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2.0 PUREX PLANT DESCRIPTION 

This chapter presents a general description of the buildings and other facilities constituting the 
PCREX Plant with emphasis on architecture. general equipment layout, and utility services. 
Detailed descriptions of equipment are presented in Chapter 3.0. 

-- 

2.1 SITE DESCRIPTION 

The PUREX Plant is located in the southeast corner of the 200.East Area in the center of the 
560-mi2 Hanford Site (Figure 2-11 in southeastern Washington State. IR the PL'RES Plant, . 
irradiated fuel elements are processed for the separation and recovery of uranium, plutonium, and. 
neptunium. Major facilities in the 200 East Area (Figure 2-21 include: the PLRES Plant: the Waste 
Fractionization and Encapsulation Facility (221-B and 225-B Buildings), where strontium and 
cesium can be separated from reprocessing wastes and encapsulated: the 242-A Evaporator- 
Crystallizer (242-A Building), used for dehydration of liquid radioactive waste: and the tank farms. . 
used for storage of high-level waste salt crystals and solutions. 

.' 

-The PUREX Plant is a compiex of several buildings and support facilities. A detailed map of the 
plant is shown in Figure 2-.3. 

2.2 PUREX PROCESSING BUILDING (2i)2-A) 

The 202-A Building, in which the fuels are reprocessed, is a reinforced concrete structure 
1,005 ft long, 119 ft  wide at its maximum. and 100 ft  high, with about 40 ft of this height below grade. 
It consists of three main structural components: (a) a thick-walled, concrete "canyon" in which the 
equipment for radioactive processing is contained (in cells below grade): (h)  the Pipe and Operating 
(P&O), Sample, and Storage Galleries: andlc) a steel-and-transite annex that houses offices. process 
control rooms, laboratories, and the building services. The basic features and arrangement are shown 
by vertical cross section and plan views in Figures 2-4 and 2-5. respectively. The portion of the 
canyon below grade is subdivided into a row of process equipment cells paralleled by a ventilation air 
tunnel and pipe tunnel through which intercell solution transfers are made. The air tunnel eshausts 
the ventilation air from the cells to the main ventilation filters and stack. 

' 

Running nearly the full length of the canyon building, above the cells and pipe trench. is a 
craneway for three gantry-t-ype maintenance cranes thatare  used to handle cell cover blocks. 
remotely remove and replace process cell equipment, and charge irradiated fuel into the dissolvers. 

The galleries contain service piping to'the cells, samplers for obtaininq process samples, and * 

electrical switchgear. 

The service section next to the galleries consists of two separate annexes. The larger annex 
contains the maintenance shops, offices. lunchroom. locker room. radiation zone entry lobby (SWP 
lobby), blower room, a switchgear room. compressor room. Central Control Room. and the aqueous 
makeup (AML) area. Thesmaller annex contains the Analytical Laboratory, the Heaaend Control 
Room, and a switchgear room. These general features are illustrated in Figure 2-5. 
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Figure 2-5. Plan Views of the 2 0 2 4  Building. 
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Figure 2- 1. Map of Hanford Arm. 
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PUREX Radiological Status 
as of 1-11-89 

1. 275-EA Warehouse 

2. CSL PIT 
3. 295-AC CSL (Chem. Sewer Line) 
4. 206-A Fractionator 

5. Laboratory Sample Receiving Dock 
6. 203-A UNH Pump House!Control Room 

8. 295-AB PDD (Process Distilate Discharge) . 
7. PR-Dock 

9. A-4 PlTlPDD PIT 
10. 213-A Reg Maint. Workshop 
11. 291-AB Sample Shack 

12. Shielded Valve PIT 
13. 291-AC Instr. Shack 
14. 291-AG Instr. Shack 
15. 291-AJ Instr. Shack 

16. 291-AE #4 Filter Bldg. 
17. 295-AA SCD (Steam Condensate Discharge] 
18. 291-AD Ammonia Offgas Filter Bldg. 
19. 291-AH Ammonia Offgas Sampler Bldg. 
20. 212-A Load Out 
21. 294-A Instr. Shack 
22. 293-A Dissolver Offgas Bldg. 
23. 292-AB Main Stack Bldg. 
24. 295-A ASD (Ammonia Scrubber Discharge) 

25. 201-A Pump PIT 
26. 295-AD CWL (Cooling Water Line) 

27. BT2 Exhauster Area 
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General f Low d iagrams a t t a c h e d  udcr ref. nos. 

Found under section 2 of the PUREX 
Tech Manual, WHC-SD-0479, and old 
PUREX Training Manual , RHO-MA-228. 

PROCESS DESCRIPTION 
(Atso indicating the modification o f  

i c a l  and c h a n i c s t  forms) 
Found in sections 1 and 4 of the 
PUREX Tech Manual 

15. DESIGH CAPACITY 
(In wight of  principle products per 
umr) 

16. ANTICIPATED ANNUAL THROUGHPUT 
(In the f o r m  o f  a foruard progremne ( i f  
w l i d t e )  i d i c a t j w  the proportion of 
various feeds and products) 

10.2 MTU/dissolver batch, 3 
dissolvers 52 or 45 hr cycle. Waste 
processing for decl ad solutions 
limits cycle times under 2 or 3 
dissolver .operation 

Approximately 10.4 MTU/day for a 
.maXimUm O f  250 Operating days a year 
(200 - 240 operating days common). 

I 

OTHER IMPORTAUT ITEMS OF EQUIPMENT USING, 
PRODUCING, OR PROCESSING NUCLEAR HATERIAL, 
IF ANY. 

A.9 

N/A, Neptuni urn is col1 ected in Tank 
52 in J Cell and is capable of being 
processed , i f des i red. See Quest i on 
14 answers for neptunium flow paths 
and processing information when it 



22.1 Canyon 

The canyon contains a single row of 12 process cells, with a n  overall length of 813 ft. The cells run 
east and west and each cell is 14 ft wide and 39.5 ft deep; lengths of the cells vary depending on 
function. In Cells A, B, and C (the first three cells from east to west), fuels are chemically declad and 
dissolved. These cells are essentially identical in function and equipment content. In addition to a 
dissolver, each cell contains dissolver off-gas (DOG) treatment equipment including a downdraft * 

condenser, ammonia scrubber and absorber, steam and electric heaters, silver reactor, and filter. 

Cells D and E are used for preparation of the metal solution feed for the solvent extraction 
columns. Also in E Cell, the coating waste is centrifuged and reacted with caustic prior to  transfer to 
UGS. The centrifuge cake is metathesized and dissolved to recover uranium and plutonium, and the 

. off-gas from the caustic reaction is water scrubbed to remove ammonia. 

F Cell is used for the recovery of nitric acid used in the process. for treatment of the aqueous high- 
level waste from the fuel processing steps, and will be used for concentrating ammonia scrubber 

. wastes from the dissolver and E Cell. 

In G Cell, all the spent process organic solvent, except that from the Final Uranium Cycle, is . 
washed and prepared for reuse. 

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

The pool cell (for storing contaminated equipment), M Cell (for equipment decontamination and 
plutonium nitrate storage), and the “hot” maintenance shop are located on the west end of the cell row 
at cell floor level. M Cell is separated from the hot shop by a 3-ft-thick concrete wall. 

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

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

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

A. 10 



The air tunnel directly under the pipe trench i s l 1  ft wide and 7.5 ft high. Through this tunnel, 
air from the cells is drawn to the ventilation exhaust filters and the outside stack. The south wall of 
the canyon a t  the air tunnel and pipe trench levels is 5.5 ft thick. From the canyon deck level to the 
master crane level, the south wall is 4 ft  thick and narrows to 2.5 ft from the crane level to the roof; 
The roof is formed as a concrete beam 2.5 ft thick at the edges and 1 ft  thick in the center. S o  internal 
trusses support the canyon roof. 

2.21.1 Canyon Piping. Short intracell transfers between adjacent pieces of equipment are made by 
direct jumper piping connections within the cell; longer transfers require jumpers to the pipe trench 
wall. The connections are made via the trench piping, which terminates on the trench wall opposite 
the equipment piece being connected. The pipe trench also conthins hot process and service headers 
for the equipment in the cells. The pipe trench contains three spare piping systems in addition to the 
spare process line intended for occasional use. These spare systems are known as General Spare 
Systems 1,2, and 3. System 1 consists of a series of lines bent in semiloops in the pipe trench. The . 
ends of each semiloop penetrate the trench wall  and terminate with male connectors inside the cells. 
Adjacent lines can be connected with short "hairpin" jumpers to accommodate most jet or pump 
transfers. With System 2, connectors exist on both pipe trench and cell sides of the line penetrations. 
By installing hairpin jumpers in the trench and cells, liquid transfers can be made as with System 1. 
System 3 consists of pipe stubs spaced at 40-ft horizontal intervals in the pipe trench. These stubs 
originate as vertical connectors in the pipe trench and terminate with blanked ends outside the south 
shield wall of the building. By connecting Systems Band 3, it is possible to join canyon vessels to 
outside facilities. 

* 

2.2.1.2 Cell Washdown Nozzles. 'Washdown nozzles for decontamination are located in the cell 
walls 5 f t  above the cell floors. Specially located nozzles are installed a t  different levels to aim at * 

equipment with relatively high potentials for contamination. Flows from these special nozzles a re  
controlled individually with controls separate from those of the main washdown nozzles. 

22.1.3 Vessel and Condenser Vent Systems. Canyon vessels not used for boiling or denitration 
are vented to.the vessel vent header running the length of the pipe trench. Vacuum on this header is 
maintained by a jet in F Cell. Boilup and denitration tanks for acid recovery and waste treatment in 
F Cell are exhausted through a condenser to the Process Vent System. All other tanks used for I 

boiling solutions in the canyon are vented through condensers to the condenser vent header in the 
pipe trench. Vacuum on ,both boilup vent systems is maintained by separate jets located in F Cell. 
The jets on all three vent systems discharge to a condenser in F Cell where condensate is iemoved 
from the vent stream. Noncondensables are routed from the condenser through a heater, a silver 
reactor, and a filter, all in F Cell, before being discharged to the air tunnel. Vacuum on all of the vent 
systems is regulated by air bleed. 

22.2 Galleries 

The Storage, Sample. P&O (Pipe and Operating). and Crane Cab Galleries parallel the north wall 
of the canyon and are located at different levels, one above the other. The Storage Gallery is 
19.5 f t  wide and has a floor'area of 15.900 ftz. while the P&O, Crane Cab, and the Sample Galleries 
are 20 ft  wide and have floor areas of about l9.000 ft:! each. The galler? locations with respect to the 
rest of the 202-A Building are shown in Figure 2-5. 

2.2.2.1 Storage Gallery. This area is used primarilv for storage of dry chemicals and spare 
equipment. A 5-ton capacity elevator serves the Storage and P&O Galleries, as well as the four floors 
of the AMG area. 

A.ll 



2_2_2_2 Sampie Gallery. The Sample Gallery contains remote equipment for taking process solution 
samples from the cell equipment. (Samples are sent on a dumbwaiter to the sample receiving room in 
the Analytical Laboratory.) A shielded pipe chase behind the remote sampler boxes contains headers 
for recovered nitric acid, organic solvent, sampler drains, and sampler lines to and from cell 
equipment. Spares for the acid and solvent headers are also installed in the pipe chase. Unshielded 
lines bearing recovered solvent and process condensate are located on the wall above the pipe chase. 

, 

. 

. Other facilities in the Sample Gallery include: . 

' 0 ASD neutralization system 

- PDD neutralization system 

0 Diaphragm operated valves (DOV) and rotameters for flow control of recovered acid, recycled 
process condensate, and solvent feeds to the columns 

0 Chemical addition tanks for S' Cell . 

-A centrally located dumbwaiter to convey solid waste material between the Sample Gallery 
. and the outside loading dock 

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

2.2.23 Pipe and O p e r a h g  Gallery. The P&O Gallery provides space for the electrical switchgear, 
instrument racks, nonradioactive piping, and associated gang valves that serve the in-cell 
equipment. Since most of the valves are controlled from the control panels, only a few operations are 
required in the gallery. A few batch chemical addition tanks are located in this gallery. 

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

2.2.24 Crane Cab Gallery. The Crane Cab Gallery is located above the P&O Gallery, and is the 
corridor of travel for the two master crane cabs. The south wall of the gallery shields the cabs and 
crane operators from canyon radiation. Crane maintenance platforms are located at both ends of the 
gallery. 

222.3 Product Removal Room 

The Product Removal Room (PR Rooml. which is used for filling shipping containers and for 
. sampling plutonium nitrate prior to transfer to the Plutonium Oxide Production Facility, is located a t  

the west end ,Jf the Storage Gallery adjacent to L Cell. The PR Room is 41 ft long and 19.5 ft wide and 
contains a plutonium nitrate sampler tank iTK-L9) and a receiver tank [TK-Lll) used to collect 
various plutonium solutions for rework. The tanks are shielded from the working area by concrete 
walls. 

The loadout head tank (TK-Ll4) and associated equipment are located inside the L-14 Glovebox. 
The glovebox is constructed of stainless steel with laminated safety glass windows. The loadout 
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glovebox provides the capability to transfer plutonium nitrate to and from PR cans and 
FL-10-1 containers. 

A doorway from the.PR Room provides access to L Cell for contact maintenance of the Third 
Plutonium Cycle equipment. The room layout is shown in Figure 2-6. 

22.4 Q Cell 

The Xeptunium Purification Facility, known as Q Cell, is located in the west end of the Storage 
Gallery adjacent to the east wall of the PR Room. As shown in Figure.2-7, Q Cell includes a control 
room, a shielded hot cell, a maintenance room with shielded access glovehoxes, a product loadout 
room, and an AMC area. The A L E  area is on a separate floor above the control room.. ,Entry to Q Cell 
is from the radiation zone entry lobby. 

2.2.5 NCell 

N Cell is located in the Storage Gallery west of the PR Room. This cell was formerly used for 
plutonium product purification by ion exchange. The ion exchange unit was replaced by the 
L Cell Third Plutonium Cycle. .t' Cell has been modified for use as a facility for the preparation of 
plutonium oxide powder. 

2.2.6 R Cell 

The equipment in R Cell is used to wash the organic waste stream from the Final Lranium Cycle 
and prepare it for reuse. .R Cell. also designated as the "cold"'so1vent building (276-A) is located a t  the 

, northwest corner of the 202-A Building. 

2.27 U Cell 

L' Cell; the acid storage vault, is located along the north wall of the 202-A Building, just east of 
the Headend Control Room.. It is constructed below grade with removable concrete blocks 1 Ft above 
grade forming the roof. The cell has reinforced concrete walls 1.5 ft thick, 76 f t  long, 20 f t  wide, iind 
35 ft deep. I t  contains four large tanks: two for collecting and sampling low-activity laboratory 
waste, and two for storage of recovered nitric acid that is returned to the process through a header in 
the Sample Gallery. Entry to the cell is from the Sample Gallery through an electrically operated 
door and air lock or through a hatchway a t  cover block level. . 

22.8 Service Areas 

The service section of the 202-A Building lies just norrh of the galleries and consists o1 two 
separate annexes. The east annex is a two-level structure 216 ft long; 56 ft wide, and 34 ft hig.1. The 
west annex consists of five levels 490 ft long, 56 ft wide. and 62 ft above grade.at the highest point. 
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2.2.9 Laboratory 

The PUREX Analytical Laboratory, located in the western end of the east service annex, is 
144 ft long and 34 ft high. The first floor, containing the laboratory work area and lunch and change 
rooms, is on the same level as the P&O Gallery. The floor and walls of the first floor are made of 
reinforced concrete for radiation shielding. The second floor, which houses the ventilation equipment 
and service piping, has transite walls. The layout of the laboratory-work area and outside loading 
docks is shown in Figure 2-8. -- 

2.2.9.1 Laboratory Utilities. The ventilation and equipment room (ventilation loft) on the second 
floor of the laboratory houses all the piping, ventilation duct work, and miscellaneous equipment for 
servicing the laboratory. The ventilation equipment is discussed in Section 2.2.12.4. Utilities and 
services'are supplied to the laboratory through headers routed in common raceways located in the 
ventilation loft. Services to each room of the laboratory are brought through the ceiling and 
terminated at work stations. Service branches from the main building utilities include sanitary 
water, instrument air, and d r  sampling piping. A still and two vacuum pumps are located in the 
ventilation loft to provide distilled water and vacuum for the laboratory. 

' 

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

2.2.9.2 Laboratory Waste Disposai Facilities. There are four categories of solid wastes that are  
generated by the laboratory. The categories and form of disposal are as follows. 

0 

' 

Radioactive and chemicailv hazardous (radioactive mixed wastesl-This is typically low flash 
point material. It is put into glass or plastic bottles and then packed in absorbent material 
contained in a %-gal steel drum. A drum full of material is accumulated in the laboratory. 
The drum is then shipped to the 9Oday storage area. After 90days the drum is shipped to the 
Hanford Central Waste Complex in the 200 West Area. 

Radioactive but not chemicallv hazardous-This material is segregatedinto the following 
categories: 

1. Material < 10 & r e d ,  but C 100 mremh is packaged in 55-gal steel drums 

2. Material > 100 mr& is packaged in concrete-lined steel drums. 

When a full container is accumulated, it is sent to the 200 West Area burial grounds. 

0 Sonradioactive but chemicallv hazardous-These are typically reagents in low flash point 
solventsthat have exceeded the normal shelflife. .They are sent to a 90day  storage area. 
After 90 days they are sent to the 616 Building and finally to offsite disposal. 

0 Nonradioactive and not chemicallv hazardous-This material includes such items as packing 
materials and 1.unch room waste. It is sent to the Central Landfill for burial. 

Laboratory sink drainage is  collected in one of two 8,000-gal stainless steel tanks 
(TK-US and-U4) located in U Cell. The tank solution is sampled, made alkaline, and jetted to UGS 
with ultimate evaporation in the 242-A Building. 

. 
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Figure 2-8. 202-A Building Analytical Laboratory--Plan View. 



Radioactive liquid wastes accumulated in the decontamination room receiving and slurping 
hoods are routed to the acid waste accumulation tank (TK-F10) in the Backcyle Waste System. 
A water jet (aspirator) is used to slurp and dilute the waste. 

2.2.10 Utilities 

. 2.2.10.1 Steam. The powerhouse (284-E Building) supplies steam at 225 lb/in2 (gage) at 4 5 0 T  to the 
PUREX exclusion area through an  18-in. overground line. At the northwest corner of the exclusion 
area, the line divides into an  8-in. and 16-in. line. The &in. line supplies high pressure steam to ' 

outside.facilities such as the 203-A, 211-A, and 244-AR Buildings, then enters the 202-A Building 
where it supplies the heating and ventilation system and one end of the silver reactor steam header. 

The 16in. line divides into two 14-in. lines that enter the 202-A Building at opposite ends of the 
P&O Gallery. A loop is formed within the gallery by connecting the 14-in. lines with a 164x1. header 
and a 2-in. header. The 16- and 2-in. headers are maintained at' 100 and 25 lblin2 (gage), respectively, 
by pressure reducing stations. The 100-lb/in2 (gage) header supplies steam jets, some tank coils, and 

.29-lb/in2 (gage) steam to the concentrators through individual pressure-reducing valves. The 
25-lb/in2 (gage) header supplies most of the tank coils and all service outlets. 

. 

A 2-in. line branches off the 225-lb/in2 (gage) line a t  the east end of the building to supply the 
silver reactor steam header and to connect with the outside facilities' heating and ventilation steam 
supply. 

High-pressure steam to the emergency exhaust turbine-driven fan is supplied from the 14-in. line 
before it enters the east end of the building. The steam turbine and 0ff-g.S heaters have first priority 
on high-pressure steam. If the steam demand causes the supply pressure to drop below 185.lb/inz . 
(gage), other flows are throttled manually to raise the supply pressure to at least 185 lb/in2 (gage). 

While the plant is operating, about 85% of PUREX steam consumption (100,000 to 125,000 Ib/h a t  
full operation) is directly related to processing activities and is discharged as condensate to the 
216-A-30 and/or 216-A-37-2 Crib via a radiation-monitored tank. The remaining 15% is consumed in 
space and water heating with condensate discharge to the chemical sewer. 

22.10.2 Compressed Air. ' 

. 

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

Process air at 100 lb/in2 (gage) is provided by three, 250-hp rotary screw compressors and one, 
two-stage, 200-hp piston-operated compressor. Each of the four compressors, which operate in. 
parallel, has a capacity of 1,200 Rs/min. After passing through an after-cooler and a drain pot, the 
compressed air flows join and enter a Pft diameter by 12-ft high receiver tank. From the receiver 
tank the air passes through parallel filters and splits into two flows: process air,and instrument air. 

2.2.102.2 Instrument  Air. The instrument air passes through two filters in series, and then 
' through one of two regenerative-type air dryers containing activated alumina absorbent. From the 

dryer, the air flows thkough a 4-in. line to the instrument air header in the Paand 0 Gallery. 
Subheaders furnish instrument air to various parts of the 202-A Building and to outside facilities. 

2.2.10.2.3 Breathing Air. Breathing air  for mask use is provided at 100 l b h 2  (gage) by one 
rotary screw compressor with 105 stdft3/min capacity driven by a 40-hp electric motor.located in the 
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compressor room. The compressed air passes through a water separator into a 3.5-ftdiameter by 9-ft 
high receiver tank. 

From the receiver tank, the air passes through a filter to a 3-in. line that branches into a 2-in. 
header in the Sample Gallery, P and 0 Gallery, and'the laboratory ventilation loft. Outlets and 
branch lines from these headers provide breathing air at 100 lb/inz (gage) to N Cell and the railroad 
tunnels. This system is not in use. 

2.2.10.3 Raw Water. Raw water drawn from the Columbia River is used for process cooling, process 
air and compressor cooling, fire fog supply, and cell washdown. It is supplied at 100 lb/in2 (gage) to 
the PUREX Plant from the 282-E Reservoir through an  underground Win .  pipe. This pipe divides 
into two 20-in. lines that enter opposite ends of the P&O Gallery, and connect to an  18-in. header to 
form a service loop. A 64x1. fire fog supply connects into each end of this header, and runs through the 
gallery as a separate line. Raw water to the Sample Gallery is supplied by a 3-in. header running the 
length of the gallery. This header connects to both ends of the P&O Gallery 18411. header. An Sin. 
supply line to the tank farm emergency cooling water supply tank, 251-A-201, ties into the east end 
of the 184x1. raw water header. 

. 

Raw water requirements for PUREX are about 240-million gal/month. Essentially all raw water 
used at PUREX is discarded to the B Pond (216-B-3 Pond). 

2.2.10.4 Filtered Water. Filtered, sanitary, chlorinated water is used at the PUREX Plant for safety 
showers, fite protection, drinking and toilet facilities, operating area washdown, and for making 
demineralized water (see Chapter 4.0 for details on the demineralized and distilled water processes). 
The filtered water is supplied to the PUREX Plant through a 12-in. underground line from the 
283-E Filter Plant. This line services facilities within the excluiion area, then branches to enter the 
202-A Building at both ends of the P&O Gallery. The gallery 12-in. header runs the length of the 
gallery and completes a loop. 

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

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

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

2.2.10.5 Main Power Supply. Electric power is supplied to PUREX through the 251-W Substation, 
which is located -A  mi northwest of the PUREX Plant. Incoming power to the substation is supplied 
by the Bonneville Power Administration by two parallel 230-kV lines, with either line capable of 
providing the necessary power demand. At the substation, the 230-kV power is reduced to 13.8 kV 
and sent in two overhead lines to a switching station located -200 yd north of the 202-A Building. If 
one line is impaired, the load is automatically switched to the other line. A third 13.8-kV line is also 
available, but requires manualswitching at the plant. 

From the switching station, the two buried 13.8-kV lines nur to two 3,750-kVA transformers at 
the northeast corner of the 202-A Building. These transformers reduce the voltage to 2.4 kV. 
Current from the 2.4-kV supply is delivered through two normally closed buses to the east switchgear 
room, then to two substations, one at the east end and one at the west end of the building. Each of 
these substations has two 1,000-kVA transformers and one 500-kVA transformer to convert the 
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.. 
2.4-kV supply to 480 V. The 1,000-kVA transformers are used for normal service, and the 500-kVA 
transformers are for emergency power (see discussion of standby service below). 

2.2.10.6 Standby Power Supply. Standby power is available from three diesel generators located 
within the 202-A Exclusion Area. The three, 375-kW generators automatically deliver 2.4 kV to the 
standby services through the PUREX switchgear room. An approximate 30-s power outage occurs 
while the standby generators are reaching full load speed. After they reach full load speed, the circuit 
is automatically energized. 

. 

The following equipment is on the standby power circuit: 

A. One instrument air compressor 

B. Standby lighting throughout the 202-A Building 

C. Motor Control Center 1 (MCC 1): 
1. One laboratory exhaust fan (either) 
2. Agitator in waste denitration tank (TK-Fl6) 
3. Instrument power and standby lighting to 203-A and 211-A Tank Farms 
4. Breathing air compressor 
5.  Standby lighting in 29.l-A Ventilation Stack Building 
6. East Sample Gallery hood exhaust fan 
7. Building 295 ac 
8. 216-A-42A Valve Box. ’- 

D. Motor Control Center 3 (MCC 3): 
1. One Sample Gallery vacuum’pump (either) 
2. SoIvent Pump R5-1 
3. Instrument recorder, exterior south wall of the 202-A Building 
4. White Room exhaust fan 
5.  PR Room exhaust fan 
6. West Sample Gallery hood exhaust fan 
7. Evacuation sirens 
8. Building 292-AA 
9. K Cell process controller. 

E. Motor Control Center 60 (MCC 60): 
I. Agitator in acid feed tank (TK-L‘5) 
2. Acid Pump L5-1 
3. Acid Pump US-2 

5. Acid pump C8-1 
6. Acid pump L8-2. 

- 1. 206-A Building lighting 

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

G. Power Panel A Building 2701-AB. 
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a 1 1  Fire Protection System 

In the 202-A Building; the canyon cells containing large inventories of organic solvent (i.e., G,H, - 
J, and K Cells) are equipped with a temperature-activated automatic sprinkler foam system using the 
Light Water Aqueous Film Forming Foam System which simultaneously applies foam to the 
adjoining ventilation tunnel. A similar system is used in R Cell and for TK-RIA in the white 
room. Detection of fue in these cells is by rate-compensated thermal detectors that sound alarms 
locally and at the central f u e  station located between 200 East and 200 West Areas. Detectors are 
spaced approximately every 20 ft, and are tested and supervised. Fire fighting personnel and 
equipment can arrive on the scene from the 200 Area Fire Station within 6 min. 

Fire protection in the other canyon process cells is provided by a system of peripherally mounted 
spray nozzles controlled by manual gate valves. The nozzles were installed at the time of 
construction, and are mounted at 9- to 124% spacing in the cells. 

Manual actuation of the systems is dependent upon the detection of abnormal conditions by 
“Fireye” photoelectric flame detectop, set approximately every 50 ft through the cells. The fire 
detection units activate alarms in the Central Control Room and in the dispatcher’s office. The Fireye 
detectors will be replaced, if they fail, with Fenwal “Detect-a-fue” elements, which actuate alarms 
when the elements reach 275 7’. 

Smoke detectors are insFlled in the canyon crane cabs. The detectors sound an alarm in the 
Central Control Room ana in the central fEe station. The crane electrical panels are enclosed and 
provided with a Halon-1301 extinguishing system connected to the fue alarm system. 

Automatic sprinkler protection on standard wet and dry pipe systems is installed in the Hot Shop 
and the storage portion of the Storage Gallery in t2ie 202-A Building. In addition, N Cell, Q Cell, and 
the plutonium storage area have automatic wet-pipe sprinklers with both local and 200 Area Central 
Fire Station alarms. All sprinkler, installations are low-temperature, closed-head systems. 

Automatic sprinkler protection on standard wet and dry pipe systems is also installed in the 
202-A h e x ,  including the laboratories, laboratory storage area, AMU area, offices, and shops. 

22.12 Ventilation 

The ventilation system in the 202-A Building is designed and operated to keep normal work areas 
free of radioactive contamination by maintaining airflow from zones with no radionuclide content 
into zones of progressively greater contamination potential. The ventilation air is supplied by four 
systems: canyon, Sample Gallery, service area, and laboratory. 

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

Air that has been filtered, washed; humidified, and temperature-adjusted is supplied to the 
canyon at ceiling level and dispersed through ducts located abdve the craneway. The air then flows 
down to the canyon deck where it is drawn down around the cell cover blocks into each of the cells. 
From the cells, the air is exhausted through *rts into the air tunnel, then through the 291-A Filter to 
the stack. 
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The supply air is delivered by three air-handling systems. Blowers SF-1 and SF-lA, rated a t  
73.000 ftVmin each, are located in the process blower room in the west service annex. Normally these 
blowers operate in parallel, throttled sufficiently to maintain the desired static pressure in the 
canyon. Either blower will furnish the minimum safe airflow to the canyon. A booster fan (BSF-11, 
which can furnish 6,640 ftWmin, augments the air  supply to the Hot Shop. Blower SF-1B. rated a t  
19,100 ft3/min and located in the end of the east crane area, supplies ventilation air to the east crane 
maintenance platform and exhausts to the canyon. 

The exhaust side of the system from the canyon air tunnel consists of two fiberglass filters. one 
standby high eficiency particulate air (HEPA) filter in parallel, a two-stage testable HEPA filter 
downstream of the fiberglass filters. three electric exhaust fans (EF-1-1, EF-1-2, EF-1-31, and a steam 
turbine fan (EF-1-41 for emergency standby, which exhaust to the 291-A-1 Stack. These four fans are 
mounted on a concrete platform near the base of the stack. In addition. the vent flow from the 
dissolver off-gas (DOG) Treatment System is discharged to the stack. 

Equipment Disposal Tunnel 218-E-15 is exhausted through a high efficiency, replaceable 
cartridge filter to Exhaust Fan EF-1-7. Tunnel 218-E-14 vents back through the partially sealed 
entrance into the railroad tunnel and the canyon. 

The vent system is designed to maintain safe differential pressures Wp) between the process area 
and the personnel-entry portions of the building, assuming that the ventilation systems in these 
areas are functioning properly. If a power failure or loss of instrument air shuts down the supply and 
exhaust blowers, the steam-driven fan (EF-1-41 automatically starts and the supply fan dampers 
open. 

If the canyon pressure increases above 0.05 in. of water below atmospheric, the supply fans shut 
down with the dampers open so the pressure can be reduced. .Gravity dampers (vacuum breakers) in 
the canyon open to admit air to prevent the canyon pressure from decreasing below 0.i in. of water 
below atmospheric. 

22122  Ventilation System 2. This system services the areas of the building that are routinely 
occupied or entered by the work force, but are regulated because of a potential for contamination. As 
shownin Figure 2-10;the areas serviced by this system include the Sample Gallery, N Cell. canyon 
lobby, PR Room and corridor, R Cell (276-A Vault). Q Cell, and C Cell. 

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

As shown in Figure 2-10. air from this system is exhausted through HEPA filters in five streams 
by five electrical motorLdriven fans. A sixth fan (EF-2-7A) is maintained for backup for EF-2-7, which 
exhausts the P.R Room, .S Cell, and Q Cell. From the fans, each stream is vented to the atmosphere 
through five, io-ft high stacks outside the building. . 

2.2.U Ventilation System 3. This system, shown schematically in Figure 2-11, services the areas 
considered to be uncontaminated and to have the least potential for becoming contaminated. These 
areas include the P&O Gallery, Storage Gallery, Pulse-Infinitely Variable Room (PIV Room), 
AMU levels, and service areas (shops, offices, lunchroom, etc.) except for the analytical laboratory. 

A.22 



WHC-SP-0479 

The supply air is filtered, water-washed, humidity-adjusted, and delivered by two air-handling 
systems. Fans SF-3 and SF-3A in the service blower room, located west of the process blower room in 
the west service annex, supply the serviced areas through ducts, dampers, and local area reheat coils. 
Each fan has a capacity of 70,000 ft3/min, which'is 50% of the required flow for the system. Booster 
Supply Fans BSF-6 and BSF-7 are employed to increase airflow from the PIV Room to the Storage 
Gallery, Fans BSF-8 and BSF-9 recirculate PIV Room air through water coil coolers to remove the 
heat produced by the motor-generator sets. 

The exhaust side of the system contains several individual fans. All exhaust streams are 
presently udiltered, except the White Room exhaust air duct, which contains a single-stage 
HEPA filter. Radiation detection devices, which automatically shut the fans off ifradioactive 
material is entrained in the exhaust air, are installed in the other exhaust air ducts of the 
P&O Gallery. Several other fans not shown in Figure 2-11 are used to exhaust the office and shop 
areas. 

U.12.4 Ventilation System 4. This system services the PUREX Analytical Laboratory and is 
largely independent ofother building ventilation systems. As shown in Figure 2-12, the supply air is 
filtered, ,water-washed, humiUied, and delivered by two air-handling systems. Supply Fans SF-4 
and SF-4A are located in the-laboratory ventilation loft, which is the floor above the laboratory. The 
air supply of 30,000 ft3/min is furnished by operating both of these identical fans in parallel. 
A portion of this air is used for makeup of constant-humidity air to replenish losses from the supply 
(furnished by two refrigeration air conditioners) to the laboratory counting room and instkment  
shop. 

The exhaust side of the system consists of two parts. The decontamination room, laboratory hood 
rooms, and sample storage room are exhausted through.HEPA filters by Fans EF4-1 and EFCA. 
Normally, one blower is operating and one is in standby mode. Both are connected to the emergency 
power supply. If the normal power supply is interrupted, one of the fans will be automatically 
switched to emergency power. The fan must be manually switched back to normal power for 
resumption of service. Each fan exhausts to a separate 70-ft stack (296-A-5A and 296-A-5B). 

2.3 OUTSIDE FACILITIES * 

Facilities for air filpation, chemical storage, solid and liquid waste disposal, cask loading, acid 
recovery, and office space are located in the vicinity of the 202-A Building. 

2.3.1 Air Ventilation System (291-A Facility) 

The 291-A Facility discharges filtered process ventilation air and gases from PSTREX to the 
atmosphere. The equipment includes the ventilation air filters, fans, stack, and stack sample house. 

2.3.1.1 Ventilation Air Filters. There are three ventilation air filters located south of the 
202-A Building for removal or solids from PUREX process air before it is discharged to the 
atmosphere. The two older filters were designed to remove 99.9% of the particulates from the air 
stream. These two filters, operbted in parallel, are similar in design but have si@icant differences. 
Each has two glass-fiber bed sections-the prefilter and the cleanup filter. The overall dimensions of 
each filter are 82 ft  long by 52 ft wide by I3 ft deep. In the northern filter (Filter 11, the prefdter is one 
bed, 7 ft deep, packed with 115-K Fiberglas (Owens-Corning Fiberglas Company, Inc.). In the middle 
filter (Filter 21, the prefilter consists of five separate layers, each packed with a different density of 
fiber glass. The a i d o w  direction is downward through Filter 1 and upward through Filter 2. The 

* 

Ai23 



WHC-SP-0479 

cleanup filter in each unit consists of 132 American Air Filter Company “Deep Bed Filter” units 
1 in. thick with a total area of -5O-ft%nit. The filters are designed for a pressure drop of 4 in. of water 
with air velocities of 50 Wmin in the prefilters, and 20 Wmin.in the cleanup filters. 

A third main filter (Filter 31, which could operate in parallel with the older two filters, is in 
standby service. The filter cell, which is below grade, is about 56 ft long, 44 ft wide, and 13 ft deep. 
The cell is equipped with two banks of 85% American Society of Heating, Refrigerating, and Air 
Conditioning Engineers, Inc. (ASHRAE) bag-type prefilters and three banks of HEPA filters, all in 
series. The two prefilter banks and the first bank of HEPA filters are designed to permit the upper 
quarter of the banks to be lowered while the remaining three-quarters of the banks stay in place. 
This feature permits bypassing of a bank or banks of filters in case an  excessive pressure drop from 
particulate loading occurs across one or more of the filter b’anks. The final two HEPA banks cannot 
be lowered. The filter elements required are in the Storage Gallery to be installed when the filter is 
activated. 

Fire screens are installed in the inlet duct to the new filter cell and in front of all the filters except 
the fwl HEPA bank. A water seal, which when filled with water will stop airflow, is in the exit air 
duct. The seal is automatically filled by gravity discharge from a 10,000-gal capacity water storage 
tank when fire is detected by a sensing element located in the filter cell inlet duct, or by a manually 
operated switch located in the 291-A Facility (Sample House). 

. Instrumentation is provided to monitor d/p across the filter, the individual filter banks, and the 
f r e  screen in the filter inlet duct. Differential pressure indicators and high-level alarm switches are 
located in Sample House 4. DifTerential pressures in excess of established limits are annunciated in 
the 202-A Building Power Control Room. 

The south filter (located in the 291-AE Building) is downstream of and operated in series with 
filter numbers 1,2, and 3. Thus the fourth filter utilizes the other three as prefilters. I t  contains 
10 modular filter units incorporating isolation valves upstream and downstream of each unit. 
A typical module Slter unit consists of a housing with the following order of internal components: 
filter-in-place testing assembly, 4 by 3 array of HEPA filters, and filter-in-place testing assembly. 
Each 4 by 3 array of HEPA filters accomodates 14,000 ft3/min at l-in water gage (WG) dp. A coarse 
frre screen is installed upstream of the filters. Flow monitoring stations are located in this ductwork 
downstream of each filter module. Instruments for readout of the airflow are located on the 
instrument panel of the 291-AE Building. Exhaust air upstream and downstream of the HEPA filters 
can be sampled. 

Instrumentation is provided to measure: the pressure drop across the fvst and second stage of 
each module and the gamma radiation a t  the frst stage of each module. Two common alarms, one for 
high d/p and one for high radiation are located in the dispatcher’s ofice. 

2.3.13 Process Stack 291-A-1. Located immediately south of the southeast comer of the 
202-A Building is Process Stack 291-A-1, which is constructed of reinforced concrete and rises to 
200 ft above grade. The exhaust air rises through a free-standing, 7-ft inner diameter (ID). stainless 
steel liner. The top of the stack is capped to cover the annulus between the stack and the liner. The 
bottom of the liner has a dished head that drains to a collection tank. The inlet breaching for the 
ventilation air is b a e d  and welded to the liner at an angle of 45’ upward. 

Six &in. nozzles enter the liner below the ventilation air breaching. Three are for routing DOG to 
the stack, while the other three are spares. 
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Stack gas sampling points are located near the top and bottom of the stack. Lines from these 
points run to the 292-A Stack Gas Sampling Building located east of the stack. Radiological and 
environmental sampling and monitoring equipment is located in the sample house. The stack is also , 
equipped with flowrate and totalizing instrumentation. A wash system,including a booster pump is 
installed to flush the inside wall of the liner. , 

2.3.2 293-A Building 

The 293-A Building is a small reinforced concrete structure near’the 291-A-1 Exhaust Stack. The 
building has four processing cells on two levels containing two absorption colunins that remove some 
of the oxides of nitrogen (NO,) from the DOG before it is released through the process stack to the 
environs, The oxides of nitrogen are recovered as nitric acid, which is recycled for concentration and 
process use. The building cells and pipe pit are vented through a singie-stage HEPA filter by a fan 
and exhausted to a 50-ft stack (296-A-14). 

2.3.3 293-AA Facility 

The 293-AA Facility, located south of the.202-A Building, is a concrete retention area that houses 
equipment supporting the Back-up Facility located in the 293-A Building. Included in the 
293-AA Facility are three 10,000-gal hydrogen peroxide storage tanks, four metering pumps, and the 
piping and instrumentation required for handling hydrogen peroxide. Liquids spilled in the 
293-AA Facility will flow to a sump in the north end of the building. A sump pump will transfer 
liquids from the sump to either the chemical sewer, storage drums, or to the ground. 

2.3.4 294-A Building 

The 294A,Building, located north of the 293-A Building, consists of an above-grade steel shack 
over a covered below-grade cell containing three filters, one for each of the DOG streams from the 
202-A Building. Each filter provides secondary deentrainment of the off-gases prior to treatment in 
the 293-A Building. 

2.3.5 212-A Building 

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

t 

I 

Underground pipes connect PCREX cell tanks’with a shielded cubicle in the 212-A Building, . 
where connections are made to transfer the solutions into or out of the transport vessel. The buiiding 
contains tanks for makeup of chemical solutions for flushing transfer lines and casks. 

2.3.6 213-A Building 

The 213-A Building, located south of the 202-A Building, is a stee! “Butler Building” formerly 
used for transporting liquid waste from shipping casks to PUREX cells. After the solution transfer 
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lines became permanently plugged, the solution load-in function was moved to the 212-A Building. 
The 213-A Building is currently used for temporary storage of contaminated dry waste. 

2.3.7 Contaminated Equipment Storage Tunnels 
(218-E-14 and 2l8-E- 15) 

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

Both tunnel branches are nominally 19 ft wide and 22 f t  high. The older branch (218-E-14) is a 
straight extension of the main tunnel from 202-A Building, while the newer branch (21843-15) angles 
off.eastward from the main tunnel about 150 ft south of the 202-A Building, then straightens and 
parallels the older branch. The older branch is supported by wood shoring, but steel is used to line the 
ceiling of the newer branch. Both branches are isolated by water-filled shielding doors. The older 
branch extends 358 ft south of the shielding door, while the newer branch is 1,680 f t  in length. 

23.8 Uranium Storage Tank Farm (203-A Tank F s m )  

The 203-A Tank Farm is used for the storage and shipment of UNH product from PL'REX. In. 
addition, UNH waste solutions from the L'O3 Plant are concentrated for rework, and nitric acid 
recovered at the GO3 Plant is stored. The 203-A Tank Farm is located about 190 yd north of the 
202-A Building, and contains four 100,000-gal stainless steel tanks for UNH storage, and two 
7,300-gal tanks and one 13,800-gal tank for nitric acid storage. A 14.000-gal tank containing a steam 
coil and vents to a condenser is used for organic removal and concentration of waste UNH. 
Condensate from waste CSH concentration is collected in a 4,000-gal tank. 

. 

The storage tanks are mounted on concrete pads and surrounded by dikes that provide 
containment beasins in the event of tank leaks. 

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

, .  

23.9 205-A Building 

This structure is a transite shack containing lead-encased silica.ge1 beds formerly used fo- 
decontamination of UNH product. The building, now unused, sits on a cpncrete pad located inside the 
203-A Tank Farm enclosure. 
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2.3.10 Acid Fractionator Building (206-A Building) 

The 206-A Building houses the vacuum fractionator and associated equipment used for 
concentrating nitric acid recovered from PUREX and the UO3 Plant. The concentrated acid is stored 
in U Cell before it is returned to the PUREX process. The 206-A Building is a reinforced concrete 
structure located a t  the northwest comer of U Cell. Outside dimensions of the building are 
28 by 35 by 45.5 ft  abovegrade at its maximum height. Inside the building, a pit containing the 
condensate tank extends 10 ft  below grade. Equipment may be removed through a port in the 
building ceiling normally sealed with 8-in. thick cover blocks. On the east wall of the building are 
two personnel access doors secured with electrically operated locks. 

2.3.11 Chemical Tank Farm (211-A Tank Farm) 

Bulk liquid chemicals for use in the PUREX process are stored in the 211-A Tank Farm located 
north of the 202-A Building. The service, capacity, and material of construction of each tank are 

’ given in Table 2-1. 

Adjacent to the tanks is the 211-A Building constructed from steel and t rksi te .  The 
211-A Building contains pumps to supply chemicals from the tanks to the AMU area in the 
202-A Building. The water demineralizer equipment is also located in this building. 

2.3.12 Chemical Storage Warehouse (2714-A Building) 

. Dry and liquid containerized chemicals for PUREX are stored in the 2714-A Building located 
north of the 202-A Building. The corrugated steel building is set on a concrete dock next to a railroad 
spur. A paint shop is housed in the north end of the building. 

I T a k  I Material 
~~ ~ 

TK-10 Cd(N03)~ 4,300 

TK-11 NH4F - NH4N03 100,000 

Table 2-1. Tanks in 211-A Tank Farm. 

Service 

I 

Volume 
(gal) 

309 stainless steel 

304-L stainless steel . 

304-L stainless steel 

Carbon steel 

Carbon steel 

Aluminum 

Carbon steel 

Carbon steel 

347- and 304-L stainless steel 

Carbon steel 
Prn9.3131.2.1 

TK-40 65,000 Hydrocarbon diluent (NPH) 

TK-41 ‘I ributyl phosphate (TBP) 30,000 
~ ~~ ~ 

TK-42 Al(N03)3-9H20 (AVN) , 7,850 

TK-50 93 Wt% H2SO4 8,400 
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. 23.13 Low-Level Radioactive Liquid Effluent Disposal Facilities 

The principal low-level radioactive liquid effluents from PUREX are process cooling water, 
chemical sewer waste, steam condensate, process condensates, and ammonia scrubber waste (ASW) 
condensate. 

2.3.13.1 Pond  216-B-3. Cooling water and chemical sewer liquids are usually uncontaminated and 
are discharged to a surface pond. Cooling water is routed through a diversion station with capability 
for proportional sampling, radiation monitoring, and emergency discharge to a lined trench 
(216-A-42) in case the liquid is radioactive. Xormally flow goes to a second diversion box where flow 
is directed to the 216-B-3 Pond. The 216-B-3 Pond, which also receives chemical sewer waste, is an 
d i c i a ' l  lake covering several acres about 1 mile northeast of the 202-A Building. Chemical sewer 
waste is routed through a diversion station with capability for proportional sampling, radiation 
monitoring, and emergency routing to the diversion basin. 

2.3.13.2 Cribs. Steam condensates (considered low activity liquids) are sent to rock-filled caverns (or 
cribs) located at various sites in the vicinity of the 202-A Building. Typically, a cavern, or crib (see 
Figure 2-13) consists of a perforated distributor pipe laid aka slight slope on a bed of coarse rock 
covered with layers ofgravel and sand. This bed is covered with paper or plastic sheeting to prevent 
silt from seeping into and plugging the gravel bed. The upper portion of the crib is backfilled to grade 
with dirt. A riser at the end of the distribution pipe vents to the surface. Liquid waste entering the 
distributor pipe leaks out through the perforations and disperses throughout the porous bed. 
A percolation rate of 200 gaVd-f't2 of crib is estimated for this disposal method. 

. 

.Process condensatk(PDD1 from the Final Uranium Cycle (and occasionally from Concentrators 
EJ8-1 and E-H4-1) is neutralized with KOH, combined with the ammonia scrubber distillate (ASD) 
(see below), sampled, monitored for pH and radioactivity (an alarm sounds if the preset limits are 
exceeded and the stream is diverted to an 18,000-gal holding tank), and discharged through a n  
&in. diameter stain€ess steel pipe to UGS. The distriiiutor pipe, which is 222 ft long, is buried 
30 ft below-grade and is paralleled by an abandoned &in. diameter vitreous clay distributor pipe. The 
crib runs north and south and is "vee-shaped" in cross section. 

Steam condensate (SCD) from PCREX is routed through a tank south of the 202-A Building 
before final crib disposal. The liquid is continuously checked for radioactivity with an  in-line 
monitor. An automatic flow diversion to the diversion basin is activated if radioactivity is detected. 
Crib 216-A-30, used for the disposal of steam condensate, is located about one-fourth mile east of the 
202-A Building. The crib contains two distributor pipes arranged so that either or both ends of the . 
crib can be used. A 15-in. diameter, perforated, corrugated, galvanized steel pipe extends for 
700 ft  along the center of the crib. Another 16411. steel pipe parallels the first pipe for 700 ft, then 
angles across to the centerline of the crib and extends another 700 f t  down the center of the crib. 

For the fmal700 ft, this pipe is made of corrugated, 15-in. diameter steel, and is Perforated for 
water drainage. Because of .the uneven surface ofthe crib, the pipes are buried beneath from 4 to 18 ft  
of fill. 

Ammonia scrubber waste condensate (ASD) is sent to the 216-A45 Crib. In addition to the 
monitoring and diversion provisions described above for the PDD disposal system, this combined 
stream is sampled and analyzed for ammonia concentration. 

' . A.28 . 
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V 

Steam and process condensates and acid overflow from the 203-A Tank Farm are batch collected, 
sampled, and, depending on sample radioactivity, are routed to either the chemical sewer or PUREX 
solvent extraction for rework. 
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The Canyon area is a long (1005'), narrow structure which is subdivided 
i n t o  a si,ngle row of 12 process cel ls  (see Figure 6-14, 6-15). The cel ls  

r u n  the length o f  the building between a Hot Pipe Trench and the Sample 
Gallery. The cells are designated as follows: 

Function 

Metal Dissolution 

D .  ' Metal Solut ion Storage 
E Feed Preparation 
F 

G 

H 

Waste Treatement and Process 
Venti 1 a t i  on 

No. 1 Solvent Recovery 
'First Cycle Codecontamination 

3 First Cycle Partition 
K 

L 

M 

Uranium Decontamination and 

P1 u t o n i  um Decontamination and 

Equipment Decontamination and 

Concentration - 

Concentration 

Stor age 

, 

FIGURE '6-14. Purex Cell Locati on 
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SLAVE CRANE 

MAIN CRANE 

PROCESS CELLS AQUEOUS MAKE UP 

AQUEOUS MAKE UP HOT PIPE TRENCH 

CONTROL ROOMS 
CONDENSATE PUMP PIT 

. .. . - .-- .--.. 
COMPRESSOR ROOMS 

CHANGE ROOM, LUNCH 
ROOMS, OFFICES, ETC. 
AQUEOUS MAKE UP 

SWITCH GEAR 8 
CABLE ROOMS. ’ 

AQUEOUS MAKE UP 

COhDENSATE 

SAMPLE GALLERY STORAGE GALLERY 
DRY CHEMICAL STORAGE 

MOTOR GENERATOR SETS 
TELEPHONE ROOM 

PIPE 8 OPERATING 

TO FILTER . 

€3 2 
a 

FIGURE ’6-15. Typ~ical Cross Section, 202-A..Buildingi 



The cell designatiqns indicate . individual processing : functions. The 
designations do not mean that physical partitions separate one cell from 

another. The actual cell locations were determined by ventilation and 

rad ia t ion '  c r i te r ia ,  'rather than by functional boundaries. 

Three other cells not i n  the canyon proper (see Figure 6-16) include: 

Q Cell - Neptunium Ion Exchange and Loadout Cell 
R Cell - No. 2'Solvent Recovery 
U Cell - Acid and Lab Waste StorageJault. 

ORGANIC R CELL , 

RE!"ULAm PR CORRIDOR 

F O R A G E  GALLERY LEVEL 

S I T C H  GEAR & CABLE SYITCH GEAR & CABLE ROOM 

ECOt: & STORAGE 

SAMPLE GALLERY L Y E L  

FIGURE 6-16. Q, R and U Cell Location 

Q Cell is 'located at  the storage' Gallery level, adjacent t o  the PR Room.. 
Q Cell was added t o  the b u i l d i n g  so that  neptunium recovered and decon- 
taminated i n  the 3 Cell Package could be purified before it 4 s  shipped 

off-si te.  

