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SUMMARY OF FINDINCS

Inspection Summar)

Inepeciion on July 31 and August 1, 1975 (75-10): Fact-finding
to learn details of licensce's nondestructive assay (NDA) system

Wy

inventerying in-precess plutonium. Information was obtained c

of plutonium found and their locations, mcasurement procedures

equipment, and linits of error assigned to the measurcments,

has bcen used on three bi-monthly inventorics for the measurcment
inaccessible plutonium, and program is considered to be in developmnental
phase,

Enforcement Iter

MNone.

Licensee Actic I'reviously Iden

No previous) identified enforcement
Other
A. d Cowponents
Not applic
Facility ¢nia (Plans and Procedures)
Not appli
Manageria
.None.
Noncompliance ldentified and Corrected by Liceusee
None.
Deviations
None.
Status of Meviously Reported Unresolved Items
No previouslv reported unresolved items.

IE Iaspection Report No. 070-1193/75
TIE: 111 r:,:,.,.j. No. ? of ‘)’
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Licensec representatives were advised that the data and detailed infor-
mation chtained by the inspectors had resulted in an improved under-
standing of the INDA system, The inspectors had no further questions

at the time. lowever, it was stated that thcre might be further
questions concarning the licensee's application of NDA theory and data
interprctation after additional study of the information obtained.

Management Interview



REPORT DETAILS

Persons Contacted

R. Jamka, Manager, Administration and Accountability
R. Marshall, Analytical Supervisor

W. Scvere, 'lathematician :

R. Adkisson, Supcrvisor, Safeguards and Security

Status of NDA Propran

The licensee besan Lhe development of a nondestrustive assay system
for inventorying inaccessible plutoniuvm in his process system in
October 1974. Juroduction of this type of measurement was prompted by
a change in license conditions effective in July 1974 requiring that
all plutonium on inventory be measured. Prior to this change, the
licensce had bezn permitted to include a constant Boldup quantity of
18.7 kilograms in his inventory to account for material inaccessiblc
for measurement by conventional sampling and analywical techniques.
The 18.7 kilogiom amount was determined from a series of four material
balances based vn physical inventories conducted im early 1973. For
the puvrpose of determining the holdup quantity, the MUF component of
the material balance was considered to be equal to holdup. From the
available materizl balance data, the licensce selerted 18.7 kilograns as
his "constant” holdup quontity, and used this as ar inventory constint
from July 1973 throuvgh Jaunary 1975.

Although the revised license conditions of July 197 prescribed that
all plutenium be mzasured, the licensce was not pmpared to initiate
a full-scale LD\ weasurercnt system at that time ard was found to bz
in noncompliance vhortly thercafter for continuing to assume the 18.7
kilograws of unmcasured holdup. 1he licensce contmded that an NDA
measurcnant system vould require several sonths of experiment and
developuent and that the Jarge uncertainty associatad with this type
of measuremant would make it impossible to meet tix LEMUF limit of
the license, vhich =as 1.2 kilograms ~f plutoniun. In Jenuary 1975,
Licensiug increaszd the permissible LuidUF limit to 5.0 kilograms. In
subsequent bi-vcuthly inventories in March, May ant July, plutonium
measured by NDA has been ovfficially a part of the #otal physical
inventory.

Ostensibly  the DA program has been successful barmuse the MUF corponent
of the three material balances conducted since its inception has bcen
less than LEMUE aud LE'MF has béen less than 5.0 Kilograws. It was
congludud by the inspcctors, however, that the prajram is still evolving
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DA measurcments are wade after the process has been cleancd up for
inventory. Operations are not resumed in any arca wntil the counting
has been coupleted. No movement of materia! in adjacent areas that
might affect the counting is permitted.

