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AB>TRACT

Hcldup of nuclear materis] in process sGuipment
is tre of the aajcr ezurces of auncertsinty
ir usterials balsrces, particularly fcr hKigh-
throughput fscilities with large equipment and
extersive piping, sSuch 8s gase=.us ciffualcr urs-
ri. r-errichoert Flants. Leocsting snd messuring
the hcllup wrile tre plant 1s cjersting 1s s
crsllerging problem because c¢1 tackgraurd from
tre process materisl and the neighboring equip-
ment. Trils paper repcrts NDA measurements per-
fcrmed at the Goodyear atcmic Casecus Diffusiorn
Plant, Porusmcuth, Oric, on enrxghmgni eq-1pment
at the h'y.er errjchaernt erd (>1uX <°7U fsctopic
sturdarce) of the cascsde. Rzth reutrer and
gamm3-Trsy measuremerts wvere made to lcocate snom-
slousiy large depcaits 1r carverters arnd com-
presszrs and, withir tre linitations of the
techrigues, tc quartify the so unt of the de-
poslt.

I. FAC1L1TY DESCRIFTIGN

All tre nrawuremerts were made ir the 3:&
k:11d1irg at tle kigl-errici.mernt erd cf the caa-
cade. Irn thia building. the 1w si1res ¢f eyuip-
nert are dealgrated Tope 27 ,lower errizimests)
ara Type 23 Dvigler enrichmentg). Tie cascade
{m uryralzed by 1rdivideal stages withk 12 astages
per cell, 20 selis por wnit, #nd Y urnits 16 the
32€¢ tueilding. A cel]l 18 fdesiifiled by 8 eqelp-
mert site =.-ler (7% or 27), 8 urit r.mber, and
ther the indiv:d.aal cell, for example, 27-3-5.

Tack cell, “ p wide 8cd I m long, {8
arclesed >3 walls avd rocfing made of thiin metsl
and Ln.ermal frai.lsiicn. Facl. etrich.zert stage
cer sins 8 cunverter, cosler, c:omptasaor, and
connerting plring. T nondesiruci:ive asssy

Uwirk sujpjcrted by the US Tepatiment of Evergy,
Cf{fice of Safeg..ards ard Security.

Y. Harbarger, J. Hicka, G. Timmorna,
D. Shtissler, E. Tsyloe, sud S. Jornes
Goodyear Atomic Corporation
Fiketcn, OH &5661

L. Fields

tricrn Cartide Corperation
Nuclear Diviasion

Bldg. EK-1oé:1, MS-189

Cs. EKidge, TN 37830

(NLAG messurenments were gade from the roci of
tke cell kausing.

Witrir 8 cell, the &tages are rumbters 1-1I;
nezber 1 18 the irput side srd rumber 12 {s the
Gutput. The unit gtructure 1s shcwn in Fip. 1.
A stage coaprises piping, 8 corverter containlng
the barrier materisl, s cocler, srd 8 comires-
scr. Tre stages are inre;ccanected 1n 8 Csmpli-
cated cluster srrangemert wWith . ee Stsges per
cluster. Figure 2 is & drawirg of tuc t.pical
irtercznnected cells. It {5 1zjcrtsnt ts urder-
stard th.e details of the eguijpment la.-ut bve-
ca-sc 1t strargly 1influerces the cholce of mess-
uresent lozaticn and dsts interpretaticrl. Feor
example, note how the tooverters sre disrlaced
from vhe center line, sltercating from cre stage
re the neat. The z)~ire of sesg.rement lozaticn
mu8t tske this inte ac. Sunr.