R Cell (276-A) decontaminates and stores solvent recovered i n  the No. 2 
Solvent Recovery System. R Cell is located below grade a t  the west end 
of 202-A. This  cell is operated from the Central Control Room. 
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The Air ' Tunnel (4 ) ,  which 1 i es directly bel ow the Pipe Trench., exhausts 
ventilation a i r  from the individual cel ls  t o  the main ventilatfon exhaust 

f i l t e r s .  From there, exhaust is routed t o  the main stack. 
\ 

Two Crane .Ways(') extend most of the length of the upper part of the 
' canyon. The 1 ower Crane Way supports two gantry-type, 40-ton-capacity 

cranes. A 10-ton-capacity 'auxiliary crane is on the upper crane way. 
The two large cranes are equipped w i t h  periscopes t o  view remote main- 
tenance of cell equipment. The operators work i n  shielded cabs(') 
behind a parapet. The t h i r d  crane, .a slave u n i t ,  is remotely controlled 
from the other two cranes. The smaller crane assis ts  i n  removing large 
equipment items from cells.  

Crane Cab Gallery 

The Crane Cab Gallery is located above the P & 0 Gallery. A parapet wall, 

between the Gallery and upper Canyon, provides a shielded area so t h a t  
the operator entering or leaving the cab is protected from, direct  radia- 
t i o n  coming from the Canyon. The cabway extends the fu l l  l e n g t h  of the 
Crane Cab Gallery. 

. 

Since the Canyon is so large and 'complex, we could not possibly study i t  

i n  detail i n  an introductory manual. So f a r ,  we have mentioned particular 
cell functions. We have glimpsed the Hot Pipe Trench, the Air Tunnel and 

the Crane Ways i n  the upper canyon. Next, we will look a t  the.four gal- 
ler ies  bordering the' canyon on the north.  

GALLERI E.S 

Four galleries,  located on different levels, parallel the Canyon on i t s  
nor th  side. The galleries,  fro3 the bottom level t o  the t o p  level, are 
(see Figure 6-18): 

. .  
0 Storage Gallery (4) 

a Sample Gallery ( 3 )  
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Storaqe Gallery 
The Storage Gallery (see Figure 6-19) contains dry chemicals and operating 
supplies. Pulse generator a1 ternator controls and telephone exchanges are 
located in this gallery. The west end of the Storage Gallery, a separate 
zone, contains: 

0 The neptunium purification and loadout f a c i l i t y  ( Q  Cell) 

0 The plutonium product handling and removal (PR)  room 
0 The oxide conversion faci l i ty .  

These f a c i l i t i e s  are discussed i n  other manuals. 

Sample Gal 1 ery 

The Sample Gallery (see Figure 6-19), located above the Storage Gallery, 

extends the fu l l  length of the  building. The-Sample Gallery contains the 
remote samplers for o b t a i n i n g  process solution samples from the cell 
equipment. The samples are sent t o  the Sample Receiving Roan i n  the 
1 aboratory by a dumbwaiter. 

ORGANIC R CELL 

OECQV b STORAGE 
H CtU 

STORASE GAUERY LEVEL 

SWITCH GaR b CABLE SkITCH GEAR L CABLE ROOW 

SAMPLE GALLERY LEYEL 

F I G U R E  6-19. Storage and Sample Gallery Levels 
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RHO-MA-228 
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major por t ion  of t h e  P & 0 Gallery. The ventilation barrier allows the 

air t o  be drawn from the P & 0 Gallery through the White Room t o '  prevent 
poten t i  a1 contami na t i  on from reentering the Gal 1 ery. 

MENS LOCKER ROOM 
N'S LOCKER ROOM 

SERVICE BLOWER SWITCH GEAR ROOM 

M CELL STORAGE B A S I N  

FlGURE 6-20. Pipe and Operating Gallery LeveT . 

The P & 0 Gallery level extends the fu l l  length of the building. The 
majority'of cold p i p i n g  and services t o  cell equipment originates i n  the 
P & 0 Gallery and terminates a t  various levels i n  the .cel ls .  The follow- 

i n g  operating equipment is located i n  the Gallery: 

0 Centrifuge bowl spray pumps 

0 -Organic blend t ank  
0 Dissolver drown water tanks. 

A high-pressure steam reducing s ta t ion  is located a t  the east end of the 
Gallery i n  a ventilated area and outside the west end. 

Crane Cab Gallery . 

The Crane Cab Gallery (see F igure  6-21) is located above the P & 0 Gal- 

lery. A parapet wall, between the Gallery and upper Canyon, provides a 
shielded area so t h a t  the iperator entering or leaving the cab is pro- 
tected from direct radiation coming ,from the Canyon.. '.The cabway extends 
the f u l l  l e n g t h  of the Crane Cab Gallery. 

. A.36 



UPPW Mo( 1 
FIGURE 6-21. Crane Cab Gallery Level 

SERVICE ANNEX 

Bordering the galleries on the nor th  side i s  the third main structural 

component o f  Purex - the Service Annex. 

The Service Annex consists o f  two separate annexes called "East Annex" 
and "West Annex.'I 

East Annex 

The East Annex i s  a two-level structure (see Figure 6-22) which contains 
the: 

0 Analytical Laboratory 
0 Switchgear Room 
0 ' Head-End Control Room. 

LABORATORY LABORhfORY ACID FRAU 
\ EAST ANNEX\ SUITCH GEAR ROOH/ 

L.l 1 , I  I 1 1  I 1 I I 1 .  I I I V I '  
t 

COhROL 
ROOM 

FIGURE 6-22. East Service Annex 
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Analytical Laboratory. The Analytical Laboratory, adjacent to ' .  E and F 

Cells, i s  a two-story structure. The f irst  f loor  of the laboratory con- 
tains the  glass and instrument repair shops, change rooms, lunchroom and 
analytical equipment. The upper f loor  houses the heating and ventilation 
equipment . 

. 

The Analytical Laboratory has a compl ete venti 1 a t i  on system separate from 
The separate ventilation system reduces 

the hazards involved i n  h a n d l i n g  radioactive materials i n  open hoods. I t  

a l so  allows the laboratory t o  continue operations d u r i n g  periods of shut- 

. the rest o f  the Purex Building. 

. 

down i n  the main b u i l d i n g .  

Electrical Switchgear Room 

Switchgear for the electrical distribution system.is located i n  the 2400/ 

480-V switchgear room next t o  the Head-End Control Room (see Figure 6-23). 
Another '480-volt switchgear room i s  near the Maintenance Shop i n  the West 
Annex. Bo th  switchgear rooms are located a t  the P 81 0 Gallery level. 

EAST ANNEX 

\ .  
SWITCH GEAR ROOM 

\ 11 

U CONTROL ROOM 

FIGURE 6-23. East Service Annex 

Head-End Control Room 

The Head-End Control  Room is discussed i n  a. la ter  section of this  manual 

on control rooms. Now 1 s t ' ~  look a t  the West Annex. 
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West Annex 

The West Annex i s  a five-level structure (see Figure 6-24) which contains: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Maintenance Shop 

Electrical Switchgear Room 
Locker Room and Change Room 
SWP Lobby 
Off i ces 
Lunchroom 
Central Control Room I 

Aqueous Make-up Facil i t y  (AMU) 
Service and Process Blower Rooms . 
Compress or Room. 

SERVICE BLOMR ROY 

O F I C E  ANNEX 

UHM ROOM 

I 
I l l  

\ PRocESs'BLrdER \ WOHEH'S L & E R  ROOM 
tOMROL m COMPRESSOR RDW 

FIGURE 6-24. West Service Annex 

Maintenance ShoE. A centralized industrial shop, located a t  the P & 0 

Gallery level a t  the. west end of the service area, is adjacent t o  the 
Instrument Shop and Switchgear Room. I t  is equipped t o  handle a l l '  normal 
b u i l d i n g  maintenance. . A central too l  crib and clerical  office are pro- 
vided for this area. 

Electrical Switchsear Room. Switchgear for the electrical  d i s t r i b u t o r  

system is. located i n  the 480-V switchgear room near the Maintenance Shop 

port ion of the Service B u i l d i n g .  The room i s  on the P & '0 Gallery level. 

. 
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1.0 INTRODUCTION 

This updated PUREX* Technical Manual documents the technical bases of the current PUREX 
process and provides a physical description of the plant, equipment, and process at the Hanford Site. 
Included are'process, facility, and equipment changes that have occurred since the original PUREX 
TechnicaLManual (HW-31000) was published in March 1955 and the revised versions as published in 
March 1980 and September 1983. The manual is intended for use in training and educating 
personnel unfamiliar with the process and as a reference handbook for personnel responsible for the 
startup and operation of the plant. 

1.1 ARRANGEMENT AND CONTENT 

Chapter 1.0 contains a summary of general information about the manual, plant, and process. It 
is written to provide the reader with a synoptic description of the process and as an aid in using the 
manual. 

Chapter 2.0 describes the site, plant, and supporting facilities. 

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

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

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

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

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

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

Chapter 9.0 discusses the technology for the recovery of nitric acid and oxides of nitrogen (NO,) 
from off-gases, concentration of dilute acids into higher strength acid for reuse in the plant, and 
treatment of gaseous, aqueous, and solid w-asces. 

Chapter 10.0 presents basic information concerning nuclear criticality, and radiation and 
chemical handling safety applicable to tbe PERES Plant. 

Addendum I is the technical manual for the Plutonium Oxide Production and Rework Facilities. 
The addendum describes the facilities, location, equipment, and process technology and its 
relationship to the PUREX Process. 

*Plutonium uranium extraction process developed at Oak Ridge Sational Laboratories. 
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1.2 PUREX PLANT FUNCTION 

The PC'REX Plant, located in the 200 East Area of the Hanford Site, was designed and 
constructed to provide supplemental fuel reprocessing capability to separate plutonium and uranium 
products from irradiated fuel. The PL'REX process, developed at Oak 'Ridge National Laboratory 
(ORNL), Oak Ridge, Tennessee, is an improvement over the reduction osidation (REDOX) process 
since it uses a recoverable salting agent, which results in substantial reductions in unit costs and 
waste volumes. The PC'REX Plant and process were designed to reprocess aluminum-clad uranium 
metal fuel to recover weapons-grade plutonium and depleted uranium. but have been modified to 
reprocess zirconium alloy (zircaloy) clad fuci from 3' Reactor to recover fuels-grade plutonium. 
slightly enriched uranium, and neptunium. The plant is operated by Westinghouse Hanford 
Company (Westinghouse Hanford) under the direction of the US. Department of Energy I DOE). 
A cross section of the PLREX Plant is shown in Figure 1-1. 

Since the PC'REX Plant began operations in 1956, a variety of fuels have been reprocessed. Thc 
fuel enrichments have varied from 0.728 to 2.1% 235t': fuel ekposures have varied from 300 to 
-3,000 MWd/t U (megawatt days per ton of uranium): and cooling times have varied from 120 d to 7 yr. 
Aluminum-clad and zirconium-clad fuels have been processed at PLREX. Types of fuels processed 
include uranium metal, uranium and plutonium oxides, and thoria targets. During operations. 

* improvements were made to increase production rates, provide diverse capabilip to handle various 
fuels, provide higher quality products, decrease environmental releases, and improve the safety of the 
operation. Additional changes were made while me plant was on standby from September 1972 to 
October 1983, and more are being developed and implemented. 

, 

The PUREX Plant is operated to reprocess the inventory of stored S Reactor fuel to provide 
plutonium for research, reactor development, safety programs, and weapons for United States defense 
programs: plus, provide slightly enriched uranium for fuel in reactors generating electricity and . 
plutonium. 

' 

1.2.1 Feed Material 

The current supply of feed material to the PL'REX Plant is ?; Reactor fuel elements made of 
uranium metal with zircaloy cladding. The fuel elements. consisting of tube-in-tube design. are of 
two enrichments: (1) both inner and outer tubes 0.947% 235L (Mark IV), and (2) the inner tube 
0.947% 2351; and the outer tube 1.25% 23% (Mark IA or "spike fuel"). The outer element assembly is 
2.4 in. in diameter and-from -15 to 26 in. in length (most being -26 in.). The fuel elements areblack 
due to the formation of zirconium oxide on the surface during fabrication and irradiation in the 
reactor, After exposure of - 1,000 to 3.000 MWcUt. the fuei is discharged from S Reactor: stored in the 
S Reactor, K-East, or K-West Basins: cooled 180 d or ionger: and shipped in cask cars to PL'RES for 
processing. 

About 18 tons of pressurized water reactor IPWR) fuel elemems with zircaloy cladding are 
scheduled to be processed also. A new headend flowsheet wiil be required for processing this fuel a t  ' 

PL'REX: In addition, -3.2 tons of aluminum-clad uranium metal fuel elements, stored in four '-uckets 
in the PUREX fuel storage basin since 1972, will he processed. This material is highly depleted 
uranium (0.2% to 0.38 235L') containing 8.7 kg of plutonium with an  approximate 26% ZJOPu content. 
Modifications to the headend of the plant are also being considered to permit the reprocessing of the 
300 fuel assemblies from the Fast Flux Test Facility (FFTF). 
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1.22 Plutonium Product ./Y 
The plutonium product of the PUREX Plant can be a nitrate solution containing -350 g PdL and 

-7g HNO3. The uranium content is ~2,000 parts per million parts (ppmp) plutonium. Other 
plutonium product specifications are listed in Section 7.2. The plutonium, depending on its isotopic 
composition, is used to make breeder reactor fuel or weapons. As descriibed in the Addendum it can 
also be Pu02. 

1.2.3 Uranium Product ' 

The uranium product of the PUREX Plant is a concentrated uranyl nitrate solution containing 
-4.2 Ib Uga.1 and < 0.1 lb HNO3/gal. The plutonium content is C 10 parts per billion parts (ppbp) 
uranium. The maximum allowable fission product concentrations are as follows: 

95Zr-Xb 10 pCi/lb L 

103Ru and 20 pCi/lbC 
106Ru-Rh 

All others, ex- 20 pCillbL 
cluding 99Tc 

The maximum ailowable concentrations of other impurities are: 

The i ranium pr duct s 

iron 40 ppmp C 
chromium 16 ppmp L' 
nickel 12 ppmp U 
sodium 20 ppmp U 
organic Nondetectable 

lution is shipped to the 2 4 4 4  Building in the 200 West Area for 
calcination to uranium trioxide. This product is then shipped offsite for enrichment with 235U and 
reuse as nuclear fuel. 

1.2.4 Neptunium Product  

The'PL'REX Plant neptunium product is a nitrate solution containing -50 g Np/L, anci 
> 0.3M HNO3. A t  these conditions, the neptunium valence is stabilized at the i 5 state.. Maximum 
allowable actinide concentrations are: . 

plutonium 1.0 wt% s p  
uranium 1.0 wt% x p  

234Th 25 pci /gxp . 
thorium 3.0 wt% Np 

Allowable 95Zr-Nb and ruthenium total concentration is 25 pCi/g neptunium. Xeptunium was 
originally shipped to Savaiinah River, where it was used to produce 238Pu. While awaiting shipment, 
the neptunium solution is Stored in canyon vessel TK-.J2. This tank holds -1,200 gal, which is 
equivalent to the total volume of neptunium produc.-*d during many years of PUREX operation. 
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N Reactor irradiation 

- 1.2.5 Plant  Processing Rate  

2 4 o p ~  (%)a Septunium Plutonium 
( g)b (kgP . 

The PL'REX Plant processes ?r' Reactor fuel at a nominal rate of 10 tons of uranium per day 
through the solvent extraction system on a campaign basis. The limiting parts of the process are the 
coating removal and coating waste treatment steps in the headend. During a campaign, the batch- 
operated head-end.is started to build up a feed inventory of -35 tons of uranium as C S H  solution in the 
solvent extraction feed tanks. The solvent extraction system is thenstarted while the headend is 
operated to provide a continuous feed supply. The solvent extraction system, consisting of 14 pulse 
columns, various feed tanks, pumps, concentrators, and associated equipment, operates as a 
continuous process. The plutonium and neptunium processing rates are dependent on the uranium 
processing rate and on the plutonium and neptunium concentrations in irradiated fuel elements. The 
plutonium and neptunium concentrations depend'on irradiation history of the fuel elements. The 
neptunium content in the fuel is also dependent on the 23% content of the uranium used in making 
the fuel elements. Approximate plutonium and neptunium processing rates at various irradiation 
levels (MWd/t) of N R.eactor fuel, corresponding to a uranium processing rate of 10 tons per day, are 
tabulated in Table 1-1 for 0.947% a'nd 1.15% 2351: enriched fuel. 

. 

1.15% 235C enricned 
2,950~ 

2,030 

Table 1-1. Approximate Plutonium and 
Yeptunium Processing Rates. ~ 

12 -280 . 16.0 

9 .  -240 14.3 

1.280 

I I 0.947% 2352: enriched 
2,435 I 12 1 -300 I 18.3 

~~~~~ 

6 *-150 . 9.8 I 

9 - 1  -220 I 13.5 I I 1,670 I 
I 1.030 I 6 I -L40 I 9.0 I 

1.3 BASIC CHEMICAL PRINCIPLES OF THE PUREX PROCESS 

The PCREX process is designed for individual separation of uranium. plutonium. neptunium, 
and fission products which are combined in irradiated fuel elements. The desired components are 
separated end purified in this solvent extraction process by controllingxheir relative phase 
distributions'between aqueous solutions and an immiscible organic solvent comprised of tributyl 
phosphate (TBP) dissolved in a hydrocarbon diluent. normal paruffin hydrocarbon (SPH). In the 
following subsections, the basic principles of the process are brieHy described and the process is 
outlined. This section i s  intended only as an introduction to the process. More complete information 
is contained in Chapter 4.0. 

. 
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' 1.3.1 Properties of Uranium of Process Importance 

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

Metallic uranium is soluble in nitric acid forming an aqueous solution of UOs(S03)2-XH20. 

The salts of uranium consist chiefly of two classes: the uranous uranium at a valence state of 
+ 4 (green color), and the uranyl (LO22 - 1 (yellow in color with a strong greenish fluorescence). 
Cranium may exist in other valence states, but only the tetravalent and hexavalent forms are 
comparatively stable in aqueous solutions. Uranium( +4) is a strong reducing agent, and is not 
normally present in PC'REX process solutions since it is dif'ficuit to reduce L02.+ to uranium( &3).  
The product of uranium metal dissolution in nitric acid, U O ~ ( X O ~ ) ~ . X H Z O ,  is very soluble in aqueous 
solutions, and in TBP. When aqueous solutions of uranyl nitrate are contacted with TBP. the 
uranium will distribute preferentialiy into the organic phase' if sufficient nitric acid is present as a 
salting agent in the aqueous phase. The uranium forms atomplex compound [ U O ~ [ . V O ~ ) ~ . ( T B P ~ Z  I in 
the organic phase. Advantage is taken of this preferential distribution and the relative 
nonreducibility of UO$ + in accomplishing the separation of uranium from plutonium and fission 
products in the PUREX process. 

1.3.2 Properties df Plutonium of Process I m p o k c e  

. The PUREX process utilizes the preferential extractability of the plutonium( + 4) and 
plutonium( + 6) nitrates by TBP, and the virtual nonextractability of plutonium! + 3) nitrate to 
separate plutonium from uranium and the associated fission products. 

The dissolution of irradiated uranium fuel elements in nitric acid results in a solution in which 
the plutonium is chiefly in the + 4 valence state. 

Solutions of trivalent (blue:violet), tetravalent (brown-green), pentavalent (colorless), and 
hexavalent (pink-orange) plutonium have been produced. Plutonium( + 5 )  is unstable, and soon. 
disappears by disproportionation to other valence states. Plutonium( - 3) is more stable than 
plutonium( + 5 ) .  but in the presence of mild oxidants is converted to plutonium( 4 4). Both . 
plutonium( + 4) and plutonium( - 6) nitrates can be made to distribute preferentially from an aqueous 
solution salted with nitric acid into TBP in the same manner as uranyl nitrate, while the 
plutonium( + 3) nitrate always favors the aqueous phase. Plutonium( f 4 and plutonium( - 6) form 
complex compounds in solution with 2 molecules of TBP. Plutonium( + 6) acts a s  a plutonyl ion 
(PuO2+2) and forms a complex with 2 molecules ofTBP similar to that formed by uranium.. The 
solvent extractability of the + 4 and c 6 vaience states makes possible the separation of plutonium 
from the fission products, while the relatively easy reduction of plutonium to the virtually 
nonextractable + 3 valence state makes possible the separation of plutonium from uranium in the 
PUREX process. 

. 

*The organic phase is often referred to as the solvent or extractant phase, as required for 
clarification of the text. Some aqueous streams, however, are used is solvents or extractants of 
specific constituents. Supportive text of these terms should clarify the meaning. 

' 
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1.3.3 Properties of Neptunium of Process Importance 

The P W X  process utilizes the preferential extractability of the neptunium( + 4) and 
neptunium( + 6) nitrates by TBP, and the nonextractability of neptunium( + 5 )  to separate neptunium 
from plutonium, uranium, and the majority of the fission products. Further separation from fission 
products and thorium is attained by preferential sorption of neptunium( + 6) on Amberlite IRA-99, or 
equivalent, ion exchange resin. 

The dissolution of irradiated fuel elements in nitric acid results in a solution in which the 
neptunium is chiefly in the + 5 valence state. 

Neptunium( + 5 )  is the most stable valence state with a nitrate solution that is emerald green in 
color. 

1.3.4 Properties of Fission Products of Process Importance 

Fission products such as 131I, 129I,85Kr, W, and 131mXe are volatilized from the dissolver during 
uranium metal dissolution. A silver reactor and acid absorbers cojlect part of these fission products, 
while the remainder are released to the atmosphere. Iodine-131 and l3lXe have such short half-lives 
that they decay to negligible quantities prior to processing. Ruthenium-103 and -106, tritium, and 
125Sb are partially volatilized, and except for 125Sb, are nearly completely removed from the off-gases 
prior to release. Part of the 125Sb is collected in the silver reactor, part in the acid absorption 
columns, and an unknown amount is released to  the atmosphere. 

The fission products remaining in the metal solution are, in general, relatively inextractable into 
TBP, even when the aqueous phase contains a salting agent, and thus largely remain in the aqueous 
phase at the conditions under which plutonium and uranium are extracted. The presence of residual 
fluoride from the coating removal process in the uranium feed increases 95Zr-Nb decontamination in 
the f i t  cycle of the solvent extraction system. Most of the iodine remaining in the feed is extracted 
into the organic stream and is later removed with the carbonate-permanganate wash. 

1.3.5 Decontamination 

The gamma-emitting fission products associated with irradiated uranium fuel elements are . ' 

reduced by factors of 1 x lo7 in the uranium product, > 1 x 108 in the plutonium product, and > 1 x 108 
in the neptunium product. Uranium is separated from the plutonium product by a factor of > 1 x 107. 
Plutonium is separated from uranium product by a factor of >4 x 104. 

The factor by which the concentration of radioactive contaminants is reduced is termed the 
decontamination factor (DF), which can be expressed mathematically as follows: 

Contaminant radiocretiuity initidly present 

Contaminant radioactivity present at step in consideration 
DF= 

A.46 
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Either the beta or gamma radiations may be used as a n  index of the fission product radioactivity 
present, and the decontamination thus determined is called the beta dF or gamma dl?. A logarithmic 
method of expressing df is also used, and is e expressed as follows: 

dF = log,o (DF) 

Therefore, a DF of lo5  is equivalent to a dF of 5; a DF of 20 equals a dF of 1.3; etc. 

1.4 PUREX PROCESS DESCRIPTION 

Figure 1-2 is a process flow diagram of the PUREX Process, including feed preparation, solvent 
extraction, solvent treatment, acid recovery, and waste handling steps. Individual parts of the 
process are discussed in the following subsections. 

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

1.4.1 Feed Preparation 

The purpose of the feed preparation process is to prepare a solution from the irradiated fuel 
elements that is suitable as a feed to the solvent extraction battery. The feed preparation process 
includes the following steps. 

' 

0 The Zircaloy jackets are removed by dissolution in aboiling solution of 5.5M NH4F and 
0.5M NH4N03. The resulting jacket removal waste is processed through a centrifuge to . 
recover small amounts of uranium and plutonium that react with the fluoride duringjacket 
removal. The waste is then treated with caustic to remove ammonia and sent to the 
242-A Evaporator for concentration to a slurry acceptable for storage in underground double- 
shell tanks. 

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

' 
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.. . 

Figure 1-2. PUREX Process Flow Diagram. 
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0 The remaining uranium metal and the centrifuge cake containing plutonium, neptunium, 
and fission products are dissolved in 10.43 and 12.2M HNO3, respectively, with sfl icient 
aluminum nitrate to complex any residual fluoride remaining from the metathesis step. 

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

0 

1.4.2 Solvent Extraction 

Pulsed solvent extraction columns are employed in the PUREX process to effect the 
decontamination necessary to produce acceptable products. A number of cycles make up the total 
solvent extraction process as described below. 

1.4.2.1 Codecontamination and Partition Cycle. The'Codecontamination and Partition Cycle 
separates the feed into a fission product-containing aqueous stream (HAW), a uranium and 
neptunium aqueous stream (lCU), and a plutonium aqueous stream (IBP). 

The feed solution (HAJ?) from the feed preparation section is continuously fed to the intermediate 
feed point of the HA Column. This feed contains uranium, plutonium, neptunium, fission products, 
and nitric acid as a salting agent. A countercurrent flow of TBP in a hydrocarbon diluent (HAX) rises 
through the aqueous phase in the column, and extracts the uranium, plutonium, and neptunium into 
the solvent phase, but leaves the majority of the radioactive fssion products in the aqueous phase. 
A backcycle waste stream (3WB), containing some product from other column waste streams and 
nitric acid, is added to the HA Column just below the feed point to provide most of thesalting strength 
in the column. An aqueous scrub stream (HAS), introduced at the top of the column, further 
decontaminates the uranium, piutonium, and neptunium by washing fssion products back from the 
solvent phase to the aqueous phase. Uranium is in the + 6 valence state, and plutonium is chiefly in 
the + 4 valence state in the HA Column. A small stream of sodium nitrite is added near the bottom of 
the column to oxidize neptunium to the + 6 valence state to effect a more complete extraction into the 
organic. The organic stream (HAP) containing the uranium, plutonium, and neptunium overflows to 
the feed tank of the Partition Cycle. 

This organic stream is mixed with four organic recycle streams (lBSL', BBW, 3BW, 2PW) to form 
the ZBXF feed stream, which is pumped to the bottom of the partitioning column (1BX). An aqueous 
stream, containing ferrous sulfamate reductant added to the top of the 1BX Column to reduce 
plutonium to the inextractable + 3 valence state, descends through the column and carries the 
plutonium from the bottom of the 1BX Column to the top of the 1BS Column in the lBXP stream. The 
small amount of uranium in this stream is scrubbed out by contacting with organic flowing up 
through the 1BS Column. The aqueous plutonium stream (1BP) leaves the bottom of the column, 
then goes to the Second Plutonium Cycle. The organic stream ClBSU) leaving the 1BS Column goes 
back to the 1BX Column feed tank. 

The uranium and neptunium leave the top of the 1BX Column in the organic stream, and go to 
the bottom of the 1C Column where they ate  countercurrently stripped into a dilute acid scrub stream 
(lCX), which is then fed to the 1CU Concentrbtor where it is concentiated as feed (1UC) for the Final 
Uranium Cycle. 

1.422 Final Uranium Cycle. The Final Cranium Cycle completes the decontamination of uranium 
from neptunium, residual traces of radioactive fission products, and plutonium with uranium from 
the partition cycle. 

. 
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Nitric acid and hydrazine are added to the 1L'C stream to increase the salting strength and 
provide a holding reductant (to react with nitrous acid) in the feed (2DF) to the 2D Column. Organic, 
added at the bottom of the column, extracts uranium from the feed as the organic moves up through 
the 2D Column, and overflows (2DU) to the 2E Column. A scrub stream (2DIS) containing 
hydroxylamine nitrate as a reductant, is added to the top of the 2D Column to reduce any plutonium 
to the inextractable + 3 valence state. The column is operated at a high aqueous-to-organic ratio 
(NO) to keep the organic saturated with uranium, thus forcing fission products, neptunium, and 
plutonium to leave in the aqueous 2DW stream enroute to the Backcycle Waste System. 

The uranium in the.2DU stream is stripped by a dilute acid aqueous scrub stream (2EX) in the 
2E Column, and is then concentrated in the 2EU Concentrator to form the UNH product that is stored 
in the 203A Tanks prior to shipment to 22PUA Building(UO3 Plant) for calcination. 

1.4.2.3 Final Plutonium Cycles. The Final Plutonium Cycles, which are composed of the second 
and third cycles, complete the decontamination of the plutonium. The aqueous.product stream from 
the 1B scrub column (1BP) contains plutonium in the + 3 valence state. This plutonium is oxidized to 
the +4  valence state in TKJS (2AF) by the addition of sodium nitrite and sometimes, nitric acid. The 
oxidized solution (2AF) is fed to the center feed p o i h  of the 2A Column. In the bottom section of the 
column, the plutonium is exxacted into a TBP-NPH solution (2AX). In the upper portion of the 
column, the organic stream is contacted with nitric acid solution (2AS1, which is fed to the top of the 
column to scrub fission products from the plutonium. The organic solution cascades to the bottom of 
the 2B Column where the plutonium is transferred back into the aqueous phase by countercurrent 
extraction with an aqueous strip solution (2BX) containing hydroxylamine nitrate and hydrazine as a 

bottom of the column to provide additional uranium decontamination: 
. reductant and holding reductant, respectively. A second organic stream (2BS) is added near the 

The aqueous pluQnium product from the 2B Column (2BP) flows to'the 3A Column feed tank 
(TK-L3) where additional nitric acid is added to form the (3A.F) feed stream, which is introduced to 
the midpoint of the 3A Column. Organic is added at the bottom, and extracts plutonium from the feed 
as it moves up through the 3A Column to form the product stream (3Ap). A scrub stream (3AS) is 
added to the top of the column to scrub fssion products from the organic, and flows countercurrently 
to form the 3AW stream. ' 

The 3Ap stream containing the plutonium goes to the bottom of the 3B Column, where it is 
stripped back into an  aqueous dilute nitric scrub stream (3BX). The plutonium nitrate leaves the 
bottom of the 3B Column as the 3BP stream. Organic w a t e s  from the.Fina1 Plutonium Cycles 
(BBW, 3BW are recycled to the 1BX feed tank. 

The 3BP stream is butted with nitric acid to prevent plutonium polymerization during 
subsequent process steps. The plutonium nitrate is then stripped of organic in, the 3BP Stripper and 
concentrated to its PCTREX product form in the 3BP Concentrator. Process condensates from the 
3BP Stripper-Concentrator are routed to the Third Plutonium Cycle feed tank for rework. 

1.4.2.4 Final Neptunium Cycle. Neptunium is collected from the Backcycle Waste System on a 
batch basis and decontaminated in two solvent extraction columns and an  ion exchange column. 
Collection of neptunium (operating Phase I) is started by diverting part of the backcycle waste 
concentrate (3WB) to the midpoint of the 2N Column. A scrub stream (2NS) containing ferrous 
sulfamate reductant is then introduced a t  the top of the column and an organic stream (2NX) is 
introduced at the bottom. These streams flow countercurrently through the column while the 
neptunium is reduced to the extractable i 4 valence state and the plutonium is reduced to the 
inextractable +.3 valence state. 

. 

' .  
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The neptunium leaves the top of the 2N Column in the organic 2Np stream, enters the 2P Column 
where it is stripped back into dilute nitric acid and returned as 2PN-R to the 2V Column feed tank. 
The major portion of the plutonium and fusion products exit the 2N Column in 2NW, which is routed 
to the Backcycle Waste System. 

When a batch of neptunium (2,000 g) is collected, the feed from the backcycle waste to the 
2PN feed tank is replaced with nitric acid and the two columns are operated as Phase I1 for 
neptunium decontamination. The 2NS and 2PX scrub stream flow rates are increased minimally, 

. 

and the columns are operated until the fusion product and plutonium content of the 2PN-R is reduced 
to an acceptable intermediate level. Most of the uranium exits the system in the organic stream 
leaving the 2P Column (2PW) to the 1BX feed tank during Phases I and 11. 

When the collected neptunium is sufficiently decontaminated, Phase I11 is started to remove 
neptunium. During Phase 111, the scrub stream flow rates are reduced to a minimum, nitric acid is 
used as feed to the 2N Column, and the 2PN-R is routed,either to T K 4 2  or to Q Cell as 2PN: In 
T K J 2 ,  the 2PN neptunium solution can be concentrated and stored awaiting final disposition. In 
Q Cell, the 2PN is concentrated and loaded onto an  ion exchange column that contains Amberlite 
IRA-99 ion exchange resin. The column is scrubbed with several streams to attain final fission 
product and plutonium decontamination and iseluted with dilute nitric acid giving a product solution 
containing 40 g Np/L. Loading and scrub waste streams are collected, sampled, and routed to the 
Backcycle Waste System or to uhdergroundstorage (UGS), depending on product content. The forecut 
and aftercut from the elution step are recycled to the 2PN Stripper-Concentrator. 

1.4.3 Solvent Treatment 

The solvent treatment section of the plant reclaims the combined TBP and NPH for recycle to the 
process. Two solvent treatment systems are employed. Solvent Treatment System No. 1 (Solvent 
System 1) processes the solvent from all of the solvent extraction cycles, except for the Final Uranium 
Cycle, which is processed by Solvent Treatment System No. 2 (Solvent System 2). 

Solvent System 1 receives organic ( 1 0  from the 1C Column. The organic is contacted by 
passing through packing in TK-G1 concurrent with a solution of sodium carbonate and potassium 
permanganate to remove fusion products and degraded organic. The organic is then scrubbed wit5 
dilute nitric acid in the 10 Column and returned to the process as HAX, lBS, 2AX, 2BS, 3AX, and 
2NX. The spent carbonate-permanganate solution is sent to UGS. 

Solvent System 2 receives organic (2EW) from the 2E Column. This liquid is treated similarly as 
in Solvent System 1 and returned to the process as 2DX. Since there are fewer fission products and 
degradation products associated with this solvent, the spent aqueous wash solutions from this system 
are usually transferred to Solvent System 1 for reuse. 

* 

1.4.4 Backcycle Waste System 
t 

Aqueous waste streams containing nitric acid, uranium, plutonium, neptunium, fission products 
from various columns in the plant, and condensates from some plant condensers, are collected and. 
concentrated in the Backcycle Waste System. Streams entering the Backcycle Waste System . 
include: 2DW, 2AW, 3AW, and 21W, T-L6 and E-L7-1 tube bundle steam condensates; and 
condensates from Condensers E-F5, E-U6, E-L12, and E-69. The 3AW stream is fed to the backcycle 
waste concentrator receiver tank, while all other streams are fed to the concentrator feed tank. Most 
of the concentrated waste (3WB) containing high acid concentration is fed to the HA Column to 
provide salting strength and for product recovery. The remaining 3WB is fed to the Final Neptunium 
Cycle for collection of neptunium. 

1 
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1.4.5 Acid Recovery and Waste Treatment  

The prinoipal.aqueous process wastes from the PUREX Plant receive the following treatment: 

0 Highly radioactive waste (HAW) containing nitric acid is concentrated, with simultaneous 
recovery of the acid. The concentrate is denitrated with sugar with partiaLrecovery of the 
NO, gases produced. The denitrated solution is treated with caustic and sodium nitrite and 
sent to UGS 

Spent organic wash solution and sump wastes are made alkaline and transferred to UGS 

Ammonia scrubber waste collected during coating dissolution b d  coating waste treatment is 
transferred to UGS 

Process condensates from high-level waste concentration, backcycle w&te concentration, acid 
fractionation, and partition cycle concentration are recycled as scrub streams to various 
columns instead of being discharged to cribs (covered, rock-filled trenches). Condensate from 
the Final Uranium Cycle is sent to UGS. ’ 

0 Recovery of nitric acid from dissolver off-gas NOf isaccomplished by two acid absorbers 
(T-XA and T-XB). This dilute nitric stream is routed to the vacuum fractionator (T-U6) with 
the dilute acid recovered from the high-level radioactive waste. These streams plus nitric 
acid recovered at the UO3 Plant are processed in the vacuum fractionator to produce a 
10.4hJ acid, which is then reused in  the plant. 

* 
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4.0 PROCESS DESCRIPTION 

This chapter gives a detailed description of the PLXEX process including fuel dissolution, solvent 
extraction separations, product concentration and loadout, waste treatment and disposal, and solvent 
and acid recovery. Figure 4-1 is a schematic diagram showing the entire PUREX process. Also 
included in the chapter is a section devoted to descriptions of the methods used in laboratory analysis 
of the various PUREX process stream samples. 

Chapteh 5.0 to 9.0 are devoted to discussions of the technological bases associated with each 
major elementof the PUREX process. 

4.1 TRANSPORT OF FUEL ELEMENTS 

Reactor fuel elements are delivered to PUREX in heavily shielded railroad cars on a regular 
schedule during plant operating periods. A shipment may require up to six cars, but generally 
includes only enough to provide one dissolver charge at a time. The N Reactor fuel is transpbrted to 
PL'REX in several M e r e n t  types of canisters and two dinerent kinds of casks, depending on which 
100 Area fuel storage basin it is delivered from. The handling equipment of the KE and KW Basins 
requires that the fuel be shipped in short canisters and casks. Fuel stored at the N Basin, however, 
cap be shipped to PUREX in the original tall N Production Reactor (NPR) casks, which accommodate 
either short or tall canisters. The N Basin is also capable of handling the short cask used at KE and 
KW Basins. However, this would require modification in the N Basin. A detailed discussion.of the . 
shipping and transport equipment can be found in Chapter 3.0, Section 3.2. 

The responsibilities for shipping fuel between 100 X.0perations and PUREX Operations are 
clearly defined to achieve safe handling and positive identifkation of the fuel. Positive identifkation 
also contributes to the safe operation of the PC'REX Plant, as this information is required to plan 
dissolver charge sizes and other operating criteria. The information describing the fuels in reactor 
basin storage is required in advance of any shipment to PC'REX, and includes the following: 

0 Enrichment level 

0 Date of discharge from the reactor , 

0 Basin storage position 

0 

0 

Number of fuel elements per canister 

Uranium content of each piece 

0 

0 Reactor power level. 

Net weight of each canister 

Total exposure of the fuels 

Plant input accountability is provided by this information, and is used as a check against the 
dissolver TK-D5 solution analysis. 
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Zitcaloy-clad Mark IV fuels (0.947% 235C enriched) are handled differently than “Spike,” Mark IA 
fuel elements (0.947% and 1.25% 2351; enriched). Descriptions of the fuel elements processed in the 
PUREX Plant are given in Chapter 5.0. In the piist, most Mark IA fuel elements were transported in 
tall canisters and casks, although some spike fuel was loaded in short canisters with hexagonal tops. 

4.1.1 Fuel Element Shipping 

This section describes the shipping and handling of the casks containing fuel between the reactor 
storage basins and PUREX, and within the P L W X  canyon-’ 

4.LLl Shipping and Handling Containers at Basins. Modified short canisters and casks, 
described in detail in Chapter 3.0, Section 3.2, are used at the KE and KW Basins. The cas,h i r e  
handled and loaded in a similar manner at both the K and N Area basins. A cask is removed from the 
cask car with a bridge crane. The’lid is unlatched, and the cask is lowered into a water-filled loading 
pit. An underwater mechanism has been devised to remove the cask lid as the cask is lowered. Under 
-20 fi of water, the cask is moved out from under the lid and is rested on the bottom of the pit. The cask 
is loaded with canisters in the prescribed manner, then the lid is replaced as the cask is raised. After 
the lid is latched, the cask is placed on a cask car for shipment to PUREX. 

Zircaioy-clad fuels from N Reactor are of tube-in-tube codiguration, and are received in two types 
of two-barrel canisters. Short, 2&in.-tall canisters normally contain fourteen, 0.947% enriched fuel 
elements in a single layer of vertical elements, while taller canisters (71 in.) contain up to four layers 
of fuel elements. Usually only 0.947% and 1.25% enriched spike fuel elements are transported in the 
tall canisters. Short canisters containingspike fuel elements are identified with octagonal lids. 
Positive identification by the crane operator of the fuel element type in each canister is not possible 
due to the distance and optics involved. 

Nuclear criticality prevention during fuel transit is provided by the canisters and casks, whose 
design configuration physically b i t s  the spacing of the accumulated fuel elements. Administrative 
controls &e required after charging fuels to the dissolvers to prevent nuclear criticdity. 

41-12 Rail Car.Description. The canisters filled with fuel elements are transported in massive 
casks. The casks are enclosed in water-filled tanks or wells installed on special railroad cars. The 
water provides cooling and additional shielding. The tank a v e r s  are hinged and are  opened with 
gear box and chain and sprocket mechanisms operated with a hand wheel. This system of containers 
is designed to effectively shield the large amounts of radiation emitted by the irradiated metal during 
the time it is contained in the car. Typically, the metal remains in a car -20 h before it is charged to a 
dissolver. 

A thermometer is provided to monitor the cask tank water temperature so that, ifnecessary, 
evaporated water can be replaced before the elements overheat (liquid level measurement is not yet 
available in the tanks). Over-heating of the fuel elements could result in cladding rupture and 
contamination of the water. Continued loss of the water coolant by evaporation could also create.a 
potential for a uranium fire. However, since the fuels to be processed are previously stored in water- * 

filled basins for a minimum of 180 d follo&g discharge from the reactor, overheatirig of iuel in the ‘ 

cask tank is not expected. 

41-13 Rail C a r  Handling. The P L W X  dispatcher regulates‘ train entry into the railroad cut and 
tunneI by means of electric lo& on the gate and the tunnel outside door. When a load of fuel reaches 
the PC’REX Plant, the dispatcher is contacted by the train crew for permission to enter the railroad 
cut, located outside the northeast end of the 2 0 2 4  Building. A member of Patrol is required to open 
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the gate, while an operating supervisor, an operator, and an RPT are required to receive the 
shipment. After the train enters the tunnel, the tunnel door control is activated by the dispatcher. 
The operator confivms that the cask cars are positioned for unloading, and the crane operator verifies 
that the canyon overhead ventilation door is closed. The cask cars (as many as three) are pushed into 
the tunnel by the train crew. The engine is disconnected, and a car puller is hooked to the cars 
nearest the tunnel door (north end). This enables the crane operator, who does not have a view of the 
door-end of the tunnel, to position the cars in the tunnel after the door is closed. With the car puller 
hooked to the north car,, the crane operator cannot accidentally push a car through the door. 

The cask car tank covers are opened with hand wheels on the tank by an operator before the 
tunnel door is closed. A visual inspection of the dissolver by the crane operator precedes the charging, 
operation. Following the charge, empty canisters are returned to the casks. The overhead door is 
closed and the dispatcher is notZed. When the tunnel door is opened, the tank covers are closed and 
the cars are disconnected from the car puller. 

The cars must meet contamination release limits before they can be turned over to the train crew. 
This means that portions of the cars that the train crew may contact, such as couplers, levers, 
handrails, and footrails, are cleaned to "nonsmearable" condition. The cask car decks; tanks, and 
running gear (axles, shafts, etc.) have less restrictive release limits. 

41.2 Fuel Handling and Dissolver Charging Procedures 

Chargingfuels of 0.947% 235V enrichment or 0.947% and 1.25% enriched spike fuels to one of 
three identically designed dissolvers is the first step in the coating removal process described in * 

Section 4.2. ' Zitcaloy-clad fuels are charged into a solution of AFLV for coating removal. 

4.1.2.1 Fuel Identification and Radiation Monitoring. A visual inspection is made to identify the 
fuel elements before unloa,ding to control the amount of.fissile material in dissolver charges. Some 
fuel assemblies (0.947% and 1.25% enriched spike fuel) are fabricated with M e r e n t  2352; 
enrichments in the outer and inner tube. For criticality control, only complete assemblies are 
charged, unless special specifcations are involved. 

A radiation detection chamber, which activates a red light in the crane cab when radiation levels 
exceed the limit, is installed in the railroad tunnel to monitor the canisters during removal from the 
casks. This radiation signal is transmitted and recorded in the dispatcher's ofice and the Central 
Control Room. The alarm level is set to detect the radiation equivalent to that of fuel cooled for 180 d. 
Insufficiently aged fuels are prevented from being charged by this "green slug" monitoring system, as 
dissolution of these fuels would liberate large quantities of radiojodine that would vent to the 
atmosphere, thus exceeding release h i t s .  If the alarm sounds in the Central Control Room, the 
Crane Cab, or the Dispatcher's Office, the canister containing inadequately aged fuel is returned to 
the cask for shipment to storage in the reactor basin. 

Shift operating supervision, the crane operator, and dispatcher must coordinate their activities to 
ensure that proper f, el is charged to the dissolvers and the charge limits are observed. The shift 
supervisor determines from a written, bucket-loading summary, which of the available canisters to 
unload and charge to stay within the charging limit. The information contained in the bucket or 
metal-loading summary is listed at the beginning of Section 4.1. 

. 
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Table 41. Zirflex Decladding Streams. 

Pu 4.9 E -04-& 
U an entrained 
( M I s 2 U F 6  1 02kg 

Waterrinse H?O Remove additional fluoride ion 1.893 L 
and solids from dissolver 

Dissolver off-gas Hn 0.1% effluent from dissbiver 2.828 ft3/min ac 100 'C m, 4.0% dunngdadaddmg . 
Alr 

78.2% 
71.7% 

H2O 

Condensate NH40H 2.14x Condensate from downdraft 3.896 gal 
condenser during decladding 
which is toured to catch tanks 

condenser off-gas .SI 5.7% ZEELr routed to ammonia 
Downdraft Hn 0.5% from downdraft 454 fWmin at 30 YC 

4.2% scrubber 

Ammoniascrub H20 , Remove ammonia  fmm off--gas 76 Umin for 8 h 

Ammoniascrubber Hn 0.5% . Treated off-gas u) main srack 42? R3/min at 30 'C 

89.6% 
H?d 
Alr 

water (36.890 L) 

0.1% 
4.2% residual ammonia removal 

via the Back-up Facility for 

I 95.2% I 
O f f - g a s  

'9 

- I I I I 
fl0'i'E: For processingof 0.947% 3SU enriched Mark IV fuel from N Reactor. Psn9-313141 
AMumes fuel exposun of 2,435 12% WPu content; 1.825 q FMdTC. 

1 stream 

Dilution water 

Zirflex solution 

Charss 

Dissolver air bleed 

Sbamsparge . 

Watarmakcup 

Dilution water 

Corn poaition Function VoIumqor flow 

H?O Dilute Z i e x  solution to 5299 L 

A?$H4F 112M Dissolve Zircaloy dadding 5299 L 
NH4NOi Log 

desired concentration 

U 22,500 Ib N Reactor fuel elementafor 
zircaloy-2 1,580Ib Processing 
Pu' 20.531 g 

Air Dilute hydm en in off-gar 400ft3lminat25'C . ' 

H20 Remove NHs to msirrtain 1.633 kg/h for 7 h 

H20 Maintain constant liquid level 3.825 L 

H20 Dilute decladding waste prior 4.542 L 

I solids precipitation 

NP' 340 8 

iiuringdechffding 

desired pH 

in dksalver during decladding 

to cooling and jetting to reduce 

Dscladdingwmts 0.50 M 
0.038F;I 
0.07r 
0.68 ah 

Removed dissolved zirconium 15.516 L 
fluoride ion and solids from 
dusolver 

Spontammonia 
scrnb water 

AS9 
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Strsalll Compoaition Function 

KOHMakeup , KOH ' . 7.OM Metathesis solution 
makeup 

Yetatheais solution K' 5.9 M Convens LJF, and 
OH- 5 . 4 m  tNH&LJF, remainin 'in 
I?- . 0.47g dissol;er to UOr2H$ 

Watar H20 Maintain liquid level 

Recycled metathesis K+ 5.68M Partiauyused 
solution OH- 4.79151 metathesis solution 

during metathesis digest 

. F -  0.89g returned to TK-Dl for 
usa in next metathesis in 
disrolver o r  E Cell 

Heel dilution K+ LOOM Remove additional 
water/solution - OH- 0.85x metathesis solution to 

F- 0.15x TK-Dl 

Air bleed Air Dilute 0ff-w 

Air sparge Air Suspend solids during 
digest 

Metathesis rinse water KOH 0.007M Remove spent 
solution K F '  0.002g metathesis solution 

U Trace 
Pu TracS 
U 88 UOr2HzO 8.55 kg  

Heel dilution KOH 1.1 E -03 Dilute and remove 

L' Trace 
Pu Trace 

waterlsolution KF 3.5 E -04 additional rinse solution 

Metathesis spent scrub NH,OH Trace Feed to ammonia waste 
water and condensate concentrator 
from downdraft 
con d e XIS e r 

Ammonia scrub water H20 Remove ammonia from 
O f f - g a s  

Ammoniaxrubber off- NH, Trace Disposal via the 
g a s .  Back-up Facility to the 

main stack 

NOTE: For process& of 0.947% m U  enriched Mark IV fuel from N Reactor. 

Table 4-2. Metathesis Streams. 
2 

Volume or flow 

2.460 L 

4,848 L * 

2.475 L 

5,990 L 

390 L 

150 fP/rnin 

60 fWmin for 4 h 

5.848 L 

. 390L 

11.858 L 

.30.24 Umin for 2 h 
11.34 Lmin for 4 h 

223 ft3/min 

6.350 L 

PSn9-31314-2 
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Function . 

&act with decladding waste and rinse 
from centrifuge that are added to the 
XaOH to drive off ammonia 

Table 4-3. Headend Waste Disposal Streams. 

Volume or flow 

2,830 L 

Stream 

Elush TK-E5 and line to underground 
storage tank 

mixed with metathesis rinse 

Feed to centrifuge 

React with decladding waste and rime 

~ 

Sodium hydroxide 

1,893 L 

1,121 L 

11.547 L 

~ 

Scrub water 

Waste from cenvifuge for disposal via 
TK-E5- 

Routed was& to UGS tank 

Decladding waste and 
rim 

11.547 L 

15.026 L 

Decladding waste and 
rinse 

~~ 

TK-E5 off-gas 

Ammonia scrubber off- 
gae (E Cell) 

Spent ammonia scrub 
water 

Decladding waste and 
rinse 

Water rinse 

Sodium hydroxide 

Decladding waste and 
rinse mixed with 
metathesis rinse 

Decladding waste and 
rinse mixed with 
metathesis rinse 

Rea& decladding 
wastes and dissolver 
rinses 

~ ~~ 

Composition 

NaOH '19.OhJ 

Sameas above except 
(NH,)2UF6 is removed 

?m 20.2% 
9.5% 

70.3% Air 
H d  

g3 
Air 

0.1% 
5.6% 

94.3% 

0.32% 

ZrOsQHzO 0.34M 
NaF 2.36n 
NaN03 0.05g 
U 7.6 kg 

5.0 P 
14.6 

50% by 
volume 

HCO 

NaOH 1911 

(NH )?ZrF, 0.19 M 
xi,?? 0.15n 
NH,NO, 0.03- 
KF Trace 
U 3.0 ka 
Pu 2.0 g- 
U 88 (NH4\UF6 53.9 kg 
U a ~ U 0 y 2  20 8.55kg 
Same as above exce t 
uanium is removed' 

volume 

A.61 

d d g  reaction wih NaOH I 

69.864 L 

16.113 L 

Route wasta to ammonia waste 
concentrator 

Routs waste to UGS tank 
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Centrifuge cake removal 
durry water 

slurried cenvifuge cake 

Composition 

H20 Remove centrif e d e  to 908 

U as ( N H 4 ) n n e  104.91 kg Route uraniumsolids to TK-E3 I 935 

TK-E3 for metaxeais 

U 8~ W02.2k20 8.55 kg 

Water rinse 

KOH 2.68M 

u Trace 
Pu Trace 

KF 1.21z 

U 89 UOv2H2O 112.36 kg 

Function 

Feed to centrifuge for recovery of 
UOr2Hfl 

Rinse of centrifuge feed tank 
TK-E3 and centrifuge muted to 
TK-E5 for disposal and flush of 
l i a l Y t o W G S t a n k  

Same aa above except 
UOrZH?O is removed 

H?O 

AI(NO& 0.48g 

Volume or flow 
(L) 

1,893 L 

Route waste to TILE5 and then 4.417 
to UGS tank 

Rinse TK-E3. centrifuge TK-E5 1.893 
linetoUGStank 

Slumy W0~2H20 centrifuge 606 
cake to TK-E1 and complex 
fluoride 

jlurried centrifuge cake 

Vitric acid 

I EH Spent metathesis solution 
D %-E3 

AKNO& 0.48M Transfer cake slurry to tank , 624 
U 88 GOy2HPO 112.Z kg 

HNo3 122g Dissolve uranium oxide in 189 
TK-El 

I 3*373 
4.29 M !&tathesize (NH4hm6 in cake 

UO?(NO& OS4M 
AKNO3k 0.33M 
P TracF 
HN03 0.97g 
Pu 0 2 5  glL 

spent metathesis solution 
rom TILE3 

Feed addition to TKD4 

2entrifugeds ent 
mathes is  soPution 

Vatar rinse 

cake removal 
?Z$%Lon 

4.017 

liseolved uranium 885 

I 1 .  

NOTE: For processing of 0.94% "3U enriched Mark IV fuel from N Reactor. PST89-31314d 
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PUREX veseei and H O  
condeaser vent jet steam I HkOg TraCe 

Table 4-5. Ammonia Scrubber Water and Ventilation System Steam Condensate 
Concentration and Disposal Streams.c 

Feed to concentrator 81.756 Ud 

Decladding condensate 
and spent ammonia 
scrub water from 
dissolver cella 

1.0% Route off-gaa to ammonia 
5.6% stack 
93.4% 

Condenser off-gas 

Air 

Metathesis spent 
ammonie scrub water 

130 fG/min at  35 'C 

NH40H Trace 

Asw 

,Feed to concentrator 

IMRu-Rh. Route concentrated waste to 6,813Lmarchas . . 
UGStank required 

6 1,756 L 

I 

Feed to concentrator 11,858 L 

E Cell spent ammonia 1 NH40H 0.32M 1 Feed to concentrator 
scrub water ~C%I-R~. 

condensate I I I I 
NaOH add I NaOH 19.OM 

ASD condenaate 

Prevent formation of 
NH4N03 from reaction of 
NH40H with trace 
quantities of HNOJ in jet 
condensates 

Route condensate with most 
of the ammonia to 
216-A-36-8 undergrpund 
disposal trench or cnb 

The coating removal reaction is controlled by maintaining an optimum zirconium-to-fluoride 
. mole ratio (4:1), maintaining an optimum hexafluorozirconate concentration to preclude 
precipitation, and removing ammonia generated in the reaction by steam stripping the coating 
removal solution. 

Basic controls during the coating removal process are as follows: 

0 

Maintaining hydrogen in the off-gas at <4 vol% (6% i s  the safety limit) 

Maintaining steam sparge flow and makeup water addition 

. .  0 Maintaining boiling temperatures 

0 Maintaining constant liquid volume in the dissolver. 

Key controls for the potassium hydroxide metathesis of uranium and plutonium fluorides are as 
follows: 

0 Assurance of excess potassium hydroxide 

A.63 
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StrafUU 

Air bleed 

Table 4-7. Uranium Dissolution, Feed Preparation, and 
Dissolver Off-Gas Treatment Streams.. - 

Composition Function Volume or flow 

Air Dilute and inqease 150 ft3/mis 
volurneivelocity of off- 
gas 

AI(NO3)S 1.6M 

10.4M mo3 

Air 

23% NO, 

. 

UO?(NO& 2.05M 

ossa mo3 

Al(N03)3 OS9M 
P 0.07w 

0.43R 
Pu 

Al(N03)? 1.6M 

HNOs 10.4M 

UO?(NO& 2.34M 
Al(N03)3 0.1lM 
P TracF 

Nitric acid 

Complex residual 1 . 9 ~ ~  L 
fluoride in fmt cut 

Dissolve uranium metal 9.463 L 
in h t  cut 

Circulate solution: dilute 
and increase volume/ 
velocitp of off-ga3 cut 

Ro~taoff-gasto 278 ft3Imin at 
treatment facilitiee 30 T 
(silver reactor. filters. 
Back-up FaciIiity) for 
12 h naction time 

solution to TK-D3/D4 
storage 

60R~lmin for 8 h on 
ls tcut  10 hon 2nd 

Route product b l v e r  11,880 L 

Complex residual 530 L 
fluoride in second cut 

Dissolveuraniummetal , 7,116L 
in second cut 

solution to TK-D3/D4 
storage 

&uta product dissolver 7,688 L 

Air sparge 

Absorb NO, in XA tower a9 umin 
of Back-up Facility 

diciency 

H20 

H202 50 wt% Ini rease absorber 2 umin 

Prn9.31414.1 

Downdraft condenser ob 
w 

9 

U04X03)2 0.54M 
AXfi03)9 0.33M 
P Trace  

0.97M 
0 3 6 a  

mo3 
Pu 

UO?tNO& 1.87M 
AI(NO3, 0.20iT 
I?- 0.04a 
HN03 OSOK 
Pu 3.3 & 

F i i  c u t  

Feed addition to TIC-D4 885 L 

Feed addition to TK-E6 22.914 L 

pluminurnnitrate 

Yitric acid 

h n d  cut 

Xrstrinse 

lecond rinse 

)issolved uranium from 
entrifugecake 

iranpl nitrate solution 

~ 

A absorber water 

CA hydrogen peroxide 

A.64 
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Stream 

XA reflux 

XCA 

/ 4 L  Table 4-7. Uranium Dissolution, Feed Preparation, and 
Dissolver Off-Gas Treatment Streams. (cont.) 

Composition Function Volume or flow 

HN03 2.OM Cool tower to increase 1,022 Umin 
efficiency and absorb 
NO, 

HNos 2.OM Route Back-up Facility 23.3 Umin 
acid to TK-F3 for 
transfer to fractionator 

XB absorber water' 

XB hydrogen peroxide 

XB nflux 

XBA 

Back-up Facility off-gag 

AbsorbNO inXBtowar lUmin 
of Back-up bacility . 

efficiency 

HNo3 2.OM Cool tower and absorb 303 Umin 

mol 2.OM Route T-XB productfrom 1.1 Umin 

H20 

H202 50 wt'k Increase absorber 02 Umin 

NO, 

TK-XI) to TK-XC for use 

transfer to TK-F3 
in T-XA ref lu  and 

NO, 0.7% for 12-h Route off-gas to main 697 ft3/min at 40 'c 
reaaiontime stack- 
in dissolvers 

4.3.1 Headend Process Flow Diagram 

A process flow diagram of the uranium dissolution process and equipment is given in 
Figure 4-4. The figure shows the major pieces of equipment (excluding the OE-gas Back-up Facility), 
process routes, and some instrumentation and control equipment. The uranium dissolution system 
consists of three independent annular dissolvers with parallel off-gas systems also used for coating 
removal, a.feed makeup tank, and three storage tanks. The off-gas systems hclude the downdraft 
condensers (dissolver towers), steam and electric heaters, silver reactors, and two off-gas filters per 
system. The filters are described in Section 4.14, and the off-gas Back-up Facility (see Figure 4-11 is 
described in this section and in Chapter 3.0, Sections 3.4 and 3.13. 

The dissolvers discharge to metal solution lag storage TK-D3 and -D4, a two-compartment, 
oval-shaped vessel with a capacity of 7,700 gal in each side. The tanks are equipped with jets for 
transferring between compartments and to TK-D5, where solution samples are taken for product 
accountability. Tank D5 contains a pump, that recirculates solution through the sample pot and 
transfers the soiution to TK-E6 for feed prepiration. The voiume of solution transferred is 
determined from TK-DS measurements. The two-stage sampler, shown schematically in Figure 4-5, 
involves pumping solution to a fitst-stage sample pot and second-stage air-lift circulation of the 
solution to the Sample Gallery. The first-stage sampling is operated from the Headend Control Room. 
The solution is then pumped to TK-E6 for final feed makeup. Tank E6 has provisions for adding 
demineralized water, nitric acid from thrse sources, and rework material from four sources. 
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Figure 4-5. Sampling System for TK-DS. 
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U 433 FuL I HA column feed solution 

Table 410. Codecontamination and Partition Cycle Streams. 

13.0 

Stream 

HAF 

TBP 25% 
NPH 75% 
HNo3 0.01% 

HNo3 
Al 
P 0.02K 
U 3.4 Er 03 6 
Pu 4.8 E -06 @L 

: : q L  U 
Pu 
NP varia le 

NaN02 0.m- 

3.03M 
0.07x 

HN03 7 . 3 g  ' 

2.0% 

U 65.6 6 
0.14M 
0.14-p 

HN03 Pn 
NP varia le 

U 52 g/L * 
0.16g 
0.10 g/L Pu 

HNo3 

HN03 0.30M 
Fe+* 0 .02m 
NH$O3 0 . q -  

U . 5 0 . 8 6  
HNo3 O.08M 

NP vanable 
Pu . 0.52F-6& 

HAX HA Column extractant (organic) 85.0 

HA Column aqueous waste 32.9 

Aqueous backcycle-additional 12.0 
salting strength for extraction 
section 

Neptunium valence adjustment to 0.049 
+6 to emure extractability. 

HA calk acidic scrub soiution to 15.0 
remove f d n  products from 
orgamc ' 

HA Column product stream 87.7 
containing extzactad plutonium, 
uranium, and neptunium 

1BX Column feed stream . 115.3 
contamrig extracted plutonium. 
uranium. and neptunium. and 
lBSU, 2BW, 2PW. and 3BW 
recycle streams 

1BX Column plutonium partition . 6.5 
stream-Fer* reduces plutonium 
valence fmm + 4  to + 3, plutonium 
is stripped into lBX, SA kills NO? 

1BX Column uranium and 114.9 
neptuflium product stream, 
0-c 

HAW 

3wB 

U 15.9 g/L I g.~~umn plutonium product 
HN03 1.5M 
Pu 1.7 g L  

HA-NO* 

6.8 

HAS 

HN03 10.4M Recovered acid to increase 1BP 
acidity 

lBXF 

2.9 

1BX 

IBU 

Composition Function 

O S O M  

F- 0.04- 
Pu 
ND ' 0.01 

IBXP 

IBXP-HNO3 
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2DF-HN03 

2DF-NzHd 

Table 4-11. Final Uranium Cycle Process Streams. 

HN03 10.4x 2 0  Column feed nitric butt 0.55 
stream, to increase salting 

N2HI 11.3M Red- nitrite (NO.?) with 0.0052 
hydrazine 

Composition 

2DF 

Function 

1.5M 

Variable 
46936 

HNo3 U 
2 4 . 8 E - 5 6  

2D Column organic stream. 
extracts uranium, leaves 
neptunium, plutonium. and 
fusion products 

Reductant stream (HN) to 
reduce plutonium to 
valence +3 

2D Column scrub watar.to 
str i  HN03andfmion 

2D Column aqueous waste 
backcycled to HA column via 
backcyde waste concentrator 
spstem 

p rox tlctorgsnic 

80.0 

2.44 

7.08 

20.2 

2DX 25% 
75% 1 0.01g 

2DU(2EF) 

2EX 

0.024M I 2DrS I 0.Olg- 

U 68.9 g L  2D Column organic uranium 82.2 
HN03 0.0062 product feed to 2E Column 

(very dilute HNO3). strips 
uranium 

HN03 0.OlM ' 2E Column aqueous strip 88.2 

t I Hz0 

I 

2DS 

2EU U 62.9 g/L 

2DW U 8.8 @ 
HN03 0.94M 

2.5 Er 5 & I le variable 

2E Column aqueous uranium 90.0 

2D Column uranium- I 12.4 
neptunium aqueous feed, 
from TK-Kl(2DF) 

2EW TBP 25% 
75% 
Trace 
Trace I 2E Column organic waste to 

Solvent System 2 

~ ~ ~ ~ _ _ _ ~  

-5ssed on processing rate of 8.1 metric tons of U/day, no neptunium recovery. ~3~ag.313i.o-ii 
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S t t a m  Cornpoaition Function 

!2AF-N02 NaNOl 0.77M Nitrite stream to oxidize P u + ~  to 
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F l O W W h i l l )  

1.17 

2AF , HN05 3.15M 2A column feed stream, P u - ~  . 10.7 
0.oom 
1.07 fi LO2 

28  Column uranium scrub =am. 

PSl89-31314-12 
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Stream Composition 

3AP HNOs 0.18M 

3BX I-iNOS 0.15M 

Pu 13.3 #I. 

Function FIowYUmin) 

3A Column plutonium product, to 0.86 . 
3B Column 

3B Column strip solution dilute 
HN03 to remove Pu+4 

0.55 

3BW M O 3  0.07 3 8  Column organic waste rscpcled Uj 
0.3 E -3 dud " K 4 3  (IBX) 

0.85 

*Basd on 8.1 metric tons Ulday, no neptunium recovery. 

3BP 

3BP 

PSl89-31314-12 

HNo3 0.42 3B Column piutonium product 0.56 
Pu 

HNos 122M 3BP HN03 butt 0.04 

20.5 #I. 

As the aqueous phase descends through the extraction section, the plutonium( + 4) and 50% or 
more of the nitrite ion entering in the 2AF are extracted into the organic. The organic containing the 
extracted plutonium moves up the column past the feed point into the scrub section, where it contacts 
the dilute nitric (0.75MJ aqueous scrub solution, ZAS (2A Column scrub stream). The 2AS strips or 
scrubs most of the extracted fission products out of the organic phase. The scrubbed organic rises and 
accumulates in the'top disengaging section, and becomes the 2AP (ZA Column plutonium product 
stream), which overflows from the top of the 2% Column to the bottom of the 2B Column. 

The descending aqueous droplets coalesce in the bottom disengaging section of the 2A Column to 
form the 2AW (2A Column waste stream). The 2AW,'which contains -0.7% of the enteringplutonium 
plus the scrubbed and nonextracted fission products, is ultimatelyreturned to the HA Column via the 
backcycle waste concentrator. 

413.3 2B Column. The aqueous-continuous 2B Column functions like a combined 
1BX-1BS Column. Plutonium is partitioned from the uranium and fssion products present in the . 
2AP by the aqueous 2BX stream. The 2BX stream contains hydroxylamine nitrate as a reductant, 
and hydrazine as a holding reductant similar to the ferrous sulfamate and sulfamic acidin the . 
IBX Column. 

The organic 2AP bearing the plutonium product enters the 2B Column via an  external 
distribution ring equipped with nozzles extending through the column wall one-third of the way up 
the column. As the organic arid aqueous streams are intimately contactedin the 2B Column, the 
plutonium is stripped from the organic to the aqueous phase where it is reduced by the 2BX from the 
+4 valence state to the nearly inextractable + 3 state. The nitrite present in the organic also reacts 
with the 2BX reductant. An excessive quantity of nitrite could thus consume all the reductant and 
force the plutonium out the 2BW waste stream for recycle back tothe 1BX Column. 

The plutonium-bearing aqueous stream continues down the column and is contacted by an 
organic stream (233 from Solvent System 1 to scrub uranium from the aqueous. This -'BS stream 
enters the cnlumn via an external distributor ringjust below the plate section. The organic streams 
rise and coalesce into an organic layer at the top of the column. This organic stream, containing 
uranium, fission products, and only 0.04% of the entering plutonium, is the 2BW (2B Column waste 
stream). It overflows from the 2B Column and is recycled by gravity flow to the 1BX Column feed 
tank cTK-J3). The plutonium-bearing aqueous stream, 2BP (2B Column product), overflows into 
TK-L3 (3AF), the feed tank for the Third Plutonium Cycle. 
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stream 

3wB 

Table 4-22. Second Neptunium Cycle'Rocess Streams-Phase I. 

Wmin) Composition' Function . 

HN03 7.7M Neptunium feed stream to TKJ21 10.2 
U 16.r from Backcycle Waste System . 
Pu 9.25 e 0 3  glL 
NP vaiiable 

5.9M . . 
0.007 
16.TgR. 

2NColumrrftsdstreammadeupof 
3 w B d 2 P N R  

incradng 

2M 
0325M 
0.05?d- 

2NS wo3 
Fe +2 

gH&, 0.05a 

HNo3 0.01hJ * 

Pu 0.oa glL 

0.004M 
NP 
Fe-2 . 
SO1 0.008n 

2Nx TBP 30% 

2Nw HN03 5.OM 

5.3 E-05 glL 

2N Column neptunium stream: 
2P Column feed stream 

2NN(2PF) TBP 30% 
0.4M 
0.om nn I 203 

2N Column scrub stream-reducing 2.5 
agenu for Pu+ 3 and Np +4 valence 
adjustments 

2N Column extractant stream from 
organic header 1 

2N Column waste stream routed to 
backcyde wmte collection tank 

12.9 

16.3 

(TK-FIO) 

2PX 

2P Colmin neptunium product 
stream.(recycled to TKJ21) I I lPNR I!? 0.002 nn 

1.3M 
19.0 giL 

U 19.0 gij4 
NP bMMUlg 

HNO3 0.01M 2P Column aaueousstriu stream 3.8 

2Pw 

Decontamination accomplished by this mode of operation (Phase I) is not sufficient to allow the 
neptunium product solution to be routed to the neptunium ion exchange unit for further processing. 
Therefore, Phase I operation is continued until a speczed amount (usually 1.800 to 2,000 gl of 
neptunium is accumulated in the system; then a decontamination process (Phase 11) is kitiated. 

- 
NP increasing 

TBP 30% 2P Column organic waste stream 12.9 
U .119 glL muted to IBX Column feed tank . 
Xp 0.003 g L  (TKJ3) . 

4.6.1.2.2 Phase 11. Phase I1 operation is very similar to Phase I, except the 3WB flow (the source of 
new plutonium, uranium, neptunium, and fission products) to the 23' Column feed tank (TK-JBl) is 
discontinued and replaced by a lower volume 57 wt% HNO3 stream. As Phase I1 progresses, the 
amount of plutonium, uranium, and fission products associated with the recycled product solution 
(2PNR) gradually decreases. The required duration of Phase I1 operation (generally 12 to 24 h), is 
determined by the 2PNR uranium concentration, which should be < 6 g/L prior to transfer to the 
neptunium ion exchange unit. During this period, the plutonium concentration also decreases to the 
desired value of < 1 g Pu/l,OOO g Np. When this point is reached, Phase I1 ends and Phase I11 
operation begins. 

A.77 
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Table 4-23. Second Neptunium Cycle Process Streams-Phase 11. 
- 

Composition. S t n W l  
Flow 

(Urnin) Funqtion 
I 

12.2g M t r i c  acid solution to take place of 
3WB during Phase I1 HNo3 3.5 

2N Column feed stream made u of 
2 P ~ ~ ( m y c l e d  neptunium prDguct 
stream) and Syn 3WB 

2N Column scrub stream-reducing 
agents for Pu-3 and Np-4 valence 
state 

2N Column extractant atream from 
organic header 1 

8.6 

3.3 

9.8 

I 9.9 I 30% 2N Column neptunium stream: 
2N Column feed stream 

I ZNN(2PF) 

U.Pu.andfiasOn . 

2NF 

2NS 

2Nx 

NP 1.9 gn 

H.?.?Os 5.4a 

Fe +z 0.017% 
0.04K 

U, Pu, and fMon 
producte decreasing 

HN03 1 Z M  

ZH&, 0 . 0 3 m  

TBP 30% 

I 5.0 I 2P Column neptunium product 
streamtrecydedto'MCJ21) 

~~ 

2N Column waste stream routed to 
backcycle waste collection tank 
(TIC-FlO) 

11.8 

4.6.1.3.2 Phase I1 to Phase I11 Transition. If the Phase 111 product is to be routed to the 
neptunium purification unit (Q Cell), transition to Phase I11 is not initiated until the unit is ready to 
receive the 2PN product stream and the 2PN analyses are satisfactory. The Q Cell concentrator must 
be operating in a satisfactory manner, and TK-Qf and TK-Q3 must be available to receive the 2PN 
stream. Phase 11 to Phase III transition is also a gradual change (-45 min for total flow changes). The 
following sequential steps are required 

produae decreasing 
HN03 0.3M 

0.01 gn 2P Column aqueous strip stream 2PX HNo3 

The flowrate adjustments to the 2NF-H2O, 2 N F - H X O 3 , 2 N F ,  2x5 2NX, 2PX, and 2PY are 
begun . .  
Flow ratios are maintained as indicated on the flowrate sheet by stepwise flow changes 

Time elapsed for total rate changes is -45 min 

4.9 

Following the rate adjustments, run the system at these reduced rates for -30 min before 
proceeding 

1 

A.78 

- -  

" 

2Pw TBP 30% 2P Column organic waste stream 
routed b IBX Column feed tank decreasing 

O.OOlg /L  tTKJ3) 
- u  . 

Np * -  .- . 
9.8 
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Stream Composition. Function 

Nitric acid solution to take place of I 3WB during Phase III 
SYN ’ 5.6M I 3WB-III 

” - 
127M HN03 

Fe f Z  0.01m 
0.017K 3iHh3 0.034g 

TBP 30% 
HN03 0.0 1 E 
HN03 4.8M 
Fe*z O . O m M  

:a,.2 0.005% 

TBP 30% 
.“lP decreasing 

HN03 - O.OlM_ 

O.OOOT&L 

0.7M 
decreasing 

0.001 

wo3 
NP 
TBP 30% 
NP 

1_ 

2N Column scrub stream-reducing 
a ents for Pu + 3 and Np + 4 valence 
alj  judments 

2N Column waste stream routed to 
organic he?der 1 

2N Column w& s t n a  touted to 
backcycle wasto colltction tank 
(TK-FlO) 

?N Column neptuniumstream 
2P Column feed stream 

2P Column aqueoussvip smam 

2P Column neptunium product 
stream to TK-Q1 

2P Column organic wasze stream 
routed to 1BX column feed tank 
tTKJ3) 

2NN (2PF) 

1-77 

N decreasing 2N Column feed stream made up of 
Hk0.1 5.6B I SynfWB and 2NF-I1 heel in %J21 

I 1 

.The feed (2NF) b continwdy diluted with synthetic 3WB resulting in a decreasing 
concencmhon. 

(Urnin) 

6.81 
-6.81 

neptunium 
?‘389-3131&21 

Confirm that the plutonium content of the 2PN stream is C2.6 x 108 c p d L  (2.64 x l o 3  g/W * 

Purge the supply air to the 2PN jet to the cell atmosphere for -60 s to remove any buildup of 
solids in the air line that may plug the 2PN jet 

Open the air to the 2PX jet to Q Cell or TKJ2 to its maximum pressure by increasing the air 
pressure with the controller. If the 2PN is to go to Q Cell, the time elapsed between turning 
on the 2PN jet and the arrival of the 2PN in TK-Q1 is -45 min 

Make necessary adjustments to the 2PN flow to Q Cell to avoid overloading the Q CeIl 
concentrator. Adjust the 2PN flowrate to Q Cell by adjusting the 2PX flow controller, not by 
changing the 2PN jet air pressure. 

. 

4.6.1.3.3 Phase 111 to Phase I Transition. At the compietion of Phase 111, the J Cell package 
has been stripped of -90% of the neptunium. At this time, the J Cell package can be shut down, or, if 
more neptunium is available in the backcycle, the flowrates of the package can be adjusted back to . 
Phase I rates, and accumulation of neptunium can be resumed. 

I A.79 
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Table 4-26. Neptunium Concentration and 
Purification-Q Cell Streams. (Sheet 1 of 2) 

2 g/L Keptunium productsolution 1.9umin 
0.7g accumulated in TK-e1 (concentrator -910 L 

NP 

U, Pu fission’ 
prod- Stripper-Concentrator 

feed tank, from 2P Column- 
Phase 111. Routed to the E42 

::3amount 

Stream ’ 

Nitric acid butt to adjust acidity of 
2PN prior to concentmaon 

Composition 

(As required, used 
only ifrecycle 

concentrate IS not 
available) 

Function 

Resin pretreatment wash solution 

prepare resin for neptunium loading 
croutedtotopof3XcoIumn)to 

Flow rate andlor 
volumehatch I 

0.46 Urnin 
90 L 

3XW-PT. HN03 -2.9M <O.lx 1 N2H4 

Pretreatment waste routed from 
bomm of 3X Column to 3xW 
combined waste tank tTK-QS) 

90 L 

2 p c  

