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’ MEASUREMENT QUALITY ASSURANCE CONTROL PROGRAM (MQA)

'»3Organlzatlon and Management

'l, Functional As31gnment

'y . The MQA program is the respon31b111ty of the SNM Measurement
- Quality Assurance Supervisor: This pos1t10n in the organl-
- zation is shown. in Flgure "B" (Rev; 1 Enclosed)
) The quallflcatlons for thls pos1t10n shall be as follows

“le Good knowledge of all the measurement systems used

for SNM accountlng.

.2,_”Good knowledge of the statlstlcal methods used """" to ff

evaluate- measurement accuracy.

"f,3.; Good knowledge. of the license and regulatory requlre-f'

ments for SNM control and. accountlngo;

'_Procedures

The: SNM MQA ‘supervisor, in conjunction’with'all'operations

~ - managers, will initially write and-maintain-a MQA program

procedures manual in accordance with the. requlrements of .

gathls section.  This manual and subsequent modlflcatlons
thereto will be reviewed and approved by the. Nuclear=Safe-
- guards Committee (NSC).  The manual will be Teviewed an-'

nually by the NSC designated audltor."

'«:‘Management Review .

The MQA program will be audited by the SNM MQA.superv1sor

every material balance period. - His report w1ll c01nc1de S

with the 1nventory and LEMUF reports.

'Internal Audits

“_ The NSC thru a des1gnee will audit this program annually.

Contractor Program Audlt

“Currently there is no vendor used for SIMM measurement at

the Sterling Forest site. If outside services are used in -

"~ the future, the MQA supervisor shall require any vendor to

establish anMQA program.and he will audit the vendor's pro-
gram annually. e




o. | oo

" h.2.1.1 ‘_ : Callbratlon and Standards

- The standards which will be used as Work1ng and calibra-
tion standards in the U and US°° measurement program at
the Sterllng Forest Laboratory are as follows

8. Highly enriched uranium (~,93%‘U235) such as NBS-
‘930 reference material or equivalent will be dis-

S oTme=— . U solved~and made-into concentrations, masses.and
0. 777 . geometries that are typical of the process mater-
ials. These items w1ll be used ag calibration and
working standards for measurlng U235 in process .
solutlons.’ C

: b. - Uranlum of natural 1sotop1c abundance ‘such as NBS
RO ... SNM 950 or 960 Or equivalent will be dissolved A
' ' to various concentrations that are typical of the,

process materials. - These solutions will be used
as calibration and worklng standards: for measur-
'1ng uranium 1n process solutlons. . ‘ -

Co Sealed target tubes contalnlng hlghly enrlched

- uranium (~ 93% UP3°) shall be used as calibration
and working standards for measuring UF3° in process

irradiation targets. These standards will span a

range of target weights that are routinely used.

.d. Class S analytical weights shall be used as cali- =
- bratlon standards for volumetric’ vessels whlch are
,used in the analytlcal procedures.; ‘- .

e. A Class A volumetric flask (1 liter T. D. ) w11_1 be
" used as a calibration standard for the large vol-- -
~ umetric measurement vessels for the platlng process
R solutlons and waste solutlons. ’

:f. A Class A callbrated graduated . cyllnder (l liter T.D.).
. Will be used as a standard for small volumetric

~_ measuring vessels which are used to measure small
: volumes of process and waste solutions. '

h.2.1.2 o Certlflcatlon

~All standard solutlons will be certlfled for their wranium®3%

and total uranium content by independent analytical groups.
T e - The Union~Carbide Corgoratlon neutron activation analysis
‘ laboratory (U and U23°), the Oak Ridge National Laboratory -
" analytical division (U and U®3%), and the Union Carbide
anaLytlcal services laboratory (total U only)
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Recertification of calibration standard solutions will
be accomplished annually. Working standard solutions
will be recertified annually or more frequently if it is

. indicated that their values have changed. The sealed

. target tubes will be certified thru a cooperative cali-
bration program conducted by the Sterling Forest Neutron .
Activation Analysis Laboratory and ORNL. A minimum of