I1. GCAMMA-EAY MEASUREMENTS

A. Urarjem-215 Detercticrn witlh . 27-cm-

Trick, S-cam=T1am Ael Detectirs -

Miee ©f t)he BATGS -T8 &ur- "date were cci-
lected with twe portable 1. Z%7-ca-'ligk, S-cm-
diam Nal detectars rourled te Freslire SAM-11
itwi.-granrelj electrunics packages. Tnis thice-
veag nf N8l 1a resrsy cplimem f:r the de
of 17U 1R6-xev g*7 B Tays In tle jresc
Ligher evergy lack rocoid gamms ra:a freo
daaciters o 2380, Faci Nel detector 1 v
In & O.fL-cm-thick lead eVl imager wit) 8 i.a¢
and ar sdad3tfcnal ToWS - g-th1 k lesd 8L1e1d cver
the regleon crntalning the Nal crysial. The cul-
limpter Jismeter I8 6 cm, A tha diktarie {rowm
tl.e frint of tre c:llimator to the frant of the
derector was set 8t 5 cm, cciteajpondivg te &
disran. e te the Teffective™ deteltion pfealtlicn
of & cm. Twe slvgle-ctaviie]l asslyrsin were set
a' ervetgy winduws of 161-211 kev and 22 -2B7 kel
tc mrasere Simulisriec.sly 1R/-keV pgamms TEVE
from 4330 and & ccant sbove this eveigy [
ks- kg1irunid subtrastion.
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This technique and the cell overhead geom-
etry used for this excrcfsre are very similar to
those uscd several yenrs sgo by Los Alsmos to
evaluate holdup in the high-enrichment portion
of the shutdown cascade st K-25 Oak Ridge Gase-
ous Diffusion Plant. Except for the colli-
mator, the Na. thickness, the background sub-
traction capnbility, and the temperature stsbi-
1izstion of the SAM-11, the method is slso sim-
{lar to the RASCAL sirvey instrument recently
developed aud {mplemented by Goodyesr Atomic
Corporstion. The advantages of detector colli-
mation are higher detection sensitivity and the
capsbility of measuring holdup in {ndividual
components of sn enrichment siage. The princd-
pal diwadvaniage of the collimator snd shield
Asnrmblies used in the present work is their
weight. They sre tuo heavy for rouiine surveys
that are performed wmanvally by production per-
sonnal.

The overhesd surveys were performed with
the derectors placed on the cell rooftops look-
ing downward st welected cumponents. Given the
distsuce of 213 cm fruom the rooftop to the me-
disn plsae of the converters and anst of the
UFy, gas tranofer components, the detector views
a 17%-cw-dism circle in the wedian plane snd, in

the csde of 8 line source, a 155-cm effective
length. The effective source diwentions were
derived from the measured snpgular respcase of
the detectors.

Figure 3 shows 8 plsn view of the sress and
components viewed by the 1.27- by 5-cm colli-
mated Nal detectors in the overhead cell sur-
veys. For each stage, measurements were per-
formed at three positions centered above the
circles and normal to the converter axis. The
measured responsc. ~a6 from the materials locsted
within the circles superimposed on the cell lay-
out drawings. Note that signalas from adjacent
stages are blocked by the collimator.

These two detectors were calibrated by two
independent methods. The first method, point-
source calibrction, was made by first measuring
the counting rate with s thin 235U foll stan-
dard (0.395 g 23%) at 36.5 cm from the effec-
tive detecti{on position in the Nal, Thie cali-
bration was then scaled to the distance used in

rig. 3.
aress of s atage.

Camma-rsy det ctor vicwing



{S |.,me-_____

. o a ’::{ iu ia
- Ti I
LT O

X-31 (3) ~’& 7:] ’iEEE
r 1013 &)E

I 10} Jgj%

@ %";J c}:ﬂ .:E
LR R
gy '1’0} 13 q ,'EE

R xd 3’3 '
)

n-n i
}Eiiif'iil‘ho 01&4

=By
)
PRQOUCT Wy
(%)
VML
PrODUCT m
-8
Fig. 1.

sion Plant.

“] fen Hsnn!j }
znlu 12160
(ll;
() Dashnly g

i
[zomtumo ]l
|
il

]m NENPRTIE B

n iy
26 1814101200, 8

i

T RSATUERTU DR
OlllHl 12,1 8

3
¢
w2 s{
205001210 84
$

Bt

NIIN [LRYRIN}
7' ms n'y

NI PUHL_J':

X-n
100 $TAGES

—1 |

X-31
A0 ST GRS

12 STAGES/CELL
20 CELLS/UNIT
10 UNITS/3UILDING 226

2280 STAGES

Layout of the enrichment cascade st the Gondyear Atomic Gaacvoua Diffu-



TABLE 1
235y HOLDUP IN CALIBRATION CELL
(grams)
Stage Converter®
1 116
2 22
3 26
4 15
5 20
6 47
7 45
8 35
9 17
10 139
11 117
12 255

