottom, Conw

densate Evap,
bottoms.)

Coating Re-
moval Slurry

Dissplver
Flush.

Condensate

Solvent
Wastes

Cooling
Water

90 90 90 150 A
630 7
780 total

80 80 80 90P6
68 7

358 Total

9000 5700

590

650

590

650

3500

590

650

16,ooo iohoc 500

Treat. 3600 gallon/l0,000
gallons hexone treated

3 x 106 212x106

138a
9 7

27 Total

5 x io-2

i x 10- 1

1 x 10-6

0 to 0-a4

1.8x106 0 to io-7

3.0

trace

0.3

0.9

1.2

trace

trace

0

Underground
Storage

Underground
Storage

Underground
Storage

Underground
Storage

Underground
Storage

216-S Crib

276-S Crib

Retention
Basin

*) The Redox Plant is provided with 3 extraction-stripping cycles for
uranium and 3 for plutonium. It is a distinct possibility that
decontamination specifications may be met in fewer than 3 cycles
thus resulting in teduced waste volumes due to the elimination of
cycles.

DECIJSIED
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Daily, on a three cycle basis, a total of 10,500 gallons of liquid wastes
representing a total of 250,000 "countable" curies (explained in Chapter
II) is sent to underground storage. At expected plant yields, approxi-
mately 17 grams of plutonium accompany this wasto. For two cycle operation,
about 7200 gallons per day of liquid wastes and 1 grams of plutonium are
disposed of to underground tanks. This would be decreased to 5000 gallons
and 12 grams of plutonium for operation of one uranium and two plutonium
cycles.

Daily on a three-cycle basis, approximately 16,000 gallons of liquid
wastes are sent to the 216-S Crib,mocting established Hanford Works limits
(sce Subsection B2). Over a period of one year, an estimated 20 curies
of activity and 10 milligrams of plutonium aro expected to be sent to
cribs.

In the following table, the sources of the Redox Plant gaseous wastes
are itemized with their approximate volumes and activities (expressed as
"countable" curies).

GASEOUS :&STES - PLANT

Instantaneous Capacity: 3-1/8 T.U o 0 G.Pu Materi

Approx. PeakVolume
Rate, Cu.t.Ain. Estimated Total Activity/DaySource of Waste (S.TJP.) & Curies 7 Curies Total Curies

Silver Reactor 150 200 1

Ru Scrubber 200 - - trace

Process Vent Header 250 . - 1

Condenser Vent Header 200 - lx1-5

Ventilation Air 35,000 - - <1 x 106

*)fractically all of this activity is attributable to the inert gas,
krypton- ------

Prior to disposal to the atmosphere from a 200-foot stack, each of
the gas streams is filtered, the process gaseous wastes through individual
Fiberglas filters and the ventilation air through a sand f emove
any radioactive particulate mat a e activity in the
Atack-gaus~~~u to the beta-emi tting krypton-85, aiertgswihi
evolved rhiring th le-metal dissolution.

The disposal of radioactive wastes from the Laboratory Building
(222-S) is governed by the same principles as the disposal of wastes fromthe Redox Plant. The disposal of liquid and galeous radioactive wastes
from the Laboratory Building is discussed in Sections E and F, below.

PF-. $AI4F
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B, PLANT LIQUID WASTES DECLASSIID
1. High-Activity Wastes

1.1 Definition of problem

Pertinent data for all of the high-activity wastes from the Redox
Plant to be stored in underground tanks are listed in Table X-i. The
quantities of chemicals indicated are based on an instantaneous capacity
of 3.-1/8 tons U per day (400 megawatt-days integrated exposure for 360
days, followed by 90 days "cooling"). The wastes are divided into four
sections (head-end wastes, extraction-column wastes, hexone-recovery
wastes, and condensate-evaporator purges) which, in turn, are subdivided
into the specific waste streams in the Redox Plant, Wastes listed as
item A of Table X-1 are transferred directly from their sources through
a holdup vessel to the underground storage tanks. Item E shows the com-
posits or the wastes listed as items B, C, and D, which are all collected
in the Waste Header Receiver, Tank D-13 (Figure X-3), prior to treatment.
The waste solution represented by the data in item E is concentrated and
transferred to the Waste Ccccntrate Sampler, Tank D-9, where it has the
properties listed as item F. This solution is neutralized with 50 weight
per cent caustic in the Neutralizers Tank D-8, and then is represented by
item G. The total wastes stored in underground tanks, item H, are a com-
bination of wastes listed under items A and G. Data are presented in
Table X-l for operation of the Solvent Extraction Battery (Chemical Flow-
sheet H W No. 4) under three conditions: (a) 3 uranium and 3 plutonium
decontamination cycles; (b) 2 uranium and 2 plutonium decontamination
cycles; and (c) 1 uranium and 2 plutonium decontamination cycles.

The coating-removal solution and the Dissolver acid flush, listed
under item A$ are solutions having the same composition as those which
have been used in the BiPO4 precipitation plants. The other two wastes
are produced during head-end-treatments of the Dissolver solution for
partial removal of ruthenium, zirconiuii, and niobium, as discussed in
Chapter III. The Ruthenium Scrubber solution, 25 weight per cent caustic,
is assumed to contain 7240 beta tcountablelt curies and 5400 gamma count-
able curies of ruthenium based upon an assumption of 9C% removal (by
distillation) of the ruthenium activity present in Dissolver solution
(from uranium having 400 megawatt-days integrated exposure for 360 days,
followed by 90 days "cooling"). The assumption that the entire 9C% of
ruthenium distilled passes into the Ruthenium Scrubber caustic gives a
ruthenium concentration there which is probably a maximum. Tests have
shown (see Chapter III) that some of the volatilized ruthenium may plate
out on lines and equipment before roaching the Scrubber. Scrubber re-
moval of the remaining rutheniun activity is, however, almost quantitative.
The scavenger solution, formod by dissolution of the 12nO scavenger with
HNO and Fe(NH2 SO3) 2 (or any other dissolution chemical), is assumed to
contain 13,500 beta countabLo curies and 56,800 gamma countable curies of
zirconium and niobium activity, representing 90 per cent of the total
zirconium and niobium activity present in the Dissolver solution. These
figures are based on an assumed DFj, of 10 for ruthenium, zirconium and
niobium in the head-end treatment which is a conservative estimate based

DECLASSIED
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on the limited amount of data available at the time of writing. Since
other process considerations may make it desirable to eliminate these
head-end treatments, the activities reported under the extraction column
wastes, listed as item B of Figure X-3, include the total ruthenium,
zirconium, and niobium activities present in the Dissolver solution as
though there were no head-end decontamination. The following table shows
the approximate activity levels of the IAW solution under the three condi-
tions of head.end decontamination:

"Countable" Curies/Gallon in IAW
Headwfnd Treatment Beta Gamma Total

No head-end decontamination 57 30 87

Ruthenium volatilization only 54 28 82

Ruthenium volatilization and 49 8 57
zirconium, niobium scavenging

Since the IAW contains almost all-of the radioactive fission products fed
to the solvent-extraction columns, the activities of the other waste
streams (2DW, 3DVW, 2AW, and 3AW) are negligible in comparison to IAW wheth-
er or not head-end decontamination methods are used.

1.2 Technical and piocess backpround

All of the waste solutions which have been itemized in Table X-1 con-
tain appreciable quantities of radiomaterials and, therefore, must be con-
fined because they cannot be disposed of to the environs (see Subsection
B2). For economic reasons, the total volume of wastes to be stored must
be a minimum. Concentration of the waste solutions is the primary method
employed. Reduction in the total volume of wastes to be stored would also
result from: (a) operation of the Redox process on only 2U, 2Pu or 1U,
2Pu decontamination cycles, and (b) recovery of aluminum nitrate from the
waste solutions for reuse in the process. The use of the first method is
dependent upon the success of head-end decontamination methods. The pos-
sibility of aluminum nitrate recovery is discussed later in this chapter.

1.21 Hexone removal from wastes

Prior to concentration of the wastes, the hexone dissolved in the
slightly acid, aqueous solution should be removed for several reasns:

(a) It is desirable to eltitinate the possibility of hexone decom..
position durinn concentration. As mentioned in Chapter IX,
hexone is oxiizod by nitric and nitrous acids and forms
decomposition products, primarily organic acids, which pre-.
cipitate the ions of Pu or U present in the waste solution,(However, during concentration of acid-deficient hexone-
saturated solutions, laboratory studies under the rigorous
conditions of total reflux have shown that a period of from
8 to 10 hours is required ejore any detectable hexone decom-
position is brought about. lj) If partial decomposition of

DECLASSIIED
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hexone with the formation of precipitates does occur in the
Waste Concentrator, D-12 (Figure X-3), two difficulties might
be incurred: first, the precipitate would scale the heating
coils, thus decreasing their heat-transfer rate, a condition
which could conceivably prevent the concentrator from having
a high enough evaporation rate to maintain the continuous con-
centration; and, second, the precipitate might cause excessive
foaming in the concentrator which would decrease the effective.
ness of deentrainment.

(b) Streams to be reworked might behave adversely during solvent-
extraction under conditions (storage for extended periods before
accomplishing the rework, for example) which might favor the
decomposition of dissolved hexone. This possibility is discussed
further in Chapter IX.

(c) The recovered hexone has an important economic value. Approxi-
500 gallons of hexone are recovered daily from the aqueous
streams prior to concentration, 225 gallons from the Waste Con.
centrator, D-12, above.

(d) A potential safety hazard (although considered extremely remote
and of small magnitude) might exist if hexone remained in solu-
tions sent to underground storage.

