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Shutdown in 1972 was the result of the closure of eight of the nine produc­
tion reactors at Hanford. Between shutdown and 1978, the plant was maintained 
in a "wet standby" condition. Major plant equipment, such as extraction columns 
and associated tankage, was periodically flushed with a dilute nitric acid 
solution. Pumps, column pulsers, jets, and other mechanical equipment were 
operated on a regular basis. Failed equipment was either upgraded or replaced, 
or the failures were formally documented for replacement. From 1978 to 1983, 
a program consisting of operability, r~adiness, and cold startup tests was in 
progress at PUREX to establish the plant's readiness to reprocess fuels in 
anticipation of restart. The PUREX Plant was started in November 1983 and 
has been operating to date on the recovery of plutonium from irradiated uranium 
fuel. · 

1.1.2 Fuels to be Processed, Plant Capacity, Process, and Products 

The plant has a nominal processing capacity of 10 tons/d of Zircaloy-
clad 0.947% enriched (preirradiation 235u content) or 6 tons/d of "spike" 
fuel elements. (Spike fuel consists of 0.947% enriched inner element and 
1.25% enriched outer element.) The_ process steps consist of chemical declad­
ding of the fuel elements, metal dissolution, product decontamination, and 
product separation and purification by solvent extraction. The uranium product, 
uranyl nitrate hexahydrate in an acidic solution (UNH), is stored in large 
tanks and ultimately transferred by tank trailer to the Uranium Oxide Plant 
(referred to as the U03 Plant) fQr '. ~9nversion to uranium trioxide. The pluto­
nium, concentrated as an acidic solution of plutonium nitrate, is converted 
to plutonium oxide and placed into temporary storage facilities located at 
the Hanford Site. 

Neptunium is collected from the Backcycle Waste System on a batch basis 
and decontaminated in two solvent extraction columns. The product is partially 
purified and stored in a canyon vessel for future processing. 

1.1. 3 Wastes 

Liquids essentially free of radioactive contamination are discharged 
to artificial ponds. An estimated discharge rate of about 2.9 x 109 gal/yr 
of nonradioactive liquid wastes is expected. Slightly contaminated liquid 
wastes are discharged to underground trenches (cribs). Liquid wastes, con­
taining mixed fission products (FP), are neutralized at PUREX and routed to 
underground tanks for storage. Noncontaminated solid waste is compacted and 
buried in a sanitary landfill. Contaminated solid wastes are segregated as 
to level and type of contamination. Industrial solid wastes contaminated 
with FP are buried in regulated zone burial trenches, while wastes containing 
transuranics are packaged and buried in 20-yr retrievable storage. 

All radioactive elements in gaseous effluents from tbe PUREX Plant will 
be below the concentration limits specified by guidelines{4) for unrestricted 
areas. Krypton and tritium will be present in concentrations somewhat above 
the guidelines in the gases at the top of the 200-ft-high stack; however, 
these elements will be rapidly dispersed by a factor of 106 to 108 as these 
gases move away from the stack. The concentrations will be well below the 
limits as the stack plume travels toward the Hanford Site boundary (see 
Table 7-3). 1-4 
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and DOE and Rockwell Hanford Operations (Rockwell) Standards . An Accident 
Prevention Standards Manual provides Standards, Accident Prevention 
Bu l letins, Health Bulletins, and Chemical Safety Guides.(6) In addition to . 
line management responsibilities, a safety survey of the facility is 
conducted every other month and an industr i al hygiene survey is conducted 
annually by IHSD. Resolution of any survey findings requires prompt 
attention. 

1.3 GENERAL PROCESS DESCRIPTION 

The PUREX Plant provides chemical decladding- and dissolution of 
irradiated fuel elements and separation, recovery, and purification of 
uranium and plutonium by solvent extraction. Process support systems 
provide recovery and reuse of nitric acid and organic solvents; recycle of 
waste streams; and handling, treatment, and disposition of gaseous, liquid, 
and solid wastes. The process feed materials and effluents are shown in an 
input-output diagram (F ig. 1-6). 

Chapter 6.0 is exclusively devoted to a deta il ed description of the 
process and of the particular operations involved. The process chemical 
solutions, steam, water, etc. provided by the utilities systems are 
discussed in Section 5.4. Confinement and management of PUREX process 
wastes are discussed in Chapter 7.0. 

1.3.1 PUREX Process Flow 

The PUREX process flow is diagrammed in Figure 1-7; a description 
follows. 

1.3.1.1 Irradiated Fuel Receiot. Irradiated fuel elements, enclosed in 
can isters and loaded into a shipping cask, are received in the PUREX 
ra il road tunnel in specially designed rail cars. 

The charging operation begins when the double barrel canisters are 
individually removed from the cask by the canyon crane. A radiation­
measuring device is installed in the PUREX railroad tunnel in a location 
that all ows detection and measurement of the radiation emanating from the 
fuel as the canisters are removed from the cask and transported to the 
dissolver. The approximate age of the material is then determi ned from 
i nstrument calibration data. Thi s he lps to ensure that the fuel has been 
aged at l east 180 d to all ow the natura l decay of the short-li ved 
radionuclides. Should a canister show a high radiat i on level and further 
checking of records and instruments fails to explain the pr oblem, the 
canister is retu rned to N Reactor. Otherw ise, the can isters are t ransferred 
to the di ssolver. Empty canisters are replaced i n the cask and the rail car 
is cleaned and returned to the N Reactor area. 

1-21 
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1.3.1.2 Feed Pre aration. The properly aged fuel elements in the canisters 
are charged dumped to dissolvers. To remove the Zircaloy cladding from 
the fuel elements, the Zirflex process is used. This process employs a 
boiling solution of ammonium fluoride and ammonium nitrate to dissolve the 
cladding. Potassium hydroxide is then used to convert uranium and plutonium 
fluoride compounds to hydrated oxides (metathesis). The cladding waste, 
metathesis waste, and rinse solutions are centrifuged to remove solid 
uranium and plutonium compounds. These compounds are metathesized (if 
required) and/or dissolved in nitric acid. The resulting acid solution 
is blended with the feed. · · 

After completion of decladding and metathesis, the uranium is dissolved 
in nitric acid and the metal solution is transferred to accountability and 
storage tanks. The uranium metal solution from the dissolving step is . given 
any needed adjustments in composition or concentration, and rework solutions 
(returned from subsequent process steps) are added for recycle. At this 
point, the feed solution is a slightly acidic aqueous solution of uranyl 
nitrate, containing plutonium and essentially all of the nonvolatile fission 
products. 

1.3.1.3 Codecontamination Cycle. In this cycle, the uranium, plutonium, 
and neptunium are extracted into an organic solvent to separate 
them from the bulk of the FP, the americium, and the curium that remain in 
the aqueous stream. The organic solvent is a 30 vol% tributilized phosphate 
(TBP) extractant in hydrocarbon diluent. The aqueous waste stream is 
concentrated, partially denitrated, made alkaline, and stored in underground 
storage tanks. 

1.3.1.4 Partition Cycle. The uranium-plutonium-neptunium organic solvent 
stream is then contacted in a partitioning column (lBX) with an aqueous 
countercurrent stream containing a chemical reducing agent that causes the 
plutonium to transfer into the aqueous phase, and thus be contained in the 
stream leaving the bottom of the column. This aqueous product solution 
enters the 18S column where it is scrubbed with fresh organic solvent to 
remove residual uranium and is then routed to the second plutonium cycle. 
The bulk of the uranium and neptunium remains in the organic solvent stream 
that flows out the top of the lBX column. 

The exiting organic stream is fed to another column in which the 
uranium and neptunium are countercurrently stripped from the organ,c phase 
into a dilute aqueous nitric acid stream. The stripped organic solvent is 
treated in the organic recovery system and reused in the process. 

The exiting aqueous uranium product stream (containing neptunium) is 
fed to the tower of a steam-heated concentrator, where it is concentrated by 
a factor of 7 to 8. The concentrator is designed and operated to remove, by 
steam-stripping, entrained organic solvent which might have entered with the 
product stream. This prevents accumulation of an organic phase in the 

1-24 
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concentrator and reduces the possibility of formation of potentialJy 
explosive 11 red oil," a complex of nitrated degraded solvent with uranium or 
other heayy metals. The process condensate stream is recycled as makeup 
water for various solvent-extraction streams . 

1.3.1 . 5 Second Plutonium Cycle . The plutonium stream is processed through 
a second extraction and stripping cycle for continued purification from 
uranium, FP, and other metallic impurit i es. 

1.3.1.6 Third Plutonium Cycle. The third plutonium cycle further reduces 
the FP and other metallic impurities to complete the purification of the 
plutonium product. 

The product stream is also steam-stripped to remove residual organic 
solvent and to reduce the probability of the red oil formation. The product 
stream is then concentrated to product level concentration and transferred 
to storage tanks, where it is sampled, analyzed, and held for conversion 
into plutonium oxide . 

The overhead process condensates from the stripper and concentrator, 
normally containing only trace amounts of plutonium, are routed to the third 
plutonium cycle feed tank for rework and recovery. 

1.3.1.7 Plutonium Oxide Production. The plutonium nitrate solution is 
converted to plutonium oxide by precipitating the plutonium as the oxalate, 
which is calcined to produce the oxide. The detailed process is described 
in Chapter 6.0. The plutonium oxide then goes to a blender, is thoroughly 
mixed, and sampled. If the sample analyses indicate that the plutonium 
oxide meets product specifications, it is transferred to the canning 
operation; if not, it is returned for recycling through the second stage 
calciner or the plutonium oxide rework (dissolution) facility. The final 
product is chemically and radiolytically stable. 

Can filling operations are remotely controlled. The cans are weighed, 
filled, the slip-lid is placed on the can, and the filled can is weighed. 
The can lid is then tape sealed. After tape sealing, the can is bagged out 
and placed into a second can, which is sealed by a commercial can-sealing 
machine. The can assembly is sent by conveyor to a final canning location 
where the assembly is loaded into a third can. The third can is then 
labeled, sealed, and the can assembly placed into a shipping container for 
transfer to storage. 

As a backup system, the existing capability to load out plutonium 
nitrate into containers (PR cans) will be maintained. A permanent facility 
to be located in the PR room is being designed for the loadout of plutonium 
nitrate solution into either the metal PR cans or polyethylen~bottle-type 
containers. This facility will also accommodate the lQadin of product solu­
tion from these containers to the process equipment.(?) The temporary 
storage of plutonium nitrate at the PUREX Plant and its transport to a 
nearby existing plutonium production facility at the site is an alternative 

1-25 
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procedure to the production of plutonium oxide in the new facility within 
the PUREX building. Safety analyses indicated an acceptable ris~ for the 
loadout and temporary storage of plutonium nitrate at PUREx.(8,9) 

1.3.1.8 Final Uranium Cycle. The concentrated uranium product solution 
from the partition cycle is adjusted as feed for the final uranium cycle. 
This cycle provides final decontamination from plutonium and FP, and 
consists of extraction into the organic phase followed by stripping back 
into the aqueous phase. The uranium product solution is steam stripped to 
remove residual organic solution, concentrated, transferred to · 203-A for 
interim storage, and then shipped to the U03 Plant. 

The final uranium concentration step includes basically the same 
elements as described previously for the partition cycle uranium stream 
except that the relatively uncontaminated process condensate is sent to an 
underground crib for final disposal instead of being recycled within the 
process. 

The aqueous waste contains a small percentage of the uranium plus the 
residual plutonium, neptunium, and FP. It is routed to the backcycle waste 
concentrator and subsequent ly fed, along with virgin feed metal solution, to 
the codecontamination cycle. 

1.3.l.9 Neptunium Recovery. The PUREX Plant will produce a neptunium 
product. When neptunium recovery is not employed, the neptunium is 
contained in the codecontami nation cycle aqueous waste stream, where it is 
rejected with the FP and americium. 

The aqueous waste streams from both the uranium and plutonium cycles 
contain neptunium. These streams are collected in the backcycle waste 
system and concentrated for recycle back to the codecontamination cycle to 
minjmize losses of associated uranium, plutonium, and nitric acid. During 
the neptunium recovery operation, a portion of the backcycle waste stream is 
used as feed; then, in a continuous extraction-stripping cycle, neptunium 
continues to accumulate as other nuclides (e.g., plutonium, uranium, and FP) 
are removed and returned to the backcyle waste system. This operation 
continues until the neptunim concentration reaches the desired level. At 
this point, the neptunium cycle is isolated and operated on total neptunium 
recycle until the concentrations of plutonium, uranium, and FP are low 
enough for neptunium product solution transfer to temporary storage. 

When the final purification system operation commences, the stored 
neptunium product solution will be further purified in an ion exchange 
column. The column resin will then be washed to remove residual FP and 
plutonium prior to the elution of the neptunium from the resin. The 
purified neptunium product will then either be retained in a storage tank or 
packaged for eventual shipment offsite. The remaining effluent stream and 
the wash will be routed to the backcycle waste system. The reactivation of 
the Neptunium Purification Process (Q Cell) will be described in a future 
addendum to this FSAR. 
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4.0 PRINCIPAL DESIGN CRITERIA 

4.1 PURPOSE ANO STATUS OF PLANT 

The Hanford Site Plutonium-Uranium Reduction Extraction (PUREX) Plant 
was originally designed, constructed, and operated to receive and process 
irradiated aluminum-clad fuel from the Hanford production reactors for the 
recovery and purification of uranium and plutonium. Modifications and addi­
tions have been made to the primary processing systems. These .changes make 
it possible for the systems to provide the following services : 

• Receive and process Zircaloy-clad fuel from N Reactor 

• Recover, purify, and ship neptunium nitrate 

• Convert plutonium nitrate to plutonium oxide, then package and 
transfer to storage. 

General and detailed descriptions of PUREX Plant processes and operations 
are presented in Chapters 1.0 and 6.0, respectively. 

The currently defined functions of PUREX follow: 

• Receive and process irradiated fuel from N Reactor 

• Recover, purify, and transfer uranyl nitrate hexahydrate in acid 
solution (UNH) 

• Produce, package, and transfer plutonium oxide powder 

t Recover, purify, and store neptunium nitrate. 

The processing capacity of PUREX is 10 tons/d for 94-Metal* fuel and 
6 tons/d for 94/125-Metal 11 Spike 11 ** fuel. 

More detailed descriptions of the plant feed, products, and functions 
are provided in the following subsections. 

The PUREX Plant was designed in the 1950s (30 yr ago) to design criteria 
then current with re~~~ct to site and national standards such as the 1952 Uniform 
Building Code (UBC).llJ These 11 designed-in" features were maintained during 
its operating life and, during the shutdown-standby period, have been examined 
and renovated as part of the restart program. More than 5 yr of 11 operational 
testing 11 and "readiness testing 11 and 2 yr of 11 readiness revie•tJ" have been 
employed to determine the suitability for restart. Any significant deteriora­
tion that has occurred since completion of construction has been or will be 
corrected prior to restart. 

*Fuel enriched to a 235u content of 0.947% (also called 95-Metal). 
**The inner element of the 11 spike 11 fuel is enriched to 0.947% 235u 

and the outer element is enriched to 1.25% 235u. 
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Startup Criteria(2) for the PUREX Plant have been prepared and 
approved. These criteria require a number of improvements in the original 
design of the PUREX Plant, particularly in the measurement and control of 
gaseous and liquid effluents. The PUREX Plant will restart in conformance 
with the above criteria. 

Beyond the original PUREX Plant Design Criteria of the 1950s and the 
specific improvements of the Startup Criteria, this Safety Analysis Report 
(SAR) was preP,ared in accordance with the backfitting requirements of DOE 
Order 5481.1A (3) based upon current technical criteria (site and national). 
The PUREX Plant is not required to meet current design criteria for modern 
plant construction, such as those contained in DOE Order 6430.( 4) However, 
it shall meet the safety requirements of DOE Manual Chapters covering 
facility operation. Hazards have been identified which have been or will be 
eliminated, controlled, or mitigated through reasonable measures. Upgrading 
actions based on cost~benefit trade-offs have been identified in the text of 
this SAR. Upgrading actions based on cost-benefit trade-offs not i·ncluded 
in the startup configuration are described in supporting (referenced) 
documentation. 

The preceding approach has been used to demonstrate that there is 
reasonable assurance that PUREX Plant operation can be resumed in a manner 
that will limit risks to the health and safety of the public and employees 
and adequately protect property and the environment. 

4.1.1 Plant Feed 

The feed material to be processed in PUREX consists of irradiated fuel 
discharged from N Reactor and aged a minimum of 180 dafter discharge from 
the reactor. The fuel elements consist of two concentric cylinders or tubes 
fabricated of metallic uranium and clad in Zircaloy. The fabrication 
process is depicted in Figure 4-1. The fuel elements are of two basic 
types. One {Mark IV) is a two-part, tube-in-tube element; both parts are 
composed of uranium enriched to 0.947% 235u. The other (Mark IA) is also a 
two-part element, but with the inner tube enriched to 0.947% 235u and the 
outer tube enriched to 1.25% 235u. The Mark IA element, called the "spike," 
is used to obtain the desired reactivity pattern in the N Reactor. As shown 
in Table 4-1, there are differences in lengths and in cladding thicknesses 
between the two types and, thus, minor differences in the ratio of uranium 
and zirconium per unit of length. About 80 wt% of the feed i nventory will 
consist of Mark IV elements; the remaining 20 wt% will be Mark IA elements. 
Physical characteristics of the Mark IV and Mark IA el ements are included in 
Figure 4-2. For charging, the fissile material limits for the Mark IA 
elements are set at 12,000 lb of uranium, containing approximately 12 kg of 
plutonium. For the Mark IV elements, the charging limi ts are governed only 
by the physical dimensions of the dissolver. However, the amount of 
plutonium in solution in the dissolver is limited to the range of 11.7 to 
14.5 kg depending on the 240pu isotopic content. Table 4-2 shows the 
chemical compositions of the more commonly used spent fuels t o be processed. 
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The pipe trench that parallels the cells is 30 ft 6 in. deep; this 
trench is 12 ft wide at the top and narrows to 11 ft as the wall between the 
cells and the pipe trench thickens from 1 ft 6 in. to 2 ft 6 in. The wall 
between the cells and the pipe trench supports one edge of the 3-ft-thick 
cover blocks that cover the cells and the 2-ft 6-in.-thick cover blocks that 
cover the pipe trench. The air tunnel, which lies directly below the pipe 
trench, is 11 ft wide and 7 ft 6 in. high. This tunnel exhausts the 
ventilation air from the cells to the outside filter cells and stack 
facility. The south wall of the canyon at the air tunnel and pipe trench 
levels is 5 ft 6 in. thick. From the canyon deck level to the master crane 
level, the south wall is 4 ft thick and again narrows to 2 ft 6 in. thick 
from the crane level to the roof. The roof is formed as a concrete beam, 
2 ft 6 in. thick at the edges and 1 ft thick in the center. No internal 
truss work is used to support the ceiling of the canyon. 

The railroad tunnel used for bringing in casks of irradiated fuel 
elements and removing equipment from the canyon runs north and south, 
forming a 11 P at the east end of the canyon. On the east side of the 
railroad tunnel is a water-filled basin for storing irradiated fue l . The 
pool cell for storing "hot 11 equipment, the decontamination and storage cell, 
and the hot shop are located at the west end of the canyon at cell floor 
level. A 3-ft shield wall separates the hot shop from the decontamination 
cell. 

The building is supported on a 5-ft 6-in.-thick concrete slab with 
reinforcement in the top half. Transverse expansion joints are provided at 
90-ft intervals throughout the length of the building. All expansion joints 
in shielding walls and slabs are offset and keyed to ensure the necessary 
shielding requirements. 

Five trap pits and two pump pits are attached to the south side of the 
building. The trap pits were built to handle the steam condensate from the 
process heating coils and steam chests. The pump pits were built to handle 
the trap pit drainage. The process steam traps are now located in the 
canyon. 

5.2.2.1 Remote Process Cells. Process cells are located in-line on the 
longitudinal axis of the building between the pipe trench and sample gallery 
and are designated as follows: 

Cells 
A,B,C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

Function 

Metal dissolution 
Metal solution storage 
Feed preparation and cladding waste treatment 
Waste treatment and process ventilation 
Solvent treatment system 1 
First decontamination system 
Partition system, neptunium recovery 
Uranium decontamination and concentration system 
Plutonium decontamination and concentration system 
Equipment decontamination and storage, plutonium 
nitrate storage 
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• The equipment, in general, is designed with the same physical 
dimensions as comparable canyon assemblies, but fabr i cated t o 
commercial allowances with conventional flanges and supporting 
structures. All equipment maintenance is performed by contact 
methods under regulated work procedures . 

5. 2. 2.10 Urani um Product Handling. The 203-A t ank farm is used for storage 
and shippi ng of UNH product from the PUREX Plant . The UNH product is bat ch­
transferred through a pipeline from TK- K6 in the PUREX canyon to one of four 
UNH storage tanks in the 203-A area. The 203-A area is descr i bed in 
Section 5.3.1. 

5.2.2 . 11 Product Removal Room. The PR room is located in the west section 
of the storage gallery, north of L cell and separated from N cell to the 
west by a 6-ft-wide pipe chase. The PR room is 41 ft 2 in. long and 19 ft 
6 i n. wide and contains three concrete-shielded areas that isolate contained 
equipment from the working area. One area isolates t he vacuum/rework tank 
(TK-Lll) enclosed in a glovebox. Another area isolates the plutonium 
sampler tank (TK- L9) enclosed in a glovebox and t he third area contains an 
empty glovebox that formerly enclosed another plutonium samp ler tank 
(TK- LlO) . There are no plans, at present, to replace TK-LlO. In addi t ion, 
there is a load-out facility for shipping containers i n the PR room, the 
Ll3-10 glovebox and load-out hood. A doorway from the PR room provides 
access to L cell for possible contact maintenance of the 2B column and third 
plutonium system. The PR room layout is shown in Figur e 5-10. 

Eventual ly the Ll3-10 glov~box and load-out hood will be rep l aced by an 
upgraded glovebox Ll4 that is designed to load out plutonium nitrate into 
the existing metal shipping containers or polyethylene bottle- type 
containers or load in from the same containers.(lO) 

5.2.2.12 Neptunium Purification Unit. The neptunium purif i cat ion sys t em, 
al so known as Q cell, is located at the storage gall ery l evel of t he PU REX 
bu il ding between the west end of the PIV room and the PR room. As shown in 
Figure 5-11, Q cell includes a control room, a load-out room, an AMU level, 
a maintenance room and shielded maintenance hood, and a shielded hot ce l l. 
The AMU level is located above the control room. Access to Q ce ll is 
obtained through the PR corridor and SWP lobby, or, in emergencies, through 
the PIV room. 

The Q cel l was i nstalled in the building, along with the nept unium 
recovery and decontaminat ion facility in J cell (J ce l l package), t o f urther 
purify the neptunium recovered in the J cell package prior to sh i pment 
offsite. The Q cell purification system is des igned for batch operation. 
The neptunium recovery and decontamination facility (J Cell package) i s 
currently in operation. The Q Cell f i nal purification system is expected to 
be re- activated, at which time t his report will be amended. 
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TABLE 6-1. 
Item 

TK-A3,-B3, -C3 
TK-AJ-4,83-4 , 

C3-4 
TIC - 01 
TK-02 
TK-03, -04 
TK-05 
TK-El 
G-E2 
TK-E3 
TK-E3-2 
G-E4 
TK-ES 
TK-E6 
TK-F3 
T-FS 

E-F6 

TK-F4 
E-Fll-1 

TK-F7 
TK-F8 
TK-F 10 
TK-F12 
TK-F 13 
TK-F14 
TK-F 15 
TK-F16 
TK-F 17 
TK-F 18 
TK-F26 
TK -Gl 
T-G2 
TK-G2 
TK-GS 
TK-G6 
TK-G7 

TK -G8 

TK-Hl 
T-H2 
T-H3 
E-H4 

TK- Jl 
TK-J2 
TK-J3 
T-J4 
TK-JS 

T-J6 
T-J7 
E-J8 

TK-J21 

T-J22 
T-J23 
TK-Kl 
T-K2 
T-K3 
E-K4 
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PUREX Plant Vessel and Sump Schedule. (Sheet 1 of 4) 

Function 

Dissolver 
NH3 scrub waste 

Metathesis storage 
Coating waste 
Metal solution 
Meta 1 so 1 ut ion 
Centrifuge product 
Coating waste centrifuge 
Centrifuge feed 
NH scrub waste 
colting waste centrifuge 
Centrifuge waste 
HAF makeup 
Acid receiver 
Acid absorber 

lWW concentrator 

Vessel vent condensate 
ASW concentrator 

lWF 
Waste rework 
3WF dee anter 
E-F 11 feed 
Rework storage 
Decanter (not usable) 
11,1,1 denitration 
11,1,1 denitration 
Tube bundle flush 
Utility waste 
11,1,1 receiver 
lOF 
10 column 
lOS 
100 
100 decanter 
100 PIJllP tank 

(turbomixer not used) 
10W 

HAF 
HA column 
HS co lumn 
3WB concentrator 

3WB 
Neptunium storage 
lBXF 
JBS column 
2AF 

!BX column 
IC column 
ICU concentrator 

2NF 

2N column 
2P column 
20F 
20 column 
2E column 
2EU concentr ator 

Nominal volume 
(gal) 

5,00(l 
2,1 00 

5,000 
5,000 
7,700 
5,000 
1,700 

180 
5,000 

250 
125 

5,000 
5,000 
5,000 

300 

2,200 

5,000 
2,500 

3,800 
5,000 
5,000 
5,000 
5,000 

400 
5,000 
5,000 
1,200 
5,000 
3,600 
5,000 
2,000 
1,900 

15,000 
450 

15,000 

5,000 

5,000 
1,850 
1, 770 
2, 700 

5,000 
1, 340 
5,000 

130 
370 

1,600 
1,770 
3, 700 

320 

150 
100 

5,000 
1,370 
1,770 
3, 700 

6-11 

Size 

9 ft 3 in. by 4 ft 11 in. rna by 14 ft 
4 ft O in. by 8 ft 6 in. by 10 ft 

10 ft 0 in . by 9 ft 3 1n. 
10 ft O in. by 9 ft 3 in . 
10 ft 6 in. by 12 ft 8 in . by 9 ft 2 i n. 
10 ft 0 in . by g ft 3 in . 
7 ft O in. by 6 ft g in . · 
48 in . by 25 in. 
10 ft O in. by 9 ft 3 in . 
3 ft 2 in. by 4 ft 6 in . 
40 in. by 25 in. 
10 ft O in. by 9 ft 3 in. 
10 ft 0 in. by 9 ft 3 in. 
10 ft 0 in. by 9 ft 3 in. 
10 ft oob by g ft 3 in . -

3 ft-6 in. ID by 9 ft 
Two 4 ft 5 in. barrels by 12 ft and 

one 2 ft 6 in. barrel by 12 ft 
10 ft 0 in. by 9 ft 3 in. 
Two 4 ft 5 in. barrels by 12 ft and 

one 2 ft 6 in. barrel by 12 ft 
6 ft 9 in. by 10 ft 6 in. by 9 ft 2 in. 
10 ft O in . by 9 ft 3 in. 
10 ft O in . by 9 ft 3 in. 
10 ft 0 in. by 9 ft 3 in. 
10 ft O in. by 9 ft 3 i n. 
4 ft O in. by 5 ft O in. 
10 ft 0 in . by g ft 3 i n. 
10 ft O in. by 9 ft 3 in. 
4 ft 2 in. by 12 ft O in. 
10 ft 0 in. by 9 ft 3 in. 
6 ft g in. by 10 ft 6 in. by 9 ft 2 in. 
10 ft 0 in. by 9 f t 3 in . 
34 in. dia by 32 ft 
7 ft O in . by 6 ft 9 in. 
10 ft 6 in. by 16 ft by 14 ft 
4 ft by 5 ft 
10 ft 6 in. by 16 ft by 14 ft 

10 ft O in. by 9 ft 3 in. 

10 f t 0 in. by 9 ft 3 in. 
26 in. dia by 40 ft 
34 in. dia by 26 ft 
Two 4 f t 5 in. barrels by 12 ft and 

one 2 ft 67 in . barrel by 12 ft 
10 ft 0 in . by 9 ft 3 in. 
4 ft 2 in. by 14 ft O in. 
10 ft 0 in. by 9 ft 3 in. 
8 in. dia by 14 ft 
8 ft 6 in. OD by 8 ft O in. ID 

by 8 f t 11 in. 
32 in. dia by 33 ft 
34 in. dia by 26 ft 
Two 4 ft 7 in. barrel s by 10 ft and 
one 2 ft 6 in. barrel by 14 f t 

4 f t 5 in. OD by 3 ft 11 in. ID 
by 14 ft 8 in. 