8Quantities derived using cali-
bration constant and sssuming
unfform distribution of materisl
in converter.

example of direct holdup measurement results,
in this case for the evacuated calibration cell.
The quantities shown for stsges 1-9 can be st-
tributed essentially sll to solid deposits,
whereas those for the higher stasges slso com-
Eriae significant amounta of residnal gas-phsss
35y Based on stages 1-9 dats, the aversge
hsgdup in 8 single entire converter ls 45 g
235y .snd the average fcr sn inlet region fis
4 g <35y,  The minimum detectalle amounta of
the 235y {n an entire converter and in an In-
let reginn, that ls, the detecticn senaitivities
for counting times of 30 s sre 10 snd 3 g, re-
spectively.

Figure 4 ashows ar exsmple of the pesk
8trifpping procedure applied to the converter
dats weasnred with & collimsted 1.27- by S5-cm
Ns1 detector over s cell that was operating at
the time of the messurement. Uignificant de-
posity sre evident in converters of stsges 4
snd 11. A vsriance parsmeter, O, was used to
identify snomaslously lsrge 23‘0 quantis&ga
stove the baseline composite of gss-phase v
sud smsller swmounts of uniform holdup. Sigmwa
fr defined as the squsre root of the sum of the
squares of the per cent varisnce of the Ufg

v ¢ F 1 v ¥ 7 1T T 1T 77

—o— CONVERTER
—a— IMLET
-u- OUTLET

2000

COUATS

1000

T U5 WU U U O O O T T T O O I O O |
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Fig. 4. OGrams 235y (from gamma-rey wmeasure-
ments) va atage for three viewing sreass.

gas phase in the converters in ¢(he calibrstion
cell, (7.7%), snd the standard devistion (X of
s 30-8 count of s cell converter thst showed no
significant anomaly. The detection limit of 20
permits us to identify snomalies thst lie out-
side the stage-to-stage UFg jas-phsse varis-
tions in s normally opersting cell.

Teble 11 shows the difference between the
bsseline count and the coun's for stsges 1, 2,
8, and 10 of another cell, together with the
conversion to g 235y, The first-pasy results
for 233y were o large thst sn {iterstion to
sccount for the aelf-sttenustion of these de-
posits wass needed. The numbers in the last
column were obisined ssrwming thst the uranium
was uniforrly depnaited within each converter
snd using date tsken over the center of the
converter. The largest attenuation correction
was 1.09.

Without independant infcrestion sbout the
opersting psrameters of che cell, f{t 2§;L no.
posaible to asubtract the gss-phase ) to
obtain the smsller, morw uniformly distr.buted



the aurvey measurements, 219 cm, by the appro-
priste 1/r‘ ratio. Next, thz angular responae
of the detector was measured so that the effec-
tive ares of the component viewe: by the colli-
nated detector could be determined ¢or two-
dimensional anslysia, or for oune-dimensional
analysis, the effective length of the aource
could be determined, The angular or latersl re-
sponse was determined 5; measuring the counting
rate of s large-mass 2 5U sample es s function
of the perpendicular distsnce from the collima-
tor line of sight at s point 169 cm from the
detector. The attenuation of the cell roof
cover hatch relative to that at zero lstersl
displacement was included in the final lsteral
response function used to reduce the overhead
sutvey data.

The next step in applying the point-sourca
ralibration wag calculating the sttenuation of
the 186-keV gamma rays by the components being
viewed. F¥For the purpose of calculating attenus-
tion corrections, most UFg gs6 transfer compo-
nents, except for the converter, the r~enrtrsl
(heat exchanger) region of the cooler, and the
compressor, csn be considered as uimple pipes
with 0.95-cm wsllg. A detsiled point-source
cslibration was spplied only to the overhesd
wessurement of convariers, s csae thst is smen-
sble for quantitative assay based on 186-keV
gamna-ray detection anu important becsuse con-
verters frequen’ly collect significant deposits
of ursnium solils.