The hexone is stripped from the aqueous waste streams in the column
on top of the Waste Concentrator, D-12, which is described in Chapter XV.
Briefly, steam rising from the concentrator pot through six bubble-cap
plates, 49-1/2 inches in diameter, spaced at 1-inch intervals, strips
the hexone from the aqueous phase. This stripping job is similar to that
done in the lower section (plates 6, 7, and Reboiler) of the Organic Dis-
tillation Column, G-3 (Chapter IX). Essentially all of the hexone is re-
moved from the aqueous wastes when they enter the concentrator pot.

1.22 Concentration

As mentioned previously, concentration of the wastes is performed to
minimize the volume which must be stored underground. The concentration
is done continuously in the Waste Concentrator, D--12 (Figure X-3). As
shown in Figure X-3, the nominal volume reduction is three-fold. The con.
centrated solution collected in the Waste Concentrate Receiver, Tank D-10,
after overflowing from the concentrator is jetted at a temperature above
1000?. to the Waste Concentrate Sampler, Tank D-9, where it is cooled to
room temperature (770P.) for sampling. The solution in Tank D-9 consists
of about 65 weight per cent AMT (after approximately 3 weight per cent
jet dilution) and has a freezing point of about 410F.; i.e., crystalliza-
tion begins at 410F. as the solution is cooled. (Freezing points of
solutions of various concentrations are reported in Chapter IV.) The
following table lists the freezing points of several typical waste solu-
tions as a function of their ANN concentrationt
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DECLASSIFED ! 7
1009 flai6oot_

Weight Per Cent Al(N0 3 ).9H20 Approximate Freaing
in Waste Solutions Point, OF.

64 30
66 50
68 70

The freezing point of the salt solution in Tank D-9 is the limiting
factor as to degree of concentration permissible. An increase cS only
about 2.3 weight per cent ANN, from 65.0 to 67.3 weight per cent, raises
the freezing point to 650F. Concentrating to this slightly higher figure
would reduce the daily volume of extraction column wastes (on a 3-cycle
basis -- item Fl in Table X-1) from 4795 to 4540 gallons, a tankage saving
of approximately 250 gallons per day or 2.5 volume per cent of all wastes.
The feasibility of concentrating to this degree must be determined during
normal operation, however, because at these high concentrations over-
concentration is easily achieved (i.e., the rate of ANN concentration in-
creases more rapidly than the rate of water boil-off). In order to prevent
over-concentration, and its accompanying crystallizationthe designed'basis
for ANN concentration in Tank D-9 is 0" weight per cent ANN. Under this
condition the concentration of the solution overflowing from the Waste
Concentrator, D-12, is 67.7 per cent; this solution boils at approximately
2400F. and has a hot specific gravity of approximately 1.37. The distill-
ate from the concentration operation passes through 3-1/2 feet of one-inch
stainless stpel Rasghig rings; adistillate fission-product decontamination
factor of 10 to 10> is anticipated. The method for disposal of this con.
densate is discussed in Subsection B2.

1.23 Neutralization

Prior to storage in the underground tanks, the waste solution (listed
under item F, a e X-1) is neutralized and adjusted to a pH of 13. cor-
rosion studies ) indicate that the pH must be greater than 9.5 to
minimize the corrosion of the mild steel tank liners; a solution having a
pH of 13 is slightly less corrosive than one having a pH of 9.5. However,
the specification for a pH of 13 is not required on the basis of corrosion
resistance. This specification is based on the desirability of having the
large quantities of aluminum salts present in the neutralized wastes in asoluble form, i.e., as aluminates rather than oxides. A 50 weight per cent
caustic solution is used for the neutralization. Based on a laboratory
titration of a simulated waste (65 per cent ANN) with caustic to a PH of 13,0.685 volumes of caustic are required per volume of waste; the volume ofthe neutralized waste is approximately 105 per cent of the combined volumes
of the waste solution and caustic.(19) The heat of neutralization ofsimuj4ed wastes is approximately 1750 B.t.u. per gallon (65 per centANN) . This heat evolution is adequate to cause a 1200F. temperaturerise during neutralization if no cooling is achieved. For reasons discussedbelow, the temperature during neutralization should not exceed 1200F.

Although the neutralization procedure described in Subsection fl re-quires that the waste solution be added to the caustic ("reverse strike")consider for purposes of this discussion that caustic (50 weight per cent 5
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is added to the waste solution. At a pH of about 2, the aluminum begins
to precipitate according to the equation(9):

Al(N0 3 )3 + 3NaOH -e 3NaNO3 + Al(OH) 3 .

As the caustic addition is continued, the pH rises slowly to 4 at which
point it begins to rise more rapidly. At a pH of 4 or 5, the gelatinous
precipitate, A1(OH) (or Al 203-3H2 0), becomes so extremely heavy that
agitation is very dificult. However, as more caustic is added, the mass
becomes less viscous, and at a pH of 6 to 7, the precipitation is complete.
Aluminum hydroxide, being amphoteric, acts as an acid in the presence of
additional strong caustic and may be represented as behaving according to
the following equation:

Al(OH) 3 4-NaOH - NaA10 2 +2H2.

-The freshly precipitated hydroxide is readily soluble in excess caustic,
but this reactivity drops rapidly as the temperature of formation is
raised. Dissolution is slower or incomplete if (a) the caustic is added
too slowly with insufficient agitation, (b) the precipitate is allowed to
age for any extended period (several hours) before being dissolved or
(c) if the temperature is allowed to go too high (greater than 120F4.)
during neutralization. These contingencies all result in "ageing" the
precipitate, thus causing a corresponding decrease in solubility. How-
ever, if these conditions are prevented, the soluble NaA10 2 is formed as
the pH is increased toward 13, at which point the dissolution is essential-
ly complete. About 25 to 30 per cent excess caustic is required, above that
stoichiometrically needed to form NaA102, in order to reach a p of 13. (19)

It is presumed that the excess NaOH reacts with the NaA102 in the following
manner:

NaAl02 + 2NaOH :1 Na 3A10 3 + H20.

The difficulties which may be encountered during dissolving of the Al(OH) 3
precipitate' can be largely avoided by reversing the procedure and adding
the waste to the caustic. In such case, an excess of caustic is always
present (pH greater than 13), and the precipitate of aluminum is peptized
almost as rapidly as it is formed if adequate agitation is provided so
that the temperature remains below 1200F. This prevents the formation of
the large, gelatinous mass of Al(OH) which must be ultimately redissolved.
Therefore, a "reverse strike" is used as the Redox Plant procedure for waste
neutralization.

The minor components in the waste which are neutralized are UNH, HNOp3
Na 2 0r 207 , Cr(N3)3, Fe(O03 ) 3 , and Fe(NH4 S0O) 3 . The UNH forms highly in-
soluble uranates in the basic solution. One reaction may be represented
by the following equation for the formation of sodium diuranates

2U02(NO3)2.6H20 + 6NaOH -- Na2U207.6H20 +4NaNO3 +3H20.

This equation cannot be considered as the complete explanation of what
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takes place, but it mar be interpreted as an indication of one of several
possibilities. Polyuranates containing as many as six molecules of UO3in combination with the sodium are moen and are more or less distinguish-
able by colors from light yellow (diuranate) to deep red-orango (poly-
uranates).

Nitric acid is neutralized according to the simple reaction:

HNO3 + NaOH -4 NaNO3 + H20.

The neutralization of Na 2 Cr 2 07 is represented by the following equation:

Cr 20( + 2NaOH -- 2Cr04 -t- 2Na 4 + H 20.
(orange) (yellow)

The chromate ion (Cr04X) is stable in basic solution. However, the di-
chromate ion .(Cr207U) which has been reduced prior to neutralization to
the chromic ion (Cr+3 ) reacts as follows:

2Cr(N9O3 3 + 6!laOH b Cr2033H20 + 6NaN03.

This oxide is a highly hydrous gel when the caustic is added slowly to
the solution. However, when freshly precipitated, the oxide is readily
peptizable in excess caustic and forms a green colloidal sol. The
Fe(NO3) 3 and Fe(NH4S4)3, oxidation products of Fe(NH2SO3 ) 2, react with
the caustic as follows:

Fo(NO3)3 + 3NaOH :: Ft(OH)3 + 3NaNO3, and

Fo(NH4 30)3 + 6NadH - Fo(OH) 3 + 3Na 2 SO4 + 3NHii +3H 20.

Fe(OH) 3 is another g-latinous precipitate.

Under normal conditions of neutralization, the neutralized waste
solution will consist of about 0.2 to 0.4 per cent by weight solids.

1.24 Conditions in undo

After concentration and neutralization, the high-activity waste,
listed under item G in Table X-l, is combined with the head-end wastes
listed under itom A, in the underground storage tanks whore the wastes
have the properties listed under item H. Small quantities (approximately
200 gallons per day) of radioactive wastes from the Laboratory Building
(222-S) are also added to thoso wastos, but they are not included in itemH because they are insignificant in comparison with the Rodox Plant quan-
titios. The 222-S Duilling wasto disposal system is described in SectionE of this chaptor.

The radiation intensity duo to the decay of tho radioactive wastes
in the tank is very high. Calculations show that the intensity at thecenter of a waste tank and one foot above the surface is approximately
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3600 r./hr., based on an assumed 90-day "cooling" period of the upper twcy
foot layer of solution(12). The intensity at a ten-foot distance above
the surface of the tank is estimated at 2700 r./hour. These figures are
on the high side because they are based on the conservative assumption of
no mixing in the tank which would expose material at the surface of the
liquid that had "cooled" for a period longer than 90 days. The "cooling"
curves in Chapter II may be used to calculate the radioactivity of the
wastes at different "cooling" periods.

