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1.0EXECUTIVESUMMARY

In late 1975, Sequoyah Fuels Corporation (SFC)*announced

its intention to suspend operations of its Cimarron

Plutonium Fuel Fabrication Facility and to place the

Facilityin a standby status pending developmentof fur-

ther activities.SFC, using non-destructive assay (NDA)

measurment techniques,measured the residual plutonium

held-up in the plant process equipment to establish a

standby inventoryhold-up baseline. The NFC's Office of

Inspectionand Enforcementassembleda team of various

government experts that independently measured the

plutoniumhold-up,usingNDA techniques.
.

In 1979, SFC elected to decontaminatethe plutonium

operation for purposesof decommissioningthe site and

terminatingtheNRClicense.Care was takenthroughoutthe

* SFC became the owner of the CimarronFacility in 1983,

when Kerr-McGeeNuclearCorporation was divided into SFC

and QuiviraMiningCorporation.
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' decontamination program to accurately measure the

plutonium content and identify the origin of over 28,000

individualpackages of contaminated equipmentremovedfrom ~

the plant. The final measurement data for these smaller

packages were compared with the results of the 1976

. baselinemeasurementprogram.

This report compares the results of the 1976 baseline
.

inventorydata and the NRC team's data with the final

measurement data obtainedduring the decontamination and

decommissioning(D& D) effort.

The summaryof the threeindependentmeasurement programs

is shownin Table1.

TABLE 1

SUMMARY

GRAMSOF PLUTONIUM

Inventory Limit-of-
1)Measurement Lower Limit UpperLimit Error

Baseline 10,818 7,843 13,793 +2,975

NRC Team 7,960 4,850 11,810 +3,850
-3,110

FinalD&D 9,210 8,796 9,624 1414

(1)95%ConfidenceLevel
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2.0 INTRODUCTION

Sequoyah Fuels Corporation's (SFC)CimarronPlutoniumFuel

Fabrication Facility was constructed in 1969 for the

primary purpose,of manufacturing plutonium-uranium mixed

oxidefuelpins. The process consisted of coprecipitating

plutoniumand uranyl nitrate solutions into mixed oxide,

pressingthe mixed oxide into fuel pellets, and loading

the finishedpellets into fuel rods. The process also

included complete scrap dissolution and recycle

capabilitiesas well as necessarylaboratory facilities to

support productionactivities.

Duringthe period1970 through 1975, more than two million

grams of plutoniumwere receivedin the form of plutonium

nitrateand were convertedinto fuel pellets. The pellets

wereusedin variousgovernmentalresearchand development

programs, includingthe zeroPower PlutoniumReactor and

Fast Flux Test Facilityprograms.

Since the plant equipmentincludedmore than 30,000 ft2
of glovebox processarea and almost one mile of process

piping, methods were developed by SFC for conducting
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in-place non-destructive assay (NDA)measurementprograms

to determine the inventory of plutonium hold-up in the

process equipment. The methods developed by SFC during

the 1973-1975period for measuring inventory hold-up were

used in early 1976 to establish a baselineinventoryfor

purposesof placing the facility on standbystatus.

Shortly thereafter, NRC's Office of Inspection and

Enforcementassembleda team of experts from various

government laboratoriesto verify SFC's measurements. The

NRC Audit team used independent instrumentation and devel-

oped specifictechniquesand procedures for their in-place

NDA of the PlutoniumFuel FabricationFacility.

The independentaudit team was directed by W. A.

Higenbothamof the BrookhavenNationalLaboratory. The

membersand theirprofessionalaffiliationswere:

Don M. Sikes- ERDA, Divisionof Safeguards.andSecurity

MartinS. 2uker - BrookhavenNationalLaboratory

David M. Gordon - BrookhavenNationalLaboratory

RichardMachnowski- BrookhavenNationalLaboratory

James W.Tape - Los AlamosScientificLaboratory

MichaelL. Evans - Los Alamos ScientificLaboratory

NorbertEnselin- Los AlamosScientificLaboratory

RichardSiebelist- Los AlamosScientificLaboratory
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The results of the auditteam'swork weresummarizedby J.

W. Tape in what has since become known as the "Tape

Report".

Giventh'estate of the art in early 1976, the experimental

methods used, and the inherent difficulties of the task,

the "TapeReport's"conclusion was that the resultsof the

two independentmeasurementswere in substantial agreement.

In 1979, SFC electedto decommission the plutonium fuel

plant. Measurementdata were collected throughout the

subsequent decommissioning program for correlation and

comparisonwith the datafrom the two measurement programs

conductedin 1976.

This report discussesthe methods used and the results

obtained. It also providesdetailedsummariesof plant,

room, and specificequipmentmeasurements.
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3.0BACKGROUND

3.1 PLANT LAYOUT

The process area, shown in Figure 1, consistedof

separate rooms for the majoractivitiesand was sep-

arate from the laborat'ory and administrativeareas of

the plant. Figures 2 through 8 depict each primary

process areaand the location of specificequipment

in each of the areas. The primary process areaswere:

. .

Room 128 - Coprecipitationand Oxide Production

BO - 2 - SolutionStorage and Blending

Room124 - Pressing,Sintering,Grinding, Pellet

inspection

Room 123 - Rod Loadingand Welding

Room 121 - FinalInspectionand ProductStorage

Room127 - Scrap Processing

BO - 1 - Scrap Dissolution

BO - 5 - SolventExtraction
.

All process equipment was totally enclosed in

forty-one gloveboxes of various sizes and dimen-

sions. The solvent extractionglovebox,for example,

was three storiestall and took up threewalls of a

roomas shownin Figure8.
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.

