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ABSTRACT

Holdup of nuclear material 1% process squipment
is ¢ne of the wnajcr scurces of urncertainty
ir waterials balances, particularly for high-
threcughput facilities with large equipment and
extersive piping, such a5 gasecus diffusaicn ura-
rl.x-errichgent plants. Leocating and measuring
tre hcllup wrile the plant is operating 1s &
challernging protlem because cr tackgraund from
the prccess material and the nefghboring equip-
ment. Tris paper repcrts NDA measuremenits per-
focrmed at the Goodyear atomic Casecus Diffusion
Plary, Poruemcuth, Chic, on enr:chmgni equipment
at the hig..er erricrzent end (210X <°°U {sctoplc
tund of the cascesde. Atk neutrcn and
gATTI~TAy measuremerts were made tz lccate anom-
alously large deprsits in (chverters ard com-
presscrs and, within tre limitations of the
techriques, to quantify the am unt of the de-
posit.

I. FACILITY DESCRIFTION

All the wrawsurements were made irn the 3.6
t.flaing at the Kigh-enrfchment end cf the cas-
cade. Irn this building. the twc sires cf eyulp-
nert Are deaigrated Trpe 27 (lower enrichment
ara Type 25 inigler enrichmentgl. Tre
is cryrrized by 1rdividual stages with 12 atages
per rell, 20 ¢olim per unit, and ¥ urnits In the
326 tuilding. A cell 1 tdentified by an equip-
ment aizre n..-ter (2% or 27), 8 unit rumbter, and
ther the irdividual cell, for example, 27-3-5.

Each cell, " w wide and 30 m long, 1a
erclcsed >y wulls and recfing made of thin metal
and thermal f{rsulation. Facl enricLazent stage
cenaine 8 cunverter, cooler, cimpressor, and
connecLing plelug. The nondesiruciive asssay

Buark supported hy the US Department of Energy,
Cf{fice of Safeguards ard Security.

Y. Harbarger, J. Hicks, G. Timmons,
U. Shissler, R. Tayloe, saud S. Jones
Goodyear Atomic Corporation
Fiketcn, OH 45661

L. Fields

Uricr Cartide Corpcration
Nuclear Division

Bldg. K-1001, MS-189
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(NLA) wmeasuresenté were made from the rocf of
the cell housing.

Within a cell, the &tages are numters 1-12;
ruzber 1 1s the input side ard rumber 12 is the
Cutpul. The urmit gtructure 1s shcwr 1in Faig. 1.
A stage comprises piping, 8 ccocrverter contalning
the barrier material, & cocler, ara a comITes-
sor. The stages are inrerccnnected 1n & compli-
cated cluster arrangement with . Jee srages per
cluster. Figure 2 1s & drawing of twoc t,pical
irtercarnected cells. It 15 fmportant to under-
stard the details of the eguipment lay-ut be-
cause it strongly influences the choire of meas-
urement lccatvicrn and Jdata interpretation. For
example, note how Lhe corverters are displaced
from vhe center lire, alternating from cre stage
to the neat. The cl.-ire of weag.rement location
m.ust take this inte ac.cunr.

11. GAMMA-RAY MEASUREMENTS

A- Urarjum-215 TDetsrricrn with . .217-cm-

Trick, S-rm-N1am hal Detectors -

Mok, Of the GATmA-TS &ub-w, dpts were rCi-
lectad with tuwc portabtle 1.2
diam Nal detectors rourled tc Freiline SAM-11
ftwi.—crannel) electrunices packages. Tnis thice-
rneag rf Nal 18 reArsy Cptimom {:r the deteitic:
cf <A 1Rt-keV gar.-a Tays {n tle jresence Cf
Ligter ernergy la:bk round gamma ra-s from the
daclrers ot 438y, Fach Nal detect.r 1s toumed
Iin & 0.fL-cm-thick lead cllimager with a Landle
and ar addgt C.95%-.m-thi bk lead srield cver
the region coettaining the Nal cryatal. The col-
limater diameter 18 6 (m, And (L distance {rom
the frint of the c:.llimator to the fiont of the
detector was set at 5 cm, ccriesjponding tc A
disvan e tc the “effective” detection pesiticn
of 6 cm. The single-ctanne]l avalyzers were set
a* erergy windows cf 161-211 kev and ZX -2R? keV
tG¢ mraacre ginmultanecusly 1H8/.-keV gamma ravs
from 2330 and & count above this enotgy feol
ba. kgt cund subtraction.