At each glovebox location where material is rounted, the general procedure
is to made tuo 30-sccond counts. The collivator is them covered by a

lead shield and two 30-second background counrts are made. Background
counts are sublracted from the Bross counts to give two corrected counts,
which are converted to grams of plutonium (per square foot of area in

the case of a glovebox measurement or simply grams of plutomium in the
case of a pipe measurement). The formula -is:

Pulsq Lt = (gross counts - backpround counts)
& 1 transmission constant

X calibration constant

The transmission constant is a factor for the type of material’ through
which the measuremont is made. Sone of the constants used are 0.9¢

for Flexiglas, 0.71 for stainless steel, 0.57 for lead glass, and 0.97
for a leaded glove. The constants are obtained from tables. The
licensee has experinentally conflirmed one or two of the more generally
used constants. The calilration constant is the ratio of grams plutonium
to counts as determined from standard measurements,

In determining the amount of plutoiium in gloveloxes the following
technique is used. The grams per square fool are determined at aprrox-
imately twe foot intervals along the length of the glovebox. Thesc
detericinations z2re averaged and pultiplied bv the total surface arca
involved. Usually it is necessary to measure the plutonium on both
horizontal and vertical surfaces of gloveboxes. Horizontal surfaccs are
measured by pociticning the detector above or underneath the surface
whichever i1s vore eonvenient. Vertical surfaces are measured by holding
the dctector in a hurizowtgl position. For convenicnce sonme measuraments
arc made at an angle of 45 . Appropriate chonges are made in the :trans-
mission constunt in such jinstances. In pipe mearsurecments counts are
converted, using the proper calibrator factor, dircetly to grams of
plutonjum. 1In pip> measurements the grams of plutenium in a two foot
length of pipe are determined. Similar determinations are made at sther
positious a'on: the pipre. The veighted average is then multiplied by
the length of the particular pipe. r

It was noted that the awount of counting that has been done during the
8ix MDA inventcrics has tended to increase. In the July inventory zounts
were made at 1131 bex lozations and 416 pipe locations. Assuming

about three minutes to got the data at each location, it is estimatod
that box measmiements required 57 hiours of work, pipe measurzments about
20 hours.

-
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The second highest NDA inventory area is the solvent cxtraction arca.
This area con=ists of three tall ploveboxes containing solvent extrvaction
columns wvhich extend from the bascuwent to the ceiling of the first floor,
approximately 25 feet. tMost of the plutonium is within the equipmeat.
Since March 1975 the columns have not been used. The room has been
closed, the piping sealed off and tbe March plutonium inventory carried
as a covarjent item in the two subsequent inventories.

Rooms 128 and 124 rank next in NDA plutonium. Room 128 contains the ceramic
processing gloveboxes in which plutonium is converted from the nitrate

to the dry oxide powder. The upper portion of the tall glovebox containing
the nitrate blending and weigh tanks is also in this room and has been

found to contain significant amounts of plutenium. Room 124 is the pellet
fabrication arca. As nucih as several hundred grams of plutonium has

been found consistently in each of the several pieces of operating

. equipment jun the glovebox train. The presses, blender, grinder and

furnace, although all emptied to the extent that they could be withou®
dismantling, all consistently more than 100 graws by NDA. L al

Rooms POl and BO2? have been found to contain relatively emaller quantities
of plutonium. These are areas containing liquid processing equipmcat.

BO2 contains the lower portions of the nitrate blend tanks and some

boxes housing pumps. BOl contains boxes in which scrap liquids are
filtered.

Process piping has been found to ccntain less plutonium than any of the
{ndividual rooms or areas. The totals for all piping have been about

1500 grams for cach of the last three inventories.

Attachment A is a listing of average plutonium quantities found in cach
arca with sub-listings of ameunts found in the major pieces of equipgment
within those areas.