The gloveboxes representedapproximately30,000 ft2
of surface area. In addition, approximately4,500

linear feet of variouspiping connected the pro-

cesses, ventilation ducts, solution hold.ingtanks,

and otherprocess related itemsthroughoutthe plant.

3.2 NDA PROGRAM

SequoyahFuels'NDA Program was developed over a two

year period during production operations. This pro-

gram generally involved a thorough clean-out of

visual materialsfrom gloveboxes, acid rinsing of

pipes,and, in some areas, filterchanges. Original-

ly, acid washing of glovebox surfaces was accomp-

lished prior to measurement; however, routine acid

washing proved to be detrimentalto the equipment.

Removalof all containerizedplutoniummaterialsand

a good thorough sweep down of the gloveboxesproved

to be an acceptable method without degrading the

confidencein the data.
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The procedure was to establisha fixed set of repre-

sentative measurement points to be measuredeach time

an inventory was made and to extrapolatethe measure-

ments over areas not measured. For example, the full

length of a forty foot long pipe was not measured.

One accessible spot was measured and the data

extrapolatedoverthe forty feet.

Report #4 in this series,

, identifies the equipment,

techniquesand proceduresused to measure and calcu-

late the quantitiesof plutoniumheldup in the system

for both semimonthlyinventory purposes and SFC's

early 1976standbyinventorymeasurement.

Figure 9 showsa typicalarrangement of assay equip-

ment during an NDA measurement of a glovebox.

.

3.3 STANDARDSDEVELOPMENT

Calibration standards traceable to the National

Bureau of Standardswith isotopicdistributionsimi-

lar to the plutonium materialsin the plant were not

availablefromany known source.
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To calibrate and maintainconfidencein the instru-

mentation used in the measurement program a set of

calibration standards was developed by SFC from

production materials. These standards were prepared

as follows:

o A specifiedquantity of mixed oxide (1.936grams

Pu)was mixedwitha clear acrylic paint resin.

o The resin mixture was spread on paper towels

(10-1/2"x 12")in a thin layer as uniformly as

possible.

o The saturatedtowels were dried and encapsulated

in 0.012"thickplasticpackets.

A group of 13 packets was made; however, two were

discardedbecause they contained small areas of

highly concentratedactivity (hot spots). The

remaining11 packets were then compared to Brookhaven

National Laboratory and Los Alamos Scientific

Laboratorystandardsand were determinedappropriate

for use.

During the NRC audit team'spreparationfor inde-

pendentlymeasuringthe hold-upinventory,SFC's

-9-
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standard packets were measured by the team. The

results of both SequoyahFuel'smeasurementsand the

audit team's measurements are shown on Table ll.

Except for K-M #7, the valuesdeterminedby the audit

team were within + 10%of SequoyahFuel'svalues. As

the audit team noted in their report, local non-

uniformitiesin the distribution of Pu within the

packet couldlead to large errors in the calibration

count rate if the sourceswere viewed at close range.

However, viewing the sources at greater distances

tended to average out the non-uniformities and to

make the calibrationcount less sensitive to the

exact positioningof sourcesrelativeto the detector.

Additionally,theauditteam didnot correctfor self-

attenuationof the sources. Any self-attenuation

would reduce the observed count rate and measured

mass which would have brought the observed results
' ' intoevenbetteragreement.

-10-

0780S

. .



.:.

TABLE 2

STANDARDS EVALUATION
.

SFC Value AuditTeam Value

PacketNumber (Grams Pu) (GramsPu)

1 1.934 1.80 i 0.15

3 1.937 1.82 i 0.15

4* 1.944 1.88 i 0.15

1.944 1.88 i 0.15 .

5* 1.932 1.89 1 0.15

1.932 1.88 i 0.15

6 1.930 2.03i 0.16

7** 1.938 1.58i 0.13

8 1.932 1.85 1 0.15

9 1.928 1.84 1 0.15

10 1.940 1.74i 0.14

12 1.939 1.98 i 0.16

13 1.941 1.75i 0.14

* MeasuredTwice

** Number7 was not used for calibrationpurposes.
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4.0STAND-BYINVENTORY(1976)

4.1 PREPARATION

..,

In preparation for placing the Facilityon standby

status, steps were taken to recoverplutonium heldup

in the process equipment. By March of 1976, all

gloveboxesand pipes had been manuallycleaned,all

pipes had been flushedwith acid, all gloveboxfil-

ters had been replaced, all gloves had been removed

from the gloveboxes,and all gloveports had been

sealed with plastic covers. The remaining holdup

plutonium was not accessible without removing the

equipmentas the plutoniumwas spread out in a very

thin layer over the inner surfacesof the boxes,

pipes and equipmentor was retainedin smallamounts

in pocketsorcrevices.

4.2 METHODOLOGY

The equipment,methods, and calculationsemployedfor

the in-placemeasurementsare providedin detail in

Report No. 4,

and Procedures,of thisseries.

-12-
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The in-place non-destructive assay measurement pro-

gram was difficult becauseof severaldesign features

of the plant. As shown in Figures 2 through 8, the

process rooms were relatively small and allowed only

enough room for technicians to operate the equip-

ment. Additionally, most of the gloveboxeswit'hin

each room were joined by a series of pass-through

tunnels. These features prevented isolationof ,the

item or area being measured; therefore, background

radiationfrom adjacentequipment was present.