Tecu-rhick, S-cm-
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Fig. 2.
cells.

Locat{ons of stage components in two

This technique and the cell overhead geom-
etry used for this excrcise are very similar co
those uscd several yenrs ago by Los Alamos to
evaluate holdup in the high-enrichment portion
of the shutdown cascade at K-25 Oak Ridge Gase-
ous Diffusion Plant. Except for the colli-
mator, the Na. thickness, the background sub-
traction capnbility, and the temperature stabi-
lization of the SAM-11, the method is also sim-
{lar to the RASCAL sirvey {nstrument recently
developed and {mplemented by Goodyear Atomic
Corporation. The advantages of detector coll{i-~
mation are higher detection sensftivity and the
capsbility of measuring holdup {n {individual
components of an enrjchment s.age. The princd-
pal diwadvantage of the collimator and shield
assemblien used in the present work is their
veight. They are too heavy for routine surveys
that are performed manually by productfion per-
sonnel.

The overhead survays were performed with
the detectors placed nn the cell rooftops look-
fng downward at welected cumponents. Given the
distance of 213 cm from the rooftop to the me-
dian plane of the converters and dost of the
UFg gas tranofer componsnts, the detector views
a i?b—cm«dlnm circle in the wedian plane and, in

the case of a line source, 8 155-cm effective
length. The effective source diwensions were
derived from the measured angular respcnse of
the detectors.

Figure 3 shows a plan view of the areas and
cooponents viewed by the 1.27- by S5-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 response ~a8 from the materials located
within the circles superimposed on the cell lay-
out drawings. Note that signals from adjacent
stages are blocked by the collimator.

These two detectors were calibrated by two
independent methods. The firit method, point-
source calibrction, was made by first measuring
the couniing rate with a thin 50 foil stan-
dard (0.395 g 2350) at 36.5 cm from the effec-
tive detection position in the Nal. This cali-
brat{on was then scaled to the distance usad in

rig. 3J.
aveas of a stage.

Camma-ray det ctor viewing
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TABLE 1

235y HOLDUP IN CALIBRATION CELL
(grams)

Stage Converter®

116
22
26
15
20
47
45
35
77

139

117

12 235

W 0 N W N

e
- O

8Quantities derived wusing cali-
bration constant and assuming
uniform distribution of material
in converter.

example of direct holdup measurement results,
in this case for the evacuated calibration cell.
The quantities shown for stages 1-9 can be at-
tributed ersentially all to wsolid deposits,
whereas those for the higher stages also com~
Erise significant amounts of residual gas-phass
35y, Based on stages 1-9 data, the average
hsgdup in & single entire converter .is 45 g
233y .and the average fcr an inlet region fis
4 g 235y,  The minimun detectable amounts of
the 235U (n an entire converter and in an In-
let region, that s, the detecticn sensitivities
for counting times of 30 s are 10 and 3 g, re-
spectively,

Figure 4 shows ar example of the peak
stripping procedure applied to the converter
data measured with a collimated 1.27- by 5~cm
Nai detector over a cell that was operating at
the time of the measurement. Gignificant de-
posity are evicent 4in converters of stages 4
and 11. A varfance parameter, O, wvas used to
fdentify anomalounly large ‘U qulnt!;&gl
atove the haseline composite of gas-phane U
and smaller amounts of uniform holdup. Sigea
17 defined as the square root of the sum of the
squares of the per cent variance of the Ufg
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Fig. 4. CGrams 235y (from gamma-ray mDessure-
wents) vs stage for three viewing areas.

ges phase in the converters in (he calibration
cell, (7.7%), and the standard deviation (X) of
a 130-s couvnt of & cell converter that showed no
significant anomaly. The detection limit of 20
permits us to identify anomalies that lie out-
side the stage-to-stage UFg pas-phase varla-
tions in a normally operating cell.