Measurement Procclures

After calibraticn of the two measurement systems apainst standards (summarized
in a later sectiecn) to establish the relationship batween counts and gramns
of plutonium, the process material is measured. Twvo electronics systems
are voed for NDA vark, a SAM II (Scintillation Amplitude Monitor) iade

by Eberline, and 2 Ludlum system. Each is coupled to a collimated

sodium iodine detector. 7The Ludlum is an oldex instrument and does not
appear to be a stable 2s the SAM 11. Becausc of th2 more modern
circuitry, the counting rate with the SAM IT can bo higher than that

of the Ludlum vithout losses due to pulse pi)2-up snd dcad time. For
thesc reasons the SAM 1T is used for counting of miterial in glovetoxes
which contain the larger quantities while the Ludlum's use is restricted
to piping.
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It was alse olsevved that quantities of plutonium measured hdve increased
generally as the amount of counting has increased. This is attributed
to increased experience. As knowledge has been acqrired on where
plutonivm iz most likely to be found, more emphacis and increased
counting effort has been expended in these areas. The licensce stated
“that there was no likelihood that a saturation point had been reached
in counting which would lead to overlapping counting and the measurcment
of gome plutonium twice. Ye estimated that even at the current level of
counting effort, only about 20Z of the total surface area and piping are
being measured.

Attachment B is o completed data sheet which jllustrates the calculation
of the grams of plutonium in a particular glovebox.

Calibration Standards

Standards that have been used to establish the relationship of bet2en

counts and grams of plutonium are of two types, one for box measurcrients
the other for pipes.

The standards for box weasurements, the more critical of the two, are

flat plastic packets about one square foot in area. They were made

by mixing a woighed quantity (about two grars) ef plutonium from current
produ-tion with 2 matrix material wvithin a glovenex, then inserting the
mixture into a heavy PVC-type plastic bag. The packet standards used

on the first five inventories contained a marrix of Kewmwipe material
inpregnated with plutenjun nitrate. Because of the possibility of
detorioration of these standavds, they were replared vwith similar size .
packels containfng a liquid paint resin mixed with plutenium oxide.

The new standards were used in the July inventory.

The standards for pipes consist of one foot sectims of pipe of appropriate
diamoters containing tve grams of plutonium. The plutonium was deposited
on Kewwipe matrix waterial which was then rolled 1p and inserted irzo

the pipe so that dictribution would be unjform. The first standards

made contained plut-nivm {n the nitrate form but tiese have been replaced
by the oxide frr because of the potential lcakage hazard.

Calibratinn werl ic accorplished in a laboratory mrea that is as far
removed as possible from background interferences. The measuremenc
equipment has bteen recalibrated to establish new mlibration constaats
prior te each inveutory. Paclet standards are cowted singly and also
grouped with twoy or four packets laid one over andther to establisnh a
constant. The calibratien constgur established in this way for us¢ in
the July fpventory wvas 3,80 x 10 © grams per count for a halfl minute
counting period. lipe stondards are similarly comted to determine a
~eongtant. The bavic pipe constant for the July iwentory was 2.07 x 10°
Aounts per gram for a tvelve second counting periul. :

3
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In counting packet standards and in actual plant nvasuromcnts,\ghé 5
detector is usually positioned about thirty inches from the source.
Exact distance is not critical because the area mcasurcd increases as

the square of the distance, so that the ratio of arca to distance is
always constant,

Limits of Error

The licensee has developed a statistical system for determining the

smits of error asscciated with the plutonivm measured by NDA. Since
the Mavch inventory when NDA quantities officially became part of the
{nventory, the LE for KDA has been the major portion of the overall LE.
The table below shous the LE's associated with KDA as well as the

overall LEMUF for the plant for the three inventories in which NDA has
been used.

Inventory NDA Total (g) LE (KDA) LEMUF .
March ‘ 20,045 2,719 2,779
May 29,122 2,774 3,578
July 24,333 2,600 2,742

The system presently used for calculating systematic and random errors
associated with MDA is set forth in a report prepared in March 1975.
The experiments performed and the equatione used to convert the
experiment2]l data to errors are described. The report is presented as
Attachment C.

Sources of systematic error considered in the report are those asscciated
with the variocus calibration curves, the E%?”“ spectra erroEAYhich is

en allowance for the interfercnce of the = U daughter of Pu, and
the errors due to counting geoemctry. The sum of all these systematic
errors has been o2nly a small portjon of the total LE for NDA measurements.
Attachment D wvhich itemizes the NDA errors for the May-July inventory
perjod illustrates this point.