The second cslibration method used was the
gas-phase tech.ique, which 1a based on measuring
the componenta of stages in & c 11 opersting
normslly with UFg and -epeating mvasurements
with the UF, displaced from the cell. Fig-
ure 3 shows the viewing circles snd cnclosed
componenta in the median horizontal plsne of
generic stsge. The centers of the circles cor-
respond to the three gammu-ray measurement poasi-
tion on the cell roof. The difference between
the observed counts wi_ 1 and without UFg gln
be sttributed directly to the amount of 2 Sy
in the detector viewing sres, providing thst the
gamma-ray attanuations of the various components
in the fleld of view are the ssme. This condi-
tion is met in the case of the wrasurements made
directly sbove the converter centers. At the
other extreme, the hest exrhanger reg. ons of the
cocle-s sre very dense and transmit -ssentislly
no gamma rays to the detector. Thus, tne cooler
region is omitted enti'ely ss 8 component in ths
wrasurement calibration of the converter iaput
region. Finslly, the gas-phas calibrstion_re-
quires that UFy nasses be obtmined from stage
tempersture and pressure messnrements and pur};y
snG {sotopic unalyses of samples. The 233y
wassys in the cowponents encompassed in the

three measurement viewing aress used in the
surveys were provided by Goodyesr Atomic Cor-
poration.

The point-source and gas-phase cslibration
methods agreed within 17X. The gas-phase value
was usa2d in the subsequent analyses.

B. Overhead Measurements with thc 1.27-cm-

Thizk Detectors

These surveys were conducted with the
SAM-11 set for sutcmatic background subtrsction
in the 186-keV window from Compton tails of the
high-energy pgamms rsys from J daughters,
cosmic rsys, and the environment. Separate
channel counts were taken at lesst once during
the survey of s cell to obtain a background
count for eatimstion of ststisticsl precision.
A typical net count snd s background count over
a converter in an operating cell in Unit 27-3
were 2400 and 100 counts/min, respect‘vely. The
counting time was 30 8 for each measurement
point. The stability of e.ch instrument was
checked at least once during a cell survey by
counting s 50 foil in fixed geometry. The
measurement point above the converter was 2.4 m
from the cell housing wall on the side of the
compreasor for that stege, snd the mesturement
points for the couverter inlet and outlet re-
glions were 1.5 w fron one side or the other of
the cell walls, depending on the stage and cell
nimber. Because of this topographs, measurement
points were desiznated as left, center, and
right, relative to the direction of increasing
stage number; the correspondence with the actual
conponent reginns was made a8 & part of the data
analysis.

The calibration constants obtained from the
UF gas-phise acdsurements performed on the
calibration cell can be used to convert observed
counting rstes to g 235y, 1f the quantity of
gas-phase U in the atage components is ob-
tsined from preunure and temperature messure-
ments and anslyces of gas samples, this portion
of the measured U can be sudbtrected to yield
235y holdup. Alternatively, the baselin: in a
plot of the mcasured amount of 5U in a parti-
cular equipment zone ss 8 function of celi stage
can be subtrscted to find the amounts of lsrge,
localized deposits, which correspond to pesks
in the data. Of course, the latter wethod, re-
ferred tc as "pesk stripping” or baseline sub-
trsction, will not give the smount of 235y that
hes built up uniformly in s cell. This uniform
holdup coubined with the in-proceas UFy {s the
aource of the baseline counts.

For shutdown cells, the collimated Nal de-
tector provides & direct wmesasurement of the
holdup in 1its viewing ¢ield. Table 1 givea an