Table I1 shows the diffcrence between the
baseline count and the coun*s for stages 1, 2,
8, and 10 of another cell, together with the
conversion to g 235y, The first-pasy results
tor 233y wvere so large thst an {teration to
account for the self-attenuation of these de-
posits was needed. The numbers in the last
column were obtained ansming that the uranium
wvas uniforily deposited within each converter
and using date taken over the center of the
converter. The largest attenuation correction
wvas 1.09.

Without independent infcremation about the
operating parameters of che cell, it i;L no.
possible to subtract the gas-phane 3% to
obtein the smaller, wors uniformly distr.buted



the survey measurements, 219 cm, by the appro-
priate llr2 ratio. Next, thz angular response
of the detector was measured 8o that the effec-
tive area of the component viewe: by the colli-
mated detector could be determined <for two-
dimensional analysis, or for one-dimensional
analysis, the effective length of the source
could be determined. The angular or literal re-
sponse was determined 5; messuring the counting
rate of a large-mass z 5U sample as a function
of the perpendicular distance from the collima~
tor line of sight at a point 169 co from the
detector. The attenuation of the cell roof
cover hatch relative to that at zero lateral
displacement was included in the final lateral
response function used to reduce the overhead
suivey data.

The next step in applying the point-source
rralibration was calculating the attenuation of
the 186-keV gamma rayes by the components being
viewed. For the purpose of calculating attenua-
tion corrections, most UFg gas transfer coapo-
nents, except for the converter, the -~entral
(heat exchanger) region of the cooler, asnd the
compressor, can be considered as simple pipes
with 0.95-cm walls. A detalled point-source
calibration was applied only to the overhead
wessurement of convsriers, a case that is amen-
able for quantitative sssay based on 1B6-keV
gamna-ray detection anu important because con-
verters frequen'ly collect significant deposits
of uraniun solils.

The second calibration method used was the
gas-phase techuique, which is based on measuring
the components of stages in a c 11 operating
norually with UFg and -epeating mrasurements
vith the UF, displaced from the cell., Fig-
ure 3 shows the viewing circles and cnclosed
compovients in the median horizontal plane of a
generic stage. The centers of the circles cor-
respond to the three gammu-ray measurement posi-
tion on the cell roof. The difference between
the observed counts wi.) and without UFg gln
be attributed directly to the amount of 235y
in the detector viewing area, providing that the
gamma-ray attenuations of the various components
in the fleld of view are the same. This condi-
tion §is met in the case of the rrasurements made
directly above the converter centers. At the
other extreme, the heat exrhanger reg ons of the
coole-s are very dense and transmit <ssentially
no ganma rays to the detector. Thus, tne cooler
region i omitted enti'ely as & component i{n the
weasurement calibration of the converter faput
region. Finally, the gas-phas calibration_re-
quires that UF, nasaes be obtained from stage
temperature and pressure measurements and pur};y
ang isotopic wnalyses of sanples. The 233y
massys in the couwponents encompassed in the

three weasuremen:t viewing areas used in the
surveys were provided by Goodyear Atomic Cor-
poration.

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

B. Overhead Measurements with thc 1.27-cm-

Thizk Detectors -

These surveys were conducted with the
€AM-11 set for autcmatic background subtraction
in the 186-keV window from Compton tails of the
high-energy gamma rays from 238y daughters,
cosmic rays, and the environment. Separate
channel counts were taken at least once during
the survey of s cell to obtain a background
count for estimation of statistical precision.
A typical net count and a background count over
a converter in an operating cell in Unit 27-3
were 2400 and 100 counts/min, respect‘velv. The
counting time was 30 s for each weasurement
point. The stability of e.ch instrument was
checked at least once during s cell survey by
counting a 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
compressor for that stsage, and the meawurement
points for the converter inlet and outlet re-
gions were 1.5 w frov one side or the other of
the cell walls, depending on the stage and cell
nuober. Because of this topographv, measurement
points were desiznated as left, center, and
right, relative to the direction of increasing
stage number; the correspondence with the actual
component reginns was made as & part of the data
analysis.