The radioactive decay of fission products causes considerable heat
evolution. It is estimated that at the time the liquid level in the first
tank in a 3-tank cascade first reaches the overflow point, 22.7 feet, (and
at design production rates with 3U and 3Pu extraction cycles) the heat
developed in the tank is approximately 7000 B.t.u./minute.(12) Since the
heat losses from the tank to the ground are relatively small, the heat
liberated during the radioactive "cooling" period raises the temperature
of the solution in the tank and the tank itself. Shortly after the tank
is full (i.e., approximately two or three weeks afterwards), the contents
are expected to boil. The boiling point is in the neighborhood of 2251
5*F., depending upon the degree of miting and amount of precipitation in
the tank. The solution is not o::ctod to boil until the tank is
full because the intermittent P&Caitions of current waste solutions have
a significant thermal cooling effect on the tank contents when the liquid
level is low. The boilL~ <Sl continue for an extended' period of several
months until the heat developed b.r the radioactive decay is insufficient
to maintain the thernal equilibrium. SSmilar conditions of radiation
intensity and heat evolution are present in the second and third tanks in
a given 3-tank cascade, but the radiation intensities are expected to be
lower in the second tank than in the first and lower in the third tank
than in the second. This ecrease in intensity is caused by two factors:
(a) the first tankcontains the majority of solids (e.g., Cr(OH) 3 and
Fe(Ot) 3) and, thus a larger portion of fission products (occluded by the
precipitate) than the other tanks; and (b) the solutions entering the lower
tanks (second and third' in cascade) have "cooled" for a longer period than
those entering the first tank. For example, solutions entering the first
tank have "cooled" approximately 90 days. By the time any solution over-
flows into the second tank, it has "cooled" for a period between 90 and
165 days because approximately 75 days'accumulation of waste were required
to fill the first 750,000-gaflon tank. Because the solutions in the
underground storage tanks are expected to boil (or at least they will be
very hot), air-cooled condensers are provided on the tanks. A brief de-
scription of the underground tanks and auxiliaries is presented later in
this chapter (under Bl.3).

1.25 Aluminum nitrate recovery

No facilities for aluminum nitrate nonohydrate (ANN) recovery are
installed in the Redox Plant. However, provisions have been made for
the possible future installation of ANN recovery facilities if ANN re-
covery is deemed feasible. These provisions are discussed briefly later
in this chapter (Subsection Dl). The recovery process which has been
contemplated but not fully developed utilizes the solubility character-.
istics of ANN in concentrated nitric acid (70 per cent).20) The salt is
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only slightly soluble in cold (320!.) acid, but it is very soluble in
nitric acid above 1700F. The basic procedure which woild be followed for
ANT recovery is illustrated below in consecutive order(13):

(a) The aqueous waste streams (i.e., IAW, 2DW, 2AW) containing
ANN are first stripped to remove hexone.

(b) The hexone-free salt solution is then concentrated until the
boiling temperature is 250 0F. (freezing point is 165 0F.).

(c) The concentrated ANN solution is combined with hot 70 per cent
nitric acid and hold at approximately 1750F. until solution
is complete.

(d) From this solution, the ANN is crystallized at 320F,

(e) After separation of the crystals from the mother liquor, a
cold (32 0F.) 70 per cent nitric acid wash is used to remove
residual impurities.

(f) This cycle is repeated by redissolving ANN in hot (1750p.)
70 per cent nitric acid and again crystallizing and washing
at 32 0F.

(g) Following this, the free nitric acid is removed from the
crystals which are then redissolved in water for reuse in
the Redox process solutions.

(h) The mother liquors from the crystallization steps are combined
with washes and distilled; thus, the nitric acid is recovered
as the partially-decontaminated constant boiling (70 per cent)
acid and recycled to the A11NI recovery process.

(i) The bottons from the nitric acid distillation, containing the
bulk of the fission products, are neutralized and sent to
waste storage.

The feasibility of ANN recovery 6om the Redox process wastes is
dependent on an economic evaluation . . The cost of construction and
operation of the additional facilities necessary for the recovery process
must be overcome by the savings in costs of chemicals, primarily ANN (at
$5.00 per 100 pounds) and NaOH (at "3.30 per 100 pounds), and waste stor.age tank capacity (at $0.36 per gallon). If the Rodox process is operated
on 2U and 2Pu extraction cycles, a conservative estimate for the pay-off
period is fivo to ten years.

1.3 Description of undcrar.ond storage facilitics

A plot plan of the 200-West Area, showing the layout of the wastedisposal facilities, appears in Chapter XI. The Underground Storage TankFarm, Building 241-S (described and illustrated in Chapter XI) is slightly
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less than one mile northwest of the Redox Production Plant, ' g202-S.
This tank farm is the first of four which are planned, provisions being
made in the present piping for future installation of-three more farus.
The total storage capacity of Building 241-S is 9,000,000 gallons. If the
Redox Plant is operated on 3U and 3Pu extraction cycles (prodction rate
of 6250 lb. U/day) this capacity will be reached in 2.9 years. However,
it will last 4.3 years with operation of only 2U and 2Pu cycles or 6.2
years with only 1U and 2Pu cycles.

Building 241-S consists of twelve 750,000-ga2lon tanks made of rein-
forced concrete with mild steel liners on the bottoms and sides. These
tanks are arranged in four cascades of three tanks each. The overflow line
(22.7 feet from tank bottom) of the first tank in each cascade (Tanks 101,
104i 107; and 110, respectively) is the inlet line to the second tank (Tanks
102, 105, 108 and 111). Similarly the second tank overflows to the third
tank (Tanks 103, 106, 109, and -125. In order to provide the necessary
gradient for gravity cascade, the second tank is one foot lower than the
first, and the third tank is one foot lower than the second. As mentioned
previously (under 1.24) the concentration of radioclements and the heat
evolution in the first tank in series is highest, lower in the second than
the first, and lowest in the third tank, This distribution is the basis
for the presence of two air-cooled condensers bn the first tank and only
one on the second and third tanks in a cascade. The air-cooled condensers,
provided to minimize the escape of radioactive droplets, are made of fin
tube, hot dip galvanized pipe extending 20 foot into the air and have no
filter or raincap. Shielding from the radioactivity in the tanks is provided
by a one-foot-thick concrete doe on top of each tank plus the six to six-
teen feet of backfill. Tank cover is designed so that the intensity of
radiation at grade level above the tanks is loss than 1 mr./hr. In addition,
the hatchways for thb air-cooled condensers are formed in two right-angled
bonds to retard the escape of radiation through these openings.

The neutralized waste line from the Noutralizer, D-.8 (Figure X-3) is
connected to only one of the cascadeosat one time. The necessary connec-
tions are made in two Diversion Boxes, 240-S-151 and 241.S-151, which are
concrete boxes buried in the ground just below grade (Chapter XI). Remote
operation (Chapter XVIII) is required when the connections are changed.
In addition to the lines used for waste disposal to Building 241-S,'lines
to the 216-S Building Cribs are also tied in at the Diversion Boxes.
Also, connectors are available so that three additional tank farms, simi-
lar to Building 241-S, can be connected at a future date. The waste di.
posal lines are encased in concrete throughout their entire length. Two
concrete Catch Tanks, 302 and 302A (17,000-gallon capacities), are located
near the 24L0-&l5l and 241-S-151 Diversion Boxes, respectively. A third
Catch Tank, 302B, is located near the end of the encasement which contains
the lines directly connected to the Underground Storage Tanks. These
Catch Tanks are provided to collect any drainage (which indicates line
leakage) from the encasements. The liquid which is collected is jetted
through lines connected at one or both of the Diversion Boxes to the
Underground Storage Tank Cascade in use. Each catch tank is provided with
an air-cooled condenser, approximately 6 feet high and having a raincap.
This condenser contains a 20 by 20-inch Fiberglas filter, 2 inches thick,
which is easily interchangeable. DECLASSIFIED
0E .. I W
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A "conductivity reel" (described in Chapter XI) is provided on each
of the Underground Storage Tanks, 101 through 112, and Catch Tanks, 302,
302A, and 302B, for measurement of the liquid level in these tanks4
Liquid level measurements are made daily.

Eight test wells are placed at selected locations among the waste
storage' tanks in Building 241-. They are all 6.inch wells with cast iron
casings, seven of the wells being 150 feet deep and one being 300 feet deep
(to the water table). These wells receive no wastes but are used by the
Health Instrument Division for monitoring to detect possible leaks in the
twelve 75-foot diameter waste storage tanks. In addition to their use for
monitoring, these test wells and many others throughout the Hanford Works
vicinity are used in a comprehensive geologic study of the area(4)(16).
In the deep wells, a Side-Hole Sampler is used to drill through the side.
wall of the black iron casing, collect a sample of the soil, and plug the
hole. This soil sample is counted for alpha and beta activity with stand.
ard radiation detection instruments described in Chapter XXI. In addition
to these deep wells, shallow wells, 20 to 30 foot deep, are drilled in the
vicinity of lines, tanks, otc. for use by both the Health Instrument and S
Divisions. Monitorinz for gamma radiation in these shallow wells is done
with a glass GM tubs enclosed in a rugged wa roof brass case 5 inches
in diameter and approximately 14 inches long1 .) A one-tube "cathode
follower" circuit is also included in this case in order to convert the GM
tube pulses to a form capable of being transmitted through the necessarily
long cable to the grade level. The GM tube assembly is supported by a
light chain and two cables, one for the high-voltage supply to the GM tube
and the other for the filament' and plate voltages and the signal lead,
A reel for handling the cables, a scaler, timer, and recorder are mounted
on a cart so that the monitoring equipment is portable.