7 in. dia by 38 ft 
7 in. dia by 24 f t 
10 ft 0 in. by 9 ft 3 in. 
24 in. dia by 16 ft - 32 in. dia by 16 ft 
34 in. di a by 26 f t 
Two 4 f t 7 in. barrels by 14 ft and 

one 2 f t 6 in. ba r rel by 14 ft 
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TABLE 6-1. PUREX Plant Vessel and Sump Schedule. (Sheet 2 cf 4) 

TK-K5 
TK-K6 
T- Ll 
T-L2 
TK- L3 
TK-L4 
T-L5 
T-L6 

Item 

E-L 7-1 
TK-L8 
TK-L9 
TK-L 11 
TK-Ll3-10 
TK-111 
TK-M2 
TK-M3 

TK-114 

TK-115 

TK-N3 
TK-N4 
TK-N5 
TK-N6 
R-N7 
F-NS 

CA-N9 
CA-NlO 
TK-Nl l 
E-Nl3 
TK-NlS 
TK-Nl6 
T-Nl9 
TK-N20 
TK-N21 
TK-N22 
iK-N30 
TK-N33 

TK-N39 
TK-~40 
TK-N43 
TK-01 
E-02 
TK-03 
T-04 
TK-05 
TK-06 
TK-07 
TK-08 
E-09 
TK-Rl 
T-R2 
TK-R2 
TK-RS 
TK -R6 
TK-R7 

Function 

2UC receiver 
UNH product 
2A col 1m1 

28 CO 1 UITll 

3AF 
3A coluim 
38 colurM 
Proauct stripper 
Product concentrator 
Product receiver 
Pu product sa~ ler 
Pu recycle 
Pu loado.n 
Equipment decontamination 
Equipment decontaminat ion 
Pu nitrate solution 

storage 
Pu nitrate solution 

storage 
Pu nitrate solution 

storage 
Pu nitrate solution 

storage 
Pu nitrate feed 
H?D, feed tank 
Ptereduction tank 
P~ tank 
Pree ip i ta tor 
Vacu1.111 dr1.111 filter 

First-staoe calciner 
Second-stage calciner 
Filtrate receiver 
Fi ltrate concentrator 
Filtrate holding tank 
Filtrate nolding tank 
Offgas scrubber 
Liquid seal tank 
Condensate receiver -tank 
Condensate receiver tank 
V acu1.111 tank 
Closed loop cooling 

expansion tank 
Vacu1.111 drop-out 
Vacu1111 drop-out 
Vacu1111 drop-out 
2PN concentrator feed 
Stripper concentrator 
3XF feed 
3X resin coiUIM 
3XW waste 
3XN receiver 
Np product loadout 
Sump tank 
Vent jet condenser 
20F 
20 co 1 l.lllll 
20X 
Ut l 1 it~ 
Utility decanter 
200 

Nominal volume 
(gal) 

5,000 
5,000 

130 
90 

120 
40 
30 
10 
10 
10 
11 
25 
2.4 

4,100 
1,800 

55 

55 

55 

55 

3 
1 
8 
4 
0.8 
0.3 

6.3 
7. 1 

26 
26 
2.6 
2.4 

24 
24 

6 
2. 1 

12.25 
12.25 
3.3 

12 
10 

110 
16 

500 
25 

1.5 
46 
12 

5,000 
2,000 
1,900 
9, 000 

430 
9,000 

6-12 

Size 

10 ft O in. by 9 ft 3 in. 
10 ft 0 In. by 9 ft 3 in. 
7 in dia by 40 ft 
7 in. dia by 30 ft 
34 in. 00 by 30 in. IO by 12 ft 
3- 1/2 in. IO by 34 ft 
3-1/2 in. IO by 22 ft 
Two barrels 4 In. by 8 ft, 3 ft tower 
Two barrels 4 In. by 8 ft, 3 in. tower 
Two barrels 4 in, by 8 ft 
Tnree barrels, 5 In. dia by 38 in. 
Three 4 In. dia barrels by 12 ft 
6 in. by 21 in • 
7 ft O in. by 14 ft O in. 
5 ft O in. by 14 ft O in. 
Three barrels 6 in. by 14 ft 

Three barrels 6 in. by 14 ft 

Three barrels 6 in. by 14 ft 

Three barrels 6 ln. by 14 ft 

6 in. by 3 ft 
4 in. by 20 in. 
6 in. by 5 ft 10 in. 
6 in. by 3 ft 
5 in. by 1 ft 
Half-circle pan 7 in. radius 

by 8-1/2 in. wide 
3 in. by 5 ft 
3 in. bv 5 ft 
6 in. by 5 ft 
6 in . by 11 ft 3 in. 
Three barrels 6 in. by 6 ft 8 in, 
Three barrels 6 in. by 6 ft 8 in. 
6 in. by 7 ft 6 in. 
6 In. by 1 ft 7 in. 
Three barrels 6 in. by 6 ft 8 in. 
Tnree barrels 6 in. by 6 ft a In. 
6 In, by 5 ft 6 In. 
6 in, by 1 ft 7 in. 

9 ft 3 in. by 6 In. 
9 ft 3 in. by 6 in. 
6 in. dia. by 27 in. 
7 in. bv 6 ft 
6 in. by 20 ft 
3 in. annulus by 5 ft 6 in. 
6 in. by 5 ft 6 In. 
48 in. oy 5 ft 

. 18 in, by 2 in. 
6 in. by l ft 
24 in. by 2 ft 2 in. 
8 in. tly 5 ft 6 in. 
10 ft by 9 ft 3 in. 
34 in. ~la oy 32 ft 
7 ft by 6 ft 9 in. 
10 ft Dy 14 ft 
4 ft oy 5 ft 10 in. 
10 ft oy 14 ft 

I 
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TABLE 6-4. PUREX Process Vessels and Typical Limits. (Sheet l of 2) 

Vessel 

TK -A3, -B3 , -C3 

TK -A3-4, -B3-4, 
-C3-4 
TK-01 
TK-02, -El, -E3 

-E5, -G-E2, -E4 
TK-E3-2 

TK-03, -04 
TK-05, -E6 

TK-F3, T-F5 
TK-F4 
T-F6 
TK-F7 
TK-F8, -Fl3 
TK-FlO 
E-Fll, TK-Fl2 
TK-Fl5, -16 
TK -F l7 
TK-Fl8 
TK-F26 
G-Cell vessels 
TK-Hl 
T-H2 
E-H4 
TK-Jl 
TK-J2 
TK-J3 
T-J4 
T-J6 
T-J7 
E-J8 
TK-J2 l 
T-J22 
T-J23 
TK-Kl 
T- K2 
T- K3 
E-K4 
TK-KS, -K6 

TK-JS 
T-L l, -L 2, -L 4, -LS 

-L6, -L7 , TK-L3, 
-L 8 

TK-Ml, -M2 

Function 

Dissolver 

NH 3 scrubber 

Metathesis recycle 
Cladding waste handling 

NH
3 

scrubber 

Metal solution storage 
Accountability, feed 

makeup 
Acid receiver, absorber 
Vessel vent condensate 
lWW concentrator 
lWF pump tank 
Waste digest/rework 
3WF pump tank 
NH3 waste evaporation 
Waste treatment 
Tube bundle flush 
Sump waste receiver 
lWW receiver 
Organic treatment 
HAF pump tank 

HA column 
3WB concentrator 
3W~ receiver 
Neptunium storage 
lBXF pump tank 
18S column 
lBX column 
lC column 
IClJ concentrator 
2N feed 
2N column 
2P column 
2DF pump tank 
20 column 
2E column 
2EU concentrator 
2UC receiver, sampler 

tank 
2AF pump tank 
2nd and 3rd plutonium 

decontamination 
cycles 

Decontamination, 
utility 

6-23 

Typical pluto~iuma 
limit per vessel 

12,000 lb U ("spike" fuel) 
11,700 g (in solution) 

500 g 

500 g 
500 g 

500 g 

16,500 g 
12,400 g 

500 g 
500 g 

1,200 g 
12,400 g 
12,400 g 
15,000 g 

500 g 
500 g 
500 g 
500 g 

12,400 g 
500 g/vessel 

12,400 g 

950 g 
6,870 g 

12,400 g 
2,500 g 
12,400 g 
1,200 g, 
1,320 g, 
1,450 g 
7, lOOdg 
6 g/Ld 
6 g/Ld 
6 g/L 

12,400 g 
370 g 

1,450 g 
7, l 00 g 

12,400 g 

b 
or 6 g/L 

6 g/L 
6 g/L 

6 g/L 
450 g/L (geometrically 

favorable design) 

suo g 
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TABLE 6-4. PUREX Process Vessels and Typical Limits. (Sheet 2 of 2) 

Vessel 

TK-L9, -M3, -M4, 
-M5, -M6 
N Cell vessels 

(TK-N3, -N4, -N5, 
-N6, -N7, F-N8) 

CA-N9, -NlO 
blender 

TK-L 11 
R Cell vessels 
U Cell vessels 

TK-Pl, -P2, -P3, 
-P4 

TK-P5, -P6 
UN transport 

trail er 
TK-Pl3, -Pl4, -Pl5 
Canyon sumps 

PR room sumps 

N ce 11 sumps 

SG, SR, SMA, SMB, 
SMC, hot shop 

Miscellaneous 

Samples 

Waste material 
barrels 

Burial boxes 
HEPAc filter burial 
box 

:-----r-·--------
Function 

Product sampling, 

Puo2 production 

Pu02 production 

Puo2 powder blentiing 

Waste recycle 
Solvent treatment 
Acid fractioner, lab 

waste 
UN storage 

Waste sampling, rework 
UN transport 

HNO storage 
Cel1 drainage collec­

tion and L Ce 11 
PR room/vessel leakage 

and spill collection 
Pu conversio~ glovebox 

sumps 
Liquid collection 

Transfer to laboratory 

Scrap 

Equipment pieces 

PR Room exhaust filter 
disposal 

Typi cal plutoniuma 
limit per vessel 

450 g/L (geometrica lly 
favorable design) 

450 g/L (geometrica lly 
favorable -des~gn) 

450 g/L ( l in. of cake 
on drum) 
40 kg 

450 g/L 
500 g/vessel 
500 g/vessel 

12,400 g 

500 g 
500 g 

500 g 
6 g/L (plus depth limit) 

450 g/L (plus depth and 
mass limit) 

450 g/L (plus depth and 
mass limit) 

500 g 

200 g (volume or 
concentration) 

250 g 

350 g/piece (1,000 g 
total) 

200 g 

aBased on a 240pu content of 3 wt%. The limits may be increased, 
with appropriate approval, for fuel with greater than 3 wt% 240Pu. For 
example, for fuel with 12% 240pu content, the limits, with prior 
approval, for dissolvers TK-03/-04, -05, -E6, -Hl, and -FlO are increased 
to 14.2, 27, 20, and 18.2 kg, respectively. 

bLimit may be exceeded with nuclear blanks in place to prevent the 
addition of precipitating agents. 

CHigh efficiency particulate air. 
dBased on location of equipment above geometrically unfavorable sump. 

6-24 
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6.2.2.3 Other Products. The chemistry of other transuranics and nonvola ­
tile FP is not well defined, though all form acid-soluble nitrates. ·The 
volatile FP are 85Kr, 33xe, 1291, and 13lr. The first two are inert and 
are entirely discharged via the offgas. The 14c and a portion of the 3H 
in the fuel are also released as carbon dioxide and water, respectively. 
The iodine radioisotopes are suspected of partially refluxing for a very 
short time in the dissolver tower during the initial part of the uranium 
metal dissolution, but quickly discharge to the tower offgas during the 
balance of the dissolution.(7-10) The iodines are then trapped in the 
silver reactor (see Section 7.4.2). An upgraded system has been ·installed 
to monitor for 129r. 

~ 6.2.3 Solvent Extraction Process Chemistry 
r-r,, 

The chemistry of solvent extraction, which is the key operation of 
the PUREX process, is extensively documented (Ref. 7, 8, and 11 
through 17) The major chemical reactions involved in separation of 
uranium and plutonium from associated FP and each other, resulting in 
purified nitric ac id solutions containing the desired products are · given 
in Table 6-11. 

The required separation and purification are accomplished by a series 
of extraction-stripping sequences conducted in pulse columns ynder con­
trolled chemical conditions as indicated in the flowsheet.(l2J Instru­
mentation and sample analyses are used to assure the process ·is conducted 
safely and efficiently. 

6.2. 4 Plutonium Ni trate Conversion/Calcination Process Chemistry · 

The major chemical adjustments and react ions i n the oxalate precipi­
tatio n process include H+ ion adjustment, plutonium valence adjustment, 
oxalate strike/precipitation and calcination. 

6.2.4.1 Plutonium Valence Adj ustment. The plutonium in a soluti on of 
plutonium nitrate usua lly exists in the +IV valence state. Under certain 
conditions, such as are found in the 38P concentrator, large quantities of 
+VI plutonium are producea. Laboratory studies show that most of the +VI 
decays to the +IV state afte r about 22 d. (The +III state does not exist 
in solution at H+ concentrations greater than 4M and when present does not 
signific antly affect the precipitation process ~r increase waste losses .) 
The plutonium (VI) exists as the plutonyl ion Pu02++. Plutonyl oxalate 
is soluble in the oxalate strike solut~on, resulting in very high filtrate 
losses. It is imperat ive, therefore, that the plutonium (VI) be reduced 
to ::ilutonium (IV) to avoia filt r ate losses in the range of 4 to 5 g/L. 

6-37 
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----- -- --- ,- TABLE 6-11. Sol vent __ Extracti on _Chemi stry . .. {Sheet_ l __ of 2) _______ _ ___ _ 
Process step Chemistry 

HA column (1) In general, 
extract Ion high 

[tlO-] 
H• a(aq) • aNOJ(aq) • bTBP___l...H(N03)a • bTBP 

HA column scrub 

Where: a= cation valence 
b = number of TBP molecules In complex 

low 
[NO-] 

H(NU
3

)a • blBP-1._H•a + atlUj • bTBP 

low 

2 TBP(org) 

2TBP (org) 

Description 
------- ------- - - -

Extraction Is accomplished by 
moving the aqueous feed stream 
and the fresh organic stream 
countercu1Tent ly through the 
pulse column cartridge plates. 
An excess of nitric acid In 
the aqueous, supplied by the 
backcycle waste, acts as a 
driving force or "salting 
agent,• assuring essentially 
complete extraction . 

In the scrub section, the 
aqueous nitrate concentration 
Is reduced and most of the FP 
previously extracted Into the 
organic are back-extracted or 
stripped Into the aqueous 
stream (the IIAS). A slight 
refluxing of Np normally occurs 
just below the point where the 
HAF enters the I~ column. 

lBX column Pu 
parlttionin9 

[Pu•
4] [NOj) • 4 

--Pu (aq) • 4NOJ(aq) • 2TUP(org) Partitioning ls accomplished by 
a combination of low nitrate 
and Pu( IV) concentrations In 
the aqueous stream coupled 

IC column 

2Af ( TK-J5) 
reoxidation 

2A colu111n 

• 4 •2 
(2) Pu (aq) • Fe (aq) 

low 

[NOj) • 2 
(l) U02(N0 3)2 • 2TtlP(org,--uo2 (aq) • 2tlO;(aq) • 2TllP(org) 

- - -2 ( I) Nll2so
3 

• N0
2
-N

2 
• SO 4 • lt2o 

•] - • • 4 (2) 6Pu • 21!02 • BH-6Pu • N2 • 4H20 

Extraction and scrub 

with conversion of Pu(IV) tn 
Pu(III) due to an excess of 
Fe( 11). The aqueous stream 
Is scrubbed with fresh 
solvent in the lUS column to 
recycle stripped U along 
with 6 to 10% of the Pu 

The aqueous strip has a very low 
nitrate concentrat Ion 

So that Pu can be reextracted, 
Pu(III) ls oxidized to Pu(IV) 
with NaNO? In the second Pu 
cycle feell tank 

Similar to IIA column 

(./) 

CJ 
I 

:c 
;::oVl 
rTl I 
< (./) 

);> 
~ ;::o 

I 
0 
0 -
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Loss of radioactivity, in the event of a coil failure, is minimized 
by: an interlock system that maintains pressure on the coil at all times, 
periodic coil leak tests, and continuous monitoring of the effluents and 
automatic diversion if radioactivity is detected. 

6.4. 1.4 Operational Control. The standard operating procedures (SOP) for 
the dissolvers explicitly specify each action or operat i ng step to be per­
formed from the time the dissolver is charged with fuel and the lid 
replaced until it has been rinsed and prepared for the next charge. 
Supplementing the SOP are dissolver operating data sheets whi~h ~ust be 
filled out by the operator. The data sheets are, basically, check sheets 
with spaces for recording .the time, initials of the operator performing 
each step, and other pertinent physical data (such as volumes transferred 
and temperature). 

6.4.1.4. 1 Fuel Dec ladding. Nuclear criticality prevention during the 
decladding operations is mai~tained primarily by strict supervisory control 
of the chemical addition and solution transfer control system (also known 
as the sequence control and the dissolver sequence selector). The accumu­
lation of an unsafe mass of plutonium solids is prevented by specifying 
the amount of excess decladding solution to be used and the length of the 
digestion period, and by requiring that the solids be allowed to settle to 
the bottom of the dissolver before the cladding waste is transferred out 
of the dissolver. 

Hydrogen evolution during the decladding step is suppressed by the 
nitrate ion present in the decladding solution: The AFAN decladding solu­
tion is procured as a stock solution; llM in fluoride and lM in nitrate 
concentration. The stock solution is sampled when received-; but not used 
until the analyses indicate the material meets the required purchase speci­
fications. The amounts of AFAN stock solution and dilution water required 
for the decladding step are specified in the procedure. 

The concentration of unreacted or residual hydrogen in the DOG is 
continuously measured and maintained at a safe level (less than 2.0%) by 
adjusting the dissolver air in-bleed rate, the steam sparger rate, and, 
finally, the steam flow to the dissolver coil. 

The arrmonia concentration in the vapor space of the dissolver is 
above the lower flammability limit in dry air, but safety is ensured by 
the tenperature of the solution and steam sparging, and the consequent 
presence of water vapor. Virtually all of the ammonia is removed from the 
DOG in the condenser and arrrnonia scrubber to reduce the concentration in 
the offgas to less than the lower flammability limit. The continuous 
arrmonia analysis provides verification of proper operation of the con­
denser and ammonia scrubber. 

6-77 
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6.4.1.4.2 ~ietatllesis. Nuclear criticality prevention during this step 
is maintained by strict supervisory control of the dissolver sequence selec­
tor. The accumulation of an unsafe mass of plutonium solids is prevented by 
requiring a period of quiescence to allow the solids to settle before the 
metathesis solution is transferred from the dissolver. ~ 

6.4.1.4.3 Fuel Dissolution, Storag'e and Sampling, and Feed Preparation. 
The mass of plutonium d1ssolvea in a single dissolution cut is limited. This 
is accomplished by operating procedure, which specifies the amount of nitric 
acid to be adaeo to the dissolver and the final or end-point co-ncentration 
(determined by SG measurement) of the dissolver solution. Precipitation in 
the dissolvers is preventeo by designating a maximum end-point SG (calculated 
to ensure a final nitric acid concentration of at least 0.2M) and by super­
visory control of solution transfers by mec1ns of the dissolver sequence sel­
ector. Adequacy of control of -the uranium, plutonium, and nitric acid con­
centrations of the metal solution is verified by analysis of the samples 
taken in the accountability measurement tank (TK-05). 

Plutonium mass limits for the solution storage vessels are not exceeded 
if dissolver operating limits and procedures are followed. Plutonium pre­
cipitation in the solution storage, sampling, and feed preparation tanks is 
prevented by the use of 11 nuclear blanks 11 and the dissolver sequence selector. 
Restoration of a nuclear-blanked system is permitted only after review and 
approval by both engineering and operations management. 

The procedure for transfer of plutonium rework solutions from TK-Lll in 
the PR room to the feed preparation tank (TK-E6) requires supervisory appro­
val for all transfers. The supervisor must review the plutonium concentra­
tion in both TK-E6 and TK-Lll, and specify the composition of the solution 
to be usea as the motive fluid for the transfer jet. If cadmium nitrate 
solution is used, it must be the proper concentration or an interlock will 
prevent the pump from operating. If an acid solution is used, the acid 
addition system must be unlocked and the above interlock bypassed. These 
actions require management approval. 

Control of the concentration of hydrogen generated by radiolysis in the 
solution storage tanks to a safe concentration is assured by a combination 
of air in-leakage and air purging through the instrument air dip tube lines. 

6.4.2 Solvent Extraction 

The aetailea chemical flowsheets used for solvent extraction process­
ing in tile PUREX Plant are discussed in References 11, 12, and 15 
through 17. Flow sketches are shown in Section 6.1.1. This section dis­
cusses the solvent-extraction systems. 

6.4.2. 1 Functional Description. 

6.4.2. 1.1 Codecontamination System. The cooecontamination system 
separates the uranium, plutonium, and neptunium from the bulk of the 
radioactive FP and other contaminants (Fig. 6-16). 
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HAX 
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HNO3 FROM 

RECOVERED ACID HEADER 
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URANIUM CYCLE CONCENTRATOR 
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DEMINERALIZED WATER 

' 
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HAP 
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(U, Pu, Np) 

3WB 

CONCENTRATED BACKCYCLE 
WASTE FROM TK-J1 

(Np, U, Pu) 

SODIUM NITRITE 
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WASTE TO CONCENTRATOR 

(FP, TRACE Np) 

RCP79O9 -48B 

FIGURE 6-16. Codecontamination Flowsheet. 

6-79 



-

SD-HS-SAR-001 
REV 4 

The aqueous feed solution is received in batches in the HA feed tank 
and, from there, is pumped continuously to the HA column. A sodium 
nitrite stream is adaed to the lowe~ section of the column to oxidize 
neptunium to the extractable +6 valence. The uranium, plutonium, 
neptunium, and a small fraction (less than 0.1%) of the FP are extracted 
into the countercurrently flowing organic solvent in the lower, extraction 
section of the HA column. Most of the extracted FP are scrubbed back out 
of the organic solvent in the upper, or scrub portion of the column, and 
the solvent, containing the uranium, plutonium, and neptunium products, 
overflows out the top of the column to the partition column .feed tank. 
The aqueous waste stream, containing FP, americium, nonradioactive 
chemical contaminants, ana a trace of the product elements, flows out of 
the bottom of the HA column to a receiver tank in the waste concentration 
and treatment system. The aqueous waste stream contains, typically, less 
than 0.05% of the uranium and plutonium, about 10% of the neptunium, 
greater than 99.99% of the nonvolatile FP and americium in the feed stream. 

6.4.2. 1.2 Partitioning System. The partitioning system separates 
plutonium from the uranium product solution. Flow sheets of the parti­
tioning system are presented in Figures 6-17 and 6-18. 

The organic product solution overflows from the HA column into the 
partition (l8X) column feed tank and is mixed with the organic waste 
streams from the second and third plutonium cycles and the lBS column. 
This organic solution is pumpea into the bottom of the lBX column as the 
lBXF stream where it contacts a countercurrently flowing aqueou~-reducing 
solution containing nitric acid, ferrous sulfamate, and sulfamic acid. 
The plutonium is differentially back-extracted into the aqueous phase, 
where it is reduced to the nearly inextractable plutonium (III) valence 
and flows from the bottom of the column as the lBXP product stream. This 
aqueous prouuct solution enters the 18S column, where it is scrubbed with 
fresh organic solvent to remove residual uranium that is carried over from 
the lBX column. The scrubbea aqueous plutonium (lBP) solution is then 
routed to the second plutonium cycle feed (2AF) tank for additional 
decontamination from uranium, neptunium, and FP. 

The organic solution from the lBX column, containing uranium, 
neptunium, and less than 0.5% of plutonium, overflows directly to the 
bottom of the lC column. In the lC column, the uranium, neptunium, and 
plutonium are back-extractea, or stripped, into a countercurrent aqueous 
solution. The organic raffinate from the lC column is routed to solvent 
treatment system l. The aqueous product solution enters the tower of the 
lCU concentrator, where the organic is steam stripped before the aqueous 
is concentrated by a factor of about seven. The concentrated product 
(IUC) stream overflows to the final uranium cycle feed tank for final 
decontamination. 
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TABLE 6-19. Solvent Extraction--Off-Standard Conditions. (Sheet 1 of 9) 
Off- standard condition How detected Likely cause Detection of cause Remedy 

llit U or Pu loss to I. By routine analysis of I. Flow ratesa 1. Rates: 1. Rat lo: adjust fl ow to 
IIA coiooined concentrated a. Low HAX I a. Flow recorder on HAX; proper ratios 

aqueous waste {TK-Fl5) b. High HAFa low HAP (organic) SG 2. Stream compositions: 
2. Specifically by analysis c. High HAW b. Flow recorder on HAF a. Butt into specifications 

of HAW sample d. Low HAS; low salting {cross checked by b. Adjust flow rates to strength tank volume readings compensate: 3. Specifically by increase in of TK-lll) 
static pressure of colulrfl 2. Stream compositions: c. Flow recorder on 3WB o If low TBP concen-
{indication of high U loss) a. Low (TBP) concentration d. Flow recorders on trat ion exists, 

b. lligh U concentration HAS-H20 and HAS-HN03 
raise HAX rate 

in IIAF o If high U concentra-
4. Decrease in HAP SG c. Low acid concentrations 2. Stream compositions: tion exists , l ower 

(HAS, HAF, 3WB) a. Instrument SG: high HAF rate or Increase 
3. Flooding of HA colulrfl SG indicates high HAX rate 

U concentration In 
4. Pulse frequency or ampll- column 3. Flooding: 

tude off optimum condi- b. Analysis of samples, a. Adjust frequency 
tions: HN03 monitors b. Decrease flow rates 
a. Frequency 4. Pulse: adjust frequency (./') 

b. Air in pulse leg 3. Flooding: 0 
a. Increase In static I 

pressure readings ::c 
Q) 

b. Interface variations :;:c (/) 
I l'T'I I - 4. Pulse : frequency check < (/) - ):,, 
u, ~ :;:c High FP cont e11t in IIAP I. Continuously by ga111na I. Flow rates: 1. Flow rates: I. Rates: adjust flows to I 

radiation monitor on HAP a. Low HAS rate (low salt- a. Flow recorders on proper values Cl 
stream strength) b ltAS-H O an~ HAS HNO Cl 

b. Flow fecor er on HA~ 2. Stream co""osltlons : -2. Periodically by analysis of b. Low ltAF rate b a. Adjust HAS HN03 concen-
IIAP fo r garrrna act lvity c. High HAX rate c. Flow recorder on HAX tration 

2. Stream cof11)osltions : 2. Stream cof11)ositions: b. If high garrrna In HAF, 
a. lllgh HN03 concentration a. HAS continuous acidity Increase HAS flow rate 

in HAS monitor 3. Flooding: b. High garrrna activity in b. Analyses of HAF for 
HAF (due to lack of gall'lna act lvity a. Adjust frequency 

b. Decrease f l ow rates fuel cooling time) 3. Flooding: 
3. Flooding of HA column a. Increase In static- 4. Pulse: adjust frequency 

4. Pulse frequency or af11)11- pressure rea~lngs 
tude off optimum condi- b. Interface/DP 

.tions: variations 
a. Frequency 4. Pulse : frequency check 
b. Air in pulse leg 

lliyh neptunium I. Spec ially by analysis of 1. Low HA-N02 flow 1. Flow recorder on HA-N02 I. Increase HA-N02 flow to 
loss to liAW ltAW for neptunuim proper value. 

