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NOTE
SequoyahFuelsCorporationmakesnowarrantyorrepresentation,expressorimplied:
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I. INTRODUCTION

Report No. 4 is precursoryto Report No. 5 "Determination
of the Quantity and Locationsof the Pu CurrentlyRetained '

in the Cimarron FuelPlantSystems"whichwillbe present-
ed upon completion of the decontaminationof the Cimarron
PlutoniumFuel Fabrication Facility.

Thisreport presents the Non-Destructive Assay (NDA)pro-
cedureswhichwere developed and used by SequoyahFuels
Corporation(successor to Kerr-McGee NuclearCorporation)
to measureequipment hold-up of plutoniummaterial'sfor
inventorypurposesduring operation of the plant. These
proceduresare also used to measure plutoniumcontami-
nationon theequipmentremoved fromthe MaterialBalance
Areas (MBA's)duringfinal decontamination.

ReportNo. 5 willcomparethe measurements takenduring
thisfinaldecontaminationperiod to previous inventory
hold-upmeasurements, the data will be statistically
analyzed,and a long-termassessment of the performance
of the NDA equipmentwill be described.

>
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II. BACKGROUND

The Cimarron Plutonium FuelFabricationFacilitybegan
operations in 1969to producemixedoxide (uranium-plu-
tonium) fuels in supportof varioustest and demonstration
reactor programs. In 1972new and significantlymore
stringentplutonium safeguards and accountabilityrequire-
ments were imposed by the NuclearRegulatoryCommission
(NRC)requiring more frequent measurementof plutonium
inventoriesto provide earlydetectionof possibledi-
versionsof plutonium materials. Thesenew regulations
requiredcompleteplant physical inv.entoriesbe takenat
sixty (60)day intervals and imposeda complex statisti-
cal evaluationprogramwith pre-established criteriafor
determiningthe significance of any book-physical inven-
tory difference(BPID).

The Facilityreceivedplutonium nitrate solutionas feed
materialwhichwas blendedwith uranyl nitratesolution
and subsequentlyco-precipitated and reduced to mixed
oxidepowder. The mixedoxidewas then pressed into
pellets,sintered,and loadedinto fuel pins for delivery
to thevariouscustomers. In addition, a complete scrap
recoveryoperationwas utilizedto recycle.off-specifi-

cationand otherscrapmaterialfor reuse which employed
a numberof steps to dissolvethe plutonium scrap, purify
the plutoniumby ion exchange, the reblending of purified
nitratesolution,and storage. Theseoperations involved
thousandsof feetof pipingto transportand store plu-
toniumsolutionsand thousandsof squarefeetof surface

areasin gloveboxes,equipmentin gloveboxes,tanks, etc.,

whichwere used continuouslyto processvariousforms of
plutonium.

Duringthe earlyperiodsit becameobviousthatas a re-
sult of the amount of surfacearea exposedcontinuously
to plutoniumand the difficutlyof cleaningtheequipment
sufficientlyto meet thestatisticalsignificancecri-
teria, it wouldbe extremelydifficultto maintain'pro-
ductionof plutoniumfuel if all plutoniummaterialshad
to be removedfromeachpipeand eachgloveboxat sixty
day intervals.

Consequently,SequoyahFuelsCorporationdevelopedan in-
situ measurement programusingNDA techniquesto measure
residualhold-upin pipes,tanks, gloveboxes,filters,
etc., afterflushingthe pipesand sweeping-upthe loose
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contamination from gloveboxes.This inventorymethod re-
duced the scheduled down timefor eachMaterialBalance
Area during eachsixty(60)day inventoryperiodto only
two to four days per area.

This program began in 1974and has beencontinuouslyre-
finedas experience has been gainedworkingwiththe NDA
equipment. '

In 1975the plant was placed on stand-bystatus and all
readilyremovable plutonium materialswere shippedoff-
site. Eachglovebox and piping system was acidwashedor
flushedand measured for plutonium hold-upin accordance
with the procedurescontained in thisreport and residual
hold-upvalueswere assigned to each MaterialBalance
Area.

Kerr-McGeerequestedtheN.R.C. to commission a team of
NDASpecialiststo independently measure theplutonium
hold-upin theplant. Thiswork was completed in early
1976and is reportedin a report prepared by E. L. Tape,
et al, datedApril1976, entitled"Measurement of Plu-
toniumProcessingEquipmentat Kerr-McGee Plutonium Fuels
FabricationFacility". The Tape report compares the in-
dependentreport submittedto the N.R.C. with the (KM)
SequoyahFuelsreport. Thisreport summarizies methods
and comparativedata of the measurements obtained by the
commissionauditteam and SequoyahFuels'measurements.

The resultsof the independentmeasurements supported the
measurementstakenby SequoyahFuels. Finalverification
will, however,resultfromthe carefullydocumented
measurements takenduringdismantlingand removalof the

equipmentfromthe MaterialBalanceAreas. The ability
to measuremuch smallersurfaceareas'withoutthe influ-
ence of backgroundradiationin productionareas enhances
the qualityandprecisionof the finalmeasurement.

Thisfinalcomparisonwillbe the subjectof Repor~tNo. 5
whichwillbe provideduponfinalremovalof all pluton-
iumfrom the Facility.
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III. PROCEDURES

A.

This"procedure describesthe techniquesand methodology
used to measure plutoniumin-placefor inventorypur-
posesduring the initialstand-byinventoryas well as
the techniques presently beingused to measurethe plu-
toniumremoved fromtheMBAs duringdecontamination
activities. The procedure identifiesthemethodsused
to measure gloveboxes, tanks, pipes,filters, etc., as
well as NDA equipment calibration procedures,summing
and biascorrections, calculations for determining
randomand systematic error, and the formsand records
used. A glossaryof terms used inthe procedureis
alsoprovided.

B. KM-NC-15-56- Limitof Error

Thisprocedurecontainstwo sections. Thefirstsec-
tiondescribesthemethodsused to calculate the limit
of error associatedwith inventory differences and
waste shipments.The secondsection describes the
methodsused to reduce the raw data to inventory re-
cordsand to reconcilethe entries.

C. KM-NC-10-83- PlutoniumPlant LSA Waste Drum Counter

Duringdecontaminationand decommissioning activities a
wholedrum counterwas constructedto measure 55 gallon

drums of low-levelplutoniumcontaminatedwastes in
orderto segregatethe lessthan 100nanocurieper gram
(nci/gram)wastes fromthe greater than100 nCi/gram
wastes. This system evolvedfrom a NuclearRegulatory -

Commissiondeci'sionto classify<100 nci/gmwastes as
Low SpecificActivity(LSA)wastes as opposed to Trans-
uranic(TRU)wastes. The use of thiscounterhas re-
sultedin a significantdecreasein disposalcosts
throughoutthe project.A descriptionof the'equip-
ment, calibrationmethods, and documentationis pro-
vided.

-4-
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1.0 INTRODUCTION

Thisprocedure describes themethodsto be used fora physical
inventoryof Special NuclearMaterials.A physicalinventory
will be'taken every othermonth (every60 days). A physical
inventoryis the witnessing, measuringand listingof all
materialson hand at some giventimeor duration.The data
from thisstatic inventory are comparedto the sum totalof
the balance;i.e., material transferssincethe lastphysical
inventory.A record of material transfersare made on forms
thatare called"Waste Tickets" and "InternalTransfer/Drum
LoadRecords".Th.eseforms must accompanya transferof SNM
betweenMaterialBalance Areas (MBA). Instructionsfor the
completionof the forms can be found in ProcedureKM-NP-15-17.
A glossaryof terms used is attached to thisprocedure.

For theStandbyOperations,the Plutonium Plantis divided
intothreeMaterialBalanceAreas:

MBA-12 Vault - Waste Packaging and Storage
MBA-50 GloveboxHoldupPlutonium
MBA-121 Waste ShipmentStorage (Rooms 121 & 123)

Section2.0 of thisproceduredescribesthe inventory of the
storage areasand Section3.0 describesthe NDA inventory

procedure.All of the gloveboxsystems in the process areas
have been blankedoff and tamper safed. Sincethere is no
"Materialin Process" except for gloveboxholdup, the inven-

tory in the processareas consistof inspectionof the tamper
safing. Remeasurement for verificationof the glovebox holdup

is conductedonlywhen tamper-safingdoes not pass inspection.

Inventory of a gloveboxbeingdecommissionedwill consistof

subtractionof the quantityof Pu in individualpackagesre-
movedforburialfromthe quantityassignedby NDA to the
gloveboxpriorto the decommissioningactivity.The ID will
be the differencebetweenthe sum of the individualpackages
and the originalquantityassignedto the glovebox.NDA of
the whole gloveboxwill be requiredonly if the tamper safing
specifiedfor the decommissioningactivityis compromised
(seeTamperSafingProcedureKM-NP-15-61).

- . . . -- --- - - . - . .. .
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2.0 INVENTORY OF STORAGEAREAS

A. Vault Storageand Packaging

Since thisarea is for packagingand storage, the physical
inventory shouldbe accurate and requirelittletimeto
perform, as all itemsare listedpackageby packageas an
inventory item. Allmaterialwithinthevaultshallhave
undergone NDA priorto transferto thisarea or existin
a form for NDA counting and properlylabeled.

The following actions are to be completedin preparation
for the vault inventory:

1. All itemsstored on transfer carts waitingfor a NDA
count mustbe counted, labeled properlyand stored
beforestartinginventory.

2. All linegenerated items of material shallhavewaste
ticketsattachedwith all required dataentered.

3. All emptymaterialcontainers stored in the vault
shallhave empty labelsattached.

4. Bringvaultlog booksup-to-date.

5. All partiallyfullwasteshipmentdrums must have an
"InternalTransfer/DrumLoad Record" sheet attached
with all requireddata entered.

Afterpreparationsare completed,the actual inventory
consistsof obtaininga completelistingof all material

storedin the vaultitemby item, materialdescription,

storagelocation,Pu content, etc.

The SafeguardsRepresentative(Health& SafetySupervisor)
willcomparethe inventoryvalueswithpreviousinventory
listingand subsequenttransferrecords.

B. Waste ShipmentStorage (Rooms121 & 123)

Sincethisarea is for storageof itemspackagedfor ship-
ment to burial, no preparationfor inventorywillbe re-
quired. All itemswill alreadybe tamper safed and will
be taggedwith an InternalTransfer/DrumLoad Record
sheet.
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Theactualinventorywill consistof:

1. Checking the tamper safe sealsandmakinga listing
of eachitem. The listingshallshowtamper seal
number, InternalTransfer/DrumLoad Recordnumber,
material descrption, plutoniumcontent, weight,etc.

2. Check the listing againstthe storage record log to
assure that thereis no discrepancy.

The Safeguards Representative (Health& SafetySupervisor)
willcomparethe inventory valueswithprevioushistory
inventorylistings and subsequent transferrecords.

3.0 NDA INVENTORYPROCEDURE

I. Calibration;Data Collection

All calibrationsare made using the flatsheetPu, U
oxidestandards.Thereare a total of 13 withan average
valueof 1.936g Pu. Basiccalibration methodsfor assay
of holdupfollow:

A. GloveboxSampling (S-7)

1. Equipment
.

a) Pu StandardPackets
b) Ludlum2500
c) 2 x 2 Nal; 7" Recess; 1/2"Lead Plug

2. Setup

Ah/ sro.P KT(S)j
~ "

.5TACK
~

JTD.T.)
-

'

7"' /. .

|
/8"

. .

. -

..

-
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3. Operation

a) CompleteSeriesof Measurements

(i) Gross count 1/2min.twiceeach loading
(ii) Bkg. count 1/2min.twiceeach loading.
(iii)Load Pu StandardPacketsat increments

of approximately0, 2, 4, 6 and 8
grams,by usingappropriatepackets.

b) Make fourcompletesets

B. GloveboxSumming (S-3-36)

1. Equipment

a) Pu Standard Packets

b) Ludlum2500
c) 2 x 2 NaI; 3" Recess; 1/2"Lead Plug

2. Setup

#A/ rroper(s)

5 (STACM STDS.)
3"

/
3G"

. . . .. ..

,

, .

3. Operation

a) See IA3a
b) Make two completesets

-
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C. Intermediate Filter(S-3-36Filt)

1. Equipment

a)EightPu StandardPackets
b) Ludlum 2500
c) 2 x 2 NaI; 3" Recess; 1/2"LeadPlug
d) Intermediate Filter

2. Setup

3G"

3" , v

-

t '

T 24x24 y
f'/t.TER'

t//
L /

370.P/tr3.
3. Operation

a)CompleteSeriesof Measurements

(i) Gross count 1/2min. twice each loading.
(ii)Bkg. count 1/2min. twice each loading.
(iii)Load0,G 4,m 8,W 12 andCl5 g Pu as

shownbelow:

(vttwreaterner) yyyyy pacsi7

////// encx

' S.s729Pu //.G/GSPu

.