During the '1973-1975developmentperiod, SFC demon-

stratedthat the setup of the equipment could be

consistentlyreproduced, the influenceof background

could be adequatelyshieldedand the sensitivity of

the instrumentationcouldbe maintained.Thus, when

the plant was placedon standby,SFC'sNDA measure-

ment program had been employed for some time, and

confidencein the data was wellestablished.

4.3

The 1976inventorymeasurementsconductedby SFC are

shownin Tables 3 through11.

.
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TABLE 3

1976 IN-PLACE INVENTORY

'

ROOM - 128 COPRECIPITATION AND OXIDE PRODUCTION

Grams Plutonium

Box 8 and 10 Mill and Blend 241
Box 8 Filter 5
Box 10 Filter 4
Box 6B Calciner Out (Oxide) 21
Tunnel(10-6B) 5
Tunnel(6B-6A) 4
Calciner 37
Box 6A CalcinerIn (ADU) 146
Box 6A Filter 3
Box 5B Filtrate 78
Tunnel (5A-6A) 2
Box 5A Precipitation& Filter 176
Box 3A N~itrateSolutionUnloading 32
Box'3B NitrateSolutionUnloading 28
Box 3B Filter -

Ducts 79

TOTAL ROOM128 861

LIMIT-OF-ERROR 1237

-14-

0780s



!

.

.

'.

TABLE 4

1976 IN-PLACEINVENTORY

ROOMBO-2 SOLUTION STORAGEAND BLENDING

~ GramsPlutonium

Box 1 Storage Tank Pumps 58
Tanks 145-146 Vacuum receiver tanks 72
Box 2C Vacuum Receiver 12
Box 2A-2B Vacuum Pumps 6
Wall StorageTanks(40) Solution Storage 292
DP Cells Tank level indicators 220
Box 4 SolutionWeigh Station 643
Pipina ~ 393

TOTAL BO-2 1,696

LIMIT-OF-ERROR i 358
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TABLE 5

1976IN-PLACEINVENTORY

ROOM 124 -

Grams Plutonium

Box llB Pressing and Granulating 382
Box 11B Filter 10
Calciner 65
Tunnel Boat return 36
Box llA Slugging Press Box 557
Box llA Filter 8
Box 12 Overhead tunnel 39
Box 14A Sintering Furnace Inlet 109
Box 14B SinteringFurnace Outlet 43
Box 15C CenterlessGrinder 283
Box 15C Filter 7
Box 15B Outgas Furnace Inlet 50
Box 15B Filter 1
Box 15A Outgas Furnace Outlet 5
Box 15A Filter -

Box 16 Outgas Furnace 9
Box 13A Press Trollys 2
Box 13B Press Trollys 4
Filter 4
Duct 127
PortablePowderCarts (3) 51
Harper Furnace 203

TOTAL ROOM124 1,995

LIMIT-OF-ERROR 1549
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TABLE 6

1976 IN-PLACE INVENTORY

ROOM123^- ROD LOADING AND WELDING

GramsPlutonium

Box 17 Tunnel from 15A to Pelletstorage 1
Box 18 StackMake-Up 36
Box 18 Filter -

Duct 1

TOTAL ROOM123 38

LIMIT-OF-ERROR +10

'
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TABLE 7

1976 IN-PLACE INVENTORY

ROOM 116 - MAINTENANCE
~

Grams Plutonium

Box 45 Maintenance Glovebox 18
Box 45 Filter -

TOTAL ROOM116 18

LIMIT-OF-ERROR 15
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TABLE 8

1976 IN-PLACE INVENTORY

ROOM 127 - SCRAPPROCESSING

Grams Plutonium

Box 23 Pellet Inspection 106
Box 23 Filter 26
South Calciner 162
TunnelSouthCalciner 30
Box 24A Calcinerexit box 23
Box 25 Dissolution 217
Box 25 Filter 14
Box 44 Fume Scrub 48
Box ~44Filter 1
Box 31A ResinColumn 301
Box 31B Surge Tank 167
Box 31C EvaporationHood 39
Box 31B:31C -

Box 32 Precipitation 31
Box 32 Filter 4
Box 33A N. CalcinerEntrance 30
Box 33A Filter 9
Box 33B N. CalcinerExit 28

Box 33BFilter 14

Tunnel(24A-25) 29
NorthCalciner 51
R TunnelCalciner 30
2 PortableI-X 13
Duct 49
TankFarm 72

TOTAL ROOM127 1,494

LIMIT-OF-ERROR +4ll
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TABLE 9

1976IN-PLACE INVENTORY
ROOMBO-1 SCRAPTREATMENT

Grams Plutonium

Box 40 Aqueous Recovery 158
Box 39 Dissolution 140
Box 26 Washables 90
Box lA Liquid transfer, 116
Box 21 Decon Dissolver 83
Tunnel(36-39) 9
Box 36A HEPA Filter Treatment 14
Box 36 Filter 7
Box 38 HEPA Filter Treatment 55
Tunnel (36-38) 2
Calciner 17
Duct 17
WallStorage Tanks(20) 898'
DP Cells 447
Piping 1,071

TOTAL ROOMBO-1 3,124

LIMIT-OF-ERROR 1565
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TABLE 10

1976 IN-PLACE INVENTORY

ROOM B0-5 SOLVENT EXTRACTION

GramsPlutonium

Box 27A 1,592
LIMIT-OF-ERROR 1438

.
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TABLE 11

1976IN-PLACE INVENTORY

SUMMA.RY - ALL INVENTORY

Grams Plutonium

Room 128 Coprecipitation & OxideProduction 861
RoomBO-2 SolutionStorage & Blending 1,696
Room124 Pressing,Sintering, Grinding 1,995
Room 123 Rod Loading& Welding 38
Room116 Maintenance 18
Room BO-1 Scrap Treatment 3,124
Room 127 Scrap Processing 1,494
Room BO-5 SolventExtraction 1,592

TOTAL 10,818

LIMIT-OF-ERROR +2,975
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5.0 FINALMEASUREMENT

5.1 METHODOLOGY

SFC elected to decontaminate the plutonium facility

by cutting the process equipment into small pieces

(i.e.,less than 15" by 15")which couldbe packaged

into 55-gallon drums for shipment to an off-site

disposalarea. The small pieces were countedwith a

Ludlum 2500 unit with a 2" X 2" NaI detector which

was set-up and calibratedto view each item.