2. Low HAX flow 2. Flow recorder on ltAX 2 . Increase HAX flow to 
proper value. 
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TABLE 6-19. Solvent Extraction--Off-Standard Conditions. (Sheet 2 of 9) 
- ------- -- ---- --- --------------------------.--------------,----- ----------

flow ,letec lP.d Likely cause Detect tun of cause Remedy Off-standJrd t orulllt on 

ti lgh Pu loss In IOU 
----------------... -- - - ------------ 1- ---------------I------ -------- -

s treMI ( resu It Ing 
In ru contamlnat l oo 
In U prodnct) 

1. Streclflcally by analysis of 
21Jf for ru 

2. Ruut lne ly by ana lys Is of 
lrn lor ru 

l. IDtr, IRX colurm neutron 
monitors 

4. IK-JI neutron fflllnllor 

---- ----- --- - ------- ------ -
lllgh U In IOP streMI I. Analy\lS ol lBr streMI 

for II 

2. Vc,-y high II In IBP may he 
Indi ca ted Ly Increase 
In slJtlc pressure of 
IOS cu lr nr11 

I. f lnw rates: 
a. low lBX 
b. lll~h IUXF 

2. Stream cornpnsltlons : low 
retluc Ing ayev~ cunccn~ ra­
tlon ( IBX-fe , 1111

2
so

3
) 

). Flooding of IOX colurr11 

4. low pulse frequency 

5. 1119h n llr Ile In IOXF 

I. f lnw rat es: 
a. tnw IUS rate 
h. lllqh IBX rate 

2. St rearn co11rros It Ions, low 
nitri c acid concentration 
In IOXP 

J. Fluodlnq of IBS col111111 

4. Off-standard pulse 
cnnJ It luns: 
a. f rer1uenr.y 
b. Air In pulse leg 

I. Rates: 
a. f I ow rP.curtler on IOX 

(cross checked by 
tank volume readln9s 
of TK-209 and -210) 

b. Flow recorder on IOXF 
s trearft 

2. Analysts of H m11 le frorn 
TK-209 or -210 

J. fl no,ltng: 
a. OP.crease In static 

pressure re ad ing 
b. Int er face and/or lOX 

flow variation 

4. Pulse: frequency check 

5. "'trite analysis of TK-JJ 

I. Rates: 
a . Flow recorder on 18S 
h, F l nw rP.cunler on IBX 

(truss ch ecked by 
t auk vo I urrre re aJ ln9s 
of lk~209 and -210) 

?. Analysis of IO XP 

), rtoo1lln9 : 
a. Decrease In static 

pressure readings 
b. Interface readln9s 

and/or IBP valve 
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4. Pulse: frequency check 

I. Rates: adjust flows to 
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2. Res t1n-e ,·erluc Ing agent 
concentration 
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a. Adjust frequency 
b. Decrease flow rates 

4. Pul~e: -adjust frequency 
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TK -Jl 

I. Rates: adjust flows to 
proper rat los 
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Preparation and use of the proper motive fluid for the transfer jet 
is controlled administratively and using the cadmium monitor on the makeup 
tank, if cadmiun nitrate solution is used. · 

The equiprrent in the PR room is geometrically favorable for 450 g/L 
of plutonium. The major potential hazard in the PR room are the sumps 
discussed in Section 6. 5.3 . 

Miscellaneous plutonium-bearing solutions (flush solutions, sump 
solution, and off-standard product solution) are transferred from TK-Lll 
to the first cycle feed makeup tank (TK-E6) for rework through solvent 
extraction. These solutions typically range from less than l to about 
350 g/L plutonium concentration. 

Direct transfer of the more concentrated solutions into the geo­
metrically unfavorable TK-E6 could cause a nuclear criticality excursion 
if a single error or equiprrent malfunction were to occur. It is, there­
fore, necessary that the rework solution be diluted to or poisoned to the 
equivalent of an always-safe concentration ·prior to leaving the geometri ­
cally favorable equipment. 

The choice of rootive fluid for TK-Lll to TK-E6 transfers is determined 
by plutonium concentration obtained from sample analysis. Cadmium nitrate, 
a soluble neutron poison, is added to the jet motive fluid for reworking 
more concentrated plutoniun solutions. Controls on motive fluid plus plu­
tonium concentration also ensure a safe concentration in the sump in the 
event of a line leak. 

The transfer pump for motive fluid is interlocked to the two agitators 
in TK-E6 to preclude plutonium transfers into an insufficiently agitated 
solution. In addition, the liquid level measurement of solution in TK-E6 
is interlocked to the agitators. Consequently, at low solution level, 
transfers are prevented. 

Finally, those transfers requiring the use of cadmium nitrate are 
interlocked to a neutron detector which measures the cadmium concentration 
in the AMU tank. If the solution is below a set concentration of cadmium, 
the interlock prevents actuation of the pump. 

6.4.5.3 Plutonium Oxide Rework Facility. 

6.4.5.3. l Functional Description. The function of the plutonium 
oxiae rework fac1l1ty, located ,n N cell, is to dissolve 
out-of-specification plutonium oxide, plutonium oxalate spilled from the 
vacuum drum filter, glovebox sweepings, and other miscellaneous solid 
scrap material. 

The material to be processed is dissolved in a boiling mixture of 
nitric acid and sodium fluoride (or straight nitric acid) in a circulating 
batch dissolver. Following dissolution, aluminum nitrate is added to com­
plex the fluoride ion, the solution is filtered successively through two 
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separate filters, sampled, then transferred to TK-Lll in the PR room for • . 
rework through the solvent extraction system. The facility is designed to 
process about 3 kg/d. j 

6.4.5.3. 2 Major Components. The plutonium oxide rework facility is 
c001prised of two dissolvers and offgas condensers, filters, transfer and 
receiver tan ks, a vacuum trap, a transfer pump, and a sampler in the N6 
glovebox in N cell. In addition, a two-barrel rework solution storage 
tank, TK-N53, is locatea in the pipe chase adjacent to N cell. 

The dissolver vessels (TK-N50, -N51) are fabricated from 6-in-IO Pyrex 
glass pipe with Kynar* plastic lids. The dissolver vessels ·ari equipped 
with axial draft tubes and air supply lines for airlift circulation and 
agitation of the contents, and replaceable steam coils. 

The system has three filters, one rated at 5 and two at l • The first 
(5) filter is located in the transfer line between the rework transfer 
tank, TK-N54, and the rework receiver tank, TK-N52. The second and third 
(1 ) filters are in parallel, locatea between the transfer pump and the 
rework storage tank, TK-N53. 

The sampler, basically a three-way valve with a connection to take a 
sample bottle, is located in the line betv-,een the circulation pump and the 
rework storage tank. 

The rework receiver tank, rework transfer tank and vacuum trap, TK-N52, 
-N54 and VT-N57, respectively, are fabricated from 6-in.-ID Pyrex glass pipe 
with Kynar plastic end flanges. Each glass vessel in the rework facility 
has a metal screen around it, thus reducing the potential hazard to the 
operators from breakage. 

The rework storage tank, TK-N53, is a two-barrel vessel fabricated from 
6-in. Schedule 80, stainless steel pipe. 

6.4.5.3.3 Safety Criteria and Assurance. The plutonium oxide rework 
facility occupies a glovebox in N cell immediately adjacent to the oxide 
production gloveboxes; the general criteria and engineered features 
described for this facility (Section 6.4.3.3) also apply to the rework 
facility. A potential hazard resulting from processing plutonium solutions 
from the rework facility that cannot be eliminated completedly by engi­
neerea features is the transfer and gradual accumulation of plutonium 
solids in a nongeometrically favorable vessel in the solvent extraction or 
v,aste treatment system. However, in-line filters along with analysis of 
samples does provide the means to minimize solids transfers. Also, neutron 
monitors are placea near the bottom of TK-E6 and TK-F7 to warn of solids 
ace umu lat ion. 

*Pennwalt Corporation trade name for polyvinylidene fluoride plastic 
resin. 
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6.4.5.3.4 Operational Control The plutonium oxide rework proces s is, 
basically, a single-step, bafchprocess, and requires direct operational 
control. The area of primary concern, other than personnel radiation and 
contamination safety, is prevention of solids recycle to the solvent ­
extraction system. The combination of procedural control, verification by 
sample analyses, and backup detection of accumulation downstream will 
reduce the risk of accumulation to an acceptable level. 

6.4.5.4 Neptunium Recovery System. 

6.4.5.4. l Functional Description Neptunium is separated from -the 
uranium product Tntne ffriaT-uran1um system 20 column, remaining with the 
20W stream, which is collected and concentrated in the backcycle waste 
system along with other intermediate-cycle aqueous waste streams. The 
function of the neptunium recovery system is to remove the neptunium from 
the backcycle waste system and concentrate and decontaminate the resulting 
neptunium solution sufficiently so that it can be stored pending the 
startup of the final purification process in Q-cell (FY 87). The 
accumulation, decontamination, and concentration of neptunium are 
accomplished in distinct process phases in the same equipment. The 
flowchart for the neptunium recovery and decontamination system is shown 
in Figure 6-48. In Phase I, the accumulation phase, the concentrated 
waste (3WB) solution is divided into two streams; the larger portion (60%) 
is routed to the HA column, and the remainder to the neptunium recovery 
feed tank (TK-J21). This aqueous solution is then pumped to the 2N column 
(T-J22). In the 2N column, reducing agents (ferrous sulfamate and 
hydrazine) are added. Neptunium and uranium are extracted into the 
organic 2NX stream. Most of the plutonium and FPs remain in the aqueous 
phase and return to the backcycle waste system (TK-FlO). The organic 
stream overflows to the 2P column (T-J23), where neptunium is stripped 
from the organic phase by a dilute nitric acid solution. The 
·uranium-bearing organic is sent to the partition cycle feed tank (TK-J3). 
The aqueous neptunium solution (2PN) is then recycled to TK-J21. Phase I 
is continued until 2,000 g of neptunium have been accumulated in the 
process. 

In Phase II, the neptunium solution is repeatedly recycled through 
the system with the 3WB flow to TK-J21 diverted to the HA column and 
replaced by a lower volume (57 wt%) nitric acid stream. This recycle 
operation continues to decrease the associated concentrations of uranium, 
plutonium, and FPs. Phase II operation is concluded when the recycled 
product solution contains< 6 g U/l and a calculated plutonium content of 
<500 g total. The uranium limit is a process requirement to facilitat e 
the final purification step, but the plutonium limit is for criticality 
prevention in downstream process equipment and must be observed. 

Phase III purges the neptunium from the recovery system •by sending 
the 2PN to TK-J2 for concentration and temporary storage. A 30 wt% nit r ic 
ac i d stream is fed to TK-J21 and pumped to the 2N column. Recycle of 2PN 
to TK-J21 is discontinued, and flow rates of all streams are reduced. The 
2PN stream is transferred to TK-J2 for concentration and interim storage. 
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When ~90% of the neptunium has been stripped from the recovery system, the 
system may be either returned to Phase I operations or shut down. 

6.4.5.4.2 Major Components The major process vessels in the 
neptunium recovery system (J Cell package) are the 2N feed tank (TK-J21), 
the 2N column (T-J22), the 2P column (T-J23), and the neptunium storage 
tank (TK-J2). Pertinent physical data for the equipment comprising the 
Neptunium recovery system is included in Table 6-1. 

The 2N feed tank (TK-J21) is an annular tank with a centrally located 
11 standpipe 11 pump well (Fig. 6-49). An internal, 7-in-thick, annular, 
concrete plug installed immediately adjacent to the solution annulus is 
provided to reauce the nuclear reactivity of the vessel. A deep-well 
turbine pump is installed in the 5-in-diameter central pump well. The 
well is connectea to the solution annulus by 2-in. piping at the top and 
bottom of the vessel. A steam coil, extending circumferentially 200° 
around the tank, and an air sparge ring, extending 330° around the tank, 
are installed at the bottom of the solution annulus for heating and 
agitation, respectively. Both the pump and the tank are remotely 
serviceable. If the tank is overfilled, the solution flows by gravity to 
the 3WB receiver/pump tank (TK-Jl). 

The 2N column (T-J22; Fig. 6-50) is a geometrically favorable 
extraction/scrubbing column with center feed. Roughly 31 feet of the 
column length (37 feet) is devoted to extraction and scrubbing and 6 feet 
to phase separation. The extraction section is 20 feet long, extendable 
to 26 feet by the use of an alternate feed ring. Phase separation at the 
bottom of the column is achieved in a geometrically favorable, beavertail 
disengaging section. Phase separation at the top of the column is 
achievea in an annular disengaging section consisting of an outer 3-in. 
solution annulus of 3ft-3in. OD by 14-in. high. A concrete neutron 
moaerator fills the void between the inside of the annulus and the center 
column extension. The annular section has a hollow center to allow the 
remote removal and replacement of the column cartridge. In addition, the 
interface float and all associated control equipment are remotely 
serviceable. 

The 2P column (T-J23; Fig. 6-51) is a simple stripping column 26 feet 
long with 20 feet available for stripping. The 2P column is similar in 
design to the ZN column, in that a beavertail disengaging section is 
employed on the bottom for phase separation and an annular disengaging 
section is usea on the top. In addition to permitting the remote 
servicing of the cartridge in the 2P column, the top annular disengaging 
section also provides a configuration suitable for a top interface float 
in a geometrically favorable disengaging section. 

Pertinent information regarding the two columns is included in 
tables 6-1 and 6- 15. 

The neptunium storage tank (TK-J2) is a cylindrical tank (Fig. 6-52) 
which will be used for interim storage and concentration of the neptuni um 
product solution. The solution in the tank will be heated to around 65°C 
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FIGURE 6-49 . 2N Feed Tank (TK-J21) . 
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by means of a sm all steam coil. When the neptunium purification system in 
Q cell is reactivated, the contents of the tank wili be emptied to the 
neptunium purification process tan k and it will be bypassed during normal 
operations. 

6.4.5.4.3 Safety Criteria and Assurance The process hazard analysis 
for the neptunium recoveryfs given 1n Table 6-27. 

o Nuclear Criti~ality Prevention 

The neptunium Recovery Cycle (J Cell Package) equipment i~ of 
geometrically favorable design for criticality prevention. 
Tank J-21 has an annular solution space moderated by concrete; 
hence, it is geometrically safe for solutions with plutonium 
concentrations up to 40 g/L. The columns (J-22 and J-23) are 
the same size as the Second Plutonium Cycle columns. The J Cell 
vessels are, however, restricted to containment of solutions 
with a maximum plutonium concentration of 6 g/L, as the vesse l s 
are located over the geometrically unfavorable J Cell sump and 
the SJ2 deep sump. 

Plutonium leaving the J Cell package either returns to the 
Backcycle Waste System or is transferred to the neptunium 
storage tank (TK-J2) for interim storage. TK-J2, a cylindrical 
tank, has a plutonium mass limit of 2,500 g. 

o Containment and Personnel Exposure 

Few process hazards exist during the J Cell operation. 
Operating personnel do not normally come in contact with 
equipment except in the control room, so there is little danger 
of personnel 1nJury or exposure. A suckback from the canyon 
equipment to the P&O Gallery is prevented by careful operation 
of valves or other equipment in the P&O gallery, especially when 
removing air from the pulse leg prior to startup. 

o Solvent Flammability 

The conditions which contribute to a potentia l solvent fire and 
their mitigating factors are discussed in Section 6.4.2.3. The 
organic-containing cells are equipped with dual heat detectors 
and an automatically actuated foam fire suppression system. 

o Solvent Nitration 

The conditions which may cause vi9orous exothermic reactions 
between nitric acid or heavy metal nitrates and solvent mixtures 
are discussed in Section 6.4.2.3 .4. The J Ce l l process 
equi pment is kept at temperatures of below 70D C, wel l below 
135~, the lowest temperature at which such reactions have been 
observed to occur. 

In addition, close control of the 2N column interface is 
maintained during phase transition pericids to prevent the lnss 
of organic to TK-J2. 
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TAULE 6-27 Process Hazard Analysis--Neptunium Recovery. 
- --·-- ---- ----- ---- -·~-- - ---- - ·---- -----·----·----------~---·---- -----------·----
System or 
Subsystem 

Energy (hazard) Unwanted Energy 
flow (incident) 

Consequence (i~nediate 
and/or secondary) 

Barriers (design, 
admini strative, 
safety devices, etc. 

--·- ·- - - - - - - --- - - - - ----·- · - - ------ - - -- - ------------ - f- -----·---------·-------------

Extraction/scrub 
columns T-J22 
and/or T-J23 

Solvent Ignition on 
floor 

Equipment damage Control of materials 
in sumps; low 
solvent inventory; 
foam system, water 
sprays in 
ventilation tunnels; 
few sources of 
ignition 

-- - -·------- .- - ----- -·-·--- ------------- - -----------------·--
J-cell sumps Pu concentration 

>6 g/L 

- ----------- -- - -------
TK-J2 Pu 

Transfer to non­
geometrically 
safe sumps 

Accumulation of 
>2,500 g Pu 

One level of 
criticality prevention 
compromised 

One level of 
criticality prevention 
compromised 

Streams are sampled 

Sampling; procedural 
controls 

--- --- - ---- --- --- -------------- --·- --------- -------- -----~------------
P&O gallery Fission products Suckback of 

vessel contents 
into P&O ga'llery 

Personnel contamination Correc t startup & 
shutdown procedures 

----- --- -- ----- -- ----- -----~---------- ·-------------
TK-J2 Nitrated solvent Red-a i l 

explosion 
Equipment damage Proper control of 

column in terface 
(to prevent carry­
over of organic) 
and temperature 
controls on 
simmering operation; 
design of steam coil 
limit heating 
capacity 

- -- - ·- ---- --- ---------- - --- ------·-·----- ------- ·---·-----------------'-----

------- -- ...... .... ------ - --------------------- ----- ---- ------- ----- --· ----. 
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6.4.5.4.4 Operational Controls This section discusses the I 
operational controls that are practiced to provide assurance that the 
safety criteria discussed in the previous section are met. The detection, I 
likely cause and remedy for typical off-standard conditions for the 
neptunium recovery process are given in Table 6-28. 

6.5 PROCESS SUPPORT SYSTEMS 

6.5.l Process Instrumentation and Control Systems 

6.5.l. l General Considerations. Most of the process systems in PUREX must 
be remotely controlled because radiation shielding separates operating per­
sonnel from process equipment. Instrumentation is used to measure and 
automatically control process flows. Some of the parameters measured are 
DP (including tank liquid level and solution SG), temperature, radiation 
levels., electric motor amperage, and speed. 

~dth respect to safety, there are three levels of instrumentation sys­
tems. The highest level of safety is provided by instrumentation, coupled 
with shutaown interlocks that automatically interrupt the operation if the 
measured parameter exceeas preset safety operating limits. The second 
level of instrumentation provides automatic control of the parameter of 
interest within specified limits. The third and most common level of 
instrumentation is measurement of a parameter -r1it l1 direct or remote 
readout of the value. Audible and visual alarms may be associated with 
any of the three systems. Table 6-29 lists typical ranges or settings for 
the process control instrumentation systems provided with shutdown 
interlocks and alarms. Systems required to assure safety are denoted. 
Redundancy and independence are provided in the design of critical control 
instrumentation systems to minimize the probability of single failures 
resulting in loss of the protection system. The OSRs (see Chapter 11.0) 
define the conditions, safe boundaries and bases, and management control 
required to assure safe operation at the PUREX Facility. 

The roost comroon instrumen·t system used consists of the following: 
a sensing element located in the process cell; a transmitter, generally 
located in the P&O gallery; and an indicator or recorder, located in one 
of the five control rooms. For critical functions in which alarms are 
necessary, alarm switches are connected either directly to the transmitter 
or to the indicator or recorder in a control room. The control rooms are 
designatea as headend, central, power, N cell, and Q cell, each containing 
one or more graphic panel displays. The control rooms are further 
addressed in Section 6.6. 

Instruments are designated according to function and associated pro­
cess component. The meaning of various symbols found in figures through­
out Section 6.5 is given in Table 6-30. 
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TABLE 6-28. Neptunium Recovery--Off-Standard Conditions. ----------------
Off-standard condition 

A. lligh neptunium loss in 
the 2NW 

B. lligh neptunium loss in 
the 2PW 

How detected 

Analysis of the 2NW for 
neptunium 

1. 2PW neptunium 
analysis 

2. Slower than expected 
buildup of neptunium 
in J Cell--2PN nep­
tunium analysis 

Likely cause 

1. Flowrates 
a. High 2NF (high aque­

ous-to-organic flow 
ratio) 

b. High 2NS 
c. Low 2NX 

2. Stream compositions 
a. Uranium concentra­

tion 40% saturation, 
not enough TBP mole­
cules available for 
extraction (Phase I) 

b. Low HN03 concentra-
tion in 2NF + 

c. Low 2NS-H H , Fe 2 
(reducing2a!ent) 

3. Flooding of the 2N 
Column 

4. Off-standard pulse 
frequency 

1. Low 2PX flowrate 
2. High HN0

3 
concen­

tration ln the 2P 
column (Phase I) 

3. Flooding of the 2P 
Column 

4. Off-standard pulse 
frequency 

Detection of cause 

1. Flowrates--respective 
stream flow--meters/ 
rotameters 

2. Stream compositions 
a. Analysis of 2NF or 

solvent for uranium 
b,c. Analysis of 2NW 

and 2NS 
3. Flooding 

a. Increase in the 
column static pres­
sure 

b. Varations in inter­
face location and/or 
2NW valve loading 
pressure 

4. Pulse--frequency count 

1. Flowmeter on 2PX 
2. analysis of the 2PN 

and 2PX or NH03 3. Flooding 
a. decrease in column 

stat fc pressure 
b. Interface location 

variations 
4. Pulse--frequency 

count 

Remedy 

1. Flowrates--adjust to flow­
sheet value 

2. Stream compositions 
a. High uranium--decrease 

feed (2NF) rate 
b. Butt TK-J21 to correct 

acid concentration 
c. Increase reducing agent 

concentration in scrub 
3. Flooding 

a. Decrease pulse fre­
quency 

b. Decrease flow rates 
4. Pulse--adjust frequency 

1. Adjust 2PX flowrate to 
proper value 

2. Butt TK-J21 or TK-224 
and -225 into proper 
HN0 1 concentration 

3. Flooding 
a. Decrease pulse fre­

quency 
b. Decrease flowrates 

41 Pulse--adjust frequency 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet l of 20) 

Instrument Function 

Cask well thermometer 

DP acros~ offgas 
filter 

Low steam pressure 
switch on offg as 
man if o 1 d 2 9 3 -A 
building 

Temperature of heatea 
DUG 

Dissolver WF 

Steam flow to dissol­
ver coi 1 

Dissolver SG 

Dissolver vacuum 

Dissolver temperature 

Cell temperature 

Dissolver seal pot 

Dissolver lid seal 
pot 

Programmtr selector 
switch ( see 
6.5.1.3.4 for 
description) 

Cell sump WF 

A, B, and C eel ls 

Detect abnormal temperature 

Low DP cuts off electric 
heaters 

Low pressure turns off 
steam and turns on air to 
offgas jets 

High- and low-temperature 
alarms and control of 
electrical heaters 

WF recorder 
High WF alarm 
Low WF a 1 arm 

Indicator-controller 
Low-pressure switch turns 

off steam and H2o, turns 
on air to TK-A3 coil 

SG in dissolv~rc 
High SG alar~' 
Low SG al arm 
Alarms on low vacuum and 

turns off air-bleed-in 
valve 

Temperature recorder 
High-temperature alarmc 

Temperature recorder c 
High-temperature alarm 

WF 
High WF alarm 

WF 
Low WF alarm 

Controls allowable; chemi­
cal additions and trans­
fers per flow sheet 
sequence 

WF recorder 
High WF alarm 

6-184 

Typical range 
or setting 

5°C to 65°C 

0.3 in. WG 

85 lb/in. 2 g 

93°c 
1 n°c 
204°c 
0 to 2 70 in . W G 
167 in. WG 
6 in. vJG 

0 to 7,020 lb/h 
5 lb/in. g 

1 . 0 to 2. 0 
1. 4 
1. 03 
2 in. WG 

0°c to 200°c 
l 25°C 

0°C to 125 °C 
75 °C 
0 to 20 in. WG 
9 in. WG 

0 to 10 in. WG 
2. 5 in. WG 
6 positions 

0 to 30 in. WG 
15 in. WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 2 of 20) 

Instrument Function Typical range 
or setting 

NH~ scrubber waste 
catch tank 

TK-01 WF 

TK-02 WF 

TK-03 Wf 

TK-04 WF 

TK-U4 SG 

TK-05 WF 

TK-05 SG 

Sump D cell WF 

Temperature 

r:: A, B, and C cells (cont.) 

WF recorder 
High WF alarm 
High WF jets out tank 
Low WF stops jet out of tank 

WF recorder 
High WF alarm 
Low WF alarm 

WF recorder 
High WF alarm 
Low WF alarm 

D cell 

Low WF turns off agitator 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF turns off agitator 
WF recorder 
High WF alarm 
Low WF alarm 
Low WF turns off agitator 
Low WF shuts off jet pump 

from TK-04 to TK-05 
High SG alarm 

WF recorder 
High WF alarm 
Low WF a 1 arm 
Low WF turns off agitator 
Low WF shuts off electric 

pump 

0 to 120 in. WG 
65 in. WG 
48 in. WG 
12 in. WG 

0 to 140 in. WG 
87 in. WG 
35 in. WG 

0 to l 70 in. WG 
95 in. WG 
15 in. WG 
11 in. WG 

0 to 200 in. WG 
167 in. WG 
32 in. WG 
32 in. WG 
0 to 200 in. WG 
167 in. WG 
32 in. WG 
32 in. WG 
5 in. WG 

l. 72 

0 to 200 in. WG 
130 in. WG 
32 in. WG 
32 in. WG 
5 in. WG 

SG recorder 1.3 to 1.8 
High SG alarm l.7 2 
WF indicator Oto 30 in. WG 
High WF alarm 15 in. WG 

Cell temperature--multipoint 0°C to l25°C 
recorder 

Cell temperature alarm 75°C 

6-185 
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TAB LE 6-29 . Process Control Instrumentation Systems. (Sheet 3 of 20 ) 

Instrument Function 

TK-E l WF 

TK-E 3 j et press ure 

TK-E3 SG 

TK-E3 WF 

TK-E j -2 Wr (eaten 
tank) 

TK-G-E4 

TK-E5 l~F 

TK-E5 SG 

TK-E5 temperaturec 

TK-E6 WF 

TK-E6 agitetor 
monitors 

TK-E6 neutron 

Sump E cell WF 

WF recorder 
High WF alarm 
Low WF al arm 

E cell 

Low WF shuts off agitator 

Alarm and shutdown of jet 
pump J-E3-7 

SG recorder 
Alarms on high SG 

WF Recorder 

High WF alarm 
Low WF alarm 

WF recorder 
High wF alarm 
Low WF al arm 
Starts jet pump-out on high 

WF 
Stops jet pump-out on low WF 

Thermoguard for centrifuge 
alarms when motor gets hot 

Recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off agitator 

SG recorder 

Low-temperature alarm 
WF recorder 
High WF alarm 
Low WF al arm 
Low WF alarm shuts off 

agitator l 
Low WF alarm shuts off 

agitator 2 

Agitators must be operating 
before PU recycle pump 
can be started 

Criticality prevention 

WF inaicator 
High WF alarm 

6-186 

Typical range 
or setting 

0 to 100 in . WG 
70 in. WG 
38 in. WG 
10 in. WG 
60 l bji n2. g 

l • 0 to l • 5 
TBDe 

0 to 200 in. WG 
148 in. WG 
53 in. ~JG 

0 to 60 in. WG 
40 in. WG 
5 in. WG 
40 in. WG 

5 in. WG 
TBDe 

0 to 200 in. WG 
144 in. WG 
32 in. WG 
TBDe 

l . 0 to 2. 0 in. 