,

7.744gPu /S.488gPu

.
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b) MakeFinalSeries

(i.)RotateFilterwithPackets1800.
(ii) See IC3aIand ii.
(iii)Remove packetsin reverseorderapplied

to loadol5,*12,48,C 4 and 0 g Pu.

D. Primary Filter (S-3-24Filt)

1. Equipment

a) Four Pu Standard Packets
b) Ludlum 2500

c) 2 x 2 NaI; 3" Recess; 1/2"LeadPlug
d) Primary Filter (New)

2. Setup
STD.P/:r(5,)/ m^'"'

m /2x/2 f
.

f'% f/LTER R
t n | '

' yj) ,
k .

;
. se" |

.

.

3. Operation

a) CompleteSeriesof Measurements

(i) Grosscount1/2min.twiceeach loading.
(ii)Bkg. count 1/2min.twiceeach loading.
(iii)Load0,42,44,46,%,rotate

filter1800,o8,W 6,W4,S2 and
0 g Pu (addpacketsto alternatesides
of filterbeginningwith front, remove
in reverseorderapplied).

b) RepeatCompleteSeriesabove
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E. Ducts (S-3-24Duct)

1. Equipment

a)TwelvePu StandardPackets
b) Ludlum2500 '

c) 2 x 2 NaI; 3" Recess; 1/2"Lead Plug
d) 8" Duct~4' length

2. Setup

6"DUCT

s STD, Pr'TS
A/AI NS/DE)| r , ,

3 "

;3"
)~i -

!E !
|

! 24" !
i

3. Operation

a) CompleteSeriesof Measurements

'(i) Gross count 1/2min.twice.
(ii)Bkg.Count 1/2min.twice.
(.iii)Rotate Duct 1800.
(iv) Repeat (i)and (ii)above.

b) Load 0,S 2,W 4,W 6 and*8 g Pu/ft

(i) Each load (except0)comprisedof three
packetstaped end to end; totallength
3' of Pu bearingsurface.

(ii) Tape eachloadto insideof duct
(alternatesideswith each loading).

c) Complete3a abovewith each loading3b above

<
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F. Pipe

1. Equipment

a) Two Pu StandardPackets
b) Ludlum2500
c) 2 x 2 NaI; "PipePlug";Tape Plugto

collimator face and positionNaI against
"Pipe Plug";1/2"LeadPlug;1/2"Lead
semi-circle shield

d) 2" Schedule 40 pipe;at least10' length

2. Setup

7
/2OLLEDSTD. P/O" |2V4"a

|g"

Aln/ 2".5CH40 P/P E " r-
P/PE PLUG

I o f/2"(TH/C/C)/&AD (,5How/NG 3L/T')
JEM/-C/RCLE SN/ELD

?.| |e NOTE :Po BEARING 3UEFACE
''''"Ef"'W" | /J GENERALLY Ar3OUT /Oe"x/Ef

,2OLL PM T .SOTHE /2"D /ME//5/ON
' ' /3 LENGTHW/.$ETNRCUGH TNG P/PE.

3. Operation

a) With tape measure and markingpen, div.ide the
pipeinto4, 2" sectionsleavingat least 1"
marginfrom eitherend of the pipe.

b) Load at 0 andc2 g Pu (carefullyinsert the

rolledstandardpacket).
c) Completeseriesof measurements

(i) Gross count 1/2min.twice@each2"
section.

(ii) Bkg. Count 1/2min.twice@each 2"
section.

d) Make one completeseries(3cabove)at each
loadingforeachof thetwo standardpackets
(16totalsets of grossand bkg. counts).

'
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G. Tank, "Honeycomb"(S-3-HC-12,18, 24)

1. Equipment

a) Nine Pu StandardPackets
b) Ludlum2500
c) 2 x 2 NaI; 3" Recess; "Honeycomb";1/2"Lead

Plug
d) 5" Schedule 80 pipe;4' length

2. Setup

J/0.PKT'S(/N5/DE) 5"SCH80
Ata/

NGNEYCOMB ,---l + '

I |
' ~p. 3

.-~.~~~~3 '
s

3"| l' |im L---

j . ,

|
y a ! '

/8"' ,
/2" -

3. Operation

a) CompleteSeriesof Measurements (SeeIE3a)
b) Load 0,62, s:::4andW 6 g Pu/ft

(i) Each load(except0 comprisedof three
packetstapedend to end; totallength
3' of Pu bearing surface.

(ii) Tape each loadto insideof pipe. ~

c) Complete3a abovewith each loading3b above
at 12", 18" and 24" (detectorto center of
pipedistance).

.

.,

"



SUBJECT PLUTONIUMPLANT INVENTORY so,KM-NP-15-48,Rev.,

PAGE10 op 41
DATEJuly 25, 1985

H. GloveboxSummingBiasCorrection

1. Equipment

a) FivePu StandardPackets
b) Ludlum2500
c) 2 x 2 NaI; 3" Recess; 1/2Lead Plug

2. Setup

V/EW FROM DE7"
/3.C" 27" , /3.5",

(
' |
/ |i

'
/
'

r---
/

a | 6/' | s"
s | ,

. / )L
' ' 1.,

, |

) ' )
| 36" | $4" j
;

.

. . .

(Detectorshouldbe mountedon cart to allow easy
movement).

3. Operati.on

a) Arrange fivepacketsas shownto obtain 12" x
54" array of Pu bearingsurface.

b) CompleteSeriesof Measurements

(i) Aim detectorat spot@6" frombottom
and 13.5"from end of array.

(ii) GrossCount 1/2min.twice.
(iii)Bkg.count 1/2min.twice.
(iv)Aim detectorat spot@6"from bottom

and 13.5"fromoppositeend of array.
(v) Repeat steps (ii)and (iii)above.

c)-Make four completeseriesof measurements.

,

'
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I. SolidWaste Packages

1. Equipment

a) FivePu StandardPacketsofadS2 g Pu each
b) Ludlum2500

'

c) 2 x 2 NaI detectorand shield
d) Cs137 sealedsource (100tci)
e) Laboratory jackstands,fiber pak drum

(14" dia.x 13 3/4"high)

2. Set up as illustrated in Figure 1, Page 12.

3. Adjustthe H.V. energythresholdand windowwidth
to count:

a) The photon energy range from 320 Kev to 450
Kev.

b) Find the threshold setting to count the
Cs137(662)Kev energy photonwith the same
windowwidth.

c) Recorddataobtained in steps d thruf on Pu
ScrapCounter Form - Daily Check Sheet. See
Figure2, Page 13.

d) Withthethresholdsetting for Pu (320-450
Kev)makea seriesof ten 0.5 min.back-
groundcounts and recordin "Background Pu
channel"column. Average the ten counts.

e) Withthe thresholdsettingfor the Cs137
(662Kev),make a seriesof ten 0.5 min.
backgroundcounts and recordin "Background

Csl37channel"column. Average the ten

counts.
f) Withthe thresholdsettingas in (e)and the

Cs137sourcein place (thespot should be

marked so it can be duplicatedin other
counts),make a seriesof ten 0.5 min.
counts and reco'rd"100dLCiCsi37source
channel"column. Average the counts.

g) Record data obtainedin steps h thruk on Pu
ScrapCountingWorksheets.Use a seperate
sheetfor ea.chloading.See Figure 3, Page 14.

h) Load Pu StandardPackets(sts2g Pu each)in
the fiberpak and make two 0.5 min. counts
withthe thresholdsettingfor Pu (320-450
Kev.)andtwo 0.5min.countswiththethres-
holdsettingfor Cs137(662Kev), and two,
0.5min. counts with the Csl37source in
place.
Rotate the fiberpak 1800and repeat above.

. .

.
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FIGURE1
.

N.D.A.-I
PACKAGE SET-UP

k 26" "~10"
t

,, E1D'/2LeadColumnator " "Pockage"
^

Cs.5ource
,

s:csxsty- ps s
'( te . -. -.-. . . .

,

s.-wmmaxt , . .
,

| jj '

.
'

.., .

' I2ka"
4"Lead Shielding * * *

.. l*

*5Ve., ..

'
. .

*AdjustHeighttoCenter"Package"

Cs.THRESHOLD Pu.THRESHOLD -- -----

WINDOW --------- WINDOW - -- --

HIGHVOLTAGE
. .-

CALIBRATIONFACTOR -

MINIMOMDETECTABLELEVEL '

>

,

ASSlGN TOALLPACKAGESLESSTHAN
OREQUALTO G.Pu.

MAXIMUMVALUETHATCANBECOUNTED G.Pu.
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FIGURE 2

PuSCRAPCOlmTERFORM
. .

. .

.

'

.

~
^

- ULILYCBECKSHEET

SERIES# ~

DATE:

OPERATOR:

HV. PuT. Cs137T. Window

Multiplier@Recess Distance CountTimedmin.

Background Background 100uCiCs137
PuChannel Cs Channel CsChannel

v

1.

2.
.
'

3.

4.

5.

6. -

2. -

a.
9.

;to.

SIJM

AVG '
'

--

'

.

Avg.100uciCal37- Avg.CsChannelBkgd= CsIn -

.
CsIn=~

.

Avg.PuChannelEkgi.m

-. . -..----. - -
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FIGURE3

* SCRAPCOUNTINGWORKSHEET ...
i /O.5 . EE

+ c 37 I

3-, --- ---- -- ------ - -- --- -----------
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,-,. , ,
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24x24x12Filterb = 1
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~ i. Load a secondPu StandardPacket (Rf4g Pu
total)andrepeat (f).

j. Continueas in (h)and (i)loadingwithPu
StandardPacketsup to*/8 g Pu total.

k. To calibratefor bags of waste or itemsthat
may havemore than 7.5 g Pu proceedas in (h),
(j)and (k)addingadditionalpacketsuntil
all 13 packetsare used.

' 4. Items of geometry otherthan fiber pak drum
14" x 13 3/4" high:

a) This method may be usedfor containersand
items of different geometryand densitiesby
varying one or moreof the followingand
making the appropriate calibration. r

(i) Detector to itemdistance
(ii) Detector recess distance

[ (iii)Simulating the geometry of the item to
be assayed.

5. Data Preparation

a)DailyCheckSheet

(i) Subtractthe averageCs137 background

count (3,e)fromthe average Cs137
sourcecount (3,f). This will be re-
ferred to as the CsIo

b) Pu ScrapCountingWorksheet

(i) Subtractthe averageCs137back-

ground count from the average
Cs137sourcecount for each
loading(3, h)'.

(ii) Dividethe resultsof (5,b,i) by
5,a i). The resultsare theCsl7transmissionfactorfor

- that loading.
(iii) Use the tableattached(Figure4,

Page 18)and obtainthe Pu cor-
rectionfactorfor this loading.

(iiii) SubtracttheaveragePu back-
ground (3,e)fromeach Pu source
count (3,h). Thiswill givefour
Pu net counts for each loading.
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(iiiii)Dividethe net Pu counts (5,b,iiii)
by the Pu correctionfactor. This
willgivefour correctedPu counts
for each-loading. (correctedfor
density,self absorption,and
shielding).

(iiiiii) Treat the resultsof 5,b as in II
B, page 19. Theresultswill give
the factorsfor gramsof Pu per
count for the type of calibration
done.

6. Measurement of SolidWaste Packages

a) Compl'ete the Pu Scrap CounterForm - Daily
CheckSheet, as in I,3,c thruf and 5,a,i.

b) Positionpackage as in Figure1,-Page 12,
withoutthe Cs source in place. Withthe
thresholdsetting for Pu (320-450Kev), make
two 0.5 min. counts. Recordin the Gross
columnof the 0 degrees, Pu 0.5 min. counts
sectionof the Pu Scrap Counting Worksheet
(Figure3, Page 14). Subtract the Avg. Pu
channelbackgroundobtained in Step 1 from
eachcount. Recordin the Net Count column.
Averagethe two net counts to obtain #1
averagenet.

c) With the thresholdsetting for Cs137 (662
Kev.),make two 0.5 min.counts. Record in
thebackgroundcolumnof the 0 degrees,

Csl370.5min.counts section.
d) Positionthe 100dLCiCs137source in place.