~~~~~~ - 
3XF-N2& H?H, 11.3M Hydrazine (reducing agent) addition 

to 2pC-3XF solution in TK-Q3 tl, 
adjust the neptunium valence to the 
+4state 

concentrate ;&?bf purification run to be reprocessed as 
Recycle Neptunium solution from previous 

  art of 3xF 

3xPT 

2.8 L 

40 L 

-9 g/L 
3.1M 

NP 
HN03 * -:.% 
NnH4 O.@ 
U;Pu.fisson 
Prod== 

NP, y, pu, 
f m o n  eroducts 

products 

Adjusted neptunium feed solution to 
3X ion exchange column. 
Neptunium loaded on resin along 
with trace fmion products and 
d u m .  

Loading waste routed from bottom of I 
3X column to combined waste tank 

-U.l20 Urnin 
335 L 

-0.120 Umin 
335 L 

HNOs 
N?H4 

6.7M 
0.lR 
0. lR 
0.2M 

6.OM 
0 . lZ  

Wash solution-strong HN03 and 
reducing agenta to remove 
plutonium from resin. Not routinely 
used 

0.46 Urnin 
225 L 

~~ 

Concentrated ne tunium product 
solution accumJated in TK-Q3 
(makeup and feed tank - 3XF) 

3xw-Pu 

200 L 

Pu Waste plutonium wash solution from 0.46 Lmin 
HN03 6.734 3X column to TK-Q5. Yot routinely 225 L 
Fe +2 0 .1x  used 
NHnS03 I 0.2W 
N2t14 -0.lX 

3XSFP HN09 7.OM Wash solution (strong HN03-NaF) 0.46 Urnin 
NnH4 O . O ~  to remove f i i o n  products from resin 
xis 0.01% 

I I I 

3XF-HNOs I HNOs 122M I Nitricacid butttl, adjust 1PC acidity I 138 L 

3xF 

3 x w  

. -0 .1s  6.3M I ‘TK-Q5) 
HNO, 
N9Hl 

PST89-31314.16 

A.81 
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Table 426. Neptunium Concentration and 
Purification-Q Cell Streams. (Sheet 2 of 2) 

Flow rate and/or 
volumehatch 

~ 

Composition Function S t n S m  

3xw-FP 

3 x s F s  \ 

3XW-F 

3xE 

~ 

Waste fmion producr~ wash solution 
from 3X Column to TK-Q5 

0.46 Umin 
450 L 

Fsaion products 
HN03 7.OM 
P <oTI1g 

0.46 Umin 
225 L 

HN03 8.OM 
N2H4 0.1g 

Wash solution (strong.nitric acid) .to 
remove residual fluonde from res111 
priorto neptunium elution 

~~~~~ ~ 

Waate fluoride wash solution from 
3X Column to TK-Q5 

0.46 Umin 
225 L 

3X Column eluent (dilute H N 0 3  to 
remove neptunium from resin 

0.23 Umin 
140 L 

HNo3 0.35g 

Forecut 
3XF'-FC r HN03 

NP 
-5.OM 
1.2 6 

0.23 Umin 
-55 L 

Displacement of residual stmng 
HN03 fromfluoride wash with 
3XE solution. Recycled from the 
3X Column to TK-Q3 (3XF) to be 
concentrated. then combined with 
feed solution for the next run. 

Neptunium product elution stream 
routed to the neptunium oxidizer 
tank (TK-Q6) 

40 L 

N HLO~ Final neptunium strip of resin with 
3XE solution. Final strip waste 
stream routed to TK-Q3 and . 
combined with forecut wastes for 
concentration and recycle 

0.23 Umin 
45L 

Productstrip 

3XF-AC 

AI(N03 1.6M 
Mote ratio 23-  

ANN addition u) waste in TK-Q5 to 
comples fluoride prior u) backcycle 
of waste to TK-FlO 

12 L 3XW-ANN 

NaNO? 0.77g Nitrite addition to react with NzH4 
prior to recycle of 3XW to TK-FlO 

240 L 

U, Pu. W o n  

H k 0 3  
-0.15 & 
5.4g 

!rd* Combined Q Cell waste in TK-Q5 
normally routed to the backcycle 
waste system but nay be routed to 
UGS ifthe neptunium content is low 
(C0.02 gm 

L1.350 L 

.3XW-Naii02 and 3XW volumes listed are for n o d  runs w&ere 3XSPustream is not used. The 
respective volumes are 306 L and 1,650 L when it is used. Composibon of 3XW also changes with 3XWSPu use. 
but is not shown. PslaO.313 1 A 2 6  

A.82 
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Aqueous waste from 2N Column 

Table 4-27. Backcycle Waste System Process Streams-Phase I. 

16.5 

I I Stream 

Aqueous waste from 2N Column 

Aqueous waste from 2N Column 

Acid absorber process condensate 
(E-F5) 

Composition 

23.4 

24.1 

12.45 

. .  

0.003 g/L 
Np (No stream when 
neptunium is not recovered.) 

2Aw 

1.15 I varia P le 

HN03 2.9M 
Pu . 0.oWdL 

AFD 

. 3 x w  

Function I .  

HNO, 0.005l Acid fractionator process condensate 18.09 

HNO, 5.1M Aqueous wastes from Q cell 0.03lav ;? 
N 0.lhgn neptunium anion exchange proced (-375 gaf in 3 
d o  stream when neptunium is 
not recovered.) 

batches over 10-d 
period) 

I (U&J I 

I 

3wF HNo3 1.15g Backcycle feed 
2.54 g/L U 

. p n  0.001 

153.8 

3- . 

3AW 

3wB 

3WB-2N 

3wB-HA 

. 

20.7 HN03 8.3M Concentrated backcycle waste 
U 18.8afi ' 

Pu 0.009 g/L 

HNO, 3.OM Aqueous wasta from 3A Column 3.05 m 0 . 0 r j  

HN03 ' 7.6M Backcycle waste to TKJZl  and T-H2 23175 

Pu ' 0.009g/L 

Same as 3WB (Used only 3WB to T K J 2 l  . 10.21 

U 16.hg/L 

.vP variable 

during neptunium recovery) 

Same as 3WB 3WB to the HA Column (T-HZ) 13.54 ' 

A. 84 
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, 
Stream Composition Function 

2DW, 2AW Same as Phase I Same as Phase I 
AAD, AFD, 

3AW 

2NW-II* HNO3 4.OM Aqueous waste 2N Column 

ZNW-III* HNO3 4.80M 2N waste, Phase III 
NP 0.0002 g/L Phase 11 

NP 0.oom glL 

U 0.012g 

U o m  wastg . 
NP . 0.0iEfgL 

Pu * -  o.omg/L 

3wF HNO3 0.93M Backcycle feed 

NP 0.0006 g/L 

3 w w  HNO3 8.3M Concentrated backcycle 

3wB HNO3 7.5g Composite backcycle waste 
. u .  0.lM to T-H2 (HA Column) 

WHC-SP-0479 

Flow. 
wnin) 

Same as 
Phase I 

11.8 

8.05 

147 

15.7 

18.8 

The concentrator functions the same as other PUREX concentrators. Feed solution is btroduced 
into the stripping column to remove organic, then enters'the concentrator reboiler where it mixes 
with the concentrated solution as it is recirculated through the two vertical tube bundles, and leaves 
the concentrator via the stilling chamber. Thermal recirculation of the solution through the vertical. 
tube bundles results from the boiling action in the steam-heated tubes. 

' Liquid droplets entrained in the vapor jetting from the reboiler tubes are partially removed by 
being deflected by the impingement plate above the tubes, with the rest being removed by passing 
through the stripping section of the concentrator tower, where the flooded bubble-cap trays provide 
effective deentrainment. Droplets of concentrator feed solution entrained at the feed plate are 
removed from the vapors by passage through the one-to-three bubble-cap trays above the feed plate 
and the wire mesh pad in the top of the concentrator tower. 

. 

4.6.3.2 Startup and Shutdown of Backcycie Concentration. Startup and operation of E-H4-1 
involves the following major steps: 

0 Establish the proper vacuum on the condenser and concentrator 

Fill E-H4-1 to a minimum volume of 2,500 gal with seal pot water 

Air blow the tube bundle steam chests to remove water 

Slowly heat the concentrator to boiling (30 min) with steam on both tube bundles while 
starting cooling water to the condenser (E-H4-2) . .  

0 Maintain the volume at 2,500 (-I- 100 gal) by addition of seal pot water 

A.85 
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Figure 4-15.' Solvent Recovery System--Process Flow Diagrams. 
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Table 4-29. Solvent System Streams. 

I -  
I organic waste stream from IC Column to the 
semibatch wash tank (TK-Gl) 

Alkaline-perman te wash, addedto 
TK-Gl to n m o v e G n  products and 
impurities from solvent 

Recycled dkahe-permanganate wash 
solution in TK-GI 

Depleted alkaline-permanganate wash 
solution routed to TKG8 for & p o d  

Washeddisengaged organic-10 Column feed 

Dilute HNOS scrub to top of column to 
decontaminate 1OF organicstream. 
Alternated between fresh makeup and recyde 
from TK-G2 

~ 

I 
~~ 

Stream 

112.3 

2.2 (avg.) 

757.1 

2.2 

123.6 

13.7 

Composition 

lOBR 

trace 
fission products, other 
impurities 

Na2C03 KMnO, 
Composition variable between 
10B and lOBW 

024M 
o.ooG& 

lOSR HN03 0.04M 

I fmion products - 

low . 

trace 
30% 

NPH 70% 

Na*COs 0.12M . A ucou waste from 10 Column and TK-Gl to 3.9 
N d O S  0.05m T k G 8  (batch transfer to UGS) 
MnOl 0.29-& 

lOSw 

Function 

HN03 0.04M 
Impurities 

Flow I (Urnin) 

~ 

100 

. 
2EW 

Fresh solvent 

20B 
(Batch makeup) 

20BR 

112.3 TBP 25% Washedsolvent from T-G2. transferred to 
NPH 75% solvent receiver tank 1 tTK-G5) 
95Zr-Nb 18.5 pCin 
lo6Ru 50.2 pCi& 
HN03 0.01g 

U trace Organic waste stream from the 2E column 75.7 
HN03 0.0001g [(final uranium cyde to semibatch wash tank 

impurities . 
TBP 50% Fresh solvent added to TR-Rl fromsolvent 0.3 tav3.1 
NPH 50% blend tank (TK-RLA) on a batch basis to 
(May be varied 83 needed to replenish process inventory 
adjust TBP concentration of 
solvent.) 

NanC03 0.24M Alkaline-permanganate wash added to TK-R1 2.2 cavg.) 
Khin04 0.02m to to remove fmion products and impurities from 

Fiseion products, other (TK-Rl )I 

0.006g solvent 

Na?C03. . KMn0, Recycled alkaline-permanganate wash 757 
Cornpositron variable between 
20B and 20BW 

solution in TK-Rl 

~~~. ~~ ~~~ I Concentrated HN09 added to the 10s stream ' 2.3 E -021 I 12.2g 
to maintain lOSR acidity 

Contaminated scrub solution in TKG2 sent to 
wash waste collection tank tTK-G8) 

7.8 (avg.) 

A.87 
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StnfUXl 

20BW 

20F 

2OSR 

2 0 s  
HNo3 
2 0 s w  

2 0 s  

2 0 0  

Table 4-29. Solvent System Streams. (cont.) 

- (Umin) Composition Function 

Semidepleted alkaline-permanganate wash 2.2 (avg.) 
solution routed to TK-G1 for further use. or to 

Na&03 ' 0.23M 
K&fn04 0 .02m 
NaC03 0.02hI- the wash waste collection tank (TK-M) for 
MnO2 o.ooT&L disposal 

NanCO3 . trace Waahed disengaged organic 2 0  Column feed 75.7 
TBP 30% stream 
NPH 70% 

HN03 0.04M Dilute HN03 scrub solution to to of 19.7 
2 0  Column to decontanunate 20!' organic 
stream. Alternated between fresh makeup 
and recycle from TK-R2 

to maintain 20SR acidity ' 

normally transferred to TK-G2 for further use 

makeup 

HN03 122M . Concentrated HN03 added to the 2 0 s  stream 1.9 E-02 

1.4 (avg.) HN03 0.04M Partially contaminated scrub solution 

HN03 0.064g Fresh dilute HN03 scrub solution batch 1.8 (avg.) 

TBP 30% Washed solvenr transferred to TK-R7 75.7 
NPH 70% 
95Zr-Nh 0.1 ucin 

As shown in Figure 415, the R Cell nitric wash process is similar to that of G Cell, involving the 
2 0  Column for solvent scrubbing, .collection of waste in TK-€32, and recycle of the 20SR stream as 
solvent scrub solution. R Cell scrub waste (2OSW) is also routinely transferred to TK-G2 to be re- 
used as chemical makeup for the lOSR stream used to scrub the solvent of Solvent System 1. 

The dilute nitric acid scrub (IOSR) in TK-G2 must also be changed periodically to remove . 
accumulated fission products and to replace the nitric acid destroyed by reaction with the sodium 
carbonate entrained in the solvent. The spent solution is jetted to TK-08 while maintaining normal 
operation in G Cell, and is replaced by increasing the 10s water and nitric acid flow rates, or by 
transfer of used dilute nitric acid scrub (20SW) from TK-R2. 

Spent nitric acid in TK-R!2 is replaced after jetting the used solution (2OSw) to TK-G2 for reuse in 
Solvent System 1, or to TK-R8 for disposal to UGS in the tank farms. Tank R2 is refilled with water 
and nitric acid to make fresh 20s. 

4.7.2.3 Startup and Shutdown of Solvent Systems. The purpose of the startup procedures is to 
bring G or R Cell on-line by systematically starting the process stream flows, until steady-state 
conditions are reached. 

The G Cell solvent system is started by estz blishing an internal recycle (spinning) of solvent by 
routing the solvent output from TK-G5 back to TK-G1. As the plant is started up, the organic 
streams to the various cycles are  started as needed, and the recycling of solvent is discontinued. 

A.88 
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HA column waste stream 

DemineraIized HnO alternate 
added Q dilute HAW in TK-M 
to allow more efficient 
concentrator operation 
redting in better acid 
recovery 

Fed treatment in TK-F7 to 
suppress ruthenium 
volatilization from acid waste. 
Sodium hydroxide added to 
prevent mold 

Feed to E-F6-1 waste 
concentrator 

Table 4-33. High-Level Waste Concentration and Sugar Denitration Streams. 

37.9 

75.1 

0.13, 

113.0 

Stream , 

HAW 

1- 
H20 

1WF 
sugsr 

1WW' 

Denitration I 

sugar 

u 
HN03 6.7M 
iu 0.55% . 
F- 0.06n 

3.2 5 - 02 gL 

PU 4.4 F- 04 & 

lWF 

Concentrated waste overflow 4.71 
from concentramr 

I 'Based on P 

Sugar 0.7M Denitrate 1 W  
NaOH ' o.owM_ 

Flow r 
(Llmin)' Composition 

0.78 

Function 

Fission products > 1,000 Cin. 

M I 0 3  

u 2.5 E -02 g L  
0.77M 
0.67x Al 

F- 0.06n 
Pu 3.8 E-04 & . 

U 3.4 E -03 6 
HN03 3.03M 
Al 0.07a 
F- 0.00BM 
EJU SE-OS&L 

Sugar-treated zirfles acid 5.35 
waste to 2&hR vault 

HNOj O.lM 
ADD, Recycled E-F!i condensata 

0.7M 
0 . 0 a g  

Sugar 
NaOH 

u 
HN03 
iu 
F- . 
Pu 

trace 
1.08M 
0.oom 
0.007g 
trace 

I I 

REX processing rate of 8.1 MTU/day. PSlE5-3131433 

To improve the nitric acid recovery from the high-level waste, 1wF dilution water (normally 
recycled condensate from the E-F5 Condenser) is added to the concentrator feed tank (TK-F7). The 
concentrator is generally operated at full capacity, so the volume of dilution water added varies with 
the HAW flowrate. Sugar solution is also continuously added to TK-F'7 to suppress ruthenium 
volatilization from the concentrator. The sugar reacts with nitric acid to form nitrite, which prevents 
ruthenium oxidation to volatile ruthenium tetroxide (RuO4). 

The vapors (water and nitric acid) from the boiling waste in the concentrator pass upward 
through a mist eliminator located in the deentrainment tower, and another mist  eliminator (T-F6-2) 
in the tower off-gas line, before going on to the nitric acid recovery equipment. This off-gas stream is 
called the &IF. The condensate bWR) formed in the upper mist  eliminator is returned to the 
solution section of the concentrator. ' 

A.90 
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Stream . Composition 

-. 
1 

Function 

XCA 

Vapor 
HNO3 1.1M 

HNO3 2.OM HNO3 recovered from DOG 
by Back-up Facility routed 
to TK-F3 

Recycled AAD; 
alternate demineral- 
ized H20 

0.1% . 

Acid absorber feed stream- 
vapor from waste 

' concentrator (E-F6-1) 

Acid absorber condensate 
from E-F5 routed to AAR, 
TK-F7, and TK-F10 

Acid absorber water to T-F5 

1.68g ANN solution added to T-F5 
to complex fluoride reducing 
corrosion 

18% HNO3 solution roduct 
from T-F5 routed to $ K-F3 4 115.9 

03 PSl7lS-3131435 

4.9.1.3.1 Acid Absorber Operation &d Process Control. The acid absorber is started as  : 
.-. follows: 

The T-F5/E-F6 Condenser vent system is operated on steam to give > 40 in. ofwater vacuum 

-0 

0 

The T-F5/E-F6 vacuum jet is operated on steam to supply the desired vacuum 

Water is added to T-F5 as necessary to increase the liquid level to 100 in. 

0 The T-F5 Condenser cooling water is t u n e d  on to maintain a water outlet temperature of 
s 55 'C 

0 

0 

The E-F6 Concentrator is started as descfibed in Subsection 4.8.1.1.1 

The T-F5 condensate recycle pump is started with the flow to T-F5 (.4AR) set at 25% of the 
rate sheet value. The flow is increased to the rate sheet value as the T-F5 specific gravity 
increases 

0 

The T-F5 bottoms spccific gravity is controlled during operation to ensure efficient nitric acid 

The condensate flows to TK-F7 and TK-F10 are adjusted. 

recovery by adjusting the AAR fl owrate. 

The T-F5 Acid Absorber is shut down by turning off the condensate recycle pump after the HAW 
flow is stopped. The TK-F7 inventory is reduced and E-F6 Concentrator feed and steam flows are 
reduced. 
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Table 4-3.7. Vacuum Fractionator Streams. 

Flow 
tUmin)+ Stream , Composition 'Function 

UO3Plant HNO3 , 10.4&f UO3 Plant recovered acid 4.9 
Acid 

AFF HNO 3.76M Acid Fractionator feed 54.0 
NH&3 0.OlX pumped from TK-U5. 

Mixture of AAA, XCA, and 
U03 acid 

AFR Demineralized H20 Reflux added to 10.8 
(alternate) fractionator (T-U6) 
HNO3 0.0053J 
AFD recycle 

AFA HNO3 1 0 . 4 s  50% HNO3 solution from 19.6 
fractionator, routed to 
storage tanks (TK-Ul and 
-U2) 

AFD HNO3 0.0051 Fractionator condensate 47.0 
routed to Back-Lip Facility 
as absorber water 

Backcycle Waste System 
AFD-FlO HNO3 . 0.0051 Excess AFD routed to 18.5 

44/36, 45 

L 

The following guidelines govern steady-state operation of the vacuum fractionator. 

The tower vacuum is maintained at 100 mm Hg (absolute pressure). 

0 . The bottoms concentration is maintained at 50 MO HNO3 by adjusting the steam flow to the 
reboiler. 

0 The E-U6-1 Condenser cooling water outlet temperature is maintained at somewhat C 40 'C 
. by adjusting the cooling water flow. 

The acid from the fractionator is routed between TK-Ul and-U2 as necessary. 

Tanks U l  and -U2 liquid temperatures are maintained between 20 "C and 30 'C by adjusting 
water flow to the coils. 

The feed to the fractionator (AFF) is maintained at a rate that keeps low liquid inventories in 
TK-F3, -XC, -XD, and -US. 

0 The desired reflux rate (AFR) for the current feed rate (AFF) is determined and the AFR 
flowmeter is set. 
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Table 4-50. Clictniccll Mcusuremcnls. (Shecl 1 of 8) 

Samplu rlra Lab* 
111 not 

PUREXI 
Salnpla 
puhlll 

lnbrfurencaa Ha lhod 
Jomlnd 

100 PI. tnlons uf weak 
rolalllu aclds 
0.g.. nltrltul 

f 6  I -- 
l'ulnl carbiinnlo Lr 
dulermlnud by  addlng an 
D ~ C I S S  of standard 
II YO beahg,and 
b~ck.&ut lnglhuunra.  
BcludII  so wl lh  . 
I(mdar$lzud brvu  tu a 
riulunllumalrlc and oulnl  

Dulurmlnalliin of 
carbonaln In 
"cold' organlc 
wash aolullon 

N a  COT 
KdnOd 

wash 

C u b o n a b  

I 

Ernplrlcdl - 
Clll  Lcld bara 

Ilrallun 
Yul ruaU 

blr h an amplrl. 
:d malhud 

,ppllcabL, rlncu 
IEmplrlcdI ' I mL 25 l u  

100 p. FIB, (10, 
ne 

A rrruplu of r u c u o  
wudto malor~ulls Ulrulud 
wl lh a l m d u r d l d  NaOI I  
Io thu duvlrud yllt12.Uql. 
ktom l h o  volume 
roqulrud tu U l r r l s  Uiu 
ram lu l huomoui i lu l  
!JO%hbll iianddd l u  
nuulrallru Lha rucarr 
wasla m a l u r d b  
calculatnd 
A n  aUquul uf srmplu b 
added tu  a rpuclal 
N h t U r O  uf bulrur and 
cornplsaanl. Dy llia 
mulhud of r l r n d r r d  
rdd l l lon  l h a  uumpbd 
lluorlda;unconuallun Lr 
culculalad 

Caurllc 
rallu 

Emplrlcd 
dubrmtnal lun of 
"cuurllc dummd"  
for varluua acldlc 
w a r b  ramplus 

f 10 100 I -- 
I rc l f lc lon  
t c l r u d e  

I ml. 25 PI. b 
1 mL 0 2  DS El ,  

kh, dS, 
PIS. Ik1U1. 

KB, 1.0, 
Sumps, 

llllU2 FJ. 
I u I', 

A CAN 
J X W P  

I1 I IUZ. k-3, 
Y5, SNW 

JWI), lUh, 
2 A W , 2 A S ,  

1 dll.7 
IIAS. IdX. 
211x 2EX 
xcx: 2px: 
~ ~ . 3 n x .  

3XE. 
3x I":, 

YXS.t. i ,  
3XS.k-3 

kn. PIS. 
Flu, *-AJ, 

Sumps. 19 
1.10. RW. 
1.11 ne 

21'1' '3x6 
rxw: ORHI, 
( d A * . J I  d.3WC: 

13WUI, 
2NS, 

('dlNO* I. 
SI'N. 2 d 6  
IIII'. ZAY, 
2111'. 3111: 
I I1X 3AF3 
3 x 5 . ~ ~  

I )ubrmlnal lun of 
tutal f luurldv Ian 
In aqusuua 
prucusr arniylns 

f luur ldu  

1 3  07 S O  mL A n  all uu l  uf srmylu 
dl lu lu8 lnlu walur and 
Ulralad w l l b  slandard 
bara. Thu nnd u l n l L  
dulurrnlnud el&r 
yulunllometrlcatly urlng 
r pl l  nluclrada, or  a 
calorlinutrlc Indicator 

1)ulurmlnullun uf 
acldlly ln aqueous 
aimplur 
urrunllally fraa uf 
hydrulyrablu 
c r l lonr  (<O. l 'b)  

Frau meld 

20 111. IO 
Y ml. 

SU mL I 64 held bnru 
J l r r t l tm wlU 
:umpluirnl  

luns Lhal havu 
Inters ucles 
u q u d r l a  

bydrugan lun 
Inturfera w l lh  
lhe  rns ly r l r  
(such as 
phorpbale m d  
dlebrurnrlu) 

lnvdlvLng 

l h a  mulrl lunr nru 
cornpleiud w l lh  U ~ C U E I  
polsrrhim uiululu. und 
Uia rulul l i in Lr lhun 
Lllrulud w l lh  r lundurd 
bu.u hi u pailunlliimatrlc 
and pelnt 

4. 
i? 



Table 4-66. Chemical Measuremcnls. (Sheet. 2 of 8) - 
Symbul 

- 
131 

Srmplr 
poInlJ 

Accuracy 
1%) 

PrecLrlon 
105% (*I CLI 

f 10 

1)ulurml. 
nauun 

R r u  acld 
ICUULI 

Alumluum 

Cudtulum 

l l ydrur luu  

Ilydrurld; 

AypllcaUun Hs lhud  I)nncrlyUun Inturlrrancaa 
Nomhd 

IO Lo Is PI. 

M a d m u r  

1 aL A c l d h r u  
UtraUun wllh 
complrxunla 

Samu as tal excupt KFG- 
urud r lnng wllh (hu 
oaaIuLa and lha aoluUun 
~r u t r r i ad  10 a prenot ~II 

An aUquul 01 rmmplu Is 
conlaclod wl lb rr lur  and 
the aquaoui ro lul lun ln 
Ulratod w l lb  r l u n d u d  
basa Lo u pulunUumulrlc 
und pulnt 

1)ubrmlnaUon of 
l r r r  acld h 
a uuoui ramplus 
wllb hlgh 
uranlum conbnt  

An lun i  i u c b  ar 
Urlud h tal 

@I 

IO CIS. R7 Acld.burr 
u l rauon 

IlutrrmlnaUun of 
I o l d  acld In 
orglalc ramplus 
rnaonUilIy Irer 01 
bydrulyrabln 
caUnns l < O . I % I  

nutormlnallon uf 
6lrlpyablr acld In 
nryanlc iamplnn 
wi thh l  hme lu l  
~unlun! 