The calibration constants obtained from the
UFg gas-phise ucesurements performed on the
calibration cell can be used to convert observed
counting rates to g 235y, 1f the quantity of
gas-phase U in the stage components is ob-
tained from preusure and temperature measure-
ments and analyces of gas samples, thias portion
of the measured 233) can be sudtracted to yleld
235y holdup. Alternatively, the baselin: {n a
plot of the mecasured amount of Uin a parti-
cular equipment zone as a function of celi stage
can be subtracted to find the amounts of large,
localized depoaits, whiclh correspond to peaks
in the data. Of course, the latter wethod, re-
ferred to as "peak stripping” or baseline sub-
traction, will not give the amount of 235y that
hes built up uniformly in a cell. This uniform
holdup coubined with the in-process UFy 1is the
aource of the baseline counts.

For shutdown cells, the collimated Nal de-
tector provides & direct measurement of the
holdup in its viewing field. Table 1 gives an



TABIE 11

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

Counts Attenuation
Stage (Baseline Net Firs;;?nss Corr;g;ed
(Converter) per 30 s5) Counts/min g U u
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 minimum
amount of U that can be detected in a sin- HOLDUP IN 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-PHASE INVENTORY A¥" ENRICHMENT
respond to the uncertainties that we assign to
the measu ements, neglecting, of course, errors
from nonuniform converter distributions. Messured Stage Average
Total 235 235
As an example of data reduction using the Stage 235U (®) Co:vigze:n N:;ldu v
gas-phase inventory and enrichment obtained from 2108s AR e SRRt
Goodyear Atomic Corporation operations and ana-
lytical chemistry laboratory, we show in Table ! 473 hat 2
I1I1 results for measurements of converters in 2 407 Yy - 40
cell C. This cell had no anomalies. Clearly, 3 415 447 - 32
there 15 a negative bias of at least 14 g per
stage in the unlikely event that the converters 4 367 447 - 80
in this cell have no holdup. A more reasonable 5 415 Iy - 33
assumption {8 that this cell has a baseline
average ur/nfum holdup about the same as that 6 438 447 -9
of the calibration cell, which fg V20 g 235y per ) 470 047 23
converter.
8 424 447 - 23
Porsible sources of the nega.ive bias of 9 472 447 25
V34 g 235y (20 g + 14 g) per converter are (1)
changes in cell gas-puase inventory and enrich~ 10 413 447 - 42
ment in the time interval between the tempers- 11 427 L 47 - 20
ture, pressure, and enrichment merasurements and
the NDA measurements; (2) a 5% error in the gas- 12 484 447 u_ll
phase calibration; and (3) instrument drift. Mean = 433 Total = -169
The las: of these fa ruled out because of the
atabiifty of the SAM-1I unit and the record of 0= 35
thg measurement control data with the standard
235 fofl. On the other hand, the znrichment
of the calfbration cell changed by 25X in 1 day only 4f the rccuraciea of these w..bera are

duriag the measuremenc campaign. Even lacger
negative numbers for convertera, except one with
a large deposit, wete obiatned when the gan-
phase subtraction method was applied to data for
cell F. Clearly, taking the difference beiveen
two large numbers can yleld meaningful regults

very good, that is, a few per cent uncertaircy.

As & conajstency check, we used the UFg
gas subtraction method to evaluate the holdup
in the <calibration cell. These results,



together with the results of the cirect measure-
ment with the UFg displaced, are given 1n
Table IV. Although the differences between the
by-difference holdup values and thoss wmeasured
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

Canma-Ray Measurements of Holdup

(1) The wmost valuable and probably the only
overhead measurement needed for early
detection of locaiized holdup was that
made with the collimated 1.27- by 5-cm
Nal 1B6-keV dctector positioned on the
cell roof directly over the converter
center. Results of this study support
the assumption that converters function
as e1 {clent filters for collection of
solids. No new information was jained
from measurements with this detecror
over the converter §nlet 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 sudden
multiple leaks occurred).