Maketwo 0.5min.counts. Record in the
Gross columnof the 0 degrees,Cs137 0.5

min. counts section. -

e) Subtractthe backgroundsfromthe grosscounts

to obtainnet counts. Average the two net
counts and record. Dividethis.averagenet by

the I obtainedin Step 1. Thisis (T1),
or Cs37fraction. Find thisfractionon
the Pu correctionfactorfor selfabsorption
and packagedensitytable,Figure4, Page 17.
Record the correspondingPu correc:ionfactor.

f) Turn the package1800.Maketwo 0.5 min.
counts. Recordin the Gross columnof the
180degrees,Cs1370.5min.countssection.

.
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g) Remove theCs source.Maketwo 0.5min.
counts and record in the backgroundcolumnof
the 180 degreesCs section.

h) RepeatStep(e).'
i) Withthe thresholdsettingfor Pu (320-450

Kev.),repeat Step (b)for the 180 degree,Pu
0.5min.counts section.

j) Multiply the #1 averagenet foundin Step (b)
by the calibration factor determinedin E,2,f,
and divide thisproductby the correction
factor determined in Step (e).Thisis the
#1 G Pu.

k) Repeat Step (j)forthe#1Average Net found
in Step (i), to obtain#1 G Pu.

1) Average #1 g Pu and #2g Pu. Thisis the
gramsPu value to be assignedto the package.
(NOTE: Packages thatdo not exhibit
sufficientcounts abovebackgroundwill be
assigneda minimum value. See Page 21,D,1,d).

' '

, , - - -.-- - - --- - - -
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Pu WASTECOUNTING
'

Pu Correction FactorforSelfAbsorptionand PackageDensity
Pu(Corrected counts) = Pu Counts

CorrectionFactor
Csl37 Pu Csl37 Pu
Fraction Correction Factor Fraction CorrectionFactor
.05 .21 .53 .72
.06 .23 .54 .73
.07 .26 .55 .73
.08 .27 .56 .74
.09 .29 .57 .75
.10 .30 .58 .75
.11 .31 .59 .76
.12 .33 .60 .77
.13 .35 .61 .77
.14 .36 .62 .78
.15 .37 .63 .79
.16 ' .39 .64 .79
.17 .40 .65 .80
.18 .41 .66 .81
.19 .42 .67 .81
.20 .43 .68 .82
.21 .44 .69 .82
.22 .45 .70 .83
.23 .47 .71 .84
.24 .48 .72 .84
.25 .49 .73 .85
.26 .49 .74 .85
.27 .51 .75 .86
.28 .52 .76 .87
.29 .52 .77 .87
.30 .53 .78 .88
.31 .54 .79 .88
.32 .55 .80 .89

.33 .56 .81 .90

.34 .57 .82 .90

.35 .58 .83 .91

.36 .59
-

.84 .91
.37 .59 .85 .92
.38 .60 .86 = .92
.39 .61 .87 .93
.40 .62 .88 .93
.41 .63 .89 .94
.42 .64 .90 .95
.43 .64 .91 .95
.44 .65 .92 .96
.45 .66 .93 .96
.46 .67 .94 .97
.47 .67 .95 .97
.48 .68 .96 .98
.49 .69 .97 .98
.50 .70 .98 .99
.51 .70 .99 .99
.52 .71 1.00 1.00

NOTE: For all Cs137fractionslessthan .05, use .21as the Pu Corr.Factor,

----- .
-- -



SUBJEcr PLUTONIUMPLANT INVENTORY NO.KM-NP-15-48,Rev.
PAGE19 oF 41
DAllJuly25, 1985

II. Calibration; Data Reduction

A. Initial calculationinvolvesfindingnet counts,
which is simplygross-background.Also one must
determine the unitsthatnet counts are to be
correlated against. Individualmethodsfollow:

1. Glovebox Sampling(S-7)

a) Units g Pu/ft2
b) Computation

Packet sizeis 10.5"x 12" Pu bearingsurface
or 0.88 ft2. This is equalto 2.213g
Pu/ft2 per packet. Net counts willbe
correlated with numberof stackedpackets
times2.213 g Pu/ft2,

2. GloveboxSumming (S-3-36)

a) Units; g Pu
b) Computation

Net counts will be correlated withnumberof
stacked packetstimes 1.936 g Pu.

3. IntermediateFilter(S-3-36Filt)

a) Units; g Pu
b) Computation

Net counts will be correlatedwith number of
.packetstimes1.936g Pu.

4. PrimaryFilter(S-3-24Filt)

a) Units;g Pu
b) Computation

Net counts willbe correlatedwith numberof
packetstimes1.936g Pu.

5. Ducts (S-3-24Duct)

a) Units; g Pu/ft
b) Computation

-

.

.

- -

-
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Althoughthreepacketsare includedin each
loading,(except0), the distributionwithin
theductcorrespondsto 1.936g Pu/ft(ftof
duct)thereforecorrelatenet countswith
numberof packetsdividedby three times
1.936g Pu/ft.

6. Pipe

a) Units; g Pu/ft
b) Computation

Net counts willbe correlatedwithnumberof
packets times 1.936g Pu/ft(12"dimension
lengthwise in pipe).

7. Tank, "Honeycomb" (S-3-HC-12, 18, 24)

a) Units; g Pu/ft
b) S-3-HC-12,S-3-HC-18 and S-3-HC-24are three

separate calibrations
c) For each calibration, net counts willbe

correlatedwith number of packets dividedby
threetimes1.936g Pu/ft.

B. CalibrationEquation

All calibrationdata is correlatedby linear re-
gressionto the formy = a + bx where

y = estimatedg Pu (org Pu/unit)
a = constant (intercept)
b = constant (slope)
x = net counts

(NOTE:The calibrationfor (S-7-450)is calcu-
latedfrom the (s-7),(T-7).Multiplyslopeand
interceptby 0.75. Calibrationerroris sameas
(S-7,T-7).

Theconstantsa and b are calculatedby thefollowing '

method:

If x and y satisfythe relationy = bx; i.e., they
lieon a straightlinethat is knownto pass through
theoriginand you haven measurementswith uncertain-
tiesin x negligibleand thosein y all equal, then-

b =.ExiYi/Exi
Thiswillusuallybe the case for solidwaste
packages.
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Otherwise:

nIx.y.- Ex.Iy.
1 1 1 1b =

nIx.2 (Ex.)'21 1

Iy.
-

bIx.
1 1

3
n n

where n = number of data pairs
yi = g Pu or g Pu/unitof the ith

data pair
xi = net counts of theithdatapair

Calculatea and b for each calibration.

C. Error calculation;systematic calibration error.
The objectof this exercise is to determinethe
contributionof calibration uncertainties to total
measurementerror. 11

Iy.2- aIy.- bIx.y -2

Sc= + + (0.00577)2
(n-2)(y) ) Ex. - (Ix.))

1 -1-

whereSc= SystematicCalibrationError
calculateScfor eachcalibration.

- IYiy =
n

IX
x =

n

D. QualityControl '

1. Aftercalibrationfactorshavebeen determineiby
utilizingmethodsprescribedin thisprocedure,
reliabilit'yand stabilityof the systemwill be
auditedas follows:

: .

-- --- - - -- --
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a) Two controlchartswillbe constructedat the
firstof eachmonth. One chartwillbe for a
plutoniumstandardat thelowerend of the
calibrationrange(-ul.9grams),and the other
for a plutoniumstandardat the upperend
(a9.7grams).Thesechartswillreflecta
95%confidencelevelby showingan average
count rate (x)for the standardand an upper
and lowerlimitderivedby extractingthe
square root of the averagecount rate and
multiplying it by 1.96. Thisyieldsa + value
for the average (x).

b) Each day that the count systemis used, five
counts of each standardwillbe taken. The
counts will be plotted on theirrespective
controlchart. No more thanone of each five
counts should vary from the3Ei 1.96 x range.
Shouldmore than one count varyfrom this
limit, a second set of counts will be taken
to verifythe deviation. If the deviationis
verified, the system must be investigated for
propercalibration.

c) No valuegreater than the upper end standard
will be assignedto any item. Calibration
must be extendedto include the higher v'alue,
or the itemmust be splitinto two or more
packages.

d) Minimumvalue assignedwillbe determined by
the followingcalculation:

Background
1.96 --------------- X b + a

Timeof BackgroundCount
grams Pu

2

(Seepage 23 for determinationof a andb)

Thisis a 95% confidencelevelof background.
Plus "zero"dividedby two which yieldsa gram
valueof one-halfof the minimumdetectable
activity.

Thisvalue.willbe assignedto itemsthatdo
not producea count abovethe 95%confidence
levelof background.

-
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EXAMPLEI

The following datawas obtainedfroma gloveboxsampling
calibration:

6.638 8.85 (gPu Loading)
Net Count <15> 317 679 1017 1360

min. 36 338 686 944 1450
<23> 451 752 1171 1516

98 368 800 1202 1532
<44> 286 751 1133 1480
5 357 814 1117 1379
1 306 710 1068 1480

<ll> 362 794 1054 1376

Compute the followingsums:

Ex. = 29097
1

zy. = 177.008
1

Ex.y. = 192862.733
1 1

Ex = 31797079

ry.2= 1174.9083
1

and calculate

x = 727.425

y = 4.4252

Then find

(40)(192862.733)- (27097)(177.008)
= 0.00603

(40)(31797079)- (29097)2
177.008 (0.00603)(29097)

40 40

The derivedequationfor gloveboxsamplingis:

g Pu/ft2= 0.03883g Pufft2+ (Xcp4m)(0.00603g Pu/ft2/cpkm)



SUBJECT PLUTONIUM PLANTINVENTORY NO KM-NP-15-48,Rev.'
PAGE24 OF 41
DATEJuly25, 1985

Now collect thedatanecessaryto calculatesystematicerror.
2

2 EYi- #2Yi- bExfyf2 y.x =
2(n-2)y

J 2y.x= (1174.9083) - (0.03883)(177.008)- (0.00603)(192862.733)

2y.x= 0006817

S(x2)= I(xi- x)2 = Ex Gxf@
2 (29097)2 n

S(x) = (3179709)- p

S(x2)= 10631193.77

Scmaybewritten:

Sc= y.x + ) + (0.00577)
S(,x))

Sc=. 0.006817) + + (0.00577)

Sc= 0.023303

-

NOTE: that roundingerrormay be significant.Therefore, it is best
to avoidall roundingif possible. The exact resultfor Sc

~ is Sc= 0.023348.

.
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III. Measurements of PlantHoldup

A. Data SheetPreparation

1. Obtaincompleteset of data sheetsfromprevious
inventory for the area to be measured.

2. With theexceptionof countingand g Pu data copy
the information from the previoussheeton the new
data sheet.

EXAMPLE II
...

.,

Date Calibration Constants
RoomNo.
Instrument Ludlum2500
TechnicianInitials S-7 0.00603X + 0.03906

a

Trans- Gross Bkg. Net Corrected
Item & Position mission Count Count Count Count g Pu Yi <

A 675 701 <26> < 27> <0.12> <0.04>1
Box 2C S-7 685 659 26 27 | 0.20

Wall Area Box A 538 587 <49> <51> <0.27> <0.05>2
2C = 84 ft2 567 547 20 21 0.16 )

A 586 541 45 47 0.32 0.093
(84)(0.01)= 0.84 519 549 <30> <31> <0.15>

A 558 557 1 1 0.05 <0.04>i41 g Pu 518 544 <26> <27>- <0.12>
,

x = 0.01

1 = 6.68

.

. -------- ~~- ---- - - -- ---
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EXAMPLEIII

NEWDATA SHEET

Date CalibrationConstants

s r ment Ludlum 2500

TechnicianInitials
-

Gross Bkg. Net Corrected
Item & Position Transmission Count Count Count Count Pu

Box 2C S07 1

2

3 A

B. Measurement

1. Equipment

a) Ludlum2500, 2 x 2 NaI Detector and 1/2"Lead
Plug

b) Otherequipmentas requiredby measurements

to be made (ConsultCalibration, Section I,
conc'erningadditionalequipment).

2. DataCollection

a) Proceed to measurement location.
b) Consultdata sheetto determinetype of

measurementto be made, and set up equipment
accordingly.

c)Measurementpositionsare labeledwith "NDA
Stickers"set up at positionnumberindicated
by Data Sheet.

d) Gross count, twice(timeas indicatedby cali-
bration).Record undergrosscount column
oppositepositionnumberon Data Sheet. '

e) Bkg. count',twice(timeas indicatedby cali-
bration).RecordunderBkg. count column
oppositepositionnumberon data sheet.

f) Move equipmentto next measurementposition
and repeatd) and e)aboveuntilallpositions
havebeencounted.

. .