NDA random errors constitute a much larger portiom of the total LE for
NDA than do the systematic errors. The random errors are calculatcd

from the replicate measvrement data accumulated during the NDA invaatory.
This is possible since each measuvement is made in duplicate. Attachment
D indicates that randem errors, particularly those associated with the
sampling mothod, constitute the major part of both the LE for NDA and the
LE for the July inventory.
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The Jicense: has considered many of the theoretical eauses of inaccuracy
In determining tbe limits of error and bias. Hovever, all the medsure-
ments and tie calculated limits of error must be bascd on standards and
simulated conditions ctated that the licensce can oculy hupe are repre-
sentative of the plutenjum that he is measuring in the plant. There
could be wide differences between laboratory and plant conditions.

There is no assurance that standards consisting to weighed amounts of
plutonium in plastic packets and scctions of pipe can represecut all the
material in the plant. The plutornium in the plant exists in many different
physical and chemical forws and gcometries. The gamma ray responsc will
vary ~xtensively because of differences in self-absorption and geonctry
among the various forms. In most instances it is not possible to kiow
Just vhat form the plutonium being counted is in. When measuring a pipe,
for example, there is no certainty as to whether the plutonium inside

the pipe is solid, liquid, in pockets, or in a continuous stream,

or what the deprls of the stream might be. Similarly it is not possible to
know much about the distribution or form of the plutonium in a_glovebix or
piece of equipment. An attempt to make up standards to represent alil

the possible sitvations would not be feasible.

In addition to the foregoing general comments on the problems of
relating laloratory date to plant conditions, there appear to be scue
specific measures that could be talen by the licensee that might
improve his results. These are: .

1. A self-absorption (or self-attenuation) correction should be A
developed. For the packet-type specimens used for calibration,
the meagcured count rate can be expressed as follows:

Heasured count vate = FN (1-CN)

where K = counts/g of Pu per unit time
N = number grovrs of Pu

C = attenuation constant per gram

Using data that the licensee recently established for two packat
“type samples, values for K and C can be calculated. The data:

1365 counts/min for a 1.936 gran standard
4089 counts/min for a 7.744 gran standard

From the data the following table can be prepared:

Unattenuated
Grams Fu Measured Counts/ilin Counts, Min
1.936 1365 1479 '
J.872 2514 2958
1 5.808 341¢ 4487
« " 7.744 4082 5916
. -~ ;
- The curve of measured counts vs unattenuated counts plotted from

the above table, could bLe used to correct each plant measurement.
Theoreticnlly it appears that such a corrcetion should be mado.

- i -



The effect of the correctien would be to increase the amount of *
plutonium measured by NDA by 10-20%. From a practical standpoint
this is in the wrong direction because the quantity of plutonium
currently being found by HDA appears te be too high, although this
in only a guess.

The vse of two sets ¢f standards primary and secondary, both
prepared in the same way might be useful. Use of the primary
standards would be confined to the laboratory for the purpose
of instrument calibration. The sccondary standards would be for

" f{n-plant use for instrumcnt checking, background studies, and

measuring attenuation constants. -They would be useful, in other
words, in translating laboratory measurements into plant
measurements,

Attachments:

Attachment A through D




Room 127.Scrap Area

Box 23, 24 - Sc
Box 25 - Dissol
Box 31A - Jen |
Box 31b and C -
Box 32

Box 33

Filters and Dlu
Miscellanceous

Room 127 1

Basement

Box

Box

Box

Box 4 (Top)
Powder Carts (
Miscellon

Room 1?7




._6_nos. Av Ranae (1

Room 124 . Pellet Fabrication

Box 1:ip - Prese ang Elender 444 108 .
Box 114 - Caleiner and Slugger 380 19) -
Box 12 Conveyor 57 . 15 -
Box 14 Furnace Outlcts 568 60 -
Pox 15 . Grindey Inspection 1034 136 -
Filters and Dyetrg 444 224 -
H!scollaneom 122 50 -
Room 124 Topa3 3049 1097 -

Fox 40 . Alnroys Rccuvory . 362 47 ~ ¢
Box 39 .. 1., Fu Disolution 358 45 -~ 7;
Box 1A - Pump Hood 9) 49 - 14
. Misco]lancrus | 25% 100 - 35
Room B lotal 1079 387 - 23