- 15 targets, whose -uraniun

=35 content span the normal range

... of process-target- weights; ~will- -be~counted-by-a-y-ray - |
.- . spectrum analyser to determine a photo-peak area for the
185 KeV gamma ray emitted by the decay of UP3® in each
target. All but three targets will be destructively ana-
- lyzed for U®®® vy UCCSFRL and ORNL. These results will be
"used to.construct a calibration curve for this.measurement
"system.  This calibration curve will be recertified an-
‘nually.. The weights, and volumetrlc flasks will be certi-
fied by the manufatturer to have a: .certain accuracy and
“that the callbratlon of each is traceable to a natlonal
nstandard o .

h.2.1.3 Traceablllty

Records -on all calibration and working standards shall be
kept so that each will be traceable to some natlonal
standard or natural physical constant.

b2l o 'Representatlveness" T

' - - - .-8..7--.

»”solutlons.

The hlghly Enrlched U235 llquld standards, which will
be made from the NBS-930 or equivalent material, will

" be similar in c¢omposition to the process materials

being measured. The isotopic abundance of a standard
shall be within 10% of that whlch is. in the. process.

" The uranium of natural isotopic aburidance will be
- similar in uranium concentratlon ~to -the process
materlals belng measured.

‘The standard sealed targets will have uranium of com-

parable enrichment to that contained in the process

. targets.- These standards will have weights of uranium
- which will bracket the normal weights of the process

] «.,u.;.i‘;‘_ Carbi ST U EE T

d.

~ targets and they will be of the same size and materlals

as the process targets.

The Class "S" Welghts ‘are representative of masses « of
solutions which are routinely used in small volumes.
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e. The volumetric flasks will be representative of the
, typical volumes to be measured in the routine measure-
--ment of process samples. - : , ; _ T

Controls

The calibration standards will be in the custody of the -
SNM MQA Supervisor. -They will be kept in a manner that- - -

- . wilT maintain-their original characteristics. The working LTS

standards will be in the custody of the laboratoryvpersonnel

- performing the measurements. They will be maintained, as °
.well as practlcable, so that thelr orlglnal characterlstlcs

will not change.

Standard Measurements
1. Target Tube

A working standard shall be measured each time a group
-of process targets are to be assayed. The schedule.
for measuring the standard is. dictated by productlon L
requirements, however; standards will be measured.a’
minimm of once per material balance interval.

. Approx1mately 5 techn1c1ans could be ass001ated w1th
-Athese standard measurements.

2. VDelayed Neutron_

- A workrng standard shall -be- measured each tlme a group
of process samples -are to be assayed. The-schedule for
‘measuring the standard is dictated by production require-
- ments, however; working standards will be measured a ;
~ minimum of once per material balance interval. The stan-
dard and routine process material measurements will coin-
,clde in- the follOW1ng areas:

1. Slmllar glassware. o
2. BSame micro pipeting apparatus. :

" 3. Same method and type of encapsulatlon.
4. Same irradiation time, decay time, and counting t1me.r~<
5. . Comparable concentrations in solution.
6. Same neutron detector system.

. Approximately U technlclans could be assoc1ated with

~ these standard measurements. :

3. Total Uranium .

A working standard shall be measured each time a process
material sample is to be measured. The schedule for
measuring the standard is dictated by production require-
ments, however; standards will be measured a minimum of



once per material balance interval. The standard and
process materials measurements Wlll c01nc1de in the
follow1ng areas:

‘fl.« Sanme chemlcalvprocedure.

2. Same reagents.
3., Same orlglnal concentratlon.

:iApprox1mately 3 technicians’ could B assoc1ated w1th TR
these standard measurements.

‘Paper Waste (U235 Gross Counting)

A worklng standard -shall be, measured each time a drum of

~ ‘waste material is to ‘be measured. The schedule for measur-"

ing the standard is dictated by production requiréments,

Vhowever, standards will be measured a minimm of once per

material balance interval. The standard and process

-~ waste materlal measurements will c01nc1de in the follow1ng

areas

1. Same number of determlnatlons per assay.

.2.. Same counting system.'
3. Same geometry. -

? Suff1c1ent counts w1ll be made on the standard and process K
waste drums to compensate for dlfferences in geometry.