NE NE l lydrolyxed TOP; 
hydrulyrrbla 
m a l d  lonr an 
U r b d  In 111 

2 ml. a 

l lydrolyrud TOP8 
rulunn br (I uclbn 
havlng r u h b r l a  
an darcr&ud h 
111 

so0 pL suo p r l ~  I I A 1'. <S, . I I U X C I  
s k i p  Iuy 
and &uUun 
vlth 
cumylaruntn 

A n  aUquul of rainple ln 
omulrlllud wl lh  uxululu 
wulur. Thu ayuuuur 
phuru Ir lhun (runlad 
w l h  cumylualng ms ldon 
and lhiin Ulrulud w l l h  
r luudurd bumu lu u prumal 
PI1 
Suinlilur are r l r lppud 
hullurud, und alumInhn 
I s  rtimpluxud with 
Il~llydruayyuluullna. 
ulrsurbancu Is  rand on a 
niiuclrumulur 

NE NE 

A I  Procunr ruluUons fat  s uclru. 
pgolomulty 

I aL I U U  PI. 100 2 h  

*lllrulu wllh EIITA u l  
ill 10umln culur ul  

i t  EIVPA w d i  

tlulurmlne ondoolnl 
t.1 .r whrumu Il luck T l u  

2s VL 7.ImL Ar tu  ufcluuo 
suluduni 

Com l u l l  
mu& ' 
u l rauu l l  

Olhur mutala 
wblcb u r  
corn Idandby 
EIY& at ram. 
pll, u.g., Fa 
Othur l b a l  cnn amlnua l u rm 

corn uundnwl lb 
P.DR0 

f 10 100 I b  

nulurmlnaUiin uf 
bydrmrlnu In 
"culd* AM U 
marnplur 

Abmiorydun 
I U C l r b .  
ptutomulr  y 

I l ydru i lnu  ruuctm wl lh  
11 dlinulhylanilnnbuu. 
rulduhyde 111 1)AUi l o  
fwrn r rearrungurnunt 
ciiinliouud l h u ~  I s  un 
lnlunvn yulliiw ccilur. T h r  
I i c tu i i~ l l y  uf l hu  cultor I s  
Ucnn muuturud ryucuu. 
phulumulrlcally and lbu 
cuncunlrauiin of 
l iy i l ru i lnu 1s doluraclnad 
fruin u cullbiuUam curv r  
Thu ~ u n i l i l u  Ir t l trutud 
wltl i  stainclurd ui.id IU I) 
~ ; tu i i hn iub  IC mil fiiulnt, 

tu Iirwilr IY ru l r i i lutud 
u b  hydrualdu 

so I O  

100 PI, 
1 mL 93 IR  

- 
UII - 5 mL f l  99.100 lil KOl l  Anlitnr of weak 

I10 su u O x l U o l I ;  
CrO,% 

IU pL 



l'nble 4-66. Chemical Measurements: (Sheet 3 of 8) . .  
Srmpla rlra 

Andyalr 
llma 
(bl 

I)uacrlpUun 
l r b r  
M n o t  

PUREX) 
Samplu 
POlnU Appllcullon Melbod Inbrferancar Accuracy 

1x1 

98 . 

Syahul  

- 
IIN 

Numlnd 

100 PL I O  

I mL 

Haalmur 

10 mL B t f  I n l l l d y  ln 
h u  rample; any 
ilbrr cumpuuad 

rUl rdducu 

Ilydrox. 
lyamlne 
al lralu 

Dotormlnallon of 
Inlal 
bydroa Iamlnu In 
"culd" XMU 
iamplua 

aux, IIN n E D O X  
lllrallun 

Furrlc ammunlum aulfalu 
i addud l o  Ihe corn. 
plsaud bydroryhmlou 
iamplr, whlcb r r c b  lu 
reduca lbr Fi f ? l b u  
ruaullant Fa b U l r a b d  
wllb alundrrd porman. 
unab nolullon. E h m  L o alolcblomalrlc 

purmangrnale Ulrwllun, 
h o  bydrux Iainlnu 
:oncentraYun In 
:alcululod 
An ullyuut uf arm IIU Ir 
mlxnd wlth u apuclul 
complurrnt tbalho. 
phununllirollnal In ma 
~ c u l r b  buffur. Ihu Fu 
rouclr wlth lhn cum- 
luaanl a1 a p l l  01 3.5 tu i, 'I lo lorm a red.colorrd 

cumplur. Ihe l n b n r l t y  of 
Ihu cdur  producud In  
I han  murrurud ryaclru. 
iihulumutrlcslly and 1)" 
cmcoolrallun of I%.$+ In 
dulurmlnud frum a * 
cdlbrultun curvu 
I'hy y m p l u  cmlulnlng 
Vu I s  l l l rutud wllh 
r la i id r rd  purman anrlu 
nitluuiin to a c u d m u t s l c  
and pulnl  
A l l  Uie bun In l h y  p o p l o  
Is roducud tu 12, w l l h  
hydruxylrmlnu b 
chlodda. Thu For*: 
lhun comyluxud wlth . 
butho.pbununthrsllnu 
und dulurmlnnd us 
duacrlbud r b u v r  lur 
Irun( t 21 mathud No. I 

l'hu anr lyr l r  h 
dupundunl un thu rumplo 
matrlr 

I 

Iron1 t 21 Dulu mlnallun u l  
Faiflo. ueour 

cnncunlrallunr of 
uthrr colorud 
lpoclar 

Iampler All luw 

-- Abrorpdun 
1 eclro. 
ptolomelry 

Ir 8n Dy Mo 
I;,zd,lpil>4! 

10 PI. MI0 PL IEP 6 M 14 E 
9 
? 

X 

c n .  
0 

3 
IIIX 2NS, 

3XS.Pu 
F ~ A I ~ .  

N* 111. N11~011, 
&or ruduclmtn 
wldlxud by 
purmanganrlu 

a50 111. IO 

I U  ml. 
I O  mL 7 91 111 -- Duie mlnrllun uf 

Fe In "cold' 
AMUaamylaa 

- 
Fu Ill De Sn Dy &.I 

II ' zd Pi -'. 
hlarferar h hlgh 
conconeallonr 
1u.g.. 1.91 

CUTU, hlon  

I 4  mL 
ISUO PLI 

f l  I 4  R u d u c ll u d 
abaorpllun 
r ecku. 
pto1ornulry 

I)uturmloallon of  
1111.1 Iron ta 
a uouua aamplua 

concentrallun of 
other colorud 
rpuclua 

*IPLh luu 

f IO DularmlnaUun of  
murl I racr  malnlr 
In squunua 
?olulluna 

lnducdvuly 
cuuplad 
p l r r m a  IICI'I 

IO mL 100 4 Al l  
ayuauua 
aamplu 
PUhU 
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'I'able 4-56. Chcrnical Measurements. (Sheet 6 of 8) 

8amplo a h  

Ilutarml. 
nalliin 

Srmplr 
pulalr 

Accuracy 
(CI 

100 

Halhud Uurcrlpl lun ' lnlurfurrncar 

N01-,SO4- . 
Hadmum 

100 mL 

Nomlnal 

IO0 pL 
I 

i sclf lclun 
I i c l roda  

I'liu bum la In dllulud 
:hoinlcai udjurlud And 
malyrud lhe ma&od 
>I clandu!~addlllon 

a I 5  

ill 

nltrala ln aquaoua 
aolutlona 

D I IB.5 
E. I ,'F. I d  i aclro. 

X o b m a l r y  
I'hu rum lu I s  c&mplaxod 
w l t h  dn:, ur l r r c lud  
Int(i N h t a n u l ,  und rend 
u i i  a rpuclropbtilomular 

Other melab 
whlch wW 
corn I sxwl lh  
DE&. 6.p.. Zr. 
Pu 

I mL I 100 pL l l c ka l  

i adu r  
Ilrullun 

A n  olher 
rad lc tsntn 

1 mL 5 mL f 10 loa I I' luluiilum Lr urlrrclud.U 
nururr r ry  lu rumuva 
culttr. Sui&ila III Iiaulad, 
Uian Ulrulud w l l h  
r tnn i l r rd  I iurmanyrnalu 
11, nrrl purr l r lon l  plnk 
ciiliir 

Sumplu Is l l l ra tud w l lh  
KMnUJ In acld rulullun tu 
flrd porrlutunl y lnk culor 

rus ldur l  ord i lo  
Ln prucurr 
aulullunsl vv r l l  
maku upuf A d U  
solulluns - 

I U O  pL f 4  HudA l h l e r m l n ~ l l u n  01 
rsr lduol  ruduclnp 
normuUly In I vrucuai aulullunr 

5 mL I U l  Amu. 
uvurlluw, 
l 2 U  1UP 

AU 

Ruder 
lvullun 

I PJ 

y l l  IBrturmlnulliin u l  
y l l  ln r n y  
rpuuuur rrmpla I > OB I I4 f 0 1  p l l  Nunr ~puc l f l c  lun 

rluclriidr 
Tha y l l  u l  uiidUulud 
ruinplalr muururud by  
uru of a p l l  mutur and 
combloallon uluclrodr 

Accuraluly Lnuwn 
rmuunb ul  aamplu and 
aplLo aolullon (known 
g&rpardfipllun 01 pura  

I u or Pul arb 
cumblned la lU l lNUg 
and ulluwud CUB 
a ulllbratu. Vulonco 
a!juutmunlr and a T T A  
axlraclliin are Ihun 

urformud a i  durcrlbud P II iluliinlurn 
rmdluchumlcul muthud 
Nu. 1. Aflur Lha ur unlc 
L rcrubbud 2 to 3 &nus 
wl lh 0 75M IINO. Vu+' 

IINOJ, and a hi111 
clornup frum urunlum'h 
msdu wllh un rnlun 
uachrn u column. l u  
rwure 9, uriiu h 
~ ~ p u i i t l n u l l ! i n  lrurn 

11. An luuliiplc 
rnulyslr Ir Ihun m r d u  by 
hlgh.rucululliin mar8 
rycclromulry. Vrom 
Lnuwlnp tlir I r u tq i l c  
dlrlrlbulliiiir In Ihu 
sumiilu. rplLo. and 
aamplu plus qilLu. aliing 
w l l h  tbu SVILU 
ctiiicunlrrllsin. lhu 
smnililu cmicrntruUiin h 
crlculutud 

I, slri;y.ia ~ n t ~  d! 

Pu 111 AccuunlubWly 
muuburumanl lur 
plutonium In . I dhsolvur auluilun 

NU 0.U5mL N E  N E  NE 234.5 I'lutunlum 

removud Ln lhb 
malhodl 
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I l r m l u m l n  dllatud w l lh  
IlNOy and run un ma 
unuryy d lpu r r l vo  ..ray 
Inatrumunt i rlnsl r 
y l l r lum Ltuntfurd 

Ur rn lum In dl lu lad w l lh  
2SCTDPL NI'II and run 
on rn  unuryy dlrpurr lve 
w a y  L r l r u m u n t  agabrt 
a y l l r lum r h n d a r d  

Mlnlmd 

Mlnlmd 

'l'nble 4-60. Cheniicol Measurements. (Sheet 7 of 8) 

Prochlon 
(86% CL) 

1%) 

Samplo iha 
I loterml. 
n iUun. 

Samplo 
puInlr  

l a b #  
tUnot 

PUREXI 
Accuracy 

(%I 
AppUcaUun Symbol MuIbod I la ic r lpdun In lu r tu rancr i  

Nomlnd Mrr lmum 

mutali~c 
ImpurlUus 
(cunI.1 

I l'bu iamplu 11 dlluted ln a 
2M IINO mrulr. Tbu 
u T i n l u m L  than 

1 mL 1 mL He, re f I O  4 -- 100 

I or l rac t rd  f rom the 
aqueoui b y  M P O .  Tho 

ueoui anulytrd b y  d r  
l'hurlum 
In 
ylutunlum 
produc l  

I .e 1 mL I mL 100 4 Th 

TUP 

f I O  r u  

I)uturmlnaUun of 
Tnl'b plant 
io lvunt 

I mL I mL Olhur acldlc 
r l r lppud u f  In mutals, 

llNQ and U l r r lud  w l lh  

TUI'L ramplulr  

thun ia~urr tu~!wlIh 

rtrnt?urd NrOll 

i4 98 

Uranlum Iluturmlnadon of  
hlgh.luval 
usrnlum I>O.UJMI 
In i q u u o u i  or 
organlc ramplor 
and 
accounlrbll l ty 
maruurumunl uf 
urmlue, In fuud 
and pruduct 

I)S.El El, 
I l A P  

J113W61 
2NF 2Pd 
WN,'lnSd 
(521. lSXF 
IJ11. I C U  
IJBI.'LDW 
lK21, K 6  

l l r u  lum l a  ruducud l o  
U+Pln  cuncunlraled 

hurlc'rcld w l lh  EW Tbuarcurr Fa'l 
l a  Ibun or ldl rud l o  Fu * 9 
wl lh  IINO) and r 

u urncalulyrl. EW ~h ttiun 
amyorumutrlcrUy 
Ulrstud w l l h  r l s n d r r d  
dlchromalu 

I l ~ O ~ l U  

M mru 

amount& 
variour m u d  
lunar 

Tc >111000 

tn :K 
Mo tln prauoncr 
of blgh n l l r a b  
con(an11 

f 0 3  Errandally 
100 

so PI. to 
tart 

I mL 

I)nlurmlnrUun uf 
low.luval u r rn lum 
In aquuuur 
ioluUunr 

KZ. 1'2, I'J Elluryy 
dhyur r lv r  
w a y  
iluuruacunce 

100 PL I mL i I O  121 

131 

IUU 

I)ulurmlnaUun uf 
luw.lnvrl u r rn lum 
In ayuuuur 
roluUuni 

Enurgy 
dlvpurrlva 
..ray 
iluorasuncu 

100 a f I O  1GW LOO PI. I mL 
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Table 4-6(1. Ciicniicul Measurements. (Sheet 8 of 8) - 

Symbol 

- 
I O  

l r b i  
I l l  001 

PUREXJ 

Samplu aha 
Samplu 
p u l n h  

Pruclrlun 
(95% CLI 

I%I 

f15 

Appllcallun Mathod Accuracy 
(UJ 

Nomlnal Madnun 

I rL l r i rr  
f luorlmulry 

0Uul.s on dlracl  a n d y r b  
by  Inner nuor lmalry 

Uranlum 
cunLJ 

Hlnlmd 100 I 100 pL 

weakly, 
Rl.low 
SA. SB' 
sc. sch 

l a n o r  
f luorlmutry 

DutarmlnaUon uf 
l uw~ l r va l  urunlum 
In or rnlnua 
auluiunr 

T b u  aamplu In  con lncbd 
wltb lhu f luurlda reryanc 
and analytad b a 
rnullrud of i t a n i w d  
rdd l l lon  and larar 
f luorlmewy 
Tho uranlum In ealraclad 
In loTUF ufler ule ramplo 
II lraulud w l ih  lurruua 
iu l fumala and 
bydruaylrmlnu 11) raducu 
the plulunlum LO ulu t 3 
valuncu alalu. ?'he 
u r rn lum I n  back 
ur t r rc lud  Lnlo wr lu r  a i  In 
Nu. 4 

D r c b u p  yrucadurua 
eiLrl fur lhuro uaod an 4, 
5. and 0 

Hlnlmd f 15 1 100 pL I aL 100 

1)atormlnatlon of 
low.lovul urunlum 
In ylutunlum 
cunlr ln l i iy  
rulullunr 

100 1 Mlnlmal i l l  LOO pL I mL 

l m L ,  f 20 

f 19 

100 pL 

100 LlL 

100 

103 1 mL !lrcunlum 6 aclru. 
ptulornalry 

Sumpluu a r a l l l u a l r r c b d  

(1) ulliicyan(a1a addud l o  
cumlilur Fu, U 
OJ bpdrorylr&o l l C l  
added l o  ruducu Pu 
(4) 2r cumplaned wl ih  
iy luni i l  uratiga, 15) road 
on v l r l l l u  rpeclromelsr 

WIU, Tnvn 
a 1 o . q  111 

PS119 311144 



Table 4-67. Itadioclicmical Measurements. (Sheet 1 of 6) 

nterfirancar 
h b m  tU 

not 
PUHEXi 

hn,ulyah 
u n u  , 

Srmplu 
p o b b  AppUcaUon UsrcrlpUon ccur.cy 4%) Hulhod Symbul 

AT 

AEA 

H r d m u r  

1 mL 

Yo&d 

10 to 
500 pL I v r p o r d o n  

nd r rd lo -  
Bray 

b d q U U l  O f  OD aqUUUU8 
irmplr or  dl lu la Blmplb 
Ir ava ur r lud  to d rynu r i  
3n.r& nleai rluol d l rc  
and counted on an ASP. 
DUuUona aru mudr w l l h  
dUutu IINOy. For 
uryanlc iamplus 
dlfuUonr are mrda w l l h  

krroranr. 
D y h b  or blgh.qttallly 

lu0.I 

00 

NE NE Doprnd i  
on 

counllng 
uno,  
Ib  8b 

bvaporuuun 
ind  radlo. 
iaawy 

A n  rUquul  uf rvmylu h 
mounted IIII a dldc ma 
duacrlbed fur A T  
dolarmtnrUun. l h u  d l i c  
L then cuuntud wl lh  a 
romlconduclor dr luclur 
In a l l  hl  d htvvcuum 
chvmfnw. %hadubctor Ir 
cunnuclud to 8 pulro 
balght unalyrrr  Ihul  
pruduear vn alpha., 
enuryyrpuclrum. l h a  
purcentuya cui i t r lbul iun 
of aarh allihr ummlltur 
w l lh  dl l fur l i iy  vlybv 
uncrytur Ir thun 
calculrtud 

I mL PO 10 
500 pL Alybr 

anargy 
rnalyab 



Samplu 

NomLnal 

10 mL 

15 (0 
100 pL 

10 1u 50 ml. 

I25 mL 

011. 

Madmum 

50 mL 

NE 

100 mL 

I 2 5  mL 

Samplu 

NomLnal 

10 mL 

15 (0 
100 pL 

10 1u 50 ml. 

I25 mL 

011. 

Madmum 

50 mL 

NE 

100 mL 

I 2 5  mL 

. .  

Tnble 4-67. lhdiochemicul Measuremenls. (Sheet 2 of 6) 

Sampla 
PULnlJ Appllcatlun Huthod l r b r  Ill 

nut 
IWHEXI 

AnulyrL. 
umu 

Symbol 

Kr. TI), 
Ill 

Uursrlptlom Inbrtarencer  Accuracy 1%) 

l'u1ul 
alpha and 
beta 

I~uturmlnallun u i  

hlph and I i iw - 
warla, and 
einuenb 

l0ld uctlvl1y 01 

luvul rampler, 

Evapurallun 
and rrdlo. 
a1a.y 

NonvolaUu 
realdue or 
dhrolvud rrll 
CUI cauae 
leu. 
rbrorptlon 
on Lba 
mounh 

An allquo1 rrmplu 15 IO 

10 mIJL mountud on a 1. 
In. dlvh and avuporalad 
lo  dryoeri .  The acllwliy 
L. muriured wlul a 
comblnullon a1 ba and 
bola d d u c b r .  LO ml, 
ofram 11.h nuudud, 
multi Iu a ~ q u o t a  arm 
addui,  evaporallnp aach 
umu 

An all uul o i  ramplu In 
dllululf to I ml. wl lb  
dUub l lNO In a rmaU 
pulyrtyrun&.vt*t. A 
ciillun dun td  rull In Lbun 
uddad aiid l d  vlul In 
cappud und uuulud. ThL. 
mounl l a  placod Ln an 
alumhum boldur end 
cuunbd. 

+ 10 IO1 1 

I .  

Abrurbud 
Uquld and 
radlo.array 

lllph 
concuntra. 
Uonrol urm 
beta hers  
(a.p.,%) or  
vury hlpb 
be(..pumma 
ratlor CUI 
mark gamma 

raka un &a P uw end (C0.3 
MeV) 

111 NE NE 

? 
E 

Dutormlnatlun u t  
umllbrr In Pu 
pruducl 

11 uld ntlud 

'adlo.auray 
,I9 md 

An u l l i p ~ l  u i  rrmailu Ir 
nldud l o  m plubtlc v l r l  
und llllud wlth dllutu 
llNU3. The VIUI IS t h ~ ~  
capped, rualud plucud In 
inulhur wlul. dulud rnd 
tuiinlud directly un'tup 
u i  UIO ( l u l l l ~  duluclur. 

121 ID NE NE ' NE 

131 An ullyuol I s  addud IU a 
125ml.plauUcjur. l l i u  
I Y r  1s culipud und badud 
w l l  III~I. Ciiiinllny Ir 
diinu a 1  dubrrhud uli~svu 

ICC, ICY I'lartlc Jur , NE NE 1 IO 

P118.9 11314.17 
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Table 4-67. Itudiochemical Measurements. (Sheet 3 of 6) 

Sample rho 
Lab8 111 

not 
PUHEX) 

Samplu 
p o h b  

Prachlon (05% CL) 

(*I 

f ao 

H r l b o d  ApyUcaUun 

Delermlnrtloo of 
Am In proc r r r  
warlo alraamr 

Symbul 

Am 

Nornlnd Harlmum 

Amod. 
clum 

Solvrnt 
r r l r r c u o n l  
r r d l o u r a y  

1 mL ES, ua, EO Am b isparaled from Pu 
b * x ~ a c U o n  wlrb 
IhEIIP. Cu1lV)b 
ramovrd b y W A  
rxIracUun. Am Ir 
r rbac led  Lalo IlDEllP 
Ifbur r c l d  adjurlmenl. 
Am r l r l ypod Into I M  

Nap~un.  
lum 

I)rtcrmkaUon o l  
oclp~unlum In 
I uoour ramplor 
w%b >IO alpha 
parconl 
neptunium 

SWU' 
Z N r '  

Solvrnt 
.xlracdonl 
r r d l o u r a y  
ta) 

NO tun1um(*5 
rufuced lo Np 4pwltb 
C'U~NIIO SO. 12 M d  
NIL 04 IIdLln O.75hJ 
l l N b 3  wblch duo 
roducur p lu lon lu .pp  lbr 
Inerlraclablo 
i iab .  T h o  Np t P r b k  b 
than uxlracted wl lh  0.5M 
I T A  In I lunr and lbu 
D r y A c  p L r  b 
i c rubbod wllb h e r b  
D75Ml lNO and 
~ e l N B .  S 0 . g .  An 
m~puutofdr oryanlc 
p h r r e b  mounlud on lhr 
ASPfor ATand;U 
nrcer ruy ,  AEA 

samu a 1  IO 

I f 40 l l l pb  
concontra. 
Uonr or 
uranlum, 
pluloolum Of 
o l h w  dpb; 
rmllbrr or  
rx l rac l rb ls  

Fu 
comptun.ntr 
(0 F. 
C$@ or 

rampl r r  
cauu c 

loo pL I mL 

DulermlnaLlon of  
nuptunlum La 
a UIUUS ramplar 
w%b hlpb 
urmlum conlunt 

K8,aUW f 14 Solvanl 
axlrrsdunl 
rad lou rey  
la) 

Vr ry  blab 
plutonium 
cunlun(; 
complaranbi  
caulluc 
ramyler 

1 mL 1 mL I 

1.. 

I 

131 I lu tu r rn lndun 01 
nuptunlum In 
r uoour ramplor 
wjUa blph bola. 
gummr levalr 

Solvan1 
r r l r acuun l  
radloarray 
(a) 

Na tunlumtt I 
rod)uced lu N p S k  3 4  
IOSMlINO wl lb  
F n I f l ~ I ~ S O ~ ~ .  Tho Npt4 
In Lhnn r i l r vc tud  Inlu 10% 
TlOA In iylune and chr 
organlc l a  rc rubbrd  wlth 
fro&SM IlNOa and 
IZ. lz-rcrub out rut? 
Tbr TlOA In then dllulod 
tu -3% w Ua xylanr, and 1hrN 4 1 Ir r l r l p  
IM  1181. wore Feqqi?lu 
aadu to ruducu any 
Np+ s fu rmudb Lh uw 
rc ld l l y  and Llwk Lr 
er l rvciod lnlu O.S& I T A  
In xylene. The or ?nlc 18 
then mounlad on8 
cuunbd  

l l l y b  
u r d u m j  
complexurtq 
cauruc 
ramylvr 

I O U  PLlO 
1 mL 

1 mL f so 

I 



... 

Table 4-67. Itadiochemical Measurements. (Sheel 4 of 6) 

1 
PrrcLlon 
195% CL) 

1%) 

Sampla 
puInll AypUcaUun MeLhud DuncrlpUun Inierfrruncaa Analynla 

h a  rccuracy 1%; 

NE 

N o m h d  

600 pL DetarrnInaUon of 
nsptunlum tn 
PulN03)J product 

Lo Eolvant 
axlracrlun/ 
radloaniay 
fa) 

lllgh 
uranlum 
concanIra. 
Uon; 
complorurb, 
causrlc 
samplon 

4 NE 

. . . - -. . . . 
napl in lum p ~ u r  
e l o n l u m  Lo Np and 

t 3. ranrJecrlvalv. Tha 
nuptuhlum b lbud 
ar tac ted  h t u  O.JM T F A  
In xylenu and d r l ~ p e d  
In lo  8M IINOj. ?'ha 
a uuo?in phase L 
aIJuntud 1 SM UNO 
mow F t t s  b5ddndf;nd 
l b e  Np l u  er tac tud  
h l u  I0'6TIUA In ryluna. 
Ilia ur r n l c  pharr L lhen 
dllub1fta1'LTIUA and 

* 
c.' 
3: 

Y ,  0 

P 
4 a 

a IIn u r t u c l a d  l h lo  U I M  
T!*A In xyluno. Tbo'rirC- 
organlc hurr Is l hun  
mounlo8und counlud an 
duncrlbod In No. I 

? 
5 - 

ZPW UuturmInaClon ut 
nuptunlum In 
W ~ B ~ O  organlc 
sampler 

Solvunl 
arlracrlud 
radloamnay 
(a) 

lUgh 
p I u t on I u m 
and uranium. 
N 114 LINao: 

ruhuhncea 
lhal connuma 
nltltu 

u3*r  

800 pL I mL NE NE 1 

t 

Input 
accuunlr l l l l ly  
mua*urainaol ut 
nuptunlum 

Solvuat 
erlracllunl ' 
rrdluuruay 
ryt a1 

I mL An dlquutofs.m l o b  
ad fu rbd  1 
am I L o i i f ~ ~ N p i r  
a d h .  tl'hlr I s  urud to 
corrucl  fur lusrur I 

lhruugh lhu molhud.1 
Thu muUtud In thu sumu 
06 d*u*crlbud fair 
namylur wll l i  hl h hula 
gamma urcuyt &st 01. 
orgrnlc mount Is counlud 
fur $'$,,AIM and (IRA 
IUIU Npi iu c r l c ~ l u l a  

cuncanwdun  uf 
89Np In l b a  aampla 

I In g, and 
i a  SO0 pL 100 8 

h P x s 



' qa 

Y! E l  E3, 
%,'PI;, 
' IO,  MI, 
r i a  
I 3 l h .  
I A W  

ICU l E U  
KU, /'.'rK; 

q a  

Halbod 

Solvonl 
ax t racdod 
r u d l o u r i y  
111 

Solvan1 
urlracllcinl 
r.dlO8Ub.y 
mi 

Sulvunl 
u1lrucllunl 
r8dluusruy 
iai 

. .  

Table 4-67. Itadiocliemical Measurements. (Sheet 6 of6) 

Iqlarfsrancri 
Raclalon 
108% CL) 

1%) 

L b i  tU 
no1 

PUREXI 
AppUcallon nuicrlpllon Analyilr 

Uma 
Symbol 

171 

M8dmum NonInnl 

NE Naplu. 
dum 
IconLl 

Producl 
accounlabllll 
mauuremanlof 
naplunlum 

An aUquol of ne  tunlum 
r o d u c l h  r d d e i b  

$.vlnl m d  counlud un a 
OulUl duluclor UEA 
i i b m  81 dsicrlbrd for 
vful mow(. Ln aEA 
molbod No 1. Thl) LaV 
E m m i  riyof rbo AQ!Np 

mu8iurad 8nd 
compared lo ipproprlala 
i lundrrdr  for  
rccounl8bh!ly 

Nona I I L  NE NE NE 

Plulonlum DalormInillun of 
plutonlum In 
8 ueour iamyloi 
w h  blyb bola. 
gumma lovulr 
andfor blyb 
dhrolved 1811 
conlanl larcupl 
urunlum) 

Tbu mum I o  l a  f i r1  he8led 
whb 3M YINOa, 
bydroijlumlnu r o d  bun 
l o  raduco al l  the 
plulunlum lu Fu and 
duilroy uny pul murlc 
furmr of  p l u l o n k  An 
rcld 8dJurlinunl 10 IU.OM 
UNO Lrmrdu Sudlum- 
n l t r ld  I ddud urldlzr 

which b then rup&rtod 
from olbor 8I ha 
umllturr 8nd h i m  

r u d u c b  b ortrrcUn 
R t o  8 i u d m  o t T r A &  
ryluou. An ullquol of lba 
or u n k  1s muuelod on r 
dl% and lhu plulunlum L* 
eiorrurad by ulph8 
cuunllng 

rbu ruCJtu r u k  

lllgb 
concantr8. 
Uonr of 
cumplaxanla. 

ea I 25 V1.b 
I mL 

I mL 

Complur. 

rrmpler 
80b; CaUlllC 

I O U  p,lo 
1 mL 

I m L  f 20 07 1 Sum. 8s mulhud No. I 
axco I Uiai l h r  or ani, la 
i c r u h u d  wllh 0.dH 
IlNO loremuvu 
urinkm prlur to  
muunllng 

Tbu mu111 lo Ir lruutnd 
wllh Nat!iOYO. In dllub 
rcld lu usldra tty ulyhu 
rmllt r i  tu Ny arid 
I'u { rurpucllvnly. Tbr 
I'uiJir Uiun urlraclud 
wllli  U.5M T F A  In rylunu. 
und r n  ~ ~ U U I  or rbu 
oryunlc L muunlsd und 
countod 8 s  durcrlbod 
abuvu In mulhud Nu. 1 

Ilulurmlndun of 
plutunlum In 

wplb hlyh 
urinlum cunlont 

8 U U O U I  18mylUl 

I'lutunlum 

Ilulurmlnullun uf 
plutunlum In 
noytunlum 
product 

I ml. a Cumplar. 
an(.; caurllc 
rrmyluu; blgh 
uranlun 

so0 PI. NE NE 131 

P! 



". 

l ~ l u i d u ~  
rulrndiin 

nut Dmiurmlnallon UI 
IPHNJ lhmplulonlum 

relendon numbar 
on h a l o u d  
aolvunl mrlrucdun 
orpn lc  

Table 4-67. Radiochemical Measurements. (Sheet 6 of 6) 

I I I I 

05. R7 A n  aUquol uf uryrnlc Ir 
conlaclad wilb i t a n d u d  
plutonlum nolullun (-0 I 
gII.Pu.3M I lNO I Tb; 
oruurle r l b u n  drippad 
a r e a  ruccsrrlvm Umoa 
wl lh  frmrh aUquulu of  
0 Olhl JlNO An aliquot 

ai or anic I, lbun 
raounte8and counted 

Sulvunl 
mabacdonl 
radloaaaay 
(a) 

I I 

I mL 

Prmclmloo 

appllcabla 



REPROCESSING PLANTS Page 3 
NUCLEAR MATERIAL DESCRIPTION AND FLOW 

18. MAIN 
MATERIAL 
DESCRIPTION 

i) Main types of 
accwntabitity units t o  
be handled in the 
facility 

FEED PU PRODUCT (1) 

1. Fuel assembly. 
Assembl i es charged t o  
dissolver which 
becomes the S/R po in t  
f o r  measurement and 
basis f o r  
accountabi 1 i t y  
f u r t h e r  i n  the  
porcess 

A. 110 

2., a) Pu N i t r a t e  

L-11 Tank .. 100 1 
Loaded t o  MK IV and 
MK V cans 
(-8 l /can)  

b) Pu Oxide 
1.5 1 s l i p  l i d  oxide 
cans 

K-6 Tank 
3 .  UNH 
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Page 4 

iil Chernical end Physical 
Form 

(for feed include types 
o f  furl 
elenmt/asseubl its, 
including nuclear 
mterial content and 
enrichment). 

INPUT 
1. Per specification 

sheet (attached) 

' A t t a c h  drawing(s) 

A . l l l  ' 

PRODUCT 
2. 

3 .  

a) Pu Nitrate 

. 
solution 1 oaded 
into MK IV and MK 
V Pr cans 
t350 g Pu/l 
1.4 4 HNO, 

1 id cans 
Pu Oxide Powder 
o f  stoichiometric 
proportions 
7 8 0 0  g/1 

b) Pu Oxide in slip 

UNH stored in P 
Tanks ("103,OO 

t500 g/1 Uranium 
-0.4 4 HNO, 

gal 1 



r e i  r r a d i  a ti on enrichment 
f uranium-235 

Type 

I 
I 
ngth ( inches) 

t 
badding Thickness (mils) 

i gh t  o f  uranium i n  outer 

eight of uranium i n  inner 
- [ h r )  

0.947'2: Enriched 

1.70 1.70 1.70 1.70 

1.28 1.28 1..28 1.28 

0.41! 0.41; (1.4ti (1.41; 
n . . .  

17-22 17~22. i7-22 17-22 

12-18 12-10 12-18 12-18 

23-30 23-30 23-30 23-30 

13-20 13-20 13-20 13-20 

35.7 '33.1 31.2 32.1 

,,,,,,..,,,I 
50.3 

139.d 141 .d 143.31 153.4.- 
140.5 

138 7 1 4 
80 

I A-1 FD-P-020-00001 

A. 112 

1.25 - 0.947% 
Enriched "Spike" 

1.77 11.77 i 1.77 I 
1.25 1.25 1.25 

(1.44 (J.44 (1.44 

18-24 18-24 18-24 

18-24 18-24 18-24 

33-40 33-40 33-40 

.18-24 18-24 18-24 

24:4 22.9 17.3 

12.1 11.3 8.6 

36.1 

170.41 172.2 I 181.1 I 
170.2 

80 10 2 
20 

16 . 16 16 . 
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18. 

i f  i 1 Throughout 
Enrichment Ranges and Pu 
C M t G n t S  

FEED 

1 .  10.2 MTU/day 
('one d i  ssol ver 
charge. Spike 
fuel limited t o  
"8.4 MTU) 
enrichment i s  
between 0. % "'U 

. and 1.25% "U 
"0.2% Pu content 
"20 Kg Pu/day 

A. 113 

PRODUCT 

2. Purified 
P1 utoni um as PuO, 
or Pl utoni um 
nitrate i n  the 
same rat ios  as 
feed (20 Kgs 
Pu/day 1 

3 .  UNH solution with 
an enrichment o f  
between 0.9% u5U 
and 1.25% 
"10.2 MT/day 



RECEIVE AND HANDLE CASK DATA SHEET 1 .  

CASK CAR NO. 
DATE TIME . ' LIQUID LEVEL OPERATOR'S 

OK WA7ER ADDED INITIALS 

i .  

CASK CAR NO. 
DATE TIME LIQUID LEVEL OPERATOR'S 

OK WATERADDED INmALS 

, ' .  .p 
I CI 

CI 
P i 



The first five columns must be completed and approved prior to starting any dissolver charge. Mark IV (0.94) fuel 
charging limit is 10.4 M N  tons (22,932 pounds) of uranium. A larger amount of NPR fuel will result in unacceptably 
large zirconium heels. 
Mark IA (spike) fuel charging limit is 8.6 MN including heel. Pres ta r t  conditions met 
DISSOLVER CHARGE NUMBER 

Docummt NO. 

PO-219-001 

(Shift o r  Shift Support Mgr.) 

ReulMod P.Q. 

A-1 6 11 

(Shift Engineer) 
*If 1.25 (spike) heel is 32.5 in. over grate. fuel additions to dissolver must be adjusted below flowsheet. Top of grate 
is 9 in. of liquid in A 3  and 11 in. in 63 and C3. Estimate metal heel a t  500 Ib uranium per inch of liquid (above the 
grate) required to cover heel. Heel is calculated by PO-230-010. 



IRRADIATED NUCLEAR MATERIAL TRANSFER FORM 

Document No. RevlMod Page 

* A - 1 6  . 12 , PO-219-001 
A-6400-183.2 lN4.821 

A.116 
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18. 

iv) Batch Site/FLow 
Rate and Civrpeign 
Period, Ueans of Batch 
Identification 

Cl) For exenple Uraniun and 
Plutoniun 

FEED 
1. 

2. 

'450 fuel 
assemblies per day 
(I dissolver 
charge) 
Operation consists 
of 3-6 month 
campaign intervals 
w i t h  shutdowns or 
outages . 
(inventories 
performed in these 
periods) 
Feed i s  tracked by 
Basket ID# and 
piece count 
(Procedure PU-219- 
001) 

.a) Pu Nitrate 
Sol u t i  on col 1 ected 
i n  M .Cell Tank (M3, 
M4, M5 o r  M6) af ter  
compl e t  i on o f  
solvent extraction. 
-250 l/tank 

b) Pu Nitrate i s  
loaded t o  product 
cans (10 l i t e r  
capacity (nominal 8 
1 i t e r  per can) 

PRODUCT 
3. Pu Oxide 

Process u n t i l  
bl ender i s full 

Sample bl ender 
f o r  process 
control and 
accountabi 1 i t y  
then load 
powder load t o  
oxide cans 
1.6 Kg/can w i t h  
10 cans f i l l ed  
per blender 
,batch. 
identification 
by can ID 

(15-17 Kg.Pu) . 

4. Urani urn 
collected i n  
K6 Tank 
5000 gallon 
t a n k .  So lu t ion  
sampled f o r  
accountabi 1 i t y  
and transferred 
t o  P tanks for 
storage. 
Tracked by K6 
Tank batch 
identification 
# 

A. 117 
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MAIN MATERIAL 
DESCRIPTION CONTINUED 
18. v) Storage and Plant 

Inventory 
(Indicating any change 
with throughput) 

FEED 

1. No on site 
storage. Fuel 
assembl i es 
received daily in 
rail cars. 

Page 7 

PRODUCT (1) 

2. a) Pu Nitrate 
PR cans stored i n  

' corridor prior to 
transfer to Z 
plant for storage 

. or further 
processing . 
Maximum of '15 
cans (interim) 

I storage. 

b) Pu Oxide 
2 cans per DOT 6M 
container. 
'12 DOT 6M 
containers 
storage awaiting 
shipment to .Z 
P1 ant. 

3 .  Uranium Nitrate 
P2, P3, P4 Tanks. 
103 , 000 gal 1 on 
tanks. 
Transferred on as 
needed basis by 
tanker truck to 
UO, Plant. 

A. 118 
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18. 

v i )  Frequency of 
Receipt or  Shipant 
(batcheshnits per 
month) 

FEED 
1. 
batchlday processed . 
through t o  sol vent 
extract ion.  

Nominal -1 d i  sso l  ver 

- ‘6 r a i l  cans per day - “450 assembl ies per 
day 

Nominal operation o f  30 
days/month during 
campaigns 

PRODUCT 
2. a) Pu N i t r a t e  

Sampling 1 tank14 
days (30 cans) 

- bes t  o f  ‘10 
canslday 
1 oadout - 1 can12 hours 

b) Pu Oxide 

- F i l l  blender ‘1 
day 
1 blender 
sampl ed/day 

i n  “8 hours 
- Load out ‘10 cans 

3. UNH 

- 1 tank per day - 1 samplelday - 1 bulk 
measurementlday 

A. 119 
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19. Waste Uaterial 
(Including conteminated equipnent, 
measured discards and retained uaste) 

Describe for each waste strem: 
i) Uejor contributions (sources) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

3 .  

Z i r f l e x  (E5) c ladd ing  waste. 
Waste f rom decladding o f  f u e l  
i n  d i sso l ve rs  us ing caust ic .  

Ammonia Decl ad waste (gasses). 
Waste f r o m  t h e  scrubbing out 
o f  ammonia so lu t i ons  f rom o f f -  
gasses created du r ing  t h e  
decladding o f  f u e l  i n  the  
d i  ssol vers . 
F16 & F18 h igh  l e v e l  waste. 
F16 wastes are f rom sugar 
d e n i t r a t i o n  o f  wastes 
generated du r ing  f u e l  
d i s s o l u t i o n  i n  the  d isso lvers .  
Waste i s  d e n i t r a t e d  f o r  
recovery o f  ac id  f o r  reuse. 
F18 c o l l e c t s  wastes f r o m  the  
ammonia scrubber, sump wastes, 
and m i  sce l  1 aneous wastes whi ch 
can conta in  h igh  l e v e l s  o f  
contaminants. 

U3 & U4 l a b  wastes 

R8 & 68 so lvent  c leaning waste 

Low .1 evel  wastes/cr i  bs. 
Inc ludes steam condensate, . 
cool i ng water, ammon i a 
scrubber and process 
condensates ( f r o m  
concentrators) , and chemical 
sewer ( m i  sce l  1 aneous 1 ow 1 evel 
wastes) 

Gaseous ( o f f  gas). Inc ludes 
HVAC exhaust stacks,, ammonia 
of f -gas stack. 

Sol i d  wastes (process sol i d  
wastes) 

A. 120 
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19. iii) Chemical and physical form (Liquid, 
solid, etc.1 

SK-2-23921 Declad waste in TK-E5 

1 .  Zirflex 
liquid PH-12 

2.  Ammonia 
1 iquid (Scrubber solutions) 

3 .  F16 & F18 
high level waste 
1 iquid 

lab wastes 
liquid 

solvent cleaning wastes 

4.  u3 & u4 

5. R8 & G8 

. liquid 

1 iquid 
6. Low level wastes/cribs 

7 .  Gaseous (of f  gas) 
gas 

8. Solid waste 
solid process trash 
principally from N cell 

A. 121 
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19. i i )  Type o f  uastc Cladding waste solutions 

SK-2-23944 & 45 - everything but 
decl ad wastes 

Same as 19. i) 

A. 122 
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19. iv) Estimated enrichment ranges, and 
ureniWplutoniua content 

(1) For cxerrple uraniun and plutoniun. 

Page 12 

~- 

a ) ,  u 0.9 a s ~  t o  
1.25% 

1.  zirflex waste 
0.18 1/1U 
1.3 x g pu/l 

2. Ammonia 
-0 

3. F16 & F18 
5 x lo-' g u/1 
3 x 1 0 ' ~  g pull 

.4. U3 & U4 analytical 
4 x 10'~ ,g u/i 
5 x g Pu/l 

- 5 .  R8 & 68 ,Solvent treatment 
5 x 10- g U/l 
3 x 10'~ g puli 

6 .  Low level wastes levels 
-0 

7.  Gaseous 
-0 

8. Solid wastes 
c40 g Pu/drum 

A. 129 
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Waste Material (Continued) 

19. v) E s t i y t e d  quantities per year, period of 
storing 

10-2 MTU/day 
20 KgPufday 
250 operating days per year 

1. cladding waste 0.01% od 
throughput 

2.5 MT U 
1.2 Kg Pu 

2. Ammonia 
0 

3. F16 & F18 (high level waste) 
(0.2% o f  throughput) 

51 Kg U 
24 Kg Pu 

tKg U 
tl g Pu 

4.  Analytical waste (250,000 l i t e r s )  

5. Sol vent treatment 
t5 Kg U 
t10 g Pu 

6. Low level wastes 
‘0 

7.  Gaseous 
“0 

8. Solid waste . 
u -0 
Pu ‘2 Kg/l 

A. 130 
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19. v i )  Uaste generated rates (as of  
input/throughput quantities per month) 

1.  Zirflex (cladding) 
0.1% u & Pu 

2.  Ammonia 
- 0 .  . 

3 .  High level waste 
0.2% u & Pu 

4.  Analytical waste 
-0% 

5 .  Solvent treatmen 
‘0% 

6. Low level waste 
‘0% 

7.  Gaseous 
‘0% 

8. Solid waste 
U=O% 
Pu= .04% 

A.131 
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NUCLEAR MATERIAL DESCRIPTION AND FLOW . .  

19. v i i )  Store inventory range and max im none . 

. capecity No on-site (wi th in  MBA) 

A. 132 
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A. 133 



REPROCESSING PLANTS . Page 17 - 

NUCLEAR MATERIAL DESCRIFI'ION AND FLOW 

20. Uaste treatment system Diagram(s) attached under Ref. No 1 .  

Flowsheets are found in PFD-P-020- 
00001, an old Rockwell document. 

- Referral flow sheet and acid 
recovery 

- Solvent treatment 

- HLW concentration 

A. 134 
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21. Other nuclear material in the facility and 
i t s  Location, if any 

fi 

NUCLEAR MATERIAL DESCRIPTION AND FLOW 
. '  

~ ~~ 

Drawing(s) attached under Ref. Nos, 
None (Np(stored in TK-J2 until 
processed or disposed of in some 
other manner such as sending to tank 

See Question 14 for description of 
possible neptunium processing and 
related flow information. 

farm storage) 1 .  
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22. Schemetic flow sheet for nuclear meterial 

(identifying seagling points, flow and 
inventory measurawnt points, 
accountebi lity areas, inventory loutims, 
etc. 1 

Di agram( s) attached under Ref. Nos. 
from sample schedule. Inventory 
sample points  determined by PO-0207 
019 and Nuclear Accountabil i t y  
procedures from WHC-CM-5-9. 
Description of sample poin ts  is 
contained i n  answer for question 14. 
Further sampling p o i n t  da t a  can be 
obtained from the PUREX Sample 
Schedule, FSS-P-080-00002. 

7 F1 ow: 

D2 Declad waste ( r in se )  . 

E5 Cladding waste 

D5 Inpu t  Accountabil i t y  

Oxide t o  1 oadout (bl ender/can 
weight) 

Nitrate t o  loadout (M 
tanks/weighed cans) 

K6 Uranium Product 

F16 81 F18 High level waste 

U3 & U4 l a b  waste 

R8 & G8 solvent cleaning waste 

Sol id  waste 
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i 

PLANT OPERATING PROCEDURE i PUREX Operation i 
. i  

I 
System 

' GENERAL i 
SHUT DOWN SOLVENT EXTRACTION FOR INVENTORY I 

! 

i 

I. SYSTEM DESCRIPTION 

This procedure provides instructions for shutting down the sol vent 
! 

extraction (SX) process for performing an accountabil ity inv'entory. The 
PUREX sol vent extraction process invol ves the separation o f  urani um, 
plutonium, and neptun'ium from radioactive fission products and 
nonradioactive chemical contaminants, as well as from each other. These 
separations are accomplished by controlling the relative solubilities of 
the various solutes in the organic solvent. Uranium, plutonium (+4) and 
neptunium are readily extracted by TBP from aqueous solutions rich in 
nitrate ion. Some fission products are also partially extracted by TBP, 
but to a much lesser extent than uranim, plutonium and neptunium. Thus, 
a high degree o f  separation may be obtained between fission products and 

I : 
I 
i 

I 

, 

- 
. the useful products. I 

The solvent extraction process must periodically be shut down for 
inventory. To do this, the Co-decontamination and Partition Cycle, the. 
Second Uranium Cycle, the Second Plutonium Cycle and the Third Plutonium 
Cycle must be shut down. After shutdown, the tanks are sampled for 
accountability and the procedure PUREX PLANT NUCLEAR MATERIALS INVENTORY, 
PO-020-018, is performed at this time. 

, 

Included in this procedure are the directions for shutdown and 
preparation of the solvent extraction process along with the sampling 
requirements and record of shutdown activities. 

Changes to this procedure, including PCAs 
require NhSD approval. - NMSD 

i 

i 

I 
I 
I 

i 

I 

! 
I 

. I  

I 

I 
1 
i 
I 
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I. SYSTEM DESCRIPTION (Cont.) 

Docummnt No. 

PO-020-019 

Equipment i nvol ved: 

RmvfMod Page 

B-4 2 . .  

Feed Makeup Tank 
HA Feed Tank 
HA Column 
UNH Storage Tank 
UNH Sampler Tank 
20F Rework Receiving Tank 
1CU Concentrator 
2EU Concentrator 
2UC Receiver Tank 
2E Column 
P1 utoni um S t r ippe r  
Concentrator 
3WB Waste Concentrator 
3WB Waste Tank 
3WF Decanter Tank 
1W Tank 
Organ i c Recovery Tank 

(TK- E6) 
(TK-HI) 
(T-H2) 

.(TK-P2) 
(TK-K6) 

' (TK-Kl) 
, (E-J8-1) 

(E-K4-1) 
(TK-K5) 
(T-K3) 
(T- L6) 
(L7) 
(E-H4-1) 
(TK-Jl) 
(TK- F10) 
(TK-F7) 
(TK-F13). 

11. PRESTART CONDITION 

Head End operations has been s h u t  down and vessels flushed per 
PO-230-110. 

111. SAFETY 

Do n o t  t r a n s f e r  material  between MBAs u n t i l  p lan t  is released f o r  r e s t a r t  
o r  permi ssi on is granted by Safeguards Department. 

C r i t i c a l i t y  - Verify tha t  the t r a n s f e r  of so lu t ion  from TK-Jl  t o  TK-FlO 
will n o t  exceed Pu mass limits i n  TK-FlO, E-H4, o r  TK- J1. I f  necessary, 

. sample TK-Jl contents before t r ans fe r r ing  so lu t ion  t o  TK-FlO. 

Pu mass limits: 

* TK-FlO 15,000 g 
E-H4 6,870 g 
TK-J1 12,400 9. . 

Amlicable  Safetv Documents - Provi'sions of Radiation Work Requirements 
and Permits Manual WHC-CM-4-15, and Radiation Protection Manual 
WHC-CM-4-10 apply t o  a l l  work performed under this procedure. 
a l l  

Observe 
Master and PUREX Safety Rules.. . 

Re1 evant Operati onal Safety Requirements a r e  gi  ven i n  WHC-CM-5- 24 , Add I. 
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Oocummt No. Rav/Mod 

IV. TOOLS AND SUPPLIES 

Pap. 

PO-020-018, PUREX PLANT NUCLEAR MATERIALS INVENTORY 
PO-0801032, 
PO-O8O-O34., 
PO-080-035, 
PO-080-038, 
PO-080-150, SAMPLE TK-L9 CONTENTS. 
PO-080- 156, SAMPLE TK-ill 
PO-080-190, RECIRCULATE AND SAMPLE UNH AND RECOVERED HNO, 
PO-230-019, PREPARE AND HANDLE FEED 
PO-230-1 10,. PERFORM HEAD END OPERATIONS FLUSH 
PO-320-011, CHECK ORGANIC IN TK-FlO 
PO-320-030, SHUT DOWN F CELL 
PO-330-004, PERFORM LONG-TERM SHUTDOWN OF G CELL 
PO-330-014, PERFORM LONG-TERM SHUTDOWN OF R CELL 
PO-340-003, OPERATE DECONTAMINATION CYCLE 
PO-340-005, PERFORM LONG-TERM SHUTDOWN OF DECONTAMINATION CYCLE 
PO-340-0207 OPERATE E-H4 CONCENTRATOR 
PO-350-005, PERFORM PARTITION CYCLE LONG-TERM SHUTDOWN 
PO-350-200, OPERATE E-J8-1 CONCENTRATOR 
PO-360-005, SHUT DOWN SECOND URANIUM CYCLE: LONG-TERM 
PO-360-006, TRANSFER TK-K5 AND TK-K6 CONTENTS 
PO-360-0907 PERFORM AQUEOUS FLUSH OF T-K2 AND T-K3 . 
PO-370-005, PERFORM LONG-TERM SHUTDOWN OF SECOND PLUTONIUM CYCLE 
PO-370-013, SHUT DOWN THIRD PLUTONIUM CYCLE - SHORT- AND 

PO-370-025, EMPTY T-L6 AND E-L7 
PO-600-120, OPERATE EFFLUENT DIVERSION SYSTEM 

SAMPLE WITH TY'PE A SAMPLER 
SAMPLE WITH 'TYPE B SAMPLER 
SAMPLE WITH TYPE B SAMPLER, 
SAMPLE WITH TYPE C SAMPLER 

MODIFIED 

. LONG-TERM 

TABLE OF CONTENTS 

A. SHUT DOWN SOLVENT EXTRACTION 

B. PERFORM ACCOUNTABILITY ,INVENTORY 

- PAGE 

4 

7 

I I I 
BP6400.083.2 (R-5-8: 
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VI. PROCEDURE 

Docurnant No. RavIMod 

P0-'020-019 I B-4 

DATE 

P.0. 