TABLE 11

PEAK-STRIPPING EVALUATION OF ANOMALOUS
235y DEPOSITS IN CONVERTERS OF OPERATING CELL

Counts Attenuation
Stage (Baseline Net Firs;;?nss Corr;;;ed
(Converter) per 30 5) Counts/min g Y Y
1 2375 4750 1185 1292
2 528 1056 263 268
8 2176 4352 1085 1172
10 417 834 208 212
Total 2944
baseline holdup in the ceil converters. For TABLE 111
this example of peak stripping, the winimum
amount of U that can be detected in a sin- HOLDUP 1IN CELL C CONVERTERS DERIVED
gle operating converter, thut is, the detection FROM OVERHEAD MEASUREMENTS AND
sensitivity, is 90 g. These numbers also cor- KNOWN GAS-PHAFE INVENTORY A™" ENRICHMENT
respond to the uncertainties that we aasign to
the measu ements, neglecting, of course, errors
from nonuniform converter distributions. Measured Stage Average
Total 235 235
A> an example of data reduction using the Stage 235U (&) Co:vigze:n N;Zldu v
gas-phase inventory and enrichment obtajned from L — 18 T T R
Goodyear Atomic Corporation operations snd ana- 1 473 4047 25
lytical chemistry laboratory, we show in Table
111 results for measurements of converters in 2 407 447 - 40
cell C. This ccll had no anomalies. Clearly, _
there is a negative bias of at least 14 g per 3 415 bar 32
stage in the unlikely event that the converters 4 367 447 - 80
fn this cell have no holdup. A more reasonable 5 415 Yy -1
assumption {s that this cell has a baaseline
average arrnjum holdup about the same as that 6 438 447 -9
of the calibration cell, which fs V20 g 233y per 7 470 447 23
converter.
8 424 447 - 23
Poesible sources of the nega.ive biss of 9 @72 447 25
N34 g 235y (20 g + 14 g) per converter sre (1)
changes in cell gas-piase inventory and enrich- 10 413 467 - 42
ment in the time interval between the tempers- 11 427 447 - 20
ture, preesure, and enrichment mrasurements and
the NDA measurements; (2) 8 5% error in the gas- 12 484 447 .m_ll
phase calibration; and (3) {nstrument drift. Mean = 433 Total = -169
The las: of these is& ruled out because of the
stabiifty of the SAM-II1 unit and the record of 0=35
thg measurement control data with the standsrd
235 fofl. On the other hand, the znrichment
nf the calibration cell changed by 25% in 1 day only {f the rccursciea of these 1_.beran are

durisg the measurement campaign. Even Jla:ger
negstive numbers for convertera, except one with
s large deposit, wete ohiatned when the gsa-
phase subtraction method wes applied to dats for
cell E. Clesrly, taking the difference bezween
two large numbers can yleld meaningful reaulta

very good, thst is, 8 few per cent uncertsircy.

As & cousistency check, we used the UFg
subtraction method to evsluste the holdup
the calibration cell. These results,

ges
in



together with the results of the cirect measure-
ment with the UFg displaced, are given in
Table IV. Although the differences between the
by-difference holdup values and those measured
directly for individual stages fluctuate con-
siderably as expecied, the totals are in excel-
lent agreement. This may be a consequence of
wmeasuring the process parameters and enrichment
simultaneously with the NDA measurements.

C. _Conclusions and Recommendations for

Gamma-Ray Measurements of Holdup

(1) The most valuable and probably the only
overhead measurement needed for early
detection of locaiized holdup was that
made with the collimateld 1.27- by S5-cm
Nal 186-keV du.tector positioned on the
cell roof directly ove: the converter
center. Results of this study support
the assumption that converters function
as ei1-jclent filters for collection of
solids. No new information was nained
from measurements with this detecror
over the converter inlet and outlet
components, and the amount of holdup
in these components was consistently
much less than that in the converter
(except in cell A where the sgudden
multiple leaks occurred).

TABLE 1V

233y poLNUP IN CELL G DERIVED
FROM OVERHEAD MEASUREMENTS AND
KNOWN GAS-PUASE INVENTORY AND ENRICHMENT

By- Directly

Difference Measured
Roldup Holdup

sage P P
1 163 116
2 43 22
k} 16 26
4 40 15
5 6 20
6 66 47
7 34 45

8 4 3> -

9 27 21

Totals 402 403

(2) The contents of cooler heat exchangers
could not be determined by gamma-ray
measurements bcCiuse they sre opaque
to the gamma rays used in this study.

(3) The collimated 186-keV gamma-ray de-
tector calibrated by the pgas-phase
technique can meaaure absolute holdup
to an accuracy usually better than
220%. It also sharply isolates the
235y signal from individual stage com-
ponents. Flgures 5 and 6 compare gam-
ma-ray measurements with and without
collimation. The minimum amount of

U that can be detected 1in a single
operating converter in ¢ counting time
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of 128 1is 100 g 1if the <ata for a
cell are anulyzed by peak stripping.
This sensitivity for detection of anom-
alies 1is limited by variations 1in UFg
gas-phase loacings of the converters
within a cell. For a shutdown cell,
the sensitivity for detecting 5U in 8
converter is 10 g in 12 s.

