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the caae of ● line source, ● 15 S-cm ●ffective
length. The effective source dimen6ion6 were
derived from the measured ●ngular respr. n~e of

the detectors.

Figure 3 ●howa ● plan view of the srese and
component@ viewed by the 1.27- by 5-cm colli-
mated NaI detectors in the overhead cell sur-
veys. For ●ach ntage, measurements were per-
formed ● t three positions centered above the

circles and normal to the converter axis. The
measured reapons= daa frum the materials located
within the circles superimposed on the cell lay-
out drawinga. Note that aignalo from ●djacent
stages ● re blocked by the collimator.

These two detectors were calibrated by two

independent methods. The first method, point-
%ource calibration, was made by first ❑easuring

the counting rate with a thin 235U foil stan-
dard (0.395 g 23%) at 36.5 cm from the effec-
tive detection position in the NaI. Thi6 cali-
bration wa6 then scaled to the distance used in

Fig. 2. Locatlona of stage comp0nent6 in two
cells.

This technique and the cell overlwad geom-
●try umed for this excrclae ● re very similar to
those u8cd several yenra ●go by Lou Alamoa to
●valuate holdup in the hi~h-enrichment portion
of the chutdwn cascade ● t K-25 Oak Ridg@ Ca6e-
OUG Diffualon Plant.l Except for the colli-
mator, the Na: thicknas6, the backgrou?ld sub-
traction cnpflhility, ●nd ttw trnperatura ●tabi-
lj ration of th~ SAH-11, the mrthod io ●lao ●im-
llar to the RASCAL s]rvey lna!rumt?nt recdtrtly
developed and impleme~ltcd by Goodyear Atomic
Cnrpornt!on. The advnntsgea of d~tcctor rolli-
mstion are hirnhcr detection nrnaltivity ~nd the
c~pability of measuring holdup in individual
compclnrntn of an ●nrlcllm?nt a,age, The prlnci-
pnl dlmndvantage of tho collimator and ●l:teld
mnrnrmhlien used in tlw present work 10 tlmir
weight . They ● rv tot> h?avy for routirw ●urveya
that ● re prrforropd IEanon]ly by production par-
aonnal .

The ovcrhoad ●urvnya w?r~ per[urmed with
th? d~!ectolc i)lacad nn tht c*11 r’uuftopa look-
ing downuard at o-lectad uumponentm. Glv-n tho
di=tsnr-m of 213 rm from the rrroftrrp cu the mc-
dtan pla,w of the crrnvfirt@ra ●nd aoat of the

UF, Rna Iranufor ~,)mp[ln-nta, ~1~* dctoctor vlcwa
● \7!,-cm-diam t-irclc in th. rcdian plan. ●nd, in

Fiat 3. Cnmmn-ray det ctor vlcwlnR
ar*au of ● ataSo,

.
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_--——’T——_’———TLTABLE I

235U HOLD~ IN CtilB~TION CELL

(grams)

YAEs

1

2

3

4

5

6

7

8

9

10

11

12

~onverters

116

22

26

15

20

47

45

35

77

139

117

255

-. . . ..__
*Q~,antitits derived using cali-
bration constant ●nd ●csuming
uniform distribution of material
in converter.

example of dfrect holdup measurement results,
in this case for the ●vacuated calibration call.
The quantltieo shown for stageo 1-9 can be ● t-
trlbuted enaentially all to solid depooits,
vhereas those for the higher atsges ●lso com-

!35U,
rise significant amounts of recidllal gms-phase

Ba@ed on stages 1-9 data, the average

!3\dup ‘n g ‘1’’818
●ntirc convert?r lU 45 g

Umand the average fcr an inlet region is
4g L35U, The mtnimum detectable ●mounts of
the 2~5U in @n ●ntlrc convrrter and in ● n in-
let r?glon, that is, the detectlrn ●rnsttivitias
for co,,,)clng timet Of 30 . •r~ 10 ●nd 3 g, rc-
mpectively,