In total, 28,357 packages were measured. Care was

taken duringthe decontaminationactivities to segre-

gate and document the origin of each piece for

correlationof the early 1976 baselinemeasurement

with the more accurate measurements of the 28,357

packages.

Several operationaland administrativecircumstances

precluded correlationsfor all cases. First, some

decontaminationoperations could not be conducted in

a manner that allowed precisely assigning

..
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recovered plutonium to the original location. For

example, a special large glovebox was modifiedto

contain a plasma arc cutting unit used to cut equip-

m. ment, including entire gloveboxes. Small portions of

contaminated material (fromthe cutting operations)

being cut up in this special glovebox lost identity

and could not be assigned to the source box.

Similarly,plutonium contained in pipes which may

have crossedthroughrooms and airborne particulates

trappedin absolutefiltersduring cut-up activities

could not be precisely assigned to a specific

location
.

Second, the periodbetweenthe 1976baseline measure-

ments and the completionof the decontamination acti-

vity measurementswas some 10 years. Over this

period, administrative and personnel changes

occurred;consequently,some individualswho had per-

sonal knowledge about various procedures and

activitiesand who developed the raw data were not

availableto aid in the interpretationor explanation

of guestionsabout specificoperations.
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In Tables 12 through 21, the data from the two sets

of measurements are provided and reflect the above

limitations.
~

Of particular note is the apparent transpositionof

the 1976 data for the wall storage tank measurements

in Rooms BO-1and BO-2. The finalmeasurementsindi-

cate the earlier data were either recorded in-

accurately or mislabeled during the 1976 inventory

period.

Grams Plutonium

1976 Final

W Measurement

BO-1 Wall Tanks (20)898 288

BO-2 Wall Tanks(40) 292 1,045

The auditteam estimatedthe total plutoniumfor all

60 storage tanks and did not distinguishthe 20 tanks

in BO-1 from the 40 tanks in BO-2; thereforeonly SFC

data are availablefor review. That the data were

mislabeledis stronglysupportedby the fact that the

BO-2 tankswere used to store concentratedproduction

solution, whereasthe BO-1 tanks were used to store

waste solution.

..
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TABLE 12

ROOM 128 COPRECIPITATION AND OXIDE PRODUCTION

Grams Plutonium

1976 Final
Invventory Measurement

Box 8 Mill & Blend 241 153
Box 8 Filter 5 -

Box 10 Filter 4 -

Box 6B Calciner Out 21 62
Tunnel (10-6B) 5 4
Tunnel(6A-6B) 4 25
Calciner 37 18
Box 6A CalcinerIn 146 157
Box 6A Filter 3 -

Box 5B Filtrate 78 25
Tunnel (5A-6A) 2 -

Box 5A Precip. & Filter 176 161
Box 3A NitrateUnloading 32 29
Box 3B NitrateUnloading 28 23
Box 3B Filter - 2
Ducts 79 40
Tank 63 - -

Cement Box - -

Box 27C - 1
Not Assigned - 33

TOTAL ROOM128 861 733

LIMIT-OF-ERROR 1237 1135

NUMBEROF PACKAGESMEASURED 3,201

For contaminationcontrolpurposes, the cleaningand cut

up operationson powder boxes 8-10 were performed with the

exhaust air passing through the calcinertube into box 6A;

therefore, the comparisonof the 1976 value(s)with the

finalvaluecan only be comparedas a group (Box8-10, 6B,

6A, and calcinerand tunnels)ratherthan individually.
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TABLE 13

ROOM B0-2 SOLUTIONSTORAGEAND BLENDING

Grams Plutonium

1976 Final
Ih Measurement

Box 1 Storage Tank Pumps 58 137
Tanks145-146 Vacuum Receiver Tanks 72 294
Box 2C Vacuum Receiver Box 12 23
Box 2A-2B Vacuum Pumps 6 36
Wall Storage Tanks SolutionStorage (40) 292 1,045
DP Cells Tank Level Indicators 220 177
Box 4 SolutionWeigh Scales 643 409
Piping 393 -

FlocculationTanks - 46
~ Not Assigned - 62

Tank 195 - 1
Wash Pumps - 18

Tank 196 - -

Cubicles& Floor - 4
Process Pipe - 1

TOTAL ROOMBO-2 1,696 2,253

LIMIT-OF-ERROR 1466 1268

NUMBEROF PACKAGESMEASURED 7,855

The shieldinginvolvedwith the raschig ring and liquid

filledvacuumreceivertanks #145and #146resultedin a

poor 1976 inventorymeasurement.

It appears that the 1976 value assigned to the BO-2 wall

storage tanks was probably the BO-1 wall storage tank

value.