.Approx1mately 3 techn1c1ans could be assoc1ated w1th

Lo wﬁthese standard measurements.c,ra“, ‘ Aigaqaﬁ&<lu

, Callbratlon Systems

l

Callbratlon of Delayed Neutron System for Measurement of U235"

- The 1n1t1al callbratlon of the system will be verformed
by running at least 5 samples of 2 solutions, each .

made up from material of known- 1sotoplc abundance supplled
by NBS (Item A, Section 4.2.1.1). Calibration standards
and working standard solutions will be made from this-
material. .This'calibration will be done over a range of
1 to 50 micrograms of U?3S per sample, in order to bracket

»the range .of P35 values which are normally found in samples

submitted for assay. Recalibration of working standards

" shall be performed at least every 2 months, whenever a new'

working standard solution is-iftfdduéé&drinto thes assay
scheme, or when the value determined for the- B3s content
of the working standard falls outside the 95% confidence
level on the control chart on 2 of 3 analyses. =
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Callbratlon of System for Radiometric Determlnatlon
of UP3% in Target Tubes

The 1n1t1al callbratlon of this. sysfem will be performed
by counting each of 15 target tubes at least 8 times,

- rotating and/or revolving the tubes. after each count to

minimize variations due to dlstrlbutlon of the uranium-
plate. Following these counts, 12 of the tubes will be

St i T [P R W

”opened, ‘and the uranium plating will be stripped from

“them. The resulting solutions will be analyzed for both

total U and U35 in comparison with standard solutions

of known total U and UP° content (Item a.,Section 4.2.1.1).
The results of these analyses will be used to determine

a value of counts per minute per gram of U3 in the target

-tubes. The 15 tubes used for this calibration will contaln

“amounts of UP>° which span the full range of process
target weights. In addition, the three tubes not opened

and stripped of uranium will be chosen on the basis of

U®3S content (one of ~ 8 grams, one of ~ 1l grams, and one - -~ i

of ~ 15 grams) and they will be retained to be used as’
calibration standards (Item C.;Section 4.2.1.1) Recali-
bration over the entire range of useable target weights
will be performed at least once a year. A minimum of one

- target will be sacrificed (i.e., counted, stripped of

uranium, and the resulting solution being assayed) during

= f~—each71nventory period (2 moriths). In addition, a recali- "

®oihee g

3,

bration, using Item ¢+, Section 4.2.1.1, will be performed -
whenever the results of the destructive analysis of a

Ttargét disagrée with- the rad10metrI¢~anaLys1s by more - . - a
_than 5%. o 3. T ST

Callbratlon of System for Determlnatlon of Total U
yyletratlon

The initial calibration of this system will be performed -

-by analyzing, in triplicate, samples’ of solutions whose jf*”~-~~"“?*
" composition and uranium-content is representative of the = T

production samples to be analyzed, including Item b.,

" Section 4.2.1.1. Porsions of the same solutions will be
_ submitted to ORNL for analysis. This procedure will be

followed until the results of our analysis and that per- a
formed by ORNL agree to within one standard deviation of

. each set (i.e., until the spread of results on our an-

]

&

alysis and that performed by ORNL overlap).  Once this
agreement has been reached, the system will be recalibrated R
SRy e EmE proc dqure~at least once per'year. Working & WOTKing®

standardswhich are made from Item b:,Section k.2.1.1, will

be analyzed at least every 2 months to ensure that the -
system remains calibrated.
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Recalibration of working standards will be performed -
whenever the assay results stray beyond the limits
determined at the 95% confidence level determlned at -

K the callbratlon of the solutlon°

Calibration of Volume Measurements‘v

" Whenever poss1ble, initial callbratlon of this system-

f will be performed by direct comparison to the national

system of measurements through the use of avaeilable
standardized and certified vessels. In cases where

. this is impractical, initial calibration will be per- S wf¥~

formed by comparison of the mass of the delivered or

‘contained volume of solution (whichever is applicable)
"with the mass of standardized weights traceable to the

national system, with appropriate correction for tem-

" perature and specific gravity. This calibration shall

be performed on all vessels which are used in. the process. S
The standards to be used are identified in Section 4.2.1.} - . ™7

*as Item 4., e., and f. Recalibration of vessels shall be

performed at least once per year, whenever new‘ﬁeSSels
are introduced into the system, or whenever there exists

' sufficient discrepancy in the results of analyses to

cause the calibration to be" suspect.

Calibration of System for Determlnlng U235 Content 1n e
Drums Contalnlng Solid Waste. : : .