Figure ~ uhows an example of th~ ~c,k
Btripping pr3cedur* ●pplied to the convarttr
data mrnnured vith ● collimated 1.27- by 5-CPI

Nai detector over a cell that won oprratlng ●t
the timo of the mtaaurcment, Sfgnlficsnt do-
pOBltu ● rc •vide~lt in convcrtara of ●tcgoa4
●nd 11. A variance parameter, O woo uomd to
identify enmalmnly largo 23$ quantl}~$;
stave the baseline rompoaite of Bas-phsae
a~)d smaller @mounts of uniform holdup. sip
If definrd ● n the square root of th? sum of the

●quaroc Of the per cant variance of the Uf6

L~.l--t_-l -l..-L-t--- .4. J
1 2 3 4 6 6 7 0 9101112

STAGE

Fig. 4. rlram8 235u (from gamma-ray measure-

ments) VB ctdgt for three viewing ● ]eaa.

gas phase in the converter in the calibration
cell, (7.7%), ●nd the standard daviation (%) of

● 30-a count of ● call converter that showed no
significant ●nomaly. The detection limit of zo
permitm us to i~entify ●nomnlies that lie out-
sfde the atsge-to-ctagc UF6 Ilas-phaac varla-

tionm in ● normally operating cell.

Table 11 ahowa th~ dtffcrrnce betwean thr
baeeline count ●nd the coun”o for etages 1, Z,
8, ●nd 10 of ●nether cell, togpthar with the
conversion to g 235U0 The flrot-paso results
for Z35U were 00 larg~ thet ● n iteration to
●ccount for the eelf-sttcnustion of tlwse d@-
po-ita waa needad. The n)mbero in the laat

column w~re obtaln~d snslminq that the uranium
uas unlforLly depocited w!thln ●ach converter
snd using dats taken over the center of the
convarter. The lorgeet a~tenuation correction
was 1.09.

Without indopcndent information ●bout the
oparatin~ paramcterm of the cell, it
pocoible to subtract thr ;at-phaee !2 !! %
obtain the emaller, ● oro uniformly djotr.buted



the survey measur~mentc, 219 cm, by the appro-
priate lfr2 ratio, Next, ttw mrrgular reaponne
of the detector was memsuted so that the ●ffec-
tive ● rea of the component viewe by the colli-
mted detector could be determined for two-
dimentiionel ●nalysim, or for cme-dimenaiooel
●nalytis, the ●ffective length of the source

could be determined. The angular or l&teral re-
measuring the counting

;~~~seo~~ ~Z~~~~#~ ‘{~ sample ao ● function

of the perpendicular distance from the collima-
tor line of sight at - point 169 cm from the
detector. The attenuation of the cell roof
cover hatch relative to that ●t xero lateral
displacement wos included in the final lateral
response function used to reduce th? overhesd
●u:vey data.

The next otep in applying the point-source
calibration was calculating the attenuation of
the 186-keV gamma rays by the components being
viewed. For the purpose of calculating attenua-
tion corrections. mo~t UF6 ga6 Lransfer conpo-
nentc, ●xcept for the converter, tha central
(heat eXChSngt:) region of the cooler, snd tha

compressor, can be considered aa fiimple pipec
with 0.95-cm walla. A drtailed point-source

calibration vac tpplied only to the overhaad
measurement of conv?r:erc, a came that ie ●men-
●ble for quantitative aasay bated on 186-keV
gamma-ray detection anu important becsuee con-
verters frequently collect significant depoaita
of uranium ●oliia.