2. Low.Activity Wastes

2.1 Definition of problem

Thousands of gallons of liquid wastes containing only trace quantities
of radiomaterials are discharged from the Redox Plant daily. The following
table lists the sources and the volumes (based on a production rate of
6250 lb. uranium/day) under three operating conditions of the Redox processe

Estimated
Approximate Activity

Volune, Gal./Day Level$ Estimated
3U,3Pu 2U, 2Pu 1U,2Pu "Countable" Pu Content, Disposal

Source C9;oeg gycles ycqes Curies/Gal. Grams Site

Redistilled l6,O 10,400 800 <5 x 106 5 x 10-5 216-S Cribs
condensate

Hexone 3600 gallons/10,000 0 x 10- . trace 276-S Crib
washes gallons hexone treated
Building Normally not used - - 216-S Cribs
202-S drainage
Building Normally not used - - 276-S Crib
203-S drainage

A .Normally not used - - 276-S Crib
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It is neither practical nor necessary to store these large volmes of wastes
containing only trace quantities of radiomaterials. Therefore, these low-
activity wastes are routed to underground cribs (approximately 20 feet Ole-
neath the earth's surface) from which they seep into the subsoils.

Figure X-5 indicates the amount and the disposal of the various liquid
process wastes from the Redox Plant. It is believed that the amount of
radioactivity shown on the flowsheet as delivered to the cribs is a conserv-
atively high estimate because of the use of feed having a rather high level
of activity (about twice the level for process solutions from 400-megawatt-
day/ton, 40.day-hcooled" slugs) coupled with what may be conservative de-
contamination factors for the evaporators. The amounts of radioactivity as
shown in Table X-1 more nearly represent average values for 400 M.day/tan
material "cooled" for ninety days.

The decontamination factors for the evaporators as listed in the
following table have be estimated base8 information contained in
Docinments BNL 90 (T-20) al and HW-1798lu . Under plant conditions
D.F.'s higher than those estimated here may be obtained because of at
least two reasons:

(a) At higher levels of activity, better D.F.ts are generally ob-
served because of the difficulty encounterod in laboratory ex-
periments (from wiich the above estimates wore made) which
attempt to count correctly the very low-activity product streams
(i.e., radioactivities approaching the background level).

(b) The use of "chevron baffles" in the Condensate Evaporator may
raise the D,F. by II11nocking back" a fraction of the entrained
liquid in the vapor stream.

Estimated D.P. Evaoration
3-1/T ns Uraiur/Day

400 Mw.-Days/Ton, 90 Days "Cooling"

2U and 2Pu Cycles 3U and 3Pu Cycles

Waste Concentrator, D-12

D.F., feed to tower 450 275
D.F., tower 95 50

Condensate Evaporator, D-4

D.F., feed to tower 70 25

D.F., tower 25 15

Overall D.F. 7.5 x 107 5 x 106

Final radioactivity, (absolute) -7 x
beta curies/gal. 3 x 10 5 x 10

Cribbing limit, (absolute) beta
curies/gal. 1.5 x 10-5

DECLASSIFIED



1017 ECLASSIEW-8
Although sufficient informat!on is not available for an accurate

estimate of obtainable D.F. 's at higher rates of production, it is
expected that the overall D.P. may be lower by a factor of 10 to 100
at a uranium processing rate of 5.5 tons U/day.

2.2 Technical background

2.21 Basis for selection of disposal method

The crib method of disposal of low activity wastes is a necessary
expedient for operation of the Redox Plant. This method of disposal is
contingent on three factors: (a) absorption of a large fraction of the
radiomaterials by the subsoils; (b) decay of the short-lied radio-
materials during the period (assumed as 10 to 20 years(153) before they
reach the river; and (c) dilution of waste by ground water. Quantitative
assumptions for these factors have allowed the following specifications
(cribbing tolerances) to be set on the wastes discarded to cribs;

Plutonium -- less than 0.5 micrograms/liter
Beta emitters -- less than 4 microcuries/liter
pH -- greater than 5.

It should be emphasized that these limits are the maximum concentrations
allowable. More conservative limits, which should be the ultimate aim,
are the maximum permissible concentrations in drinking water:

Plutonium -- 0.024 micrograms/liter
Beta emitters -- 0.1 microcuries/liter.

The cribbing and drinking water tolerances listed above are in a state
of review at the present time. Consequently, the values quoted are
subject to revision. Efforts should be made to reduce the quantities
of radiomaterials discharged into cribs 0jnpth advisability of this
method of disposal Us still questionable.Mf Pe

2.22 Deentrainment

Deentrainment involves the separation of droplets which tend to be
carried over with the vapor from a concentrator, due to the fact that
the vapor velocity is greater than the rate of settling of the droplets.
In the Redox Plant, six concentrators (i.e., ICU, 2EU, and 3EU Concen-
trators and Plutonium Pre-Concontrator, Plutonium Concentrator and the
Waste Concentrator; also the Cross-Over Oxidizer when operated$ discharge
condensed vapors to the Condensate Stripper, D-5 (Figure X-3). All of
these condensates arc rartially decontaminated (see Chapter XV) by de-
entrainment columns which remove the entrained droplets. The two types
of deentrainment columns used in the Redox Plant are columns packed with
Raschig rings and bubble-cap plate columns. More detailed description
of the equipment and its function is presented in Chapter XV; The over-
all decontamination factors (based on dissolver solution) required for
cribbing of condensates are as follows:

Plutonium 4 x 104
Beta emitters 2 6
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The anticipated D.F. across the deentrainment column on the Waste

Concentrator, D-32, is i;4 to 105 based on the fission-product activity
in the feed to the Concentrator. Further decontamination is achieved by
redistillation of the condensate in the Condensate Evaporator, D-4, where
an additional D.F. of about 400 (based on fission-product activity in the
feed to the Evaporator) is expected.

2.23 Course of cribbed wastes

Since the start-up of operations, extensive work has been done to
determine the geologic and hydrologic features of the Hanford Works area
and to 9y ~lte these features with the underground disposal of liquid
wastes. As determined from test-well drilling and geologic re-
connaissance, the chief geologic formations underlying the area are of
tbree types:

(a) Yakima basalt, a dense rock of volcanic origin, is the deepest
formation investigated, at or near the water table, approximately
250 feet below grade. The Yakima basalt has folded and faulted
since its deposition, and,as a whole, is slightly or even
moderately permeable.

(b) Ringold formation is a sediment wbich is inferred to form the
main part of the core of the high terrace on which both the
200-East and 200-West Areas are built. This formation has a
relatively low permeability, due largely to the high propor-
tion of-fines. The fbrmationls!audit 2.4pot cent carbonate.

(c) Undifferentiated terrace deposits range from boulders and
coarse gravel to clay, which have resulted from erosion.

It is inferred that, under natural conditions, the water table of
the area slopes gently down from the flanks of the Yakima Range and the
Rattlesnake Bills to the Columbia and Yakima Rivers. Water is alter-
nately stored and drained by seasonal changes in the stages of the river
in a strip adjacent to the Columbia River and averaging perhaps 3 miles
wide. Beneath the 200 Areas this ground water occurs chiefly in the
Ringold formation, but in some places it also occurs in the Yakima
basalt and in the terrace deposits. Waste water discharged into ponds
(Subsection B3) in the 200 Areas has built upon the water table two
distinct mounds and a low bridging spur between the two areas. These
mounds are expected to grow as long as disposal ponds are used, but
growth can be largely controlled as desired by changing the locations of
the ponds. In effect, for a considerable period, the mounds will act
as ground-nater dams behind which contamination can be confined.
Eventually, when the areas behind the "dams" fill up, they will no longer
confine any contaminated water. Deep artesian water is not a factor in
waste disposal practices at Hanford, because it is effectively separated
from the non-artesian water body above.

Liquid wastes discharged from the Redox cribs, approximately 20
feet below grade, enter a Ringold formation which has a higher propor-
tion of silts and fine sands than that under the older cribs. These
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silts are ideal for the removal of the activity from the waste solutions,
but they are considerably less permeable than coarser materials and are
capable of receiving smaller daily volumes of liquid than the coarser
sediments. The cribs accordingly were built on beds of crushed stone
(retained on 1/2-in. screen) to assure adequate throughput, 100 gallons
per minute. Only meager data are available on the absorption and reten-
tion of plutonium and fission products by the soil. However, indications
are that -more than 90 per cent of the plutonium and fission products are
absorbed and retained by the soil, either by ion exchange or adsorption.
It is the opinion of Health Instrument Division personnel (although
conclusive experimental evidence is lacking) that retention of the
plutonium is favored when the pH of the cribbed solution is between 5 and
7, and retention of fission products is favored at a PH of 8. The pH of
cribbed wastes should be greater than 5 so that the alkaline soil is not
leached, a condition which could cause channeling with a resultant
decrease in absorption of radiomaterials. Those radiomaterials which
are not removed from the wastes are diluted by the natural and artificial
ground water. Apparently, a relatively impermeable layer of sediment
minimizes the flow of waste water into the water table, because no con-
tamination has been discovered in the ground water due to this cribbing
practice. However, the water table has been contaminated in the past by
wastes discharged into "reverse-flow" welW- this method of disposal has
been discontinued. It has been estimated that cribbed wastes do not
reach the Columbia River in less than 20 years with the present hydraulic
gradient. An available decay time of 10 years has been conservatively
assumed for calculation of cribbing tolerances of short-lived radio-
isotopes.

2.3 Description of disposal facilities

As indicated previously, two separate crib disposal areas, Building
216-s and Building 276-S Crib, are provided for the Redox Plant. (See
plot plan in Chapter XI.) Condensates (and any cell drainage which meets
cribbing limits) are jetted from the Condensate Receiver, D-2, or Cell
Drainage Collection Tank, D-1 (Figure X-3), through two Diversion Boxes,
240-s-151 and 241-S-lil (described under 1.3 above) to the Building 216-S
Cribs. These consist of two cribs in series. If the first has insuf-
ficient capacity, the second in series takes the overflow. A "conductiv-
ity reel" described in Chapter XIX is provided on each crib for measure-
ment of the liquid level.

The Building 276-S Crib, located 400 feet vest of Building 276-S,
Solvent Facilities Building, is a single crib identical in construction
to each of the Building 216-S Cribs. This separate crib is provided to
handle the hexone-scturated washes from Building 276-S.