(4) Converter holdup in an operating cell
can also be derived from pamma-ray
measurements by subtracting the signal
from the UF, gas phase, providing the
gas-phase 2350 15 determined from care-
ful and simultaneous measurements of
stage process paraneters and the cell
enrichment.

(5) On the basis of gamma-ray measurements
of shutdown cells, converter holdup can
be classified ss normal {f less than
100 g 235y and anomalous 1f greater.
Data for 46 shutdown converters having
less than 100 g 235U indicate that
the nominal holdup in a size 27 con-
verter 1is on the average of 100 g
uranium.

(6) Inasmuch as the average anomalous ‘de-
posit in a converter was apnroximately
1000 g 233y for the cells measured,
the colliwated 186-keV pgamma-ray de-
tector can be used for detection of
holdup from new leaks long before they
reach this level.

(7) The collimated 1B6-knV detectnr showed
promise for detection of holdup in
compressors either from the floor or
several feet above the compressor.

I1I. NEUTRON MEASUREMUNTS

A. Description of the Neutron Measurements

The neutruﬁ‘emfésion-from_UFg comes pri-
marily from the F19(0 q%) reaction driven by
slpha particles from 234y, Thus, 1f the 234y
isotopic percentage is known, it 1is possible to
calibrate a detector geometry for measuring the
uranium in tlie car:ade. The detector-geometry
arrangement chosen to measure holdup in the
Goodyear Atomic Corpnration equipment was s
large neutron srea monitor, suspended over &
cell with the active detector srea lorking down
n s stage. ignure 7 shows the deteutor with
polyethlene mouder»ter and e gae tubesa. The
viewing sngle of suvch ¢ detector is quite wide,
particulsarly when compaved with the collimated
gamma detectors. By mnaking two measurTements,
positioned a3 shovn {w Fig. 8. slong the axis

Fig. 7. Llarge neutron area monitor used for
holdup measurements.
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Fig. 8. Counting geometry (1/2 maximum cone)
for neutron measurements of converter-cooler
components.

of a converter, an almost equal weighting 1is
given to uranium neutrons emitted by material
in a8 stag., except for that in the compressor.
A third measurement was made to determine the
quantity in the compressor (Fig. 9). The side
viewing angle also includes neutrons emi:ted
from adjacent stages. Therefore, to meagure
the quantity in a cingle stage, the data must
be unfolded, subtracting the neutron rate from
other stages. Such an unfolding procedure hat
been developed and spplied to the dats. The
calibration of this detector geometry was per-
formed by meisuring each astage of a specific
cell with and without UF, gss preaent, just
ss for the gpamma deteciovs. Knowing thc smount
of UF, gss from plent date, the calibrastion
constant, neutron count rsts per kilogram of
234y wag cslculsted. because the emphasin of
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Fig. 9. Counting geometry (1/2 maximum cone)
for neutron measurements of compressor-cooler
components.

the present measurements is on material held up
in cascade equipment, the calibration constant
must be corrected for the different neutron
emission rates of UFg and UOF2. The chemical
form of holdup materisl, UO,Fy, nas an emiasion
that 18 only 0.44 times that of Urg. To deter-
mine the amount of uranium holdup in en operat-
ing stage, one first subtracts the neutron rate
for the known gas-phare inventory and applies
the corrected UO;F3 calibration constant.
This procedure assumes that the smount aud isc-
topic composition of the stage gas-phase inven-
tory and the {sotopic composition of the holdup
material are known. Holdup 1sotopic composition
is subject to large uncertointies because it is
not known when the deposits were formed.

The neutrnn detector
br.c.ed as described.

geometry wa cali-
A cell was measured with
UFg, then shut down and pumped out. By sub-
trac'ing the neutron counts with and without
gas present, the counts due to only the gas can
be determined. These data were then unfolded.
Tuble V summarires the data tn this point. For
thic cell, the gas-phase inventory was cslcu-
lated from process information and s sample
taken for isstopic snalysis.