.
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TABLE 14

RCOM124

GramsPlutonium

1976 Final
Innventory Measurement

Box llB Pressing & Granulator 382 3.32
Box llB Filter 10 -

Calciner 65 35
Tunnel 36 -

Box llA Slugging 557 355
FilterBox llA 8 -

Box 12 Tunnel 39 15
Box 14A SinteringFurnace 109 147

Inlet
Box 14B SinteringFurnace 43 85

Outlet
Box 15C CenterlessGrinder 283 224
Box 15C Filter 7 -

Box 15B Outgas Furnace Inlet 50 14
Box 15B Filter 1 -

Box 15A Outgas FurnaceOutlet 5 11
Box 15A Filter - -

Box 16 OutgasFurnace 9 -

Box 13A CalcinerExit 2 3
Box 13B Calcinerentrance 4 -

Int. Filter 4 17
Duct 127 82
PowderCarts 51 55
Harper Furance 203 150
Not Assigned - 7

TOTAL ROOM124 1,995 1,532

LIMIT-OF-ERROR 1549 1195

NUMBEROF PACKAGESMEASURED 3,161

The significantincreasein the intermediatefilter from

the 4 grams to 17 grams is attributedto movement of

materialsduringthe cut-up operations.
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TABLE 15

ROOM 123 ROD LOADING AND WELDING

Grams Plutonium

1976 Final
M Measurement

Box 17 Tunnel room 1 -

Box 18 Stack Make-Up 36 19
Box 18 Filter - -

Duct 1 2

TOTAL ROOM123 38 21

LIMIT-OF-ERROR 110 18

NUMBEROF PACKAGESMEASURED 151

*

,
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TABLE 16

ROOMll.6MAINTENANCE

GramsPlutonium

1976 Final
M Measurement

Box 45 Maintenance Glovebox 18 16
Box 45 Filter - -

TOTAL ROOM116 18 16

LIMIT-OF-ERROP 15 128

NUMBEROF PACKAGESMEASURED 230
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TABLE 17

ROOM127 SCRAPPROCESSING

Grams Plutonium

1976 Final
Ih Measurement

Box 23 Calciner Entrance 106 478
Glovebox

Box 23 Filter 26 -

SouthCalciner 162 69
TunnelS. Calciner 30 26
Box 24A Calcinerexit 23 103
Box 25 Dissolution 217 287
Box 25 Filter 14 -

Box 44 Fume Scrub 48 4
Box 44 Filter 1 -

Box 31A ResinColumn 301 191
Box 31B Surge Tank 167 40
Box 31C Evaporation Hood '39 29
Box 31B -31C - 55
Box 32 Precipitation 31 120
Box 32 Filter 4 -

Box 33A N. CalcinerEntrance 30 54
Box 33AFilter 9 -

Box 33B N. CalcinerExit 28 71
Box 33BFilter 14 -

Tunnel (24A-25) 29 -

NorthCalciner 51 69
R. Tunnel Calciner 30 16
2 Portable IX 13 23

Duct 49 40
Tank Farm 72 18
Cut -Up Box - -

Not Assigned - 38

TOTAL ROOM127 1,494 1,731

LIMIT-OF-ERROR 1411 1203

NUMBEROF PACKAGESMEASURED 3,559

Materialgenerated and unidentifiedfrom clean up of scrap
areagloveboxes,calcinerand tunnelswas collectedin
glovebox#23. The tank farmwas used as part of an ion
exchangeclean up systemfor gloveboxdecon solutions
betweenthe 1976 measurementand the finalmeasurement.
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TABLE 18

ROOMBO-1 SCRAPTREATMENT

Grams Plutonium
.

1976 Final
Inventory Measurement

Box 40 Aqueous Recovery 158 180
Box 30 Dissolution 140 154
Box 26 90 187
Box lA 116 103
Box 21 Decon 83 216
Tunnel(36-39) 9 -

Box 36A 14 33
Box 36 Filter 7 -

Box 38 55 39
Tunnel(36-38) 2 29
Calciner 17 -

Duct 17 1
Wall Storage Tanks (20) 898 288
DP Cells 447 335
Pipe 1,071 -

Cubicles& Floor - 7
Not Assigned - 21

TOTAL ROOMBO-1 3,124 1,593

LIMIT-OF-ERROR 1859 1169

NUMBEROF PACKAGESMEASURED 4,239
.

It appearsthat the 1976valueassignedto theBO-1wall

storage tanks was probably the BO-2 storage tank value.

.
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TABLE 19

ROOM BO-5 SOLVENT EXTRACTION

GramsPluto'nium
" 1976 Final

Ih Measurement

Box 27A 1,592 1,274

LIMIT-OF-ERROR 1438 1144

NUMBEROF PACKAGESMEASURED 4,044
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TABLE 20

LABORATORY

Grams Plutonium

1976 Final
h Measurement

Laboratory - 57

LIMIT-OF-ERROR 128

NUMBEROF PACKAGESMEASURED 1,917
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TABLE 21

SUMMARY- ALL INVENTORY

GramsPlutonium

1976 Final
Room# InventoryMeasurement Difference

128 Coprecipitation & Oxide 861 733 128
BO-2 SolutionStorage &

Blending 1,696 2,253 (557)
124 Pressing& Sintering 1,995 1,532 463
123 Rod Loading 38 21 17
116 Maintenance 18 16 2
BO-1 Scrap Treatment 3,124 1,593 1,531
127 Scrap Processing 1,494 1,731 (237)
BO-5 SolventExtraction 1,592 1,274 318

Laboratory - 57 (57)
10,818 9,210 1,608

LIMIT-OF-ERROR 12,975 1414 172
NUMBEROF PACKAGESMEASURED 28,357
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6.0-AUDITTEAM

6.1 GENERAL

SFC's Cimarron Facility was the first fuel cycle

facility to apply non-destructive assay methods for

measurement of hold-up of plutonium in a processing

plant. The measurements performed by the audit team

were also a first NDA audit of a privatefirm by a

-government agency.