.
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IV. G Pu Determination

A. Obtaing Pu for eachpositionmeasured.

1. GrossCount - Bkg.Count = Net Count
Enter net countsundernet count columnopposite
position on data sheet.

2. Net Counts - Transmission= CorrectedCount
Enter Corrected Counts underCorrectedCount
column opposite positionon Data Sheet.

A list of coded transmission valuesfollows:

CODE ITEM TRANSMISSION,

A Window 0.96 @450 0.93

B S.S.Glovebox 0.71 @450 0.56

C S.S.Glovebox+ 1/8"PB 0.39 @450 0.21

D Window+ PB Glass 0.57 @450 0.41

E GloveportCover 0.60

F Glove 0.97 @450 0.94

E + F Glove+ Cover 0.58

IX Column, Loaded 0.67

IntermediateFilter
Across 12" Dimension 0.77

IntermediateFilter
Across24" Dimension 0.59

InletFilterAcross
12"Dimension 0.69

CalcinerTube 0.385
. -

NOTE: Recordall values, even if theyare negative.

.

----..- - - - -
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3. Determineg Pu (org Pu/unit)

y = a + bx

where y = estimated.g Pu (org Pu/unit)
a = calibrationconstant
b = calibrationconstant (referto

SectionII B)
x = correctedcount

enter determination (y)on Data Sheet.

EXAMPLE IV

Gross Count = 414

Bkg. Count = 373

MeasurementMethod Glovebox Sampling

a = 0.039
b = 0.00603
TransmissionA = 0.96
Net Count = Gross - Bkg.
Net = 414 - 373 = 41

CorrectedCount = NET
Transmission

'

Corrected= 41 = 42.7
0.96

y = a + b (correctedcount)

y = 0.039+ 0.00603(42.7)

y = 0.30g Pu/ft2
B. Calculations ~

Thereare basicallytwo types of measurementsmade,
g Pu and g Pu/unit.Whenmakingthesecalculations,
it is an advantageto also generateand record data
thatwill laterbe used in the error calculation.I
wouldsuggest that the followingtables be prepared
priorto beginningcalculation.
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TABLE I

^

1 2 3 4 5 6 7 8 Note: '

2 2
Item n. E. iji ,Q2 n.33 J two measurements

E. E 2 Column4 assumes
1 1 (nt-1)i

per sitewhich
is normal.

----
-- -~-

(A
measurementmethodcorresponds to measurements basedon a single
calibration).

1. G Pu Calculation

a) If only one position (site)is measured,
averagethe set of g Pu values.

(i) Record g Pu on Data Sheet.
(ii) Enter1 under column #6, Table I,

alongwith Item I.D. in column#1.
(iii)Recordg Pu in colunin #7, TableI,

and (gPu)2in column #8.

b) Multiplepositionsfor (S-3-24 Filt.)and
(S-3-36Filt.)

(i) Average eachset (oneset per site)of
g Pu valuesandrecordon Data Sheet.

(ii)Findthe mean and standard deviation.

y.
Mean = y = I -1

n 1

2 - 2)4(nEy. (Ey )
StandardDeviation= S =

(iii)CalculateRelativeStandard-Deviation

RelativeStandardDeviation= a = 1
y

- - -, -. .-
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(iv)EnterItem I.D. column#1andy g Pu,
column#3on Data Sheet.

(v) Enternumberof sitescolumn#2.
(vi)Calculate

E.3.2 2gj21 1
= I-----

2n. 2n
1 1

Entercolumn#4

(vii) Calulate

(n.-1)D.21 1

Enter column#5

c)Multiple positions using(S-3-36)glovebox
summing

'

(i) Average each set of g Pu valuesand
record on Data Sheet.

(ii)Findmean (y)and relativestandard
deviation (2).

(iii)Find sum of the sets of averageg Pu
values. Record on Data Sheetand in
column#3, Table I.

(iv)Recordalso in Table I the Item I.D. in
column#1and the number of sitesin
column#2.

(v) Calculate 2 2E.j .

1 1

2n.
1

Enter column#4

(vi)Calculate

(nf-1)2
Enter column#5

. .

,-. .--- -
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2. G Pu/UnitCalculation

a)One positionmeasured

(i) Averageset of g Pu/unitvalues
(ii)Multiplyg Pu/unittimesunits

(EXAMPLE:(3.02g Pufft)(6ft)= 18.12g Pu)

Recordthisvalueon Data Sheetand
column#7.

(iii) Alsorecordin TableI Item I.D. in
column #1, 1 in column#6 and (gPu)2
in column #8 (gPu is the resultof
(ii) above)

b) Multiplepositions measured

(i) Average each set of g Pu/unitvalues
(ii) Findmean, f,and relativestandard

deviation,@ , of the averagevalues.
(iii)Multiplyy g Pu/unit timesunits. This

resultis g Pu for the item. Enter re-
sulton Data Sheet and TableI, column
#3.

(iv) Alsorecordin Table I, Item I.D. in
column#1 and number of sites in column
#2.

(v) Calculate
E. @2
1 1

2n.
1

Enter column#4.

(vi) Calculate
' -(nf-1)

Enter column#5.

V. RandomError

A. Data Collection

Randomerrorsare calculatedand accumulatedby
groupscorrespondingto the measurementtechniques
used. All data necessaryfor thesecalculationsis
listedin the table,spreparedto the Form TableI. '
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Note thatthefollowinginstructionsshouldbe appliedfor
each measurement methodindividually.Thetablesprepared
in Section IV shallbe called"TableI" forsimplicityof
reference.

1. Compute the sum of columns#2through#8 in
"Table I".

2. Calculate an additionalvalue K, where K is the
number of multiplemeasurementitems.

3. The random errorfor eachmethodhas two com-
ponents, a multiple measurementcomponentand a
singlemeasurement component(columnnumbersrefer
to "Table I").

2a)'Multiple measurement variance, S,
E 2 2

S 2
, 3 i i (Sumof column#4)m 2ns

b) Singlemeasurement variance,

2 2 2S = hS EEs p 3

where
2(n-1)

S 2
=

i i (Sumof column #5)
p (n)-k (Sumof column #2)-K

2IE. = (Sumof column#8)J

c) Writetherandomvarianceterm,
2 2

S 2
= S 2 + S 2

= I + BSEE 2r m s - 2ni P 3

4. Rememberthat a random varianceis calculatedfor
each measurementtechnique.
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EXAMPLEIV

Considerthe following set of data. Columns6, 7, and 8 have been
listedseparately. The sumsare En.= 9,EE. = 31and EE. = 219.

J J J

E.d.2
1 1

I.D n. E. 2n. (n.-1)2.2
45 3 6 1 0.2312

48 3 4 0 0.0288

49 3 1 0 0.4608

51 2 0 0 .0

52 3 8 6 1.0368

53 2 8 4 0.2401

55 2 7 0 0.0169

56 2 7 12 0.9409

109 2 10 2 0.0961

112 2 6 3 0.3364

113 4 7 1 0.4107

121 2 11 50 1.6384

157 2 3 3 1.2321

156 3 2 1 2.1218

158 2 4 5 1.3225

159 2 1 0 0.1764

39-14-40

DRAIN 3 4 1 0.4050

116 2 4 2 0.5476
44 93 91 11.2425

K = 18
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Use thisdata to calculatethe randomvariance.

S 2
, 3

2 , 3
2

r m s

S
2

, gEf2jf2 = 91
* 2

"i

S 2
, Uni-1)j i = 11.2425= 0.4324

P (En.) -K (44)-18
1

S 2
= 1/2SEE.2 = (1/2)(0.4324)(219)s p a

S 2
= 47s

S 2
= 91+ 47 = 138r

The resultsof the randomvariancecalculations should be
recordedin a tablefor referencein errorpropagation.
I mightadd thatthereis oftensomevalue in further
breakingdownof thedataby room andMBAas well as by

measurementmethod. However, Sp2shouldbe casedon
the resultsof an entiremethod

VI. SystematicError

Systematicerrorsapplyto all membersof a measurement
group. It is thereforenecessaryto determinethe error
contributionfor eachmeasurementmethod. Also keepin
mind thatin order to calculateLEID, the measurement
errorsmust be relatedby theID Equation.

I.D. = BeginningInventory+ Receipts- Shipments-
EndingInventory

.
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A. ConstructTableII in thefollowingmanner:

TABLEII

1 2 3 4 5 6
EE

EE EE Inv. Prior
Category Sg Sc ThisInv. Last Inv. to lastinv.

1 G.B. Samp.

2 G.B.Sum.

3 Filters

4 Tank

5 Pipe

6 Duct . j

I'7 8 9 ' 10 ! 11 ! 12
SP BP | Sf BP

SP BP o23 g2s a c32
(5-4) (6-4) (3x7)2 (3x8)2 (237)2~ (2x8)2!

1
"

2

3

4

5

1. Column #1, listmeasurementcategories.

2. Column#2, list'geometry errors, thiswillbe
discussedin SectionVII.
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3. Column#3, listcalibrationerrorsdeterminedby
IIC (Sc)

4. Columns#4, #5and #6 listg Pu measured(by
method column#1)in the lastthreeconsecutive
inventories.

a) Column #4, g Pu thisinventory
b) Column #5, g Pu last inventory
c) Column #6, g Pu inventorypriorto last

inventory

5. Column#7, column #5 - column#4.

6. Column#8, column #6 - column#4.
(columns#7 and #8 are actuallyI.D. by measure-
ment method, make sure the signsare correct).

7. Column#9 listsingle period (S.P.)calibration
variances.Thisis calculated by multiplying
column#3 timescolumn #7 and squaringthe result.

8. Column#10listBi-period (B.P.) calibration vari-
ances. Thisis calculated by multiplying column
#3timescolumn#10and squaring the result.

9. Columns#11and #12willbe discussed in Section
VII.

B. SystematicErrorAppliedto I.D.

1. The sum of column#9 is the systematic cali-

brationvariancefor the singleperiod I.D.

2. The sum of column#10is the systematiccali-
brationvariancefortheBi-periodI.D.

EXAMPLE5

Considera singlecategory as an example.

For gloveboxsampling, Sc= 0.02335

Usingthismethod3625g Pu were measuredin March
1976, 5495 g Pu in January 1976, and 10,232 g Pu
in November, 1975 (Theseare threeconsecutive
inventories).

-~-- . ...
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Entergloveboxsamplingcolumn #1.

Enter 0.02335column#3.

Enter 3625column#4.

Enter 5495 column#5.

Enter 10,232 column#5.

5495 - 3625 = 1870, enter column#7.

10,232 - 3625 - 6607, enter column#8.

[(1870)(0.02335))2 = 1907, enter column #9.

[(6607)(0.02335)I2 = 23800, enter column#10.
--- -=-

, , -

1 2 3 4 ; 5 6
; IE ! IE j IE

[ Category Sg j Sc j Mar. '76 Jan. '76 Nov. '75
,

. . . ,

j 1 G. B. Samp. !0.02335! 3625 | 5495 ! 10232
j ! ' !
j 2 j | j
! ' ! ! !
:, 3 j

i *

4

, j |5
1 1

[ 6 | --4
j

! 7 / 8 9 10 ! 11
' ''

12E
'

!SP | BP SP BP | SP ! BP
(5-4) j (6-4) a28 a23 ' o2e| a2e j

1 1870 6607 1907 23800|
2

3

4

5
.

6 -

---- j
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VII. BiasCorrection

A. Calculation

1. See dataobtainedby 3.0, I.H.

2. Find the averagenumberof net counts for
positions 1 and 2 for eachseriesof measurement.

3. Calculate g Pu for each of the abovedetermined
averages (usethe (S-3-36)gloveboxsumming
calibration).

4. Sum g Pu at positions 1 and 2 for each series.

5. Determinethe mean, y, and relativestandard
deviation,dfor the sumsobtainedin 4)above.

6. CalculateSg2

Sg2=21+ (0.00577)2
n

wheren - numberof series

7. Enter Sgin column#2, Table II, next to
G. B. Summing. ,

8. Multiplycolumn#2 timescolumn#7 and square the
result. This is the singleperiod variance due to
gloveboxsummingbias. Enterfinalresult in
column#11.

9. Multiplycolumn#2timescolumn#7 and square the
result. This is the Bi-periodvariancedue to
gloveboxsummingbias. Enter finalresultin
column#12. '

10. DetermineB

B = 9E = BiasRatio.

B. BiasCorrectionto I.D.

Multiplyg Pu measuredby gloveboxsummingthis
inventory(listedin column#4)times(1-B).The
resultis the bias correctionto I. D.

-

-- ---------- ..
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EXAMPLE6

.