The system w1ll 1n1tally be” callbrated by suspendlng

"; vessels containing known amounts of U3 within a drum :'

~'~ with each vessel positioned at various pos1t10ns Wlthln ;m;»r;f"';

"7 'will consist of accurately dispensed amounts of the UZ3°

typlcal of those used for disposing of - solid waste.
These vessels will contain quentities of U®°° spanning’ -
. the range which could be shipped as solid waste in a.drum.. U
(0-15 grams). "At least 15 analyses will be performed (

- the drum, including those pos1tlons ‘where the max1mum

" count rate (1i. .e., vessel as close as possible to the

detector), minimum count rate (i. e., vessel as far from~
“detéctor as: pos51ble) and intermediate count rates will
be encountered. From this data, an average value of
counts: per minute per gram of 35 in the drum will be
determlned along with limits of error for this type of
" analysis..-The calibration standards used for this sytem

standard described in h .2.1.1. A working standard, con- T
s1st1ng BT .4 séaled drum within which a known amount of
> has been randomly distributed, will also be fabrl-.s

cated and analyses performed on it in conjunction with

those done on waste drums. Recalibration of the system
- will be performed at least once per year, or whenever

determinations performed on the working standard do not
fall within acceptable (95%) confldence llmlts.‘ '
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.Statistics

Since the calibration of the measurement systems will be an
ongoing process performed in conjunction with the analyses
necessary for SNM control, continuous statistical evaluation
of the standard measurements will be carried out. A 95%
‘confidence level will be assigned to all standard measurements.
and control charts w1ll be malntalned on these measurements.

The systematic error variance wlll be calculated as follows:

Systematic error variance =. 52 + So?_
where B = (x -‘Uo) C
| Sc? = Variance .des_crib_ing" the uncérti_ant& of Uo .
Uo ‘-= Absolute value ‘assigned to the standardw
™ - = Average of all measurements on a particular

standard.

(Reference Jaech, Statistical Methods in Nuclear Materlal
Control, Sectlon 3. 3.2, Pp- 88 90)

‘Since it is 1ntended to malntalnfall”standard‘measurements

within 20 of the original calibration measurements, and it
~is not intended to make small bias corrections, it is.con-_
sidered appropriate to ass1gn thls ‘bias as the. systematlc
error variance. -

Sampllng Accuracy

Sampling . for the measurement of Uese in solutlons by the

delayed neutron method of analy31s w1ll be accompllshed e

as follows

‘asThe solutlon shall be stlrred thoroughly Just prlor
to the bulk tap.

b. Three bulk taps will be removed and placed into clean
glass bottles which will be covered for transport to
" the analytical lab. The samples will be drawn with a
- long tube which will be submerged to the entire depth -
" "of “thebulk "solution so that"all“‘layérs* in the bulk <
solution ‘'will. be sampled.v‘

c¢. Two bulk taps will be agitated thoroughly and one
sample will be taken of each. These samples will be
analyzed for U®° content.



. .. SR T B .
. . - - .

d. In the event the two samples from the two bulk taps

’ disagree by more than 10%, one sample will. be drawvn
.. from the Brd bulk tap for analysis.

Thls'procedure is considered adequate for’maintaining

‘Continuous control on sampling accuracy. o

k3.2 ~ﬁf“;v*Samp11ng for the measurement—of ~total uranium in solutions
- ' by the chemical titration method of analysis will. be ac-
' complished in the same manner as outlined in L.3.1.

NOTE: Due to the radiation exposure hazard associated
' with the radioactive waste solutions-only one
~bulk tap will be drawn and one sample will be
analyzed. : o ,

- h.j.jl ' ‘There w1ll not be an errorbcontribution due to sampling in
o . the assay of targets and waste drums since the whole item
is assayed in each case. :

L)L o Measurement Pre01s1on

| 4h.h,1 . . Program Description

The chemical- analytlcal procedure’ for uranium analy31s and o
~the delayed neutron procedure for U? analysis are as fOllOWS‘ Lol

1. Measurlng the volume of the materlal to be analyzed.r

'af~!?fz:f~’jf2., Taklng DUtk taps (3 eidty

?3. Taklng a measured volume from the bulk taps and
.~ .. analyzing them (2 analyses; 1 from each of 2 bulk: taps,
© & spare bulk tap is to be held 1n reserve)

fThe;gamma;rayfspectroscopyfprocedure for analyzing sealed
targets involves counting each target in a reproduciable -
. geometry for 5 to 10 minutes and computing a photo pegk area =
- for-the 185 KeV -y ray: Working standard target tubes will
’ : be counted along with process targets at least 3 times.