Three test u11s, 150 feet deep, are located in a triangle around
the Building 216-S Cribs. In addition, a 150-foot well is sunk in the
center of each of the three cribs.
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3. Neligible-Activity Was

3.1 Definition of problem

Waste severs from the Redox Plant are segregated into two types, chemical
severs and process severs. The chemical severs drain -all non-regulated
portions (e.g., operating galleries, service areas, aqueous make-up areas,
etc.), and the process severs drain water (and steam condensate) from process
equipment jackets and coils. Wastes from the chemical sewers flow directly
to a pond (approximately 3500 feet southwest of Building 202-S) where they
percolate into the soil or evaporate. The process sewer wastes, however,
flow into a Retention Basin, Building 207-S, before they are discharged to
the pond. This segregation is required so that the process vessel wastes
can be monitored for radiomaterials which may be present due to leakage.
The quantities of radiomaterials which can be disposed of to the pond are
those amounts that do not appreciably exceed background monitoring levels
for plutonium and beta emitters. With this as a basis, an approximate
tolerance limit for disposal of radiomaterials to the pond is:

Plutonium -- 1 x 10-4 micrograms/liter
Beta emitters -- 0.5 microcuries/liter.

The volumes of waste water passing through the basin daily are listed klow
for three operating conditions of the Redox Plant:

3U, 3Nh Extraction Cycles - 2,900,000 gallons/day
2U, 2Pu Extraction Cycles -- 2,250,000 gallons/day
1U, 2Pu Extraction Cycles -- 1,770,000 gallons/day.

3.2 Description of disposal facilities

The Retention Basin (see Chapter XI) is located due west of Building
202-8. It consists of a 130-foot square concrete pool having a capacity
of 853,000 gallons (6.75 feet deep). The inlet and outlet lines, 24-inc'
vitreous clay pipe, are equipped with gate valves and located so that
flow is from north to south. A continuous monitoring instrument (limits
to be compatible with safe disposal of the waste), located at the inlet
to the basin and tied in to an annunciator in the Dispatcher's office (in
Building 202-8), is used as an alarm for indicating beta-garma radio-
activity in the basin. An assay of a 500-ml. sample is made daily to
determine the presence of plutonium. The holdup time C the basin(with
the outlet valve closed) is indicated below for three operating conditions
of the Redox process:

3U, 3Pu Extraction Cycles -- 7 hours
2U, 2Pu Extraction Cycles - 9 hours
1U, 2Pu Extraction Cycles -- 11 hours.
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C P1 GASOUS WASTES cLASSIFIED
1. Definition of Problem

dfleous wastes discbarged from the Redow Plant consist of canyon,
silo, and cell ventilation #ir; air or nitrogen from the various equip-
ment vent headers; and gaseous products forfbud as a result of a process
operation. The latter group is the most important because it contains
the majority of the radiomaterials in the gaseous wastes.

Ventilation air is filtered by a graduated gravel and sa.4 filter
bed where radioactive particulate matter in the air is removed by the
filter media. Likewise, the gases discharged from the vent itaders pass
through capsule-type Fiberglas filter units where radioactive particles
are removed.

The gaseous products formed during process operations (i.e.,uranium dissolution and ruthenium volatilization) are treated to remove
the absorbable gases (1-131, Ru0k) in addition to being filtered to
remove p rticulate m atter. 

current operating -practices, -th e
se W85, Xe-133) are diluted and discharged to

the a-tmosphere from a 200-foot stack.

The gaseou es at ged to the atmosphere are itemized in
Table X-2. This table is based on an instantaneous plant production
rate of 3-1/8 tons U per day (400 megaatt-days integrated exposure for
360 days, followed by 90 days "cooling") The Silver Reactor off-gas
represents the gaseous waste from the Dissolvers after essentially all
(assumed D.P. of 103) of the 1-131 is removed. Similarly, the Ruthenium
Scrubber off-gas represents the gaseous waste fr the Ruthenium volatil-
ization after esseill tl /hedn am R + UOL-is
removed. should be emphasized that almost-all of the radioactivi

e gases discharged to the atmosphere is due to Kr-

--STISvei eactor operation and off-gas scrubbing methods for treating
Dissolver off-gas and ruthenium scrubbing methods for treating Oxidizer
off-gas are discussed in detail in Chapter III, but these operations are
summarized briefly below.

2. Technical Backgound

2.1 Iodine removal by Silver Reactor

Although radiioCino-131 has a relatively short half life(apwox-imately 8 days), it -s the most hazardous gas evolved during pile-metal
dissolution because of its tendency to concentrate in plant and animal
tissues if allowed to pass into the atmosphere. The Redox Plnat will beprovided with Silver Reactors (to replace Dissolver Off-Gas $crubbers
discussed under 2.6) for removal of iodine from the Dissolver off-gases.
At the time of writing, Redox Plant Silver Reactors are under design;
however, they will be the operation equivalents of the reactor installed
in Building 221-B cnnyon.
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The Silver- Reactor is 2 feet in diameter and packed to a depth of
8 feet with 1/2-inch ceramic Berl saddles coated with silver nitrate. The
exact tadine removal mechanism is not known with surety but may be rere-
sented by the usual iodine reaction in the presence of an excess of silver
nitrate:

6AgNO3 + 3I2 + 3%0 , 5ASI + AgIO3 + 61113.

There may be some Agt 3 dissolution under operating conditions so that the
following series of reactions can occur to a limited degree:

2AW0 3 p 2A9W02 + 02 "-- 2Ag + 2N02 + 02

2Ag + 12 __..+ 2AgI.

At an average off-gas temperature of 4750F., the iodine removal efficiency
from the off-gas is greater than 99.9 -er cent. The temperature of the
off-gas should be maintained less than 500 0 F. because the silver nitrate
starts to soften at thin gas temperature and is quite fluid at an off-W
temperature of 6000F. As discussed in Chapter III, the potential life of
the 221-B Silver Reactor (based upon available silver) may be on the order
of 10 to 15 years.

It should be mentioned that not all (only about 50%) of the iodine
is liberated during dissolving. The exact distribution of iodine not
evolved atring dissolution is obscured by difficulty of detection due to
Ugh radioactivity levels in the ruthenium off-gas and solvent-extraction
column waste streams.

2.2 Ruthenium scrubbing with NaOH

The hot (195 to 200.) gases passing into the Ruthenium Scrubber
from the Oxidizer contain an estimated maximum of 90 per cent (approximately
7200 beta and 540C gam "countable" curies) of the radioactive ruthenium
in the form qf a volatile compound, Ru04,

Large amounts (approximately 200 cu.ft./min.) of an air carrier gas
serve as the sweeping agent for RuO4 removal from the Oxidiser. Only trace
amounts of fission products other than ruthenium are present in the caWier
gas. A 05 per cent NaOH solution, recirculated thiouigh the Ruthenium
Scrubber, absorbs the RuO4 so that the gazes leaving the scrubber contain
less than 0.001 per cent of the ruthenium. Although the mechanism by
which caustic absorbs Ru0j is unknown, it is generally assumed that Ru(VIII)
is reduced to Ru(VI) and absorbed as the soluble salt, Na 0Ru0h. It is
necessary to operate the Ruthenium Scrubber at approximtely gO0? so that
large amounts of water vapor in the carrier gas do not condense in the
scrubber and dilute the recirculating caustic. The recirculating caustic
is replaced about every 3 to 4 days with fresh caustic, and is transferred
to underground storage via the Neutralizer, 'Tnk D-8 (Figure X-3).
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2.3 Filtration of process equipment vent discharges

Process gaseous wastes are removed from the Redox Plant by six
individual headers which are maintained under vacuum (varying from -5 to
-30 inches water) by steam/air jets. This header system is necessary to
maintain all cells as free of process gases and radioactive particulate
matter as possible. As mentioned previously, gases in four of the
headers (Ruthenium Scrubber and three Dissolver Off-Gas Headers) are
treated for removal of radioactive iodine and ruthenium. In addition,
the gases in all "'eaders are filtered through cepsule-type Fiberglas
units for rsmova. of radioactive particulate matter before they are dis-
charged into the utLmosphere. The following table lists the six sources
of gaseous wastes and their respective filters:

(a) Dissolver A-2-A, through Filter A-4;

(b) Dissolver A-2-B, through Filter B-4,

(c) Dlssolvzr A-2-C, through Filter c-4;

(d) Ruthenium Off-Gas Scrubber H-5, through Filter J-1;

(e) Process Vent 2eader through Filter J-3;

(f) Condenser Vent header through Filter J-4.

The first four sources are handled separately through individual filters
because the off-gas volumes during processing periods are comparatively
high (up to 200 cu.ft./min.) and cannot be combined without undue
increases in equipment size. The Process Vent Header provides venting
for all other "hot" process equipment with the exception of condensers
which are vented through the Condenser Vent Header. Vessels containing
organic or organic-saturated solutions are vented to the Inert Gas Vent
Header which joins the Process Vent fleader before Filter J-5.