TABLE IV

225y poLDUP IN CELL G DERIVED
FROM OVERHEAD MEASUREMENTS AND
KNOWN GAS-PHASE INVENTORY AND ENRICHMENT

By~ Directly

Differunce Measured
Holdup Holdup

Stage 235U ) 235 U (g)
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 77

Totals 402 403

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

(3) The collimated 1B86-keV gamma-ray de-
tector calibrated by the pgas-phase
technique can measure absolute holdup
to an accuracy usually better than
220Z. It also sharply isolates the
233y signal from individual stage com-
ponents. Figures 5 and 6 compare gam-
ma-ray measurements with and without
collimation. The minipum amount of

U that can be detected in a single
operating converter 1n ¢ counting time

T‘TTTW"T—N‘T"T"ﬂTWTT}I_TTﬁW
1% 4.!73 "ll 7880
WL ., yncoLLmaTeD - 800
M0 — COLLIMATED 4 850
=100} 4500 _
E w0l 450 3
80r - 400 S
» 701 ﬁ:sog
g o} 4 30¢ §
& sof 4280 &
E OOL « 200
0 < 150
0} 4100
w0l 50
L1000 0000 2 baa2 100000 1 a2l

d
| 2 4 610 \'01:‘ 2 4 68 1012l 2 4 6 80 ‘!2‘
M ] N
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of 12 s is V100 g if the data for a
cell are analyzed by peak stripping.
This sensitivity for detection of anom-
alies 1s limited by variations 1in UFg
gas-phase loacings of the converters
within a cell. For a shutdown cell,
the sensitivity for detecting By in s
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 UFg gas phase, providing the
gas-phase 235U is 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 as normal if less than
100 g 233y and anomalous if greater.
Data for 46 shutdown converters having
less than 100 g 235U indicate that
the nominal holdup in a size 27 con-
verter 1ie on the average of 100 g
uranium.

(6) Inasmuch as the average anonmalous ‘de-
posit in 8 converter was aprroximately
1600 g 2 5U for the cells measured,
the colliwmated 186-keV gamma-ray de-
tector can be used for detection of
holdup from new leaks long before they
reach this level.

(7) The collimated 186-keV 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 neutron emission from UF, comes pri—
marily from the F19(a,n) reaction driven by
alpha particles from ? éL. Thus, 1f the 234y
isotopic percentage ig known, it is possible to
calibrate a detector geometry for measuring the
uranium in the carcade. The detector-geowmetry
arrangement chosen to measure holdup in the
Goodyear Atomic Corpnration equipment was a
large neutron area monitor, suspended over a
cell with the active detector area lodking down
tn a stage. ‘igure 7 shows the deteutor with
polyethlene moders»ter and e gae tubes. The
viewing angle of sich ¢ detector is quite wide,
particularly when compaied with the collimated
gamma detectors. By mnaking two measurements,
positioned w3 shovn {u Fig. 8, along the axis

Fig. 7. Large neutron area monitor used for
holdup measurements.

[V s m_
» DETECTOA
-5 m el COUNTING PORITIONS Fo-18 Mt
— S— 172 MAXIMUM DETECTOR
€FFICIENCY LONE

-7
COMPRESSOR 8 o CELL HOUSING
] V-J/ o / CC APRESSOR
couvlnn: oy \
TITTT7 71777%77 TT77I7777777T

Ll L _J
o & 120 W0

Fig. 8. Counting geometry (1/2 maximum cone)
for oneutron measurements of converter-cooler
components.

of a converter, an alwmost equal weighting is
given to vuranium neutrons emitted by material
in a 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 measure
the quantity in a single stage, the data must
be unfolded, subtracting the neutron rate from
other stages. Such an unfolding procedure hat
been developed and applied to the data. The
calibration of this detector geometry was per-
formed by meisuring each stage of a specific
cell with and without UFy gas present, just
as for the gpamma deteciovs. Knowing the amount
of UF, gas from plant data, the calibration
constant, neutron count rat~ per kilogram of
234y way calculated. because the enphasis of
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components.