1 2 4 7 8 11 12
SP BP

SP BP ge2 ge2

Category Sg Mar. '76 (5-4) (6-4) (2x7)2(2x8)2
G.B. Summing 0.00898 60 49 515 0 21

4

B = 1.18049
(60)(l-B)= (60)(-0.18049) =<1l>

Biascorrectionto I. D. = <ll> g Pu

VIII. Error Propagation

Thisdiscussionof error propagation is confinedto the
calculationsnecessaryto determine thelimitof error
forplantholdup.

A. RandomError

1. Findthe sum of therandomerror variance for all
methods for this inventory.

2. Findthe sum of the randomerrorvariance forall
methods last inventory.

3. Findthe sum of the randomerrorvariance for all
methodsfor the inventorypriorto the last

inventory.

4. The sum of 1)+ 2)above is the singleperiod
randomerrorvariance.Recordthissumas such.

5. The sumof 1) + 3)aboveis the Bi-periodrandom
error variance.Recordthissum as such.

.

'

- ----- ,-- -
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EXAMPLE7

Sumof randomerrorvariancethisinventory

o2wl= 292,147

sum of randomerror variancelastinventory

o22 = 152,919

Sum of random error varianceinventoryperiodto
last inventory

g23 = 342,178

Singleperiod random error variance,.o2,12

02wSPwl* #
w2

= 292,^147+ 152,919 = 445,066

Bi-periodrandomerror variance, o213

o2wBP* ol* 0 w3 = 292,147 + 342,178 = 634,325

B. SystematicErrors

1. The singleperiodsystematic calibration error,
o2* was found in VI B 1).
BSP'

2. The Biperiod systematiccalibration error,

g23 was found in VI B 2).

3. The singleperiodvariancedue to glovebox smmming

bias,o26SP' *

4. The Bi-periodvariancedue to glovebox summing
bias, o26BP' ^ " *

C. WriteLEID forthe singleperiodinventory.

o2SP^ o2 + g28+ g26
w SP SPSP

LEID = 1.96 (a3p)SinglePeriod
D. WriteLEID for the Biperiod inventory.

o2 g2 + g2 + g2
BP wBP SBP 6BP

'

LEID = 1.96(oBPBiperiod
'

. .

- - - - .. - ----- - - .
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IX. Covariance

An item thathas not beenphysicallychangedor remea-
sured thatappearson beginningand endinginventoryis
considered to be "covariant".An examplewouldbe a
tamper-safed glovebox. Sincethe g Pu valueand measure-
ment method is the same on both beginningand endingin-
ventory, this itemwillnot have an error component that
appliedto I.D. Care shouldbe takento assurethat
covariantitems are not includedin the LEID calculation.

I would suggest that covariant items, alongwith their
measurementdata, be listed separatelyto avoidconfusion.

X. InventoryStatement

A. Separatesummaries are written for the singleperiod
inventoryand the Biperiod inventory.

B. Eachsummaryshouldcontain:

1. Beginningand ending inventory

2. LEID

3. Biascorrections(singleperiod only)
,

C. InventoryReport

It is customary to report holdupin terms of room,
box (item),and MBA.

NOTE: Eachbox may have severalcomponentssuch as
wallvalues, floor valuesand tank values.
In order to make the report more understand-
ablesumthesevaluesand report thetotal
g Pu for an individualbox.

.

.

:.

- - - - -- -
.



GLOSSARY

TERMS:

BackgroundCount: Count takenwith frontof collimatorcovered.

BackgroundPlug: Pb disk, 1/2"thick, used to cover front of
collimator.

Gross Count: Count taken with collimatoruncovered.

Honeycomb: Used to provide narrow viewingangle. 2 1/2"
diameterPb disk 1" thickwitha concentric
arrangementof 1/8" diameter holesspaced on
1/4"centers to be inserted in the end of the
collimator.

LEID: Limit of Error applied to I.D.

Loading: Amount of Pu used in a particular calibration
step.

I.D.: Materialunaccountedfor. I.D. = Beginning
Inventory+ Receipts- Shipments - Ending
Inventory.

~

Net Count: Gross Count - BackgroundCount= Net Count

Pipe Plug: Pb diskmade to fit over the end of the colli-

mator. 1/2"thickwith a centered1 1/2" x 2 1/4"
rectangularslit.

PipeShield: 1/2"thickpieceof Pb usedto helpisolatea

particularpipe for measurement.

Recess: Thedistancethatthe faceof theNaI.crystalis
recessed from the face of the collimator.

Transmission: The fractionof radiationpenetratingan absorber
withoutinteraction.

.

.^

<

. .

- - -- -.
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GLOSSARY

.

SYMBOLS:

a Calibration Constant

b Calibration Constant

B Bias Ratio

E ElementWeight(g Pu), multiplemeasurement sites

E. ElementWeight(g Pu), singlemeasurement sites
J

S StandardDeviation

Sc CalibrationError

Sq GeometryError

J f
RelativeStandardDeviation

Sm -MultipleMeasurement Component, Random Error

Sp PooledError

Sr RandomError

Ss SingleMeasurement Component, Random Error

S(x2) (X - X)2
4 yx RelativeVarianceof y aboutx.

as ShortTerm SystematicError

.

Long Term SystematicErroras
n
y Estimateg Pu (Basedon Calibration)

.

.

.
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DATE August28, 1985 NO. KM-NC-15-56,
PROCEDURE Revison3

SUBJECT

SEQU0YAHFUELSODRPORATl0N LIMIT OF ERROR

CIMARRON FACILITY PAGE 1 OF33

Thisprocedure describes themethodsused to calculatethe limitof
errorassociated with inventory differencesand waste shipments.The
procedureis presented in two sections,the firstof whichdescribes
how a limit of error is calculated for tasksencountered during the
Facility'sdecommissioniong, i.e.waste shipmentsand UraniumPlant
inventories.

The secondsectionwas adopted in itsentirety(withchangesto up-
dateterminology)as it was in revision 2 as the "Limitof Error
Manual". Thissectionwas created to retainthelimitof error
manual, shouldthe need for it arise before the Facilityis completely
dismantled.The sectiondescribes short term and long term errors.

.

.

.

.
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SECTION I

I. Limit of ErrorCalculations

A. Groups of AssayedItems (Countedwaste, countedsolids,
TRU waste drums).

1. N = Number of units (packages,drums, etc.)
IXi = Sum of valuesof all items(gramsPu or U)
LXi2= Sum of squaresof valuesof items
X = Mean

I (Xi)2= Square of sum of valuesof items

s(Standarddeviation) =

N(N-l)

R.S.D.(RelativeStandard deviation) = s/X

Sp(PooledError)= d
INi -k

where: N = No. of objectscounted

Si= R.S.D.of gramsof isotope or element
Ei= Totalgramsof isotope
K = Multi-measuredobjects

RandomError = SR= dzEf)232,(3g 3 g

T
g- data = i RandomError

Limitof Error @95%ConfidenceLevel= 1.96 x r-data

a. If grams elementwas entered,then the aboveis
L. E. Element,and L. E. Isotopeis calculated:

L. E. Isotope= 1.96(rdataX %enrichment)

b. If gramsisotopewas entered, thenthe aboveis
L. E. Isotope,and L. E. Elementis calculated:

L. E. Element= (r-data
' )

(%enrichment)

.
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2. Thesecalculationscan be performedusinga program-
- able calculator(Hewlett-Packardmodel 97)in the

following manner':
a. Programs for the HP 97 are recordedon cards call-

ed Smart Cards. Selectthe card with the Limitof
Error program. Withthe calculatorON, RUN po-
sition, print mode in NORMposition,insertside1
of the card, face up, intothe front slot provided
on the left sideof the calculator,and press it
into the slot untilthe readingmechanismpicksit
up and propels it out the rear slot. (Letgo of
the card as soonas you feelit beginto be pro-
pelledby the reading mechanism).Do thisalso
for side 2 of the card." ,

b. Press the F key and the A key to clearthe pal-
culator.

c. Enter data (package value in grams,drum valuein

/a grams,etc.)by pushing the appropriate numerical
keys,and eitherthe A key or the E+ key. If,
afterdepressingtheI + key or theA key, it is
discoveredthewrong value has been entered,
pressthe F key and then the.E + key,and then
enter the correct value.

d. After all the data has been entered, press the
B key. The calculatorwill print out a-seriesof
values. (SeeExample1)

>

-

.

.

- , - -- - -
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.

95Ba
3.98892+
2.9980 2+

| 6.G8982+
5.8998E+
4.8889 2+

GSBB
|
;N 5,g3g9 es:,:
Exi 28.8888***
Exi2 90.0000***

(Exi)2 438.8888***
<:

ii 4.9889***

s 1.5911 **t '

|
RSD 0. 3953 ***
RSD2 8.1563 ***

Sp2 g,y25g ggg

Sp g,3535 ***

2Sg 11.8758***
S 3.4468***:R

e. The lastnumberprinted(Sr)is the sigma (cr') for
the data entered. Multiplyingthis number by 1.96
givesthe limitof error at the 95% confidence
levelfor thisparticulargroupof data; however,

themore importantnumberat this pointis SR2,

thenext-to-lastnumberon theprintout, because

it willbe used in findingthe overalllimitof
error. (Limitsof errors can not be summedfor a
totallimitof error; the squaresof theirsigmas
must be added,the squareroot extracted, and that
root used to calculatethe overalllimitof

' error.)Now calculateeitherL. E. Isotope or
L. E. Error as in I.A.1.a.orb.

f. NOTE - Items of differentenrichmentscan not be '

mixed. A separate limitof errormust be cal-
culatedfor each enrichment.
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B. Surveyed Items (Non-linedrums, uniqueitems)

1. Thebase numberused in determiningthe valueof the
item in questionmust be known. Thisis usually,the
average counts per minute/areafrom the 'surveymeter.
To determine the sigmafor the basenumber:

g- n =@ (errorin basenumber)
cpm

2. To calculate sigmafor the item,multiplythe de-
terminedvalue of the itemby o- n.

g- items= e--n x determined value

3. Now, for a group of like items:
f

= cisotope

4. Dividee" isotopeby the appropriate enrichmentto
find the e- element:

cr"Isotope = e--element
% enrichment

5. The limitof errorat the 95%confidence levelfor
thisitem(groupof items)wouldbe:

L. E. Isotope = 1.96x e-isotope
L. E. Element= 1.96x e-element

But, remember, the squareof the sigmamust be used
in calculatingthe overalllimitof error.

6. NOTES: a) One exceptionto ~thiscategory is a group

of concretedonuts. Use themethodin I.A..

b) Items of differentenrichmentscan not be

mixed. A separatelimitof errormust be cal-

culatedfor eachenrichment.

C. ScalesErrors (Uranium)

1. Reviewthe check-weightsheetsfor the appropriate
scales (dirt,dried solids, ash), and pick the weight
nearest the averagenet weightof item(drum,packages,
solution),and calculatethemean of the checkweights
for thatweight. Convert frompoundsto grams.

- -------.--.------- '
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2. N = Numberof checkweighings
EXi = Sum of Scales Values for the checkweight
EXi2= Sumof squaresof ScalesValuesfor thecheck

weight '

X(Mean) = I X i X 453.59grams/lb.
T

Std. Dev. = 2X - (IXi)W
RandomWeight Error = Std. Dev. xy~2--
SystematicWeight Error

a. Dirtand ash
15

(S'td.Wt.- Mean Std.Meas.)2+(Std. Dev.)2 + (R.W.E.@x # drums + (453.59)2W W
Ck. Wt.

b. Driedsolids
i2 2 2

(Std.Wt.- Mean Std.Meas.)+ (Std.Dev.)+ (R.W.E.) x # pkgs)
W

Ck.Wt.

c. Soda Ash g
2 2 2 2(Std.Wt.- Mean Std.Meas.)+ (Std.Dev.)+ (R.W.E.)x # Sol. + (453.59)

W #W
Ck. Wt.

g- Isotope = SystematicWeightError (grams)x AssignedValue of Item

Element= 7-Isotope
%Enrichment

3. Limitof Error at 95%confidencelevel= 1.96(~

4. Calculatea2for use in overallLimitof Error.

5. See Figures1, 2, 3 and 4 for formsused for Scales
Errors.

'.'

-- - -- - ...
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FIGURE1

DriedSolids

Weight Limitof Error

M
Use checkweight nearest to averageweightof packages
and calculatemean of thecheckweights.

Mean = IXi= grams

T--

-Std.Dev. = NIXi2-(IXi)2= (
- --------------) -- -gx =

-

RandomWt. Error = Std.Dev. xE = x 1.41 = g

li
M = (Std.Wt.-Mean Std.Meas.)2+(Std.Dev.f +(R.W.E.)2x # Pkgs.