The Fiberglas filter units are designed to give a pressure drop of
less than 3 inches of water and a particle remova tfficiency of 99.99
per cent at a maximum gas flow of 260 cu.ft./min. '

2.4 Filtration of ventilation air

Prior to disposal to the atmosphere, ventilation air from the
canyon, silo, and process cells is passed through a sand filter for
removal of radioactive particulate matter. Three mochanim of particle
removal are prodct.intant in the operation of sand filters. These are
gravity settling, Zrownian diffusion, and, to a very small degree, inter-
ception. Since those controlling mechanisms depend on eventual deposi-
tion of suspended particles on a collecting surface (sand particles), the
particle size is a critical factor in performance. Collection efficiency
increases with increasing bed depth and decreasing superficial gas
velocity. The Redox Sand Filter is designed for a superficial gas
velocity of approximately 5 feet per minute. The filtration bed is
composed of successive strata of coarse (2 to 3-1/2 inch) to fine
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CNo. 30 sieve size) aggregate. The coarse bottom layers provide uniform
air distribution. The settling of the larger particles in this section
reduces the filtration duty of the fine upper layers, thus prolonging the
life of the filter. The pressure drop across the filter at a superficial
velocity of 5 feet per minute is approximately 7 inches of water. The
pressure drop across the sand filters installed in 221-B and 221-T Plants
has not increased appreciably after more than a year's u. The contamin-
ation removal efficiency is approximately 99.5 per cent.M

2.5 Disposal of gaseous wastes through Stack

The gaseous wastes discarded to the atmosphere contain essentially no
radioactive particulate matter or ruthenium and little radioiodine. The
exact amount of iodine going to the Stack, however, is not ktnow. Practically
the entire amount liberated in dissolving is expected to be removed. (see
Subsection 02.1, above.) If any residual iodine is liberated (by volatilizing)
elsewhere in the process, it may be expected to pass out the vent system and
eventually to the Stack. However, it would be expected that iodine not
volatilized in dissolving or ruthenium distillation would not distill at
subsequent points in the process although, because of the less severe
oxidizing conditions in the Waste Concentrator than in the Dissolvers or
0xId:Lz + r, - tAt some iodine might be liberated ui gvaste

eo Dislarged represent approximately 200 "countable" curiet 67
tdil til ur is) le tan. Ths radioactivity must be dilut ed a

erissbl ion)cen r ay(.4 1-5 microcuries (theoretical)/cu. cm.)
by discharge from a stack at a 200-foot elevation and linear veloc ty of
3000 feet per minute. Partial dilution is achieved when the 200 cu.ft./Min
2. Scr of if-gases are mixed with approximately 35,000 cu.ft./min. of
ventilation air and 600 cu.ft./min. of other p'ocess gaseous wastes.
iowever, an additional 500-fold dilution is ared before the gases are

3.H scriptin of Dispoal Faies0-

3 L ibela ilters e

safie form bratingbyer opratin, estuonnel ins the plan Urnde unvr

3. 1Fibrgla 
fiter*

The six Fiberglas filters are identimolin internal design. Each
filter is designed so that an entire unit is dispoaoble when replacement
is required. Each is 6-1/2 feet in diameter and 5 feet high and packed
with Oens-Corning Fiberglas according to the following specifications:
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Type Pack" Density,

Filter Bed layer Fiberglas Bed Depth Ib/Cu.t

Cleanup layer "AA" 1 inch 1.2
Third layer 115-K 12 inches 6.o
Second layer 115-K 6 inches 3.0
Botto or first

layer 115-K 12 inches 1.5

Gases entering the filter pass through an entrainment separator before
entering the filter medium. Mist separation is necessary to prevent the
collection of moisture in the filter which would increase the pressure
drop and probably cause channeling with resultant decrease in efficiency
and decreased filter life due to fiber deterioration, An electrical
connector is provided for powering a Calrod gas preheater for heating
gases passing to the Ruthenium Off-Gas Scrubber Filter in order to reduce
ttndensation in this filter. Sppre electrical connectors are provided
for possible future installation of Calro& preheaters for other filters
if heating of the gases is necessary to reduce condensation. Air bleed-
in to the inlet headers near the base of the Condenser Vent Filter and
Process Vent Filter (controlled by header pressure so that the negative
gressure is maintained) tends to reduce the dew point of the vapor
passing through these filters.

3.2 Sand Filter and Stack

Reference is made to Chapter XI for a detailed description of the
Sand Filter and Stack. However, a brief description will be given here.
The Sand Filter consists of layers of gravel and sand placed hor1zontally
in a concrete shell having a cross-sectional area of approximately 5000
square feet (108 by 46 feet inside dimensions). There are seven layers
of material of successively smaller particle size from the bottom
gravel layer (2 to 3-1/2 inches in size) to the top sand layer (particles
approximately No. 30 sieve size). A by-pass damper system at the filter
outlet allows the inlet plenum to serve as a by-pass duct after the
filter has been removed in favor of future installations. Differential
pressure taps are provided for measurement of the pressure drop across
the filter.

The air is pulled through the filter by two, motor-driven, stainless
steel fans installed in parallel. Each fan has a capacity of 20,000
cu.ft./min. with a pressure drop of 7 inches of water. Another identical
fan, on emergency standby, is direct driven by a steam turbine which
operates off the L25 lb./sq.in. steam supply. This fan has a capacity
of 40,000 cu.ft./min. (at a higher speed) and automatically starts when
the static pressure in the air duct to the &and Filter rises to a pre-
determined level. The blowers discharge into the Stack (Building 291-8)
which also receives the discharges from the process equipment vent jets.

The Building 291-S Stack is 200 feet high above grade. It is
concrete and contains a free-standing stainless steel liner of 3.75-feet
inside diameter. Stack gas samplers (see Chapter XXI) are provided at
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points 4 feet from the top and 10 feet from the bottom of the Stack. In
addition, spray rings are provided at three levels for washing down the
liner of the @tack should it be necessary.

D. PROCEURES

1. Normal Procedure

1.1 General

The Waste Treatment System, shown schematically in Figure X-3, cam-
prises three sections; (a) the waste concentration system in which those
wastes too highly radioactive to be cribbed are concentrated and neutralized;
(b) the condensate evaporation system in which condensates from all portions
of the Re4ox Plant are distilled to achieve decontotInation necessary to
permit cribbing; and (c) the rework preparation system in which off-grade
solutions (those containing an excessive amount of plutonium or uranium) are
adjusted to permit reworking in the IS ColtAin. In the following discussion
of these three systems, the basis for all quantitative data is an instan-
taneous production rate of 3-1/8 tons of irradiated uranium per day and a
Redox process operating on 30 and 3Pu Extraction Cycles as indicatednin
Figure X-3. Reference is made to Table X-1 for quantitative data for
operation of 20 and 2Pu or 1U and 2Pu Extraction Cycles.

1.2 Waste concentration

The waste concentration system receives the high-activity waste
streams which require hexone stripping, concentration and neutralization
prior to being stored in underground storage tanks. Waste streams are
sampled between concentration and neutralization to determine whether the
plutonium and uranium contents are excessive.

The solvent-extraction column wastes, IAW, 2AW, 3AW, 2DW, 3W, IOW,
and ISW), are received continuously in the Waste Header-Receiver, D-13

4700-gallon working capacity; 6-hour holdup), via the First Salt Waste
Reader. A second header, the Salt Waste Header, is provided for possible

future use in diverting part or all of the salt wastes to an AMN Diversion
Tank (not installed) if an AM recovery process is installed. (Four spare
connectors are provided in D Cell for connection with an ANIX recovery

plant which would probably be housed in an annex to Building 202-S.) In
addition to these salt wastes, wastes from the Organic Distillation
Column, G-3 (Chapter IX), Condensate Evnporator, D-4, and Cell Drainage
Collection Tank, D-1, are routed batcbwise to the Waste Header-Receiver.
The wastes received in Tank D-13 (14,200 gallons daily) are pumped
continuously to the Waste Concentrator (885-gallon capacity; 4.5-hour
holdup), where the hexone is stripped from the hexone-saturated aqueous

phase as it flows down through six 49-1/2 inch bubble-cap plates as

described previously (under Bl.21). Approximately a three-fold concen-

tration is achieved in the concentrator, so that 4620 gallons of concen-

trate (67.7 per cent ANN) overflow daily to the Waste Concentrate Receiver,
D-10 (1200-gallon working volume; 6.2-hours holdup).

DECLASSIFIED



fm DECLASSIFIED 1027 w lem

As indicated in Figure X-3, the steam supply to the Waste Concen-
trator, D-12, is controlled automatically by a specific gravity recorder-
controfler. This instrument is set to maintain a specific gravity of
1.37 in the concentration pot. Thus, the amount of steam (4,100,000
B.t.u./hour) to the concentrator coils is regulated so tbht the boil-up
rate is high enough to maintain the 1.37 specific gravity in the pot.
The water vapor boiled off fro the concentrator pot passes up through
the six bubble-cap plates, where it strips the hexone from the incoming
concentrator feed and continues up the deentrainment column with the
hexone vapor. The deentrainment section comprising the upper portion
of the Waste Concentrator, D-12, is 49-1/2 inches in diameter and
contains 3-1/2 feet of pne-inch stainless steel Raschig rings. A decon-
tamination factor of 104 to 105 based on the fission-product radio-
activity in the feed to the Waste Concentrator is anticipated across
this tower. A water spray is provided at the top of the deentrainment
section instead of a reflux coil in order to reduce the required height
of the unit. The water spray is used intermittently (twice per shift)
to wash down the racking so that satisfactory doentrainment is not
prevented by an accumulation of salts on the packing.

After being cooled to less than 12001?. in the Waste Concentrate
Receiver, D-10, the concentrate is jetted to the Waste Concentrate
Sampler, D-9 (2000-gallon working volume; 10-hour holdup). It is
sampled and retained in Tank D-9 until analyses of the sample determine
the plutonium and uranium content. (See under 2.1 below for a dis-
cussion of the treatment of high uranium or plutonium content wastes.)
Normally the wastes are neutralized by a "reverse strike" procedure with
3290 gallons of 50 per cent caustic in the Neutralizer, D-8 (4700-gallor
working volume; 12-hour holdup). As discussed under 31.23, the
neutralization is performed by jetting the wastes into the caustic in
Tank D-8 intermittently so that the temperature does not exceed 1200P.;
agitation and cooling by coil water are also necessary to prevent over-
heating. The pH of the neutralized wastes, determined on a sample
taken from Tank D-8, should be about 13 before the wastes are jetted to
the underground storage tanks.