45°c 

0 to 200 in. WG 
148 in. vJG 
32 in. WG 
33 in. WG 

33 in. WG 

NA 

0 to 30 in. WG 
15 in. WG 



SO-HS-SAR-00 l 
REV 4 

TABLE 6-29. Process Control Instrumentation Systems. (Sheet 4 of 20 ) 

Instrument Function 

TK-151 WF 

Cadmi urn rnon itorc 

TK-Fl WF 

TK-F2 vapor tempera­
ture 

TK-F3 WF 

TK-f 5 IJF 

E-F6 temperature 

f RTB steam pressure 

LT Bg steam pressure 

E-F6 WF 

TK-151 Cd(N03)2 makeup tank 

WF recorder 
High WF alarm 
Low WF alarm sounds and 

turns off pumps 

Low concentration alarms 
and turns off Pu recycle 
pump 

WF recorder 
High WF alarm 
Low WF alarm 

F cel 1 

Vent heaGer temperature 
recorder 

Alarms on low temperature 
WF recorder 
High WF alarm 
Low WF a 1 arm 
Low WF shuts off agitator 
Low WF shuts off pump 
WF recorder 
High WF alarm 
Low WF alarm 
Temperature recorder 
High temperature alarm 
High temperature steam 

shutoff 

High pressure turns off 
steam to RTB 

Low pressure closes con den-
sate valve 

High pressure turns off 
steam to LTb 

Low pressure closes conden-
sa te valve 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off steam and 

alarms 

6-18 7 

Typical range 
or se.tt i ng 

O to 100 in. WG 
35 in. WG 
12 in. ~JG 

35% on 50 counts range 

0 to 150 in. WG 
96 in. WG 
10 in. WG 

0°C to 200°C 

1 so 0 c 
0 to 160 in. WG 
116 in. WG 
47 in. WG 
35 in. WG 
6 in. WG 
0 to 180 in. WG 
143 in. vJG 
114 in. WG 
0°C to 150°C 
120°c 
125°c 

39 lb/in. 2 g 

2 15 lb/in. g 

39 lb/in. 2 
a 

2 15 lb /in . g 

0 to 200 in . 
175 in. WG 
146 in. WG 
66 in. l·IG 

WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 5 of 20 ) 

Instrument Function 

Sump (FA) WF 

TK-F 7 ~iF 

TK-F7 neutron 

TK-F8 temperature 

TK-F8 WF 

TK-F8 inlet steam 
pressure 

TK-FlO WF 

E-Fll steam pressure 

E-Fll temperature 

E-Fll WF 

F cell (cont. ) 

WF recorder 
High WF alarm 
High WF alarm 
Low WF a 1 arm 
Low WF shuts off pump 

Criticality preventio n 

Temperature recorder 
High temperature alarm 
High temperature steam 

cutoff 

WF recorder 
High WF alarm 
Low WF alarm 
Lav, WF shuts off steam 
High pressure alarm switch 
Low pressure alarm switch 
High prtssure shuts off 

~team 

WF recorder 
High WF alarm 
Low WF al arm 
Low WF shuts off agitator 
Low WF shuts off feeu pump 

to backcycle concentrator 

High precsure steam shutoff 
to RTB 

Low pressure closes conden­
sate v a 1 ve 

High pressure stea~ shutoff 
and alarm to LTB 

Low pressure steam closes 
condensate valve 

Temperature recorder 
High temperature alarms and 

cuts off steam 

WF recorder 
H i g h W F a 1 a rm 
Low WF a 1 arm 
Low WF steam cutoff 

6-188 

Typical range 
or setting 

0 to 30 in. WG 
15 in. WG 

95 in. WG 
45 in. WG-
10 in. WG 

TBDe 

0°C to 150°C 
120°c 
12s 0 c 

0 to 1 70 in. WG 
104 in. WG 
35 in. WG 
30 in. WG 

29 lb/in
2

2 g 
5 lb/in. 2g 
29 lb/in. g 

0 to 150 in. WG 
93 in. WG 
20 in. WG 
34 in. WG 
1 5 in. WG 

39 lb/in. 2 g 

15 lb/in. 2 g 

39 lb/in. 2 g 

15 lb/in. 2 g 

0°C to 150°C 
131°c 

0 to 225 in. WG 
175 in. WG 
146 in. WG 
66 in. WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 6 of 20) 

Instrument Function 

TK-Fl2 WF 

TK-Fl3 WF 

TK-Fl5 temperature 

TK-Fl5 WF 

Fl5 seal pot 

TK-Fl6 WF 

TK-Fl6 vessel 
pressure 

Sump ( FB) l✓ F 

TK-Fl8 WF 

TK-F2b wf 

F cell (cont.) 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off agitator 
WF recorder 
High wF alarm 
Low WF al arm 
Low WF shuts off agitator 
Low WF shuts off pump 

Tank solution temperature 
recorder-controller 

Low temperature turns off 
raw water to tank coil 

Low temperature Eloses off 
sugar solution 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off agitator 

WF recorder 
Low WF alarm 

WF recorder 
High wF alarm 
Low WF al arm 
Low WF shuts off agitator 

Vessel pressure recorder 
Low pressure alarm 

WF recorder 
H i g h ~/ F a l a rm 

WF recorder 
High WF alarm 
Low WF a 1 arm 
Low WF shuts off agitator 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off agitator 

6-189 

Typical range 
or setting 

0 to 1 50 i n • W G 
95 in. WG 
45 in. WG 
32 in. WG 
O to 170 in. WG 
74 in. WG 
50 in. WG 
38 in. WG 
10 in. \✓ G 

0°C to 120°C 

93°c 

93°c 

0 to 150 in. WG 
107 in. WG 
45 in. WG 
5 in. WG 

0 to 30 in. WG 
16 in. WG 

0 to 1 70 in. WG 
96 in. wG 
7 in. WG 
5 in. WG 

-5 to +5 in. WG 
0 in. WG 

0 to 30 in. WG 
15 in. WG 

0 to 150 in. WG 
88 in. WG 
10 in. WG 
42 in. WG 

0 to 150 in. WG 
107 in. WG 
45 in. ~iG 
34 in. wG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 7 of 20) 

Instrument 

TK-Gl WF 

TK-Gl temperature 

Column T-G2 pressure 

TK-G2 WF 

TK-G2 temperature 

Sump G Cell WF 

TK-G5 WF 

TK-G5 temperature 

TK-G7 WF 

TK-G7 temperature 

TK-G8 WF 

TK-G8 temperature 

Function 

WF recorder 
High WF alarm 
Low WF al arm 

G cell 

Low WF shuts off recircula­
tion pump 

Low WF shuts off pump flow 
to 10 column 

Tank solution temperature 
recorder 

High temperature alerm shuts 
off steam to coil 

High pressure aqueous alarm 

WF recoraer 
High WF alarm 
Low WF recorder 
Low WF shuts off pump 
High alarm shuts off steam 

to coil c 

WF recorder 
High WF alarm 
WF recorder 
High WF alarm 
Low WF alarm 
Low WF cuts off agitator 

Low WF cuts off pumps 
High al armc 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF shuts off turbomixer 

and pump 
Low WF shuts oft two pumps 

and agitator 
High al arm 

WF recorder 
Low WF alarm 
Low WF shuts off agitator 
Organic detector 
High al arm 

6-190 

Typical range 
or setting 

0 to 120 in. vJG 
71 in. WG 
19 in. WG 
12 in. WG 

39 in. WG 

0°C to l00°C 

60°C 

7.5 in. vJG 

0 to 100 in. WG 
71-in. WG 
22 in. WG 
8 in. WG 
0 to 100°c 
60°C , 
0 to 30 in. vJG 
12 in. WG 
0 to 200 in. WG 
11 l in. WG 
40 in. WG 
28 in. _ vJG 

8 in. WG 

60°C 

0 to 50 in. WG 
45 in. WG 
15 in. WG 
30 in. WG 

6 in. WG 

60°C 
0 to 150 in. WG 
42 in. WG 
30 in. WG 
3 in. WG 

60°C 

l 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 8 of 20) 

Instrument Function 

TK-Hl WF 

TK-Hl temperature 

Sump H cell WF 

T-H2 column 

E-H4-1 water tempera­
ture 

Steam pressure to RTB 

Steilln pressure to LTB 

Temperature--LTb 

E-H4 WF 

TK- J l WF 

WF recorder 
High WF alarm 
Low WF alarm 

H cel 1 

Low WF turns off agitator 
Low WF turns off pump 
High a 1 arm 
High WF alarm 

HAS-H
7
o flow recorder-con­

troTler and high flow · 
alarm 

HAS conductivity recorder 
and low acid alarm 

HAX organic flow recorder­
controller and low flow 
alarm 

Low-temperature switch 
shuts off TK-FlO pump 

High pressure turns off 

~~~~~e~~ ~z~: ~~~~msc 
Low-steam pressure closes 

RTb condensate valve 
Low-pressure alarm 

Low-steam pressure shuts 
condensate valve to LTB 
High-temperature al arm 
High temperature cutscoff 

steam, both bund les 
WF recorder 
High WF alarm 
Low WF al arm 
Low WF ste~n cutoff 

WF recorder 
High 1✓ F alarm 
Low \✓ F al a rm 

J ce 11 

Low WF shuts off pump 
Low WF shuts off agitator 

6-191 

Typical_ range 
or setting 

0 to 200 in. WG 
135 in. WG 
25 in. WG 
28 in. WG 
10 in."WG. 

60°c 
5 in. WG 

0 to 15 ~al/min 
5 lb/in. g 

(2 . 5 gal/min) 

0.6 to 1.5 lb/gal 
( 0 • 85 l b / g a 1 ) 

0 to 120 gal/min 
(12 gal/min) 

40°c 

29 lb/in. 2 g 

15 lb/in. 2 g 

12.5 lb/in. 2 g 

15 lb/in. 2 g 

120.5°C 
125 °C 

0 to 250 in. lt/G 
200 in. WG 
160 in. WG 
80 in. WG 

Oto 200 in. wG 
12 7 in. WG 
51 in. WG 
11 in. \✓ G 
5 in. WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 9 of 20) 

Function _L 
-~----

Instrument Typical range 
or setting 

TK-Jl temperature 

TK-Jl neutron 
TK-J2 WF 
TK-J2 SG 
TK-J2 temperature 
TK-J3 temperature 

N'; 
co TK-J3 WF 
r<'J 

• 
°' -C",..J. 
N""l 
"""""" TK-J3 tank pressure 
5-,... (vacuum) 

T -J4 18S flow 

TK-J5 WF 

TK-J5 temperature 

T-J6 neutron 
(3 locations) 

T-J7 ICX temperature 
EJ8-l steam pressure 

to RTB 

EJ8-l steam pressure 
to LTB 

EJ8- l WF 

E-J8-l temperature 

J ce 11 ( cont. ) 

High alarm 

Criticality prevention 
WF recorder 
SG recorder 
High alarm 
High alarmc 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF cuts off agitator 
Low WF cuts off pump 
Low vacuum alarm 

Low-flow alarmc 

WF recorder 
High WF . al a rm 
Low WF alarm 
Low WF pump cutoff 

High alarm 

Criticality prevention 

High alarm closes ICX valve 
High-pressure alarm 
High pr~ssure shuts off 

steam 
Low pressure closes conden­

sate valve 
High-pressure alarm 
High pressure shuts off 

steam 
Low pressure closes conden-

sate valve 
WF recorder 
High WF alarm (total tank) 
Low WF alarm (total tank) 
Low WF steam cutoff 

High-temperature alarm 
High te~perature shuts off 

steam 

6-192 

6o0c 
TBDe 
variable 
variable 
65°c 
600C 

0 to 120 in. WG 
83 in. WG 
36 in. WG 
24 in. WG 
8 in. WG 
- l in. WG 

TBD 

0 to 150 in. WG 
86 in. WG 
30 in. WG 
5 in. WG 

6o0c 

6o0c 
29 lb/in.~ g 
29 lb/in. g 

15 lb/in. 2 g 

29 lb/in.~ g 
29 lb/in. - g 

15 lb/in. 2 g 

0 to 250 in. WG 
227 in. WG 
155 in. WG 
76 in. WG 

120.5°c 
125°c 
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TABLE 6- 29. Process Control Instrumentation Systems . (Sheet 10 of 20) 

Instrument Function 

EJ8- l SG 

EJ8-2 temperature 

SPLP-J8 (condensate 
sample tank) 

Sump J Cell WF 
Sump ( J2) WF 
TK-J2 l WF 
TK - J21 SG 
TK-J21 temperature 
TK-J2 l tank pressure 
TK-J2 l 
TK-J2 l 2NF H20 flow 

TK-J21 2NF HNO 3 fl ow 
TK -J2 l 1 WB flow 

TK- J2 l 

TK- J21 
TK-J2 1 

TK- J21 
T- J22 column DP 

T-J22 co 1 umn DP 

T-J22 column DP 

T-J22 col umn IF 

T- J22 column pu 1 s er 

T- J22 2N F f 1 OW 

T- J22 2NX f low 

T- J22 2NS fl ow 

T- J22 column OP 

T- J23 co 1 umn DP 

J cell (cont . ) 

High SG alarm 

High alarm interlock opens 
cooling water valves 

WF recorder 
Low WF pump out cutoff and 

alarm 

WF recorder 
High WF alarm 
WF recorder 
SG recorder 
High a 1 arm 
Pressure indicator 

Flow recorder controller 

Flow recorder controller 

Flow recorder controller 

Hi gh 1ff a 1 a rm 

Low WF alarm 
Low WF steam cutoff 

High steam pressure to coil 
Differential pressure 
recorder 
Differential pressure 
recorder 

Differential pressure 
recorder 

Interface recorder 
contra 11 er 

Pu lser indicator 

Flow rec order controller 
Flow recorder controller 
Flow recorder controll er 

Di ff erenti a 1 press ure 
recorder 

Differential pr essure 
recorder 

6-193 

1. 78 

60°C 

Typical range 
or setting 

Oto 50 in . WG 
10 in. WG 

0 to 60 in . WG 
12 in. WG 
0- 200 in . 
1.0- 1.5 
60°C 
0- 10 ps i g. 

0-4 gpm . 

0- 2. 7 gpm . 

0- 5 gpm . 

160 in. 

44 in. 

32 in . 

29 psig . 
0- 500 in. 

200- 300 in. 

11 5-165 in. 

0- 3 in. 

70 cpm. 

~ 0-9 gpm. 
0- 5 gpm. 
0 . 67 gpm. 

0- 400 i n. 

0-400 in. 
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TABLE 6- 29 . Process Control Instrumentation Systems. (Sheet 11 of 20) 

Instrument Function 

T-J23 column DP 

T-J23 column IF 

T-J23 column IF 

T-J23 column Pu 
T-J23 2 PX flmv 

T-J23 2PX temperature 
T-Jc3 2 PNR flow 

TK-Kl WF 

TK-Kl temperature 

T-K2 pulse generator 

T-K3 temperature (2EX 
high temperature) 

E-K4-l steam inlet 
pressure 

E-K4- l WF 

E-K4- l SG 

E-K4-l temperature 

J cell (cont.) 

Differential pressure 
recorder 

Differential pressure 
recorder 

Interface recorder­
controller 

Column pulse indicator 
Flow recorder controll er 

High alarm 

Flow recorder controller 

WF recorder 
High WF alarm 
Low WF al arm 

K cell 

Low WF agitator cutoff 
Low WF pump cutoff 
High alarmc 

Pulser alarm (motor) 
Pulser alarm (alternator) 

Steam cutoff to spray 

High-pressure alarms end 
closes steam valves 

Low pressure closes conden­
sate dr a i n L TB 

Low pressure closes conden-
sate drain RTB 

WF recorder 
High WF alarm 
Low WF alarm 
Low WF turns off steam 
High SG alarm 

High-temperature alarm 
High te~perature shuts off 

steam 

6-194 

Typical range 
or setting 

135- 185 in. 

125-175 i-n. 

0-3 in. 

50 cpm. 
0-2 gpm . 

60°C 

0-2 gpm. 

0 to 200 in. vJG 
125 in. WG 
51 in. WG 
39 in. WG 
12 in. vJG 

60°c 
NA 
NA 

60°C 

29 lb/in. 2 g 

15 lb/in. 2 g 

15 lb/in. 2 g 

0 to 250 in. WG 
240 in. WG 
188 in. WG 
76 in. WG 
,. 72 

120. 5 °C 
125 °C 
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TABLE 6-29. Process Control Instrumentation Systems . (Sheet 12 of 20) 

Instrument Function 

TK-K5 WF 

TK-K6 WF 

Sump K cell WF 

Sump ( SLK) WF 

L cell DP 

Sump (SLL) WF (2) 

T-Ll pulse generator 

T-L2 pulse generator 
2BP alpha rnon itor 

TK-L3 WF 

TK -L3 temperature 

SPL-3AF liquid level 

SPLP-L4 3Aw alpha 
monitor 

3AF -HN0 3 

PSF HN0
3 

monito r 

T-L6 evaporator tube 
D una le pressure 

K cell (cont . ) 

WF recorder 
Low WF shuts off agitator 
Low WF alarms 
High WF alarms 

WF recorder 
High WF alarm 
Low WF al arm 
Low WF shuts off agitator 
Low WF shuts off pump 

High WF alarm 

High WF alarm 

DP recorder 
Low-OP alarm 

High WF alarm 

L eel l 

Moto r alarm 

Motor al arm 

High -alpha alarm 
' Low-alpha alarm 

WF recorder 
High WF alarm 
Low WF al arm 
Low WF cuts off pump 

High alarm 
Liquid level al a rm 

High -alpha alarm 
Low -alpha alarm 

Flow recorder-controller 
L ow - f 1 ow a l a rm 
Con ductivity recorder and 

low acid a 1 a rm 

High- pres su re alarm 
High prtssure cuts off 

steam 
Low- pressure alarm 

6- 195 

Typical_ range 
or setting 

0 to 200 in. WG 
32 in. WG 
54 in. WG 
135 in. WG .. 
0 to 200 in. WG 
150 in. WG 
16 in. WG 
42 in. WG 
12 in. WG 

10 in. WG 

1-1/2 in. WG 

-2 to +2 in. WG 
0.1 in. WG 

7 3/8 in. WG and 
1/2 in. WG 
NA 

NA 

15 g/L 
4 g/L 
0 to 170 in. WG 
134 in. WG 
3 in. WG 
3 in. WG 

60°C 
2 in. WG 

0.1 g/gal 
0. 01 g/gal 

0 .1 gal/min 
0.6M to 1.6M 

( 1:-oM) 

29 lb/in.~ g 
29 lb/in. g 

5 lb/in. 2 g 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet l3 of 20) 

Instrument Function 

T-L6 WF 

L cell (cont.) 

WF recorder 
Low WF alarm 
Low WF shuts off steam and 

air 

T-L6 process tempera- High temperat~re shuts off 
ture steam valve 

High-temperature alarm 
T-L6 SG High SG alarm 

High SG shuts off steam 
E-L7 WF WF recorder 

Low WF al arm 
Low WF shuts off steam 

E-L7 st~am pressure High steam pressure shuts 
off steam 

High steam pressure alarm 
Low steam pressure alarm 

E-L7 process tempera- High-temperature alarm 
ture High terz!perature shuts off 

steam 

E-L7 SG 

TK-L8- PCP WF 

. C 
L cell fire alann 

TK-Lll WF 

Sump (SLD) WF 

TK-Ml (decontamina­
tion cell tank) 

Sump (SMA) WF 

High SG alarm 
High SG shuts off steam 

WF recorder 
High WF alarm 
Alarms fire in cell 

PR room 

WF recorder 
High WF alarm 

High WF alarm 

WF indicator 
High WF a 1 arm 
Low WF al arm 
WF recorder 
High WF alarm 

M eel l 

6-196 

Typical range 
or setting 

0 to 140 in. WG 
17 in. WG 
17 in. WG 

123°c 

119°c 
1.35 
l. 35 
0 to 140 in. vJG 
17 in. WG 
17 in. WG 
29 lb/in. 2 g 

29 lb/in 2
2 g 

5 lb/in. g 

. 123 ° C 
127°c 

1.68 
l.68 

0 to 180 in. vJG 
137 in. WG 

0 to 200 in. WG 
l 06 in. WG 

l in. WG 

0 to 326 in. vJG 
137 in. WG 
50 in. WG 
0 to 30 in. WG 
6 in. WG 

I 

J 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 14 of 20) 
_:;--------,--------------,------------

Instrument 

TK-M2 

. 
Sump ( SMB) WF 

TK-L9 WF 

TK-MJ WF , TK-M4 WF, 
TK-M5 WF 

' 
and 

TK-M6 WF 
Sump (SM C) capaci-

dance probe 

TK-N3 WF 

TK-N6 WF 

TK-N5 WF 

TK-N7 temperature 

TK-N7 pressure 

F-N8 liquia level 

Function 

M cell (cont . ) 

WF recorder 
High WF alarm 
Low WF alarm 

WF recorder 
Low WF al arm 

WF recorder 
High WF alarm 
WF recorder 
High WF al arm 

N cell 

Low WF shuts pump to TK-N3 

Liquid alarm 

WF recorder/alarm 
High WF closes discharge 

valves on P-M3, -M4, -MS, 
and -M6- l 

WF recorder/alarm 
Low WF shuts down metering 

pumps P-N35/-N36-l 

WF recorder/alarm; low WF 
shuts off recirculation 
pump P-N5-l 

Temperature indicator 
controller/alarm 

Pressure indicator/alarm; 
high pressure shuts off 
H2C?04 and Pu(N03)4 f eecJ pumps 

Li quid-level alarm 

6-197 

Typical. range 
or setting 

0 to 30 in. WG 
137 in. WG 
50 in. WG 

0 to 30 in. WG 
6 in. WG 

0 to 70 in. WG 
50 in. WG 
0 to 300 in. WG 
256 in. WG 
42 in. WG 

Positive conductivity 

0 to 60 in. WG 
48 in. WG 

0 to 70 in. WG 
9 in. WG 

0 to 100 in. WG 
10 in. \✓ G 

0°C to 150°C 
60°C 

0 to 30 in. WG 
3 in. WG 

2.25 in. WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 15 of 20) 

Instrument Function 

F-N8 overflow vessel 

CA-N9 temperature 

CA-N9 screw speed 

CA-NlO temperature 

CA-NlO screw speed 

TK-Nll WF 

TK-Nl3 WF 

TK-Nl5/-Nl6 WF 

F-Nl8 pressure 

TK-Nl9 WF 

TK-N21, -N22 WF 

TK-N20 liquia level 

TK-N39, -N40 WF 

N cell (cont.) 

Liquid-level alarm - liquid 
in overflow vessel shuts 
off feed pumps to TK-N7 

Temperature recorder-con­
troller/alarm (6 nearest 
points) 

Screw speea indicator/con­
troller/alarm 

Temperature recorder-con­
troller/alarm 

Screw speed i nd icator/con­
troller alarm 

WF recorder/alarm (low WF 
shuts down the Nl3 co n~ 
centrator feed pump}; 
high WF shuts H2c2o4 and 
Pu(N03)4 feed pumps to 
TK-N7 

WF recorder 
High al arm 
Low al arm 

WF indicator/recorder/alarm 
(low WF on tank in ser­
vice shuts down circula­
tion pump) 

Pressure recorder/alarm 

WF recorder/alarm 

WF indicator/recorder/ 
alarm 

Liquid-level alarm 

WF recorder/alarm 

6-198 

Typical range 
or setting 

1.0 in. WG 

0°C to 600°( 
425°C (high) 
375°C (low) 
0. l to 200 rpm 
1.5 rpm (low)/2.5 rpm 

(high) 

0°C to 600°C 
5250C (high) 
475°C (lov,) 

0.1 to 200 rpm 
. 3.5 rpm (low)/4.5 rpm 

(high ) 

0 to l 00 in. l~G 
l 0 in. WG ( l ovJ) 
58 in. WG (high) 

0 to 50 in. WG 
40 in. WG 
8.5 in. WG 

0 to 100 in. WG 
13 in. WG 

0. 5 to l • 5 in. W G 
0.2 in. WG 

0 to 50 in. WG 
4 in. WG 

0 to 100 in. WG 
72 in. vJG (high) 
l 2 i n • vJ G ( l ow ) 

14 in. WG 

0 to 200 in. WG 
101 in. WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 16 of 20) 

Instrument Function 

TK-N30 WF 

Glovebox floor 
liquid detectors 

TK-R l WF 

TK-Rl temperature 

TK-R2 WF organic 
detection 

TK-R2 temperature 

T-R2 pulse generator 

TK-R5 WF 

TK-R5 temperature 

TK-R7 WF 

N cell (cont.) 

WF recoraer/alarm (high Wf 
in TK-N30 actuates MOV to 
bypass vacuum header and 
transfer to vent header) 

Liquid detectors/alarm 

WF recorder 
High WF alarm 
Low WF alarm 

R ce 11 

Low WF shuts off recircula­
tion pump 

Low WF shuts off pump flow 
to 20 column 

High alarm shuts off steam 
to coil 

WF recorder 
Organic detection alarm 

(level at 72 in.) 
Low WF alarm 
Low WF shuts off pump 

High alarm shuts off steam 
to coil 

Motor alarm 

WF recorder 
High WF alarm 
Low WF al arm 
Low WF shuts off agitator 
Low-pump pressure causes 

automatic decanter pump 
switching 

High alarm 

WF recorder 
High WF alarm 
Low WF al arm 
Low WF shuts off agitator 

6-199 

Typical range 
or setting 

0 to 100 in. WG 
49 in. WG 

Positive conductivity 

0 to 120 in. WG 
69 in. WG 
18 in. WG 
6 in. WG 

39 in. WG 

0°C to 100°C 
60°C 
0 to 100 in. WG 
3 in. WG 

20 in. WG 
8 in. WG 

0°C to l 00°C 
60°C 

NA 
0 to 200 in. WG 
131 in. WG 
69 in. ~~G 
37 in. WG 2 25 lb/in. g 

60°C 
o to 200 in. vJG 
131 in. WG 
59 in. WG 
47 in. WG 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 17 of 20) 

Instrument Function 

TK-R7 temperature 

TK-R8 WF organic 
detection 

TK-R8 temperature 

R cell sump WF 

TK-Ul WF 

TK-U2 WF 

TK-Ul and TK-U2 pump 
pressure 

TK-U3 YiF 

TK-U4 WF 

TK-U5 WF 

R cell (cont.) 

High alar~ turns off steam 
to coil 

WF recorder 
Organic detection alarm 

(level at 87 in.) 
Low WF alarm shuts off steam 
Low WF shuts off agitator 
High alarm 

H i g h W F al a rm 

U cell 

WF recorder 
Low WF turns off agitator 
Low WF turns off pump 
High WF alarm 
Low WF alarm 

WF recorder 
Hi g h vJ F a l a rm 
Low WF al arm 
Low WF turns off agitator 
Low WF turns off pump 

Low-pump pressure switches 
pump automatically 

WF recorder 
High WF alarm 
Low WF al arm 
Low WF turns off agitator 
WF recorder 
High WF alarm 
Lov, WF al a rm 
Low WF shuts off agitator 

WF recorder 
H i g h W F al a rm 
Low WF alarm 
Low WF turns off agitator 
Lov, WF turns off feed fl ow 

pump l 
Low WF turns off feed fl ow 

pump 2 

6-200 

Typical range 
or setting 

60°C 

O to 150 in. WG 
3 in. -WG · 

40 in. WG 
28 in. WG 
0 to 100°( 
60°C 
12 in. WG 

0 to 250 in. WG 
29 in. WG 
9 in. WG 
175 in. WG 
29 in. WG 

0 to 250 in. WG 
175 in. WG 
29 in. WG 
29 in. WG 
9 in. WG 

40 lb/in. 2 g 

0 to 250 in. WG 
138 in. WG 
25 in. vJG 
80 in. WG 

0 to 250 in. WG 
138 in. WG 
25 in. WG 
80 in. WG 

0 to 200 in. WG 
150 in. WG 
30 in. WG 
30 in. WG 
30 in. WG 

30 in. WG 

I. 
I 

I 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 18 of 20) 

Instrument Function 

TK-U6 WF 

U cell sumps WF 

293-A radiation 

A, B, and C cell 
iodine monitor 

A, B, ana C cell coil 
monitor 

NH :/H? monitors · 
a,ssolvers 

E cell NH3 monitor 
XB temperature 

XA fl ow rate 

Sump (SX) WF 

XC WF 

XO WF 

XB acid fl ow 

U cell (cont .) 

WF recorder 
High WF alarm 
Low WF alarm 

High WF alarm, sump SA 
High WF alarm, sump SB 

Headend control room 

High alarmc 

High alarm 

High alarm 

~~~~ ~;~~~~!n a!~:~:c 

C High ammonia alarm 
High alarm 

Recorder-controller 
L ow-f l ow al a rm 
WF indicator 
High alarm 

WF recorder 
High alarm 
Low al arm 
WF recorder 
High WF alarm 
Low WF alarm 
Low WF pump cutoff 

Low al arm 

Typical range 
or se.tti ng 

0 to 150 in. WG 
130 in. WG 
95 in. WG 
4 in • . wG -
4 in. WG 

5 fold-over background 

2.0 vol% 
2.0 vol% 

2.0 vol% 

40°c 

0 to 305 gal/min 
152.5 gal/min 

0 to 50 in. WG 
37 in. WG 
0 to 160 in. WG 
95 in. WG 
25 in. WG 
0 to 120 in. WG 
48 in. WG 
31 in. WG 
12 in. WG 

25 gal/min 

Alarms in dispatcher's office --radiation 

Green fuel detectorc Detect short-cooled fue l 

6-201 

Rat io of two gamma peaks: 
95zr;95Nb to l40La 
is 20 (nomina l ) for 
properly aged fuel . 
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TABLE 6-29. Process Control Instrumentation Systems. (Sheet 19 of 20) 

Instrument Function Typical range 
or setting 

Alarms in dispatcher's office--radiation (cont.) 