TTlimlisoT-
Ck. Wt.

L
2 2 2 '2

= ( - ) + ( ) + ( )x

2
=

- + + = g
a--

g x g U/g = g U
Lab.Ana. f

g U x = g U235
% Enrichment C

o--2 U -
-

-

r 2 U235=
-

. .

- .
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FIGURE 2

Soda Ash

WeightLimitof Error

W.eightEr[or
Use checkweight nearest to averagenet weightof solutions
and calculatemean of the check weights.

Mean = EXi= x 453.59 = grams
-TF"

Std.Dev.= = = g
m=rr-

-

RandomWt. Error = Std.Dev.x d = x 1.41 = g
- *

2 2 2
M (Std.Wt.-MeanStd.Meas.)+(Std.Dev.)+(R.W.E.)x # Sol.+(453.59)

' 6 #~TFWE-
Ck. Wt.

i
2 2 2

= ( - )+ ( )+ ( x )+ (453.59
- -

2= + + + q

g x g U/g = g U
Lab.Ana. q--

g U x =
.

g U235
% Enrichment cr--

g-- 2U ..

=
'

g- 2U235=
--.---------.-

-..- --- ---.-.---
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FIGURE 3

Ash

WeightLimitof Error

WeightE[[oI

Use checkweight nearest to averagenet weightof drums
and calculatemean of the checkweights.

Mean = EXi= x 453.59 = grams
T

Std.Dev.= = g
.

RandomWt.Error = Std.Dev.x@= x 1.41 = g

L

Sys.Wt.Error (Std.Wt.-MeanStd.Meas.f+(Std.Dev.b+(R.W.E. x # drum+(453.5.9
-

=
i

2 2 2 2
= ( - )+ ( )+ ( )x + (453.59)

= + + + = g

g = lb. x g U235/1b.= cfU235
453.59g/lb. Lab.Ana. cy--

g U235= g U
.03 o-

g 20 =

2U235-cr- -

-

- --
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FIGURE 4

Dirt

WeightLimitof Error

WeightErrol
Use checkweight nearest to averagenet weightof drums
and calculatemean of the checkweights.

Mean = IXi= x 453.59 = grams
T

Std.Dev.=NIXi-(EXi)=
.

g=

-

Random Wt.Error = Std.Dev.x@= x 1.41 = g

h (Std.Wt.-MeanStd.Meas.)+(Std.Dev.+(R.W.E.)x # drum+(453.59)
#W #W
Ck. Wt.

4
2 2 2

= ( - )+ ( )+ ( )x + (453.59)

= + + + = g

q = lb.x g U235/1b.= g U235
453.59g/1b. Lab.Ana. e-

g U235= g U
.03 e--

c 2U =

e- 2U235-- - ------.----

+ .
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D. Overall Limitof Error (Totals)

1. Totalsfor limitof errorformaterialsof each en-
richment must be determined,by addingall theo-2
for eache-isotopeat all ther-2 for eachoelement
for thatenrichment. The squareroot of that total
is extracted, and multipliedby 1.96; if thisis
L. E. Element, multiplyby %enrichmentto get L. E.
Isotope. If thisis L. E. Isotope, divideby % en-
richment to get L. E. Element.

2. Overall limit of error is found by addingalle-2
isotopeand alle2 element,extractingthe square
root for each, and multiplying them by 1.96:

-

-

L. E. Isotope = 1.96 z,-2 isotope

L. E. Element= 1.96 re- 2 element

II. Examples

A. Suppose a Pu TRU waste shipmentof three drums, and the
drumshadpackagesof the following values(grams Pu):

Drum #1 - 1.380, 1.878, 1.917, 1.752, 1.576

Drum #2 - 0.010, 0.042, 0.045, 0.010, 0.052

Drum #3 - 1.723, 1.689, 0.010, 0.010, 0.010

,

>

.

.
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1. Calculate the limitof error for each drum as in
j I..A.1.usingI.A.2..

|
Drum#1 GS8o Drum#2 SS8o Drum#3 GS8e

| 1.3888 + 1.72382+ .81882+
1.87882+ 1.68982+ 8428 2+
1.91782+ .81882+ .84582+
i.7528St .81882+ .8188E+
1.57682+ .8188 2+ .8528 Er

G888 GSBB GS88

5.8888sts 5.8888sts 5.8888itt
8.5838$2t 3.4428'sts 8.1598sts
14.6595sts 5.8218 t** 8.8867sts

72.3818get - 11.8474 tit 8.8253sts

1.7886sts 8.6884 sts ( 8.8318$$t

8.2232sts 8.9298 sts 8.8282sts

8.1312sts 13495 tit 8.6361tr*
8.8172sts 1.8212sts 8.4847sts

8.8138sts
' 1.4578sts 8.3237sts

8.1174sts
' 1.2871*** 8.5698s**

elemente 8.2255t** elementc25.3988:* elementer-2 g,933; ,,,

c 8a749sts cr- 2.5296*** c 8,0459 **r

For TRU waste, the valuesenteredare grams of the

element.Theenrichmnent(actually,percentfissile)
is 87.35%,so thea-isotopecan be determined:

/j
!

f .47^9ENTt
'

2.5296ENTt .8459EN?tl .875x
e-isotope 8.4148sts ,-isotope .,.8735x

. .8735 x
.c896*** ;cisotope 8.8481stsye

XE | yer 8.1721sts f2 4.8824sts (2 8.8816ggg
?

.
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Then,the limitof error for eachindividualdrumcan
be calculated:

. . j
~

!
.4749 ENTT 2.5296ENTT ! .8459ENTt

L.E. 19688 X L.E. 9689 X L.E 1.9688 x
element 03308 *** element 4.9588*** element 8.8988***.

.4188ENTT 2.2168ENTT .8488ENTT
1.9688x 1.9688x 1.S600 x

isotope 0.8856*** isotope 4,3316 get isotope 8.8784***
.L

The limitof error would be as follows:

Drum #1 Element8.503 i 0.93 grams

Isotope 7.427 i 0.80grams

Drum #2 Element3.442 i 4.96grams
Isotope3.007 1 4.33grams

Drum #3 Element0.159i.0.09grams
Isotope 0.139 i 0.08 grams

But would be roundedand reportedas follows:

Drum #1 Element9 i 1 grams
Isotope7 i 1 grams

Drum #2 Element3 i 5 grams
Isotope3 i 4 grams

Drum #3 Element)Limitof Error not
Isotope)requiredfor values11.0gram
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2. Calculate the totallimitof error for the shipment.
Thiscan be doneusingthe H. P. 97 programmable
calculator:

Pushthe F key, and the C key.Then enter the
c 2 elementfor eachdrum withtheC key.
After enteringall ther 2's,push the D key.
This printsthe following:

GSBc2 .2255GSBC
- 6.3988GSBC
^

.8821CSBC
GSBD

Ee2 6.6264 ***
C 2.5742 ***

L.E.element5.8454 ***

Multiplythe L. E. Elementby .8735 to get
L. E. Isotope:

' 5.8454ENTT
.8735x

L.E.isotope4.4872***
t
!

Shipmenttotals,thenare:

L. E. Element 12.104 i 5.0454grams
L. E. Isotope 10.5730i 4.4074grams

Report:

L. E. Element12 i 5 grams
L. E. Isotope 11 i 4 grams

...- ----- .....~ .- .
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B. Suppose a UraniumPlantinventoryor shipmentwiththe
following items:

Counted trash(packages)3, 2, 1, 5, 4, grams235U(3%).
2.83g 235Uenrichedsolids(packages)4, 2,.1, 6, 5
grams 235U.
3 drums non-line trash.
Assume 2.83 % packages weigh2000grams.
Assume .0636 g 235U/gram.

1. Calculate the overall limitof error

a. Counted trash - followI.A.1.and I.A.2..
(NOTE- If the material is 3g 235Uenriched,
thes-U and o2U can be foundby pushingthe
F key and the D key.

GSBa
3.88882+
2.8888E+
1.88883+
5.88882+
4.88882+

GSBB

5.8888tit
15.8888sts
55.8888$$4

225.8888tet

3.8888sts

1.5811tet

8.5278sts
8.2778sts

8.2222sts
8.4714t*t

2 235U 12''Vll***235
7- v.3.5158sts

GSBd

e--D 117.1946tst
2,y 13734.5679sts

.
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b. 2.83g 235Uenrichedsolids- followI.A.1and
I.A.2..

. .

GS8a
4.8888 +
2.8888 +
6.8888 +
1.8888 +
5.8888 +

GS88

5.8888 tst

18.8888sts

82.8888sts

324.8888sts

3.6888sts

2.8736sts

8.5769sts
8.3318sts

8.2654sts
8.5152sts

2 235
o- U 21.6327sts
a- U 4.6511sts

ENTt 235
,8283 + NOTE dividingc U by 2.83% to

164.3498t** get# U.
r U 33

2 y 27818.8455sts
'
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C. Non-Line Trash

The valueassignedto non-line.trashdrumsis 0.25grams
235U. Thisis basedon someassumptions,one beingthat
there is an averageof 7500dpm/100cm2on all surfaces.
This is (assuming a 50% counter efficiency)3750cpm.

Following I.B. :

i)e n = W
7T5T

= 0.0.0163

ii) 0.28x .0163
= .0046

iii)
= 0.117o-235U
= 0.014o235U

0.117/.03(3%235Uenriched)
= 3.90<rU
15.213o-U

d. Scales

See attachedsheet

. - -
--
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DriedSolids 2.83%

WeicjhtLimitof Error

WeightE.rro.r
Use checkweight nearest to averagenet weigh'tof packages
and calculate mean of the checkweights.

Mean = IX. = 1899.9 grams (Assume10 checkweighingst and X = 18999grams)

Std.Dev.=NEXi2-(IXi)2= (10 )x3609620.01) - 360962001= .1000g
N(N-1) 90

RandomWt. Error = Std. Dev. x@=.1 x 1.41 = .141g
- 8

h = (Std.Wt.-Mean Std.Meas.)2+(Std.Dev.)2 +(R.W.E.)2 x # Pkgs.
W

Ck. Wt.

b
= (1900 - h) + ( /+ (A) x 5

2 2

"h
= 0.01 + .001 + .099 = 0.332g

0.332g x .0636 g U/g = .0211g U
Lab.Ana. er-

.0211g U x .0283 = .000598g U235
"

%Enrichment <r"""

.

r 2U = h
2U235= .00000035ScalesErrorNegligible c,

.
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e. Totals

For the 2.83%

Element = 1.96xa-U= 1.96x 164.3498= + 322grams
Isotope = 1.96xar235U= 1.96 x 4.6511= + 9 grams

For the 3%

, .
2 U cr- 235g

Counted Trash 13734.5679 12.3611
Non-LineTrash 15.213 0.014
3g2 = 13749.7809 12.375

e-- = 117.25946 3.517

Element= 1.96x 117.25946 = i 230 grams
Isotope = 1.96x 3.517 = i 7 grams

ShipmentTotals

r- 2 p e- 2235y
2.83% 27010.8455 21.6327
3% 13749.7809 12.375
E e-2 = 40760.62640 34.0077

a-- = 201.89 5.83

Limitof Error, Element= 1.96x 201.89= i 396
Limitof E'rror,Isotope= 1.96x 5.83 = i 11

. -

.

-
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SECTION II

II. Limit of Error Manual

Introduction

Thismanual describes themethodsfor reducingraw source
datato measurement randomand systematicerrorsaboutthese
data. Also presented is the means to propagate these errors
for obtaininga term called LE(ID) This term is the limitof
error of the inventory differences for I.D. The limitof
error, LE, represents a 95%confidencelevelwherethe ID
representsthe difference between a period'sendingbook
balanceand the period's ending physicalinventory.A
period'sbookbalanceis that period's beginningphysical
inventoryplus succeeding receipts minusshipments.

The sourcedata for generating the errorsarisesfrom three
types of measurements.

1. Standards: This refers to materials made up of certi-
fiedweights.Thiscollected data supplies information
forcalculatingshortterm systematic errors and their
correspondingbiases. Certifiedweights also supplydata
forrandomerrorsand longterm systematic errors
(KM-NP-15-46).

2. M Mutiplesamplingof waste materials

furnishesdata for evaluatingrandomerror contributions

arisingfromwaste materialvariabilities. (KM-NP-15-46).
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A. Scale andBalanceLE

This section describesthemannerin whichto calculate
random and systematicerrors forthosescalesand balances
used forweighing specialnuclearmaterialswhenmaking
transfers between materialbalanceareasor for inventory
purposes.