The gamma ray spectroscopy procedure for analy21ng waste
- drums will be to count a standard drum at 5 equally spaced
- =Y ocations along 3 horizontal planes at the bottom, middle =
' and top of each drum. Drums containing the process W ste
w1ll?be“bounted in-an- 1dent1cal mERheREV EFSLs Tie B
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The number of process measurements has been dictated by
‘production schedules. To date the schedule has been to
perform a full set of process measurements on the average
of once per week. (A full set of measurements means, L
platlng solutions, 4 spent plating solutlons, 1 plating .
‘waste solution, one radioactive waste solution, 16 targets
and one solid waste drum.) A minimum number of one set of

.- ——replicate samples will be analyzed each material balance: ----—-er—s—in -

. period if.there were no production. operatiors with SNM.
All measurements on process materials shall be performed
concurrently with measurements on working standards. The
" measurements of these standards will be representatively
spread across all operators and areas throughout each
"material balance period so that an average of all variance
An such a period will ag¢ount. for between- operator, between
' equlpment, etc.... caused varlances.

Statistics

The replicate data from the working standard measurements
shall be used to derive variances and standard deviations
for random error calculations. Representative sets of data
. for each measurement system (measurement system includes
sampling and analysis) throughout each material balance
period will be chosen.  The variance and relative standard

deviation for each set. of data will be. calculated.--The. »i:Ag;3n~§fi

‘average of all standard deviations for each measurement
system on each material type will be used for calculating
the LEMUF at. the end of each material balance ‘period.

(Reference Jaech, Statistical Methods in Nuclear Material -
Control, ‘Section 3.3.2, pp. 88 - 90.) "

Control Program

Refer to Section 4.3. The program of replicate sampling

and'the continuous evaluation of.the measurement results -~

‘relative to preset limits is considered. to be sufficient.. ..-.

control on.all sampllng for analysms.- -

Refer to Sectlon L., The program for continuous analysis

of working standards and the evaluation of the results of

these analyses relative to limits at a 95% confidence level

-is considered to be sufficient control on all of the measure-
"ﬁEht systems. Control charts based on calibration standards

measurement data will reflect the 957 confldence level.

I i e e T e LR h oY SN B AT Eie R e e T
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L.5.2 Control Limits

Control limits will be established on control charts
- (95% confidence level) using data from the measurement of.
calibration. standards. The current control data will be
: evaluated for purposes of updating the control limits on - o
vieriee= - . &.bi-monthly basis. Control limits will be updated-at- - - . - = ...
‘,,er“;”,ﬂ ~—least.once.a year or in any. case. ,when determlnatlons TON . m e hemee, Taeiec
‘working- standards—fall out31de‘the 95% confldence level on - o - RS
‘2 of 3 replicate analyses. ey '

k.5.3 ’ Cooorol Response

When sampling or measurement performance fails outside-of,"
.control-limits the data will be disregarded and the system
will be recallbrated using reference callbratlon standards.

k.6 o Records and Reports

The details of the periodic calibration of 'all measurement

operations (volume, sampling and analysis) shall be maintained

by the Measurement Quality Assurance Supervisor. These. - . . *-
records will include the results of each measurement that is .

made and the details of ‘the caléulations for constructlng con-

_trol charts. C : : : ' -

The summaxries- of error data used in LEMUF calculatlons w1ll '
be kept by the SNM Accountablllty Offlcer.

» f%:%zw¥~~n_i-nStatlstlcal control records in the form of control charts :
'»w1ll be kept and maintained by the analytlcal people perform-”
ing ‘the respective measurements. '

Reports of correctlve actions shall be kept by the SNM
_Accountability Officer. = ... . L. S

'Rt;Report of the'éNﬁAQA_meosureﬁenfmreview during each material S
" 7balance period will ‘be maintained by the Measurement Quallty - '
Assurance Supervisor. .
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