4 

0 PER AT OR 

A. SHUT DOWN SOLVENT EXTRACTION 

1. If the HAF stream is shut down due to operating 
problems and with supervision direction, proceed to 
Step 7. 

If supervision requests, make up cold feed in TK-E6. 

a. . Transfer amount of cold feed as'determined by . 
supervision from TK-PI, TK-P2, TK-P3 or TK-P4 
(tank to*be determined by supervision) to TK-E6 ' 

per PO-230-019. 

Add amount of acid specified by 'supervision- to 
TK-E6 per PO-230-019. 

2. 

b. 

3. Request supervision to have HAF cutoff on TK-HI 
bypassed. 

4. Operate'HA column per PO-340-003 until TK-H1 level is 
less than 5 'divisions as indicated on WFR-H1. 

5. Transfer an additional 15-20 chart divisions, as . 
indicated on WFR-H1, from TK-E6 to TK-HI per 

Repeat Steps 2-5 until TK-E6 is empty. 

When TK-H1 level is at 5.chart divisions or less and 
TK-E6 is empty, shut down the co-decontami.nation cycle 
per PO-340-005. 

8. Request supervision to 'remove HAF cutoff bypass. 

9. Perform long-term shutdown of F Cell per PO-320-030. 

10. Transfer amount of UNH specified by supervision from 
P Tank or TK-K6 to TK-E6. 

PO-230-019. 

6. 

7. 

a. 

b. 

Transfer UNH from P Tank or TK-K6 per PO-230-019. 

Add 3-4 divisions (per 4000 gal UNH) of HNO- to 
TK-E6 per PO-230-019. 

c. If requested, add additional acid as specified by 

11. Shut down Partition Cycle per PO-350-005. 

supervision per PO-230-019. 

1 

80-6400.083.2 (R-54 
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A. SHUT DOWN SOLVENT EXTRACTION (Cont.) 

Docurnant No. 
PO - 020 - 0 1 9 

DATE: 0 P ERATOR 

Rav/Mod P.O. 

B-4 5 

12. Shut down K Cell per PO-360-005. 

NOTE - TK-P2 level should be kept  above 5 f t .  

13. TransTer a l l  uranium containing solutions i n  K Cell 
meeting product spec i f ica t ion  t o  P Tanks per  

14. Jet concentrator E-K4 contents t o  TK-K5. 

PO-360-006. 

a. Ensure t h a t  TK-K5 can hold a t  l eas t  4000 ga l .  

b. When E-K4 temperature reaches 50-60 O C  on TR-K4-1 
(TI-K4-1 on MCS) t u r n  E-K4 t o  TK-K5 j e t  con t ro l l e r  
JC-K4 on. 

When TK-K5 WF levels out  on WFR-K5 (WI-K5 on MCS), 
turn JC-K4 off .  

c. 

15. Perform acid f l u s h  of E-K4. 

a. 

b. 

Make up d i l u t e  HNO, flush solut ion per PO-360-090. 

Open valve K99-05 t o  add d i l u t e  HNO, flush solut ion 
u n t i l .  T-K3 s ta t ic  ind ica tor  has risen approximately 
10 div is ions  (35 in . )  then close valve. 

c. Jet  contents of T-K3 t o  E-K4 using j e t  con t ro l l e r  
JC-K3-1 o r  JC-K3-2. 

d. Jet  E-K4 contents t o  TK-K5 per Step 14. 

e. Jet  TK-K5 contents t o  TK-K6 using j e t  c o n t r o l l e r  
JC-K5-2. 

16. Shut down Second Pu Cycle per PO-370-005. 

17. Shut down Third Pu Cycle per PO-370-013. 

18. Empty.out T-L6 and E-L7-1 per PO-370-025. 

19. Shut down G and R Cells per PO-330-014 and PO-330-004. 

I 
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SHUT DOWN SOLVENT EXTRACTION (Cont . ) 

Document No. Rmv/Mod P.9. 

B-4 6 . .  PO-020-019 

DATE: 

CAUTION 

Do not  s h i p  organic i n  TK-FlO t o  E-H4. 

NOTE - E-H4 cannot be sampled and should be empty before 
inventory is started. 

20. Empty o u t  E-H4 and TK-FlO. 

a. Process TK-F10 contents through E-H4 per 
PO-340-020. 

b. As necessary, j e t  TK-J1 contents t o  TK-FlO using 
JC-J1-3. 

c. When TK-FlO specific grav i ty  breaks, indicating 
organic, stop transfer. 

d. Shu t  down E-H4 per PO-340-020. 

e. After E-H4 shutdown i s  complete, j e t  the E-H4 
bottoms t o  TK-J1 using controller JC-H4. 

NOTE - When TK-J1 becomes fu l l ,  i t  may be necessary t o  j e t  
TK-Jl contents t o  .TK-F10. This transfer requires 
supervision approval .' 

21. As necessary, j e t  TK-J1 contents t o  TK-F10. 

OPERATOR 

CRITICALITY 

VERIFY THAT THE.TRANSFER OF SOLUTION FROM TK-Jl TO TK-F10 WILL 
NOT EXCEED PU MASS LIMITS IN TK-F10, E-H4, OR TK-Jl. IF 
NECESSARY, SAMPLE TK-Jl C O N T M S  BEFORE TRANSFERRING SOLUTION 
TO TK-FlO. 

Pu MASS LIMITS: 

TK-FlO 

TK-Jl 
- E-H4 

15,000 g 
6,870 g 
12,400 g. 

a. 

b. 

Transfer TK-J1 contents t o  TK-F10 using JC-31-3. 

When volume specified by supervision has been 
transferred, s top  transfer using JC-J1-3. . 
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A. 

3 .  

Document No. 
PO-020-019 

SHUT DOWN SOLVENT EXTRACTION (Cont . ) 
DATE: 

RevfMod Pap. 

8-4 7 

OPERATOR ' 

22: After condensate is  no longer being routed from E-H4 t o  
E-J8, s h u t  down 1CU concentrator per PO-350-200. 

23. After E-J8 i s  shut down and cooled, f l u s h  it. 

a. Jet  E-J8-1 contents t o  TK-Kl . k i n g  j e t  controller 
JC-J8-l i 

b. Add 200 gal of demineralized water t o  E-J8-1 by 
opening valve 5-20-2. 

c. Jet E-J8-1 contents t o  TK-K1 using j e t  c o n t r o l l e r  
JC-J8-l. 

d. Repeat Steps b and c t o  flush w i t h  a second 200 gal 
of  demineralized water. 

24. Transfer TK-F10 and TK-F7 .organic t o  TK-F13 per 
PO-320-011 and appropriate canyon change order  routing. 

PERFORM ACCOUNTABILITY INVENTORY 

DATE: OPERATOR 

NOTE - Material must not be t ransfer red  between MBAs u n t i l  
' 

plant  is released f o r  r e s t a r t  o r  permission i s  granted 
by Safeguards Department. 

- Procedure PO-020-018 will be done i n  conjunction ' w i t h  
. this task. 

1. Request SNM specialists perform the following before 
sampl i ng . 
NOTE - Safeguards may witness this s tep.  

a. Request supervision t o  contact  Safeguards Department 
f o r  witnessing sampling. 

b. Record the WF, SpG, and temperature of  every t a n k  
i n  the 202-A MBA as d i rec ted  by supervision. 

Apply inventory t ags  t o  WF/SpG instruments. . c. 
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B. PERFORM ACCOUNTABILITY INVENTORY (Cont .) 

DATE: 0 P ERATO R 

2. Perform t a n k  'sampling.. J 

NOTE - Safeguards will i n v i t e  DOE t o  witness a l l  samples. ' , 
- A l l  samples must be taken i n  dupl icate  f o r  

accountabi 1 i t y  . ' 

a. Agitate  or recirculate t anks  f o r  20-30 min o r  as 
spec i f ied  i n  each sampling procedure. 

b. Recirculate samplers f o r  20-30 min o r  as spec i f ied  
i n  each sampl i ng procedure. 

NOTE - P tanks must be rec i rcu la ted  f o r  24 hr before sampling 
if  included i n  solvent  extract ion MBA. 

c. 

TANK PROC EDU RE 

Sample fo l l  owing tanks per. appropriate procedure: 

TK- E6 PO-080-032 

TK-G5 . PO-080-035 
TK- F10 PO- 080- 035 
TK-Jl PO-0'80- 035 

TK-Ul PO-080-038 
TK-U2 PO-080-038 
TK- R7 PO-080-038 

TK- L9 .P0-080- 150 

TK-P1/P2/ 
P3/P4/P5 PO-080-190 

Documant No. Ravf Mod P.9. 

PO-020-019 I B-4 8 

BD-6400983.2 (R-6-8 
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B. PERFORM ACCOUNTABILITY INVENTORY (Cont . ) 

Docurnant No. 
PO-020-019 

DATE: OPERATOR 

2. d. If there is indication on the WF indicator, sample 
the foll owing tanks per appropriate procedure: 

TANK PROCEDURE 

Rmv/Mod Paga . 
B-4 9 

TK-F8 PO-080-032 
TK- F15 PO- 080-032 
TK-F18 PO-080-032 
TK-F13 PO-080-032 
TK-F16 PO-080-032 

TK-J3 PO-080-034 
TK-J5 PO-080-034 
TK-G8 PO-080-034 
TK-L3 , PO-080 -034 
TK-G7 PO-080-034 

TK-Kl * PO-080-035 
TK- F3 PO-080-035 

TK-K6 PO-080-038 
TK- R5 PO-080-038 
TK-R8 PO-080-038 

TK-Lll PO-080-156 

e. Sample any other additional tanks as specified by 
supervision. List Tanks sampled below: 
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PUREX/UO, P M  ADHINISTRATION Effective Date June 30, 1992 
Organization OPS/PUREX 

1.0 PURPOSE 

T h i s  procedure establishes the methods and respansib11 i t i e s  for control 
of the movement of nuclear materials a t  the PUREX P lan t  in accordance w i t h  
Department o f  Energy (DOE) order 5633.3. 

2.0 SCOPE 

This procedure applies t o  the PUREX Plant. 

3 -0 . DEFINITIONS 

Dedicated MBA Staff .  Personnel who assist MBA Custodians by documenting 
the inventory, transfer or movement o f  Nuclear Material. Controls and issues 
tamper indicating devices and/or source data forms t o  Custodians. 

Dissolution Process (OP1 MBA 701. The processing equipment in the DP MBA 
which chemically removes the jackets from the irradiated fuel and prepares a 
metal (uranium/pl utonium/fi ssion product) solution for sol vent extraction. 
The fuel elements, contained i n  canisters, are removed from the cask cars i n  
FS-IA, carried by crane and dumped into the dissolvers (DP MBA) . The fuel is 
received into the DP MBA a t  the shipper's s ta ted value. 

Material Balance Area (MBA). A physically defined location(s) wherein 
processing o r  1 aboratory work occurs. Materials are control 1 ed as measured 
quantities and are accounted on a b u l k  quantity or discrete item basis. 

Pu Conversion IPuC)  MBA 203. The area where the Pu n i t ra te  from the 202 
MBA i s  converted t o  Pu oxide. The Pu oxide i s  carefully canned, sealed, and 
finally packaged i n  6M shipping containers. The process wastes from this MBA 
ate returned t o  the 202 MBA for rework o r  recycle. 

L 

*This i s  a complete rewrite, therefore, no revision bars are used t o  
indicate changes. 
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PUREX Perpetual Inventorv. A continuous accounting record of the 
quantities of NM transferred into and o u t  of the PURW complex and between the 
MEAs wi,thin the PUREX complex. Deliveries of NM t o  the PUREX P l a n t  are 
debited t o  the PUREX Plant account and credited t o  the MEA receiving the 
shipment. Shipment of NM from the PUREX Plant are credited from the PUREX 
P l a n t  accounted and debited from the MBA releasing the shipment. Transfers 
within the PURU: complex are debited t o  the releasing MEA. The accounting 
record will be maintained in such a way that the total throughput of each MBA 
and the PURW Plant will be continuously tabulated. 

decontaminates and partitions the metal solution i n t o  fission products, 
uranium nitrate, Pu nitrate, and Np nitrate. T h i s  MBA also includes the Waste 
Concentration and Treatment Cycle .and Acid Recovery Cycle. Through the Waste 
Concentration and Treatment Cycle, the fission. products, 1 aboratory samples, 
and sump wastes are discharged.to Tank Farms; 'This MEA also receives and 
stores recovered 'Uq acid and rework Uranyl Nitrate-Hexahydrate (UNH) from the 
Uq Plant. 

Tamer-Indicatina Device ITTO).. A Device used t o  seal and determine that 
the contents of a package of nuclear material .have not  [been tampered w i t h .  
Specifically the devices controlled by this 'procedure are pressure sensitive 
and cup-wire seals. 

Solvent Extraction ( S X I  MBA 20Z. The equipment i n  the SX MEA chemically 

UNH Storaae MEA 204. An area for receiving, storage., and shipping UNH 
from the 202 MBA. 

4.0 RESPONSIBILITIES 

1. The Custodial Manager appoin ts  custodians and assures the proper 
control and documentation of Nuclear Material ( N M ) .  

2. The MBA primary custodian has overall responsibility for their MEAs 
and control and documentation of NM to ,  from, and w i t h i n  their  MEA. 
Specific MEA custodians receive and are responsible for the custody 
of tamper indicating devices (TIDs). 

. 3. The Primary/Al ternate Custodian i s  responsible for: 

a. Operations and NM holdings and transfers of NM. 

b. Controlling NM source data forms and TIDs when received from 
dedicated MEA staff. 

c. Assuring correct entries on the p l a n t  operating procedure (POP) 
and laboratory operating (LO) procedure data sheets and source 
documents. 

d. Witnessing installation and removal of  TIDs. 

, 
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e. Training employees i n  the correct method of TI0 in s t a l l a t ion  
and removal and documenting the training. I 

b. Transferring data t o  
calculating results. 

c. Maintaining, control 
Cus tod i an. 

d. Transferring data t o  
SDFs . 

. I  4. The Dedicated MBA Staff is responsible for: 

a. Keeping records f o r  the Primary/Alternate MBA Custodians 

of f ic ia l  source data forms (SDFs) and 

ing, and issuing TIDs f o r  the MBA 

perpetual inventory book from o f f i c i a l  

5.0 PROCEDURE 

t ransfers  are: (1) liquid tank t o  tank, (2) sample movement, and (3) so l id  
waste disposal. This procedure gives a description of  the .accountabil i t y  
documentation required f o r  the transfers (corrections t o  source data forms 
critical data f i e l d s  require ini t ia ls  of both shipping and receiving , 

custodians. 1 

. Three types of transfers a re  involved a t  the PUREX Plant. These 

5.1 TANK TO TANK TRANSFERS 

1 NOTE: T h i s  ‘section covers t ransfers ,  through pipelines between tanks i n  
d i f fe ren t  MBAs or  t o  tanks out of the PUREX complex t o  the underground 
storage (UGS). A l i s t i n g  of the transfers is shown i n  Table 1. 

ACTION BY 

Primary/Al ternate 
Custodian 

Dedicated MBA S taf f  

ACTION 

1. Complete the board data and sample number on 
appropriate P1 ant Operating Procedure (POP) data 
sheet. 

2. Record laboratory analysis data onto the POP 
data sheet. Release form, signed by custodian, 
t o  Dedicated MEA S taf f .  . 

Complete PUREX/U% NM Liquid Transfer Form (LTF) 
(BC-6800-062). Record control number of form i n  
logbook. Return completed form t o  
Primary/Al ternate Custodian f o r  action and 
signatures. 

3 .  

NOTE: Transfers t o  underground storage require 
signature of shipping custodian only. 
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ACTION BY 

Dedicated MBA S taf f  

ACTION 

4. Enter the  data into the PUREX Perpetual 
Inventory. 

Pri mary/Al ternate 
Custodians 

5.2 SAMPLE MOVEMENT 

NOTE: A Nuclear Mater 

5. Send copies o f  the t ransfer  form t o  Safeguards 
Accounting w i t h i n  48 hours after completion of 
the documented transaction form. 

6 Review form calculations and data, and sign 
(SDF) form. 

a1 Item Transfer (NMIT) form (BC-63001064) must be 
completed t o  document the t ransfer  of reportable quantit ies of Pu (0.5g) 
and of enriched U (0.59) between MBAs. The frequency of the completion 
o f  the form is determined by the origin and nature of the sample. 

5.1 204 MBA and .201 HBA 

NOTE: Complete one NMIT form f o r  each MBA. 
L 

ACTION BY 

Dedicated MBA S taf f  

Pri mary/Al t ernat e 
Custodians. 

PUREX Lab 

5.3 RECEIPT OF STANDAROS 

ACTION 

ACTION BY 

PUREX Lab' 

1. 

2. 

3.  

4. 

During inventory, compile the sample analysis-. 
Determine the quantity of NM transferred t o  the 
PUREX Lab (202 MBA). Complete a NMIT form. 
Record the control number on the form i n  the 
logbook. 

Update the PUREX Perpetual .Inventory by entering 
the t ransfer .  

Send copies of the completed NMIT form.to 
Safeguards Accounting w i t h i n  48 hours o f  
completion of the documented t ransfer  .form. 

Sign the NMIT form as the shipping MBA 
custodian. 

Sign the NMIT form .is the receiving MBA 
custodian i f  from other than 202 MBA. 

ACT1 ON 

1. Complete the NMIT form issued by shipper. Send 
copy t o  Dedicated MBA Staff .  
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ACTION BY ACTION 

Dedicated MBA. Staff  2. Update the receiving,MBA and P.UREX f a c i l i t y  
accounts o f  the PUREX Perpetual Inventory f o r  
the quantity of NM i n  the standard. 

A l l  other Samples: 

Shipping Custodian/ 
Dedicated MBA Staff  

3. Determine the .quantity of NM transferred t o  and 
from the  PUREX Lab (202 MBA). 

4. Complete a NMIT form. Send 'records t o  receiver. 

5. . Record the control number fo r  the form i n  the 
logbook. Update the Perpetual Inventory by 
entering the t ransfer ,  

Send copies of NMIT form t o  Safeguards 
Accounting w i t h i n  48 hours a f t e r  completion of 
the documented t ransfer  form. Update inventory. 

6 .  

5.4 SOLID WASTE DISPOSAL; . 

NOTE: A NMIT form must be completed whenever a waste container suspected 
of containing Transuranic (TRU) Waste equal t o  or  greater  than 0.5 g Pu, 
(0.05 g. to  0.49 Pu must be reported w i t h  an aster isk) ,  crosses MBA 
boundaries (greater than 0.05 gram fo r  t ransfers  t o  tank farms.) 

ACTION BY ACTIQN 

Operators and 1. Keep TRU waste fo r  each MBA separate. 
Primary/Al ternat  e 
Custodians 

Operators 2. Fill waste containers per PO-100-100 o r  
LO-100-224. Store w i t h i n  MBA u n t i l  ready f o r  
Nondestructive Assay (NDA) . 

3. Release -TIDs and Seals Application and. Removal . . Forms (SARF) t o  Custodians as requested. 
Dedicated MBA Staff  

4. Record i n  logbook the control number 07 TID 
seals  and NMIT form control number. . 

5. Complete the .NMIT form based upon .the 
information obtained from the NDA and using U/Pu . rations f o r  t ha t  par t icular  MBA. 

Dedicated MBA Staff 

6. Update the PUREX .Perpetual Inventory by entering 
the t ransfer  from the PUREX f a c i l i t y  account and 

I the original MBA waste was generated in. 
, 

A. 174 



PUREX/UO, P M  ADMINISTRATION Hanual UHC-CM-5-9 
Section 4.7, REV 1 

P U R E  NUCLEAR MATERIAL CONTROL Page 6 of 8 
Effective Date June 30, 1992 

ACTION BY 

TRU Waste Shipment 

Dedicated MBA Staff  

Receiver or Dedicated 
MBA Staff  

- ACTION 

7. Complete (NMIT) for TRU Waste Shipment. 

8. Sign the completed NMIT form. 

9. Ship the waste per procedure. 

10. Send copies of  the NMIT form t o  Safeguards 
Accounting w i t h i n  48 hours a f t e r  completion of  
the documented t ransfer  form. 

5.5 SNM DAILY OPERATIONAL PROCEDURES 

NOTE: Paragraphh 5.5 of this procedure expressly addresses the actual 
mechanics of documenting a l l  material movement as  well as  supporting tasks t o  
maintain control of SNM. 

ACTION BY ACTION 

' Dedicated MBA. Staff  

Dedicated MBA Staff  

1. Complete Liquid Transfer form f o r  cross-MBA 
transfers.  

2. Log and complete Nuclear Material Item Transfer 
Forms f o r  TRU Waste. 

3. Post accountability records in  the Perpetual 
Inventory Book. 

4. Control and d is t r ibu te  forms and seals.  

6.0 REFERENCES 

DOE 5633.3, "Control and Accountabi 1 i t y  of Nuclear Materials." 

L0-100-224, "Disposal of Transuranic and Sol id Waste." . 

PO-100-100, "PUREX Burial and Waste Hand1 ing" 

WHC-CM-4-34, "Nuclear Materi a1 Control and Accountab i 1 i t v  Manual . " 
WHC-CM-4-35, "Safesuards Material Control Manual. " 
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7.0 CONCURREHCES 

c. LA& 
L. L. Buckley, Ma’hager 
Faci 1 i ty and Operational Assurance 

PUREX Analytgal Laboratory 

-J @/fl*&yjgk- 
8: R.  Fitzp@ick, Manager 
Safeguards Materi a7 Control 

6-22-?7- 
Date. 

623- F c  
Qate 
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Table 1.  Tank Transfer Accountability Points. 
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TITLE: 

WREX MICLEW HATEMAlS IHyMfllRY 
0 .  

puREXiru0, Plants 

1.0 PURPOSE 

of special nuclear materials (SNM) a t  the PUREX p lan t .  
This procedure establishes the methods for conducting ,formal inventories 

2.0 SCOPE 

This procedure applies t o  all  Material Balance Areas (MBA) w i t h i n  the 
PUREX p lan t .  

3.0 DEFIHITIOHS 

the material balance area ( M E A )  203 boundaries t o  encompass only the N3/N4 dry 
a i r  hoods. 

A1 tered Materi a1 8al ance Area, A period of  p l a n t  condition which moves 

Jnventow. . 

1. Book Inventory. The quantity o f  nuclear inventory present at. a 
given time as reflected by accounting records. 

2. Phvsical In ventory. The quantity o f  nuclear material which is 
determined t o  be on hand by physically ascertaining its presence 
using techniques that include sampling, weighing, and analyses. 

NOTE: A11 types o f  inventdries are t o  be considered t o  have equal 
status. 

.Item Area 
and controlled by discreet item identities. 

Feed S t o  raae. The railroad' cut inside the PURM perimetei- fencing, the 
railroad tunnel,  and the fuel storage basin. Nuclear materials i n  cask cars 
i n  transit t o  PUREX are accounted for as part o f  the feed storage. Nuclear 
materials i n  transit. t o  the 100 areas are accounted for as part of a 100 area 
MBA. 

A specific roam/vault w i t h i n  a M B A  wherein material is stored 
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!mer4 a1 Bat ante Area 201, l h e  fue l  'elements contained i n  c a n i s t e r s  a r e  
removed from the cask cars in  t h e  feed s torage  area ( r a i l r o a d  cut), c a r r i e d  by 
remote crane i n t o  the PURM canyon, and charged i n t o  t h e  d i s s o l v e r s  fo r  
dissolut ion.  the processing equipment i n  t h e  d tsso lu t ion  process  chemically 
removes the zirconium j a c k e t s  and prepares a metal so lu t ion  f o r  so lvent  
extract ion.  fhe material balance a rea  (MBA) 201 includes d i s s o l v e r s  A3, 83, 
C3, tanks 01, 02, W, 04, 05, E l ,  €3, E5, headend sumps, backup facil i t y  and 
t h e  cent r i fuges  642, &E4. 

er tal -Balance Area 703.' The metal feed from MEA'201, i n  TK-05, is 
trans!$&ed i n t o  TK-E6, which is i n  the solvent  ex t rac t ion  MBA 202. The 
equipment in  M6A 202 chemically decontaminates and p a r t i t i o n s  the metal 
so lu t ion  i n t o  Uranium n i t r a t e ,  Plutonium n i t r a t e ,  s e n s i t i v e  a c t i n i d e s ,  and 
f i s s i o n  product waste. The MEA 202 includes waste concentrat ion and 
treatment,  acid recovery, sol vent recovery system, backcycl e waste, and 
receives recovered UO3 acid and rework UNH from the U03 plant .  
includes a l l  the tanks located i n  the Central Control Room (CCR); TK-Fl8, 
f rac t iona tor ,  tanks U 1 ,  UZ, U3, U4, P2, P13, P14, P15, all  the CCR sumps; and 
the PUREX Analytical Laboratory. While the N-Cell area is i n  a long term 
shutdown mode and using the a l te red  material  balance area,  the M B A  202 w i l l  
include the N-Cell wet hoods (NlA,  N l B ,  NU, NZB, NZC, N6, N7). The PR room 
hoods will always remain in  MBA 202. The PR corr idor ,  sample g a l l e r y  and 
canyon lobby drum storage areas  a r e  included in  the MEA 202. 

converts Plutonium n i t r a t e  so lu t ion  i n t o  Plutonium oxide powder. The 
Plutonium oxide is carefu l ly  canned, sealed,  and packaged i n t o  department o f  
t ranspor ta t ion  (DOT 6M) shipping containers.  The process wastes from MEA 203 
a r e  returned/recycled t o  the MBA 202 f o r  rework. When the a l t e r e d  material  
balance area is uti l ized, the MBA 203 includes the N3/N4 hoods only. 

The MBA 202 

Material 8a lance Area 203. The Plutonium conversion (Oxide Line), 

Materi a1 Bal ance ArEa 204 The Uranyl N i t r a t e  Hexahydrate , (UNH) s torage  
area. The concentrated UNH product'from the f i n a l  Uranium cycle MBA 202 is 
batch t ransfer red  in to  the UNH storage,  receiving and shipp'ing MBA 204 area.  
The M B A  202 also t r a n s f e r s  out of s p e c i f i c a t i o n  material  t o  MBA 204 f o r  f u t u r e  
rework back i n t o  MEA 202. The MBA 204 includes tanks P1, P3, P4, PS, P6. 

Material Balance Area 208. The material  balance area 208 includes 

Nuclear Materi a1 'Custodi ans . Custodi ans responsible  f o r  control  1 ing and 

the Q-Cell package and Tk42. 

authorizing the movement of nuclear mater ia l s  within and across  thd  boundaries 
of the establ ished MEAs o f  the PUREX plant .  They shall a l s o  ensure that  
individuals  performing accountabi l i ty  ac t ions  a r e  properly t ra ined ,  and nil1 
a s s i s t  i n  the taking and resolut ion of their MBAs inventory. 
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PURE( Pemetua l  In ventorv, The P U R U  perpetual inventory is a continuous 
accounting record of the q u a n t i t i e s  of  nuc lear  material t r ans fe r r ed  i n t o  and 
ou t  of ,  and between t h e  MBAs within t h e  PUREX complex. Del iver ies  of  nuc lear  
material to t h e  PUREX p l a n t  are debi ted  t o  t h e  WREX p l a n t  account and 
credited t o  t h e  MBA rece iv ing  t h e  shipment. Shipments o f  nuclear  material 
from t h e  WREX p l a n t  are credfted from t h e  WREX p l a n t  account and debi ted  
from t h e  MEA r e l e a s i n g  the shipment. Transfers  within the  PUREX complex are 
debited t o  t h e  r e l eas ing  MEA. The accounting records w i l l  be maintained by 
M E A  Dedicated Staff i n  suck a way that t h e  total throughout each M B A ,  and the 
PUREJ p lan t ,  will be continuously tabulated. 

. 

' 

4.0 RESPONSIBILITIES 

The Custodial Manager will be the chairperson respons ib le  f o r  conducting 
the inventory. He/she will establish an inventory team w i t h  r ep resen ta t ives  
from, but  no t  1 irnited ta, Operations, Process Engineering, Oedicated S t a f f ,  
Safeguards, Laboratory and will take the lead i n  inventory anomaly reso lu t ion .  
Representat ives  from. the Oepartment of  Energy Rich1 and (DOE-RL) w i  7 1 be 
invit.ed t o  witness  inventory ac t ions  of  each MEA, and may be involved 
throughout the e n t i r e  inventory. 

4.2 SAFEGUARDS PIATERIAL COHTROC 

Safeguards Material Control is responsible  f o r  implementing a graded 
physical inventory program for nuclear  materials. Safeguards Material Control 
w i  11 establ i s h  , and 'monitor nuclear  mater1 a1 control  1 imi ts, and oversee 
nuc lear  material measurement control  systems. 
WHC-CM-4-34, Nuclear Material Control and Accountabilitv Manual, is followed 
and incorporated i n to  the PUREX Admi ni s t r a t i v e  procedures contained in 
WHC-CM-5-9, PURFX/UO, Plant  Administration. Safeguards will make a l l  the 
n o t i f i c a t i o n s  t o  OOE needed throughout the inventory, and has the au thor i ty  t o  
start o r  s top  the .inventory. Written au thor iza t ion  i s  required f r o m  'the 
manager o f  Safeguards Material Control, o r  his delegate, and given t o  the 
managing custodi  an before  b e g i  nn i ng the inventory , and before  resuming normal 
t r ans fe r s  a f t e r  the inventory is completed. Once an inventory has begun i n  
any M E A ,  no t r a n s f e r s  into or ou t  of tha t  MEA a r e  permitted unless  wr i t t en  
p e n i s s i o n  is obtained from Spfeguards Material Control. . 

Safeguards will ensure t h a t  

4.3 NUCLEAR HATERIAL CUSTODIAN 

The nuclear  material custodian (MEA custodian) i s  responsible  for having 
updated, Safeguards-approved procedures f o r  conducting, reconci 1 ing, and 
c e r t i f y i n g  both rou t ine  physical inventor ies  and special  physical inventor ies .  
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5.3 REQUIREHENTS 

5.1 SAnPLIN6 

For a list of 'sampling sizes and tank ag i ta t ion / rec i~ula t ion  times, see 
Figure 2. 

5.2 PREIHVDclORY OOCUllDclATION CHECK SHEET 

This check sheet (Figure 1) verifies a l l  material transfer documentation 
has been transmitted t o  Safeguards Accounting pr ior  t o  inventory. 

5.3 PREINVEHTORY 

%e PUREX process must be i n  a shutdown mode w i t h  reportable mater'ial 
moved t o  specified accountability tanks for sampling. NDA measurements are 
required for hoods N3/N4 unless stipulated in writ ing by Safeguards Material 
Control. Once an inventory has begun i n  any MEA, no transfers i n t o  or o u t  of 
that MUA are permitted unless written permission is obtained from Safeguards 
Material Control. A71 scrap not sealed w i t h  an approved TI0 .will be sampled 
f o r  measurement and a l l  waste drums will be sealed and measured unless 
othenvi se stipulated. 

5.4 ALTERNATE INVENTORY FREQUENCY L PHYSICAL INVENTORY FRfqUENCY 

A1 ternate inventory frequency requirements may be approved by' Safeguards 
Material Control and the DOE-RL for inventories containing large numbers o f  
items, items stored i n  h igh  radiation fields, cri t ical  assemblies, and other 
situations where a1 ternate control mechanisms provide assurance t h a t  
unreported changes i n  inventories would be detected. Inventory values shall 
be detemined i n  time t o  provide f o r  copputation and reconciliation of 
inventories and detemination o f  inventory, differences, consistent w i t h  
establ i shed inventory practices and DOE reporting requirements. 

provided i n  the .following table. 
Minimum physical inventory frequencies for material balance areas are 

. .  
Attractiveness Category * 

C Bimonthly Bi man t h l  y Semi annual 1 y . Annual 1.y 
Semi annual 1 y Semi annually Annual ly D 0 

Annually E - 
Level I . 11 111 IV 

0 - 
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5.5 SPECIFIC TYPES OF INVENTORIES 

1. 

2. 

3.  

Process materi a1 undergoing processing and recovery operat i ons and 
which is inaccessible f a r  measurements by sampling, should be 
accounted for by use of prucess data, vessel level and density 
masurements, and calculated concentration values. This dynanic 
wnitoring, measurements, and specific action cr i ter ia ,  subject t o  
the approval’ of O O E 4 L ,  .should be used routinely t o  track materials 
i n  process u n t i l  Operations permit a complete inventory. These 
Process inventories should be conducted on a schedule establ ished by 
Safeguards Material Control  and OOE, b u t  no less  frequently t h a n  
annual. 

Special physical nuclear materi a1 inventories w i l l  be conducted when 
needed, as a result o f  changes i n  custodial responsibilities, 
missing items, inventory, differences exceeding established control 
1 irnits, abnormal occurrences, or emergency evacuations (c r i t i ca l i ty  
or a t  the request o f  authorized faci l i ty  personnel or the OOE-RL.) 

Speci a1 nucl ear materi a1 i nventori es w i  11 be based on measured 
values, and, where feasible, measurements o r  estimates ‘of holdup 
shall be made so that holdup quantities can be used i n  determining . 
the inventory difference. Sample Analyses times will follow . 
guide1 ines establ ished i n  Sample Schedule FSS-P-080-00002. 
Inventory values shall be calculated and reported w i t h i n  15 days 
af ter  the l a s t  measured value is received. A l l  items meeting 
reporting requirements must be labeled w i t h  a unique item 
identi f i  cati  on number.. 

Materi a1 s i n  containers w i t h  1 ess than  one-ha1 f reportabl e quant i ty  
need not be included on inventory documents reported t o  Safeguards 
Accounting Control, b u t  must be 1 isted on internal documentation 
that. indicates their  general 1 ocati on and amount o f  nuclear 
materi a1 . 

. . 

5.6 ACCoWAEILm/sAnPUX6 . 

system does not demonstrate satisfactory performance through the use of 
measurement control standards, as determined be Safeguards-appmved. 
measurement control prugram. 

’ Accountabil i t y  measurements shall not be performed when the measurement 

Scales and balances used for accountabil i t y  purposes shall be maintained 
i n  good working condi t i on , recal i brated according t o  an establ i shed schedul e, 
and checked for accuracy and 1 inearity on each day that the scale or balance 
is used f o r  accountabi 1 i t y  purposes: 

configuration. 
Statistical sampling i s  not applicable t o  PUREX because o f  p l a n t  
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5.7 WTHORIZATION FOR INVENTORY 

Written authorizat ion is required from t h e  manager of Safeguards Material 
Control, or h i s  delegate,  and given t o  the managing custodian before  beginning 
the inventory, and before  resuming normal t r a n s f e r s  a f t e r  the inventory is 
completed. Once an inventory has begun i n  any WBA, no t r a n s f e r s  i n t o  or out  
of  that  HBA are permitted unless written permission is obtained from 
Safeguards Material Contml.  
1 aboratory without wr i t ten  penai ssion. 

6.0 PROCEDURE . 

Inventory samples may be taken and moved t o  the 

6.1 PREjPRE INVWORY HEETING 

this meeting: 
Representatives from each of the following organizat ions should attend 

1. Managing Custodian (Chairperson) . 
2. A1 1 MU. Custodi ans . 
3. Safeguards and Security.. 
4. Analytical  Laboratory. . 5. Statistics. - 
6. PUREX Work Control. 

. 7. HPT management. 
8. Operations management. 
9. Engi neer i  ng . 
planning of a PUREX plant  inventory. Decisions must be made a t  this time a s  
t o  what process movements, cl eanouts, hol dup 1 eve1 s and what nucl e a r  materi a1 
needs t o  be moved p r i o r  t o  measuring,'in order t o  p u t  the p lan t  i n t o  a ready 
t o  inventory mode. Each MEA custodian, w i t h  help. from engineering, will be 
given the or ig ina l  PUREX Nuclear .Material Inventory Report form(s) (Figure 3) 
t o  complete the inventory act ions f o r  their individual M B A ,  and returned t o  
the managing custodian a t  o r  before the next Pre-inventory meeting. The 
inventory ac t ions  include the following codes. 

1. INV Measured by typical  solut ion measurements. 
2. ITEM ID - Inventoried by item count and ident i f ica t ion .  
3. EST 1 - Estimated from avai lab le  instrument data. 
4. EST 2 - Estimated from flowsheet data. c 

5. EST 3 - Estimated from h i s t o r i c a l  values. 
6. NEG 1 - Declared negligible on basis  of known cleanout conditions.  
7. NEG 2 - Declared negligible on basis  o f  known o p e r a t h g  condi t fons.  

This meeting (chaired by the custodial  manager) shall. be uti l ized f o r  the 
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Each custodian must verify that a l l  sampters w i t h i n  their  MEA are in good 
working order. If repair i s  needed, i t  must be fixed imediately or decide 
upon an alternate sampling method. Each custodian must verify that all  weight 
factors, specific gravity and temperature indicators have updated calibration 
and are  In. good working order. If repair is needed,. i t  must be fixed 
ilrmediately. The RUSKA system located i n  the Headend Control i-oom (HECR), 
Central Control room (CCR), and H-Call Lower'Contrul roam (N-Cell LCR) must be 
i n  good working order. The Laboratory representative w i l l  deternine a s ta r t ,  
f i n i s h ,  and analytical result date for the Nan Oestructive Assay (NDA) o f  the 
+Cell hoods. If the NOA equipment i s  unavailable, an alternate visual 
estimation.method may be used (WHC-CM-5-9, Section 4.10 and Section 4.26) w i t h  
Safeguards concurrence. The M/N-Cell pumps must be operational. ' The primary 
and secondary scales located a t  the N4 loadout hood, must be calibrated and 
checked for accuracy and l'inearity on the day of use. 

6.2 PRE INVENTORY !!=INS , 

. I  

. 
this meeting. 

Representatives from each o f  the following organizations should attend 

5. 
6 .  
7. 

9. 
a. 

Managing Custodian (Chairperson) 
A l l  MBA Custodians. 
Safeguards and Security . 
Analytical Laboratory, 
S t a t i  sti cs * 
PURM Work Cont'rol. ' 

HPT management. 
Operations management. 
Engineering 

c 

The MBA custodians must bring the completed inventory report (which was 
given.to them a t  the Pre/Pre inventory meeting) t o  the Pre inventoe meeting. 
From t h i s  inventory report a l i s t  o f  all samples t o  be taken will be 
detennined. This l i s t  o f  samples will be given t o  the laboratory manager. ' 

analytical sampl ing requirements, and the approximate concentration ranges. 
The laboratory will detennine the sample size required per requested ?ample 
analysis * 

Process engineering, along w i t h  the managing custodian will determine the 

To ensure that a l l  material transfer documentation has been transmitted 
t o  Safeguards Accounting pr ior  t o  inventory, dedicated staff  will be given the 
preinventory documentation checksheet (Figure 1) t o  be camp1 eted before 
inventory begins. Oedicated staff  must complete a double check (two person) 
comparison o f  each PUREX MBA book w i t h  Safeguards Accounting computer 
generated bookings, and a perfect match must be found. I f  any discrepancies 
arise during this booking check, iminediate a c t i o n  must fol low t o  ensure 
accurate accountabil i t y  book values prior t o  inventory. . 

. .  
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A t  this time the official inventory s ta r t  date must be determined. The 
managing custodian will request written authorization (UHC-CM-449, Appendix 
C, 'Inventory Control Fom') from the manager of Safeguards Material Control 
for each MBA before starting the inventory, requesting no transfers i n t o  or 
o u t  those MBAs unless written permission (WC-Cn-4-49, Appendix C, "Inventory 
Control Form") i s  obtained from Safeguards Material Cont ru l .  

The custodian and planner must work together t o  ensure the needed 
personnel are available a t  the time of inventory. Custodians must keep i n  
frequent contact w i t h  the managing custodian t o  ensure proper comnications 
and a smooth inventory process. Planning is t o  develop a visual day-by-day 
inventory schedule t o  be signed by al l  participating organizations. 

Tho laboratory representative will give an estimated time frame f o r  the 
NOA process and ensure personnel are available and ready t o  work on the day 
NDA i s  scheduled t o  begin. The laboratory will request the N-Cell manager t o  
have the proper amount of  l i q u i d  nitrogen available for the NDA equipment. 
estimated completion date and analytical results date will be detennined a t  
this time. I f  NDA is not  t o  be done, the managing custodian will ensure.the 
visual estimators are currently qualified and' certified pr ior  t o  beginning 
hood estimation. Hood estimation will be done according t o  WHC-CM-5-9, Sect. 
4.10. 

To ensure no personnel are denied access i n t o  radiation zones on the day 
o f  the inventory, a l l  personnel involved .wi th  the inventory process i n  a 
radf a t  ion zone, should go through the Westinghouse radiation area management . 
(WRAM) system following this meeting, t o  ensure they are up t o  date w i t h  a l l  
PURW. requi temehts. 

An 

This meeting wi1.1 be the last one before the inventory begins, unless 
other wise requested. 

Following the Pre inventory meeting, the chair person will compile a 
formal - l i s t  of t anks  , t o  be sampled and distribute a copy t o  a l l  i n  attendance 
along wi th  the meeting minutes. 

6.3 YIT?fEssES . 

Throughout the inventory process Safeguards and DOE representative( s)  
must be invited t o  witness o r  verify a l l  t ank  samples, oxide/oxalate sampling, 
hood estimations, and control room tagging of instrumentation readings. 
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6.4 SAHPUNG 

The dedicated staff will use the inventory sampling list t o  request 
samples f r o m  the Oispatch operator. Samples m y  have t o  be submitted t o  both 
the PUREX and Plutonium Finishing P l a n t  (PFP) ‘laboratories. The dispatcher 
w i l l  assign sample tags containing the sample serial number, code number 
(source), the word “inventory‘ o r  ‘INV’ i n  the.run number spot, the date, and 
the time o f  day. Sample analyses “turn-around‘ times should adhere t o  the 
PUREX Sampling Schedule, FSS-080-00002. The 204-A area samples are t o  be 
obtained according t o  PUREX P1 a n t  Operating Procedure PO-080-190, “Recircul ate 
and Sample UNH and Recovered HN03.’ 

A l l  sample transfers from M a s  (except 202) into the analytical 
laboratory since previous inventory, must be documented 24 hours before a new 
inventory s tar ts .  

6.5 TA6S 

Inventory tags are match-paired, br ight ly  colored, sequentially 
prenumbered, sel f-adhering 1 abel s (avai 1 ab1 e by request from Safeguards). The 
inventory process i s  a “wall-to-wall“ ta l ly  and the use o f  inventory tags 
assures a t  a glance that a l l  vessels, items, containers, standards and hoods, . 
are inventoried, and nothing has been omitted frorn.the actual inventory. 
When a tag has been affixed, i t  w i q l  remain u n t i l  a f te r  inventory i s  complete 
and reconciled. After ,reconciliation the tag may be removaf. To assure these 
tags are  not applied inappropriately a t  times other than inventory, they’will 
be kept in a locked, classified repository under control of the Oedicated 
Staff. 

Ouring the inventory, vessels will be tagged on the weight factor 
recorder as the weight factors a re  recorded onto  the PUREX nuclear material 
inventory report form. The remaining tag of the match-paired set will be 
placed on the inventory report form n e x t  t o  the tank identification. Avoid 
the use of  the words “empty”.or “heel.“ 00 no t  record the instrument SpG when 
1 iquid level i s  1 ess than the diptube differential ; 1 aboratory results of SpG 
will be used instead, Using black ink, mark the charts and inventory report . 

~ form readings wi th  the date, the word “inventory^ and in i t ia l .  

Standards, waste containers, and product cans will be tagged on the outer 
container by any applied identifying label, The remaining tag o f  the match- 
paired set  will be placed on the inventory report form next t o  the 
identification number taken a t  inventory. 

label that i s  affixed t o  the closest convenient hood face by the item. The 
remaining tag of the match-paired set  will be placed on the inventory report 
form next t o  the identification number taken a t  inventory. 

Transuranic (TRU) drums stored i n  the sample gallery and canyon lobby 
cmtaining nuclear material must be tagged onto  the Standard Fissile label. 

Items (scrap o r  praduct cans) nil1 be tagged on the Standard Fissile 
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All cup wire sea l  i n t e g r i t i e s  must be checked by manual v e r i f i c a t i o n ,  and the 
seal  number is documented onto the inventory report ' fonn. 

Items containing nonreportable q u a n t i t i e s  only, such a s  sources,  a r e  a l s o  
t o  be i d e n t i f i e d  on the inventory r e p o r t  form. 

6.6 HOOD NOH DES17UICTIVE ASSAY (MIA) OR EsrIMTE 

Quanti t ies  of  nuclear material  located i n  t h e  N-Cell hoods not  accounted 
for v i a  item count or vessel assay (hood holdup or constants)  may be 

portable  g a m a  de tec tors  wi th  mu1 tichannel analyzers and provide the managing 
custodian with a wri t ten  report  d e t a i l i n g  the 'best guess' gram q u a n t i t i e s  of 
plutonium f o r  these  areas.  The calciner u n i t s  and surrounding areas  may be 
assayed using a neutron coincidence counting system. Results of  both g a m a  
and neutron assays w i  11 include any appropriate  s t a t i s t i c a l  measurement 
uncertainties. Those hoods which have had NDA measurements made p r i o r  t o  
inventory, will be posted by the 1 aboratory personnel. Those a reas  not 
measured by use of NDA equipment will be assigned an engineering est imate  
value approved by Safeguards and OOE-R!.. 

' determined by NDA. The Analytical  Laboratory will uti l ize both f ixed and 

If the' NDA equipment is not ava i lab le  f o r  use,. Safeguards and DOE-RL may 
decide t o  us.e visual estimation (WHC-CM-5-9, procedure 4.10, "N-Cell Visual 
Determinations'.) Estimations will be perfonned by t ra ined ,  c e r t i f i e d  
est imators  and the r e s u l t s  will be turned over t o  s t a t i s t i c s  for val ida t ion ,  
and the assignment o f  an e m f  statement t o  the estimation. 

6.7 CALCULATING THE INVENTORY 

fac tor ,  specific gravi ty  , temperature and 1 aboratory analysis  by a t  1 e a s t  two 
dedlcated s t a f f  personnel, and the managing custodian. 

For  1 iquid level  determination, when avai lable ,  use laboratory ana ly t ica l  
specific gravi ty .  If ana ly t ica l  specific gravi ty  is not ava i lab le ,  c a l c u l a t e  
a corrected specific grav.ity using t h e ' t a n k  solut ion temperature. 

Inventory quanti t i e s  shall be independently cal  cul a ted from the weight 

For zero weight f a c t o r  readings use the jet  heel volumes from the 
ca l ibka t ion  table. Calculate  the tank volumes t o  the nearest liter. 
Calculate the t o t a l  uranium, plutonium and s e n s i t i v e  ac t in ides  t o  the nearest  
grm(s) 

the resul t ing q u a n t i t i e s  of nuclear material  shall be reconciled by the 
Dedicated S t a f f  and Process Engineering and verified on a "spot-check' basis 
by the MEA custodian and Safeguards. Rounding of the f i n a l  ca lcu la t ions  is t o  
confonn w i t h  OOE Order 5633.4. 

Plutonium i n  PR cans f o r  s torage i s  reported a t  the item values developed 
during loadout operation. 
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The UNH tank trailer heels are calculated using the last known sample 
value of the apprupri ate tank cars cantents. 

..... 6.8 RECaNCIfIATION >a- 

Each book inventory lnwt be reconciled t o  the corresponding physjcal 
inventory w i t h i n  15 calendar days of .the Fecaipt of the last piece of  
measurement data. Specific MBA inventory reconciliation is documented i n  
WHC-CM-4-49, Saf eo uards Tn ventorv ManupL. The response plan for inventory 
confinnation/verification dtstrepaneies i s  detailed i n  WHC-IP-0565, Safewards 
Pes& Procedures . Reconciliation will be followed by an authorization f o r  
resumption of operations. This authorization comes from the manager o f  
Safeguards Material Control  or hisjher delegate, and must be submitted i n  
writing wi th in  one day o f  pral imlnary telephone authorization. 



PURa/U$ P U W  ADflINIS17CATION Hanuol HifC-Cx-5-9 
Section 4.11, REV 1 

.PURE NUCLEAR HATERIALS INVENTORY Page 12 ' o f  31 
Effective Date April 19, 1991 

7.0 REfERD(CE5 

I. DOE Order 5633.4 

2. FSS-808-00002, 'PURfX Sampling Schedule.' 

, 3. PO-080-~90, m / U 0 3  Plant O m  ratinq Procedue. 

4. UHC-(24-4-34, Nuclear Materi a1 s Control and Accountab il itv Manual. 

5. bM-a-4-49, Safequads In ventorv Manual , Appendix C. 
6. UHC-CM-5-9, P 3 A i '  

. 4.10, "a" 1 -. 

4.13, "Response to SNM Anomal i es. " 
4.26, "N-Cell Visual Determination Training. " 

6. WHC-IP-0565, 'Safeguards Desk Procedures. 

8.0 BIBUOQRAPHY 

1. WHC-CM-5-9, PUREX/U03 Plant Administratioq, Sect. 4.8, "N-Cell' Daily 
Administrative Checks. " 

2. WHC-(24-5-9, PURFX/U03 P1 ant Admini strat ion, Sect. 4.9, "N-Cell 
Bimonthly Inventory. 

3. WHC-CM-5-9, PURFX/U03 Plant Administration, Sect. 4.12, "Solvent . 
Extraction Dynamic Inventory. " 

4. WHC-CM-5-9, PUREX/U03 Plant Administration, Sect. 4i13, "Response to 
SNM Anomal i es . 

5. WHC-CM-5-9, PUREX/U03 P1 ant Administration, Sect. 4.28, 'N-Cell 
Daily Administrative Checks During Extended Downtime. " 

6. WHC-CM-5-9, PURFX/U03 Plant Administration, Sect. 4.31, 
Vi sso1 ution/Sol vent Extraction Dai 1 y Administrative Checks During 
P1 ant Operations." ' 

A.189 



PUREX/U% PUHf AO~INISTRATION Uanual WC4-5-9 
Section 4.11, REV 1 

PUREX NUCLEUR MTERIALS INVeCTORY Page 13 o f  31 
Effective Oate April 19. 1991 

9.0 coNuIRR€NcEs 

Fi  tzp@fck, Manager 
Materi a1 Control 

$p&$J-- 
0. 6. Harlow, Manager 

T.'F. Dale, Manager 
PUREX Analytical Laboratory 

c .  c, X . A L  
Issued By: I.. L, Buckl~iy, Manager 
PUREX Facil i t y  and Operational 
Assurance 

y - / f  - 91 
Date 

4- in  ? I  
Oat@ ' 

A. 190 



PURM/U% PLAHT ADHINISTRATIOH 

PUR# N U C W  HATERIALS INVaCTORY 

Hanual 
sect1 on 
Page 
Effective Date 

UHC-cn-5-9 
4.11, REV 1 

14 o f  31 
April 19, 1991 

Figure 1. Prefnventory Documentation Checkiheet 
(sheet 1 o f  2) 

This form verifies a l l  material transfer records have been sent t o  Safeguards. 