The neutron data, while involving s series
of snalysis steps, hold promise of ziving a
quantitative estimate of large holdup deposits
located by the gamma survey .ecasurement. The
following steps summarix. the data analysia.

1. Add righ* and left measurements.

® Measurement positiona allow spproxi-
mstely equal weighting to be given
to the vsrious locations 1in tWe
stage except for the cnmpressor.
Compressor mrasurements are snalyzed
separstely.
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COUNT DATA FOR CALIBRATION OF CONVERTER PLUS COOLER
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2. Subtract background.

e Background, messured by looking down
st the end of & unit with only one
cell on one side snd doubling fit,
was consistently 100 counts/100 s t
30 counts/100 s.

3. Unfold resultant atage net count rates
next to give the contribution from a
single stage.

o This requires solving s set of 12
coupled but linear equations.

C; 1s the measured quantity and
Sy 18 the desired neutron source:
Cy = 55 +0(S(441) * S(4-1)

+ B[S(1+2) + 5(1-2) + )

e Q, % need to be determined. From
tle detector sngular dictribation
and the stage geometry, the values
vaed in this analyafr sre a =
0.36, B = 0.10.

4. Separste the nringle-stsge count rates

into s component from gas-phase inven-
tory and a second component from ura-
nium holdup.

Gas-phsse inventory 1s estimated
from process paramcters and adssy
values. Then using the calfbration



constant counts/time/kg 234, the
counts from gas-phage inventory sare
calculated and subtracted from the
total.

e The uranium holdup 18 determined
tror the counts remaining but using
the calibration factor for UOZF;.

v The assay (isotupic composition) of
the holdup material will probably
be different froam the gas phase and
not known This will contribute %o
the uncertainty in the holdup de-
termination.

B. Results
1. Holdup Determinationa for Conver-

ter-Cooler Coabination. Figures 10-12 show the
stage-by-stage unfolded neutron counts for eight
cells. These results correlate exactly with the
gauma measurements. The deposits in coolers
also contributed tc the neutron count, whereas
for th. gamma count they did not. Thus, neutron
detection samples more of the staje components.
As for the gamma method, it is oily possible to
calculate 8 total holdup number {nr those cells
not on-line or if the gas-phase inventory is
known.

Cell A

This cell had -uptures in three expansion
joints and was off-line when mensurcd. After
measuring each stage, convarter 5 was removed
from the cell, and the cell wss remeasured.
Converter 5 was 8lso measured in s location
isolated from the cascade equipment.

Cell A--Kefore and after converter 5 was removed

Measured Kilograms of Uranium

Stage Before After
1 1.5 1.6
2 7.1 7.1
3 6.6 6.4
4 12.9 13.3
5 27.1 25.2
6 33.% 75.8
7 10.5 13.2
8 2.7 2.6
9 5.9 5.6
10 i 1.2
11 (.6 0.6
12 3.0 2.9
11..5 105,53
A =7 kg U -

These messurements indicate a total cell noldup
of 105.%5 kg U sfter removsl of converter 5 and
that converter % contained 7 kg U.
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Converter 5

Unfolding was not required because thewe
measarements were made after the cobverter was
removed and imolated from the cell. The counts

were 147/100 s corresponding to 9.2 kg U.

This is compared with 7 kg from the previous
difietence value, The isolated messurement
should be more accurste than the difference

measurement made on the cell with and without
converter 5.

Cell B
Off-line--drawing s ncgaiive pressure, that
is, no UFg gas. HNoldnp was 19 kg U.
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Cell ¢
Operating cell--go an estimated count rate
from the gas-phase must be subtracted.

Estimated

Totsl Gas-Phasge Diflerence

Stage  Cuunts Counts _(Holdup)
1 209 163 46
2 219 163 56
k] 281 1¢3 118
4 180 163 27
5 206 163 43
6 252 163 89
7 223 163 60
8 255 162 82
9 186 163 23
10 223 163 60
11 306 163 6
12 306 143 143
753

Equivalent to 39 kg U

NOTE: If the background had been 30 counts/
100 » higher, then the holdap would be reduced
to 20.2 kg U, showing thst the difference ap-
proach can be very sensitive to the background
value.