1. Random Errors

Thedata for the calculations comesfrom makingmany
weighings of reference weightson each scaleor
balance.Reference weightmagnitudes represents
typicalvalues seen by thatscaleor balance.Each
scaleor balance may haveone or more reference
weight.These calculations applyto each reference
weightvaluefor each scale. The referenceweight
valuesare traceable to certified or standardweights.

a. Error

Let Worepresent a given reference weight's
value. For periodjwe have k measurements of
valuesW1, W2, , Wkgiving an average
weightof:

(1)p- = I Wi, i = 1, 2, . . . , k

J

Thesedatawillhavea standarddeviation of:
42

s (W)= kEW.2GW1) (2)
j

In orderto obtainthe totalrandom error for a
weight,use the assumptions:

i) Tare and grossweightsare roundedto the
sameplace.

ii) Tare and grossweightshavethe samerandom
error.

iii) No co-varianceconditionexistsbetweenthe
tare and the grossweights.

,
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From theseconditionsthenet randomstandard
deviationis:

s (R)= Af2ŝ (w) (3)

where . . .

2
3 (,y E(nj- i)s(W)

W (4)j

where i represents the numberof periodsunder
consideration,2 j30.

2. SystematicError

a. Short Term

The shortterm systematic error is:

sGg)= 93= Wo (gy

This error appliesto those weights represented
by periodk

b. Long Term

The averageof averagesis . . .

= 1W= yE93,j = 1, 2, . ., 2 (9)
%

- RE92(3332s(W)- (10)

The longterm systematicerror is . . .

h
a(T)= ()- W)2, 3

2 , 32(gy, 32 (11)
O O

2 12

where sorepresentsthe error of the check
weight,and A the unitsroundedto.

B. Assay I.D.

DuringStandbyOperations,only low levelwaste material
willbe producedas a resultof decontaminationwork.
Shouldanymaterialsamplingbecomenecessarythe assay
work wouldbe done by an outsideLaboratoryand an I. D.
for thatassaywould be requestedas part of the assay
report.



.
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.

1. FissileAnalysis

Fissile assays,g fissileper g element,are treated
in the samefashionas for assays.

When more thanone fissileisotopeexistsit is
assumed they are independentmeasurementsand the
combined fissile standarddeviationfor each error
term is . . .

42 2s(F)= s (F239)+ s (F241) .(40)

C. ErrorsFor Algebraic Sums

Thissectiondescribes the methodsfor calculatingerrors
for plantwidereceipts or shipments, receiptsor shipments
occurringduringan inventory periodand for inventoried
items. In'the expressions below a term, ai, is used
whichcan only have values of +1, 0 or -1. The rulesto
determinewhichvaluesto use is covered in C.3.

1. For ElementConditions

For those conditionsfor obtaining errors for the
totalelement.

a. RandomWeightVariance

For eachscale, i, there existsa random

variants2(Ri),see equation3. Each item

willhave an assay of Aj(i).Here j(1) implies
a set of j assaysfor scalei. The net random

weightvarianceis . . .

* ^

i j(i)*j(i)j(i)23f32(Rf) (42)
Form the sums over j(i)firstthen thoseover i.

b. ShortTerm SystematicWeightVariance

Similarlyfor eachscalei, Periodk for
scalei, k(i), and item j for scalei
periodk, j(ik)we have the net variance.

* "h 21k(i)j(ik)*j(ik)Aj(fy 2k(.i)sbg(,fy) i (0 )
-

' See equation8 for s(Sk(i))

..
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c. Net ElementLimitof Error

. The net elementstandggddeviationis . . .

s(En)= s (Rn)+s2(Sn) (54)

The limitof error . . .

LE(en) = 1.96s(En) (55)
2. For Fissile Conditions

For thoseconditions wherefissileerrorsare needed.
If onlyone fissile isotopeexists,U-235, the
isotopicvalue for that isotopeis the fissileassay.

F + I (U-235) (56)

If two isotopefissile exist then . . .

F + I(Pu-239)+ I(Pu-241) (57)

Thefirsttwo itemsare similary to those for element
errors. The primeserves to identify isotopicdata.

a. Ran'domWeightVariance
2 2 9 2 9
s (R')= E. (E. a. F. 'A. ).s'(R ) (58)n 1 3(i)1 J(i)j(i) 1 i

b. ShortTerm SystematicWeightVariance

* n)"i k(i)Ej(ik)j(ik)Fj(ik)Aj(ik)k(i) k(i)) i (59)

c. Net FissileLimitof Error

The net standarddeviationforthe fissilemass

is . . .

2 2 2

s(F)= s (R')+ s (S') (72)n n n

The limitof error is . . .

LE(F)= 1.96s(F) (73)

3. Evaluationof ar
ThevaluesusedforardePendon whetherit re-
presentsa plantwisereceiptsor shipments,receipts
or shipmentsduringan inventoryperiodor inventory
items.

. .



,
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a. PlantwiseShipments

. Thisdata furnishedthedata neededfor suchitems
as ACE-741forms.

ar= 1, for all items.

b. Shipments During Inventory Period

ar = 1, for all itemsreceived.

ar= -1, for all items shipped.

c. Inventory Items

a = o Items present on the previousinventoryor
items on inventory unchangedfromwhatwas
received by that processarea.

a = 1 All other items.

Each inventoryis considered as independent of all
others.

,
D. Inventory Differences- I.D.

Whetherin terms of elementor fissile the ID is . . .

ID = BI + (R- S) - EI (74)

Where . . .

Bi BeginningPhysicalInventory
R MaterialReceived
S MaterialShipped
EI EndingPhysicalInventory

For elementconditionsuse equation54; equation72 for a
fissilecondition.Then . . .

LE(ID)element= LE (En)BIn)S-Rt n)EI (75)

or . . .

LE(ID)fissile= LE (F)g+ LE (F)3g + FnEI (76)
' WhereS-R represents combinedlimitof error for ship-

ments and receipts.

.
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APPENDIX I

ERRORPROPAGATIONMODELS

Thisappendixsummarizes themethodologyfor propagatingerrorsfor
shipments,inventories and the inventorydifferences. Each error
type is propagatedindividually then all the errortypes are added
togetheras variances.

a: CovariantCondition,

= 0 Whenitem present on previousinventory,being
unchangedon present inventory,

or

whenpresentin a process areain same formas
received,

or

itemrepresentsa shipment in or out of a storage
area, this prevents counting the error twice.

= 1 When an inventoryis not present on the previous
inventoryand unchanged,

or

whenitemrepresentsa receiptintoa process
,

area.

= -1 when itemrepresentsa shipmentfrom a process
area.

Theplantas a wholewillrepresenta processarea.

E (): Expectedvalueof variablein ().
i : Individualitemweighedfor a givenscale.

j : Scaleused.

k : Scale shortterm period.
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A : Measure assay.

L : Long term systematicerror.

m : Assay material type.

n : Assay method shortterm period.

P : Process variability.

R : Randomerror.

S : Shortterm systematic error.

var(): Varianceof the variable in ().
x : Weightvariable.

y : Assay variable.

C (): Standarddeviationof variable in ().If the test s2
is consideredas the best unbiased estimate of the
varianceg2

A. RandomWeightVarance

var(Ex)= E.(E.a.232(y,3,a2(gy,R a 1 1 i J x a
B.

2 2var (Ex)= E.(E.a.E(y)..0"(L).L J 1 1 1 J x J

c.

var (Ex3)= EjgGfaf@fdgrxk j
D. ID Variance

var(ID)= var(Exy)beginninginventory.
+ var(Exy)shipments-receipts.
+ var(Exy)endinginventory.

. .

-- - - - -
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GLOSSARY

ai : Covariant Condition:Distinguishesbetweenitemsre-
ceived and inventoriedunchanged,thosepresenton
the previous inventoryor betweenthoseshippedor re-
ceived. All these have randomvariablecontributions:

aj(i) : Convariant Condition: Same as Aiexcept appliesto
long term variences for measurementtype j itemi

aj(ik) : Convariant Condition: Same as Aj(i)except applies
alsoto the short term periodk

ar : CovariantCondition: General expressionfor Air
Aj(i)and Aj(ik)

b : Bias: Differencebetween the averageof a set of
measurementand the true value for an assaymethod.

B : Bias: Differencebetween the means of means and the
mean of a set of assaysmeasured from reference
samples.

Bo : Factor: Valueusedwhen not using an actualmeasured
quantity.

BI : BeginningInventory: A period'sbeginning physical
inventorymass balance.

Ej(i) : ElementMass: Calculatedmass presentas determined

by assay method type i, j itemsexistall having

the same assay.

Ej(ik) : ElementMass: Same as Ej(i)exceptit represents
the kthshortterm period.

EI : EndingInventory: A period'sendingphysicalinven-
tory mass balance.

F : FissileAssay: Gram fissileisotopespresent per gram
element.

..

-



'

.

SUBJECT LIMITOF ERROR NO.KM-NC-15-56,Rev.3
' '

PAGE29 OF33
DATE 8-28-85

F239 : FissileAssay: Same as F except forPu-239isotope
only.

F241 : Fissile Assay: Same as F except forPu-241isotope
only.

Fj(i) : Fissile Assay: jthfissileassay representedby
scale i.

Fj(ik) : Fissile Assay: Same as Fj(i)except it represents
the scale kth shortterm period.

I : Integer: For indexing say a singleitem.

ID : InventoryDifference: The book balanceand inventory
timeminusthe physical inventory.

Ij(i) : FissileMass: Calculated mass present as determined
by assaymethodtype i, jitems existall having
thesame assay.

Ij(ik) : FissileMass: Same as Ij(i) except it represents
thekthshort term period.

I(Pu-239): FissileAssay: Gram fissileisotope Pu-239 only per
gramplutonium.

I(Pu-241): FissileAssay: Gram fissileisotope Pu-241 only per
gramplutonium.

I(U-235) : FissileAssay: Gram U-235 isotopeper gram uranium.

j : Integer: For indexingsay a singleset of data.

k : Integer: For indexingsay a specificperiod,or
describingthe numberof resultsbeingtreated.

i : Integer: For definingthe numberof periodsof items
beingconsidered. "

ti : Integer: Numberof measurementsrepresentedby the
ithmeasurement. ~

.
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LE(En) : Limitof Error: 95%confidencelimitfor the net
element mass.

LE(En)BI: Limit of Error: Same as LE(En)except for the be-
ginning inventory only.

LE(En)EI: Limit of Error: Same as LE(En)except for the
ending inventory only.

SE(En)S-R: Limitof Error: Same as LE(En)except for shipment
and receipts only.

LE(Fn) : Limitof Error: 95% confidence limitof error for
thenet fissile mass.

LE(Fn)BI: Limitof Error: Same as LE(Fn)except for the be-
ginninginventoryonly.

LE(Fn)EI: Limitof Error: Same as LE(Fn) except for the
endinginventoryonly. |,

LE(Fn)S-R: Limitof Error: Same as LE(Fn) except for ship-
ments and receiptsonly.

LE(ID) : Element: Limitof Error: 95% confidence for the
~

elementmass inventorydifference.

LE(ID) : Fissile:Limitof Error: Sameas LE(ID) element

exceptfor fissilemass.

mi : Integer: Numberfissilesamplesrepresented by the
' ithmeasurement.

n : Integer: Numberof items.

ni : Integer: Numberof itemsfor the ithmeasurement.

nj : Integer: Numberof itemsfor the jthperiod.
R : Receipts:Mass of materialreceived.

-
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so : StandardDeviation:Representsthatof the check
weight. ~

S(En) : Standard Deviation:Net er'rorfor the net element
mass.

s(F) : Standard Deviation: Net errorfor a fissileassay.

s(F239): Standard Deviation: Error for plutonium239 isotope.

s(F241): Standard Deviation: Errorfor plutonium241 isotope.

s(Fn) : StandardDeviation: Net errorfor the totalfissile
mass.

s(R) : StandardDeviation: Weight randomerror.

s(Ri) : StandardDeviation: Same as s(R)except for a spe-
cificscale.

s(Rn) : StandardDeviation:Net weight randomejkorcontri-bution. ~

s(R'n) : StandardDeviation: Same as s(Rn) except in terms
of fissilemass.

s(Sk(i)): StandardDeviation:Weightshortterm systematic
error for periodk and scalei.

s(Sk) : StandardDeviation:A weightshortterm systematic
error for periodk

s(Sn) : StandardDeviation:Net weightshortterm systematic

errorcontribution.

s(S'n) : StandardDeviation: Same as s(Sn)except in terms
of fissilemass.

s(T) : StandardDeviation:'Aweightlongterm systematic
error.