High radiation; area 
personnel rngnitors 
RE chambers ) 

High-steam condensate 
radiation (RA-SC-1) 

Hi gh-radi a ti on 
condensate catch 
tank caisson 
'( RA-SC-28) 

Radiation monitor 
failure, 201 pump 
pit 

Radiation roonitor 
fail u re, steam 
condensate pit 

East sample gallery 
air contamination 

Beta-gamma stack gas 
monitor 

Stack gas iooi ne 
monitorc 

Criticali~y alarms, 
l O each 

F cell (east and 
west) 

G cell 
H-J ce 11 

K cell 

L cell 
P&O gallery 
2 7 6-A ( R c e 11 ) 

Detect high radiation in 
personnel occupied areas 

Detect high radiation in 
steam condensate 
Detect high radiation in 
steam condensate 

Detect failure of cooling 
water monitor 

Detect failure of steam 
condensate monitor 

Detect high radiation on 
the east sample gallery 
air sampler 

Detect high radiation in 
canyon ventilation exhaust 

Detect high 131 1 in canyon 
ventilation exhaust 
Detect nuclear criticality 
accident 

5-foldover background 

5-foldover background 

5-foldover background 

5-foldover background 

5-foldover background 

4 times Table II/h 

5,000-foldover Table II 
concentration 

5,000-foldover Table II 
concentration 

Alarms in Dispatcher's Office--Firec 

Fire detection 

Fire detection 
Fire detection 

Fire oetection 
Fi re detection 
Fire detection 
Fire detection 

6-202 
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TABLE 6-29. Process Control Instrumentation Systems . 

Instrument Function 

Breathing alr low 
pressures 

Other alarms and recorders 

(Sheet 20 of 20) 

Typical range 
or setting 

Vacuum air sampling 
pump failure 

Alarm failure 10 in. mercury vacuum 

Hot-bearing alarm on 
291-A exhaust 

Criticality recorders 
N cellc 

Criticali!Y recorders 
PR room 

Criticality recorders 
Q cellc 

P l . t C ersonne man, ors 

Record radiation from a 
nuclear criticality 
accident 

Record radiation from a 
nuclear criticality 
acci dent 

Record radiation from a 
nuclear criticality 
accident 

Record radiation readings 
of personnel monitors 

aDifferential pressure. 

bPrevents the add1tion of NaN03, AFAN, or ANN vi a nozzle G6. 

cSystem required to assure safe conditions. 

dPrevents the addition of NaOH or KOH via nozzle G7. 
e Range or setting to be determined prior to PUREX 11 hot 11 startup. 
fRight tube bundle. 
9Left tube bundle. 

6-203 

r 
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A 
/IMP 
/IN 
B 
C 
co 
cvr 
D 
E 
F 
I 
IF 
J 
KK 
L 
M 
MK 
p 
PB 
pff 
ru 
Q 
R 
s 
SG 
srK 
sr 
T 
V 
VIB 
w 
MF 
X 
I( 

z 

Instrumentation symbol 

Process variable 
1st letter 

llrnpere 
' 

Batch 
Conductivity 
Corrosion 
Converter 
Differentla 1 
Electric 
Flow 

Interface 
Jet 
Fire-Eye 
Li Quid 
Manua 1 
Mi croµhone 
Pressure 

lie idlty 
Pulser 

lladlation 
Speed- se 1 ec tor 
Specific gravity 
Speaker 

Temperature 
Valve 
Vibration 
Wobble 
Weight factor 

Relay 
Pneumatic relay 

TABLE 6-30 • 

legend 

Instrumentation 
funct Ion 2nd 

and 3rd letters 
lllarm 
Ampl Hier 
Analyzer 

Controller 

Element 

Indicator 

Level 
Meter ASP 

Pressure ix-, 

Pushbutton DOV 
CRM 
LS 

Integrator MCC 
Recorder POV 
Switch PRV 

RO 
SRV 

Setpolnt StlC 
Transmitter TRV 
Valve 

0 
Reversing 

© 

9'H 3219 .. 1395 

Instrumentation Symbol Legend. 

Line designations Equipment symbols 

E - Vent A - Agitator 
p - Process E - Heater, condenser, or concentrator 
MW - Oemincrallzed water F - Filter 
RW - flaw water G - Centrifuge 
SPL - Sampler If - lleater 
s - Steam JGV - Jet gang valve 
UD - Utility drain PG - Pulse generator 
XY - lnstru111ent Electrical PM - Pulse motor 
X - Electrical p - Pump 
YA - Instrument SPLP - Sampler pot 

Process and Service Line TK - Tank 
Main process stream T - Tower (column) 

-H--11---H- lnstru111ent air lines 
------ Capillary tubing 

X X X X X Electrical leads 

Miscellaneous 

~ 30 lb/ln. 2g air purge - Automatic setpolnt - ~- Gl obe valve 
adjustment rota meter 

- Displacement meter e-- Diaphragm-operated valve Panel mounted ~ -:J- Ball valve 
- count rate meter 
- Limit switch 0- Local - Motor control center mounted ~- Gate valve 
- Piston-operated valve 
- Pressure-reducing nlve 

@ - Seal - llestrictlng orifice pot II• - Jet 
- Safety relief valve 
- Scintillation counter @- Magnetic - Te1operature-reg11lating flow meter ~: Strainer 

valve 

- 25 lb/in . 2g steam purge 8- fluclear safe ty pani:1 
mounted 

- 20 lb/in . 2g ~ - Diaphragm-operated instrument 
air valve 
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6.5.1.2 Process Control Instrumentation. 

6.5.1.2.l Purge-Type Instrumentation. Based on nuclear fuel~ repro­
cessing experience, air-purged dip tubes used to measure pressure or DP are 
simple, reasonably accurate, and reliable. Purge-type systems are used to 
measure WF, which converts to liquid level with application of a SG value, 
also determined by purge-type instrumentation. 

Other applications include DP across extraction column sections or 
interface determination by DP across the disengaging area of a two-phase 
system. 

Orifice meter DP and flo-.., determination also require DP measurements, 
although the sensing lines may not be air-purged. 

On the control side of a system, such as regulating flows of solution 
or gas, pneumatic pressure is generally used. The pressure may be on, off, 
or variable for variable flow. Typical applications are to position DOV, 
piston-operated valves (POV), and piston-operated dampers in the ventila­
tion systems. 

The extent of pneumatic instrument and control applications is indi­
cated by the 150 mi of instrument tubing in the building. The generic con­
trol systems in Section 6.5.l.3 illustrate several examples. A primary 
design concern is precluding reverse flow of radioactivity into the sens­
ing lines, particularly since most of the purge meters are located in the 
control rooms. This is accomplished by maintaining a higher (relative to 
process condi t ions) pressure to the purge meter and a const ant di splace­
ment flow through the sensing line (see Section 6.1.4.1.3). 

6.5.l.2.2 Float-Type Interface Sensors. The majority of pu l se 
columns use a float to locate the position of the two-phase interface in 
the respective column disengaging section. An interface float is a 
cylinder about 2 in. in diameter and 5 to 12 in. long. The float is 
weighted so as to 11 just float" on typica l column aqueous and "just sink" 
in typical column organic, thus floating at the organic-aqueous 
interface. An armature is connected to the float and travels in a 
stainless steel sleeve surrounded by a transmitter coil. The receiver and 
transmitter coils are interconnectea with precision range resistors to 
form two parallel circuits. The result is an impedance bridge capable of 
detecting small ctianges in position of the float transmitter armat ure. 
When the transmitter and receiver armatures are in corr esponding posi tions 
in the coils, the impedance in each of the t,vo circuit s is about equal and 
no current flows. However, as soon as the transmitter armature rnoves in 
response to a change in the interface level, the impedance of the 
transmitter coils changes, causing a small flow of current. The 
electronic amplifier detects the magnitude and phase r elati onship of t hi s 
current, amplifies it, and uses it to bring the impedance br i dge back in t o 
bal ance. The recording pen, i ndicating pointer, and control l er ar e 
actuatea by the receiver. The controller will signal a f l ow control valv e 
to change the plug position in order to restore the interface position. 
The device is commonly used and detailed descriptions are 
available.(7,8) An interface control system that uses a f loat sensor i s 
described in Section 6.5.1.3.2 and illustrated in Figure 6-53. 
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6.5.l .2.3 Temperature Sensors. There are three types of temperature 
measuring sensors used in the PUREX Plant: resistance thermometers, mer­
cury thermometers, and thermocouples; descriptions follow. 

• Resistance Thermometers 

Resistance elements are used for temperature measurements in hot 
zones and in cold applications in which a record is needed. 
Resistance elements make use of the variation with temperature in 
the electrical resistance of a coil of nickel or platinum wire, 
comprising the resistance element, which is wound on an insulator 
and encased by a thin, protective, stainless steeT tube. For 
canyon applications, this sensing element is installed in a 
stainless steel well fabricated of 1/2-in. pipe mounted in a 
jumper assembly. When automatic temperature control is desired, 
the resistance element is connected electrically to an 
electric-to-pneumatic converter. The converter sends an air 
signal to a steam-flow recorder-controller or directly to a DOV 
in a cooling water line. 

• Mercury Thermometers 

Mercury thermometers with dial i ndi ca tors are used for temperature 
measurements on 11 cold 11 process streams and vessels in which no 
record is required. Mercury-f i 11 ed capi 11 ary tubing thermometers 
function on the expansion of mercury and the coefficient of 
expansion of the confining system. The sensing well is connected 
by a small-diameter, flexible, armored, stainless steel capillary 
to a Bourdon-tube pressure gauge calibrated for temperature 
readings. All linkages are of stainless steel. 

• Thermocouples 

Thermocouples generate electrical potentials that are propor­
tional to the difference between the temperature at the hot junc­
tions in the temperature probes, and the temperatures at the cold 
or reference junctions where thermocouple material wires are 
connectea to copper wires. 

The electrical signals from both thermocouples and resistance-type 
instruments can be converted to pneumatic signals when necessary. 
This conversion requires a wheatstone Dridqe as Qart of the compo­
nent interface. Detailed descriptions exist.(7,17) Examples 
are presented in Section 6.5. 1.3. 

6.5.1.2.4 Flow Measurement. There are several types of flow meter­
ing devices in use at PUREX. These are selected for specific applications 
by consiaeration of the material to be measured and the range of flow rates 
expected. 
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• Orifice Meters 

Orifice m2ters are used to monitor the flov, of steam, air_, and 
water services. Orifice meters operate on the principle of a 
constant area flow restriction with variable head pressure drop 
across the restriction. A DP transmitter, connected to the ori­
fice pressure taps, converts the DP across the orifice plate due 
to fluid flow to an air pressure signal proportional to the fluid 
flow. The air pressure signal is transmitted to either a pres­
sure gauge, an indicator-controller, an indicator-integrator, or 
a recorder-controller located on the graphic panel. 

• Pneumatic Rotameters 

• 

A pneumatic, transmitting rotameter is used to measure the flow 
rate of cold process streams when the maximum flow rate is 
greater than 0.2 gal/min. The instrument can be located in the 
P&O gallery. As the rotameter float responds to variations in 
flow, it moves in a cast armature that contains two magnets. 
These magnets actuate two external magnets, which mechanically 
operate a pneumatic transmitter to give an air signal propor­
tional to fl oat p os it i on. 

Electronic Rotameters 

The specially designed, all stainless steel rotameter is used to 
measure the flov, of many radioactive streams within the PUREX 
canyon and sample gallery. The stream being measured passes up­
ward through a vertical, truncated, conical, metering tube with 
the maximum diameter at the top. The position of the float 
inside the tubes is altered by changes in the flow rate of the 
stream. An armature, consisting of a vertical stainless steel 
tube, the lower half of which is filled with a soft iron core, is 
attached to the bottom of the float. As the flow rate increases, 
the float and armature rise, generating a signal in the induc­
tance coil. 

A transmitter, consisting of two inductance coils around a stain­
less steel flow pipe, is attached to the bottom of the metering 
tube. Movement of the soft iron core of the armature changes the 
inductance of the two coils. These changes are transmitted as an 
electrical signal proportional to the flow rate. The changes are 
transmitted to an electric-to-pneumatic converter located in the 
central control room. The converter changes the electrical out­
put of the rotameter to a proportional air signal, which is 
transmittea to a recorder-controller located on the graphic 
panel in the control room. The recorder-controller sends an air 
signal to a DUV, usually installed in the same process line as 
the rotameter. The air signal positions the valve plug to 
proauce the aesirea flow rate. 
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The magnetic flow meter is used extensively in the PUREX Plant. 
Its principle of operation is based on the electrical coriductiv­
ity of the liquid stream being metered. As the conductive 
stream passes through the magnetic fi eld established wi thin the 
flow meter tube, it res ponds like a conductor in an electrical 
generator (i.e ., voltage is created in the fluid stream 
perpendicular to the f low direction). The voltage is reversed 
through two properly placed metal electrodes on the inner wall 
of the flow meter. The rest of the inner wall is an electrical 
insulator. The greater the flow rate is, the higher will be the 
generated voltage. The magnetic flow meter has a number of 
advantages: no flow restrictions in the meter, linear flow 
measurement, easy range change, and wide range capability for a 
volume flow meter (liquid density does not affect measurement). 
Magnetic flow meters are being used more vvidely in the PUREX 
Plant, particularly in process locations where rotameter-float 
plugging has been a problem. 

• Thermal Flow Meters 

In a f ew cases in which very srnal l flo1t1s are to be moni to red, 
thermal flow meters are in service. These meters measure the 
temperature of the incoming stream, add heat to the fluid at a 
constant rate, and measure the temperature of t he ex it stream . 
Flow rate ii sensea as the temperature differential between the 
inlet and outlet stream. This electronic signal is converted to 
a pneumatic signal, which is used to both operate control valves 
and drive the pen on a flow rate chart recorder. 

6.5.l . 2.5 Radiation Sensors. The presence of radioactivity in the 
process streams req uir es that essentially all operations be conducted in 
heavily shielded areas. Monitoring process conditions depend to a large 
degree upon characterization of the types and energies of radiation 
emit t ed by the process materials. These emissions may be gamma, alpha , or 
neutron ra diations. 

• Gamma Scintill at ion Counters 

Scinti llation counters are used as in-line monitoring instru­
ments* for gamma activity. A stream sampli ng system incorpor­
ates a sample cell positioned near a sod ium iodide crystal. The 
gamma rays from the sample interact with the sodium iodide crys­
tal to produce light scintillations. These, in turn, initiate 
electrical pulses from a photoelectric tube. The pulses are 
amplif ied to give a reading proportional to the energy of the 
gamma rays being detected. The monitoring sys tem measures the 
counting ra te per unit volume of solution. In-l ine gamma moni­
tors are of value in de t ermin ing product quali ty in solvent 
extraction cycles. Gamma monitor systems are also used i n 
aetermini ng stack gas activity and pl ut onium content of solid 
waste. Applications are discussed in Section 6. 5. 1. 4. 4. 
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Radiation instruments, using ionization chambers, are used for 
supplementary, approximate measurements of decontamination of 
the plutoniumand/or uranium-containing streams. Radiation 
instruments provide an indication of the intensity of gamma 
radiation near selected equipment pieces. Ionization chambers 
are employed on the dissolvers, uranium concentrators, acid 
concentrators, waste neutralizer, plutonium product receiver, 
plutonium sampler tanks, and the centrifuges. Gamma radiation 
from sources within range of the instrument enters an air-filled 
chamber, causing ionization of the air. The measured· conductiv­
ity is proportional to the gamma energy absorbed by the air. 
The chamber is a 5-in.-diameter, 18 3/4-in. long plastic cyl­
inder. Beta particles do not penetrate the plastic, and no 
"windows" for beta entry are provided, so that only gamma radia­
tion is sensed. An aquadag (graphite suspension) coating on the 
inside of the cylinder wall is the positive electrode. The 
negative electrode is a l/2-in. aluminum rod axial. 

There are about 50 ionization chambers located in strategic 
building sites that are frequently or occasionally entered by 
personnel. In this application, they are designated-:)"RE 
chambers" or "HM chambers." The chambers are read out through 
Keithley pico-ammeters. The systems are equipped with alarms to 
warn personnel of problem areas. Most of the Keithley racks are 
located in the P&0 gallery, and most of the recorders are in the 
dispatcher's office. Associated with, but di_ff erent from, the 
RE chambers are three pico-ammeters. The chambers for these 
units are located in Q cell, N cell, and the PR room. Recorders 
for these are in the dispatcher's office. The chambers are 
located in areas where criticality potential exists, and are 
capable of automatically recording radiation levels from 0.001 
to 1,000 R/h, should such an excursion ever be encountered. 

• Alpha Monitors 

The alpha detection system consists of a cerium-activated, l-mil 
surface on a 1/4-in.-thick, glass disc. The process stream is 
in direct contact with the activated surface, and a photomulti­
plier tube optically coupled to the backside of the disc senses 
scintillations from the activated surface. This system provides 
a measurement range of about l x l0-4 Pu g/L to 30 g/L. Appli­
cations are discussed in Section 6.5.l.4.4. 

*In-line monitors are detectors or sensing probes placed in or adja­
cent to a process stream that measure a chemical or radiochemical property 
of the stream. Detailed descriptions of the in-line monitors used in the 
PUREX Plant are presented in Reference 7. 
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Plutonium concentrations of certain streams are measured by 
neutron monitors located on the outside of a vessel or pfpe­
line. The aetection system consists of one or two boron 
trifluoride-filled tubes mounted in a paraffin moderator. The 
range of measurement for this system is about l x 10- 2 Pu g/L 
to 10 g/L. 

Another use of the neutron monitor is measurement of the con­
centration of cadmium nitrate in the head tank. A neutron 
source and a boron trifluoride tube are installed ·at the bottom 
of the tank. As the cadmium concentration increases, more 
neutrbns are absorbed and fewer are detected by the ~oron 
trifluoride tube. This count, therefore, relates inversely to 
cadmium concentration. Applications are discussed in 
Section 6.5.1.4.5. 

lj: 

o;-.._ 6.5.1 .3 Process Control Systems. 

6.5.1 .3. l Typical Process Tank. Figure 6-54 is a diagram showing 
the measurement and control systems for a typical process tank. Basic 
parameters of concern are temperature, solution liquid level, SG, and 
radiation. The example chosen has an associated neutron monitor, which is 
typical for selectea process vessels. Neutron monitors are discussed in 
more detail in Section 6.5.1.4. 

The temperature, SG, and radiation (neutron) are recorded. The 
weight of the solution is measured as a WF (Section 6.5.1.2.l) and 
recorded along with the SG of the solution. These data can be used to 
calculate the liquid level. High and low WF alarm points are set, with 
the alarm consisting of a panel light and annunciator. 

The vessel is equipped with a pump and agitator. The current drawn 
by the respective electric motor is indicated on a panel-mounted ammeter. 

t Solution Temperature Control 

This particular vessel requires heating, as well as cooling, 
capability. Consequently, solution temperature is manually 
controlled by the operator, who, upon visually noting the 
recorded temperature, selects eitl1er steam or cooling water. 
Actuation of a valve from the control room places cooling water 
on the coil. Use of coil steam requires manual valve operation 
in the P&O gallery. To preclude a suck-back resulting from 
steam collapse in the coil if it should leak, an automatic air 
purge of the coil following the use of steam is performed. An 
interlock actuates a timed air purge whenever the steam is shut 
off. 
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• Solution Pumping and Agitation 

Both the pump and agitator are electrically interlocked to the 
low-level WF alarm, so that each is shut off when the liquid 
falls below the preselected level . Agitators can only be oper­
ated when the bottom blade is submerged 6 in. or more to protect 
the agitator and to reduce organic aerosol formation where solvent 
may be present. The pump low-level cutoff is set to preclude pump 
cavitation that would shorten its operating life . 

• Solution Jet Transfer 

Bulk solution transfers between ves~els, in which flow-rate 
control is not important, are usually accomplished by steam jet 
to avoid excessive wear on the much more expensive pumps. 
A typical electric switch-type jet operatingand control-schematic 
is shown in Figure 6-55. Important features are the electric 
valves, which, when actuated, position the DOV, and the 
automatic-timed air purges, which are actuated when the jet 
switch is turned off. The air-purge duration is established for 
the volume of the process piping to be air purged. A typical 
control and operating schematic for a pneumatic jet swi t ch is 
also shovm in Figure 6-55. In some instances, a valve may be 
interposed in the pneumatic signal line to the steam control DOV 
to permit varying the steam pressure 
and flow at the panel board. 

Actuation of the switch puts steam to the jet and pressurizes a 
small air reservoir. \~hen the jet is shut off, the air reser­
voir maintains a loading pressure on the air supply DOV, which 
allows an air purge of the jet and process piping. The air 
bleed-off rate from the reservoir is control lea by an orifice. 
By altering the size of the reservoir or of the orifice, the 
air-purge duration may be changed. 

6.5.l.3.2 Typical Pulse Column. A typical PUREX 11 A11 -type column with 
control instrumentation 1s shown ,n Figure 6-56. Primary instrument 
control parameters are stream flow rates and pulser rate. Key system 
measurements are interface location, organic SG, column section OP, and 
static pressure, in order of decreasing importance. Certain columns have 
i nstruments measuring product quality and waste loss. Specific radiati on 
moni tors, in-line and otherwise , and certain one-of-a- ki nd continu ous 
anal yzers are discus sed i n Secti on 6. 5.l . 4. 
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Streams into a column are general ly pumped or flow by gravity (either 
from head tan ks , in the case of cold chemical s , or from hydra ulic or cas­
cade arrangement, where a stream exiting the top of on e column feeds into 
a second column). Exiting streams either flow t o the next process vessel 
by gravity or are jetted using a variable flow steam-motivated jet. The 
aqueous bottoms str eam flow rate is controll ed by the interface measure­
ment system , which in turn feeds back to adjust t he position of the DOV in 
the aqueous stream line. Flov1 meters v1ere discussed in Section 6.5.1.2.4. 

Interface measurement devices may be either purged dip tube or float 
type (Sect ion 6.5.1.2). These are located in a disengaging secti on of the 
columns (see Table 6-15); the readings are not greatly affected· by t he 
action of the pulsers. 

Puls ing action has roore of an effect on column static and DP readings. 
The cyclic action from column pulsing can be effectiv ely damp ed out; how­
ever, the absolute reading is also affected by pulse frequency. Still, 
t nese instruments do indicate trends and provide a qualitative indication 
of the aegr ee of dispersed phase holdup, and, in conjunction with the sol­
vent SG measured in the top disengaging section, also give some indication 
of the degree of solvent saturation. This is primar ily true fo r columns 
containing uranium. 

6.5.l . 3. 3 Typical Concentrator. Typical control systems for a PUREX 
thermal syphon reboiler with an organic stripping tower are shown in Fig­
ure 6-57. Alth ough the plutonium stripper and concentra tor differ i n 
equipment size and conr iguration, basic process control instrumentation 
and parameters measurea remain the same. 

Concentrator bottoms solution level is measured by a standard purge­
type WF . Reaundant measurements are made: the total liquid level and an 
intermediate measurement. Temperature and SG instrumentat ion is similar 
to t hose previously discussed. 

• Steam Pressure Control 

The steam supply to each tube bundle is controlled with in a spec­
ific pressure range (see Table 6-29). The lower pressure limit 
is set to preclude radioactive liquid being drawn into the steam 
chest via a leak, and the upper limit is set to prevent possible 
red oil detonation. When the chest pressure drops below the 
res et limit, an electrical interlock is actuated which closes 
the steam supply valve and opens an air supply valve, 
pressurizing the tube bundle with air. Another interlock 
produces the same result if the high steam pressure limit is 
exceeded. This latter interlock is redundant to the pressure 
throttling valve, which is preset so that the steam pressure to 
the tube bundle is always less than the limit, and is redundant 
to the steam supply pressure vent valve, which is also preset to 
11 b low" if the pressure exceeds the limit. 
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Both hi gn and low li qu id level s in the concentrator actua·te 
respective alarms . The low-level alarm actuates an interlock, 
shutting off the steam supply to both tube bundles and turns on 
the air supply to maintain tub e bundle pressure . The high liq­
uia level alarm alerts th e operator to the poss ibility of t he 
solution reaching the offgas deentraining baffles and, hence, 
decreas ing deentrainment effectiveness. 

• High-Temperature Ala rm 

The temperature measurement and steam control systems are inter­
locked so th at at a preset, high-temperature limit an alarm is 
actuated, t he s team supµly to the t ube bundles is shut off, and 
the tube bundles are pressurized with air. 

• Specif ic Gravity 

Tne concentrator i s instrumentea t o permit automatic steam con­
trol by the SG controller output signal. The SG controller may 
be operateu in either the automatic or manual mode. 

6. 5.1. 3.4 Typical Dissolver Control System (Typical of Three). The 
basic aissol ver operating parameters, solution t emperature , liquid level 
an a density, and vapor spa ce pressu re (slightly negative) are all meas­
ureu, recoraea , arid have associated alarms. Alarms are panel -mounted 
lights with associated annunciation. Alarm levels are established by eng i ­
neer i ng review and require formal documentation for setpoint changes. 

The steam fl ow cont rol system for the dissolver coil is similar to 
t nat dis cussea fo r concen trators . When activ ated , the low-coil-pressure 
interlock shuts off the steam flow and turns on the coil air supply. 

The diss ol ver programme r i s a protective, manag eme nt-controlled, 
interlocking , key-actuated swi tch system that restricts transfers and 
additions of mate rials to the dissolver system. 

The six locking positions of the switch, and a list of the 
12 contacts that will be actuated by each switch position, are listed in 
Table 6-31. 

The fi rst position is for dissolving of zirconium cladd ing . rn the 
first position, contacts. l and 10 will be activated. Contact l allows the 
aduition of AFAN to the dissolver. Contact 10 all ows the jetting of 
decladding solution from the dissolver to TK-02 . . 
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TABLE 6-31. Programmer Switch Position and Contacts Activated. 

SS-C3-40 Programmer switch SS-C-40 section 
Sequence position 1 2 3 4 5 6 7 8 9 10 11 

Zr declad l * * 
Metathesis 2 * * * * 
U dissolution 3 * * * 
of Zr cl ad 
Al declad 4 * * * 
U dissolution 5 * * * * 
of Al clad 
Off 6 

12 

"1C • Indicates section contact closed. 
a-,, -It'..,!; 
~ The second position of the programmer is for metathesis, and contacts 
::,: 6, 7, 8, and 10 will be activatea. Contact 6 allows the addition of potas-
5--- sium hydroxide to the dissolver. Contact 7 allows the activation of the 

jet for transferring the dissolver solution to TK-01. Contact 8 allows the 
activation of jet J-01-2, which allows jetting from TK-Dl back to the dis­
solver. Contact 10 allows the jetting of the solution in the dissolver to 
TK-02. 

The third position of the programmer switch is for uranium dissolu­
tion of zirconium-clad fuel. The contacts activated in this case are 2, 
4, and 9. Contact 2 allows the addition of ANN to the dissolver. Contact 
4 allows the addition of HN03 to the dissolver system. Contact 9 allows 
the jetting of the solution in the dissolver to the metal solution tank by 
jet J-C3-3 if the SG is greater than or equal to 1.4 or if the WF is less 
than or equal to 19 in. WG for the solution. 

The fourth position of the programmer switch is for aluminum decladd­
ing. The contacts activated are 3, 5, and lO. Contact 3 allows the 
aaaition of sodium nitrate to the dissolver system. Contact 5 allows the 
addition of sodium hydroxide. Contact 10 allows the jetting of decladding 
solution from the dissolver to tank TK-02. 

The fifth active position of the programmer was, and could be, used 
for uranium dissolution of aluminum-clad fuel. In this case , the contacts 
activatea are 4, 7, 8, and 9. Contact 4 allows addition of nitric acid to 
the dissolver system. Contact 7 allows the jetting of solution from dis­
solver to TK-01 by jet J-C3-l. Contact 8 allows the jetting of solution 
from tank TK-Dl ~o the dissolver system. Contact 9 allows the jett ing of 
diss olver solution to metal sol ut ion tank by Jet J -C3-3 . 
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The final position (6) is the off position of the switch with no con­
tacts activated. 

The programmer switch activates electrical contacts in a w1r1ng cir­
cuit, controlling chemical addition valves and jet transfer switches so 
that only the additions and transfers appropriate for the one particular 
dissolving step can be done. Administrative controls require that the 
supervisor or specialist examine the run sheet and recording charts on the 
board to be sure that the next step is ready to begin before unlocking and 
repositioning the switch. The dissolver operator still has to activate 
the jet switch or chemical addition valve switch (another e1ectrical con­
tact) at the appropriate time in the dissolving cycle. Failure of the 
programmer (which has never been a problem) would mean that the dissolver 
operator could not make an appropriate addition or transfer (or could make 
an inappropriate addition or transfer, but the operator would not attempt 
it except by error) • 

The programmer system has an important effect on criticality preven­
tion. The occurrence of a criticality requires that: (1) the dissolution 
must proceed too far, and (2) precipitating agents such as fluoride and 
hydroxide must be introduced. The programmer system prevents the second 
error from happening. 