2. Annlysis of Compressor pata. The
nentron dsta analysis procednre for the overhead
conpressor meanitements is similsr to that for
the converter portion of the stsge. The unfold-
ing prucedure {8 simpler because the compresacrs
are farther spart. To the first approximation,
the present snslysis uased a = 0.15 and 8 = .
Figure 9 shows that the deteciar viewed the com-
pressor, some piping, amt most of the next up-
siream stage covler within the hslf-maximum ef -

ficiency cone. This overlap makes interprets-
tion of the dats difficult because 1t ias not

possible to separste the compressor snd cooler
cont-ibutions.

Table VI summsrigzes the dsts and indicates
in svevage holdup per comprressor-cooler oi
1.4 kg U for the cell messured. For cell G tha
stage-by-atage holdup is as follows:

Compressor Holdup

Stage U kg)
1 1.5
2 1.7
k] 1.5
4 1.4
5 0.4
6 0.8
7 0.8
8 0.9
9 1.6
10 1.3
11 1.7
12 1.7
Total 15.3
3. Summary of Neutron Measurements.

Table VI1 cou, ires the resuits of the neutron
measurements with smounts of uranium recovered
for three cells snd one converter. Adding .he

tonverter snd compressor values Rive. highe:
values than ths smounts recovered. This 1=
TABLE V1
COMPRESSOR-COOLER ROLDUP
Totsl Gas-Phase Uranfum
Cell  Counts  Inventory L oG
A 988 -- 988 71
B 410 - 410 10
C 1418 960 458 27.4
(1osmy” (338) (20.3)
E 1932 1572 360 10.8
(1769)" (163) (4.9)
¥ 2063 1464 399 20.2
(1647)" (416) (14)
c 625 -~ 625 15.4

Av/srage (excluding A) = 1.4 kg

fArtenpt to include couler in gss-phase counts.



TABLE VII

COMPARISON OF NEUTRON MEASUREMENTS VS RECOVERY

Neutron Measurements (kg U)

Recovery
Cell Converter Compressor Totsl® (kg U)
A 105 71 176 120
B 19 10 29 25
C 39 27 66 --
E 18 11 39 -~
F 12 20 32 28
G 7-15 15 22-30 -
Stege 5 converter 9.2 6.9

¥“Total" Counts the cooler twice; therefore,
total values should be high; how high depends
on the smount of materisl in the cooler.

expected because some components, for exsmple,
coolers, sre weighted too much by the simple
sddition of results. As more experience is
gsined, s more suitable dats analysis casn be
spplied.

C. Contlusions and Recommendstions for

Neutron Mrawarement

The purpose of NIZA "holdup messurements ia
to identity cella with problews by detccting
deposits, and in some casses, observing the
growth of deponits from one month to the pext.
Ideally, the mecasurements should locslize the
depoait within a cel) to s given stsge and with-
in the stsge to s specific cuomponent, for ex-

smple, converter, cooler, or compressor. In
sddition to locsting the deposit, the messure-
sent ahould qusntify the amount within s known
uncertainty.

Vaing the present neutron messurecents, the
deposit can only be localized to within one or
two stages becsuse of the relstively wide de-
tector viewing anglz. The detector looks st sll
components in a stage but cannot effectively
indicste whether the materisl is in the conver-
ter, compressor, or upastresm cooler. The quan-
titstive compsrisons of neutron reaults for s
cell with Goodyesr Atomic Corporstion rasults
(Table VI1) are 1in ressonable sgreement (250%)
but st present are bssed on only four csses.
The factors sffecting the messurement uncer-
tainty sre undsrstood but more information is
needed to determine the range of thase factors.

To interpret the dats, the UF, gas-phsse
inventory and isotopic ssssy must be known. The
detector bsckground, holdup isotopic ssssy, snd
holdup chemical composition directly affect the
quantitstive rvsults. Therefore, effort should
be made to improve the knowledge of rhese
factora.

The principsl disadvantsges to routine use
of the neutron messurements are the time and
effort required to collect the dats anl the un-
certsinties in certain key informstion. The
sdvantsge to the neutrons is that they “anse” the
entire atsge with spproximately equal weighting,
which {8 particulsrly important for criticality
asfety measurements.
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