&t Transfer Idst Bat& t Fora f 

HBA 201 

Dissolver Charged 

05 t o  E6 

E5 t o  UGS 

Sump t o  F18 

N-Cell t o  TK-f10 

L9 t o  N-Cell 

K6 t o  Pl/PZ/P3/P4 

U1/U2 to Dissolver 

U3 t o  UGS 

U4 to UGS 

fE/ f16  t o  UGS 

F18 t o  UGS 

68 t o  UGS 

R8 t o  UGS 

PlJ/P14/P15 

P2 t o  E6 
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Figure 1. Prefnventory Documentation Checksheet 
(sheet 2 o f  2) 

L a s t  Transfer (continued) 

nBA 203 

Rework to Ll1 

Product Loadout 

NlS/N16 to Lff 

N21/N22 to FIO 

‘N53 to L11 

NBA 204 

Pl,P3,P4 ta  E6 

Pl,P3,F4 to K-Cell 

Recovered Acid Receipt 

UNH Shipment t o  UOj 

MRA 208 

Product Shi pment 

52 receipt 

Last Batch # Form # 
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Sample A Type Sampler 
03 04 05 El E6 F8'F13 
FlS F16 F26 F18 H1 H2 F18 

. WHC-cx-5-9 
4.11, REV 1 

16 o f  31 
April 19, 1991 

PO-080-035 

~ 

Figure 2. Sampling size, agitation and recirculation requirements. 
(sheet 1 o f  2) 

Sample Modified 8 Type Sampler 
F3 F5 G1 G5 H4 57 J8A 
K1 G7 K3 K4 KS 52 

Number Ti tl e Ti  me 

PG-080-038 

Time . 

Sample C Type Sampler 
J8A K6 RI R2 RS R7 R8 
U1 U2 U3 U4 ,U7 U8 

PO-080-021 I Sample OS Sampler Cave 

PO-080-156 

PO-080-175 

I 30 Minutes 

Sampl e L11 

Dip Sampl e Canyon Vessel s 

PO-080-190 

30 Minutes 

Sample UNH & Rec HN03 
P1 PZ P3 P4 

P0-080-U34l Samole B Tvoe S m l e r  . I 30 Minutes' 
D2 ' €3 ES- 'E2 €4' F10 67 68 H3 
J l  J1A 53 54 J5A J5B 521 522 52 I 523 K2 L1 L2A L2B L3 LSA LSB L6 I -  

I L7 43 94 QS q8 F18 - 1  
30 Minutes 

PO-080-044 I Sampl e L4 ( i nl i ne monitor) 

15 Minutes I 
20 Minutes 

30 Minutes 

30 Minutes 

30 Minutes I 
10 Minutes 1 
30 Minutes I 

Volume Gal Time Hrs. 

>72,000 

48,000 t o  72,000 

24,000 t o  48,000 

24,000 

18 

12 

8 

4 
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I w-080-190 

P13, P14, P15 

Figure 2. Sampling size, agitation and recirculation requirements. 
(sheet 2 o f  2) 

Votrrme Gal Time Hrs. 

>lo, 000 3 

6,000 C0-10,000 2 E/2 

3,000 t o  6,000 1 1/2 

I 

I 

(3 000 30 Minutes 

PO-080-200 

Reci rcul a t i  on 
. Time 

Oxide Line L i  quid Sampl i ng 
I43 M4 M5 M6 N5 N6 'N15,N16 
N20 N21 N22 N30 N53 N13 N19 

I PO-080-190 TK-PS I 15 Minutes I 

PO-080-210 

PO-465-040 

PO-465-106 

PO-465-190 

I '  

Sol id Sampl ing N-Cell 

M Cell Liq. Storage B Account. 
M3 M4 M5 M6 

Empty N30., N40, N43 

Operate tanks N52, N53, N54 . 

TK-P6 

. 

Recirtul ation 
Time 

PO-465470 Fi  1 t ra te  Concentration Hand1 i ng 30 Min 

PO-465-07s Off Gas Scrubbing & Condensate Handling IS Min 

N15 N16 

N21 N22 

4 Hour 

30 Min 
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_ _ _ ~  

Figure 3, PUREX Nuclear Material Report, 
(sheet 1 o f  14) 

5 
P 
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Figure 3. PURM Nuclear Material Report. 
(sheet 2 o f  14) 
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Figure 3. PUREX Nuclear Haterlial Report. 
(sheet 3 o f  14) 
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Figure 3. PUREX Nuclear Material Report. 
(sheet 4 o f  14) 
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Figure 3. PUREX Nuclear Material Report. 
(sheet '5 o f  14) 
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~~ 

. Figure 3. PUREX Nuclear Material Report. 
(sheet 6 o f  14) 
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Fi gum 3. PURE(. Nucl ear Materi a1 Report. 
(sheet 7 o f  14) 
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Figure 3. PURM. Nuclear Material Report. 
(sheet 8 of  14) 
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~~~~~~~ 

Figure 3. PUREX Nuclear Material Report. 
(sheet 9 of 14) 
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Figure 3. PUREX Nuclear Material' Report. 
(sheet 10 o f  14) 
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Figure 3. PURM Nuclear Material Report. 
(sheet 11 o f  14) 
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Figure 3. PURM Nuclear Haterial Report. 
(sheet 12 o f  14) 
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Figure 3. PURE( Nuclear Material Report. 
(skeet 13 o f  14) , 
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Figure 3. PURM Nuclear Material Report. 
(sheet 14 o f  14) 
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REPROCESSING PLANTS 
NUCLEAR MATERIAL DESCRIPTION AND FLOW 

Page 20 

23. Types, form, ranges of  enrichment, Pu 
content, ranges of  quentities o f  n r l e a r  
moterial handling area: i .e.: 

- process area - storage area - other Locations 

(also indicate the meximun quantities o f  
nuclear malarial to be handed in 
accountabi lity areas a t  OCK time) 

- Identified storage area quantities 
in 18(v) 

- Identified process areas in 18 i i , 
i i i ,  iv, v 

- Storage area quantities identified 
in 18 (v) 

- Process area quantities 
10.2 MTU/day 0.9 to 1;25% 
enriched 
20 Kg Pu/day 
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REPROCESSING PLANTS Page 21 
NUCLEAR MATERIAL DESCRIPTION AND FLOW 

24. Recycle processes 

(br ief ly  describe anymch processes 
giving source end form of material, method 
of storage, n o m 1  inventory, frequency of 
processing, duration of tenporary storage, 
schedular for any extern1 recycling, and 
measurement methods for f i s s i l e  content of 
recycled material) 

Di agram( s) attached under Ref. Nos. 

Recovered n i t r i c  acid from 

K-cel 1 recovered and 
inventory 

Z plant - o f f  spec material 

redissolved N cell materi a1 
through L-11 t o  process, Tk 
N50 & Tk N51 

Critical Mass Lab Material 

UO, Y 

un-concentrated Pu . 

P.R. Loadout room off spec Pu 
material. Transferred; L14 + 
L11 t o  E6 

Powder Tk N50 & Tk N51 
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NUCLEAR MATERIAL DESCRIPTION AND FLOW 

Page 22 

25. Inventory 

i) 

i l l  

iii) 

In-Process 
(within plant end equipment during norm01 
operation, indicate quantity, range of 
enrichment, Pu content, form end principal 
Locations and any significant change in 
time or throughput; also indicate 
anticipated residual hold-up and 
mechanism) 

Feed end product storage 

Other locations 
(quantity, enrichment range, Pu content, 
form and location of inventory not already 
specified) 

i n  reference flow sheet 

covered i n  18(v) 

Plant shut down for inventory and as 
much material cleaned o u t  o f  dynamic 
systems as possible before sampl ing 
and NDA performance. A t  one time a 
dynamic inventory was t r ied on an 
experimental basis b u t  the error. was 
t o o  large t o  be used for 
accountabil ty .  Results of  these 
inventories was secret so data i s  
not  available. T h i s  inventory was 
performed by. WHC-CM-5-9, Section 
4.12. 
taking samples i n  several PUREX 
vessels. Weight factors and 
specific gravi ty  information was 
obtained a t  the same time and a l l  
data recorded. Vol umes were 
determined per the procedure and 
vessel Pu holdup determined. This 
data was then compared t o  input data 
from TK-05 and ou tpu t  data as oxide 
or nitrate. Input and o u t p u t  were 
compared t o  determine differences. 

. 

Inventory was accompl i shed by 
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WESTINGHOUSE. 
H A N F O R D  C O M P A N Y  

PUREX/UO3 P Y W T  ADMINISTRATION 
MANUAL: 

PROCEDURE NO.: 
SUPERSEDES : 

PAGE,: 

WHC-CM-5-9 

RHO-MA-274 
PX 5-044 . 

4.12 

1 of a 
TITLE APPROVED BY: 

. SOLVENT EXTRACTION DYNAMIC 
INVENTORY 

Manager , PUREX/UO3 . Date 
O p e r a t i o n s  

A. PURPOSE 

To p r o v i d e  an in fo rma l  i n v e n t o r y  o f  p l u t o n i u m ' o r  neptunium in the  PUREX 
C .  

/I -. 
P1 ant.. 

B. SCOPE 

T h i s  p rocedure  a p p l i e s  t o  t h e  S o l v e n t  E x t r a c t i o n .  Material Ba lance  Area. 

C. RESPONSIBILITIES 

1. 
f o r  a dynamic i n v e n t o r y ,  r e q u e s t i n g  necessary samples ,  and a s s i s t i n g  i n  
e n g i n e e r i n g  e s t i m a t e s  t o  comple t e  the i n v e n t o r y .  

Process Eng inee r ing  i s  r e s p o n s i b l e  for d e t e r m i n i n g  the times n e c e s s a r y  

2. 
c a l c u l a t i o n s  ( e x c l u d i n g  e n g i n e e r i n g  e s t i m a t e s )  and for d e t e r m i n i n g  book 
'Val ues. 

P r o d u c t i o n  C o n t r o l '  i s  r e s p o n s i b l e  f o r  pe r fo rming  most o f  t he  i n v e n t o r y  

D. PROCEDURE 

ACTION BY 

PUREX P r o c e s s  
Engi n e e r i n g  

PUREX O p e r a t i  ons 

ACTION 

1.. Determine when t h e  P l a n t  is  i n  a c o n d i t i o n  f o r  
dynamic i n v e n t o r y .  N o t i f y  PUREX P r o d u c t i o n  
Con t ro l  and PUREX O p e r a t i o n s  of  i n t e n t  t o  
pe r fo rm a Dynamic I n v e n t o r y ,  g i v e  d a t e  and time 
o f  t h e  proposed  i n v e n t o r y ,  and r e q u e s t  s p e c i f i c  
sanipl es f o r  . i nven to ry .  

2.  Take r e q u e s t e d  s a n p l  es , p r o v i d e  sampl e numbers 
p e r  s t a n d a r d  d i s p a t c h  o p e r a t i o n s  and d e l i v e r  
sampl es t o  PUREX A n a l y t i c a l  L a b o r a t o r y .  
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ACTION BY 

PUREX Analytical  Lab 3.  

ACTION 

PUREX Production 4.  
Control 

PUREX Process 5. 
Engi neeri ng/PUREX 
Production Control 

Analyze samples pe r  requests  v i  a standard 
operat ing procedures. 

Record board readings on Data Sheets  I and I1 
(Figure 1 , Z ) .  
inventory comparison using Data Sheets  I11 and 
IV (Figure 3,  4) a t  requested d a t e  .and time. 

Calculate  book value f o r  

Using da ta  provided on Data Sheets I (and I1 i f  
appl i cab1 e )  cal c t l  a t e  Process Tank and Col umn 
Hold Up, using H Concentration and Pu Holdup 
(Appendix A). 

Determine Inventory Difference (ID) of  
cu r ren t  dynamic inventory,  repeat if  necessary. 

I 

.// 
< OY iL'; 

PUREX Process 
Engineering ,. r e p o r t  t o .  N u e a r  Materi a1 s C o k u r o v i  de 

./- --. 6 r R e i i e w  Dynrpjjnyenj2u-y r ~ w l  and provide a [$ 
. I '  7 
1.; A,/ G? 

r e p o r t  t o h t  X Operations Management. ) 

E. CONCURRING APPROVALS: 

Kanager, Nucl ea r  Materi a1 Control 

Manager, PUREX Process Engineering 

Manager, PUREX Analytical  Laboratory 

Issued By: 
Manager, PUREX Materi a1 
P1 anni ng and Control 

Date 

Date 

Date 

Date 
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APPENDIX A. HETHODS OF CALCULATIONS 

1. Assure the following s.amples are taken and analyses requested. 
Pu o r  Np. balance is t o  be taken, do n o t  request nonessential samples. 

If  only 

Vessel - Analvs is  Vessel - Analvs is  

H2 (HAP) - P U ,  Np 
53 (1BYF) - Pu,Np 
JSA (IBP) - PU 
J5B (2AF) - PU 
L3 (3AF) - PU 
L2B (2BP) - PU 
L5B (PSF) - Pu,H+ 

F10 - Pu, Np 
J1 - Pu, Np 
Kl - NP 
K6 - NP 
K4 (2EU)- Np 

Vessel - Analvs is  

* L9 
* L11 - H + , P U  
* E6 - H ,Pu,Np 
* iJ21 - Np 
* 522 (2Np)- Np 
* 523 (2PM); Np 

- H + , P U  t 

**M3,4,5,6-H ,Pu,SPG 

* These tanks t o  be sampled only if so lu t ion  i's known t o  contain 

o r  engi neer.i ng . . P u  o r  Np. I f  i n  question request status from shift management 

* M-Cell tanks t o  be sampled only if  transfered from 203 MBA PU 
Oxide t o  202 MBA SX. 

2. 
Sheet I or I1 for d a t e ,  time, name, vessel weight factors, specific 
gravities. 

A t  approximately the same time the samples a,re taken, complete Data 

3. 
co.lumns. (concentrations, H & SpG's) 

use Last L9 Batch Pu for 
(5.08). 
and L8'SpG i n  equation I ,  below, t o  determine L8 concentration. 

Record sample results on+Data Sheets when received i n  appropriate 

For  L7 and L8 H+ value l a s t  L9 Batch (from SX MBA) values. .Ais/ 
there is a noticeable SpG'difference 

I f  the difference is  greater than .08, use the most recent L9 H+ 

4. 
weight .  fac tor  J3EJ. a,.d finding the corresponding volume from the  PUREX 
P1 a n t  Cal i b r a t i o n  Manual , TCM-P-130-00001. 
multiplication w i t h  3.7853. 

Determine vessel volume by d i v i d i n g  WF by SpG t o  determine a corrected 

Convert g a l l o n s  t o  1 i t e rs  by 
Record volumes on Data Sheets I and 11. 

-7 
D 
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5. 
fol 1 owing formul a: 

To determine L7 Pu concentration use latest 19 H+ and SpG in the 
J< 4--&- 

c,c /ti ~ t )  - 1  -*f& ' .x 

g/1 Pu - (SDG + ,071 - 1-09 &/% '7d.- - /rC/' v e' (. 7 
A*. 2 QSf A /  

.001274 / & - e *  JJl ; d' 

For L6 Pu concentration use L6 SpG and (l$[PiFa results in the same 
equation. 
Engineering t o  provide a usable concentration. 

If a negative Pu concentration occurs, Tequest Process 

6. 
Record in total Pu column. 

Determine vessel Pu holdup by multiplying Pu concentration by volume. 

7. 
arise about concentrations/volumes, etc., request engineering assistance. 
Engineering should review the Data Sheet to.assure all tanks have proper 
data. 

Return Data Sheet to Manager, Production Control. If any questions 
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FIGURE 4 .  DATA SHEET IV 

Dvnamic Inventorv Book Value Data  Sheet 

Date 

Removals : 

L-9 t o  M-3 

L-9 to M-4 

Time 

1-9 to M-5 

L-9 t o  M-6 . 

F-16 t o  UGS 

F-18 to UGS 

68 t o  UGS 

R8 to UGS 

U3 to UGS 

U4 to UGS 

Laboratory 

Mi scel  1 aneous 

Nitrate Loadout 

Total Removals 

SECRET WHEN FILLED IN 
. A.216 
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FIGURE 3. DATA SHEET I11 

Dynamic Inventory  Book Value Date  S h e e t  

Date 

Beginning Inventory: 

Additions: 

D-5 Actuals to Date 

D-5 Estimates Outstanding 

H.E. Sumps (to F18) 

N15 Rework 

N16 Rework 

' N21 Rework 

' N22 Rework 

N30 Rework 

N53 Rework 

L a bora t o ry 

Mi scel 1 aneous 

Total Additions: 

Time ' 

Inventory Formulas: 

1. Beginning Inventory + Additions - Removals = Ending Inventory 

+ - P 

2. Physical Inventory - Ending Inventory - Inventory Difference 
- P 

SECRET WHEN FILLED IN 
, A.217 
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, 
'* 

'. 
'1. 
, 

\ I" " fl<J (o-cz I .. .. (rs DYNAMIC INVENTORY FOR NEPTUNIUM DATA SHED 

Concentration Volume Grams Vessel i.iF 

- TK-i10 
E-H4 
TK-J1 

- I  
I 

( TI;-Ji ) 

Partition Cvc i e  

I 

TK-33 
7-36 , i 4 3 6  ~ a l  

706 o a l  i-27 - . E-38 

- i K - K 1  
T-K2 1c5z 021 

1056 o a l  T-K3 
E44 

?-Cell - \ .* 
'I 

. .  . .  

TK-i7. 

it:-26 
iK-Fl5 

E-F6 

TK-Fl 6 

-. - 

;-:el 1 Packaoe 

7-323 

i 2 i  boiune 321 Voiumo / , 
/ 

i Phase I - -11 
' 111 

65..1 g a l  23.1 sa l  - .  
51.1 gal  
67.7 921 

32.2 i a l  
34.3 g a l  .- ..-__.--. -. 

. -. - r 

SECRET WHEN FILLED IN 
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Ll <: .CCKL*T L~F/EAJ F.%L~S: /d 
- 

\ FIGURE 1. DATA SHEET I 
Dynamic Inventory for Plutonium 

Solvent Extraction MBA 

Conducted . Date Time- By 
Process Columns 

Board Data Lab Data 

4 t c  J5A 
CzC"  J3$ 

( 1 )  g-lf Samp&f,t. Sample a Pu conc 

L4 - 

Pu Ho'ldup 

t -  
Procc 

Corr. 1 Volume 
s' Tanks 
Sample Sample lLab Gatal Pu 
P t .  r c Pu conc HolduD Tank 

! W  
w. F. - W. F. (Liters) 

'D5 
D U E 6  
T/S* . 
F8 
F13 
F15 
F75/F16 
HAW 
F18 
68 
R8 
F10 
Jl  

~ ~ 

- - I  - 
J l  
33(1BXF) - 
JS( 2AF) 
L3( 3AF) 

- 1 * Besed on T;ackincj 1 ieet used to account for recycie Pu. 
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Internal Letter . . Rockwell International 
Date Apri l  3, 1985 r.trl 65940-85- 172 

' * TO: cNam* 0,qanuatmn /ntcina/ Aaaressl FROM 4 . m ~  fJ#J.n.frr-or Iniwra. 4rtatess Pnon.1 . J. H. Ellis, Ass't. Mgr. . M. B. Enghusen, Adv. Eng. 
' PUREX Process Engineer ing  . PUREX Operations Dept. . *  . 202A/200E . 202A/MO-O23/20OE 
. 3-1207 

SuDjecI. . Dynamic I n v e n t o r i e s  o f  Sol vent Ex t rac t ion  

. Three dynamic i n v e n t o r i e s  o f  s o l v e n t  e x t r a c t i o n  ma te r i a l  ba lance  
a r e a  were comple ted . '  The results o f  these i n v e n t o r i e s  a r e  given 
i n  Tables I, I 1  and 111. 

The dynamic. i nven to ry  invo lves  us ing  p l a n t  o p e r a t i n g  d a t a  t o  
e s t i m a t e  vessel plutonium holdup. The inven to ry  i s  conducted 
o n l y  a f t e r  s o l v e n t  e x t r a c t i o n  has been o p e r a t i n g  on non Pu bea r ing  
( c o l d )  feed f o r  a t  l e a s t  24 hours. 
i n  SX. The L-Cell v e s s e l s  should c o n t a i n  the m a j o r i t y  of P u ,  
about  85 & 90%, i n  t anks  L6, L7, L8 and L9. Est imates  of o t h e r  
Pu holdups a r e  based upon known c o r r e l a t i o n s .  

T h i s  minimized the Pu holdup 

The f i rs t  dynamic inven to ry  was conducted i n  February d u r i n g  
a per iod  when s o l v e n t  e x t r a c t i o n  was on co ld  feed f o r  more than  
36 hours. Some m a t e r i a l  had been t r a n s f e r r e d  a t  the time of 
the inven to ry  which  was accounted f o r  p r i o r  t o  SX process ing .  
The results o f  t h e  i n v e n t o r y  i s  given i n  Table I. 

The second inven to ryawas  conducted March 18 a f t e r  36 hours of 
co ld  ope ra t ion .  Some compl i ca t ions  were incurred when a Tank 
D5 to. Tank E6 transfer o f  Pu"mater ia l .was  made du r ing  the inven- 
t o r y .  Book va lues  o f  this t r a n s f e r  were used t o  de te rmine  E6 
and H 1  Pu content w i t h  an assumption t h a t  no Pu had gone t h r o u g h .  
H2 column. 
sh i f t  and graveyard r o u t i n e  samples were used f o r  ana ly , s i s .  
r e s u l t s  of the second i n v e n t o r y  i s  shown i n  F igu re  11. 

- ' 

* 

The r ead ings  f o r  the t anks  were taken  on graveyard 
The 

The t h i r d  i n v e n t o r y  was conducted March 25 fo l lowing  46 hours 
o f  co ld  feed o p e r a t i o n .  T h i s  i nven to ry  aga.in used graveyard 
sample a n a l y s i s  and vessel r ead ings .  Two N-Cell t o  Tank E6 t r a n s -  
fers o f  about  3200 grams Pu'were made p r f o r  t o  the i n v e n t o r y  
w h i c h  required e s t i m a t i o n  o f  s e p a r a t i o n ,  co-decontamination 
and some L-Cell columns Pu c o n t e n t .  The resu l t  i s  shown i n  
Table 111. 
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Rockwell 
International 

Dynamic inventories of sol vent extraction requires coordinqtion 
o f  process operation and data accumulation to reduce error. 
i n g  will define the equations, samples and techniques required 
t o  estimate the physical inventory. Operations w i l l  need t o  
define how the book and physical inventory will  be coordinated. 

Engineer- 

???*en, Adv. Engineer 
PUREX Process Engineering 

MBE/srr 

cc: G. E. Coulter/cc 
G. L. Dunford 
G. T. Dukelow 
J.  R. Durnil 
D. G. Harlow 
G.  P.  Kodman 
J. K. McClusky 
S. M. Nielson 
R. J.  Staudacher 
J. A. Voogd 
LB/Fi 1 e 



TABLE I 

SOLVENT EXTRACTION FOR FEBRUARY 21, 1985.  

Tank 

E6 

J1 

F10 

53 

55 

L3 

L6 

L7 

L8 

L9 

Total Pu 

Pu’ 

2,040 

138 

15 

20 

5 

2 

1,363 

2,346 

. 3,556 

6,260 

15 ,745 .  
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TABLE I1 I 

SOLVENT EXTRACTION INVENTORY FOR 3-18-85 

NOTE: S o l v e n t  E x t r a c t i o n  has been runn ing  on cold feed f o r  more t h a n  
24 hours .  

Tank 

E6 + H 1 *  

53 ' 

J 5  

L3 

L5 

L6 

L7 

L8 

L9 

WF - 
- 
25 

45 

39 

F u l l  

F u l l  

25 

75 

SpG H+ Volume(1) PuConc Pu 

- - - - 7,005 

0.88 - 
1.09 - 
1.03 - 

6094 - 8.73  

90 1 .006 5.4 

216.5 .09 19.5 

19.5 234 l i t .  x 20% x io .94 g / i  = 

1.15 2.96 53 43.9*** 2,330 

1.52 + .09** . 11.01 35 202.78*** 7,097 

1.68 11.01 12.3 329.4 . 4,051 

1.68 - 32.6 329.4 10,738 

T o t a l  Pu 31,767 

NOTES - 
B a s i s :  Samples a s  of 3-18-85, 0100 e x c e p t  L3 (1600 3-17-85) 

* Based upon L 1 1  t o  E6 and D5 t o  E6 Data Sheets 

** Using 0.9 a s  a b i a s  c o r r e c t i o n  due  t o  o p e r a t i n g  effects  on SpG 
r e a d i n g .  

' SPG-1 - ( . 031  x M HNO?) 
-001325 *** Using g/1 1Pu = 

.001325 c a l c u l a t e d  from 84 M-Cell ,ample d a t a .  
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. -  
TABLE I 1 1  

SOLVENT EXTRACTION INVENTORY FOR 3-25-85 - 

NOTE: Solvent Extraction has been running on cold feed for more than 
24 hours. 

H+ - Conc Total Pu Tank - WF SPG - Vel 7 

T. 49 2475 - .2058 1,928 

1.55 1907 - .086 64 1 

.89 8024 .0243 195 

436 

E6 39.5 

H 1  33 

33 33 

1BX . = 1600 gal. x 80% x .09 g/1 = 

1BS = 131 gal. x 80% x .09 g/l = 

2A = 133 gal. x 20% x .309 g/l = 

28 = 118 gal. x 80% x .309 g/1 = 

3A = 36.6 gal. 'x 20% x 2.002 g/1 -= 35 

Tank 

35 

. 13 

L5 

L6 

L7 

L8 

L9 

3 1  

WF - 
40 

48 

6 3. 

.74 

42 

2 

34.5 

-- .- 

SpG' Vol(1) 

1- 10 792 1 

1.03 2 67 

114 gal. x 80% 

1 -19  42.1 

1.57 '33.3 

1.68 20.1 

. 1.72 2.2 

1.23 . 10,050 

Sub Total Pu = 

Conc - H+ 

- .0902 

- 

- -309 

2.002 

.679 127.5. 

16.55 183.4 

- 336.2 

10.55 336.2 

- .00152 

3,460 

Total Pu 

71. 

83 

183 

5,347 

6,106 

6,758 

7 40 

15 

Total Pu = 22,763 

Basis: Samples as of 3/25/85 0100. 
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REPROCESSING PLANTS 
NUCLEAR MATERIAL HANDLING 

(FOR EACH ACCOUNTABILITY AREA) 

26. Containers, packaging and storage area 
descr i p t  i OIU) 

Page 23 

DrawingCs) attached udcr ref. Wos. 
Separate note to be attached 
describing f o r  feeds, products and uastes the size 
and type of containers and packaging used; method 
of storage including fuel element locations, 
handling equipment and i t s  capabilities; any 
special identification features. 

reference description from the PUREX 
.Tech Manual o f :  

cans o f  oxide 
cans o f  Pu UO, 

describe outside storage tanks for 
UNH . 
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Each of the hand wands consists of a length of vacuum hose and a manual shut-off valve. The 
wand is used to clean surfaces inside the dry gloveboxes. 

The vacuum cleaning system is designed for a minimum air velocity of 4,400 fffmin to ensure 
entrainment of the powder until separation a t  the cyclones. To achieve this velocity, the blower 
provides 18 ftYmin at a vacuum of 30 in. of water. Blower suction pressure gauges and orifice 
flowmeters are provided for verification of system performance. 

Separation of powder from the air stream is performed by two stages of cyclone separators and a 
blowback filter. The blowback filter has three sintered metal elements and a blowback system 
similar to the calciner off-gas filter (F-Sl8) discussed in Section 3.4.2. Powder falling from the 
cyclones and blowback filter is collected in sightglasses and unloaded in the same way as the oversize 
scrap collector (see Section 3.5.1). Final air cleaning is accomplished by two stages of HEPA filtration 
before discharge to the primary canning glovebox. 

. 

3.6 CAN HANDLING 

Product canning starts in the primary canning glovebox and is completed in the secondary 
canning glovebox. If the product meets specification, the powder is triple-canned, sealed, and placed 
in DOT-6M shipping containers for shipment to 2736-2 Storage Facility in the 200 West Area. If the 
product needs rework, it is single canned, sealed, and returned to the calciners or the Rework Facility. 

3.6.1 Primary Canning 

The product canning system consists of a can conveyor and an air cylinder to raise and hold the 
,can to the can-filling head a t  the can filling station in the ?i'4 Glovebox. A blender filled with powder 
must be in place at the can fill station with the slide valves open. 

The primary product can [holding -1,500 gm) is 3 112 in. diameter by 5 1/2 in. high, constructed of 
' steel with tin plating; a 3 1/2 by 3 1/2 in. high product can (holding -900 gm) is also available. The can 

and lid are precleaned and marked with an identification number prior to introduction into the 
primary canning glovebox through a sphincter seal. Th'e empty can and lid are weighed together (can 
weight) using the Product Loadout Balance (described below). The lid is removed and the can is 
manually set in the can-holder and conveyed to the can fi l l  station (in the 3 4  Clovebox) by a screw 
conveyor. At the can filling station, the canis raised by an air piston to mate with the can-filling 
head. 

The can is filled with powder (by pressing a button on the can fill control panel) using a chevron 
valve and vibrator. The vibrator operates for about 30 s to fill the can with powder. The vibration 
time can be changed to fill different sizes of slip-lid cans. After the can is filled, the vibrator stops and 
the chevron valve automatically closes. The filled can is then lowered by the air piston and is 
transported back to the primary canning glovebox on the screw conveyor. 

After the conveyor carries the filled can to the primary canning glovebox, the lid is placed on the 
can and tape is applied ar!:und the rim of the lid to seal the lid on the can. The filled can is manually 
removed from the can holder and weighed to obtain the net product weight. The taped can is then 
pushed into a horizontal 4 in. diameter tube between the primary canning glovebos and the bagging 
glovebox. This tube is used for sealing the cans in plastic bags. 
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' 3.63 Bag Sealing 

The taped product cans enter the bagging glovebox via a horizontal (4-in. diameter) tube 
enveloped by a polyethylene plastic bag. A can is manually pushed through the chute into the plastic 
bag against the sealed end. The can entering the bagging glovebox is thus inside the plastic bag. The 
can is then sealed in the bag using a manually operated bag sealer consisting of heated scissor-acting 
jaws providing a l/Z-in. wide melt strip. 

The bag sealer heat, dwell (cooling time), and jaw pressure are adjustable. The cutter is a warm 
wire unit that cuts through the middle of the melted seal zone, leaving a 1/4-in. wide seal on either 
side. The sealed ends are taped to reinforce the seal. The sealed end remaining on the sleeveacts as 
the bag end for the next can. Care must be taken in performing bag sealing to prevent contamination 
spread to the outside of the bag or the glovebox The plastic bag is manually replaced as needed. 

The sealed can is surveyed for contamination and placed in a 4 1/16-in. diameter by 6 1/2-in. high 
overpack can, and transported by a horizontal conveyor to the secondary canning glovebox. 

3.6.3 Secondary Canning 

In the secondary glovebox the overpack can is sealed with a can sealing machine, and placed in a 
4-1/4-in. by 7-in. can. This can is sealed with a second can sealing machine. The can sealing 
machines are simple commercial canning units. The can is positioned under the seaming head by 
clamping rollers. When the seam has been rolled, the sealed can is weighed (gross weight), surveyed, 
labeled, and removed for placement in a DOT-6M shipping container. 

3.6.4 Weighing a n d  Labeling 

The Product Loadout Balance System is used to weigh the plutonium oxide during packaging. 
The sistem consists of two precision balances, a microcomputer, two data printers. and two terminals 
(see Figure 3-31, The first balance (Scale So. 11, located in the primary canning glovebox. is used to 
weigh the empty and filled slip-lid can. The second balance (Scale So. 2). located in the secondary 
glovebox, weighs the car. with overpack cans. .Terminal So. 1 (with Printer So. 1) controls Scale So.  i 
and Terminal No. 2 (with Printer So.  2.1 controls Scale So. 2. The operator performs the weighing 
sequence using the termina!s to control the data input. Terminal printouts are given to the 
plutonium accountability group, who monitors shipments leaving the PUREX Plant. A printed label 
filled out by the operator is used to label the outer can. A tamper-sensitive security seal is also 
applied to the outer can. 

3.6.4.1 Loadout Balance Operation. When not in use, both terminals will display "READY" and 
the date and time. Data may be entered from either Station So. 1 or So. 2. The operator gains access 
to the system by keying any valid command followed by "RETL'RS" (R). A11 keyboard entries are 
terminated with (R). 

After the "EXTER" key is depressed, the microcomputer responds with a request for the can 
identification number, while the other terminal displays "BUSY." Table 3-1 is an example of normal 
operation, from initial entry of a can identification to final weighing. The microcomputer always 
anticipates the next function to be performed and prompts the operator. Cp to five can identities are 
allowed in the system a t  any one time. If five cans are in the cycle, a new can entry is not permitted. 
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Figure 1.1-2. N Cell Showing Plutonium Oxide Production and Rework Facilities. . 
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Table 2.1-1. Typical Plutonium Sitrate Specifications for Feed to the 
Oxalate Precipitation Process. 

Chemical or property 

Plutonium 

Nitric acid 

24OPu 

Cranium 
Xeptunium 

35Zr-Nb 

Organic 

Maximum concentration 
of impurities (ppmp - 
plutonium) 