This programmer, in conjunction with the proper procedural steps, also 
reduces the risk of accumulating plutonium in the first decladding waste 
tank. It also restricts the mixing of incompatible chemicals in the dis­
solver. The consequences of such an occurrence include precipitation, 
possible line plugging, excessive corrosion to the dissolvers, and/or dis­
persion of materials within the cell from an overly vigorous chemical 
reaction. 

6.5.l.4 Process Monitors. Monitors are installeu in key locations in the 
process to supplement process sample laboratory analyses. The monitors 
provide instantaneous readout of specific process parameters, permitting 
rapid process control response during transient conditions, such as start­
ups and shutdowns, as well as rapid application of corrective actions to 
abnormal conditions. 

Monitors, for the roost part, are installed at the process sampling 
stations located in the sample gallery. A few monitors, such as the neu­
tron sensors, are installed in the remote process cells. Most of the elec­
tronic cooiponents (with the exception of the preamplifiers) for the moni­
tors are located in th.e in-line monitor roum, which is a contamination­
free, air-conditioned room located in the service portion of 202-A on the 
same level as the sample gallery. The preamplifiers are located as close 
to the sensors as possible. 

The output from the monitors is printed on stripchart recorders in 
the control room. High-level alarms, both audible and visual, are 
provided. 
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Sensing heads and sample cells in contact with process solutions are 
fabricated of materials easily decontaminated to preclude buildup of resi­
dual background activity. Where necessary, special electrical cables have 
been installed to minimize interference with electrical signals. 

System monitoring is schematically shown in Figures 6- 58 through 6-60. 

6.5.1.4.l Hydrogen and Ammonia Monitors. Hydrogen and ammonia 
concentrations in each DOG stream are monitored by Beckman Model 7C 
Thermal Conductivity Analyzers and Beckman Model 865 Non-Dispersive 
Infrared Analyzers, respectively. Each analyzer is contained in an 
explosion-proof housing. These systems are shown in Figure 6-61. 

The thermal conductivity analyzer uses an internal regulated power 
source to heat sample and reference (nitrogen gas) temperature-sensitive 
resistive filaments which are electrically connected as legs of a 
Wheatstone bridge. The bridge is balanced initially with a standard gas 
sample. Thereafter, a signal is generated and recorded that is 
proportional to the hydrogen content of the sample gas.(8) 

The infrared analyzer also contains nitrogen gas as a reference 
non-absorbing background gas. Infrared beams are passed through both the 
reference cell and the sample cell where the amount of radiation absorbed 
is proportional to the ammonia concentration. The detector converts the 
resulting energy difference between the cells to a capacitance charge 
equivalent to the ammonia concentration that is amplified, indicated on a 
meter, and used to drive a monitor.(9) 

Normal operation requires periodic calibration using standard gas 
samples. 

The analyzers are used only during decladding and are shut off during 
the other dissolver operations. Should the hydrogen system remain 
operating during acid dissolution, the corrosive oxides of nitrogen would 
eventually destroy the heated filaments in the analyzer cells. 

6.5.1.4.2 Nitric Acid Conductivity Monitors. Both electrodeless 
conductivity monitors and probe-type monitors are used to measure nitric 
acid concentrations of certain process streams.(27) The probe-type 
conductivity monitor is common technology. The electrodeless conductivity 
monitor consists of an electrically nonconducting pipe upon which two 
toroidal transformers are placea. One transformer is electrically charged, 
the other is a receiver. Process solution, containing electrolyt es , flow­
ing through the pipe forms part of the coupling electrical circuit between 
the two transformers. Variation in the electrolyte concentration causes a 
variation in the induced voltage of the receiver transformer. The electri­
cal output of the receiver transformer, after appropriate amplification, 
provides an electrical signal corresponding to the solution conductivity. 

Conductivity monitor signals are recorded, with calibration being done 
from laboratory analysis of process samples. 
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6.5.1.4.3 Photometric Monitors. A photometer measures the uranium 
concentration in the aqueous waste stream (2DW) from the second uranium 
cycle extraction column. This, in conjunction with periodic sampli·ng of 
the _ process stream, permits close control of the uranium recycle to the 
codecontamination and partitioning cycle via the backcycle waste, as well 
as close control of the high uranium saturation in the extraction column. 
The photometer is calibrated to zero by using a filter to give a light 
wavelength not absorbea by the uranium present in the stream. Monitor 
range checks are made by routine comparison with laboratory analysis of 
process solution. 

Total solution nitrite in the plutonium oxiaation tank (the 2AF or 
TK-J5) is measured indirectly by measuring light absorption attributable 
to the nitrogen dioxiae component of air in equilibrium with a solution 
containing nitric acid and sodium nitrite. The system is further des­
cribea in Reference 27 and illustrated in Figure 6-62. Calibration is 
maintained by measurement of air and by comparing monitor results with 
laboratory sample analysis. 

6.5.l.4.4 In-line Radiation Monitors. A typical in-line gamma and 
alpha monitor installation is shown in Figures 6-63 and 6-64 (schematic 
and detail, respectively). Gamma rronitors for process solution streams 
are designed to measure relative 95zr-Nb and 106Ru-Rh concentrations 
in process streams and, hence, to permit a semiquan t itative assessment of 
FP decontamination throughout the process. The monitors are particularly 
critical for control during transient conditions such as startup or shut­
down due to the tine lag associated with sampling and laboratory analyti­
cal work. A monitor consists of a thallium-activated, sodium iodide cry­
stal couplea to a photomultiplier tube. The sensor is mounted in a sample 
cell contained in a lead chamber for shielding. The device counts all 
gamma energies above 0.45 MeV. This permits discriminating against 
23 9p u. 

Gamma rronitors with single-channel analyzers are used to monitor 
13 ·11 in DOG. The analyzer is set to measure 0.344 t o 0.384 MeV, which 
centers the 1311 gamma emission of 0.364 MeV. 

A gamma monitor with single-channel analyzer is used to measure the 
neptunium in the effluent from the neptunium anion exchange column (in­
active). The analyzer is set to scan the Oto 0.5 MeV range. This moni­
tor permits close control of the neptunium elution, particularly in dis­
tinguishing between the high-impurity forecut and the pure product and, 
hence, enabling the operator to properly switch the effluent flow to the 
product receiver tank. 
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Alpha monitors are used to measure plutonium concentrations in sev­
eral process streams. Each consists of a cell enclosing a scintillator. 
The scintillator is a glass disc with a cerium-a ctivated surface. The 
glass crystal is in contact with the process sol utio n. The alpha monitors 
are used to control plutonium recycle to the backcycle waste system via 
aqueous waste streams frorrrthe second and third plutonium purification 
cycles. The alpha monitors are also used to monitor plutonium product 
stream concentrations in the plutonium purification cycles. The calibra­
tion of the monitors is based upon laboratory results of the current 
onstream samples. Fuel is processed in distinct campaigns. All fuel pro­
cessed in a particular campaign is of similar exposure. Upon starting a 
new campaign, it is necessary to use anticipated monitor calibrations 
(based upon past campaigns of similar fuels) until laboratory data from 
current samples cari be obtained. 

6.5.1 .4.5 Neutron Monitors. Three neutron detector probes are 
mountea vertically 5 ft apart on the bottom section of the uranium­
plutonium partitioning column (lBX, T-J6 column) (Fig. 6-65). This 
installation provides a continuous, instantaneous indication of the 
plutonium profile, allowing prompt response to loss of partitioning or 
plutonium recycle within the column. A fourth detector probe continuously 
monitors the plutonium concentration in the lBXP stream. Neutron monitors 
(one each) are also mounted on the HAF makeup tank (TK-E6), the lWF tank 
(TK-F7), the lBXF tank (TK-J3), and the backcycle waste concentrate 
receiver tank (TK-Jl) to monitor the plutonium content of these vessels. 
A neutron source and monitor are also rrounted on the cadmium nitrate 
makeup tank (TK-151) to monitor the cadmium nitrate concentration in the 
solution used as the rrotive fluid for jetting highly concentrated · 
plutonium rework solutions to TK-E6. 

6.5.2 Nitric Acid Recovery System 

6.5.2.1 Functional Description. Nitric acid recovery at the PUREX Plant 
is accomplished in three separate and distinct facilities which together 
comprise the acid recovery system. Dilute nitric acid is recovered from 
the DOG in the 293-A backup facility and from the high- level \-1aste in the 
waste treatment system, and these dilute acid solutions are combined and 
concentrated to about 50 wt% in the vacuum acid fractionator (206-A). 

The oxides of nitrogen generated during uranium fuel dissolution and not 
absorbed in the downdraft condensers are recovered as dilute nitric acid in 
the backup facility absorption towers. This dilute acid is transferred 
batchwise to the acid accumulator vessel in the waste treatment system. 

~itric acia is recoverea from the solvent-extraction waste by evapora­
tion and denitration, followed by absorption of the nitric acid vapors and 
oxides of nitrogen from the offgases. 
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Acid is removed from high-level waste by continuous evaporation in 
the E-F6 concentrator. Feed solution {lWF) is continuously fed to the 
concentrator, while vapor (AAF) is continuously removed, and liquid (lWW) 
overflows from the concentrator at a constant rate to produce an 
acceptable high-level waste concentration. The vapor exiting the 
concentrator (AAF) passes upward through deentrainrnent pads, then to the 
acid absorber (T-F5). 

In the acid absorber (T-F5), nitric acid is recovered at a concentra­
tion of about 15 wt% by an absorption (enriching) process involving coun­
tercurrent contact of the vapors with a reflux stream of water.-

The concentrator bottoms stream (lWW) is reacted with sugar to destroy 
the resiaual nitric acid and some of the nitrate ion in solution and, thus, 
reduce the amount of caustic required for pH adjustment. The offgases from 
the sugar denitration reaction are also routed to the acid absorber, where 
about 50% of the contained oxides of nitrogen are recovered as nitric acid . 

The dilute acid recovered from the waste treatment process is combined 
with the di lute acid from the backup facility and transferred to the vacuum 
fractionator facility in 206-A for final concentration to about 50 wt%. 

6.5.2.2 Major Components. 

• Dissolver NOx Recovery Facility 

The DOG treatment facility, 293-A or backup facility, is a rein­
forcea concrete structure south of the east portion of the 
202-A canyon, as shown in Figure 6-66. The structure houses two 
absorber columns in cells above grade and two pump tanks in cells 
below grade. In addition, there is a below-grade room containing 
valving and piping associated with routing dissolver gas through 
the two absorber columns and for bypassing the absorbers. 

The room alsu contains the steam jets used to maintain vent 
vacuum on the respective dissolver. The 293-A facility has its 
own control room, which serves primarily to house instrument 
signal transmitters. Instrumentation recorders and other read­
out instrumentation are located in the headend control room. 

Two absorbers (T-XA and T-XB) for recovering nitric acid are 
located in the 293-A building. The XA absorber, shown in Fig­
ure 6-67, is a 6-ft-diameter by 22-ft-high column containing 
eight trays. Each of the top five trays holds thirty-three 6-in. 
bubble-caps, while the bottom three trays contain twenty-seven 
6-in. bubble-caps. Bubble-caps are constructed from 6-in.-OD 
caps with serrated edges set over 4-in.-OD by 2-3/4-in.-high 
risers. Each tray also has an overflow weir 2-3/4 in. high. 
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The XB absorber, as shown in Figure 6-68, is a 4-ft 6-in .-OD by 
20-ft-high column with eight trays spaced 2 ft apart. Each tray 
contains twenty-two 6-in. bubble-caps set on a 4-in.-OD vapor 
riser, and a 1-1/2-in.-high overflow weir . The XB column is a 
simple counter-fl ow absorber with liquid entering at the top and 
gas at the bottom. 

The XA and XB ac id absorbers are fabricated from Type 304L, 
stainless steel and designed for contact maintenance. The 
design data* used to construct the XA and XB columns follow: 

• Design pressures, full of liquid and l/2 lb/in .2 g 
vacuum 

• Design temperature, 150°F 

• SG of contents, 1.2 

• Corrosion allowance, 0.06 in. 

• Specification, HWS-5776, Revision I. 

Tanks XC and XO are 5,000-gal and 3,000-gal capacity 0 respectively. 
Each is equipped with two pumps and liquid-level, SG, and temper­
ature instrumentation. Tank XO is equipped with a cooling coil, 
but the contents of the XC t ank are cooled chie f ly by the reflux 
flow heat exchanger before en tering the tank. 

In the towers, the oxides of nitrogen are contacted with recy­
cl ea 12 wt% nitric acid and water solution t o produc e nitric 
acia. Water is added to the columns at a rate whic h maintains 
the acid concentration at about 12 wt%. Hydrogen peroxide i s 
added to oxi dize nitrous acid to nitric acid. Sol ut ion from the 
towers are coll ected in individual tanks, from which the bul k of 
the solution is recycled back to each t ower. The recycled solu ­
tion provides t he cooling capacity necessary to mainta i n th e 
optimum absorption capacity. · One heat exchanger is used to cool 
the liquia recycled to tray 3 on the XA column and anot her heat 
exchanger is used for interstage cooling of the liquid on the 
top four t r ays of the XA t ower. 

Liquid is taken from a plate, cooled, and routed to the next 
lower plate. Liquid fee d poi nts are located at the top of the 
XA column and between trays three and four. Gas is fed t o the 
bottom of the XA column, exits from the top, and is then routed 
to the bottom of the XB absorber. 

*Drawing H-2-57002. 
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A liquid bleed stream from the XA acid rece1v1ng tank (TK-XC) is 
sent via TK-F3 and TK-US to a vacuum fractionator where the acid 
is concentrated from 12 wt% to about 50 wt% . Liquid from the 
XB receiving tank (TK-XD) is sent to the XA receiving tank. 

The gas stream leaving the XB tower is sent to the 291 -A stack 
where it mixes with the PUREX building ventilation air and the 
process ventilation gases before exiting the stack. The oxides 
of nitrogen emissions will be reduced below the concentration 
levels permitted by the EPA.(28) 

The oxides of nitrogen absorber effluent is not to exceed 2 vol% 
(dry basis) or 1,160 kg/d of oxides of nitrogen. 

The PUREX main stack (291-A-l) is not to exceed 2,250 kg/d or 
424 ton/yr of oxides of nitrogen. 

• T-FS, Acid Absorber 

The acid distilled from the high-level waste and the oxides of 
nitrogen produced by sugar denitration of the high-level waste 
are recoverea in the T-FS atmospheric absorber tower {Fig. 6-69). 

The absorber is a 20-ft-high tower divided into two sections. 
The 3-ft 6-in.-diameter lower section, formerly used for frac­
tionation, contains eight trays spaced 12 in. apart. Each tray 
holds fifty-nine 3-in.~uo bubble-caps set over 2-in.-00 by 
2 9/16-in.-high vapor risers, and overflow weirs l 1/2 in. high. 

The upper absorption section of the tower increases in diameter 
to 10 ft and contains seven trays spaced 12 in. apart. Each 
tray in the upper section is constructed with 156 5-in.-00 
bubble-caps set over 3 1/2-in.-OD by 2 1/4-in.-high vapor risers, 
and overflow weirs l 3/4 in. high. Vapor from the waste con­
centrator enters T-FS via a 16- in.-diameter line at the bottom 
of the upper tower section (between trays eight and nine). 
Absorption water, recycled from the absorber condenser (E-FS), 
enters the absorber through a nozzle in the top of the tower. 
Vapor from the absorber leaves the top of the tower through a 
16-in.-diameter line. 

All parts, excluaing external supports, are fabricated of 
Type 304L, stainless steel. 

• Vacuum Fractionator 

The fractionator is located in the 206-A structure attached t o 
the north side of the east end of the 202-A building (see 
Fig. 6-66). The concentrated nitric ac id receiver-pump t anks 
are located in the nearby, below-grade, U cell. 

A flow schematic of the vacuum fractionator and associated equip­
ment is shown in Figure 6-70; the acid fractionator (T-U6) is 
shovm in Figure 6-71. 
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The vacuum fractionator consists of an insulated tower, 8-ft -OD 
and about 35 ft high, fabricated from 3/8-in . -thick plate. The 
tower is enclosed by dished heads and contains 14 trays space~ 
18 in . apart. Each tray has 86 bubble-caps located on an 8-in. 
equilateral triangular pitch. The bubble -caps are 6 3/4- in .-OD 
surmounting 4 3/4-in . -OD risers. 

The contact maintained fr act ionator was fabricated from Type 304L, 
stainless steel. The design data used in the construction of the 
unit follow: 

• Design pressure, full vacuum 

• Operating pressure, 100 rm, mercury 

• DP, 30 to 35 in. WG 

• Design temperature, 205°F 

• Operating temperature, 125°F (top) and 170°F (bottom) 

• Reboiler heat transfer coefficient, 218 Btu/hr-ft2 -°F 

• Corrosion allowance, 0.06 in. (all surfaces). 

Liquid feed from TK-U5 enters the tower through one of three 
lines which feed trays 8, 9, and 10, respectively. Liquid leaves 
the tower via one of two nozzles at the bottom, such that a por­
tion of tne liquid turns to the reboiler and the remainder goes 
to the product tank (TK-Ul or TK-U2). 

The reboiler, shown in Figure 6-71, is a vertical, 42-in.-ID, 
cylindrical vessel. Condensing steam on the outside of 
558 1 1/4-in.-OD tubes on a l 9/16- in. equilateral triangular 
pitcn supplies the heat for fractionation. 

Vapor from the reboiler enters the fractionator through a 24-in.­
diameter nozzle at the bottom, and vapor leaves the tower to con­
denser E-U6-l passing first through a demister and then through 
a 24-i n.-diameter nozzle at the top. 

Four arain lines for purging chloride-bearing nitric acid from 
the fractionator are located under trays 6 to 9, respectively, 
and exit through the side of the tower. The vacuum fractionator 
(T-U6) has three condensers (E-U6-l, E-U6-3, and E-U6-4) t o 
handle the offgas. Con dens er E- U6-l, in addition to handling 
offgases, is used for evacuating T-U6 to about 100 mm mercury. 
This lowers the required temperatu~e and minimizes corrosion of 
the T-U6 vesse l. The three condensers are connect ed in series 
witn E-U6-l attached to T-U6 and followed successively by E-U6-3 
and E-U6-4. Overhead va por from the vacuum fractionator is con­
densed in E-U6-l, while steam from the two-stage jet-vacuum sys­
tem fo r the fraction ato r is co nde ns ed in E-U6-3 and E-U6-4 . 
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Condenser E-U6-l (see Fig. 6-71) is about 19 ft long and 42 in. 
in diameter. Fractionator overheads enter the condenser throug h 
a 24-in. nozzle near the end of the shell. Inside the shell, 
the vapors contact a tube bundle containing 1,246 horizontal 
tubes 3/4 in. in diameter , which carry cooling water. The water 
makes six passes before it discharges to the cooling water 
header . 

6.5.2.3 Safety Criteria and Assurance. There are no special personnel, 
process, or criticality hazards associated with operation of the dissolver 
oxides of nitrogen recovery facil ity , acid absorbers, vacuum fr~ctionator, 
or other U cell equipment, with the exception of the laboratory waste 
receiver tanks (TK-U3 and -U4) and the handling of hydrogen peroxide. The 
fissile content of the process samples handled in the laboratory during 
the time required to accumulate a batch of waste in the U3/U4 tanks would 
not normally exceed the vessel mass limit of 500 g of plutonium. In 
additi on, however , administrative controls restrict the type of waste 
discharged to those tanks. Chemical hazards of hydrogen peroxide are 
aiscus sed in Section 5.3 . 3. 3. Adequate protective clothing, handling 
precautions, and procedures are available to assure safe handling of this 
material . 

As discussed in Section 7.5.l . 3.4, the high-level waste sugar deni­
tration process could possibly produce a violent reaction. This reaction 
could result in pressurization of the vessel or exceed the capacity of the 
offgas nitric acid scrubbing system. 

To prevent uncontrollable evolution of gases, electrical interlocks 
are used. These interlocks prevent the addition of sugar to the waste 
denitration tank if the solution temperature is low (92°C) or if the tank 
is pressurized. Sugar is not added until the plutonium content is deter­
mined througt1 sample analysis and found to be less t han 500 g. 

The process hazard analysis for nitric acid recovery is given in 
Table 6-32. 

6.5.2.4 Operational Control Systems--Reco vered Nitric Acid System. The 
recovered nitric acid concentration is maintained at about 50%. Adjust­
ments are made, as necessary, on the vacuum fractionator operation to 
assure proper concentration. 

Recoverea nitric acid is recycled to process dissolvers and streams: 
HA column scrub (HAS), lBX column plutonium product (lBXP), 2D column feed 
(2DF) and concentrated backcycle waste (3WB). The· primary limitations on 
use of recovered nitric acid result from either FP or chemical contamin­
ants. This effectively precludes its use in the third plutonium system 
and in the cold chemical makeup areas. A summary of the off-standard 
operating conditions is presented in Table 6-33. 

6-242 

• 



a, 
I 

N 
+'> 
w 

TABLE 6-32. Process Hazard Analysis--Nitric Acid Recovery. 
---- - ·--- ·----- -------,-------------,---------------~-------·----

System or 
subsystem Energy (hazard) Unwanted energy flow 

(incident) 
Consequence (immediate 

and/or secondary 
Barriers (design, 

administrative, 
safety devices, etc.) 

---·---- --------- - - ·--·>--- ·--- ------------1-------------t-------------
HNO 
rec6very 

Genera 1 

293-A 
dissolving 

293-A 
decladding 

Sug ar deni-
tration 

HN0 3 

NO x' 12 

HN03 

H202 

NH3 

Vigorous exother-
mic reaction 

No ANN to T - F 5 

Corrosion, inges-
tion, contact 

Absorbers of fgas 
emission 

Corrosion, inges-
tion, contact 
Ingestion, contact 

Bypass valves fail 

Uncontrolled reac-
tion 

U6 corrosion; equip­
ment damage 

Activity release to 
sewer 

Equipment failures; 
personnel injury 

Emission from stack 

Equipment damage; per­
sonne 1 injury 

Personnel injury 

Amnon i a nitrate 
formed in recovered 
acid; filter plugging 

Pressurization of 
TK-Fl5 

F analysis of Ul and 
U2 

57 wt%; acid suits 

Visual appearance of 
plume; standard op­
erating procedures 
Administrative proce­
dures; ac i d suits 

Administrative proce­
dures; acid suits 

Vacuum gauge on 293-A; 
NH3 scrubber 

A~ministrative proce­
dures; waste at re­
action temperatures 
before starting; 
low temperature in­
terlock; controlled 
addition rate 

----------- ~-------·- ----

·- -··---------- ---------------- - --------------------

(/l 
Cl 
I 
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;o (/l 
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TABLE 6-33. Acid Fractionator--Off-Standard Conditions. 
-~------ ----

Off-st andard condition 
-

E xce~ s ive DP 

-------- ---- . 
ive press ure in 
(unahle lo main-

Excess 
l ower· 
l ,1 i 11 1l 
pr·essu 

)0 11111 Hg absu I u te 
r e) 

-- ----- -
ive acid in dis -Exces s 

ti 11 ate (overheads) 

Luw ac 
in pro 

Excess 

- ----
it.I concentr ation 
duct (bottoms) 

- - -
i ve corrosion 

·rnnulati un C 1- ace 
I ike ly t o occur) 

( not 

-----

--

How detected 

DP instrument readings 

Column vacuum (pressure) 
in strumentation 
, 

Analysis of the distillate 
for HN0 3 

SG reading of stilling 
chamber; analysis of 
TK-U l or TK-U2 

Corrosion products In 
TK-Ul/U2 samples 

Analysis of material on 
Cl - purge plates 

Likely cause De tection of cause 

Vapor velocity too high Same as "How det ec t ed" 

Loss of cooling water flow Flow meter on cool Ing water 
to surface conden ser; stream; sudden change In 
failure of jet ej ec tor vacuum or Inability to 
system; above-normal ai r Initially draw vacuum; air 
bleed rate; inadi>q uate bl eed valve loading pres-
steam supply su re; inability to maintain 

steam flow to rebo ller and 
vacuum simultaneously 

Low reflux flow rate (AFR); Fl ow meter on AFR stream; 
high HN0 3 

In bottoms excess steam flow 

Control sys tern fa i 1 ure; Failure of Involved instru -
feed rate too high (AFF); ments; AFF flow meter; 
steam flow rate t oo low; reboiler steam flow meter; 
high reflux-to-feed ratio AFR and AFF fl ow meters 

I 

-
Fractlonator operating at Column vacuum instrumenta-
a higher pressure than tion 
normal 

See "Excessive corrosion" Same as "How detec t ed" 

-

Remedy 

Reduce steam flow to re-
boiler; reduce feed and 
reflux addition rate 

Restore cooling water 
flow to condenser; shut 
down for maintenance; 
adjust to proper setting; 
increase total steam sup-
ply to fractionitor 
bui ]ding 

Increase AFR to proper 
I flow rate; decrease 
steam flow 

Repair Instruments; de-
crease feed (AFF) rate; 
Increase steam flow to 
reboiler; decrease reflux 
(AFR) rate 

Increase vacuum to proper 
setting 

.Purge affected plates 
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This section covers building sumps which collect leakage, spil·lage, 
and spray water or acid. 

6.5.3. 1 Major Components. There are four types of process sumps: general 
canyon sumps, deep sumps (SH and SJ2), plutonium cycle sumps (SLK and SLL), 
and glovebox sumps. 

The general canyon sumps are pits in the cell floors, 24 in. by 24 in. 
by 18 in. deep. The cell floors slope to the center of the.cel-1 to an 8-in.­
wiae trough which slopes to a second trough; the second trough is perpendicu­
lar to the center trough, is 8 in. wide, and drains to the cell sump. The 
SJ and SK sumps are filled with acid-resistant grout to reduce the depth to 
8 in. 

The deep sumps (SH and SJ2) are pits in the cell floors, nominally 8 ft 
by 10 ft by 5 ft deep, installed after the completion of the building 
construction to accommodate longer solvent extraction columns in the H2 and 
J2 locations. The deep sumps are separated from the cell floor by a 
6-in.-high concrete curb. 

The plutonium cycle sumps (SLK and SLL) are in the center of L cell · and 
are separated by the partition wall between the T-L2 and T-L3 positions. 
The SLK sump is a narrow, l 1/2-in.-wide trough running longitudinally down 
the center of the cell, sloped toward the partition. The trough in the 
SLL sump is filled with stainless steel rods, except for a short length to 
accommodate WF and solution transfer dip tubes, so that the sump is 
basically the sloping floor. 

The glovebox sumps in the PR room, N eel l, and Q eel l are the floors of 
the gloveboxes. The L9, LlO, and Lll gloveboxes in the PR room are equipped 
with drain lines extending into L cell. The plutonium solution loaaout head 
tank (Ll3) glovebox drains to the SLL sump. The loadout hood sump is 
equipped with a vacuum transfer line to TK-Lll. The loadout hood also has 
criticality drain to tt1e PR room floor. The N cell solution glovebox sumps 
are eq1.Jipped with vacuum transfer lines to TK-Lll and common drains to the 
SLL sump. The dry gloveboxes are not equipped with drains. 

6.5.3.2 Nuclear Criticality Prevention. The safety of the general canyon 
f loor and/or sumps is assured by restricting the mass and concentration of 
fissile material in the vessels above each sump and by restricting the depth 
of solution on the canyon floor whenever necessary. 

In all cases involving the general sumps, the plutonium concentration 
above these sumps is limited to an effective concentration of less than 
6 g/L . Rework plutonium solution may be sent to TK-E6 at concentrati ons 
greater than 6 g/L; howev~r , the pl utonium so lut ion must be poisoned with 
cadmium nitrate so that the equival en t reactivity is less than 6 g pluto­
nium/l. In addition, the material is immediately dil uted to less than 6 g 
plutonium/L upon receipt in TK -E6. 
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For solutions with a potential plutonium concentration between 3.6 and 
6.0 g/L, the solution depth is restricted to 12.6 in. above the sump 
trough. If a single vessel were to leak solution to the floor and -the plu­
tonium precipitated, no criticality would occur. Vessels TK-D3 and -D4 have 
the largest finite plutonium mass limit of the PUREX vessels (16.5 kg) 
for material with 3% 240Pu. If solution in TK-D3/D4 at a concentration of 
6 g/L leaked into either a dry sump or a pool 12.6 in. deep and precip­
itated, it would still be safe as shown in the following. 