Counting geometry (1/2 maximum cone)
compressor-cooler

the present measurements is on material held up
in cascade equipment, the calibration comnstant
must be corrected for the different neutron
emissjon rates of UFg and UO2F2. The chemical
form of holdup material, UOyF;, has an emission
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-phate inventory and applies
the corrected UO;F; calibration constant.
This procedure assumes that the smount and isc-
topic composition of the stage gas-phase inven-
tory and the isotopic 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
briied 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.
Table V summari{zes the dats t»n this point, F¥For
this cell, the gas-phase inventory was cslcu-
lated from process information and e sample
taken for isstopic analysis.

The neutron data, while involving s serica
of analysis steps, hold promise of ziving &
quantitative estimate of large holdup deposits
located by the gamma survey .easurement. The
following steps summarix. the data analysis.

1. Add righ+r and left measurements.

e Measurement positions allow approxi-
mately equal weighting to be given
to the various locations in tNe
stage except for the cnmpressor.
Compressor measurements are analyzed
separately.

TARLE V

COUNT DATA FOR CALIBRATION OF CONVERTER PLUS COOLER
Count/100 & =« Laf: + Right ~ Background

Stage

I VI T R T S

-
& = O

Note:

Gas
Cas + (Calculsted) Unfolded
Holdup Aeldup _lpventory Gas
445 94 sl 211
607 87 520 290
682 72 610 359
638 67 N 249
116 82 634 353
702 68 634 v
651 81 370 262
671 89 582 295
704 87 617 37
640 121 519 217
63) 120 513 32e
0 s L1 s
1112 3824 Total 3491

(c")Calc = (Gas holdup)“... - (Holdup)n...

2.

Subtract background.

Background, measured by looking down
at the end of a unit with only one
cell on one side and doubling {t,
wvas consistently 100 counts/100 s %
30 counts/100 s.

Unfold resultant stage net count rates

next to give the

contribution frowm a

single stage.

Separate the nringle-stage c¢ount

This requires solving a set of 12
coupled but linear equations.
Cy is the measured quantity and
Sy is the desired neutron source:

Cy = Sy + 8(Scy41y + S(4-1)
+ B[S(1+2) + Seq-2y + N

determined. From
angular dietribution
and the stage geometry, the values
used in this analysir are a =
0.36, 8 = 0.10.

Q, » need to be
tle detector

rates

into s component from gas-phase {nven-
tory and a1 second component from ura-
nium holdup.

Gas~-phase {nventory is estimated
from process parumcters snd adsdy
values. Then using the cslibration



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

e The wuranium holdup 1is determined
tror the counts remaining but using
the calibration factor for UO2F;.

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

B. Results
1. Holdup Determinations for Conver-

ter-Cooler Combination. Figures 10-12 show the

stage-by-stage unfolded neutron counts for eight

cells. These results correlate exactly with the
gaums measurements. The deposits in coolers
also contributed tc the neutron count, whereas

for th. gamma count they did not. Thus, neutron
detection samples wmore of the staje components.
As for the gamma method, it is only possible to
calculate a total holdup number fnr tlioss cells
not on-line or if the gas-phase inventory Aia
known.

Cell A

This cell had *uptures in three expansion
joints and was off-line when menrsurced. After
measuring each stage, converter 5 was removed
from the cell, and the cell was remessured.
Converter 5 was alsv measured in a location
isolated from the cascade equipment.

Cell A--Kefore and after converter 5 was removed

Measured Ki{lograms of Uranium

Stage ‘Before After
1 1.5 1.6
2 7.1 7.1
k] 6.6 6.4
4 12.9 13.3
5 27.1 25.2
6 33.5 725.8
7 10.5 13.2
8 2.7 2.6
9 5.9 5.6

10 el 1.2
1 0.6 0.6
12 30 2.9
11..§ 1683

A=7kgt .

Tese measurements indicate a total cell holdup
of 105.5 kg U after removal of converter 5 and
that converter % contained 7 kg U.
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Fig. 11. Neutron councs vs stage.

Converter 3

Unfolding was not required because thewe
measurements were made sfter the converter was
removed and imolated from the cell. The counts
were 147/100 & corresponding to 9.2 kg U.

This {s compared with
difference value, The {solated measurement
should be more accurate than the difference
measurenent made on the cell with and without
converter 5.