Because its purposewas independent measurement, the

audit team couldmake no assumptionsconcerning the

locationof the plutoniumeitherwithin a room or a

glovebox. When coupled with the need for precise

measurementssufficientto allow a meaningfulcompar-

ison of results, the audit team was required to

perform many more measurementson some significant

itemsthanwereperformedby SFC for its inventory.

The techniques,instrumentation,resultsobtainedand
.

a discussionof start-up and operational problems
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encountered by the audi'tteam were provided to the

NRC in a document entitledMeasurement of Plutonium

M, May 28, 1976.

The audit team's strategy was to make careful

measurementson the equipment expected to have the

most significantplutonium hold-up and to supplement

those measurements with semi-quantitative surveys of

the entireprocessequipmentto insure that no signi-

ficant hold-up quantities had been missed. The

strategyincludedthe followingconsiderations:

o The measurementsof equipmentwould be very care-

fullymade and with sufficientprecisionto permit

meaningfulcomparisonswith SFC's values for the

same items.

.

o The measurements would be sufficientlyextensive

to encompass the great majority of the retained

plutonium,thereby permittinga confidentextra-

polation of measured resultsinto a total plant

hold-up.
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The bulk of the guantitativeassay work was carried

out using an EberlineStabilizedAssay Meter (SAM),a

self-contained high-voltage supply, an amplifier, a

single channel analyzer and a scaler, which were

coupled to a NaI(Tl) - photomultiplier detector

sensitiveto the characteristic gamma radiationsfrom

plutonium. The surveys were performedusing a hand-

heldNaI(Tl)detector-ratemeter instrument.

In thosecases where the gamma-ray attenuation was so

high as to make correctionsunreliable, a semi-

directionalneutron detectorwas used to take advan-

tage of the increasedpenetrabilityof the neutrons

fromplutonium.

A new conceptin hold-upmeasurementswas tried on an

experimental basis for the first time. A non-

directionalneutron detectorwas used in an attempt

to assay the total hold-up in a given room, without

the detailedand laboriousmeasurementsand calcula-

tionsrequiredby the gammameasurements.
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A new type of gammaray detector, a cadmiumtelluride

(CdTe) diode, was also used experimentallyfor the

first time as a survey instrumentfor the special

case of hold-up in pipes.

6.2 ITEMSMEASURED

Initially,the entire process area of the plant was

surveyedusing a lead shielded 2.5 cm by 2.5 cm

NaI(Tl)gamma ray detector attached to a ratemeter.

This preliminaryscan permittedthe identification of

"hotspots"(i.e.,places where higher concentrations

of plutonium appeared to be located). In the

remainingtime, the audit team measuredgloveboxes,

pipes,and tanks identifiedin the preliminary survey

as havingmeasurablequantitiesof plutonium.

Time limitationspreventedthe quantitativemeasure-

ment of every pipe, filter, and glovebox in the

plant. It was thereforenecessary to extrapolate

from the measured quantitiesto obtain an estimated

value for the entire facility. This extrapolation
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was guided by the resultsof the early preliminary

gamma ray scan and was confirmed by the overall

neutron survey made with the large detector.
..

Table 22 shows the audit team'smeasured quantities

of plutoniumand the extrapolated values for differ-

ent broadcategories of equipment. Twenty gloveboxes

were not directlymeasured. From the resultsof the

preliminarygamma ray scan and quantitative results

for gloveboxes with small amounts of material, the

unmeasured gloveboxes were estimated to contain

between zero and 50 grams of plutonium. The

"estimate"value was obtainedby assuming 30 grams

per gloveboxnot measured and the "upper"and "lower

limits"by assuming50 grams per box and zero grams

per box, respectively.

.

A similarexercisewas followedto obtainvaluesfor

plutoniumin the pipes. After the pipes identified

as having the largest residual plutonium were

measured, an average pipe residue of 3.3 x 10

gm/cm was estimated for the remainingpipes, then

multiplied by the approximately105cm length of

pipe that was still unmeasured.
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The measured filters and ducts proved to have

relatively littleplutoniumin them; thus the results

of this extrapolation do not significantlyaffectthe

plant total.

An extrapolated value for the wall storage tanks

embedded in 4' thick, heavily reinforcedconcrete

walls was obtainedby comparing these tanks with

tanks in the plant that had held similarsolutions.

The 40 wall tanks in room BO-2 are similarto the

weigh tanks in Box 4 which averaged 10 grams per

- tank. The 20 wall tanks in Room BO-1 do not have an

obviousmeasurablecounterpart; however, no measured

tanks of that size exceeded 17 grams per tank.

Allowing for a possible higher hold-up in these

tanks, an average value of 30 grams per tank was
,

assigned. The lower and upper limitswere obtained

by assuming valuesequal to one-halfand twice the

estimatedvalues.

The gauges not assayed by the audit team were

measuredby SFC subsequent to the inventoryand were

acceptedby the audit team, given the good agreement

on othermeasurements.