Room o2 . Ritrate flend ang Weigh

Box 4 - Nitrate Blend (Lo Portiou) 1118 ¢ 3 s 216!
Box | - Pump hox 270 90 - 620
Misccl]anm‘u'-‘ ) 28b 100 - 350
- Room pp2 Total 1674 741 - 2776
¢
- -f. |
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6 mos. Av Range (Low and High)
Piping = All A.x'('ns
BO1 155 115 - 184
BO2 : 1284 762 - 1636
BO1 to BO2 130 79 - 199
ROl to B127 154 27 - 218
BO1 to B128 276 61 - 578
BO1 to B128 124 26 - 221
Miscellaneous 56 25 - 75
Piping Total . 2179 1439 - 3557
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CALCULATIONS FOR Y.f!ROR STATEHENT \
NDA IBVERTORY 3/75 \ |

‘A, Systematic Error

1. Calibration Curves

Calibration curves representing various mecasurercnts were pre-
pared by counting standards., The systematic error (variance)
for each curve was calculated as follows:

2 . 1 2 (Ixy)?
il bt (Iiy : I.xb“._-———-) € x*

Where: sy -

|

Variance of y about x

n = Humber of di{ferent calibration points
y = gPu or gPu/unit for each standard
¥ = Counts/unit time

This equaticn vepresents that variance of y about x for the
equation:

y = bx.

1f the uncertainty of the content of the stanfards is known
to be sgignificant telative to Sy+x and if move than one cali-
braticn curve is prepared for a given type of measurement,
then the contributing errors are pooled and the systematic
varjance calculated using:

' . 118ty
ge? = E(n - LIS ¥X | go®
) m( k

T
\

Where: Sc” = Systeratic variance
£n = lotal sumber of calibration poists for all curves,

k = Mumber of calibration curves,
Sy.» = Relati ¢ standard deviation for a calibration curve.
§o = Relative stondard deviation for standards.

" * Number of counts taken per calibration point
Systewmatic ctvrors [or calibration curves used for the 3/75 NDA
Inventory are listed on page 6,

2. Gawma Spectra
.

J1he gavma interference of concern is that of £727 which has a
' signiflcant punk at %20 Kev, A series of profuction samples
assumod to represent waterials inventoried vae scanned with
8 Ge-Li detector and the peak arcas representing the 330, 345,
375, 30% and Ul Kev peaks, determined. The matio of total
peak area to 1) peal avea was caleulated for the standards.

-
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From this ratio, a 'heoretical total peak area was calculatcd\
for each sarple. The ratio of actual total peak arca to theo-,
retical total peak arca represents a gauwuna counting error
caused by U7 7 interference. For ecach sample type, a standavd
deviation was calculated on the ratios as follows:

.'i _v/hixr:YZx)7

7 vy § e

Where: s3 = standard deviation for a samﬁlc type
n = number of samples of a given type
x = total gamma ratio as explained in the test,

* relative standard deviation, Si? was calculated for

each sample type and cembined with a counting statistics
error as follows:

$si -/’T{;_‘T + So°

Where: Ssi = systematic relative standard deviation
for material type a
4 = relative standard deviation for material
type 1 from gawma pcak arecas
o * relative standard deviation representing
standard source counting error.

The Pu '"found' by MDA Inventory was divided into the
material caotagorics represcnted by the gamma scanne?
samples., Sce puge 6 for the systematic error calculated
for each material type from gamma counts,

3. Countinp Ceometry

Counting geowetry errors were calculated for both
measuring techniques. The two techniques are discussed

separately., ’

a, Summingp Technique

An cxperiment was conducted in glovebox 21 wherein

knovn quantitics of Mu were symetrically disperscd

aloug the lenpth of the glovebox floer. The

matcrial was peasured using the surming technique

by counting the box at six locatious., Variation

L in the avount of Pu 'found' from lecation to

- location was ascribed to a counting geonetry errour.