1.3 Condensate evaporation

The condensate evaporation system receives condensate from the IOUJ,
2EJ, 3D, Plutonium Transfer Trap Jet and Waste Concentrator Condensers;
the Cross-Over Oxidizer Condenser; the Ruthenium Scrubber Condenser; and
the Plutonium Pre-Concentrator and Plutonium Concentrator Condensate
Receivers. All condensates (17,400 gallons per day) with the exception
of those from the Ruthenium Scrubber Condenser join in a Condensate
Header, the contents of which flow continuously into the Condensate
Stripper, D-5, where the hexone is removed by steam stripping, The
condensate from the Ruthenium Scrubber, containing no hexone, is sent
directly to the Condensate Evaporator, D1.

The Condensate Stripper, D-5 (described in detail in Chapter xv), is
a 20-inch diameter column packed with one-inch Rasehig rings and
supported on a reboiler (144-gaflon capacity). The hexone-saturated
condensates (17,400 gallons) flow by gravity to the feed point where
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they are distributed across the packing. As they flow down through the
packing, steam rising at a constant rate (heat input to the boiler is
controlled at approximately 962,000 B.t.u./hour) from the reboiler vaporizes
the bexone and carries it up through the deentrainment section. A reflux
coil at the top of the column condenses approximately 25 per cent of the
vapors rising out of the deentrainment section. The temperature of the
outlet vapors is maintained at 2030F. automatically by a controller on the
reflux coil water supply valve which regulates the flow of coolg water
to coil. The bexone-vater vapors (containing approximately 10- per cent
of the radiomterials processed daily) pass out of the Condensate Stripper,
are condensed, and flow to the Organic Distillation Column, G-3, for further
treatment, as described in Chapter IX. Reference is made to the disctussion
of the Organic Distillation Column (Chapter IX) for further explanation
and data on 6exone-water distillations. Approximately 500 gallons of
hexone are recovered daily from the waste condensates.

The bottoms (16,700 gallons) from the Condensate Stripper, D-5, con-
taining a negligible quantity of hexone, overflow continuously to the
Condensate iyaporatar, D-4 (described in detail in Chapter Xv). Essentially,
the Condensate Evaporator consists of a 53-1/2 inch diameter column,
containing six bubble-cap plates (spaced at 18-inch intervals) and a re-
flux coil, and supported on a reboiler (1200-gallon capacity). In the
Condensate Evaporator, approximately 94 per cent (15,700 gallons) of the
feed is redistilled to achieve further decontamination (reduction by about
400-fold oftthe fission-product radioactivity in the feed to the Evapor-
ator); the remaining 6 per cent (1000 gallons) is recycled to the Waste
Header Receiver, D-13, to prevent an accumulation of radiomaterials in
the rebofler. The redistilled condensate is received in the Condensate
Receiver, D-2 (4700-gallon working volume; 7-hou holdup), where it is
sampled. Normally, this water is jetted to cribs (see Section B), but
if the water does not meet cribbing tolerances, it is jetted to under-
ground storage tanks.

2. Remedy of Off-Standard donditions

2.1 Excessive amounts of uranium or plytonium in the waste stream

As mentioned previously (Subsection DI), salt wastes which contain
excessive quantities of either uranium of plutonium as detected by routine
sampling Pf Waste Concentrate Sampler, D-9, are routed to the Rework
Adjustment Tank, D-7. Rework of wastes may be required if ,ant yield
specifications (95 to 98% uranium and 98 to 994 plutonium)"0 ) are not met
or if higher-than-normal losses occur. Tank D-7, having the same capacity
(2000 gallons) as the Waste Concentrate Sampler, D-9, is capable of
receiving only one batch of off-gade wastes at a time. However, approx-
imately 10 hours' holdup time is available in D-7; this fact allows
adequate time to process the batch. In Tank D-7 the wastes, highly acid,
are partically neutralized with 50 per cent NaOH and diluted with de-
mineralized water from the Rework Chemical Addition Tank, D-7-A. Then
they arg pumped to the IS Feed Tank, P-8, from'hich they flow to the
IS Colunni (or the Oxidizer, if oxidation is required) for reprocessing
according to the procedure described in Chapter VI.
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2.2 Excessive radioactivity of Retention Basin contents

This condition may be detected by the alarm given by a continuous
monitoring instrument in the case of beta-gamma radioactivity or from
the results of a daily sample assay in the case of plutonium. Approx-
Imate tolerance limits are: plutonium, 1 x 10" micrograms/liter and
beta emitters, 0.5 microcuries/liter.

If radiomterials are detected, the outlet valve from the basin is
closed allowing the liquid level to rise, and an investigation is made
to determine the cause and extent of the contamination. If the cause is
not remedied, operation of the Plant must be suspended.* Since this
condition is considered a very remote possibility, no equipment is
installed for emptying the basin contents to cribs. Howover, suitable
arrangements (e.g., pumping by portable pump) could be made.

2.3 Excessive radioactivity of wastes normally cribbed

If condensate in the Condensate Receiver, D-2, or cell drainage
water in the Cell Drainage Collection Tank, D-l, is too "hot" to crib as
indicated by samples of the materials in the tanks, the streams may be
routed to underground storage tanks (by a separate jet-out line in the
case of the Condensate Receiver and through the waste concentration and
neutralization system by a jet-out line to the Waste Header Receiver in
the case of the Cell Drainage Collection Tank) instead of being cribbed.
Tolerance concentrations of cflbbable wastes are:

uranium -- less than 100 micrograms/liter,
plutonium -- less than 0.5 micrograms/liter,
beta emitters -- less than 4 microcuries/liter.

2.4 Undissolved Al(OH)3 in neutralized waste

Undissolved Al(OH)3 in the neutralized waste may be detected by
sampling or pH measurements of the contents of the Neutralizer, D-8. It
may indicate insufficient caustic used in neutralization or insufficient
agitation during the "reverse" strike procedure (as described under
B1.23). Either cause may indicate addition of more caustic to redissolve
the Al(0t)3' If the "ageing" phenomenon (discussed under B1,23) occurs,
however, AI(OH) may be difficult to redissolve. If the pH of the
solution is broight to 13, the entire contents of the Neutralizer may be
jetted to underground storage whether or not Al(OH) 3 is in solution.

E. LABORATIY LIQUID WASTES

1. Introduction

The process wastes from the Analytical and Plant Assistance
laboratory (Building 222-S) are handled in a three-part system comprising
(a) "hot" wastes to storage, (b) cribbable wastes, and (c) retention
basin wastes. Included in this system is the Retention and Neutralization
Building (219-S) which is used for holdup, sampling, and routing of
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liquid wastes to their destination. The separate parts of the system are
described below and are shown in Figure X-4, "laboratory Building (222-s)
Aqueous Waste Disposal Flow Diagram". Estimated compositions-, volumes,
and degrees of contamination are shown in a table in Figure X-4. Sanitary
wastes are sent via sever mains to septic tanks and thence to a tile field.

The waste volumes, compositions, and radioactivity levels which are
given in this section are estimates based on the use of the 222-S Building
as a service and plant assistance laboratory for the Redox Plant, the
Tributyl Phosphate Plant, and the Hot Seniworks Because of the non-
routine nature of much of the work conducted in the laboratory Building,
these estimates are subject to considerable uncertainty.

2. Underground Storage Wastes

Aqueous wastes containing more than one-half microgram of plutonium-
per liter or more than four microcuries of gross beta and/or gamea radio-
activity per liter are placed in transfer vessels and emptied in the
Slurping Hoods in Decontamination Rooms 1-A and 2-B, which drain by gravity
to the 1365-gallon Waste Storage Receiving Tank (TK-103) in Building 219-S,
equipped with agitator and temperature recorder. The wastes in this tank
are analyzed and then jetted to the Waste Neutralizer Tank, D-8, in the Redox
Production Plant (Building 9b2-S) where they are processed and jetted to
the Redox Plant underground storage tanks. The design capacity of this
system is 150 gallons per day of "hot" wastes, A spare cell is provided
for the installation of another tank, TO'105, for the neutralization of
tiot" wastes from Building 222-S if future conditions necessitate making
the laboratory waste system of Building 222-S independent of Building 202-S
facilities.

3. Crib Wastes

Aqueous wastes containing plutonium and/or gross beta and gama radio-
activity in concentrations exceeding the tolerance level for the Retention
Basin (see Subsection 4, below), but which contain lass than one-half
microgram of plutonium per liter or less than four microcuries of gross
beta and gama radioactivity per liter are sent to the 4185-gallon Crib
Waste Receiving Tank (TK.-101) in Building 219-S. This tank is interconnected
with the Crib Waste Treatment Tank (TK-102), a sampler tank of the same
capacity, also provided with an agitator and temperature recorder. The
waste batches accumulated in Tan% 101 are jetted to Tank 102, analyzed for
radioactivity, and the acidity is adjusted to a pH of 5 to 9 by addition of
caustic solution from the 700-gallon Caustic Storage Tank (TK-201).
Normal batches are then jetted from this tank to Building 216-SIL, an under-
ground crib as shown on the plot plan, Chapter XI. A connecting line is
provided from Tank 102 to Tank 103 so that wastes intended to be cribbed,
but which accidentally exceed the cribbing limits, may instead be jetted
to Tank 103 whence they are jetted to Tank D-8 in Building 202-S and
subsequently to storage underground. For a discussion of aqueous waste
disposal by cribbing, see Subsection B2, this chapter.

The crib has a design capacity of 18,500 gallons per day, made up as
follows: 3500 gallons per day from Building 222-S, and 15,000 gallons per
day from the 300 Area Works Laboratory. Laboratory wastes from the 300
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Area are transported to the 200 Area crib by tank trailer, and normally
do not exceed 15,000 gallons per day. These are the only sources of
wastes planned for this crib.