.
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TABLE 22

AUDIT TEAM RESULTS
TOTAL PLANT PLUTONIUMHOLD-UP

GRAMSPLUTONIUM

LOWER UPPER
ITEM ESTIMATE LIMIT LIMIT

GloveboxesMeasured 4,650 3,000 6,590
GloveboxesNot Measured 600 - 12000

TOTALGLOVEBOXES 5,250 3,000 7,590

PipesMeasured 630 475 790
Pipes Not Measured 330 175 600

960 650 1,390

FiltersMeasured 30 15 E0
FiltersNot Measured 50 15 100

80 30 160
WallTanks
(NotMeasured) 1,000 500 2,000
Gauges (NotMeasured) 670 670 670

TOTAL INVENTORY 7,960 4,850 11,810
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7.0COMPARISON OF MEASUREMENTDATA

7.1 GENERAL OBSERVATION

As noted previously, three sets of measurements were

takenon the plutonium hold-up in the processequip-

ment at the Cimarron Facility. SFC performed the

first non-destructiveassay measurement in early

1976, followed by the NRC'sNDA. The third measure-

ment occurred during the final packaging of plant

equipmentas it was loaded as small cut-up pieces

intodrumsfor shipmentto an off-sitedisposal area.

The data from these sets of measurements are in

Tables 23 through 31. In evaluating these data,

severalconsiderationsare importantto note:

First, SFC's 1976 procedure resultedfrom .several

years of testing, calibrationsand experienceand

involved a significantnumberof repetitivemeasure-

ments. Due to time constraints and other reasons,

the audit team's 1976 measurements were less

extensiveand greater reliancewas placed on extra-

polationof measureddatato unmeasuredequipment.
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Second, SFC'sfinal inventorymeasurementswere con-

ducted on much smallerand relatively standardized

packages, which yieldeda much smallerlimit-of-error.

Third, in order to reduce the potentialof airborne

contamination, decon solutions were used on the

gloveboxesprior to cut up and the plutoniumin the

decon solutionslost identity when the decon solu-

tionswerecleanedby ion exchange.

In summary, the above observation is provided to

emphasize that the significant data shown in the

attached tables are room totals - as opposed to

specificgloveboxor equipmentmeasurements.

.
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TABLE 23

ROOM 128 COPRECIPITATION AND OXIDEPRODUCTION

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

. .

Box 8-10 241 153 113
Box 8 Filter 5 - -

Box 10 Filter 4 - -

Box 6B 21 62 -

Tunnel (10-6B) 5 4 -

Tunnel (6A-6B) 4 25 -

Calciner 37 18 60
Box 6A 146 157 -

Box 6A Filter 3 - -

Box 5B 78 25 -

Tunnel(5A-6A) 2 - -

Box 5A
'

176 161 122
Box 3A 32 29 -

Box 3B 28 23 -

Box 3B Filter - 2 -

Ducts 79 40 -

Tank 63 - - -

Cement Box - - -

Box 27C - 1 -

TOTALMEASURED 861 700 295

NOT ASSIGNED 33 410

TOTAL ROOM128 861 733 705

LIMIT-OF-ERROR i 237 1135 + 360
-250

Room 128 was difficultto measureby NDA techniques
because of the large size of the gloveboxeswithin
the room, the influenceof the wall storage tanks in
the wall adjacentto the room, and the density of
equipmentwithineach glovebox. Of note is that the
audit team'sextrapolatedvalues for gloveboxes and
pipes not measured were within only a few grams of
Kerr-McGee'smeasuredvalues.
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TABLE 24

ROOM BO-2 SOLUTION STORAGEAND BLENDING

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

Box 1 58 137 72
Tanks145-146 72 294 45
Box 2C 12 23 11
Box 2A-2B 6 36 -

WallStorage 292 1,045 -

Tanks
DP Cells 220 177 -

Box 4 643 409
Piping 393 - -

FlocculationTanks - 46 -

Tank 195 - 1 -

Wash Pumps - 18 -

Tank 196 - - -

Cubiclesand Floor - 4 -

Process Pipe - 1 -

TOTALMEASURED1,696 2,191 128

NOT ASSIGNED - 62 -

TOTAL ROOMBO-2 1,696 2,253 128

LIMIT-OF-ERROR i 466 1 268 + 404
- 332

'

Severalanomaliesshouldbe noted. First, flushing
of tanks 145-146was not as effective as had been
anticipated. These tanks containedboron raschig
ringswhichapparentlymaskedthe radiation.Second,
Box 1 was primarilya series of pumps, valves, and a
manifoldwhich would be difficultto NDA under any
circumstances.The primary differencebetween the
two Kerr-McGee inventories was the apparent
mislabelingof the wall storage tank hold-up data as
noted earlier.
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TABLE 25

ROOM 124PROCESSING,SINTERING, GRINDING

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

Box llB 382 332 333
Filter llB 10 - -

Calciner 65 35 249
Tunnel 36 - -

Box 11A 557 355 236
FilterBox llA 8 - -

Box 12 39 15 -

Box 14A 109 147 -

Box 14B 43 85 -

Box 15C 283 224 123
Box 15CFilter 7 - -

Box 15B 50 14 -

15B Filter 1 - -

Box 15A 5 11 -

15A Filter - -
'

-

Box 16 9 - -

Box 13A 2 3 -

Box 13B 4 - -

Int. Filter 4 17 -

Duct 127 82 -

PowderCarts 51 55 1
HarperFurnace 203 150 451

TOTAL MEASURED 1,995 1,525 1,393

NOT ASSIGNED - 7 2

TOTAL ROOM124 1,995 1,532 1,395

LIMIT-OF-ERROR i 549 i 195 + 435
- 595

Several obvious differencesexist in the individual

item data shown for Room 124. The SFC data are

fairlyclose betweeninventories.An explanationfor

the individualdifferences in the audit team's

resultsis not readilyapparent; however,the overall

roomtotalis in reasonableagreement.
-47-

~

0780S

.