• TK-D3 Contents Leak into a Dry Sump 

A mass of 16.5 kg of plutonium at a concentration of 6 g/L (the 
maximum allowable concentration in the tank) is contained in a 
volume· of 730 gal. This would fill the 18-in.-deep SD sump and 
would cover the D cell floor 0.75 in. deep (18.75 in. total) up 
the wall. If a precipitating agent were added, this would not 
cause a criticality, because a 24-in.-square, concrete reflected 
box requires the equivalent of at least 21 in. of 6 g plutonium/L 
solution (6.4 in. of 20 g plutonium/L after precipitation). If 
D3 contained material with 12% 240pu with 3.7M nitric acid, per­
mitting 26.9 kg plutonium to be present, and~ similar scenario is 
considerea, the system woula be no more reactive. Although the 
l, 190 gal of 6 g plutonium/L solution would be deeper (about 
19.7 in. total), the corresponding critical depth is equivalent to 
27 in. of 6 g plutonium/L solution (8.l in. of 20 g plutonium/L 
after precipitation). 

• TK-D3 Contents Leak into a Pool of Identical Density Solution 

In this case, the TK-D3 solution theoretically remains together as 
a smaller pool of 6 g/L plutonium solution (spreading and dilution 
makes it safer). An infinite system with concrete below and water 
on top requires only 16.8 in. of 6 g/L plutonium (versus about 
21.0 in. for the 24-in.-square sump) for criticality to occur upon 
precipitation. A sa fe solution depth (75% minimum critical) of 
12.6 in. is imposed t o protect the facility from this error. 

For the 3.7 g plutonium/L solution, the 75% minimum critical 
depth, subsequently precipitated to the optimum concentration, is 
26 1/4 in. The canyon cells overflow to the adjacent air tunnel 
at 3/8 in. above the canyon trough (Drawing H-2-58965). 

To exceed this volume in the canyon for any extended period would 
require an excess of 190,000 gal of solution. Therefore, if no 
vessel in a cell has greater than 3.7 g/L plutonium concentration, 
the solution depth restriction is, effectively, removed for that 
eel 1. Other tt1an L eel l, only J and K eel ls could have greater 
than 3.6 g/L. This condition could occur only for abnormal lBX 
operation. 
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If a plutonium-bearing solution leaks from the canyon vessels, the 
plutonium will normally be retained in solution because of the 
nitric acid present. However, the acid is gradually neutralized 
by the alkali present in the structural concrete; therefore, 
plutonium-bearing solution should not be left indefinitely on the 
floor . 

The PUREX procedures require sump transfers to TK-Fl8 as soon as 
practicable. However, each sump transfer to TK-Fl8 requires 
foreknowledge of TK-Fl8 contents (Pu and HN03 compositions) and 
analysis after each transfer for safety and accountab-il ity. 
Accordingly, occasions have existed in which solutions remained 
above the collection sump level for hours. If such a solution is 
subsequently found to contain significant plutonium, flushing of 
the floor must be considered. (Conditions of acidity, plutonium 
valence state/polymer presence, uranium concentration, and canyon 
location would be weighed during this flushing evaluation.) There 
is no restriction on the use of water for firefighting for the 
cells serviced by the general sumps. 

• Deep Sumps (SH and SJ2) 

Two 8-ft by 10-ft by 5-ft-deep sumps were constructed to accom­
momodate the HA and lA columns (the lA column was eventually 
removed and the neptunium solvent extraction package placed over 
the sump). The SH sump is stainless steel lined with grout 
filling between the liner and the concrete floor of the cell. The 
deep sumps are jetted out automatically to the adjacent canyon 
floor. 

Criticality prevention in the deep sumps is dependent upon the 
vessels above. The HA column contains dilute plutonium mixed with 
uranium. Leakage of column contents, slowly or not, would not 
present any criticality hazard because of the presence of uranium 
with the plutonium and/or the finite plutonium inventory in the 
column. 

The neptunium recovery package (inactive), above the SJ2 sump may 
also contain a limited mass of plutonium, since it collects 
neptunium and separates it from any plutonium in the backcycle 
waste on a continuous basis using a chemical reductant. 

Since only about one-third of the 3WB stream flow is routinely 
routed to the neptunium package, the unusual presence of a 
significant plutonium concentration entering the package would be 
observed in Jl sample analyses and acted upon before an unsafe 
,plutonium mass had accumulated in the package. (Th e neptunium 
package itself is geometrically favorable, but is restricted to 
6 g/l plutonium concentration for sump safety.) There is no 
restriction on the use of water for firefighting for those cells 
with deep sumps. 
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• Plutonium Cycle Sumps (SLK and SLL) 

• 

There are three control limits for the SLK or SLL sumps: (l) the 
maximum concentration of plutonium is limited to 450 g/L; (2) the 
maximum total mass in any single vessel and the sump below it is 
limited to 50 kg; and (3) the maximum liquid depth at the edge bf 
the trough is limitea to 1 in. when the plutonium concentration is 
greater than 6 g/L in either a vessel or sump. 

When the solution concentrations in the vessels and sump are less 
than 6 g plutonium/L (based upon sample analyses and no subsequent 
plutonium addition), the depth is limited by criticality 
prevention requirements to 12.6 in. The SLK and SLL sumps are 
connected via the air tunnel at l l/4 in. above the lip of the 
trough of the sump, and the SLL sumps back up into the PR room at 
8 7/8 in. above the lip of the trough. This imposes some physical 
limitation upon sump level, other than criticality. The SLL sump 
receives process solution not only from the vessels above it, but 
also from the PR room and N cell gloveboxes. In the case of fire 
in the cells serviced by the sumps, the quantity of water is 
restricted, so that the maximum combined volume in sumps SLK and 
SLL is limitea to 5,000 gal (6 in. above the lip of the trough). 

PR Room Sumps 

There are three limits for the PR room sumps: (1) the maximum 
concentration of plutonium is limited to 450 g/L; (2) the com­
bined volume of the SLD sump and TK-Lll above it shall not exceed 
a safe volume; and (3) the drain or overflow line from the PR room · 
sumps to the canyon must be maintained in freeflowing condition. 
There are three failures that must occur before a criticality is 
possible: (1) the sump drain or overflow line would have to be 
plugged; (2) the combined volume of the sump and associated vessel 
would have to exceed the safe limit;* and (3) the contents of the 
vessel would have to drain onto the floor. 

The L9, LlO, and Ll3 glovebox sumps (SLF, SLE, and SLB) drain 
directly to the SLL sump. The TK-Lll hood sump (SLD) must fill to 
l in. prior to overflowing to SLL. This SLD sump, therefore, 
could collect minor vessel leakage for direct transfer to TK-Lll 
rather than having to go to SLL and then back to TK-Lll. The 
drain or overflow lines are checked periodically by adding acid to 
each in the PR room and observing an increase in the SLL WF. 
A plugged drain or overflow 1 ine is an error condition, and per­
sonnel do not knowingly add material to the tanks under these 
conditions. 

The "safe volume" is specifiea in the criticality prevention 
specifications. 
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The L9 and LlO hood sumps (SLF and SLE) are 19 ft long and 18 in. 
wide, with a slope of l in./8 ft. The safe volume for the sump 
and associatea vessel contents in each hood is 27.7 gal, ~quiva­
lent to a depth of 2.74 in . at the deepest part of the sump. The 
maximum volume for TK-L9 is 11 gal and for TK-LlO is 14 gal. 

The SL D sump beneath TK-Lll is 98 in. long and 18 in. wide, with 
a slope of 1 in./8 ft. The safe volume for the sump and asso­
ciated vessel contents is 25 gal (equivalent to a depth of 
3.76 in. in the deepest part of the sump). If the maximum 
operating volume (18. 75 gal) of 450 g plutonium/L ·solution ~in 
TK -Ll l were introduced into the SLD sump which had solution 
already up to the overflow depth (about 1 in.), and if the over­
flow drain were plugged, the system would still be subcritical 
(keff less than 0.95). Administrative controls are in place 
to operate with the sump below the overflow depth. A solution 
depth monitor activates alarms in the PR room and the dis­
patcher's office prior to the overflow depth being reached. 

The loadout tank (TK-Ll3) is in a glovebox that has a sump (SLB) 
which drains to the canyon sump (SLL) via the same header as the 
L9 and LlO glovebox sumps . Were the drain to be plugged, the 
maximum volume which could be added to the SLB sump would be 
equivalent to TK-Ll3 volume (2.35 gal). The SLB sump, 2 ft-2 in. 
by 2 ft, slopes two ways to the drain. The 2.35 gal would be 
contained in about 1.4 in. of depth, which is well below the 
maximum safe slab thickness. 

As mentioned, the loadout hood, which holds the product 
container, has a sump similar to SLB; however, the solution 
entering the sump must be vacuum transferred to TK-Lll rather 
than draining to SLL, as does SLB. The safety of the sum p is 
comparable to an SLB sump with no drain. The maximum volume of 
process solution which could be added at one time is 2.35 gal; 
this would result in a noncritical, 1.4-in. depth •. Were 
additional solution to be added (e.g., an open acid flush line), 
the solution would overflow at a height of 1-1/2 in. via a 
1-in.-diameter side port to a drip pan beneath the hood . The 
maximum depth of solution in the drip pan prior to overflow 
would be 2 in. (subcritical or 450 g/L of pl utonium). 

The use of water for firefighting in the PR room hoods (L9 , Lll , 
and Ll3-10) is restricted, so that not more than 20 gal may be 
on the floor of the hood. 

• M Ce ll Sump 

Tanks TK-M3 through TK-M6 , ea ch with a capaci ty of 210L, ar e 
loc ated in the M cell enclosure and are used for storing pluto­
nium nitrate solution. The f l oo r beneath the t anks is lined 
with s tain less steel, which extends 8 in . up the walls. The 
sump is a 3 in. Schedu le 40 stainless steel pipe cap, and con­
tains two liquid level detectors. Sump contents are returned to 
TK-N30 via vacuum transfe r. 
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The wet processing gloveboxes in N cell are provided with 3-in. 
Schedule 40 stainless steel pipe cap sumps. Each sump is pro­
vided with a single level detectdr. Sump contents, except those 
from sumps S-N6, S-N53 and S-N-lC (located in the pipe chase) 
are returnea to TK-N30 via vacuum transfer. 

Contents of sumps S-N6 and S-N53 are vacuum transferred to TK-N54 
in the N6 glovebox for reprocessing in the oxide rework facility. 

Vessels TK- Nl5, -Nl6, -N2l, and -N22 are filtrate and condensate 
collection tanks, located in the pipe chase. The plutonium con­
tent of these tanks is low, and the probability of leakage is 
slight, since the tanks are of welded stainless steel construc­
tion. The sump return line from S-NlC runs to the N7 glovebox, 
where it may be connected to the S-N7 sump return line for vacuum 
transfer to TK-N30. 

In the event of a major spill, the N cell wet process gloveboxes 
are interconnectea to an overflow system which returns the con­
tents to the SLL sump. 

The Mand N cell sump routings are shown on Figure 6-72. 

6.5.3.3 Operational Control. All of the cell sumps, except SLL and SLK, 
are jetted to the waste receiver (TK-Fl8), where the solution is sampled. 
If it is low in plutonium and uranium product content, the ·solution is 
made alkaline and sent to the underground waste tanks. If the liquid con­
tains organic, it is sent to TK-Fl'3, where the solution is washed. The 
aqueous phase is routed to either TK-F8 or TK-Fl8, depending upon the 
uranium and/or plutonium content, and the organic phase is slowly bled 
into the organic solvent wash tank (TK-Gl). 

Aqueous material which cannot be discarded to waste is recovered by 
either transferri~g it directly to TK-F8 or by transferring it to TK-Fl3, 
where the aqueous material is held and subsequently transferred to TK-F8. 
The solution in TK-F8 is digested at boiling temperature in 2.0M to 4.0M 
nitric acid for about 21 d, and is then processed by adding smaTl quanti­
ties to feed material batches in TK-E6. 

The SLK and SLL sump solutions are normally transferred to the geo­
metrically favorable TK-Lll. Also, a routing exists to jet from SLK sump 
to TK-Fl8. During a flushing operation, if the sump is low in plutonium 
content (much less than 6 g Pu/L) as measured by a previous TK-Lll sample, 
the SLK sump contents can be transferred to TK-Fl8. A routing also exists 
to transfer the SLL sump to the SLK sump for transfer to TK-Fl8. 
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Operational control of the glovebox and hood sumps in the PR room and 
I". cell is comprised of the follmving elements: 

• The liquid levels in the PR room loadout hood and the wet* glove­
box sumps in N cell are monitored closely anQ liquid removed to 
prevent exceeaing the depth limits and/or ov~rflow of plutonium 
solutions to personnel occupied areas. Monitoring of the SLD 
(TK-Lll) sump is a precautionary measure to prevent exceeding 
the depth limit in the event the drain to SLL becomes plugged. 

• Good housekeeping is practiced in al l gloveboxes to maintain the 
sumps free of solid material that could accumulate plutonium or 
restrict the drains. 

• The combined volume of solution in TK-Lll and the SLD sump is 
maintained at less than 25 gal. 

6.5.4 Utilities and Services 

The utilities and services for the PUREX Plant, both externally sup­
~lied and internally generated and including the PUREX demineralized and 
distilled water systems, are discussed in Section 5.4. The pr~cess cells 
are served by drop legs in the P&O gallery from the compressed air, steam, 
and water headers (discussed previously). Electrical services are routed 
from motor control centers in the P&O gallery to wall nozzles. 

6.5.4.1 Nitric Acid. Fresh nitric acid is received by tank truck and 
stored in the 211-A tanks. Continuous service is provided for in- line 
blending via a P&O gallery header frorn a head tank (TK-222) in the 
AMU area. A second header supplies intermittent flow for large batch 
transfers of fresh nitric acid from the 211-A tanks by pumps in the 
2 11 -A bu i 1 di n g • 

The PUREX recovered nitric acid is continuously supplied to various 
cells via an acid header located in the sample gallery. Recovered nitric 
acid can be replaced with fresh nitric acid by neans of interconnections 
at the various points of supply to process equipment. 

Nitric acid recovered at the U03 Plant is received at PUREX via 
tank truck and stored in tanks located in the 203-A facility. This acid 
is blended with the more dilute acid recovered from the backup fac ility 
and the waste concentration step and then concentrated to 10.4M (50 wt%) 
in the acid fractionator. In addition, the U03 acid can be used 
directly in the process via a separate header system in the P&O gallery. 
Fresh nitric acid may be adaea directly to the recovered nitric acid 
storage tanks to mainta~n acid inventory. 

A schematic of the three acid systems is given in Figure 6-73. 

xThose gloveboxes which contain process solutions. 
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6.5.4.2 Solvent Supply System. Fresh diluent (NPH) and solvent (TBP) are 
received by tank car and unloaded into receiver storage tanks in the 
211-A area. Organic additions to the process are by batch makeups -in 
TK-RlA, located in the P&O gallery. Additions to both G and R cells may 
then be accomplished by appropr iate valving of headers from TK-RlA 
(Fig . 6-74 and 6-75) . 

6. 5. 4.3 50 wt% Caustic. Caustic is used primarily to convert waste solu­
tions to the alkaline state. Caustic is also used, in conjunction with 
other chemicals, as a decontaminant. The 50 wt% caustic is received by 
railroad tank car and stored in 211-A tanks. The distribution system, 
shown in Figure 6-76, services the entire process system and AMU area. 

6.6 CONTROL ROOMS 

6.6.1 Functional Description of Control Rooms 

The processing and support or auxiliary operations at the PUREX Plant 
are largely conducted from five localized control areas: (l) central con­
trol room, (2) headend control room, (3) power control room, (4) N cell 
control rooms (upper and lower), and (5) Q cell control room (inactive). 
The dispatcher's office serves as a focal point for information transmittal 
in the pl ant. 

The five control rooms contain graphic panel boards. T~ese panels 
aid in quick appraisal of process conditions by displaying the various 
pieces of operating equipment with interconnecting flow lines in the cor­
rect, relative positions. The control instrumentation is graphically 
representea at the point where the corresponding contr ol of the process is 
actually effected. 

The control rooms provide for centralized control of the diverse plant 
operations. The headend control room is used for fuel dissolution, feed 
preparation, acid recovery, and other related batch operations. The sol­
vent extraction and most continuous chemical processing operations are con­
trollea from the central control room. The control rooms for N and Q cells 
provide protected, centralized control of the plutonium conversion and th e 
neptunium purification facilities, respectively. These two control rooms 
are located below grade near the actual operation. The pov1er control r oom 
pr ovides control of the basic utilities f or the pl ant such as ventilatio n, 
1vater, steam, and colilpressed air. 
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6.6.1.1 Central Control Room. The general layout of the central control 
room, containing 17 graphic panels, is shovm in Figure 6-77. Schematics 
of the process streams involvea are shown on each panel. These panels 
provide data transmittal and control instrumentation for the follovJing 
plant systems: 

Panel Board 
Number 

B-1 
B-1 
B-2 
B-2 
B-3 
B-4 
B-4 
B-5 
B-6 
B-7 
B-7 
B-7 

B-8 
B-9 
B-1O 
B-11 
B-11 
B-12 
B-12 
B-13 
B-14 
B-14 
B-15 
B-15 
B-16 

B-16 
B-17 

Systems 

First decontamination cycle 
Backcycle waste concentrato-r 

(E-H4) 
Partition cycle 

, Second plutonium cycle 
Third plutonium cycle 
Final uranium cycle 

Backcycle waste (TK-FlO) 
Waste concentration and 

treatment 

Organic system 1 
Ammonia offgas system 
Fire protection fire-foam 
Organic solvent system 1 
Organic system 2 
Effluent monitoring 

Organic system 2 
Process/condenser vent syste~ 
Auxiliary panel board (sump 

level, fire-eyes in cells) 
Continuous air monitor 
Second neptunium cycle 
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6.6.l . 2 Headend Control Room. The general layout of this control room, 
contai ning 10 gr aphic panels, is shmvn in Figure 6-78. These panels pro­
viae da t a transmittal and control instrumentation for the following plant 
sys terns: 

Panel Board 
Number 

A-1 
A-2 
A- 3 
A-3 
A-4 
A-4 
A-5 

A-5 
A-6 
A-7 
A-7 
A-8 
A-9 

A-9 
A-10 
A-10 

Systems 
Backup facility 
A dissolver 
Met al so l u ti on 
B dissolver 
Metal solution (D4) 
C dissolver 
Metal solution (D5), 

accountability poi nt 
Dec lad was te 

HA feed preparation tan k 
Acid fractionator 
Waste concentration and 

treatment (TK-Fl8, TK -F 8) 
Acid storage (TK-Ul, TK-U 2) 
Laboratory waste 
Sumps 

b.6 .1. 3 Pov1er Control Room. The power control room, having seven 
graphic pane ls~), contains contra ls for the building ventilation 
sys t ems and i ns trumen ts for utility metering. 

Graphic panel boaras are provided for each of the four ventilation 
systems. Instrumentation for the ventilation and utility systems in this 
control room is located as follows : 

Panel Board 
Number 

H-1 

H- 2 

System 

Laboratory ventilation system 

Laboratory ventil ation system 
Steam pressure recorder, canyon air dewpoint, and 

temperature recorder 
Trouble lights for following systems: 

Demineralizer · 
High-cooling water temperature for compressors l, 

2, and 3 
Low-level alarm still-storage tank 
Refrigerant compressors K 1-2-1 and K 1-2-2 
Loss of airflow to counting room 
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System 
Canyon and process cells ventilation system 

Raw water pressure gauge 
Sanitary water pressure gauge 
Steam, high-pressure header, pressure gauge 

Canyon and process cell ventilation system 
Steam pressure gauges and low-pressure alarms for 

low-, medium-, and high-pressure steam headers 
Process air pressure gauge and low-pressure alarm 
Breathing air pressure gauge and low-pressure alarm 
Instrument air pressure gauge and low-pressure alarm 
Bearing temperature of exhaust fans 

Sample gallery ventilation system 
Low-pressure raw water alarm and pressure gauge 
Low- pressure sanitary water alarm and pressure gauge 
Low-pressure sample vacuum (vacuum) alarm and 

pressure gauge 

Service ventilation system 

Sanitary water flow recorder for east and west headers 
Instrument and process airflow recorder 
Steam flow, east, west, and blower room 
Raw water flow, east and west headers 
Process air compressor status lights 

6.6.1.4 N Cell Control Rooms. The N cell processing operations are con­
trollea remotely by means of instrumentation in the shielded control rooms 
located one above the other, along the north wall of N cell. The general 
layouts of the N cell control rooms are shown in Figure 6-80. Shielding 
windows are installed in the south wall of the lower control room and the 
south and east walls of the upper control room. Shielding provided by the 
control room walls and viewing windows, in conjunction with the glovebox 
shielding panels, is sufficient to reduce exposure to less than 1/2 mr/h 
to personnel in the control room. Contamination control in the control 
rooms is facilitated by supplying all ventilation air for the glovebox room 
from the PR corridor via the control rooms and by air loc ks at the doors 
between the glovebox room and the control rooms. 

The upper control room contains the controls and instrumentation for 
the plutonium conversion operations and the standby power panel for 
N cell. Since most of the routine processing operations are controlled 
from tnis control room, it is continuously occupied whenever the plutonium 
oxide production facility is operating. 
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The lower control room contains the controls an.d instrumentation for 
the plutonium oxide rework operations and the HVAC and normal power 
control panels. 

The layout of the process control panels and power controls for the 
N cell operations is listed in Table 6-34. 

6.6.l .5 Q Cell Control Room. The Q cell control room and its relative 
location with respect to the rest of Q cell is shown in Figure 5-12. This 
control room, used to control the neptunium purification system, is not in 
beneficial use. 

6.6.1 .6 Dispatcher's Office. The dispatcher's office serves as the main 
communication and personnel movement control center within the plant. 
Figure 6-81 shows the general floor plan for this room. 

The plant dispatcher's office provides the following services: 

• Recipient of all safety/environmental alarms where further 
immediate action is necessary 

• Logging and controlling access to many controlled high-risk 
radiation zones 

• Sampling interface with laboratory via computer terminal for 
analytical requests and results 

• Communication access to the plant via call bell, paging, two-\vay 
radio, evacuation alarms, etc. 

1 Secondary control for radio-controlled locomotive in railroad 
tunnel. 

Alarms located in area R-1 (see Fig. 6-81) are for the following 
sys terns: 

• High- and low-level alarm drain tank, filter 2, main ventilation 
system 

• Green fuel alarm 

• Controlled door status-indicating lights 

• CAM high-radiaton alarms for offices, services and laboratory 
areas, P&O and sample galleries, and N cell 

t Sample building radiati on rri0nitors, high-radiation alarms 

• Cell fire alarms 

• Hot-bearing temperature alarm for main exhaus t fa ns 
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TABLE 6-34. 

Panel boa rd 
number 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

0 

p 

R 

s 
T 
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Process Control Panel and Power Control Layout. 

System 

Upper control room 

Oxalate precipitation 

Precipitation, calcination 

Pu(N03)4 feed and prereduction 
Pu(N03)4 sampling/storage 
Filtrate and condensate treatment, vacuum 

Filtrate and condensate treatment and storage 

Filtrate and condensate treatment, vacuum, vent 
H VAC panel 

Radiation and CAM panel 
Powder system panel 

Proportional (flow controller cabinet) 

Lower control room 

Rework panel (ANN-K) 

Blender valve cleaning controls 

Product loadout microcontroller 

Product loadout motor starter panel 

Product loadout controls (CL-PL) 
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FIG URE 6-81. Floor Plan of Dispatcher 1 s Office. 
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• Loss of air-sampling vacuum. 

Alarms indicated in area R-2 (see Fig. 6-81) give indication for the 
fol lowing systems: , 

• Failure of steam condensate pumps 

• Overflow of steam condensate catch tank 

• L-11 sump alarm 

• All liquid and gaseous effluent alarms, indicating high radia­
tion, system failure, and diversion status 

• High-sump levels for the ammonia scrubber, chemical sewer, and 
process condensate caissons 

• High-WF in TK-P6 

• Criticality alarms. · 

Log records are kept for all personnel entering controlled high-risk 
radiation zones. Control is exercised through electrical and key-operated 
aoor locks from the aispatcher 1 s office. Information about radiation zone 
status is obtained from zone radiation instrumentation and from periodic 
surveys by Radiation Monito ring personnel. The lower level of area R-2 
(see Fig. 6-81) is used for control of workers in the restricted areas of 
the plant . Examples of some of these systems fol lov1: 

• Electric lock control of the outer railroad cut pedestrian gate, 
which is also padlocked by Security 

• Electric lock control of the railroad gate, which is also pad-
locked by Security· 

• Electric lock control of the inner railroad cut pedestrian gate 

, Electric interlock control of the railroad tunnel door 

• Electric lock control of the railroad tunnel pedestrian door 

• Electric interlock control of the horizontal tunnel ventilation 
con tr o 1 door • 

This control panel has indicator lights for the position of gates, 
tunnel doors, and other entrances to controlled ar~as. There is a closed­
circuit television in area R-3 (see Fig. 6-81) for the PR dock, and for 
tt1e railroad cut, giving a view of these particular areas in the dis­
patcher1s office. 
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Area R-3 of the dispatcher's office also contains the call bell sys­
tem and private automatic exchange (PAX) crash alarm system. The sec ond­
ary control panel for the radio-controlled locomotive in the storage 
tunnel is in area R-5. 

Th e dispatcher is responsible for scheduling sampling activites with 
the sample team and transmitting analytical sample requests to the 
labor ato ry. 

In the case of a nuclear e~cursion in the process cells, the radia­
tion recorders located in area R4 of the dispatcher' s office wi~l gi ve an 
alarm, location of the accident, the intensity of the radiation field, and 
the duration of the occurrence. The emergency procedures for this ev ent, 
as well as evacuation, fire, and explosion, are described in the eme rge ncy 
procedure manual .(29) 

~ 6.6.2 Safety Criteria and Assurance for Control Rooms 

6.6.2.l Industrial and Radiation Safety. Personnel safety in the control 
rooms is maintained by administrative controls and r equirements , such as 
general safety rules, SOP, and standard industr ial practices. Protecti on 
against airborne contamination is discussed in Chapters 4.0 and 5.0. 
Protection of personnel against exposure to radiation is discussed in 
Chapters 4.0 and 8.0. 

6.6.2.2 Fire Protection. The fire haza rd associa ted with the control 
rooms is low because of the low inventory of materials that would support 
combustion. The combustibles consist of the insulation on the electrical 
wiring, small amounts in t he furniture, and the small amoun t of paper pre­
sent in the forrn of procedures, records, and necessary reference material. 
Fire protection in those areas that are either continuously or fr equently 
( several ti mes per shift) occupi ed by operating personnel (i .e ., hea dend 
control room, central control room, power control room, and dispatcher ' s 
office) is based upon detection by the occupying personnel and notifica­
tion of the Fire Department by manual activ ation of a fire ala rm switch . 
Fire protecti on in those areas (i.e., N and Q cells) that may not be con ­
tinuously occupied (e.g., during nonoperating or shutdown periods) is pro­
video by an automatic sprinkler system. Section 5.4.8.6 contains addi­
tional disc ussi on of fire protection systems. 

Control rooms and operating ar eas ar e not gener ally evacuated in t he 
event of a fire in a distant or remote ar ea, unless the fire t hr eatens the 
safety of the operating personnel. Thus, fires occurring in the pro ­
cessing areas (in tt1e absence of a concurrent earthquake ) 1t1ould not inter ­
r upt or distu rb the operating activities in the control rooms because of 
existing physical barriers . 

Fires that occur in the control roo ms could affect operations of other 
areas of the plant and the affe cted systems would then need to be con­
trolled or, more probab l y, shut dmvn from another loca tion. The instr ume nt 
and equipment systems used in controlling t he process are des i gned to be 
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"fail safe" (i.e., loss of an essential service such as air or electricity 
would cause the system to shut down in a safe manner). In addition, a 
number of the processes can be controlled or safely shut down from -the P&O 
gallery. Since th e five control room areas are in different sections of 
the builaing (see Fig. 5-14 and Ref. 5-16) a fire in any one would not 
normally cause disruption of the others. This separation would allow 
important shutdown operations to be implemented in the other locations. 

6.6.2.3 Protection from Natural Forces. Tile headend control room, central 
control room, power control room, and dispatcher's office are located in 
the 202-A anne x. This structure would likely be severely damag€d if nat­
ural forces (see Section 4.2) of the magnitude defined by current criteria 
were to occur. Containment, however, is not expected to be compromised, 
and access to the P&O gallery would be possible, allowing safe shutdown 
from that location. The instruments and equipment are designed to fail in 
a safe manner, as described previously, so little or no effort should be 
necessary to shut down the system safely. The N and Q cell control rooms 
are located in the 202-A building itself, and are as resistant to natural 
forces as the processing areas and systems serviced. Shutdown of process­
ing activities in N and Q cells could be accomplished safely and without 
difficulty in the event of a natural forces oc~urrence of the worst cred­
ible magnitude. 