A list of key drawings under REFERETCES at the end of this chapter
provides additional details.

4. Retention Basin Wastes

The Retention Basin waste disposal method permits conservation of
uriderground storage capacity of both cribs and ks, by directing
aqueous streams containing not more than 1 x 10i micrograms of Pu per
liter nor more than 0.5 microcuries of gross beta and/or gamma radio-
activity per liter, to open ponds or ditches once it has been ascertained
that these limits have not been exceeded. The Retention Basin is
required for temporary storage of the waste solution while awaiting
assay information indicating whether the tolerance limits have been
satisfied.

The laboratory basin waste system is fed by gravity through a
collection line from Buildings 222-S and 219-S discharging directly into
a 50,000-gal1on concrete basin built in two 25,000-gallon sections
(Building 207-Sn). No other sources contribute wastes to this system.
This basin has a flow capacity of 45,000 gallons per day with an average
holdup of twelve hours in each section. The retention basin is drained
through a sluice fate into a pond.. A connection is provided so that
wastes exceeding the Pu or beta and gama tolerances may be transferred
by gravity flow to the crib.

5. Sanitary Wastes

Sanitary wastes are collected through a soil-pipe drainage system-
and conveyed to the area sanitary sever main outside the building,

6. Organic Wastes

Organic wastes are decontaminated by scrubbing with aqueous solutions
in the laboratories in which they are produced. The orgdnic liquids are
then transported to a designated site and burned. The aqueous scrub
solutions are disposed of in the regular waste system, depending upon
their degree of contamination.

7. Tunnel and Basement Drainage

The floor drains and underground piping from the "regulated" tunnel
system lead to a st;np frm which any "regulated" drainage water is dis-
charged through automatically operated steam jet siphons to the Ratention
Basin system.

The floor drains and underground piping from the "hot" tunnel
system discharge into a "hot" sump. In the event of collection of
drainage in the lines or sump, an alarm sound in the Senior Supervisor's
Office and the contents of the sump are then automatically discharged
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by a steam jet to Tank 103 for inclusion in the "hot" waste. There Is also
a three-way manual valve on this sump by which tunnel drainage may be sent
to the crib if it is not "hot" enough to warrant underground tank storage.

8. Halogen Wastes

No special provisions are made for the disposal of halogen wastes,
These are neutralized, if necessary, and sent to one of the above-ment4oned
waste systems. Solid fluoride pellets from the Fluorimeter Room may be
disposed of as dry waste, as described in Section G, below.

F. IABORAT RY GASEOUS WASTES

1. Introduction

All ventilation exhaust air, gaseous wastes, and chemical fumes from
the Analytical and Plant Assistance Wing of the building are removed
through hoods and ceiling ports, and leave the building via the stack.
Those wastes from the Mlticurie Wing are routed through the basement
tunnels and to the main stack via an outside duct. See Chapter XI for a
discussion of the ventilation of Building 222-S.

2. Millicurie Wing

Ventilation air for, and gaseous waste from the glove boxes, as well
as exhaust air from open hoods, is removed via overhead canopies equipped
with either Fiberglas or Chemical Warfare Service filters. The canopies
for the Junior Caves are similar to those for the glove boxes and open
hoods except that they exhaust only the air which passes through the cave.
In addition to those in the throats of the canopies, small Fiberglas
filters are mounted directly on the glove boxes to filter the boc ventil-
ation exhaust. These filtered gaseous wastes then pass through the Exhaust
Air System to the main building stack and thence to the atmosphere.

3. Multicurie Wing (222-S)

Exhaust wastes from the cubicles, hoods, and canopies in the Multi-
curie Wing are handled in the same fashion as in 2, above, except that
they are routed through filters in the basement and thence to the main
building stack via an outside duct. Air in the tunnels flows from the
"regulated" tunnel to the "hot" lnnel, through a Chemical Warfare Service
filter and into the Echaust Air System to the 222-S Building stack.

4. Vacuum System

Gases entering the two Vacuum Systems (see Chapter XI) pass through
two sets of traps before reaching the pumps, and are then exhausted
through Chemical Warfare Service filters to the building stack.

5. Counting Room

Methane from the sample counters in the basement is exhausted through
a vent pipe (equipped with a flame arrester lo on the roof of the
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6. Liquid Waste DsXsal Buildi (219-S)

Exhaust ventilation air from the Liquid Waste Disposal Building
(219-8) and off-gases from the tanks are filtered through the 150-gallon
Condensate Vent ,ank (n-io4) filled with glass wool. They are then
exhausted to the atmosphere by means of a Buffalo exhaust pump, through
a 4-inch vent line extending 10 feet above the 219-S Building roof level.

G. MME WASTES

Laboratory dry wastes, such as absoftent tissues, rood, metal parts,
etc., of low radioactivity are placed (if possible) in quart cardboard
containers which are in turn placed in larger cardboard cartons. When
the radioactivity level of the contents of this carton reaches tolerance,
the carton is sealed and removed to the 200-W Area Burial Ground.

On an emergency basis, highly contaminated dry wastes are placed in
containers and disposed of in the Dry Waste Disposal Vault (232-8)
adjacent to Building 222-8.
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eDECCLASSFIED
AmT KI. GE E DEShRIpTION OF PIANT

A. GENERAL LAYOUT oF PIjuT

1. Layout of Hanford Works Production Areas

The production areas of Hanford Works, shown in Figure XI-i, wereoriginally set up as independent, self-contained, parallel units locatedin widely separated districts. The wide separation of the individual unitswas intended to prevent any accidents in one unit from causing spread ofradioactive contamination to others. The entire plant would not have tobe shut down if any single unit were damaged, since other identical unitscould be operated. While for some recent additions to the plant no identi-cal parallel facilities have been provided, continued operation of theplant despite damage to any one unit is still feasible, because of theavailability of other facilities with the same function. Thus the BismuthPhosphate and Uranium Recovery (TBP) Plants together parallel the functionof the Redox Plant (recovery of plutonium and uranium).

Production units of the plant are located in three operating areasknown as the 100, 200, and 300 Areas.

The piles for the production of plutonium are located in the 100 Ares.There are four of these areas, designated 100-B, 100-D, 100-F, ani 100--H.One pile is located in each area with the exception of the 100-D Areawhich contains both the "D" and "Dr" piles. The product of the 100 Areasis the raw mterial for the 200 Areas.

TL. e 300 Area is located 5 miles north of Richland. The uraniunmetal. cbarged to the 100 Area Piles is ,repared in the 300 Area.

2. 200 Areas

The 200 Areas are located approximately 6 to 10 miles from the 100Areas, and comprise the 200 North, 200 East, and 200 West Areas.

The 200 North Area contains facilitieE for the underwater storage ofuranium after its discharge from the piles. In storage, irradiated slugsundergo "cooling" (decay of radioactive fission products) prior to pro-cessing in the separation plants. Three separate Metal Storage Basins,212 -,P, and R, are provided in the 200 North Area.

During the "cooling" period the irradiated slugs are stored in the212 Buildings. The slugs are kept in concrete pools under 16-1/2 to 20feet of water. The water serves a dual pDurpose: it dissipates the heatgenerated in the radioactive metal, and it shields personnel from theradiation. Slugs are brought into and removed from the building in shield-ed tanks on a railroad car. The tank carries two casks, each holding abucket of slugs. Details of the Metal Storage Basin (212 Building) aregiven in HW-10475, Hanford Works Technical Manual, Section C.

The 200 East and West Areas are approximately 2 to 3 miles from the200 North Area, and are about 4 miles from each other (see Figure XI-1).
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Each of these areas is provided with powcr Ond service facilities.

Facilities for the separation and concentration of plutonium by the
tiP% precipitation process are located in botb 200 East (Buildings 221
and 224-B) and 200 West Areas (Buildings 221 and 224-T). In addition, the
200 West Area contains facilities for plutonium isolation and metal fabrica-
tion (Buildings 231 and 234-5), a uranium recovery plant (Buildings 221 and
224-U) utilizing the TBP process for recovery of uranium in the stored metal
vastes from the BiPO4 process, and the new separations plant employing the
Redox process, for the separation of uranium and plutonium from each other
and decontamination of both from radioactive fission products.

3. Redox Plant Area

The Redox Plant is located in the south portion of the 200 West Area
(see Figure XI-2), and consists of the following buildings, arranged as
shown in Plot Plans, Figures X1-2 and XI-3.

3.01 Processing Building, 202-8

This building contains all of the equipment for the dissolution, separa-

tion, and decontamination of uranium and plutonium as well as equipment for
waste concentration, waste neutralization, and solvent recovery. Facilities

are provided for the make-up of aqueous process chemicals. Offices for the
operating and servicing personnel are located in the service portion of the
building. The 202-S Building is shown in Figure XI-4.

3.02 Chemical Tank Farm, 211-8

Bulk storage for the aqueous chemicals used in the Bedox process is

provided in the 211-S Building.

3.03 Solvent Treatment and Storage Building, 276-S

This building houses the equipment for chemical treatment of the
solvent) and tanks for the bulk storage of the raw solvent.

3.04 Propane Storage Building, 2726-S

Bulk storage tanks and vaporization equipment for propane are
located in the 2726-S Building.

3.05 Decontaminated UNK Storage Building, 203-S

Storage tanks for decontaminated UNR are provided in this facility.

3.06 Redox Mock-Up Shop, 277-S

The Pedox Mock-Up Shop is located near the entrance to the 200 West

Area, adjacent to the Bismuth-Phosphate Mock-Up Shop (see Figure XI-2).
Two mock-up cells are provided, one to duplicate the canyon cells and one
to duplicate the silo. It is possible to duplicate any section of the
cells in 202-S Building in the canyon mock-up cell. The silo mock-up cell
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