-'- TABLE 26

ROOM123 ROD LOADING AND WELDING

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

TOTAL MEASURED 38 21 -

TOTAL ASSIGNED - - 10

TOTAL ROOM123 38 21 10

LIMIT-OF-ERROR 110 110 +20
- 0

The auditteamdid not surveyRoom 123.
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TABLE 27

ROOM116MAINTENANCE

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

TOTAL MEASURED 18 16 -

TOTAL ASSIGNED - - -

TOTAL ROOM 116 18 16 -

.

LIMIT-OF-ERROR 15 - -

Theauditteamdid not survey Room 116.
,

::
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TABLE 28
ROOM127 SCRAPPROCESSING

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

Box 23 106 478 -

Box 23 Filter 26 - -

South Calciner 162 69 42
Tunnel 30 26 45
Box 24A 23 103 88
Box 25 217 287 207
Box 25 Filter 14 - -

Box 44 48 4 -

Box 44 Filter 1 - -

Box 31A 301 191 410
Box 3lB 167 40 -

Box 31C 39 29 -

Box 31B & 31C - 55 -

Box 32 31 120 72
Box 32 Filter 4 - -

Box 33A 30 54 40
Box 33A Filter 9 - -

Box 33B 28 71 110
Box 33BFilter 14 - -

Tunnel (24A-25) 29 - -

NorthCalciner 51 69 6
R. TunnelCalciner30 16 -

2 PortableIX 13 23 44
Duct 49 40 -

TankFarm 72 18 -

Cut-Up Box - - -

.

TOTAL MEASURED 1,494 1,693 1,064

NOT ASSIGNED - 38 150

TOTALROOM127 1,494 1,731 1,214

LIMIT-OF-ERROR 1411 1203 +455
450

Given the number and size of gloveboxes in this
room, the correlationof the data among the three
independentinventoriesis remarkable. The major
differencewas in Box 23 where 478 grams of plutoni-
um were measured in the final decommissioning
inventory,and only 106 grams were measuredin the
1976 NDA inventory. Material generated and un-
identifiedfrom cleanup of scrap area gloveboxes,
calcinerand tunnelswas collectedin glovebox #23.
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TABLE 29

ROOMBO-1 SCRAPTREATMENT

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

Box 40 158 180 18
Box 39 140 154 68
Box 26 90 187 -

Box IA 116 103 141
Box 21 83 216 59
Tunnel(36-39) 9 - -

Box 36A 14 33 10
Box 36 Filter 7 - -

'

Box 38 55 39 17
Tunnel(36-38) 2 29 -

Calciner 17 - 26
Duct 17 1 -

Wall StorageTanks898 288 -

DP Cells 447 335 -

Pipe 1,071 - -

Cubicles& Floor - 7 -

TOTAL MEASURED 3,124 1,572 339

NOT ASSIGNED - 21 -

TOTAL ROOMBO-1 3,124 1,593 339

LIMIT-OF-ERROR 1859 1169 +261
- 94

The apparent mislabelingof the wall tank recordings

contributessignificantlyto the differencebetween

the two Kerr-McGee inventory results. The apparent

discrepancy in the audit team's results cannot be

reasonably explained; however, for those items

measuredby the auditteam, a closeoverallcorrela-

tion with thoseitemsmeasuredby Kerr-McGee in 1976

is shown.
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TABLE 30

ROOMBO-5 SOLVENT EXTRACTION

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

Box 27A 1,592 1,274 850

LIMIT-OF-ERROR 1438 1144 +404
-332
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TABLE 31

SUMMARY- ALL INVENTORY

1976 FINAL AUDIT
INVENTORY MEASUREMENT TEAM

MEASURED

Room - 128 861 700 295
Room - BO-2 1,696 2,191 128
Room - 124 1,995 1,525 1,393
Room - 123 38 21 -

Room - 116 18 16 -

Room - 127 1,494 1,693 1,064
Room - BO-1 3,124 1,572 339
Room - BO-5 1,592 1,274 850
Laboratory - 57 -

PipesMeasured - - 630
FiltersMeasured - - 30

TOTALMEASURED 10,818 9,049 4,729

ASSIGNED

Room - 128 - 33 410
Room - BO-2 - 62 -

Room - 124 - 7 2
Room - 123 - - 10
Room - 116 - - -

Room - 127 - 38 150

Room - BO-1 - 21 -

Room- BO-5 - - -

GloveboxesNot Measured - - 600
PipesNot Measured - - 330
FiltersNot Measured - - 50
Wall Tanks Not Measured - - 1,000
Gauges Not Measured - - 670

TOTAL ASSIGNED - 161 3,222
.:

TOTAL 10,818 9,210 7,951
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8.0SUMMARYAND CONCLUSIONS

8.1 SUMMARY

Table 32 summarizes the key data from the three

independent inventory measurements. Notably, the

final inventorymeasurements fall within the upper

and lower confidencelevels of both 1976 in-place

measurements.

The data suggest several methods and various pieces

of equipmentnot specificallydesigned for that pur-

pose can be useful tools to measure hold-up in

process equipment. Additionally, the data suggest

that a programinvolvingrepetitivemeasurements over

a periodof timewoulddevelopa higherlevelof con-

fidencein the results.

' Giventhe stateof the art in 1976and the difficulty

of conductingan in-placemeasurement programwithin

a plant not specificallydesigned to accommodate

in-place measurements for inventory pu.rposes,the

techniquesdeveloped by SequoyahFuels and the audit

team producedremarkablycomparableresults.
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An acceptable limit of error can be achieved for

determining plant hold-up for inventorypurposeswith

in-place NDA measurements.
-
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