-

..
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s(Ti) : StandardDeviation:Same.as s(T)except for a
specific scale.

s(Tn) : Standard Deviation:Net longterm systematicerror
contribution.

s(t'n) : Standard Deviation: Same as s(Tn)except in terms
of fissile mass.

s(w) : Standard Deviation: Pooledestimateof a set of
weightstandard deviations, s(Wj).

s(b) : StandardDeviation: Weighterrorfor a mean of means.

S(Wj) : StandardDeviation: Error made froma set of check
weightsmade during period j.

S : Shipped:Mass of material shipped.

: Mean of Means: Mean of a set of meanweights,Wj.
We : ReferenceWeight: Certified value of a reference

weight.

W1,W2 : Weights:Individuallymade weights.

Wj : Mean Weight: Mean of a set of reference weighings
made duringperiodj.

Wj(i) : Weight: Weightmade on scale i duringperiod j.

Wk : Weight:kthindividuallymade weight.
A : Increment: Decimalincrementvalueof a given weight

made.

-



SUBJECT LIMITOF ERROR NO KM-NC-15-56,Rev.3
PAGE33 OF 33

* arrE 8-28-85

REFERENCE

ASTMManualon Quality Controlof MaterialsASTMSpecialTechnical
Publication 15-C, January, 1951.

C. A. Bennet & N. L. Franklin, StatisticalAnalysisin Chemistryand
-

the ChemistryIndustry, JohnWiley& Sons, 1954.

W.H. 'Beyer(Ed), Handbook of TablesforProbabilityand Statistics,
The ChemicalRubberCo., 1968

JohnL. Jaech, New Approach to Calculating LE-MUF, J of the Institute
of NuclearMaterialsManagement 1 (3)July,1972, 14-17.

John L. Jaech, StatisticalMethods in Nuclear MaterialControl,
TID-26298December, 1973.

Specific Thesedescpibesamplingfrequencies, shortperiods,
methodsforobtajningMUF.

PlutoniumAssay Samplingand ScaleCheckweighing - KM-NP-15-46.

MaterialSafeguardsRecordsand Data SystemsProcedure - KM-NP-15-55.

SafeguardReferenceSampleProcedure- UraniumPlant - KM-NU-15-60.

MaterialSafeguardsRecord and Data SystemsProcedure - Uranium Plant
KM-NU-15-63.

-

-.. - .



.

DATE July 30, 1985 NO. KM-NC-10-83
F)FRC)()EEE)LJFREE Revision1

SUBJECTPLUTONIUMPLANT LSA WASTE
DRUMCOUNTER

SEQU0YAHFUELSCORPORATION

CIMARRON FACILITY PAGE 1 OF6

PURPOSE: To provide a conservative estimateof contamination
levels in combustible LSA waste thatcannot be easily
surveyed with alphadetectioninstrumentation.

I. EquipmentUsed

A. LudlumModel 2500 ScalerRatemeter.
B. Two - 5 inchphotomultiplier tubes.
C. Plasticscintillator - 5 inchesin diameterand 36

' incheslong.
D. Drum turn table.
E. Lead linedpit.

'

II. EquipmentSettings

* A. LudlumModel2500

R1 1. Highvoltage26 7.30ce:2000 volts.

2. Window- in - 0.70.
3., Threshold- 1.90.
4. EnergyMultiplier- 100 KEV.

R1
" drum for each count.

5. Timer- clock- 5.6minutes- 13 revolutions of

III. SourcesUsed

A. 0.1mCi Cs137Source #1597G. R..
B. 1 mCiRa226Source# None.
C. 0.46889Pu Standard(FFTFpellet encasedin brass).
D. 245 cpm 2pi Pu239Source#P-1819to document95%confi-

dencelevelof Hewlett-PackardModel#5560Aautomatic
samplecounter.

E. Source#P-1959,P-5983,P-5565, P-1819, P-3029, and 6896
to documentHewlett-Packardautomaticsamplecounter
effeciencyfrom 3 dpm to 1,866,000 dpm.

F. 5br 2,000,000,000 dpm collectedon ces4,000 air sample
filtersand countedwithHewlett-Packardautomaticsample
counter. Theseair sampleswere placedin packagesof
100 or 50 samplesand sealedin plasticusingthe bag
sealer.

.

.
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IV. Counter Response

R1 H.V. - 7.30 windowin - 0.10 E.M. - 100KEV count time
1.0 minute.

82.7NCi/g in 125 lbs.standarddrum.

R H.V. - 7.30 W- 0.1 E.M. - 100 KEV Count Time 1.0 Min.
1

Bkg. 82.7NCi/gin Ratio
Threshold CPM 125Lbs. std. drum Net counts/bkg.

0.10 358235 494025
0.20 120398 175314
0.30 60735 98463
0.40 40274 66494
0.50 23300 39219
0.60 10870 . 28292 '

0.70 8338 20779

0.80 6884 16470
0.90 5632 13370

1.00 4738 11318 1.39
1.10 4012 9708 1.42
1.20 3444 8650 1.51
1.30 2840 7928 1.79
1.40 2374 7472 2.14
1.50 1953 6798 2.48
1.60 1777 6064 2.41
1.70 1473 5725 2.88
1.80 1243 5213 3.19
1.90 1056 4651 3.40

2.00 926 4054 3.38

2.10 754 3735 3.95

2.20 672 ' 3289 3.89
2.30 618 2904 3.70
2.40 534 2416 3.52
2.50 508 21.63 3.26
2.60 464 1912 3.12
2.70 422 1568 2.72
2.80 335 1317 - 2.93
2.90 356 1178 2.31
3.00 342 956 1.79
3.10 345 883
3.20 311 749
3.30 282 644
3.40 290 588
3.50 272 542

.------.. .



SUBJECT PLUTONIUMPLANTLSA WASTEDRUMCOUNTER NO'KM-NC-10-83,Rev.
PAGE 3 OF g

1985

Bkg. 82.7NCi/gin Ratio
Threshold CPM 125 lbs. std. drum M

3.60 284 . 461
3.70 282 413
3.80 273 434
3.90 280 373
4.00 253 369
4.10 244 306
4.20 260 328
4.30 280 313
4.40 272 339
4.50 247 315
4.60 240 298

' 4.70 236 315
4.80 236 302
4.90 2p6 270
5.00 - 230 287
5.10 272 322
5.20 248 292
5.30 291 310

5.40 243 290
5.50 269 292
5.60 242 286
5.70 268 311
5.80 260 290
5.90 279 348
6.00 251 289
6.10 306 392
6.20 613 901
6.30 1596 1892
6.40 2922 3411
6.50 4542 4936
6.60 5979 6438
6.70 7968 8092-
6.80 9409 9642
6.90 11054 11203
7.00 12584 12853
7.10 13789 13987
7.20 14380 14488
7.30 14433 15008
7.40 14677 14924
7.50 14731 15126
7.60 14782 15088
7.70 14547 14998
7.80 14488 ' 14882
7.90 14683 , 14828
8.00 14655 14750

.
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Bkg. 82.7NCi/gin Ratio
Threshold CPM 125 lbs. std. drum Net counts bkg.

8.10 ' 14580 14698
- 8.20 14632 14598

8.30 14185 14444
8.40 14115 14467
8.50 14150 14228
8.60 13820 14108
8.70 13618 14052
8.80 13567 13793
8.90 13467 13631
9.00 13461 13734
9.10 13475 13600
9.20 13355 13327
9.30 13007 13302
9.40 12900 13205

' 9.50 12717 13002

9.60 12851 12968

9.70 12846 12783

9.80 12455 12872

9.90 12350 12629

From thisdata a thresholdsettingof 1.90 and a window
settingof 0.70was selected.

V. Detector Linearity

R1 H.V. - 7.30 windowin - 0.70threshold1.90Energy

Multiplier- 100 KEV.

0.488gPu standard- FFTF pelletencasedin brassplaced in
~ 1/2"thick9 inch longlead columniator.See Figure #1.

..

VI. Constructionof DummyLoadsof CombustibleWaste

A. Assumeuniformdistributionof radioactivematerialin
eachwaste drum. To simulatethiswithour standards
eachdrumwas dividedintosix load zones. See Figure#2.

B. Four dummyloadswere constructedusingplastic,pve pipe,
cardboard, tape, and wipesto fillin betweentheseload
zoneswitha net weightof 75 lbs., 125 lbs., 175 lbs.,
and 225lbs. Eachof thesedrumswasthenloadedfrom
2 NCi/gof waste to 100 NCi/gof waste and calibration
curvesplotted. See Fi'gures#3, #4, #5, and #6.
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C. To documentresponsefroma pointsourcein zone A, B,
and C the 125 lbs. standardwas loadedwithma 20 NCi/g
of waste. Source#42and #43wereusedcontaining
238,575,384 dpm alpha.

2one A - center of drum - 9,459 net counts
zone B - center of drum - 18,094 net counts
zoneC - center of drum - 19,750 net counts

D. After considering thisdata all combustibledrums of waste
willbe packaged to a minimumof 75 lbs.and a maximumof
225lbs. To ensure thatthe valueassignedto each drum
is in fact less than 82.7 NCi/gwe willuse the most re-
strictivecalibration factor whichwas obtainedfrom the
75 lbs.standarddrum.

VII. Instructionsfor Packaging LSA Waste

A. KM-NC-10-82.

B. All packagedtrashwill be sorted with an EberlineE-500B
withan openwindowGMtube. Al.1 packages with0.3mr/hr
or greaterwillbe handledas TRU waste. All packages
lessthen0.3 mr/hrwillbe handled as LSA waste.

C. To prevent shieldingproblems,metaland combustible waste
must be separated. All metal will be surveyed with an
alphasurveymeter and all combustiblewill be counted in
the LSA drum counter.

VIII. Instructionfor Use of LSA Waste Drum Counter

A. Each day thatthe LSA waste drum counter is to be used:

R 1. The drum turn tablemust be timedto ensure it making
1 13 completerevolutionsin 5.6 minutes.

2. Fivesourcecounts must be takenusingthe 78.4NCi/g
R1 - 75 lbs.standardto verifythe count system is

operatingproperlyand withina 95%confidencelevel
twicedaily.

-.
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3. Three5.6 minutebackgroundcounts witha 0.0 NCi/g-

75 lbs.standardon turn tableand the turn table
R1 '

rotating willbe takenand averaged.Thisbackground
willbe used for all drums'countedthatday.

4. Pu Plant waste drum countercount sheet'willbe used
to record all drum counts. See Figure#7.

5. New counts timescalibrationfactorwill be equal to
NCi/g of waste. Thiswillbe multipliedby actual
grams of waste in drum and convertedto totalg Pu.

6. At the first of eachmonth a new CHI2control chart
will be made.

7. Afterrepairand at least yearly,a calibrationto
obtaina new calibration factorfor thiscounter
shallbe required.

8. All drums will be counted before beingcompacted
and the net counts above background will be addedR,-
to arriveat a value'for the compacted drum. See
Figure#8.

,

.

+
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.

. PuPLANTLSAWASTEDRUMCOUNTERCOUNTSHEETS
,

.

'
.

DRUM NUMBER DATE

DRUM GROSS WT. lbs. OPERATOR

TARE WT. lbs.

NET WT. lbs.X 453.59g/1bs= grams

H. V . 7.30 WINDOW 0.70 THRESHOLD
'

1.90

E. M. 100KEV COUNTTIME 5.6 MINUTES

BKG.- 1

BKG.- 2

BKG.- 3
-

TOTAL + 3 = AVG.BKG.

GROSSCOUNT- 1
-

GROSSCOUNT- 2

TOTAL + 2 = AVG.COUNT

-
' AVG.BKG.

.

NET AVG.COUNT

.0028 CAL.FACTORX NETAVG.COUNTS = NCi/g
(78.4Max.)

GRAMSX NCi/g= NCi TOTAL

NCiX 10-9 = g Pu or ^

1.12Ci/g
g Pu

Figure7

..



Pu PLANTLSA DRUMCOUNTERCOMPACTEDDRUMS

DATE DRUMNUMBER OPERATOR

..

COUNT# NETAVG.COUNTS GROSSWT.

TAREWT.

NETWT.

----------- ----.----------.-

TOTAL

TOTAL NET WT. lbs.X 453.59g/1b. = GRR45

.0028 CAL.FACTORX TOTALNETAVG.COUNTS = NCI/g
(78.4 MAX.)

GRAMSX NCi/g= NCi TOTAL

NCiX 10-9= g Pu
1.12Ci/g or

g Pu

. ..

Figure8

.