Specifications 

100 to 450 g/L 

2.0 to 13.0g 

u p  to 12% 
~~~~ ~~~ ~ ~ ~ 

L'p to 2.7% 

.Masimum 2,000 ppmp of plutonium 
Masimum 1.000 ppmp of plutonium 

2.8 pCi SsZr-Sb per gram plutonium 

A.230 

S o  visible organic 

h g  100 
AI 1,500 
B 100 
Be 100 
Bi 200 
Cr 1,500 
c u  100 
Fe 2,000 
Mn 200 
340. 100 
Xi 500 
P 400 
Pb 100 
Si 500 
Sn 100 
Ti 500 
Zr 500 

12,000 (Ca + K + Li +Mg + Na) 
. PST89-3131-1 
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Figure 2.1-1. Oxalate Precipitation Process. 
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3.0 PROCESS DESCRIPTION 

This chapter describes the operation of the Plutonium Oxide Production and Rework Facilities. 
Figures 3-1 and 3-2 provide an overview of the process flows for both facilities. Detailed flowsheets 
are provided in PUREX FLOWSHEET REPROCESSING N REACTOR FUELS (PFD-P-020-00001). 
Instrumentation and Engineering Flow Diagrams (IEFDs) are provided on the following drawings: 

H-2-65485 through H-2-65498 (Oxide Production - Wet Gloveboxes) 

11-2-65380 through H-2-65383 (Oxide Production - Powder Gloveboxes) 

0 H-2-75644 through H-2-75645 (Rework Facility). 

3.1 PLUTONIUM NITRATE STORAGE - M CELL 

Plutonium nitrate solution from the PUREX Third Plutonium Cycie, received in TK-L9, is 
transferred into one of four M Cell storage tanks (TK-M3, -M4, -315, or -M6) for accumulation, 
blending, sampling, and acid adjustment. The transfer is performed by switching an MOV that places 
the appropriate M Cell tank under vacuum. Then the transfer MOV is opened and the solution in 
TK-L9 is transferred via a submerged leg. When the transfer is complete, the transfer MOV is closed 
and the M Cell tank is vented. The M Cell tank WF readings are taken before and after the transfer 
to determine the quantity of plutonium solution transferred from the solvent extraction MBA to the 
S Cell MBA. 

The M Cell tanks provide about 10 d lag storage. The capacity of these four tanks permits 
flexibility in the blending and processing of PUREX plutonium nitrate. When an  M Cell tank is full, 
the tank's recirculation pump is valved in and the tank is recirculated for at least 6 h to assure the 
solution is homogeneous prior to sampling. 

As a safety precaution, an  orifice is installed on the discharge of each of the 34 Cell tank pumps 
(P-M3-1, -M4-1, -M5-1, -M6-1) to restrict the pumping rate. This ensures that in the event of a line 
failure, plutonium nitrate solution will not fill the glovebox faster than the criticality drains can 
empty it. 

The M Cell tanks are sampled for plutonium, plutonium( + 6). nitric acid, and radionuclide and 
impurity concentrations. if nitric acid adjustment is necessary, 1.2Mnitric acid can be added from 
TK-N38 or 12.O;M nitric acid can be added from TK-LSA.' Both of these tanks are located in the 
P&O Gallery White Room. 

3.2 PRE-REDUCTION 

To begin oxide line processing, the appr0priate.M Cell tank's pump is valved to transfer solution 
to plutonium feed tank TK-S3. A'transfer MOV is opened and the pump is started. After a nominal 
8.7-L batch is transferred to TK-S3, the pump is stopped and the transfer MOV closed.. 

The plutonium nitrate solution in TK-X3 is gravity transferred to pre-reduction tank (TK-N5) 
using a transfer MOV. To begin the pre-reduction in TK-N5, the recirculation pump (P-S5-1) is 
started to provide mixing, then the 9.9Go to 14% hydrogen peroxide addition from TK-34 is started. 

A.233 
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4.11.1 Uranium Product  Handling 

Uranium handling processes include storage and shipment of L'XH product from PUREX Plant, 
receipt and rework of UNH waste from the UO3 Plant, and receipt of nitric acid (slightly 
contaminated with uranium), which is recovered a t  the L'O3 Plant. 

4.11.1.1 Uranium Product  Facilities. The 203-A Facility, which is used to receive and store UXH 
and nitric acid, is located north of the 202-A Building. The flow diagram (Figure 4-20) illustrates the 
UNH storage area equipment and process routes. There is a great deal of built-in solution transfer 
flexibility in the C'NH storage area. Valve manifolds provide for receiving product in any tank, 
transferring to PUREX from any tank, transferring to the shipping trailer from any tank, any tank- 
to-tank transfer, and "recirculating" through any tank. 

* 

, 

Four 100,000-gal-capacity storage tanks, designated TK-Pl through -P4, together with the 
TK-PG waste rework tank, permit segregation of CYH batches according to enrichment (23% 
content) and/or product purity. All of the tanks are enclosed by concrete dikes, whicn control the 
spread of liquid spills. 

Acid handling facilities for unloading nitric acid recovered from the UO3 Plant consist of the 
railroad tanker unloading station, including a centrifugal pump, two 7.200-gal receiving tanks 
(TK-13 and -14) operated with open inlet and drain valves to maintain equal liquid levels in each 
vessei, a 13,800-gal storage and supply tank (TK-15). and two pumps for supplying the 
202-A Building qranium oxide acid Header 7530 to TK-U5. The three tanks are located adjacent to 
TK-P4: t 

In the TK-P2 enclosure is a 14.000-gal stainIess steel tank (TK-PG) for storing and concentrating 
CNH, and routing UNH solutions back to the process in K Cell for rework. Tank P6 is equipped with 
an  off-gas treatment system consisting of a condenser, deentrainer. filter, and steam ejector. 
Condensate from TK-P6 is collected in TK-P5, and sump solutions from the basins are collected in 
TK-PI, also located in the TK-P2 enclosure. 

The trailers used for transfer of UNH between PC'REX and the UO3 Plant are enclosed stainless 
steel tankers with self-contained unloadingpumps. Nominal tanker capacity is 3,000 gal, but is 
normally loaded to -2,800 gal. The tanker is loaded only when coupled to a tractor 3 s  the trailer 
landing gear was not designed to support a tanker full oiUXH. A drawing of a shipping tanker, 
including liquid transfer lines, is shown in Figure 4-21. 

4.11.1.2 Uranyl Ni t r a t e  Hexahydrate Product  Storage a n d  Shipping. The uranium product 
stream from PEREX solvent extraction is accumulated in TK-K6 as a solution of CNH. In 
composition, this solution contains 505 g/L uranium, 0.08AJ HYO3, C 10 pCi 95Zr-?Y'b/lb uranium, 
C 20 pGi 107Ru and 106Ru-Rh. and < 20 pCi/lb uranium of all other fission products except 99Tr. 
L-rmyl nitrate hexahydrate solution in storage is maintained a t  a temperature between 45 "C ana 
65 'C. Heating is necessary because the solution is about half L'SH which freezes at 40 "C. 

Uranyl nitrate hexahydrate solution is pumped from any of the 2 0 3 4  storage tanks to 

. .  

semitrailer tankers for shipment to the LO3 Plant. The loading is accomp:'shed by pumping from a 
selected storage tank, through one of the pumps (P1 or P2) in the 203-A Buildir g, to the loading dock, 
and from there through a flexible connector to the trailer. The loadout system provides for 
automatically stopping the transfer when the required batch is metered. As a backup control the 
transfer is automatically stopped if the liquid level becomes high enough to contact two electrodes 
near the top of the tanker. Standard operating procedures provide for the transfer to be stopped at a 
predetermined WF drop in the source storage tank. 
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Figure 4-20. 203-A Uranyl Nitrate Hexahydrate Storage Area Process 
Piping and Flow Diagram. 
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A general outline of storage tank and trailer conditions that must be maintained, and the z6- 
operating steps involved in loading UNH tank trailers, &e as follows: 

0 

0 

0 

0 

0 

0 

Uranyl nitrate hexahydrate storage tank temperatures are maintained between 45'C and 
65 'C, and loading is scheduled so that the loaded trailer does not stand long enough to cool 
before delivery to the UO3 Plant 

A minimum heel of 20 in. (6,500 gal) of solution'is left in the storage tank when pumping out 
to prevent loading of organic 

The trailer hookup for UNH loading is shown in Figure 4-21.. Overflow alarm circuits are 
tested before s w t i n g  liquid transfer to the trailer 

The batch controller is set for 2,800 gal, and the pump valves are opened. .The batch controller 
stops the pump when the transfer is complete 

A DOV controller, which regulates the flowrate, is set once the pump is started. The DOV is . .  
closed when the transfer is complete 

The trailer lines are disconnected and the vent valve is closed. The load-in well is flushed 
with water and drops or leaks are cleaned up. 

4.11.1.3 Unloading Uranium Oxide Plant Nitric Acid and Waste. During calcination of UNH to 
uranium oxide at the U03 Plant, large quantities of gaseous nitrogen oxides are given off (about 
4,450 ft3 of gas per ton of uranium processed). These oxides are  recovered as 50 wt% HXO3 by 
absorption.into a countercurrent water flow in a bubble-cap tower. This recovered acid, which 
contains about 0.03 lb U/gal, is received a t  the 203-A Building in railroad tank cars containing 
-7,500 gal for reuse in the PUREX process. 

' 

' I  

The general procedure for unloading a tank car of recovered acid is outlined below: 

The receiving tanks (TK-13 and -14) must contain a minimum liquid level (8 to 13 in.) before 
unloading the czir 

A stop sign is attached to the rail car and chocks are placed under the wheels 

A flex line is attached between the car nozzle and the tank manifold, and the valves listed in 
the appropriate operating procedures are opened 

The P5 unloadingpump is primed by backfilling the line with water until fumes exit the tank 
car vent valve 

The P5 unloadingpump is started and a manometer check of TK-13 and -14 is made 

When the car is empty, a volume material balance is made and the flex line is disconnected 

A sample of the acid is taken in TK-13 and -14 for uranium and specific gravity analyses 
before being recycled to the PUREX process. 
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Uranyl nitrate hexahydrate waste  solutio^ collected at the UO3 Plant are  received at the 
203-A Building in the trailer tankers. The UNH waste is reworked to meet process specifications, 
then is returned for calcination to the UO3 Plant. The unloading operationat the 203-A Building 
consists of connecting a flexible unloading line to the unloading pump in the trailer dome, connecting 
the pump motor to the power supply cable in the unloading dock, and pumping the solution to TK-P6. 

' The routing is shown in Figure 4-19. 

When the trailer pupping is completed, the trailer is water-flushed to TK-P6, disconnected from 
the unloading line and closed. 

The waste receiving procedure is similar to the UNH loading procedure. 

e 

0 

0 

0 

0 

0 

0 

0 

Tank P6 must contain < 10,000 gal before pumping out the C'NH truck 

The TK-P6 coil steam is turned off, the coil is air blown, and coil cooling water is turned on to 
~ 0 0 1  TK-P6 to 70 'C . 

The TK-P6 off-gas system and condenser remain in operaticn during the transfer with the 
E-FT Condenser condensate routed to TK-P6 

.Air to the TK-P6 air sparger is turned off and the WF/specific gravity readings are recorded 

A flex line connection is made between the traiier unloading pump and the receiving line to 
TK-P6 

The tank trailer contents are pumped to TK-P6 

The Gnal TK-P6 WF/specific gravity readings are  recorded and a volume material balance is 
completed 

Tank P6 temperature is adjusted to 45 'C to 65'C unless concentration is required; air to the 
tank air sparger is turned on. 

4.11.1.4 Uranyl Nitrate Hexahydrate Waste Rework. Tank P6 is used for the concentration of 
GO3 Plant and 203-A Area uranium-bearing waste to the PC'REX process feed specification. This 
tank can also be used for the vaporizationand hydrolysis of organic that may be present in the 
uranium waste. 

. Tank P6 is a 14,000-gal, steam-coil heated, "oval-shaped" tank vented to the E-P7 Condenser. 
The E-P7 Condensate may be routed to TK-P5 via the collection tank when waste concentration is 
desired, or may be returned to TK-P6 as  reflux. 

Uranyl nitrate, which may contain emulsified process solvent, is boiled under reflux for an 
extended period of time prior to processing. This operation eliminates any organic present by 
vaporization and hydrolysis, thus removing the potential for formation of red oil. This mixture, a' 
potentially explosive decomposition productsof TBP, .utric acid, and UXH, is reactive only at 
temperatures above 135 'C. For this reason, there is a maximum temperature limit of 130 'C for the 
TK-P6 operation. 
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The route for returning rework UNH to the process system for rework is underground 
3-in. pipe from the 203-A Pump Pit to a gallery wall nozzle in K Cell. In-cell and hot pipe trench 
connections are available to route the material to first-cycle (TK-E61 or to second-cycle feed (TK-Kl). 
Rework UNH may be transferred to the extraction process from TK-P6 or any of the product storage 
tanks. Transfers to process are frequently made to provide cold feed for plant shutdown or startup, - 
and sometimes for plutonium dilution. The necessary valves are set up by inspection, making sure 
that all other systems are isolated, and that no other transfer is in progress. 

General guidelines for the waste concentration operation are: 

0' Tank P6 contents must not exceed a temperature of 130X and a specific gravity of 1.58 at 
108 'C to prevent precipitation I .  

Full flow of cooling water is turned on to the condenser 

Condensate is routed to TK-PS via the collection tank 

0 The tank contents are heated to boiling with steam on the TK-P6 coil 

. spectrographic) analyses. 

When a specific gravity of 1.54 at 108'C is reached, the concentrate is cooled and sampied for 
uranium, specific gravity, gamma scan, nitri.c acid, and total metallic impurity (emission 

Uranium waste is sometimes refluxed in TK-P6 for a period of 3 wk to remove organic. The reflux 
operation dif€ers from concentration in the following ways: 

The condensate is refluxed totally to TK-P6 

0 Liquid level and spec& gravity will normally remain constant 

. 0 Tank P6 contents are sampled for uranium, nitric acid, and visual (organic detection) 
analyses after 1 wk. 

The tank contents are then cooled to 45 'C before transfer to either TK-K1 or 4 6 ,  and the air sparger 
is turned off. 

411.1.5 Uranium Product Handling Safety. Compared to the upstream process systems in 
P W X ,  the 203-A Facility processing is relatively simple. The UNH and recovered acid handled in 
this facility are suEciently decontaminated to permit contact operation of the equipment. However, 
both streams are corrosive, mildly radioactive liquids that must be confined in tanks and transfer 
lines. 

~ 

. 

in addition to the potential hazards of chemical burns, thermal bums from steam and hot liquids, 
and radioactive contamination, there are other items to consider during CXH trailer loading: . 

0 Care should be taken to prevent falls when climbing and working on the trailer catwalk 

In the event of a UNH spill on the loading pad, the liquid must be returned via the pad sump 
Pump 
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A tank may be loaded only when coupled to a tractor. The trailer landing gear is not designed 
to support a tanker of UNH 

0 The normal minimum heel in a UNH storage tank is 20 in. Heel solutions are recirculated 
and sampled to determine if separable organic is present prior to loading to the trailer to 
reduce the risk of transferring organics to the UO3 Plant concentrators. A second sample 
from the loaded trailer is also inspected for organic. 

In addition to previously mentioned safety aspects of U03 Plant acid unloading, safety measures 
must be taken when a railroad car is positioned for unloading: 

0 The car wheels must be chocked 

The car musi be marked with a rail-mounted sign between the car and the railroad gate to the 
north. 

The chocks and sign must remain in place as long as the unloading line is connected to the car, or as 
long as personnel are working on or around the car. 

4113 Plutonium Product Handling 

Concentrated plutonium nitrate product from the Third Plutonium Cycle is routed to the 
PR Room, which contains specially designed vessels for nuclear safety. In the PR Room, the product 
is sampled to assay the solution before transferring it to the Plutonium Oxide Production Facility or, 
alternatively, the product solution may be loaded outjnto plutonium containers. Plutonium-bearing 
liquids are routed to the PR Room for rework through solvent extraction. 

4.11Z1 Product Removal Room FaciIities. The flow diagram, Figure 4-22, illustrates the 
PR Room equipment, but more detailed equipment descriptions are given in Chapter 3.0. 
A concentrated product solution of plutonium nitrate is received in the PR Room from the Third 
Plutonium Cycle product receiver (TK-L8). There is a product receiving and sample tank in the 
PR Room glovehx. Originally, two identical horizontal cylindrical vessels of 14-gal(53 L) capacity 
were installed. One (TK-LSPhas been replaced with a 10.5-gal tank constructed of three 
5-in. diameter vertical cylinders connected together at the top and bottom by crossover pipes, and 
equipped with an  improved system for blending, sampling, and measuring solutions. The other 
(TK-L10) has been removed. 

Tank L11, a 25-gal-capacity (95-L), 3-cylinder vessel, has a dual function. Tank L11 is operated 
as a vacuum receiver for the jet and pump used in TK-L8 and PR Room vacuum transfers and also 
serves as a sump waste and rework receiver. Normally vacuum pump VP-N23 (or VP-3'24, 
associated with the Plutonium Oxide Production Facility, will provide the vacuum source for PR 
Room transfers throughTK-L11. A backup motive steam jet is also available in the L11 Glovebox in 
the event that the vacuum pump is out of service. The jet discharges into a water-cooled condenser 
(E-L12) where the jetstream is condensed and the condensate is routed to the backcycle decanter 
(TK-FIO). 

Another jet is routinely used for liquid transfers to TK-E6. The jet motive fluid can be either 3AS 
solution from TK-211, &a the pump at TK-151, or a cadmium nitrate solution from TK-151. Because 
of a criticality prevention specification resulting from using the wrong solution, cadmium nitrate is 
normally used for all TK-L11 to.TK-EG transfers. Rework sampling is accomplished by pumping 
solution out of TK-L11, recirculating it through a three-way valve, and returning it to the top of the 
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REPROCESSING PLANTS 
NUCLEAR HATERIAL HANDLIN6 

(FOR EACH ACCOUNTABILITY AREA) 

27. Methods and means of transfer of  
nuclear motorial 

(describe also equipnent used'for h a d i n g  
o f  fed, product and waste) 

Page 24 

Process for 1 oadi ng di ssol ver equip - test manual section 3 and 4 - di ssol ver charging procedure 
Refer to answers to questions 13, 
14, 15, and 26 for more information 
on processes. 

UNH -* storage . 

Pu + 

PuO, + cans 

Waste - measured in all points 
addendum #1 of Tech Manual 
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REPROCESSING PLANT'S Page 25 
NUCLEAR HATERIAL HANDLINB 

(FOR EACH ACCOUNTABILITY AREA) 

28. Transportation routes folloued by nuclear 
materia L 

(with reference to plant Layout) 

Oiagrem(s) attached undtr ref. nos 

Reference PUREX Tech-Manual , 

diagrams: 

Routes from N r eac to r  t o  PUREX. 
Fuel casks a r e  brought i n  on r a i l  
cars from reac to r  a reas  and moved 
i n t o  the PUREX tunnel.  

Oxide + Z plant .  Oxide o r  Pu 
Nitrate is  loaded i n t o  cans and 
drums and t ransported by truck t o  Z 
p l  ant.  During operat ing days 
shipments were guarded and the times 
of  t r a n s f e r  kept secret. 

Waste t o  waste tanks i n  tank farms. 
Wastes t r ans fe r r ed  by s t anda r t  
operating procedures and sampled f o r  
accountabi 1 i t y  before t r a n s f e r .  

Sol id  wastes i n  drums, burial boxes, 
o r  placed on r a i l road  c a r s  i n  PUREX 
bur i  a1 tunnel 
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REPROCESSING PLANTS 
NUCLEAR MATERIAL HANDLING 

(FOR EACH ACCOUNTABILITY AREA) 

29. Shielding 
(for storage and transfer) 

Page 26 

Reference plant design description 

Refer t o  questions 13 and 14 for a 
description of  shielding and overall 
p l a n t  ‘design information which 
covers storage o f  material. Refer 
t o  question 26 for UNH and Pu 
Nitrate storage a1 ong w i t h  f i 11 i ng 
of Pu Oxide cans. Pu Nitrate and Pu 
Oxide are loaded i n t o  containers 
which are suspended by spiders i n  
drums. These packages become the . 
shi el ded transfer con t a i  ners for 
transfer t o  Z Plant. Question 26 
includes a discussion of the UNH 
tanker which is  used t o  transfer 
s o l u t i o n  t o  the UO, Plant and that 
becomes the uran i um sol u t i  on s 
shielded container. Further 
descriptions of  packaging for . 
shipment can be found i n  PUREX 
Operat i ng Procedures. 
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REPROCESSING PLANTS Page 27 
PLANT MAINTENANCE . 

30. Maintenance, Decontmination, Clean-out Separate note t o  be attached 
describing plans and procedures f o r  
decontenination and clenn-out o f  equipnant 
containing nuclear meterial, defining a l l  s a p l i n g  
and measurement points associated with: 

ii) plant and equipment drcontmintation end 
subohquent nuclear m t e r i o l  recovery; 
iii) plant and equipncnt clean-out including 
means of  ensuring vessels are eupty; 
iv) plant start-up and plant shut-don 

( i f  d i f ferent  from normal operation) 

i) normel plant mointenence; 

(In cases where clean-out and/or senpling i s  not 
possible, indicate how the h o l d - q  of nuclear 
material i s  measured o r  calculated.) 

Procedures to support normal plant 
maintenance are considered one time 
procedures and are separated from 
the normal operating procedures. 
Thi s i ncl udes operat i ons procedures 
to support normal plant maintenance, 
plant and equipment decontamination 
and nuclear material recovery and 
any clean out procedures used.. 
Independent operations and 
maintenance procedures are written 
for these operations. Work for non- 
routine and maintenance items is 
controlled by Job Control System and 
Work Plans. Both are described in 
WHC-CM-5-9 manual. That manual can 
be referred to for further 
information on these items. 

Decontamination for infrequent 
operations handled in the same 
manner. Overall pl ant 
decontamination will be handled by a 
separate organization. 
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REPROCESSING PLANTS 
PROTECTION AND SAFETY MEASURES 

Page 28 

II 1 1 1  . ’ 
31. Basic measures for physical protection of  DOE orders I nuclear material 
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REPROCESSING PLANTS 
PROTECTION AND SAFETY HEASURES 

32. Specific heelth and safety rules f o r  inspector 
carplience 

( I f  extensive, attach separately) 

Page 29 

- 
DOE orders 
Inspectors provided with training & 
briefings as necessary 
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REPROCESSING PUNTS 
PROTECTION AND SAFETY MEASURES 

33. 

33. i) G 

System Description 

Give a description of  the nuclear material 
accourtancy system, the method of 
recording and reporting accwntancy data 
and establishing material balances, 
froquancy of  material balances, procedures 
f o r  a c c m t  adjustrncnt a f te r  plant 
inventory. mistakes, etc. udar the 
f o l  lowing headings: 

mora l  

(This section should also state what 
general and subsidiary ledgers w i l l  be 
used, t h e i r  f o ra  (hard copies, tapes, 
microf i lm,  etc.) as well as uho has the 
responsibi l i ty  and authority. 
Source data (e.9. shipping and receiving 
f o m ,  the i n i t i a l  recording of 
measurements and measurement control 
sheets) should be identified. The 
procedures f o r  making adjustments, the 
source data and records should be video 
taped a8 u e l l  as hou the adjustments are 
authorized and substantiated. 1 

Page 30 

Specimen f o m  used in a l l  procedures attached 
under ref. nos. 

Nuclear Accountabil i t y  Procedures 
are used t o  designate parameters. 
These procedures have been discussed 
under question 26 and that question 
can be referred t o  for further 
information. Cont ro l l ing  procedures 
for PUREX are as follows: 

WHC-CM-5-9, Secti on 4.11, 
PUREX Nucl ear Materi a1 s 
Inventory. 

WHC-CM-5-9, Sect i on 4.7, PUREX 
Nuclear Materi a1 Control . 
.PUREX Procedure PO-020-19, 
S h u t  Down Sol vent Extraction 
for Inventory. 

- . 'Adjustments t o  inventory by 
Safeguards procedures. (Tom 
Ellis or Aldie Riddell) 

Accountabil i t y  of  PUREX MBAs is 
recorded i n  PUREX perpetual 
inventory books-handwri t ten and hard 
copies-m,aintained by PUREX Nuclear 
Materi a1 s Control Speci a1 i st .  

Derived from tracking of  Irradiated 
Nuclear Materi a1 Control Forms. 
Nuclear Material Item Transfer Forms 
and Liquid Transfer Forms. Data 
gathered from transfer data sheets 
attached t o  plant operating 
procedures for the transfers. 
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System Description Continued 

33. i) General'continued 
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Systea Description continwd 

33. ii) Receipts 

(including method o f  dealing with 
shi#nr/recciver differences and 
subsequent account corrections, the checks 
and n~easuremtnts used to confirm nuclear 
mrterisl conteat and persons responsible 
for these determinations should be 
daf ined). 

Page 32 

1 .  Quantities o f  nuclear 
materials in fuel assemblies 
are assigned by reactor 
operator from calculations 
based on fuel irradiation 
hi story 

2. Receipt geared on combined 
measurements in - D5 accountability - D2 declad rinse solution - E5 cladding waste 

Differences evaluated on a 
cumulative basis by PUREX MC&A 
supervision (RBI concept) 



REPROCESSING PLANTS 
* PROTECTION AND SAFEM MEASURES 

33. i i i j  Shipnents 
(products, wste, measured discards) 

Page 33 

a) Uranium product I 

K tanks t o  P tank ( P  tanks i n  
UO, plant MBA): Volume check 
transfer from K tank t o  P 
tank. Evaluated by PUREX 
operators (a t  time of  
transfer.) and PUREX MC&A 
supervisor) . Cold urani um can 
be returned t o  system via E6 
t o  accept recycle material 
from L11 o r  for startup on 
cold feed. Reference P0-230- 
019, Prepare and Handle Feed. 

PUO, 

cans check weighed at . receipt  
a t  Z plant 

Pu Nitrate 
cans check weighed a t  receipt 
a t  'Z plant 

S-R differences evaluated by 
respective MC&A supervi sors 
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System Description continued 

33. iv) Physical inventory 

Description of  procedures, scheduled 
frequency, estimated d i s t r i bu t i on  of  
nuclear material, methods of  operator's 
inventory taking (both f o r  item -or 
bulk accmtancy, including relevant assay 
method). access ib i l i ty  end possible 
ve r i f i ca t i on  method f o r  i r radiated nuclear 
material (in par t icu lar  the description of  
procedures should also provide the besic 
inventory approach t o  be used, i.e. 
planning, organizing, end cwducting the 
inventory, re l is t ing,  use of  p r io r  
masuremmt data; who has the primary 
responsibi l i ty  t o  the inventory; how 
process clean-out i s  acconplished; the 
accountancy of  process residual hold-up). 

- 

L ist .  of m j o r  item of  equipnent regarded as 
nuclear material containers attached uder ref. 
M S  

See procedure PO-020-019 

1. Dissolver area flushed through 
t o  D5 t a n k  (93 & D4 empty 
d i  ssol ver area inspected (by 
video camera) for residual 
fuel assemblies . 

2. 05 flushed and transferred t o  
H 1  (feed t a n k )  final feed 
transferred through f i r s t  
cycle fuel s h u t  off and 500 
l i t e r s  solution added t o  H 1  & 
sampled and measured 

3. - First cycle code contamination 
& partition i s  operated on 
cold streams w i t h o u t  feed 
u n t i l  1UC stream sample is 
below 5 g U / l  

- First cycle s h u t  down 
quantities assigned bold on 
final stream samples and 
equipment measurements 

- Pu cycle af ter  2A Feed t a n k  
reaches t570 capacity 

4. a) 200 l i t e r  flush s o l u t i o n  added 
t o  2A Feed t a n k  (sampled), run 
t o  57 capacity, inventoried 

5. Uranium cycles 

- 1 CU concentrator flushed 
w/100 l i t e r s  acid transferred 
t o  2D Feed t a n k  

- Final U cycle operated u n t i l  
20 Feed t570, 300 l i t e r  and 
added 

- Sampled, operated t o  570 of 2D 
Feed level , 2D Feed s h u t  down 
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- Final U cycle operated on cold 
streams u n t i l  2EU less than 1 
g/1 

- Final U cycle s h u t  down and 
inventory based on final 
stream samples and 
measurements 

6. . 2  EU concentrator flushed 
(af ter  final product transfer. 
F l u s h  solut ions collected 41 
measured i n  t a n k  K5. K6 f ina l  
product transferred t o  UO, 
p l a n t  

7. Pu  concentrators flushed, 
collected and measured i n  L9 
tanks f ina l  product 
transferred t o  M cel l .  F l u s h  
solut ions collected i n  L11 
tanks. 

8. 

9. 

10. 

Acid recovery system s h u t  
down. Final quantities guard 
on measurements and stream 
samples. 

Solvent treatment systems s h u t  
down. Inventory based on 
final stream samples 8t 
measurements. 

Waste concentrating system i s  
s h u t  down. Final inventory 
quantities based on stream 
samples and f inal  
measurements. 
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Inventory Lis t ing  ( a f t e r  physical inventory) 

DISSOLVER A R E 4  VOLUME 

D i  ssol vers A3 empty 
83 empty 

c3 empty 
Contaminating waste D2 20001 
Dissolver s torage Tk D3 empty 
D i  ssol ver s torage Tk 04 empty 
Centrifuge feed Tk E3 
Centrifuge 
Counting waste Tk E5 5001 
Z reflex product Tk E l  5001 
E cell Ammonia Tk E3 5001 
catch t a n k  

SOLVENT EXTRACTION 

Accountabili ty Tk D5 5001 
Feed tank Tk H 1  
Code contamination & Par t i t i ons  
HA column 70001 
1 BX column 60001 
1 C  column 31451 
1 Bx feed 5001 

2D feed tank 5001 
2D column 30001 
2E column 

U sampler Tk K6 5000 

IUC concen t r a to r ’  empty 

2EU concentrator empty 
Receiver Tk K5 empty 

2ND Pu CYCLE 

2A feed (Tk 35) 2001 

3A feed (Tk L3) 2001 

2A column 240 
2B column 

3A column 
3B column 
3BP stripper L-6 empty 
3BP concentrator L-7 empty 

* Product Receiver Tk L8 empty 
Product Sample Tk L9 50 0 
Pu Product Per Work Receiver Tk L-11 

250 0 
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tl 

tl 
tl 
tl 

tl 
0 

tl 
t1 
tl 
4 
0 
tl 
t1 

tl 
0 
50 

0 
0 

0 

‘ 0  
0 
0 

tl 

tl . 

tl 
tl 

tl 
0 

tl 
ti 
t1 
tl 
0 
tl 
0 

0 
0 
0 

20 
200 

20 

0 
0 
0 
500 

25,000 
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Inventory Listing (after physical inventory) 

DISSOLVER AREA 

WASTE CONCENTRATION 

VOLUME 

Feed Tk F7 1000 
Concentrator Tk E-F6-1 1000 
IWW Receiver Tk F-26 1000 
IWW Denitration Tk-F15 empty 
IWW Denitration Tk-F16 empty 
Waste Receiver Tk F-18 empty 
Waste Receiver Tk F-8 5000 

ACID RECOVERY 

tl tl 
tl %tl 
tl 4 
0 0 
0 0 
0 0 
5 1 

Nitric Acid Absorber Tk F5 15000 0 
HN Acid Receiver Tk F3 15000 0 

50% Nitric and Storage Tk U1 15000 0 
AF 4 eed Tk U5 15000 0 

. SOLVENT RECOVERY 

Flushed 

BACKCYCLE WASTE 

F1 ushed 

0 

0 

0' 

0 
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33. v) Measured discards 

(method of estimation o f  quantities per 
year/months, method of disposal) 

Wastes streams as discussed in 
question 19 also. 

Gaseous wastes based on cumulative 
air flow and monitors. Grab 
samples, verification, and composite 
samples avai 1 ab1 e 

Low level waste solutions to cribs 
as aqueous streams. Grab samples, 
verification sampl es, and composite 
samples avai 1 ab1 e. 

bqueous streams monitored by a1 pha 
monitors. Periodic (weekly) uranium 
samples. Monitoring as a warning 
that too much is going out stream 
for initiating investigation of 
1 osses. 

' I  
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33. System Description continued 

v i )  Retained waste 

(method 'of estimation of quantities per 
year; method end any/paged period o f  
storage; indicate also possible suboequent 
uses of retained waste) 

None other than failed large 
equipment items which are loaded on 
railroad cars after being flushed 
and the performance o f  an NDA for 
the determination o f  nuclear 
materi a1 present. These rai 1 road 
cars are then transferred into the 
PUREX Storage Tunnels for indefinite 
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. None 33. vii) U m a s u r d  Losses 

(indicate the methods used to estimate 
wnaasured Losses) 

. 
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c 

33. viii) 

System Description continwd 

Operational records and accounts 

(including logbooks, general 
lechers, interns1 transfer f o m ,  
method of adjustment or correction 
and retention Location, and 
language; control measures and 
responsibilities f o r  records) 

1. System of  in te rna l  and 
extepnal t r a n s f e r  documents 

- Kept f o r  permanent s torage  a t  
Records Holding Area 

2. Solvent Extraction S h i f t  Log 
Books and Oxide Conversion 
Line .Log Book 

management vaul t .  
-. Kept on p l an t  i n  PUREX records 

3 .  

Nuclear Materi a1 /Item’ Transfer  
forms - discreet items 

Liquid Transfer  Forms - tank 
t o  tank t r a n s f e r s  

Tamper Indicat ing Devices and 
Accounting forms - Seal 
Appl i cati  on and Removal Forms 

I r r ad ia t ed  Nuclear Materi a1 
Transfer  Forms 

Instrumentation s t r i p  charts 
f o r  accountabi 1 i t y  a r e  
re ta ined  f o r  1 year  a t  PUREX 
Records Management Vault then 
sent t o  permanent storage.  

A.258 



REPROCESSING PLANTS . Page 42 
PROTECTION AND SAFEI'Y HEASURES 

TBD for video and.Pu can seals 34. Features Related to Contairment and 
Survei 1 lance Measures 

(General description of applied o r  
possible measures) 

I 

A.259 



REPROCESSING PLANTS ' 

PROTECTION AND SAFETY MEASURES 
Page 43 

35. 

i) 

For Each Flow and Inventory Hcasurement 
a d  Sampling Points of accorrntability 
Areas, identified in Particular Under OS. 
13, 22, U ,  Give the following 

Description of location, type, 
identification 

D2 Declad waste (rinse) 

E5 (cladding waste) 

D5 I n p u t  Accountabil i t y  

Oxide t o  loadout 

Nitrate t o  ioadout 

K6 U Product 

F16 & F18 High Level Waste 

U3 & U4 Lab Waste 

R8 & 68 .Solvent Cleaning Waste 

Sol i d  Waste 

A l l  sample points for inventory are 
by batch. Sample requirements and 
frequency are l isted i n  sample 
schedul e. Other sampl es by request. 
Refer t o  question 14 and t o  PUREX 
Sample Schedule for further 
information on sampling points.  In- 
l ine equipment used for process 
control b u t  not for accountability. 
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35. ii) Type of  inventory change expected a t  this 
measurement point 

For each sampl inu measurement Point 
f i l l  i n  separate sheet. 

Kg U/batch 
g U/batch 

D2 Declad waste (rinse) 

E5 (cladding waste) 

D5 Input Accountabi 1 i ty  

Oxide t o  1 oadout 

Nitrate t o  loadout 

K6 U Product 

F16 & F18 High level waste 

U3 & U4 Lab Waste 

R8 & 68 Solvent Cleaning Waste 

S o l i d  Waste . 
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' For Each Flow and Inventory Ueasurement and 
Sarrpling Points o f  Accountability Areas, 
Identified in Particular Under OS. 13, 22, 23, 
Give the Following continued 

35. iii) Possibilities to use this 
mawranant point for physical 
inventory taking 

All of  the following points can be 
used for  physical inventory taking: 

- 02 Declad waste (rinse) 

- E5 (cladding waste) 

- D5 Input Accountabil i t y  . 

- Oxide t o  loadout 

- Nitrate t o  loadout 

- K6 U Product 

- F16 & F18 High level waste 

- U3 & U4 Lab Waste 

- R8 & 68 Solvent Cleaning Waste 

- Solid Waste 

. 
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35. iv) Physical and chemical form o f  nuclear 
material 

(including enrichment range, Pu content, 
and cladding materials description) 

The f o l l o w i n g  are a l l  l i q u i d s  except 
o x i d e  and s o l i d  wastes. Refer t o  
the r e f e r e n c e d  f l o w  sheets ( i n c l u d e d  
i n  q u e s t i o n  20) f o r  the Pu and U 
c o n c e n t r a t i o n s  e x p e c t e d  i n  t h e  
s o l u t i o n s . ’  

- 02 Declad Waste ( r i n s e )  

- E5 (C ladd ing  Waste) 

- D5 I n p u t  A c c o u n t a b i l i t y  

- Oxide t o  l o a d o u t  

- Nitrate t o  l o a d o u t  

- K6 U Produc t  

- F16 & F18 High Level Waste - U3.& U4 Lab Waste 

- R8 & 68 S o l v e n t  C lean ing  Waste 

- S o l i d  Waste 
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35. v) Nuclear material containers, packaging and 
method of storage 

Container Storage 

D2 Declad Waste Tanks 
(rinse) 

E5 (Cladding Waste) Tank 

D5 Input Account 
-abil i t y  Tank 

Oxide t o  loadout Can 

Nitrate 
t o  loadout Can 

K6 U Product Tank 

F16 & F18 High 
1 eve1 Waste Tank 

U3 &'U4 Lab Waste Tank 

R8 & 6'8 Solvent 
Cleaning Waste Tank 

No 
I 

No 

No 

No 

No 

No 

No 

No 

No 

Sol  id Waste Tank . No - 
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~~ ~ 

35. v i i )  neasurannt/anal 
y t i c a l  method(s) 
Md equipMnt 
used, and 
corresponding 
accureci cs 

~ ~~ ~ ~~ 

U Pu 

nethod Error nethod Error 
D2 Decl ad Waste 

E5 (Cladding Waste) D/G 45% alpha count 67% 

D5 Input Account 
-abi l i ty  IDMS 0.45% IDMS 

Oxide t o  1 oadout IDMS 

Nitrate t o  1 oadout IDMS 

(rinse) D/G 45% alpha comt 47% 

K6 U Product D/G . 0.51% 

F16 & F18 
High level  Waste 

U3 & U4,Lab Waste D/G 

R8 & 68 Solvent 
Cleaning Waste D/G 

Sol id  Waste NDA 

1% 

0.3% 

1.0% 

0.5% 

D/G 

25% alpha count 

45% alpha count 61% 

40% 

45% alpha count 

100% alpha comt  

67% 

100% 

DGXdavis gray 
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For Each of  Flow wd Inventory Measurement and 
Serrpling Points of  Accountabi l i t y  Areas. 
Identified i n  Particular Under Os. 13, 22, 23, 
Give the f o l  Lowing Continued 

35. v i )  S a p l i n g  procedure and equipnent used 
(including nurkr o f  senpies taken, 
frequency and rejection cr i ter ia)  

Page v3 

Sam1 er  

D2 Decl ad Waste (rinse) Recircul a t ing  
sampler 

E5 (Cladding Waste) Reci rcul a t  i ng 
sampler 

DS Input Accountabil i t y  Recircul a t ing  
sampler 

Oxide t o  1 oadout Gender grab  
sample 

Nitrate t o  1 oadout Reci rcul a t i  ng 
sample 

K6 U Product Recircul a t ing  
sample 

Reci rcul a t i  ng 
sample 

U3 & U4 l a b  Waste , Recirculating 
sample 

R8 & 68 Solvent Cleaning 

F16 81% F18 
High 1 eve1 Waste 

Waste Reci rcul.ati ng 
sample 

Sol id Waste NDA 

A.266 

. . 



REPROCESSING PLANTS 
PROTECTION AND SAFETY MEASURES 

II 35. v i i i )  Source and Level of 
Random and Systematic 
errors f o r  feed, 
product, waste 
( w i g h t ,  voltme, 
seapling analytical) 

Page 50 

- Bulk 
rendom systemtic 

D2 Decl ad Waste 
(rinse) 2.5% 2.5% 

E5 (Cladding Waste)2.5% 2.5% 

D5 Input Account 

Oxide t o  loadout 0.29 0.15g 

Nitrate t o  loadout log 89 

K6 U Product .0.2% 0.1% 

F16 & F 8 
High eve1 Waste 2.5% 2.5% 

U3 & U4 Lab Waste 2.5% 2.5% 

R8 & 68 Solvent 
Cleaning Waste 2.5% 2.5% 

Sol id Waste 

-abi 1 i ty  0.2% 0.1% 

-- 
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0.1% 
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0.1% 
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For Each Flow and Inventory Heasurement and 
Sarrpling Points of Accoontabi lity Areas, 
identified in Particular Under Os., 13, 22. 23, 
Give the Following continued 

35. i x )  Calculative id error Propagation 
. techniques 

All of the following employ standard 
techniques for error 'propagation: 

- D2 Declad Waste (rinse)  

- E5 (Cladding Waste) 

- D5 Input Accountability 

- Oxide t o  loadout 

- Nitrate t o  loadout 

- K6 U Product 

- F16 & F18 High level Waste 

- U3 & U4 Lab Waste 

- R8 & 68 Solvent Cleaning Waste 

- Solid Waste 
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35. x) Technique and 
Freqwncy of Calibration 
of Equipnnt used, end 
standards used 

Cat i brat ion 
Bulk InstMlents - 

D2 Declad Waste 6 years  6 months 
( r in se )  

E5 (Cladding 
Waste) 6 years  6 months 

D5 I n p u t  Account 
’ -abil  i t y  3 years  3 months 

Oxide t o  loadout 6’months 

Nitrate t o  
1 oadout 6 

K6 U Product 3 

F16 &. F18 High leve 
’Waste 6 

months 

years  3 months 

years  6 months 

6 months 

Cleaning Waste 6 years  . 6 months 

U3 & U4 Lab Waste 6 years  

R8 ?i 68 Solvent 

analytical 

Anal y t  i cal  
o/c 
d a i l y  QC 
checks ; 

month1 y 
instruments 

cal i b r a t i  on 

Sol i d  Waste 
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35. xi) Program for the 
cwtinuing appraisal of 
the accuracy of weight, 
vol~l l t ,  sarrpling and 
analytical techniques and 
nrasurement methods 

Weight - daily checks with field weights 
6 mo full calibration . 

Volume - re-calibration as detailed in 35 X 
instruments as detailed in 35 X 

Sampl i ng - rep1 i cate 'sampl i ng program density 
*comparison 

Analytical - daily standard checks 
For each zapling, measurement 
point fill in separate sheet. 
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For each Flow and Inventory Measurement and 
Sapling Points of Accovltabi l i t y  Areas, 
Identified in Particular Under Os. 13, 22, 23, 
Give the following continued 

Page 54 

Standard Statistical Methods 

35. xii) Progran for statistical evaluation 
of data from (x) to (xi)  
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35. x i i i )  Method of convertiw swrce date Cali bration tab1 es etc. t.0 be I suppl ied. to batch data /I 
(standard calculative procedures, 
constants and empirical relationships for 
feed, products in sub-accotmting areas, 
and waste) 

J 
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D2 Declad Waste (rinse) Sequential ID's (by year) 
D-94-1, 2, 3 etc. 

E5 (Cladding Waste) Sequential ID's (by year) 
0-94-1, 2, 3 etc. 

D5 Inpu t  Accountability Sequential ID's (by year) 
0-94-1, 2, 3 etc. 

Oxide t o  1 oadout 

Nitrate t o  1 oadout 

K6 U Product 

F16 & F18 High 
1 eve1 Waste 

U3 & U4 Lab Waste 

R8 & 68 Solvent 
C1 eani ng Waste 

can ID'S 

can ID's 

Sequential ID's (by year) 
K6-94-1, 2, 3 etc. 

Sequential ID's (by year) 
K6-94-1, 2, 3 etc. 

Sequential ID's (by year) 
K6-94-1, 2, 3 etc. 

Sequential. ID's (by year) 
K6-94-1, 2, 3 etc. 

Sol i d  Waste Gas Code Labels 
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For Each Flow and Inventory 
Measurement and Smpling Points of 
Accwntabi Lity Areas, Identified in 
Particular Under Os. 13, 22, 23, 
Give the foLLowing continued 

35. m) Anticipated batch flow rate 
per year 

Page 57 

~~ 

batches based on- 

D2 Decl ad Waste 250 

E5 (Cladding Waste) 125 

D5 Input Accountabi 1 i t y  250 

Oxide t o  1 oadout 50 

Nitrate t o  1 oadout 50 

K6 U Product 250 

F16 & F18 

U3 & U4 Lab Waste 

R8 & 68 Solvent 

Solid Waste (packages 30 drums) 

250 operating dayslyear 

High 1 eve1 Waste 

Cl eani ng Waste 10 

33 

30 



35. xvi) Anticipated 
nuher of 
inventory 
batches 
present a t  
measurement 
point 
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Informati on based dninventory/year 

02 Declad Waste (rinse) 1 

E5 (Cladding Waste) 1 

D5 Input Accountability 1 

Oxide t o  1 oadout 0 

Nitrate t o  1 oadout 

K6 U Product 

F16 & F18 

U3 & U4 Lab Waste 

R8 & 68 Solvent 
Cleaning Waste 1 

Sol i d  Waste 0 

High level Waste 1 

1 

0 

1 
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35. xvii) Anticipated 
nunber o f  items 
per flow and 
inventory batches 

02 Declad Waste (rinse) 1 tank 

E5 (Cladding Waste) 1 tank 

D5 Input Accountabil i ty  1 tank 

Oxide t o  1 oadout 

Nitrate to  1 oadout 

K6 U Pr.oduct 

10 cans per Genbzr 

30 cans per tank 

1 tank 

F16 & F18 
High 1 eve1 Waste 

U3 & U4 Lab Waste 

R8 & 68 Solvent 
C1 eaning Waste 

1 tank 

1 tank 

1 tank 

Sol i d  Waste 1 package 
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35. x v i i i )  Type, corrposition and 
quantity of nuclear 
meterial per batch 

(with indication for batch data, 
to ta l  weight of each clemmt of 
nuclear material and form of 
nuclear material) 

'1 

~~ ~ ~~~ ~ ~ 

Types o f  material 'mentioned previously. 
'Amounts can be. based on referenced flow 
sheet and taking into consideration the 
amount o f  batches. 

02 Declad Waste (rinse) 

E5 (Cladding Waste) 

05 Input Accountabi 1 i ty 

Oxide t o  1 oadout 

Nitrate t o  1 oadout 

K6 U Product 

F16 & F18 High level Waste 

U3 & U4 Lab Waste 

R8 & 68 Solvent Cleaning Waste 

Sol id Waste 

' I  
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REPROCESSING PLANTS 
PROTECTION AND SAFETY MEASURES 

P a g e  61.  

For Each Flow and Inventory Measurement and 
Sampling Points of Accountabi 1 i ty Areas, 
Identified in Particular Undar Os. 13, 22, 23, 
Give the following continued 

, 

. 

A.278 
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REPROCESSING 'PLANTS 
PROTECTION AND SAFETY MEASURES 

Page 62 

36. Overall Limit of Error 
Describe procedure to corabine individuel 
measurement error measurements to obtain 
the overall l i m i t  of error for: 

i) S/R Difference5 
i f )  Book Inventory 
iii) Physical Inventory 
iv)  MIF 

Shi pper/Recei ver differences 
are at the same point so are 
assumed to be zero. 

Book inventory. Differences 
tracked and monitored. 

Physical Inventory. Solutions 
moved around and vessels 
flushed. Operations shut down 
and tanks sampled. NDA 
performed and used to compare 
to input and previous 
inventories to determine 
discrepancies . 
MUF-Materi a1 amount kept track 
o f .  It has been known to show 
up in later,inventories or 
when sPecial flushes or 

~ - .  

cl eanouts performed. 
For each swpling, measurement point f i l l  in 
separate sheet. 
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REPROCESSING PLANTS 
OPTIONAL INFORMATION 

Page 63 

37. optionel I n f o m t i o n  

. (that the oprator  considers relevant to 
safeguarding the faci t i  ty) 

A.280 



Appendix B 

Design Information Questionnaire '(DIQ) Presentation 





Purex Inspection Exercise 
DIQ .Presentation 

PUREX is the example facility 
Using an operating scenario (to start) 

- *  Others are subsets of the operating scenario 
- Actual PUREX capabilities (to the extent possible) 

0 Explore: 
' - how much effort is involved 
- 'what information is available 
- sensitivity of information 
- etc. 



The DIQ Form 

37 Questions 
'provide sufficient information for Agency to 
plan f0.r inspection requirements * .  

describe general plant for safeguards. 
we will describe the answers to each. question 
in this presentation 
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Questions 1-6 
.. 

I. ‘Name of facility- 
- ‘PUREX 

2. Location and Postal Address 

3. Owner 
- somewhere in the east Washington desert 

- Josh Segal - for these three days anyway. 

- Guido Bailey and the boys 

- A monument to days gone by 

4. Operator 

5. Description 

6. Purpose 
.- an open question, to say the least 



W I 
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I 
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I 

Question 7 
Status: 

planned? 
under construction? 

in operation? 

. .  

- decomissioning is not given as an option! 

I 



Questions 8-9 
I 

Construction 
if not in operation 

Schedule 

Normal Operating Mode 
3 shifts per day 
7 days per week 
250 

>> 
operating days per year 
three, shift operation during shutdown 



Question I O  
Facility Layout 

Structured containment, fences, access, nuclear material 
storage areas, laboratories, waste disposal areas; routes 
followed by nuclear material, experimental and test areas, 
etc. 

PUREX Tech Manual 
Figure 2-3 

PUREX Area Plot 



I 

RHO-MA-116 

i 

3 

I 

PUREX Area Plot'Plan. 

2-5/ (2-6 blank) 
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Question 11: 
Site Layout 

. .  

site plan showing !‘in suffic‘ient detail”; 
location, premises and perimeter of facility, . 

other buildings, roads, railways, rivers, 
restaurants, hotels and local watering holes, etc. 

PUREX Tech Manual 
Figure 2-3 

PUREX Area Plot 

(plus Hanford town map?) 
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Question 12 
Names and/or Title and address 

of Responsible Officiers 
0 for nuclear material accountancy and control and contacts 

with the Agency. If possible attach organization charts 
showing position of officers. 

IHazel I 
I I 

I I 
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Question 13: 
Facility Description 

Indicating all process modification stages, storage areas and 
feed, product and waste points as pertaining to the 
measurement, .control and accountancy of nuclear material. 

PUREX Tech Manual 
Section 2 

(how much detail???) 



Date Issued To be reviewed by 

9/30/83 9/1/84 
Page 
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RHO-MA-116 

Rockwelt International 
Rockwell Hanford Operations 
Energy Systems Group 
PUREX Technical Manual 
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Question 14: - 

Process Description 

Also indicating the modifications of'physical and chemical 
forms 

PUREX Tech Manual 
Sections I and 4 
(de ta i I ag a i n????) 

. .  
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. Question 15: 
Design Capacity 

In weight of principle products per annum 

10.2 MTU per day 
-20 kg Pu per day 
250 .operating days/year . 

2550 MtU/yr 
5000 kg Pu/yr 

(dissolver capacity theoretically greater 
3 dissolvers of 18.2 MT on 53 hr cycle) 

I 



Question 16: 
Anticipated Annual Throughput 

in the form .of a foward programme (if applicable) indicating 
the proportion of various feeds and products 

10.2 .MTU per day 
-20 kg Pu per day 
250 operating dayslyear 

2550 MtU/yr 
5000 kg Pdyr 

(Assumes operating plant. A new facility 
would describe the startup plan, including 
commissioning activitiesm startup on low 
burnup fuel, etc.) 



Question 17: 
Other important items of equipment using, 

producing or processi.ng nuclear materials, if 
any. 

such as testing and experimental equipment 

we will not mention any of the 
development or test facilities!!! 

NOTE: 
Z- Plant not included 
U03 not included . 

P-Tanks in 203-A storage 
area are part of U03 MBA 



C 

w 
Q) 
Q) 
U 

0 
8-  .c.r 

Q) 
E 
S 
.cI 

a m  

'CI 
Q) 

S a s 

5 

Q) 
9 
0 '  
.c, 
v) 

S 
3 

.cI 
8-  

u- 
0 
v) a .  
B 

U 
0 
3 
'(1 
0 
e' 

* 
c 
m 

0 

0 

* * 
s 
h 

s 

P 

'b 
e 
cp > 

0 '  - 

u) 
Q, e 
0 * 
3 

B.17 



Question 18: 
Main Material Description 

0 .  ii) Chemical and Physical Form ( for feed include types of fuel 
elementlassemblies, give detailed description indicating general structure and 
overall dimensions of fuel elementlassemblies, including nuclear material 
content and enrichment). attach drawings 

Feed 

per specification 
sheet (PUREX ’ 

Tech Manual) - .  

attached 

. Product 

Pu Nitrate solution 
MKlV and V PR can 
‘<350 gPuA 
-1.4 M HN03 

Pu Oxide powder 
sfioiiometric ratio 
-1800 gPuA 

- 

UNH 
-500 gUA 
-0.4 - M HN03 



-7 

P r e i r r a d i a t i o n  enrichment 
o f  uranium-235 0.9474 Enr i ched  

Type E 

2. Inne r  o f  ou te r  element '1.70 

11. Iririar or i n n o r  clr:iricri(; 0.41: 

18-24 18-24 18-24 

d e i g h t  of uranium i n  i nne r  

1.947% U-235 

( l b s )  I 

16.5 

- 
M A I K  IA 

1.25 - 0.947% 
E n r i c h  ed I' S p i ke" 

- 
s 

- 
C A RITIF 

24.6. 23: 2 17.4 - 
2.42 

1.70 

1.28 

- 
- 

20.9 119 .6  I 14.9 

2.40 I 2.40 1'2.40 2.42 3.42 
I I 

1.77 I 1.77 . i  1.77 

1.25 1.25 1 1.25 

0.44 I 0.44 . (1.44 

1.70 1.70 

1 .za I.. 28 

(I. 41: - 0.41; 0.41; - 

7-22 

Cladding Thickness ( m i l s )  I .c' . .. 

1 .  Outer of outer element 17-22' 17-22 17-22 

12-10 

-~ 

2. Inne r  of  o u t e r  element 12-10 12-18 2-18 

13-30 

3-20 

- 
- 23-30 23-30 23-20 3.  Outer  of  inner element 

4. I n n e r  of i,nner element 13-20 13-20 13-20 

dr-ight of  uranium i n  outer 
( i 1)s) -.. 

33.1 I .  (0.94711 11-735) I 35.2 

I ?. (1.25X U-235) 

31.2 - 33.1 

15.5 14.6 10.9 

I i c igh ted  Average o f  
uranium i n  element ( l b s )  50.3 , 36.1 

1 I 

iatio of- Z i  r c a l  1 oy-2 
t o  uranium ( l b s / t o n )  

I 139.21 ?41.51 143.31 153.4 
140.5 

170.41 172.2 1 181.1 
170.2 

7 38 1 10 I - 
20 

: o f  Process ing  load o f  82 1 4 
each 80 

1isplilcerrtcnt YoIum 1 . l 6  j :6 1 ,6.  1 ,6  g a l / t o n  u r a n i u m  -. 
OoeummrNo. , AWlMod . 

A-1 I PFD-P-020-00001 

-- 16 I lI5 L i 6  
. i %I= 

' 8  i 
80-64004p1.2 IR-5-62)  
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Question 18: 
Main Material Description 

vi) Frequency of receipts or shipments (batches/units/ per month) 

Feed 

Nominal 1 dissolver/d; 
6 rail casks/day 
-450 assemblies 

nominal 30 days/mo. 

Product 

Pu nitrate 
1 sample/day 

4-5cans /sample 
I O  canslday loadout 

can12 hr 
Oxide 
Sam ple/blender/day 
I O  cans/8hr. 

- UNH 
1 tanMday 
I sample/day 
I bulk /day 



Question 19: 
Waste Material 

(including contaminated equipment, measured discards and retained waste. - Describe each stream: 
)> i)'major contributions(sources) 

I) Zirflex 

3) F-l6&F18 
4) U3&U4 
5) R8&G8 
6) cribs 
7) Off gas - gaseous 
8) solid wastes 

- cladding waste solutions 
W 2) Ammonia - declad waste (scrubber) 

- high level process waste solutions 
- lab wastes solutions 
- solvent cleanup waste 
- low level aqueous effluents 

- process solid wastes (from N -cell). 

!2 

question ii: Types of waste 
same information ....... 



I 

0 

Questi.on 19: 
Waste Material 

iii) Chemical and physical form 

I) Zitflex 
2) Ammonia 
3) ,F-l6&F18 
4) U3&U4 
5) R8&G8 
6) cribs 
7) Off gas 
8) solid wastes 

- liquid waste - PH 4 2  
.- liquid - scrubber solutions 
- liquid - denitrated - neutralized 
- liquid - lab chemicals 
- solvent cleanup waste 
- low level aqueous effluents (table attached) 
- gaseous 
- process solid wastes (from N -cell) 



1 

Y m u 

Discharge 
stream 

Cooling 
water 
(CWL to 
216-A-25) 

Chemical 
sewer 
(CSL to 
216-8-3) 

Steam 
condensate 
(SCO .to 
216-A-30) 

Process 
condensate 
(PO0 to 
2 16-A- 10) 

ASW 
condensate 
(AS0 to 
216-A-368) 

203-A Bldg 
Discharge 
(PTD to 
2 16-8- 3) 

Flow 
measurement 

1. Weir 
2. Dip tube 
3. Flow 

integrator/ 
totalizer 

1. Parshall . 
flume 

2. Flow 
integrator/ 
tot a1 i zer 

1. Magnetic 
flowmeter 

2. Integrator/ 
totalizer 

1. Magnetic 
f lometer 

2. Integrator/ 
total lzer 

1. Hagnetic 
flowmeter 

2. Integrator/ 
totalizer 

Col lec t ion 
tank volume 
measurements 

Sampling 

1. EHV 

2. Tank 
Samp 1 er 

drain 
sample 

Propor- 
t ional 

1. EHV 
sampler 

2. Jug , 

pour 
sample 

Propor- 
tional 

Prop o r - 
tional 

1. P-Tank 
conden- 
sate 
1 ine 

2. Sump 
sample 

3. Waste 
Pump 
tank 
(TK-P5) 
sample 

. .  
Divers ion 

~ 

Retent ion 
Bas i n 
(automatic) 

Retent ion 
Basin 
(automat ic) 

Retention 
Basin 
(automat 1 c) 

None 

None 

Capabi 1 1  ty 
for recycle 
to PUREX 
tanks in E 
or K Cells 
depending 
on U concen- 
tration and 
purlty, or ta 
TK-FIB for 
disoosal LO 

Radiat ion 
mon i tor 1 ng 

Single probe 

t non-fai lsafe) non-redundant ) 

Single probe 
(validated 
periodically 'by 
automatically 
actuated check 
source) 
Single probe 
(non-redundant) 
(non-f ai 1 safe) 

Single probe 
(validated 
perlodically by 
automatically 
actuated check 
source) 
Single probe 
(Val ida ted 
perlodically by 
automatically . 
actuated check 
source) . 
Not required 
(col lect ion 
tank sample 
analysis) 

~ .. 

UGS' 

Emergency 
sampling 

None 

Automatic 
verification 
sample 

Automat i c 
verification 
sample 

Automatic 
verlf lcation 
sample 

Automatic 
verificatlon 
sample 

Not required 

Est hated 
volume 

106 gal/year) 

1100.0 

230.0 

47.0 

2.5 

5.0 

0.06 ' 



-Question. 19:. 
Waste Materials 

iv) Estimated Enrichments and Uraniumlplutonium content 

U at 0.9 or 1.25% enriched 

I) Zirflex . - O.l8gU/I ' 

PJ 2) Ammonia' , - nominal 
* 3) F-I6&F18 - 5x1 0-1 gU/I 

4) U3&U4 - 4x1 0=3gU/I 
t4 
4 

1 . .  5) R8&G8 . - 5xlo-lgu/I 
I 6) cribs - nominal 

. 7) Off gas - nominal 
8) solid wastes - nominal 

I 
I 
I .  
I 
I 
I 
I 

I 

.~ 1.3~1'0-3 gPu/( 
nominal 
3x1003 gPu/l 
'5x1 0-6 gPu/l 
3x1 0=4gPu/l 
nominal I 

nominal 
-409 Puldrum 



Question. 119:' 
VVaste Materials 

9 v) Estimated quantities per year, period of storing. 

250 operating days. 
10.2 MTU/day 
. '  20 kgpulday 

I) Zirflex 
2) Ammonia 
3) F-l6&F18 
4) U3&U4* 
-5) R8&G8 
6) cribs 
7) Off gas 
8) solid wastes 

2550MTU/yr , 

5000 kg Pu/yr 

cladding 

high level 
analytical 
solvent 
low level 

2.5 MTU 
<kg 

5.1 .MTU 
-1 kg 
-5- kg 
nominal 
nominal 
nominal 

5 kg Pu 
grams 

I O  kg Pu 
-1 gram 
10 gram 

nominal 
nominal 

-2 kg 

*25 0,OO 0 literdyr 
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Question 19,: 
Waste Materials. 

I 

Store Inventory Range and Maximum capacity 

No storage - waste transferred to permanent storage 
- terminaltion of safeguards on waste at time of 

final measurement. 
Ix' 
w 
0 



Question 19: 
Waste Materials 

viii) Methods and’ frequency of recovery/disposal 
- dissolutionldeclad waste 

n’ solution centrifuge/solids recycled to next dissolver 
)) no recycle after measurement/termination of 

safeguards 
- liquid wastes 

)) internal recycle based on. throw-away limits 
B no recycle after rneasurementJtermination of 

safeguards 



Question 20 
Waste Treatment System 

references to Tech manual 
- high level waste 

coating wastes = section 4.2 
N .HAW = section 4.9.1 

iA t3 . - low level process waste 
W 

a .  

N sections of 4.9.2 

Flowsheets and diagrams as appropriate 
I - high level waste as example (fig. 4-6) i 
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Question 21: 
Other Nuclear Material in the 

Faci I i ty 
0 None333333 m..... 

F;d 
w 
P 

_- 
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Question 22: 
Schematic Flowsheet for Nuclear material 

(identifying sampling points, flow, invemtory measurement 
points, accountability areas, inventory locations, etc. 
- flowsheet schematic from Tech manual 

flow measurements 
declad waste 
cladding scrubber 
Input accountability 
Pu Oxide Product 
Pu Nitrate Product 
Uranium Product 
High Level Waste 
Lab Waste 
Solvent Cleaning Waste 
Gaseous Waste 
Solid Waste 

tk-D2 
tk=E5 
tk-D5 
sample blender, weigh cans 
sample tank, weigh cans 
tk-K6 
tk-F16 & tk-F18 
tk-U3 & t k 4 4  
tk-R8 & tk-G8 
stack monitor 
waste packages 

Inventory points as described in question 25 
2 process areas - 1)head end/dissolution - 2) process area 
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. Question 23: 
Types, Forms, Ranges of Enrichment, Ranges 
of Quantitiesof Nuclear Material Flow for Each 

Nuclear Material Handling Area; Le.: 
(also indicate the maximum quantities of nuclear material to be handled 

in accountability areas at one time) 
I 

process areas; head end and process (answered in 18) 
- IO12 MTUIday (0.9% and 1.25%) 

- 20 kg Pulday 
- nominal 20-30 MTU (40-50 kg Pu) as process 

holdup during operation. - 

storage’ areas (answered in 18(v)) 
- only interim Pu storage, <30 kg Pu 

Would need decisions on: 
UNH/P-Tank 
Z plant, etc 

I 

I .  



Question 24: 
. Recycle Processes 

(Briefly describe any such processes giving source and form of material, 

inventory, frequency of processing, duration of temportary storage, schedule 
for any external recycling, and measurementt methods for fissile content of 
recycled material) 

. method of inventory and form of material, method of storage, nominal 

. *  . 

Recovered nitric acid from U03 
- K-cell receipt 
- regular receipt/ essential no contained material 

Z-plant - off spec plutonium (oxide) 
- dissolved in N-cell 
- recycled through L-I 1 tank to process 
- infrequent transfers 

Special processing - critical mass lab Pu 
- received in PR cans- returned to process in PR room 
- L-14 to L-I 1 to E-6 for recycle 
- infrequent 

Off spec nitrate and oxide as internal recycles 
nitrate; L-I4 to L-1 1 to E-6 
powder; tk-NSO or tk-NS1 



Question 25: 
lnven tory 

In process 

- (within plant and equipment during normal operation, 
indicate quantity, range of enrichments, Pu content, form 
and principle location and any significant change in time 
or throughput; also indicate anticipated residual holdup 
and mechanism.) 

dissolver (I full dissolver at any time) 
D2 Coating waste receiver I O  - 2 0  . 

10,000 kgU 20,000gPu * 

W 03-5 Metal Sol stg 20,000 40,000 
5,000 10,000 

10 20 
€6 feed make-up 
E3 centrifuge feed 
€5 coating waste I O  20 
E l  zirflex tank I O  20 
H I  HA Feed 5,000 10,000 

ICU Concentrator 8,000 0 
Final Uranium Cycle 8,000 0 

Final Plutonium Cycles 0 10,000 

t, 
\o 

CoDecon and Partition 3,000, 6,000 

J5 2A Feed 0 6,000 



W 

0 
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J5 

Question 25: 
Inventory 

i) In process 

- (within plant and equipment during normal operation, 
indicate quantity, range of enrichments, Pu content, form 
and principle location and any significant change in time 
or throughput; also indicate anticipated residual holdup 
and mechanism.) 

dissolver (I full dissolver at any time) 
' D2 .Coating waste receiver 10 20 

E6 feed make-up 5,000 10,000 
E3 centrifuge feed I O  *20 

. E5 coating waste I O  20 
E l  zirflex tank 10 20 
H I  HA Feed 5,000 10,000 

CoDecon and Partition 3,800 6,000 
ICU Concentrator 8,000 ' * O  
Final Uranium Cycle 8,000 0 

Final Plutonium Cycles 0 10,000 

10,000 kgU 20,000 g Pu 

D3-5 Metal Sol stg 20,000 40,000 

2A Feed 0 6,000 



W 

E 

Question 25: 
Inventory 

i) In-process (continued) 

. L6 3BP stripper 
L7 3BP concentrator 
L8 1 Product receiver 
L9 . Product Sam ple 

Waste Concentration 
Solvent Recovery 
Backcycle Waste 
N-cell 

(includes glovebox hddup) 

1,000 
10,000 
10,000 
10,000 

20 
I O  . 

I O  
20,000 

Refinements???????????? - example from operation 

I 



. Question 25: 
Inventory 

ii) Feed and product Storage 

iii) Other locations 
- as detailed in 18(v) * 

- none 
Pj 
R 

- no fuel assembly storage 
- only interim product storage 

* 

. - intermediate dissolver solution storage, etc. 
as part of in-process inventory 



Question 26: 
Containers, Packaging and storage area 

- 

descriptions 

No fuel assembly storage 

Pu Product cans 
- ignore AI fuel in pool 

- interim storage only 
- as described elsewhere 

UNH 

. .  

- transferred to P tanks after measurements 
- tanker truck to U03 . 

- storage as separate plant MBA. 

\ 

. .  



Question 27: 
Methods and Means of Transfer of Nuclear 

Material 
(describe also equipment used to handle feed, product and waste) 

Fuel Assemblies by rail transfer cask 
- process described in Section 3 of Tech Manual 
- drawing and procedures as appropriate 

- diagram from tech manual 

- PR cans ( I O  liters capacity/ 8 liter nominal volume) 
- diagram from tech manual 

- slip lid cans - DOT-6M containers (14.5 kg Pukan) 
- figures from Tech manual Addendum I 

UNH loadout to P-tanks 

Pu nitrate 
: 

Pu. Oxide 

D blend e r 
i load station 
N can handler equipment 



RHO-MA-116 

SHAPETYPICAL FOR 

(SEE C O W  FOR 

i 

L 

93/4" ' CANISTERTYPE NO. 51 --+ --. ---. - 
18" i -+.---A 

I ---i - .. -- 
i 

6- 1 lls" MAX 

;+;i 
-- 

I 

'I! 
! 

! 

' SPACER (IYP. OF 81 
: ON TYPE NO. 6 ONLY 

, A  

- +  . 
I C  i - .Y l! 

-- 

FIGURE 3-1. Fuel Element Canisters. 

B.45 . 



RHO-MA-1 16 

D SUPPORT BEAM 

PLAN 5 in. 

(H-2-32385) 

ACP8104-94 

FIGURE 3-3. NPR Basin Fuel Cask. 

‘lhs.3-9 
B .46 I 

A.6000.077.2 (R-7-63) 
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., . RHO-MA-116 

EL 673 11-4 in. -1 

HOIST ,AND BLENDER 

J I  . 

PS8307-73 

FIGURE 4.1-31. Blender Rotation Stand. 

B.47 
I 1-140 

Ab00077.2 (R-7-1 



RHO-MA-116 . "  

SUPPORT FRAME 

LIFT MOTOR 

CONDUIT FRAME 
P S 8 3 0 7 - 7 2  

. ._. 
FIGURE 4.1-30.' Blcndeii ablTj: - - --. *.I. . -  . .  

B.48 
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RHO-MA-1 16 

FIGURE 4.1-32. Can Conveyor Systm. . 

B.49 



Transportation 

(with I 

Question 28: 
Routes Followed by Nuclear 

Material 
reference to plant layout) 

Fuel Assembly casks 
- from reactor areas in receiving area 
(site layout diagram in question 11) 

(site layout diagram in question 11) 

Pu Oxide and Nitrate by transporter to 2-plant 

U03 from K6 to P=Tanks (100,000 galons) 

I 

P VI 
0 

I 
I 

- tanker transport by road to U03 plant. 
(Figure 4-20 from Tech Manual for routing to P-tanks) I 

I .  
! 

I High level wastes to waste tanks 
, Low level aqueous effluents 

(Figure 4-19 from Tech .Manual for effluent routing) 



RHO-MA-116 

I 
* I  

I 
I 
I 
I 
I 
I 
I whl 

"I ..:...I I.., 

FIGURE 4-20; 
Piping and Flow Diagram. 

203-A Uranyl Nitrate Hexahydrate Storage Area Process 

B.51 



RHO-MA-116 

I I 

TO GABLE 
MOUNTAIN 

A = EXISTlNG SAMPLERS 

A - NEW SAMPLERS 

CWL = COOLING WATER 
CSL = CHEMICALSEWER 
SCD = STEAM CONDENSATE 
POD - PROCESS CONDENSATE 
AS0 - AMMONIA SCRUeBER CONDENSATE 

FIGURE 4-19. Aqueous Eff luents Disposal Flow Diagram. 

B.52 I 4-168 

AbOa0.077.2 (R-7-83 



Questi.ons 29 : 
Shielding (for storage and Transfer) 

Shielding ( for storage and transfer) 
- reference plant design description - Tech Manual 1&2 
- reference fuel cask drawings (tech manual section 3.2) 

- Dot 6M specifications. 
1 

\ 



Question 30: 

I 

W 
lJ, 
P 

Maintenance, Decontamination., Cleanout 

- describe plans and procedures for decontamination and 
cleanout of equipment containing nuclear material; 
defining all sampling and m'easurement points associated 
with: 

M i) normal plant maintenance; 
N ii) plant equipment decontamination and s.ubsequent 

nuclear material recovery; 
H iii) plant and equipment clean-out including means of 

ensuring vessels are empty; . 

n iv) plant start-up and plant-shutdown (if different 
from normal operation); 

- in cases where clean-out and/or sampling is not possible, 
indicate how the hold-up of nuclear material is measured 
or calculated. 

The difficult question for PUREX. 
in the decommissioning mode!!! 



Question 31: 
Basic Measures of Physical Protection of 

Nuclear Material 

' 0  Reference 
- DOEorders 
- NRC = 10CFR73????? 



Question 32: 
Specific Health and Safety Rules for 

Inspector Compliance 
(if extensive, attach separately) 

What training will be needed for inspectors? 
’ 0  RADCON .Manual???? 

’ lOCFR20??? 

I . .  



I 

Nuclear Material Accountancy and Control 
Question 33: 

System Description 
Give a description of the nuclear material accountancy system, 

the method of recording and reporting accountancy data and 
establishing material balances, procedures for account 
,adjustment after plant inventory, mistakes, etc., under the 
following headings: ’ 

- i) General 
(This section should also state what general and subsidiary ledgers will 

be used, their form (hard copies, tapes, microfilms, etc.) as well as 
who has responsibility and authority. Source data (e.g. shipping and 
receiving forms, the initial recording of measurements and 
measurement control sheets) should be identified. The procedures 
for making adjustments, the source data and records should be 
covered as well as how the adjustments are authorized and 
substantiated.) 

~ ~~ 

Responsibilities and authorities with the MC&A manager, 

General ledger accounts parallel to KMP’s, etc. 
The general problem of reports and records to be transmitted. 

with reporting to DOE, audits etc. 



Question 33: 
System Description 

ii) Receipts 
. .  ( including method of dealing with shipperlreceiver differences and 

subsequent account corrections, the checks and measurements 
used to confirm nuclear material content and persons 
responsible for these determinations should be defined) 

* I) Quantities of inuclear materials in fuel assemblies are assigned by 

2) Preliminary check based on dissolver process control measurements. 
3) Receipt quantities based on combined measurements in: 

Go F VI 
the reactor operator from calculations based on initial fabrication data 

. fuel irradiation history. 

D5 = accountability tank 
D2 = declad rinse solution 
E5 - cladding waste solution 

. *( differences are evaluated on a cumulative basis by PUREX 
. 

MC&A Manager/designee) - (RBI concept) = 

warning limits established, reporting to DOE on excessive differences) 



Question 33: 
System Description 

iii) Shipments (products, waste, measured discards) 

a) Uranium Product 
- K6 tank to P-tanks by pump transfer 
- volume check (transfer vs. received) 
- operator makes preliminary check at time of transfer as 

part of the transfer routing check 
- MC&A manager has responsibility for formal check and 

establishing limits ' 
b) Plutonium 

- Pu02 
1 )) cans check weighed upon receipt at Z-plant 

- .Pu Nitrate 
)) cans check weighed upon receipt at Z-plant . 

- Z plant and PUREX MC&A managers responsible 
- discrepancies reported to DOE 

- Volume transfer comparisons as process control checks. 
c) High Level Waste 



Question 33: 
System Description 

iv) Physical 'Inventory 
Description of procedures, scheduled frequency , estimated distribution of nuclear 
material, methods of operator's inventory (both item andlor bulk accountancy, including 
relevant assay method), accountability and possible verification method for irradiated 
nuclear material, expected accuracy, and access to nuclear material. (In particular the 
description of procedures should also provide the basic inventory approach to be used, i.e. 
planning, organizing, and conducting of the inventory, relisting , use of prior measurement 
data; who has the primary responsibility for the inventory; how process cleanout is 
accomplished; the accountancy of process residual holdup). 

PUREX was typically inventoried by a. general shutdown, 

INVENTORY IS (by experiece) THE BIGGEST CHALLENGE TO MATERIAL 

with inventory measurement in place. . 

(procedure PO-020-01 9) 

BALANCE PERFORMANCE AND PROBABLY THE LARGEST 
CONTRIBUTOR TO ID PROBLEMS!!!!! 

For sake of this discussion, use a theoretical inventory capability (based a lot on Barnewell): 

- assume a head end flush& with turn-around for different enrichments 
(perhaps 3 mo) 

- annual shutdown and flushout physical inve.ntory of full process 
We can talk about actual inventories in the discussion. 



Question 33: 
System Description 

iv) Physical Inventory 
General procedure for theoretical flushout Inventory 

'Dissolver Area 
* 

-. last dissolver batches transferred through metal storage 
( D3,D4) and accountability (D5)'. 

- dissolver area inspected for fuel (video) 
- flush batches for each dissolver moved through 03 and 

D4 (samples and transfer to heel, 6%) 
- Flush batch moved through accountability (D.5) 
- coating waste receiver (D2) processed through 

. - last waste batch (E3) to waste. 
centrifuge, final Zirflex product (El) saved for restart 

- .scrubber system shut down, last batch to waste. 
AccountabilitylFeed Preparation 
- last dissolver batch to feed tank H I  
- dissolver area flush batch transferred through to feed 

make-up (E6) - sample and heel measurement in D5 and 
E6. 

* 
Dissolver area procedure for head end turnaround or full inventory 



Question 33: 
System Description 

iv) Physical Inventory (cont) 
First Decontamination and partition Cycle 
- process final feed in H I  to <5% 

- ‘transfer lat flush fro’m E6 to HI, sample 
- process h l  to <5% 
- shut down feed from H I  
- continue operation on cold streams until ICU <4gU/I 
-. shut down system measure with column weight factors 

and final process control samples 
.* 1 CU concentrator/Final Uranium Cycle 

- transfer last concentrated solution to 2D feed (KI) 
- use last solutions from decon cycle shutdown as rinse 

- process k l  to <S% 

- transfer concentrator flush to K I  

for I CU concentrator 

- process to <5% 
- shut down feed, continue on cold streams (2EU<4gU/I) 
- shut down system and inventory as for codecon 



Question 33: 
System Description 

iv) Physical Inventory (cont) 

Uranium Product 
- transfer last product from 2Eu concentrator 
- use shutdown solutions from uranium ‘cycle as rinse . 

- after uranium cycle shutdow, transfer to K5 
- Inventory in K5, save as startup solutions. 

.- After shutdown of partion, process 2A feed (55) to 6% 
- add 200 1. flush 
- process to <5% 
- operate on cold streams till 2BPg IgPull 
- sample 3A feed (L3), operate to <5% 

Plutonium Cycle 

- operate on cold streams until a3Bpcl gPu/l 
- shut down and inventory columns (+3BP stripper 

Plutonium Product * 

- last Pu Product to N-cell 
- Concentrator flush through L8, L9, held in L l l  
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Question 33: 
System Description 

iv) Physical Inventory (cont) 

Bacri Cycle Waste 
- sample, process FIO to 4 0 %  

- shut down system 
- inventory concentrator and 3Bw waste tank (JI) 

N note: Backcycle feeds to first cycle - should 
coordinate with first cycle shutdown or must 
inventory and side-pocket solutions for restart. 

Acid Recovery. 
- shut down system and inventory equipment 

Waste Concentration 
-, final waste batches transferred 
- shut down system and inventory equipment 

Note: The sequential nature of inventory is important. 
There is a significant potential to back cycle material. 
Monitoring of the process is key to inventory performance. 
Significant room for improvement in this area! !!! 



Question 33: 

- vol 
Dissolver Area 

System Description 
iv) Physical Inventory (cont) 

Inventory Listing = “flushout inventory” 

dissolver . A3 empty 

C3 , emoty 
coating waste D2 2500 

I1 B3 empty 

centrifuge sys --- 
zirflexwaste. E5 empty 0 

metal storage D3 500 4 
metal storage D4 500 4 
scrubber system --- 4 

accountability D5 500 5 
make-up E6 500 5 

I1 

E3, G-E2/E4, 

2 .  ;3\ zirflexproduct E l  5000 . 

Accounta bi I ity/Feed. Adjust 

HA Feed H I  5000‘ 5,000 

0 .  
0 
0 
I 

4 

- vol o m  
First Decontamination and Partition 

rn 
HA column 7000 I 5 

O  column 6000 I 5 
0.  column 31 00 I 5 
0 IBX feed J3 500 1 5 1  

1 ICU conc I000 I O  -- 
Final Uranium cycle . 

2Dfeed K I  1000 
2Dcolumn 5000 

, 2Ecolumn 5000 
4 2EUconc 400 

receiver K5 5000 4 
sampler K6 I00 

5 
5 

1,000 

I O  ” 

I 
I 
4 

1,000 
I O  



Question 33: 

,I 

I 

I 

1 

System Description 
iv) Physical Inventory (cont) 

Inventory Listing - ‘cflushout inventory’’ 

’ .vel. - m 
Final Plutonium Cycles 

J5 

L3 

2A feed 
2A column 
2B column 
3A feed 
3A column 
3B column 
‘3BP strip 

w 3BPconc 
product rec. L8 
prodsamp. L9 
rework L1 I 

M3,M4,M5 feed 
N3,N5,N6 
I st calciner 

2nd calciner 

‘ N-Cell 

blender empty 
N cell dissolvers empty 
filtrate recycle (N15.16 

500 
600 

‘ 600 

600 
600 ’ 

300 
30 

.I 00 

300 

. zoo 

empty 

empty 
empty 

. 1000 
I 00  
100 
50 

I00  
100 
I 00  
50 
50 
0 

10,000 

0 
0 

5,000 
5,000 

0 
0 

10 

- vol 
Backcycle Waste 

3WF decanter F10 I000 
3WB concentrator I000 
3BWwaste J I  1000 

Solvent Recovery 
No I and No 2 systems 

Acid Recovery 
combined tankage 
Waste Concentration 
combined tankage 

1 
combined tankage 

‘Totals 
4 0  MTU 
<20 kgs 

5 

. 
2 

5 



Question 33: 
System Description 

v) measured discards 

(methods of estimation of quantities per year/months, methods of disposal) 
. .  

Waste streams as discussed in question 19, also; 

- gaseous wastes based on cumulative airflow and 
PJ monitors == quantity???? 
a\ 
00 Low IeveLprocess aqueous effluents 

- alpha monitors for plutonium 
- weekly samples for uranium 
- quantities ?W 



PJ 
i \o 

Q\ 

I 

Question 33: 
System Description 

vi) retained waste 
(method of estimation of quantities per year, method and 

envisioned period of storage; indicate also possible subsequent 
uses of retained waste. 

v i )  unmeasured losses 
(indicate the methods used to estimate unmeasured losses) 



Question 33: 
System Description 

viii) Operational records and accounts 

(including logbooks, general ledgers, internal transfer forms, methods of 
adjustment or correction, and retention location, and language; control 
measures and responsibilities for records) 

System of internal and external documents 
- Nuclear material Item Transfer forms = discrete'items 
- Liguid Waste Transfer Forms -tank to tank transfers 
- Tamper indicating devices and acounting forms- seal 

application and removal forms 
N kept for permanent storage at Records Holding Area 

' Solvent Extraction Shift Logbooks and'Oxide Conversion 
Line Logbooks 

B kept on plant in PUREX records management vault 

- retained for I year at PUREX records management vault 
Instrument strip charts for accountability 

N sent to permanent storage . 



Question 34: 
Features related to Containment and 

Su rvei I lance Meas u res 

(general description of applied or possible measures) 

Seals, etc 
cameras in head end area 
possible applications in oxide or nitrate loadout. 
- oxide loadout system is automated 

D possible applications here. 



I 

Question 35: 
For each flow and inventory sampling point of 

accountability'areas identified in particular under qs. 
13,22,23, give the following: . 

(NOTE: we will address flow, not inventow - detail), 

i) Description of location, type, identification 

. tk-E,Fl1-1 Ammonia waste 

tk-D5 Accountability 
Pu oxide to loadout 
Pu nitrate to loadout 
tk-K6 U product 
F16&F18 High Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet Clean u p 
other inventory tanks 

Solid Wastes 

. .  

W i tk-E5 Cladding Waste(zirflex) 
w 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

ii) type of inventory change at this measurement point 

tk-E,Fl1-1 Ammonia waste -- batch, solution 
tk-E5 ’ Cladding Waste(zirflex) -- batch, solution 
tk-DS Accountability -- batch, solution 
Pu oxide to loadout -- batchlcans 
Pu nitrate to loadout -- batchlcans . 

tk-K6 U product -- batch, solution 
F16&F18 High Level Waste -- batch, solution 
U3&U4 Lab Waste -- batch, solution 
R8&G8 Solvet Cleanup -- batch, solution 

-- batch, solution 
Solid Wastes (N-cell) --drum , 

other inventory tanks 



Question 35: 
For each flow'and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, ,give the following: 

iii) Possibility to use this measurement point for physical inventory taking 

tk-E,Fll-I Ammonia waste -- yes 
tk-E5 Cladding Waste(ziflex) -- yes 
tk-DS Accountability -- yes 

Pu nitrate to loadout 
tk-K6 U product -- yes 
F16&F18 High Level Waste -- yes 

, U3&U4 Lab Waste -- yes 
R8&G8 Solvet C I ean u p -- yes 

other inventory tanks' -- yes 
Solid Wastes (N-cell) -- no 

F Pu oxide to loadout -- blender only 
d -- tank only 

** NOTE: Inventory points not included 
I 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

iv) Physical and chemical form of nuclear material 
(including enrichment range, Pu content, and cladding material description) 

tk-E,F11-1 Ammonia waste -- 0.9 or 1.25% U-235 
tk-E5 Cladding Waste(zirflex) -- 

W Pu oxide to loadout -- 
tk-D5 Accountability -- 

tk-K6 U product -0 

F16&F18 High Level Waste -0 

U3&U4 Lab Waste -0 

R8&G8 Solvet Cleanup -- 
other inventory tanks 0- 

Solid Wastes (Nocell) 0- 

2 Pu nitrate to loadout -- 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
. 13,22,23, give the following: 

* v) Nuclear material containers, packaging, and method of storage 

tk-E,FIl-I Ammonia waste 
tk-E5 Cladding Waste(ziflex) -- 
tk-DS Accou n ta bi I i ty -- 
Pu oxide to loadout _- 
Pu nitrate to loadout 0. 

tk-K6 U product 0. 

F16&F18 High Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet Cleanup 
Solid Wastes (N-cell) 

.I 

-- 
I. 

.I 

I. 

container 
tank 
tank 
tank 
slip lid can 
PR can 
tank . 

tank 
tank 
tank 
drums 

store 
none 
none 
none 
interim only 
interim only 
none 
none 
none 
none 
interim only 

\ 



I 

Question 35: 
For each flow and inventory sampling point of I 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

vii) Measurementlanalytical method(s) equipment used, and corresponding 
accuracies. 

tk-E,FlI-l. Ammonia waste 
tk-E5 Cladding Waste(zirflex) 
tk=D5 Accountability 
Pu oxide to loadout 
Pu nitrate'to loadout 
tk-K6 U product 
F16&F18 High Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet Cleanup 

other inventory tanks 
Solid Wastes (N-cell) 

Uranium 
method . error 

DIG 45% 
DIG 45% 

IDMS 0.45% 
-I -- 
-I -- 

DIG ,0.81% 
DIG 45% 
DIG 25% 
DIG 45% 
DIG 40% 

I- -- 

Plutonium 
method 
alpha ct 
alpha ct 

IDMS 
IDMS 
IDMS 

alpha ct 
alpha ct 
alpha ct 
alpha ct 

NDA 

-- 

error 
47% 
67% 

1% 
0.3% 
I .O% 

67% 
40% 
67% - 

60% 
100% 

-- 

DIG = Davies-Gray titration method 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

I 
I .  

vi) Sampling procedure and equipment used (including. number of samples 
taken, frequency, rejection criteria) 

i 

tk-E,F11-1 
w 4 tk-E5 I 

O0 tk-DS 

Ammonia waste 
Cladding Waste(zirflex) 
Accou n t a bi I i ty 

Pu oxide to loadout 
Pu nitrate to loadout 
t k-K6 . U product 
F16&F18 High Level Waste 
U3&U4 Lab Waste 
R8&G8 ’ Solvet Cleanup 

Solid Wastes (N-cell) 
most other inventory tanks 

sampler no. samples 
recirculation. ‘ 2  
recirculation 2 
recirculation 4 
blender/gra b 4 

recirc I/o tank , 4  
recirculation 4 
recirculation 2 
recirculation 2 
recirculation 2 
recirculation 2 

N/A 

reiection 
repl. dens. 
repl. dens. 
repl. dens. 

repl. dens 
repl. dens 
repl. dens 
repl. dens 
repl. dens 
repl. dens 

repl. scans 
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Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

x) Calculative and error propolagation trchniques. 

tk-E,Fll-I Ammonia waste _- 
tk-E5 Cladding Waste(zirflex) -- 
tk-D5 Accountability 
Pu oxide to loadout 
Pu nitrate to loadout 
tk-K6 U product 
.Fl6&Fl8 High Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet Cleanup 
Solid Wastes (N-cell) 

.. 

-- 
I- 

.. 

.- 

Standard 
Statistical 

Techniques 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the..following: 

xi) Techniques and frequency of calibration of equipment used;and standards 
used. 

tk-E,FI 1-1 Ammonia waste 
P 00 tk-E5 Cladding Waste(zirflex) 

tk-Dfi Accountability 
Pu oxide to loadout (scale) 
Pu nitrate to loadout (scale) 
tk-K6 U product 
F16&F1’8 High Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet, Cleanup 

other inventory tanks 
Solid Wastes (N-cell) 

)-r 

, 

calibration frequencies - bulk instruments analytical 
6 Yr 6 mo 
6 Yr 6 mo analytical 
3 Yr 3 mo QC -- 

6 mo -- . daily QC 
6 mo _I checks 
3 Yr 3 mo with 
6 Yr 6 mo monthly 
6 Yr 6. mo instrument 
6 Yr 6 mo calibration 
6Yr . 6 mo 

weekly NDA calibration source checks 



Question 35: 
Foreach flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

. .  
xi) Programme for the continuing appraisal of the accuracy of weight, volume, 

sampling and analytical techniques and measurement methods. 

Weight .- daily checks with field weights/ 
- 6 mo. full calibration 

- recalibration as detailed in 35(x) 
- instruments as detailed in 35(x) 
- redundant instruments for accountability tanks 
- tank to tank transfer comparisons 

- replicate sampling program with density comparison 

- QC program as destailed in 35 x) 
- process control to accountability analysis 

I 

W 
bo 
t3 Volume 

Sampling 

Analytical 

comparisons for accountabuility samples 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under 'qs. 
13,22,23, give the following: 

xii) Programme for statistical evaluation of data from (x) and (xi) 

Standard statistical techniques 
-- control charts 

W - control limits 
bo 
w 

xiii) Method of converting source data to batch data 
(standard calculative procedures, constants and empirical relationships for 

feed, products in sub-accounting areas, waste) 

Calibration tables, etc. to be supplied 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

xiv) Means of batch identification 

tk-E,FIl-1 Ammonia waste 
tk-E5 Cladding Waste(zirflex) -- sequential batch (E5-94-1,2,3,etc.) 
tk-D5 Accountability -- sequential batch (D5-94-1,2,3,etc.) 

Pu nitrate to loadout -- can IDS 
tk-K6 . U product -- sequential batch (K6-94-1,2,3,etc.) 
F16&F18 High Level Waste -- sequential batch (F16-94=1,2,3,etc.) 
U3&U4 Lab Waste -- sequential batch (U4-94-1,2,3,etc.) 
R8&G8 Solvet Cleanup -- sequential batch (R8=94=1,2,3,etc.) 
Solid Wastes (N-cell) -- bar code labels 

-- sequential batch (FI 1-94-1,2,3,etc.) 

F Pu oxide to loadout -- can IDS ' 

00 
P 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

xv) Anticipated batch flow per year 

250 operating days per year 

tk-E,FI 1-1 Ammonia waste 
tk-E5 Cladding .Waste(zirRex) 
tk-D5 
Pu oxide to loadout 
Pu nitrate to loadout 
tk-K6 U product 
F16&F18 High Level Waste * 

U3&U4 Lab Waste 
R8&G8 Solvet Cleanup 
Solid Wastes (N-cell) 

Accou n ta bi I i ty 

batches, per year 
250 
125 
250 
250 

50 
250 

33 
30 
10 

30 drums 

. (oxide or 
nitrate or mix) 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

xvi) Anticipated number of inventory batches present at measurement points 

1 inventory P er year 

tk-E.,FI 1-1 Ammonia waste -_ 
tk-E5 Cladding Waste(zirflex) 0- 

' tk-D5 Accountability 0- 

Pu oxide to loadout -0 

Pu nitrate to loadout -I 

tk-K6 U product 
F16&F18 . High Level Waste 
U3&U4. Lab Waste 
R8&G8 Solvet Cleanup 
Solid Wastes (N-cell) 

I .  
1 
I 
0 (all cans shipped) 
0 (all cans shipped) 
1 
I 
1 
1 
0 (all drums to waste) 



Question 35: 
For each flow and inventory sampling point of . 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

xvii) Anticipated number of items per flow and inventory batch 

tk-E,F1 1-1 Ammonia waste -0 

tk-E5 Cladding Waste(zirflex) -- . 
tk-D5 Accountability -0 

Pu oxide to loadout -0 

Pu nitrate to loadout 
tk-K6 ' U product 
F16&F18 High .Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet. Cleanup 
Solid Wastes (N-cell) 

- 1  
1 
1 
I O  cans per blender 
I O  cans per tank 
1 
1 
1 
I 
1 

I 

I I 



W 
00 
00 

Question .35: 
For each flow and inventory sampling point of - 

accountability areas identified in particular under qs. 
. 13,22,23, give the following: 

xviii) Type, coposition and quantity of nuclear material per batch. 
(with indication of batch data, total weight of each element of nuclear 

material and form of nuclear material) 

tk-E,F11-1 Ammonia waste 
tk-E5 Cladding Waste(zirflex) 
tk-D5 Accountability 
Pu oxide to loadout 
Pu nitrate to loadout 
tk-K6 U product 
F16&F18 High Level Waste 
U3&U4 Lab Waste 
R8&G8 Solvet Cleanup 
Solid Wastes (N-cell) 

u (kg) Pu(g.l 
I O  . 20. 
-0 -0 

10,200 .20,000 
-0 15,000 

all ‘oxide 
10,200 --. 

150 300 
-0 -0 
-0 -0 

50 



Question 35: 
For each flow and inventory sampling point of 

accountability areas identified in particular under qs. 
13,22,23, give the following: 

xiv) Features related to containment and surveillance 

. .  

tk-E,FlI-1 Ammonia waste '-- none 
tk-E5 Cladding Waste(zirflex) -- none 
tk-D5 . Accou n ta bi I ity -- none 
Pu oxide to loadout -- seals 
Pu nitrate to loadout. -- seals 
tk-K6 U product -- none 
F16&F18 High Level Waste -- none 
U3&U4 Lab Waste -- none 
R8&G8 Solvet Cleanup -- none 
Solid Wastes (N-cell) -- none 



. Question 36: ~ ’ 

Describe procedures to combine individual measurement 
error measurements to obtain overall limit of error for: 

i) SIR difference 
ii) Book inventory 

iii) physical Inventory 
iv) MUF 

! 

LElD for Plutonium I .  

tk-E,F11-1 Ammonia waste 
tk-E5 Cladding Waste(zirflex) 
tk-D5 Accountability 
Pu oxide to Ioadout 
Pu nitrate to loadout 
tk-K6 U product 
F16&F18 . High Level Waste 
U3&U4 Lab Waste 
R8&G8 . Solvet Clean u p 
Solid Wastes (N-cell) 

inventory (20 kgs in 5 locations) 
overall LElD -27 kgPu 

random systematic 

0- 0- 

3.2 25.0 
2.1 7.5 

all product as oxide 

5.7 
I- 

1.  
-0 

I- -- 
I 0.2 
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Question 37: 
Optional Information 

(That the operator considers relavent to safeguarding the facility) 

You have got to be kidding ...... 111111 

What else is there???? 



I -..-- 

FIGURE 4-9. Uranium Concentration Process Flow Diagram. 
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Appendix C 

Inspection Plan 
PUREX Safeguards Measures 

Note: Paragraph references in Inspection Plan refer to 
paragraphs in the International Atomic Energy Agency 
Safeguards Criteria 1991-1995, Section 7 for ' 

Reprocessing Plants. 
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OUTLINE FOR INITIATING AND IMPLEMENTING IAEA SAFEGUARDS 
AT A PREVIOUSLY UNSAFEGUARDED FACILITY UNDER INFCIRC/153 

Action for Party 

State System Facil i ty Operator . IAEA Secretariat 
b *  

Dispatch DIQ formlinstr. 

Anticipate and prepare for manpower increase 

Act i vi t v 
Notify Agcncy Offer facility for 

safeguards (SG) 

Prepare Design 
Information 
Questionnaire 
P I Q )  

Completc tech. aspects of DlQ Organize SSAC relation with fac. 

cl 
w 

Review DIQ Answer lAEA questions Answer IAEA qucstions 

~ ~~ ~ ~ ~ 

Check DlQ for completeness and initiate SG approach; 
rcsolve qucstions on DlQ with State system officials 

Prcparc invcntory list Submit initial 
inventory list 

Verify DI 

Prepare list from operator and 
submit to IAEA 

Atrange visa protocok, agree on 
ver. activities & schedule 

Chcck initial inventory list for arithmetic and code correctness 
and consistency with DI and model Facility Attachment (FA) 

At HQ: design verification strategy, prepare ver. team, agree 
(with State & op.) on ver. activities & schedule 
At facility: identify diversion routes, validate operators system 
(soundness of containment, vessel calibrations), CIS points, 
KMPs, sampling points, sample prep. stations, identify 
inspector orfice area and local arrangements (transportation, 
lodging; medical services, communications) 

Arrange visitor requirements, agree on 
ver. activities and schedule 

Prepare SG 
approach 

Prcparc approach considering SG of similar facilities, SG 
Criteria. staff requirements (PLARIE) 

Prepare FA Prcpare FA based on SG approach, "model" FAs, other IAEA 
expcricnce 

Negotiate and 
agree on FA 

Negotiate equivalent measures (if required) to meet SG - 
approncli, install & test IAEA equipment for CIS measures 
ASAP, 

Consider facility impacts (staffing, 
accessibility, safety, training, 
fcasibility of verification mensures, 
labor relations, sample shipment reqs., 
additional IAEA recordsheports rcqs.) 

As defincd in FA - 

Consider other SG FA in place for 
consistency, prepare for foreign 
national access (visa, nat'llindustrial 
security, protocol), report prep'n., 
sample transport 

As defined in FA Verify initial inv. As dcfined in FA 
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VERIFICATION OF PLANT CHARACTERISTICS 

Verification of Desisn Information (711) 

Design information provided to the IAEA by the State during the discussions of Subsidiary Arrangements 
is exami ned and verified according to establ i shed IAEA procedures. 

Actions: 1. Check DIQ for completeness; resolve questions by correspondence with State. 
2. Design verification strategy; select and train ver. team members. 
3. Agree (with State and Operator) on verification activities afid schedule. 
4. At facility, identify diversion routes, soundness of containment, C/S points, KMPs, sample 

preparation stations, IAEA 1 oca1 office arrangements (communications, 1 odgi ng , 
transportation). 

Re-examine design information annually in 1 ight of facility changes and safeguards implementation 

Re-verify design changes relevant to safeguards as they occur and change safeguards approach 

changes. 

accordingly. 

Verification of the Operator's Measurement Svstem (n1'2) 

ih n The quality and functioning of the operator's measurement system are evaluated annually. 

Act ions : 1. Observe the cal i bration and recal i bration of scales, vessel s, and other nuclear material 

2. Verify quality and functioning o f  the measurement system (analytical and NDA equipment) using 

3. Observe operator sampl ing and sample treatment procedures. 

measuring equi pment used for accounting purposes (i ncl udi ng the cal i b.rat i on of scales by 
IAEA weight standards). 

independent standards and/or duplicate samples. ' 

, 



,I 
Melalliesis 

To Tank. 
Farnis 

To Lab 
Flow KMPs 

1. Fuel receipt -charge to dissolvers 
2. Acid recycle from plant 
3. Input acc. tank to process 
4. Cladmetathesis waste discharge 
5. UNH producl shipment 
6. Pu nitrate product shipment 
7. Pu oxide product shipment 
8. High-level liquid waste discharge 
9. Sump waste to discharge 

. 10. First cycle organic wash waste discharge s t  
11. Second cycle organic wash waste discharge 1 

12. Lab and acid recovery waste discharge 
13. Sdid wastes to burial 
14. Acid return from UOg plant 
15. UNH return from UOg plant 
16. Analytical Samples from D5 
17. Analytical Samples from lab 
18. Analytical Samples from N Cell 

I 
3 
IA . 

IA 

KMP F 

KMP17 ToLab --? 
I 

1 
PII riilrnlo 11NII UNIf 
Prodiicl . Ptoducl Rework 

U-conloniinalod 
nitric acid 

To Lab Pu oxide 

. Ptoducl Inventory KMPs 
A. 05 accountability vessel 

C. Pu nitrate product vessels (L9 acc. vessel and M3,4,5 (.O 
D. Pit oxide product - N cell 
E. Cladding waste vessel E5 
F. Acid waste vessels F15, F16. F18, G8, RE, U3/4 and solid waste 
G.Process hold.up 

8. UNH vessels (K6 acc. vessel ) 

29402078.1 
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BOOK ACCOUNTABILITY 

Examination of Records and Reports (11) 

The faci 1 i ty accounting and operating records and support i n 
' and internal consistency. All records examined by time of the ma 

\ 

documents are examined for 
vi a1 bal ance cl osi ng . rr ctness 

I The facility accounting records are compared with the inventory change (ICR), material balance (MBR) 

The list of inventory items (LII) received from the operator at the time of the PIV is compared for 

The ICRs and MBRs are compared' for consistency. 

and any special reports by the State to the IAEA. 

consistency with the MBR and the associated physical inventory listing (PIL). , 

I *  
I .  

Confirmations of transfers (113) 

All transfers (receipts and shipments) recorded by a facility are confirmed by comparison with the 
corresponding reports or records of shippers or receivers. 
transfers of direct-use materials are confirmed within the period of the timeliness goal, modified for 

International and domestic inter-facil ity 

I normal shipping times. 

'i 

, 
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FLOW V E R I F I C A T I O N  

MBA 201 

MBA 202 

KMP 

5 .  

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

'Total unverified 

TRANSACT I ON 

Fuel receipt and load fuel to dissolver 

Acid from MBA 202 

Input accountancy 

Claddine waste 

TRANSACTION 

UNH product shipment accountancy 

Pu nitrate shipment accountancy 

Pu oxide shipment accountancy 

High level waste disposal 

Sumn waste disnosal 

Org. wash waste #1 disposal 

Org. wash waste #2 disposal 

Acid rF./lab waste disposal 

Solid waste disposal 
~~~ ~ 