7 kg from the previous

Cell B
Otf-line-~drawing a ncgative pressure, that
is, no UFg gas. Holdup was 19 kg U.
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Fig. 12. Neutron counts vs stage.

Cell C
Operating cell--go an estimated count rate
from the gas-phase must be subtracted.

Estimated

Total Gas-Phase Diflerence

Stage  Ceunts Counts  (Holdup)
1 209 163 46
2 219 163 56
3 281 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: 1f the background had been 30 counta/
100 & higher, then the holdup would be rteduced
to 20.2 kg U, showing that the difference ap-
proach can be very srensitive to the bhackground
value.

2. Annlysis of Comprensor Data. The
neutron data analysia procedure for the overhead
coppressor amrantutements {s similar to that for
the converter portion of the stage. The unfold-
ing procedure {s stmpler becaune the compressors
are farther apart. To the first appronimation,
the present analysis used a = 0.15 and 8 = Q.
Figure 9 showa that the detectiur viewed the com-
pressor, some piping, and most of the next up-
stream stage covler within the half-maximum ef -

ficiency cone. This overlap makes interpreta-
tion of the data difficult because it {s not
possible to separate the compressor and cooler
contributions.

Table VI summarizes the data and indicater
in  avevage holdup per comprressor-cooler of
1.4 kg U for the cell measured. For cell G the
stage-by-stage holdup is as follows:

Compressor Holdup

Stage o U(kg)
1 1.5
2 1.7
3 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 1573

3.__ Summary of Neutron Measurements.
Table VII cou, res the results of the neutron
measurements with asounts of uranium recovered
for three cells and one converter. Adding _he
tonvertsr and compresaor values give highay

values than the amounts recovered. This {is

TABLE V1

COMPRESSOR~COOLER ROLDUP

Total Gas-Phase Uranfum
Cel}  Counts  Inventory b oG
A 988 - 988 71
» 410 -- 410 10
c 1418 960 458 27.4
(os)* (338) (20.3)
E 1932 1572 360 10,4
(1769)" (163) (4.9)
r 2063 1464 599 20.2
(647" (416) (14)
G 625 - 625 15.4

Av/ntage (excluding A) = 1.4 kg

fAttempt to include cooler fn gas-phasr counts.



TABLE VI1

COMPARISON OF NEUTRON MEASUREMENTS VS RECOVERY

Neutron Measurements (kg U)

Recovery
Cell Converter Compressor Total® (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 amount of material in the cooler.

expected because some components, for example,
coolers, are weighted too wuch by the simple
addition of results. As more experience is
gained, a wmore suitable data analysis can be
applied.

C. Conclusions and Recommendstions for
Neutron Mrasurement , o T
The purpose of NIA "holdup weasurements is
to identity celln with probleus by detccting
deposits, and in some cases, observing the
growth of deposits from one month to the pext.
Ideally, the measurements should localize the
deposit within a cel) to a given stage and with-
in the stage to a specific component, for ex-

ample, converter, cooler, or compressor. In
addition to locating the deposit, the measure-
sent should quantify the smount within a known
uncertainty.

Using the present neutron measurecents, the
deposit can only be localized to within one or
two stagcs becausc of the relatively wide de-
tector viewing angla. The detector looks at all
components in & stage but cannot effectively
indicate whether the material is in the conver-
ter, compressor, or upstream coolar. The quan-
titative comparisons of neutron results for s
cell with Goodyear Atomic Corporation results
(Table VII) are 1in reasonable agreement (250%)
but at present are bagsed on only four cases.
The factors affecting the measuresent uncer-
tainty are undevstood but more information i
needed to determine the range of those factors.

To interpret the dats, the UF, gas-phase
inventory and isotopic assay must be known. The
detector background, holdup isotopic assay, and
holdup chemical composition directly affect the
quantitative rusults. Therefore, effort should
be made to improve the knowledge of rhese
factors.

The principal disadvantages to routine use
of the neutron measurements are the time and
effort required to collect the data and the un-
certainties 4in certain key {dnformation. The
advantage to the neutrons {a that they “see” the
entire stage with spproximately equal wefghting,
which {s particularly important for criticality
safety measurements.
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