6.6.2.4 Criticality Prevention. Nuclear criticality excursions are pos­
sible in th e radioactive processing areas, including N and Q cells. These 
areas are all distantly located from the control rooms and dispatcher's 
office in the 202-A annex, and personnel in these control ar eas would be 
protected by t he st1 iel ding, containment, and confinement barriers described 
in Chapters 4.0 and 5.0. Emergency response procedures will be followed 
to evacuate personnel from the 202-A building and annex in the event of a 
criticality excursion. Key operating and Radiation t-'ionitoring personnel 
could safely effect a safe shutdown of the process (at the direction of 
the emergency director) from the control rooms in the annex.(31) 

The N and Q cell control rooms are located adjacent to those respec­
tive processing areas, so are more vulnerable to a nuclear criticality 
excursion in those areas. The control rooms are shielded from the respec­
tive work areas in accordance with the design criteria in Chapter 4.0 for 
continuous occupancy. This shielding is inadequate to protect personnel 
for continuous occupancy during a criticality excursion, but would provide 
sufficient protection for rapid and orderly evacuation. The plutonium 
conversion system is providea with capability for remote safe shutdown of 
e q u i pme n t . ( 32 ) 
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Three types of facilities for obtaining process samples are located 
in the PUREX sample gallery. The three types differ in piping design and 
shielding requirements. All three use an air jet to provide vacuum to 
lift the pr~cess solution to a sample cup. The solution is circulated 
through the sample cup back to the orginating process vessel. To overcome 
the high lift requirement, an orificed air bleed into the sample suction 
leg provides an airlift effect from the tank to the sample station. 

The type 11 A11 sampler is shown in Figure 6-82. Highly radioactive 
solutions from containers, such as metal solution storage tanks, dissolv­
ers, and high-level waste vessels, are sampled by means of the PUREX A 
sampler (or Hanford remote pipette). The remote pipette is filled and 
discharged hydraulically by an operator protected from direct radiation by 
a shielding barricade. A measured, small volume of sample is discharged 
into a small bottle containing a measured amount of dilution solution in a 
shield carrier. Sampling stations equipped with an A-type sampler are 
provided to sample the vessels listed in Table 6-35. In addition, nine of 
these stations have a secondary circulation cup and riser assembly for 
obtaining samples from the cell sump. 

The 11 8 11 -type sampler (shown in Fig. 6-83) is used on moderately 
radioactive s~nples. These samples are taken by means of the capillary 
tube and bottle sampler, which holds about 5 ml of solution. The vessels 
or streams listed in Table 6-36 are sampled with a B sampler. 

Ten sampling stations, as shown in Table 6-34, are provided with 
inline equipment (one photometer, a nitrite monitor, and eight 
scintillation meters). Some in-line equipment is run continuously, some 
only at the time of sampling. Three sample stations provide a second 
riser for sampling a cell sump. A sump sample is taken in the same manner 
as a standard sample, except that the sump sampling val,.ves are used. 

The C-type sampler is used for very low-level radioactive solutions 
and uranium product. It is similar in piping to the B-type, but is t1oused 
in a sheetmetal enclosure. The vessels listed in Table 6-35 have C-type 
samplers. 

The PUREX headend accountab i1 i ty measurement sys tern at the 05 position 
has, in addition to an A-type sampler, a shielded facility, or hot cell, 
for taking and analyzing bulk samples of dissolver solution from TK-05. 
This facility is a heavily shielded cubicle located in the PUREX sample 
gallery, between the 04 and 05 sample hoods. It is about 5 ft high by 
6 ft wide by 5 ft deep (inside dimensions), and is equipped with manipu­
lators and about 6 in. of lead shielding on the front wall. The side 
walls butt directly against the concrete of the sampling stations. There 
is a hinged access door (about l ft2) and a leaded glass viewing window 
(about 4 ft wide by 2 ft high by 6 in. deep) on the fr ont of the cave. 
All existing utility penetrations are located at the rear of the cave, and 
interior lighting is at the top. 
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TABLE 6-35. Vessels Equipped with 
Type A Samplers. 

Vessel 

TK-A3 dissolver 
TK-B3 di sso 1 ver 
TK-C3 dissolver 

TK-02 coating waste receiver 
TK-03 metal storage 

TK-04 metal storage 

TK-05 metal storage (cave) 

TK-El centrifuge slurry tank 

TK-E3 centrifuge feed tank 

TK-E5 coating waste tank 
TK-E6 HAF makeu p 

TK-F8 waste rework 
TK-Fl O 3WF tank 
TK-Fl3 utility tank 

TK-Fl5 lWW denitration tank 

TK-Fl6 lWW denitration tank 

TK-Fl8 cell drainage collector 

TK-F26 lWW receiver tank 

TK-G2 l OW tank 

TK-G8 organic wash waste 
TK-Hl HAF tank 
T-H2 HA column waste 
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DIP TUBE 
3/8 in . OD BY 0 .050 in . ID 
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FIGURE 6-83. Type B Sampler. 
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Sampler 

F3 
FS 
Gl 
GS 
G7* 
H3 
H4 
Jl 
J2 
J3* 
J4 * 
JSA* 
JSB 
J7 
J8 
J21 
J22 
J23-l 
J23-2 
Kl* 
K2 
K3* 
K4 
KS* 
Ll 
L2A* 
L2B* 
L3 
L4* 
LSA 
LSB 
L6 
L7 
Ml 
Q3 
Q4 
QS 
Q6 
QB 
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TABLE 6-36. Vessels Equipped with 
Type B Samplers. 

Vessel/stream 

TK-F3 HN01 receiver/AAA 
E-FS condenser/AAD 
TK-Gl lOF tank 
TK-GS 100 tank 
TK-G7 100 storage 
T-H2 column/HAP 
E-H42 condenser/3WD 
TK-Jl 3WB 
Np storage 
lBXF tank 
lBSU stream 
lBP stream 
2AF tank 
T-J7 lC column/lCW 
T-J7 lCU 
TK-J2l 2NF 
T-J22 2NW 
T-J23 2PN, sump SJ 
T-J23 2PW 
TK-Kl 2DF tank 
T-K2 20 column/20W, sump SK 
T-K3 2E column/2EW 
T-K3 2E column/2EU 
TK-KS 2EU receiver 
T-Ll 2A column/2AW, sump SLK 
T-L2 28 column/28W 
T-Ll 28 column/2BP 
TK-L3 3AF tank 
T-L4 3A column/3AW 
T-L5 38 column/38W 
TK-LS 38 column/3BP 
Condenser/PSD 
Condenser /PCO 
TK-Ml decontamination tank 
TK-Q3 makeup and feed tank/3NC, 3XF 
T-Q4 3X (ion exchange) column/3XW 
TK-QS wash waste/3XW 
TK-Q6 neptunium product tank 
TK-Q8 sump waste 

Equipped 11/i th an in- 1 i ne men itor. 
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TABLE 6-37. Vessels Equipped 
with Type C Samplers. 

Sampler Vessel/stream 

JSB E-J8-2/1UD 
K6 TK-K6/UNH product 
Rl TK-Rl/20F 
R2 TK-R2/20S 
RS TK-RS/200 
R7 TK-R?/200 
RS TK-R8/20W 
Ul TK-Ul/recovered HN0 3 
U2 TK-U2/recovered HN0 3 
U3 TK-U3/laboratory waste 
U4 TK-U4/laboratory waste 
U7 TK-U7 T-U6 purge 
U8 TK-U8/AF0 

216-A-TK2 Catch tank for stack drainage 

Solution is pumped from TK-05 into a smaller sample tank located above 
TK-05 in the cell. The solution overflows back into TK-05, circulating 
through the sample tank for about 15 min to ensure that the solutions in 
the two tanks are of the same, uniform consistency. A small stream is 
then circulated through a sample bottle in the cave by means of an air jet 
in the cave. After a circulation period of 10 to 20 min, the bottle is 
removed and capped. Aliquots of the sample are used for process control, 
as ,,.,ell as accountability input measurements. 

6.7.2 Analytical Laboratory 

The PUREX analytical laboratory is located near the east end and on 
the north side of the 202-A building. The analytical laboratory consists 
of seven laboratory rooms, a counting room, and offices arranged as shown 
on the floor plan (Fig. 6-84). The laboratory supports the PUREX process 
on a 24 h/d, 7 d/wk A8CD shift basis. 

When the PUREX process is operating, the laboratory sample workload 
is about 3,000 samples per month, with a total of about 10,000 assays per 
month not counting standards, referees, or reruns.(27,30) Most process 
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control samples for PUREX are liquid. A relatively small number are solid 
(i.e., the particulate air samples, samples of solid absorption media, and 
the plutonium proauct oxide or oxalate samples*). The types of analyses 
performed on liquid samples include special nuclear material contents, FP 
content, various impurity determinations, chemical ma keup analyses an d SG, 
visual appearance, and measurements of various process control parameters, 
sucl1 as acidity, nitrite and fluoride. 

The analytical measurement accuracy is determined by analysis of a 
minimum number of standards-si mu lating process soluti ons . Ran dom 
selections of process samples are independently remeasured to determine 
the analytical rreasurement precision. Monthly and quarterly reports are 
issued summarizing the statistical evaluation or the accuracy and 
precision estimates. 

The following is a listing of the previously achi eved accuracies and 
precisions for selected PUREX sample points. In this case, "accuracy" i s 
the fixea error or "bias" of the method as determined by appropriate 
standards, and "precision" is tr1e total random error associated with 
sample analysis based on the reproducibility of results of a given sample 
between two individuals. 

Sample Point Uetermination Accuracy Precision 

05 Ur an i um 99.9% +l.0% 
[)5 Plutonium 100.6% +T0.0% 
L9 Plutonium 99.7% -+ l. 2% 
K6 Uranium 101.1% +l .2% 
lBP Alpha total 100.6% +3.0% 

These data reflect the worst-case situations. The methods for headend 
• and product measurement of both plutonium and uranium will be changed to 
newer state-of-the-art techniques which should improve accuracy and 
precision. 

The concentration of uranium and transuranic elements input to the 
process is measured in samples from the feed accountability tank (TK-05). 
The concentrations of the solutions removed from the process are measured 
in samples from TK-K6 for uranium, M cell vessels TK-M3 , -M4, -M5 and -M6 
for plutonium, and TK-Q6 for neptunium (when required). The bulk of the 
waste losses of uranium and the transuranic elements is measured in 
samples from TK-Fl5, TK-02, TK-Fl6, TK-Fl8, and TK-E5. All other output 
streams are sampled and measured prior to removal from process. 

Plutonium oxide and oxalate samples will not be analyzed at the 
PUREX laboratory. These samples will be transported to the Plutonium 
Finishing Plant Laboratory for analysis. 
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The volumes of the solutions in the tanks are determined by density 
a.nd dip tube manometer measurements using a prior calibration of the tank 
with water. For neptunium, the weight of the solution is measured using 
calibrated scales. 

Formal programs are in effect to ensure reliability of analytical 
measurements and process sampling. The difference between the beginning 
and ending physical inventories adjusted for all receipts and removals is 
calculated at the end of every campaign (about 3 mo) . If this input/output 
inventory difference is larger than the measurement uncertainty at the 95% 
confidence level, an investigation is made to determine the .ca~se of the 
discrepancy. 

Some of the major laboratory equipment used, besides the standard hood 
equipment (beakers, stirrers, heat blocks, trap bottles, etc.), includes: 

• Semiremote pipetter 

• pH meters 

• Titrators, consisting of delivery buret, electronics box, 
recorder, and digital readout 

• Density meters 

• Fluorophotometer 

• Laser fluorophotometer 

• Absorption spectrophotometers 

• Gas-liquid chromatograph 

• Dionex ion chromatograph 

• Inductively coupled plasma spectrometer (ICP) 

• Drying oven 

• Weighing balances 

• Interim sample storage vaults 

• Ge(Li) gamma detectors and peripheral electronics 

• Silicon al pha detectors and peripher al electronics 

• Alpha proportional counters 

• Low-level alpha-beta counter 
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• Automatic data processing equipment 

• X-ray emission spectrometer (post startup). 

6.7. 2.l Sample Receivins, The carriers used for sampling PUREX process 
samples are of tnree basic types: type A, 11 Gilmont 11 carrier for samples 
with high beta-gamma con tent; type B, 11 bayon et II bases for intermediately 
radioactive samples; and type C, glass and plastic bottles .of various 
sizes (25 to 100 ml) for lmv-level and cold samples. In addition, the 
neptunium and plutonium nitrate samples are received in a 25-ml plastic 
bottle inside a sealed plastic bag. The sealed bag is in a -1-pt card-
boara carton with t he lid taped on. · 

The·reusable Gilrnont and bayonet carriers are prepared in the labora­
tory; appropriate dilution reagents are placed in the G·ilmont vials. The 
carriers are then labeled, placed on a dolly, and sent downstairs on the 
dumbwaiter in room 54 (sample receiving on the floor plan). After sam­
pling, the loaded dolly is sent back up on the dumbwaiter. Type B samples 
are loaded into special racks on the dolly to avoid tipping and spillage. 

when first received, samples are surveyed for dose rate and any 
external contamination. If the dose rate so dictates, the sample package 
is transferred to a shielded carrier. Samples with high radiation are 
accompanied by Radiation Monitoring personnel whenever the wholebody rate 
could be expectea to exceed 100 mr/h. Samples with any smearable contami­
nation on the external surface of the sample container are returned to t he 
sample gallery for decontamination. 

6.7.2.2 Sample Handling. Dollies are used to transport samples and dilu­
tion vials between laboratory rooms. Absorbent, plastic-backed, labora­
tory paper is used on the dollies to facilitate cleanup of any spills. As 
stated in the previous section, racks for type B samples are used to -avoid 
spillage. The number and placement of samples on any given dolly r1ill be 
determined by the weight of sample containers, the total dose rate to the 
1aboratory worker and also by criticality prevention considerations. 

The usual precautions taken when working with hazardous chemicals are 
observed when working with laboratory samples. The samples are opened and 
analyzed in a fume hood. 

High-radiation samples can be loaded into a shielded hood facility in 
room 50. Preliminary extractions anu sample dilutions can be made on 
these samples inside this shielded hood using remote or semiremote tools 
and techniques. The prepared samples are then transferred to another 
appropriate hood for further treatment and analysis. 

Intermediate- and low-level samples are handled in regular fume hoods 
with armport windows. Appropriate shielding and shielded tools are used 
where necessary to reduce dose rates to the hands and body. 

Cold (nonradioactive) samples are handled either on the laboratory 
bench tops or in hooas, depending on the analysis. 
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6.7.2.3 Sample Disposal. Samples are vacuum transferred (slurped) in the 
decontamination room to either TK-Fl0, TK-U3, or TK-U4, depending on the 
sample. All samples containing any significant amount of uranium or trans­
uranic material are transferred to TK-Fl0 via a dedicated line and a liquid 
transfer jet, while all other contaminated samples go to TK-U3/-U4. Trans­
fer of solution from the laboratory into PUREX process vessels is coordi­
nated with PUREX management whether or not there is significant actinide 
content. The solutions must be compatible with downstream processes, so 
the chemical composition of the aqueous solution must be known, as well as 
whether organic materials may be present. 

Transfer of significant quantities of plutonium (greater than 15 g) 
into the backcycle waste system (TK-Fl0) is further restricted for TK-FlO 
criticality prevention. Prior to the transfer, PUREX management must con-

~ firm that sufficient volume and acidity exist in TK-Fl0 to ensure dilution 
.=f""'- and adequate acidity of the resultant solution. 

6.7.2.4 Waste Handling and Disposal. 

6.7.2.4.l Solid Waste. All laboratory solid waste is treated as 
contaminated a11d loaded into approved drums with plastic liners. The 
waste is surveyed and packagea as necessary before loading into the waste 
arum. ~aste from high-level beta-gamma sources, such as the shielded hood 
facility in room 50, is loaded into a shielded transfer dolly using long 
tongs to reduce dose rates. The waste is stored in a drum in the cubicle 
marked 11 hot waste storage. 11 

6.7.2.4.2 Liquid Waste. Laboratory liquid waste containing signifi­
cant quantities of uranium, transuranics, or FP is vacuum transferred to 
TK-Fl0. Waste of this nature, including very small quantities of acetone 
(used for drying pipettes) dil uted with water and acid, is accumulated . in 
a vacuum trap bottle and transferrea to TK-Fl0 about once a shift. The 
balance of the liquid laboratory waste, which contains only trace 
quantities of fissile material, is discarded to waste tanks (TK-U3/-U4). 

6.7.2.5 Laboratory Analyses and Equipment. Table 6-38 is a current 
listing of the various analyses performed in the PUREX Laboratory, as well 
as the expected hood location and equipment used. 

6.7.2.6 Laboratory Hazard Analysis. Designea safety features and admini­
strative controls reduce the probability of serious accidents in the lab­
oratory to the minimum practicable. Criticality prevention specifications 
for the laboratory include a mass limit of less than 250 g per hood ; the 
total laboratory mass is controlled to less than 399 g of fissile material. 
The laboratory hazard analysis is given in Table 6-39. 
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TABLE 6-38. Laboratory Analyses- -Location 
and Eq uipment. (Sheet l of 4) 

Laboratory 1--Room 50 

Hood nulilber Typ ical de t ermination ( s) Type of samples 

l 

2 

3 

3A 

4 

5 

6,7, 8 

9 

10 

U, Np 
U, Np 

+ 
Free H and OH (titration), pH 

Dilutions- -miscellaneous high­
level (beta-g amma ) wor k 

Pu--IUMS 
Pu -- ID MS 
ICP operated -general metal in1-
purit ies 

u 
Speci f ic ion electrodes -

- - + F , CI , Na 

All 
A 11 

All 

Disso lver so lu tions 

Dissolver solutions 

Dissolver solutions 
All 

Dissolver solutions 
All 

NO TE: A li st of major equip men t for laboratory l foll ows: 
• · Aci d-bas e titrators 
• Semiremote pipetter 
• pH meters 
• Pl utonium chemical assay 
• Titr a tor s 
• SG meter 
1 I CP. 
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Hood number 

11, 12 

13, 14 

15 

16 

17, 18 
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TABLE 6-38. Laboratory Analyses - -Location 
and Equipment. (Sheet 2 of 4) 

Laboratory 2-- Room 51 

Typical determination(s) Type of samples 

U by fluorophotometer Waste, low level U 

Spectrophotometric analysis for Medium and high level 
U, Fe, Ni, Al U, Head end 
Pu breakdown L-9, M-3 
Density and Pu dilutions High-level Pu 

Spectrophotometric analysis, Pu L-9, M-3 

NOTE: (1) A list of major equipment for laboratory 2 follo.,.,s : 
• Two spectrophotometers 
• Fluorophotometer 
• Densitometer 
• Analytical balance. 
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Hood number 

23 

24 

25 

26 

Bench top 
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TABLE 6-38. Laboratory Analyses--Location 
and Equipment. (Sheet 3 of 4) 

Laboratory 3--Room 53 

Typical determination(s) 

Np and Pu by solvent extraction/ 
alpha total 
Alpha total, total beta, gamma 
energy analysis mounts 

Flaming mounts 

Np and Pu by solvent extraction/ 
alpha total 

+ +2 -AMU; H, Fe , OH, 
pH , s u lf ama te 

·, 'i 

Type of samples 

Process samples, 
except K4/K6 

Process, some product 
waste · · 

All mounts requiring 
flaming 

K4, K6 (UNH product) 
UNH from U03 
All cold makeups 

=:: NO TE: A list of major equipment for laboratory 3 follows: 
5,i-... • Ti tr a tors 

• Densitometer 
, pH meters 
, Dionex 
• Analytical balance. 
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Hood number 

33-34 
35 

38 

Hood number 

27-30 

32 
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TABLE 6-38. Laboratory Analyses--Location 
and Equipment. (Sheet 4 of 4) 

Laboratory 4--Room 58 

Typical determination(s) 

X-Ray analysis Spares 

H+, OH titration (backup) 

Np, Pu extraction (backup) 

Oecontamination--Room 52 

Type of samples 

Uranium 

Major operations 

Slurping samples and dilutions, cleaning sample carriers, 
high-level sample dilutions made in caves 
Weighing disposition filters, sample carrer preparation; 
interim sample storage; contaminated equipment storage 

NOTE: Major equipment in the decontamination room consists of an 
analytical balance, a drying rack and a ultrasonic cleaner . 
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TABLE 6-39. Process Hazards Analysis--Sample-Analytical. (Sheet 1 of 2) 

System or 
subsystem 

Type A gl lmonts 

Type B bayonet 

Type C glass 
bottles 

Acid handling 

Pu(N03)4 
(L9 sample) 
(M Cell samples) 

0-5 pig 

Solvent stor-
age 

Gaseous stor-
age 

Energy 
(hazard) 

Sample with high­
leve l beta-g ,uma 
content 

S11l1ples with sign­
ificant alpha­
beta-ga1nna content 

Samples with sign­
ificant alpha­
beta-garm1a con­
tent, but lower in 
beta-garm1a than 
type B Sal!lll.?S 

Concentrated acids 

Pu (high concen­
tration) 

FP (high concen-
tration) 

Flammable sol v-
ents 

Flammable gases 

Unwanted energy fl ow Consequence ( immediate) 
(incident) and/or secondary) 

-
Safll)le carriers 

Spill --c arrier is ~ip­
ped and leaks sample 

Spill--tipping of 
carrier 

Breakage of container 
(dropped on floor) 

Dropping of gallon bot­
tle on floor resulting 
in breakage and spill­
age 

Spill ~r drop on floor 

Spill or drip on floor 

Fire 

Fire, high pressure 

Room and personnel contami ­
nation; personnel exposure 

Room and personnel cont am i­
nated 

Personnel contaminated; cuts 
from glass; possible inter­
nal deposition 

Fire hazard if organics are 
present; acid burn to per­
sonnel: contamination spread 

Room and personnel contami­
nated: possible interial 
deposition 

Spread of contamination, 
phys le al injury 

Chemical exposure, fire 
damage 

Fire damage physical injury 

Bd1-riers 
,1d111i n is 

safety dev 

(design , 
tra ti ve 
ices, etc.) 

Carrier design ( low cen­
ter of gravity reduces 
probability of tipping), 
admini s trative proce­
dures; protective cloth­
ing 

Racks to hold bases-­
prevents tipping, 
administrative pro­
cedures 

Equipment: dollies, pad ­
ding, etc.; administra­
tive procedures; protec ­
tive clothing 

Training; administrative 
procedures; safety 
buckets; protective 
clothing 

Equipme11t desi~n (s amp le 
carrier~); A<lm In pro­
cedures; protective 
cluthi11y 

tlandl i ng procedures, wo,·k 
flow 

System design; adntini s­
trative pr~cedures; pro­
tec tive clothing 

Same as ~hove 

Sarne as ahove 

V, 
C, 

I 
:I: 

;;o V, 
ri, I 
<V, 

):,, 
~ ;;o 

I 
0 
0 
~ 
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TABLE 6-39. Process Hazards Analysis--Sample~Analytical . (Sheet 2 of 2) 
.,. --------.----------.--------------.---------------.-------------

System or 
subsystem 

Energy 
(hazard) 

Unwanted energy flow 
( incident) 

Consequence (l11medlate) 
and/or secondary) 

Barriers (design, 
admin i strati ve 

safety devices, etc.) 
--------------------------------------------------
Slurp hood in 
decontamination 

Sample receiving 

Waste drun 

ICP 

X-ray Gener­
ating Equipment 
•(X-ray Emis­
sion Spectro­
meter) 

*Post -s tart-up 

Pu, and fission 
products high con­
tamination 

Pu and FP, high 
contamination 

Acid-soaked rags 
discarded in waste 
drum w i tli Pu and 
FP 

Plutonium , fis­
sion produc ts 
contamination 

It igh !eve I X-rad­
i at ion frum X-ray 
tube 

B lo1iback of the slurp 
system or sp i 11, con­
tact and/or ingestion 

Transfer cart tip-over 
or failure 

Fire--Pu and FP, con­
taulination spread 

Lo ss of ventilation 
by failure of ICP ex­
haust system and ttood 
Ventilation System 

Escape or loss of 
control of X- ray heam 

Shutdown of laboratory de­
contamination operation; 
possible evacuat ion of lab­
oratory area and curtailment 
of some process support 
function, personnel expo­
sure to contamination 

Curtailment of laboratory 
operation to clean up spill, 
personnel exposure to con­
tamination 

Contamination spread, Inhal­
ation of rad ioact ive mate­
rial, shutdown of l abora­
tory, fire damage 

Personnel exposure to rad­
iation and contamination 

Personnel exposure to 
X-ray radiation; burns 

System design; adminis­
trative procedures 

Cart design; administra­
tive procedures 

Administrative procedures 
fire spri11klers 

Shut down hood opt!rat ion ; 
evctcuate premises 

Build-in equipment 
safety locks; adminis­
trative procedui·es 

(/) 

0 
I 
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6.8 URANIUM PRO DUCT HANDLING SYSTEM 

6.8.1 Functional Description 

The concentrated UNH is collected and batch-transferred from TK-K6 in 
tne PUREX canyon to the 203-A area fo r storage in one of four holding tanks 
(TK-Pl, -P2, -P3, or -P4). On occasion, uranium solution to be rewor ked 
in the PJREX process is also stored in the 203-A area. Usually, an inven­
tory of cold or clean uranium nitrate solution is also maintained for use 
as startup feed solution. 

The 203-A facilities include equipment for loading and unloading tan k 
trucks, which are used to ship the uranyl nitrate to the U03 Plant (224-U). 

6.8.2 Major Components 

The 20 3-A facility consists of four 100,000-gal stainless steel tanks 
in individual concrete basins. The tanks are interconnected via piping and 
a pump station to permit intervessel transfers, recirculation of the con­
tent of a s ingl e tank for mixing, and loading of tank trucks (Fig. 6-85). 
Located in the P2 enclosure is a smaller, 15,000-gal, stainless steel tan k 
(TK-P6) for storing and concentrating UNH solutions. TK-P6 is equipped with 
an offgas treatment system, consisting of a condenser, deentrainer, filter, 
sampler, and steam ejector. Condensate from TK-P6 concentrat ion is 
col lected in TK-P5, a tank also located in the P2 enclosure, from where it s 
content is sampled and can be jetted to waste tank Fl8 or the chemical se1·,er 
header. All piping and tankage are fabricated of type 304L, stain- less 
steel . 

Utilities and services for the 203-A facility are provided by t he main 
202-A supply systems. 

6.8.3 Safety Criteria and Assurance 

The 203-A facility is a radiation zone, and all work performed requires 
protective clothing as specified by radiation work procedures. In the event 
of gross spillage, UNH poses significant chemical hazards to personnel, but 
relatively negligible radiological hazard. Spillage or pipe leakage 
associated wit h a storage tank woula be contained within the tank concrete 
enclosure. Leakage from a transfer line to or from the 202-A PUREX canyon 
would be contained within the concrete pipe chase. Overflow from a truck 
tank car during filling would be localized to the platform and collected in 
an internal sump from which the overflow can be routed back to the storage 
tanks. Table 6-40 presents the hazard analysis for uranium product 
handling. 
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TABLE 6-40. Process Hazard Analysis--Product Handling (Uranium). 

Energy Umvan ted energy Consequence Barriers (design, 
(immediate and/ administrative (hazard) fl ow ( incident) or secondary) safety devices, etc.) 

Ur an ium Leak during trans- Chemical hazard Encasement; account-
fer to 203-A area and possible ability 

contamination 

Overflow/leak while Same Sump volume measure-
filling tanker ment; vfsual 

observation 

Storage tank leak Same Parapet walls and 
sumps 

~ 6.8.4 Operational Control 

The UNH solution is measured for accountability prior to transfer 
from TK-K6 to a storage tank in tne 203-A area. Volume and assay measure­
ments are performed. Transfers from 203-A area P tanks to tank trucks are 
measured by initial-final volume difference in the shipping P tank. 
Accountability is determined at the receiver tank located at the 
U03 Plant. Accountability for transfers from the P tanks to TK-E6 is 
usually determined at TK-E6. 

Tank coil condensates and waste solutions from the 203-A area sump 
are collected in the PS tank, sampled and, depending on the radioactivity, 
routed to either the chemical sewer or to the 202-A building canyon for 
further processing. 
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