Acid from U03 Plant 

UNH return from UO, Plant 

Analytical samples from D5 

Analytical samples from lab 

Analytical samples from N Cell 
iy all routes <O.SSQ/MBP. 

V E R I  F I  CATION MEASURE 
(Safeguards C r i t e r i a  C i t a t i o n )  

Item count all (item ID not possible), G (gamma, neutron) Q M, C/S on dissolver loading 
(q3.1. 5.1) 

No verification identified in Criteria (14.2) 

Vol. and G/P/B all, C/S to detect transfers (14.2) 

; 

G @ level such that unverified <0.5 SQ/MBP (34.1) 

VERIFICATION MEASURE 
(Safeguards C r i t e r i a  C i t a t i o n )  

Vol. and G/P/B @ M for EU, G/P for NU, G only for DU (13.34 

Wt./vol. and G/P/B and C/S (seal or inspector observation) Q H (93.3a) 

Wt. and G/P/B and C/S (seal or inspector observation) @ H (13.3a) 
~~~~ 

G d level such that unverified <0.5 SWMBP (f4.1). 

G Q level such that unverified < O S  SQ/MBP (14.1) 

G @ level such that unverified <0.5 SQlMBP (14.1) 

G Q level such that unverified <0.5 SQ/MBP (14.1) 

G @ level such that unverified <0.5 SQ/MBP (14.1) 
~~ 

G @ level such that unverified C0.5 SQ/MBP (14.1) 

Wt./vol. and GIPIB @ M for EU, G/P for NU, G only for DU (13.3ci) 

Wt./vol. and G/P/B d M for EU. G/P for NU. G only for DU (13.3ci) 

Wt./vol. and G/P/B @ H (13.3a). 

For Pu: wt. and G/P/B and C/S (seal or inspector observation) Q H (13.3a) 
For U: vol. and G/P/B Q M for EU, G/P for NU, G only for DU (13.3ci) 
For irrad. direct use: wt./vol. and G/P/B Q H (13.3a) 

Wt. and G/P/B and C/S (seal or inspector observation) @ H (13.3a) 



VERIFICATION AT INTERIM INSPECTIONS FOR TIMELY DETECTION 
I 1 

MBA 201 

. KMP 

VERIFICATION MEASURE 
LOCATION (Safeguards C r i t e r i a  Ci ta t ion)  

A 

E 

LOCAT ION 

~~ ~ ~~ ~~~ ~~ 

Input accountability 

Cladding waste (Tk E5) 

Case-by-case procedure approved by DDG-SG (19.4b) 

G @ M (19.4~) 

VERI  F I C A T I ~ N  MEASURE 
(Safeguards C r i t e r i a  Ci ta t ion)  

D 

I 
I I 

Pu oxide product/process 

B I UNH moduct 

G 

H 

- .  C I Pu nitrate product 

~~ 

Pu process hold-up 

Miscellaneous (samples, 
standards) 

Case-by-case procedure approved by DDG-SG (19.4b) 

For Pu: wt./vol. and G/P @ M; for CIS, seal ver. @ L plus item count and 
ID; for U, no requirement (q9.4a,d) 

No reqhirement for indirect use material 
~ ~~ ~ ~ 

Wt./vol. and G/P @ M (G only if <3SQ); for C/S, seal ver. @ L2 plus 
item count and ID (f9.4a,d) 

~~ ~~ ~ 

Wt. and G/P @ M; for C/S, seal ver. @ L plus item count and ID 
(99.4a,d) 

G @ M for Pu; nothing for U (19.4~) I Waste-holding vessels (Tks 
F15/16/18, G8, R8 and U3/4) 

\ 



MBA 201 

D 

KMP 

A 

Pu oxide product/process 

E 

Waste-holding vessels (Tks 
F15/16/18, G8, R8 and U3/4) 

MBA 202 

KMP 

G @ H (for Pu) and @ M (for U) (72.5) 

PHY 

LOCAT ION 

Input accountabilitv 

Cladding waste (Tk E5) 

LOCAT ION 

; ICAL INVENTORY VERIF ICATION 

VERIFICATION MEASURE 
(Safeguards Criteria Ci ta t ion)  

Vol. and G/P/B all @ H (q2.3a) 

G @ M (12.5) . 
VERIFICATION MEASURE 

(Safeguards Cr i t e r i a  Ci ta t ion)  

UNH product 

Pu nitrate product 

Vol. and G/P/B @ M for EU,. G/P for NU, G only for DU (12.3b,c) 

Wt./vol. and G/P/B @ H; solutions normally to be collected in calibrated 
tanks; for C/S, seal ver. @ M plus item count and ID with remeasurement 
@ 10% det. prob. (12.3a, 2.4a, 2.6a) 

I 

Wt. and G/P/B @ H; for dirty scrap, NDA (P) allowed if more accurate 
than DA (B); for C/S, seal ver. @ M plus item count and ID with 
remeasurement @ 10% det. prob. (12.4a, 2.6a) 

G 

H 

Pu/U process hold-up 

Miscellaneous’ (samples, 
standards) 

For Pu: vol. and G/P/B @ H; for residual hold-up, NDA (P) allowed if 
moreaccurate than DA (B) (q2.3a) 
For U: wt./vol. and G/P/B @ M for EU, G/P for NU, G only for DU 
(12 3b ,c) 

For Pu: wt./vol. and G/P/B @ H; for C/S, seal ver. @ M plus item count 
and ID with remeasurement @ 10% det. prob. (12.3a, 2.4a, 2.6a) 
For U: wt./vol. and G/P/B @ M for EU, G/P for NU, G only for DU 



- 
MATERIAL VERIFICATIONS 

Verification at Other Strateqic Points (g5) 

. Activities in the Process Area: 

I Status of process, product and waste vessels is reviewed by instrument readings and through recorded 
data. 
density, level , temperature). Recycle material is sampled for analysis as, required. 

Activities for Extended Shutdown of the Process Area: 

Dissolution completeness is verified by monitoring vessel readings (e.g.? recorders of radiation, 

I 

I 

t 

Verification of the operator's record of inventory in the process area. Continuation of safeguards at 
the input (dissolver), process output and product areas. Operational data provided by the facility operator 

1 such as in-plant radiation monitors and strip chart recorders may also be used for confirmation. 
I 

1 %  
I 

, 



5.0 

Materi  a1 Bal ance Eva1 i la t i  on 



HEADQUARTERS EVALUATIONS 

Materi a1 Bal ance Eva1 uati on (18) 

Shipper-receiver differences (SRDs) are evaluated .for s ta t is t ical  significance whenever MUF and MUF-D are 
evaluated and when SRDs are greater than 0.1 SQ in an MBP. 

MUF is  evaluated for s ta t is t ical  and safeguards significance using international standards 

The operator/inspector difference s ta t i s t ics  ( D )  are calculated for  strata:having P and/or  

For reprocessing p l a n t s ,  SRDs from a single shipper usually are evaluated by campaign. 

If the inventory for a material type is  less  t h a n  2 SQ, MUF and MUF-D are n o t  evaluated. 

D i  screpancy and Anomal Y Fol 1 ow-ub ( ~ 1 0 )  

o f  accountancy. 

B verification. 

All anomalies are followed-up. The sum o f  unresolved discrepancies and anomalies a t  the end of the calendar 
year total more t h a n  1 SQ.of any material type, actions must taken to  determine whether a diversion has 
occurred. 
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ACTIVITIES \HEN INVENTORY I S  LESS THAN .1 SQ (714) 
(suspended operat ions if cl ean-out tl SQ) 

A c t i v i t i e s  i n  c r i t e r i a  81 (examiqation o f  records and reports) ,  10 (discrepancy and anomaly follow-up), 13 
(conf i rmat ion o f  t rans fe rs )  and 14.3 (PIV, see below) a re  c a r r i e d  out. 

The PIV i s  performed according t h e  safeguards . c r i t e r i a  (72) modi f ied as f o l l o w s  (814.3): 
1. For so lut ions.  
2. For compounds w i thou t  C/S. For Pu: G/P @ M. For LEU: G/P @ L. For NU/DU: G @ L. 
3. For nuclear m a t e r i a l  i n  waste n o t  under C/S. For Pu: G @ M. 
4. For mater ia l  under C/S, the'C/S i s  evaluated. Seal v e r i f i c a t i o n  @ L. 

r e v e r i f i c a t i o n  i s  performed a t  t h e  same l e v e l  (G/P/B) and assurance (L/M/H) as f o r  comparable 
mater ia l  n o t  under C/S (Annex C, 16.2). 

5. The q u a n t i t y  o f  each ma te r ia l  t ype  u n v e r i f i e d  i s  increased from 0.3 t o  0.6 SQ. 

For Pu: G/P.@ M. For LEU: G/P @ L. For NU/DU: G @ L. 

For bothers: G @ L. 
I f  C/S unacceptable, 

I 

, 
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CRITERIA NOT APPLICABLE 

The fo l l ow ing  C r i t e r i a  are no t  app l i cab le  t o  INFCIRC/153 safeguards o f  a reprocessing p l a n t  as a stand-alone 
f a c i l  i tu: 

I 

i 
1 

P 
5; 

I 

I 

a7 - Conf i rmat ion o f  t he  absence of borrowing of nuclear mater ia l .  

a.15 - A c t i v i t i e s  re1 ated t o  non-nuclear mater ia l  under safeguards. 
n16 - A c t i v i t i e s  r e l a t e d  t o  equipment and f a c i l i t i e s  under safeguards. 
717 - A c t i v i t i e s  r e l a t e d  t o  the  preparat ion and maintenance o f  i nven ta r ies  and o f  l i s t s  o f  

Not app l i cab le  t o  "stand-alone" 
-reprocessing p i  ants. 

INFCIRC/66 only.  
INFCIRC/66 only.  

I *  informat ion.  INFCIRC/66 only.  
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0 P ERAT I ON DESCRIPTION , 

Witness loading 
o f  dissolver 

Sample input 
acc. tank 
Pu nitrate 
product 
sampling 
Pu oxide 
product 
sampl i ng 
UNH product 
accountabi 1 i ty 
Waste 
di scharaes 

Witness crane operations in charging of dissolver from’ rail car cask; 16 
crane picks (32 canisters) per dissolver load; 3 dissolvers; 56 hour 
dissolver cycle time; about one dissolver charge per day 
Witness D5 sampling and sample prep. (dilution) in sampling pit; take 
manometer readings in control room 
Witness loading, sampling and sealing of product removal (PR) cans; about 
20 kg Pu per day; about 2 *kg Pu per PR can; about 10 PR cans per day; also 
take Pu accountability tank (L9) readings and. samples 
Witness loading, sampling and sealing of Pu oxide powder cans; about 20 kg 
Pu per day; about 1.6 kg Pu per can; about 12 can per day; also take Pu 
accountability tank (L9) readings and samples 
Witness load-out, sampling and manometer readings o f  UNH product tank K6 

Witness waste discharges on random basis (E5, F16/F18, R8/G8 primarily) 

INSPECTOR 
SHIFTS/DAY 
(PERSON- 
DAY S/Y ) 

3 

Admini stration 

0.5 

.Perform admini strati ve tasks, records/reports checks, reports to IAEA, 
scheduling, sick-day relief. 

3 
or - 

Interim 
inventory 
veri f i cat i ons 
Physical 
inventory 
verification 

2 

Two IIV per year (for the two months shutidown) 

One PIV per year 

0.25 

0.25 

- 1  

7 - 8  
(1750 - 
2000) 

(12) 

(32) 



I N S P ECT I ON EFFORT DE F IN IT IONS 

MRIE: Maximum r o u t i n e  inspec t ion  e f f o r t .  Defined i n  paragraph 80 o f  INFCIRC/153 as 30 man-days x the  square 
r o o t  o f  the  annual throughput o f  t he  f a c i l i t y ,  i n  e f f e c t i v e  kilograms. 
assumed t o  be 5000 kg plutonium. The MRIE  i s  2130 man-days per  year. 

For PUREX, t he  annual throughput i s  

PLARIE: Planned annual r o u t i n e  inspec t ion  e f f o r t .  
annually based on the  capac i ty  f i gu res  submitted i n  the  DIQ.  

Th is  f i g u r e  was ca lcu la ted  t o  be 1782 t o  2032 person-days 

ARIE: Actual r o u t i n e  inspec t ion  e f f o r t .  
experience. 
1980s performance. 

This f i g u r e  w i l l  be somewhat lower' than PLARIE based on operat ing 
For PUREX, an "on- l ine  a v a i l a b i l i t y "  o f  50% o f  the  D I Q  operat ing capac i ty  i s  expected based on 
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ITEM COUNT, 
RADIATION 

I + H  

[ION MEASUREMENTS VERIFIC 
I 

MATERIAL 
CATAGORY 

DEFECT 
DESCRIPnON 

MATERIAL . DEFECT 
TYPE I TYPE 
COMPONENTS 

W I N  
STRATUM REQUIpED INSTRUMENTS 

PU CONTENT (C or 8) + ELTM + KEDG UNIRRADIATED 
DIRECT-USE 

PLUTONIUM 
NITRATE 
SOLUllON 
(SO) 

~~~~ 

NO PU 
PART OF PU MISSING 
PU CONTENT BIAS 

PLUTONIUM 
OXIDE POWDER 
(PD) 

NO PU , p u  RADIATION; 1 , 1 HLNC 
PhiCG 

PU CONTENT HLNC + SLNC 
INVS + SLNC + 
EBAL 

PART OF PU MISSING 

PU CONTENT BIAS . P U T  i , : + D  1 DA ~______  

CALR + SLNC 

PU CONTENT (C ORB) + D E L M  + DA 
ELTM + HKED 

IRRADIATED 
DIRECT-USE 

DISSOLVER 
SOLUTION ‘ 

(DS) 

NO PU 
PART OF PU MISSING 
PU CONTENT BIAS 

NO U 
PART OF U hUSSlNG 
U CONlFNT BIAS 

~ ~~~~~ 

(C OR B) + D ELTM + DA 
ELTM + HKED 

UCoNTENT I ’ I GIPIU 

DNLEU I 
MEASURED 
DISCARDS, 
WASTE 
(WL, WS) 

PU OR U hUSSlNG PMCG 
DA 
(1) 

\ 

SPENT FLJEI: 
(SI9 

ASSEhmLY 
REPLACED BY 
DUhihlY. OR hUSSlNG 

ICVD 
GRNI. CPMU, 
HSGM (2) 
SFAT 

INDIRECT-USE NO U 
PART OF U hUSSlNG 
U CONTENT MAS 

URANIUM 
SOLUTION 

(SO) 

URANIUM 
POWDER 
(PD) 

U CONTENT 

U IU\DIAllON NO URANIUh4 

PART OF URANIUM 
hUSSlNG 

PhlCN + EBAL 
W G H T  I 

U-235 CONTENT BIAS LEU I B  

(1) Hull monitors recommended where avai 1 ab1 e 
(2) In special cases (long cooling time, poor visibility) where fuel sufficiently isolated. 
(3) NDA based on gamma radiation or neutrons recommended for closed containers 



GLOSSARY 

V e r i f i c a t i o n  s e n s i t i v i t y  : G=gross (RSD=0.25), P=par t ia l  (RSD=0.0625), B=bias (RSD=best a n a l y t i c a l )  

Detect ion p r o b a b i l i t y :  L=low (det. prob.=0.2), M=medium (det.  prob.=0.5), H=high (det. prob.=0.9) 

Methods: B 
C 
D 
E 

F 
H 
I 

Descr i  D t i  on . G/P/B 
weighing B. . 
vo l  ume . B  
DA ‘ B  
NDA w i t h  low RSD B 

U enrichment P 
q u a l i t a t i v e  r a d i a t i o n  G ’ 

i tem count 

(e.g., KEDG) . 

C/S: conta inment /surve i l l  ance 
CALR: ca lo r imeter  
CPMU: CP (Cut ie  Pie) monitor 
DA: des t ruc t i ve  analys is  
DDG-SG: Deputy D i rec to r  General - Department o f  Safeguards ( IAEA) 
DU: depleted uranium (enrichment t0.72% U-235) * EBAL: e lec t ron i c  balance 
ELTM: electromanometer and f l u i d  manometer ( d i p  tubes) 
EU: enriched uranium (enrichment >0.72% U-235) 
GRNl: Grand-1, neutron/gamma measurement spent f u e l  fork-shaped de tec tor  
HKED: K-edge f o r  uranium 
HLNC: h igh- level  neutron coincidence counter 
HSGM: high-sensi t i v i  t y  gamma monitor 
ICVD:  improved Cerenkov viewing. device 
I D :  i d e n t i f i c a t i o n  number v e r i  f i c a t i o n  
INVS:  inventory  sample device (neutron based) 
KEDG: K-edge densitometer 
KMP: key measurement p o i n t  
MBA: m a t e r i a l  balance area 
MBP: mater i  a1 balance per iod  
NDA: non-destruct ive analys is  ’ 

NRTA: near rea l - t ime accoun tab i l i t y  
NU: na tura l  uranium (0.72% U-235 na tura l  enrichment) 
PMCG/PMCN: por tab le  mu1 t ichannel  analyzer, Ge/NaI de tec tor  
RSD: r e l a t i v e  standard dev ia t i on  
SFAT: spent f u e l  a t t r i b u t e  t e s t e r  
SLNC: Si lena mult ichannel  analyzer (h igh- reso lu t ion  f o r  Pu iso top ics )  
SQ: s i g n i f i c a n t  quan t i t y  (.8 kg Pu, 25 kg U-235 a t  enrichment 220%, 75 kg U-235 others) 
UNH: uranyl  n i t r a t e  hexahydrate s o l u t i o n  

E 
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