A relative standard deviation vas calculated using
equation 3,

R T
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The relative standard deviation was determincd
at two different loadings oI Pu in Box 21 and
equation 2 wused to pool the RSD's obtained.

|
|
\
|
Page g lists the RSD for the counting geometry
sumning technique as well as the amount of Pu

measured via this technique and its respective _

error. 1

b. Sanpling Technique

Since the saupling technique invelves counting
glovebox surfaces at a varicty of distances,
an cxperiment was conducted to determine the - |
effect of distance on the samplimg technique |
calibration. The relative standasd deviation on

the calibration data was calculated via equation

3. The systenatic relative standard deviation

was then calculated using equatiom 4, : :

Page 6 lists the sampling technigue geometric
error, i

B. Randowm Ertot
l, Gloveboxes
a. Summing ilethod

The summing metheod involves countinpg the entire

areca of interest, If the surface is counted in
sections, the gPu found per sectien are summed
together,

Fquation 3 ies used to calculate the standard
deviation assvciated with a glovettox., For these
gloveboxes wvherein insufficient data exists to
calculate an ILSD, a pooled RSD is used to
estimate euch boxes IRSD. The poolled RSD is
calculated as follows:

(ny=1)8i2+(n,-1)8,+ "'(n.—l)Sl’ 5
e S—— »*-
(ny4nz... "l) - k

Sp’
.

T Where: Sp = pooled RSD
-~ n{ * number of different measurements
o taken on ith item

§{ = RSD on ith item

k nunber of different btems,

N rcnesi vr € .1,,‘,,7:)



The error as gPu from all gloveboxes measured
by the sunming method is calculated as follows
ossuming measurement from box to box as
independent of each other:

-Sc" = [2 £ ;i!z] + [E[’+ES2+...51T‘:’3‘.

Where: Sg randon error for all boxes measurcd

by the summing technique

Ei gPu in ith glovebox

Si RSD for ith gleovebox

m number replicate counts per different
measuring site. ’ ‘

Sp = poolesd RSD .

Ex..Ez = gPu in gloveboxes without suffi-
cient data for Si calculation for
each box.

The random error for glovebox summing technique
is listed on page 6.

Sarmpling llethod

The sampling method involves measuring represen=
tative sites in a glovebox, calculating a gPu/
unit area, and multiplying average gPu/unit areca
timee box area to determine Pu holdup.

Fquation 3 is used to calculate the RSD for each
glovelbox from the sampling method measurements,
When insufficient measurements have been made to
calcuvlate an RSD, a pooled RSD is applied as
calculated from Equation 5. ‘

Equation 7 is then used to calculate the error
associated with all gloveboxes measured via the
sanpl)ing method: '

Sc? + [pElsit][Frreest. b ]sn?
nim ; m
Where: all symbole retain the same meaning as In
equation 6 but nji = number of different
measurements takeu on
the 1th glovebox.

Sce page 6 for the random error for gloveboxes
measured via the sampling technigue,
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Ductvork and Pipes \J
Errors associated with Pu measurement in ductwork
and pipes were calculated usirg the sampling

method equations of the prior section (b). See
page 6 for these errors expressed as gPu.

R.S. Harshall
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JULY 1975 INVENTORY BIAS

DID READ SHOULD READ  CHANGE
CATLGORY BIAS RATIO Pu g Pu g Pu

075 15540 16706 1166
027 952 978 26
121 627 703 76
.000 198 198 0
.000 542 542 0
.984 1498 1474 24
.012 5620 5687 67
.050 13737 14424 | 687

Glovebox Sampling
Glovebox Summing
Fiiters

Ducts

Tanks

Pipes

Gamma, IXE

Gamma, Scrap

e D e b e et e

Total . + 1998
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NDA INVENTORY

JULY 1975
ITEM IKVENTORILD GRAMS Pu_ FOUND
R. 128 4296
R. BO2 | 1743
R. 124 4915
R. 127 4496
R. KOl 2300
SX 4981*
Piping 1498
Maintcnance + R. 123 109
TOIAL 24,338

* Covarvient from March, 1975 Inventory