The second calibration method used vaa the
gaa-phace tec+,,iquet which is based on measuring
the components of ●tagea in ● c 11 operatlnS
normally with UF6 and ‘?peatinB m,aaurementa
with the UF6 dicplaced from the cel~. Fig-
ura 3 shove the viewing circlee ●nd enclosed
compouenta in thr median horizontal plane of ●

generic eta8e, The centerrn of the circlaa cor-
respond to the t},ree gammm-ray measurement posi-
tion on the cell roof. The difference between
the observed counts wi. ) and without UF6
be ●ttributed directly to the ●mount of 23?;

in the drtector vi~wing area, pro~fding that tha
gamm?-r?y att~twlationn of the various compnnentm
in the field of view ere the came. Thle condi-
tion la met in the case of the mraauremante msde
diractly ●bove the convertar centers. At tha
other extreme, the heat txr4anger regons of the
coolc-a are very dense ●nd transmit .saentjslly
no Jammn rayu to the detector. Tt,ue, tne coolar
region la omitted ●nti’ely ● e ● component in the
measurement calibration of the convert~r input
refiion. }inally, the Bao-phaw calihration-,re-
~uiraa th-t UF6 maaaet be obtained from #toga
temperature ●nd preaaure meae~,[rmento ●nd pur y
●nd isotopic Jnalyaeo of samplea. The 2\f”

masaoa in the component c,,compaasad in the

three meawucemen: viewing ● reaa used in the
●urvaya vere providad by Goodyear Atomic Cor-
poration.

The point-source ●nd gaa-phase calibration
method~ ●greed within 17%. The gac-phaee value
vaa ua?d in the ●ubaequent anelyaaa.

B. Overhead Ueasurementa with the l.27-cm-— .——-—.— _______
Thi:k Detectors—.—-—. —
Theme s~rvaya were conducted witil the

SAM-II eet for autcmatic background eubtrsction
in the 186-keV window from Compton tailci of the
high-energy gamma rayn from 2381J daughtera,
cosmic raya, and the ●nvironment. Separate
channel counts were taken at leaat once during
the survey of ● cell to obtain a background
taunt for ●stimation of statistical precision.
A typical net count end ● background count over

● converter in an operating cell in Unit 27-3
were 2400 and 100 countc/min, respe~t’vely. The
counting time woo 30 s for each measurement
point . The atebility of e~ch instrument was
checked ● t leaat once during s call aurve} by

235U foil in fixed geometry.counting ● The
measu~sment point ●bove the converter wa~ 2.4 m
from the cell housing wall on the aide of the
compressor for that ot~ga, and the mea~urement
pointa for the converter inlat ●nd outlet re-
gions were 1.5 w fron one aida or the other of
the cell valla, depending on the atage and cell
nllmber. Becauaa of thic tomograph-, mcaeurement
points were designated ● e left, center, and
right, relative to the direction of increasing
atage number; the correspondence with thr actual
component reglnno was made ● a a part of the data
●nely~ia.

The calibration constants obtained from the
UF~ g ●s-phlae acasurementa perfo:med on the
ca ibration cell can be usad to convert observed
counting ratea to g235U. If the quantity of
8ae-pha#e 235U in the ctage component 10 ob-
tained frcm preu~ur~ ●nd temperature ❑ easure-
men!e ●nd ●nalyneo of gas anmplas, thi~ portion

r!f the measurad 235U can be subtracted to yield
235U holdup. Alternatively, the baarlin~ in a
plot of the mcasurrd amount of 235U in a parti-
cular ●quipment zone ● m ● function of celi stage
can be subtracted to find the amounts of large,
localized depoaita, which correspond to peaka
in the dat~. Of courat, the latter mrthod, re-
furr@d t~ ● a “peak stripping”’ or bne~line sub-
traction, will not give the amount of 235U that
hre built up uniformly in ● cell. This uniform
holtup corubjned with the in-procces UF6 ie the

aourcu of the baarlint counts.

For ●butdown cello, the collimated N-I dc-
t~ctor providaa e direct measurement of th@
holdup in its viewing field. T@ble I gives an



TABI,E 11

PEAK-STRIPPING EVALUATION OF ANOMALOUS
235U DEPOSITS IN CONVERTERS OF OPEbTING CELL

Counts
Attenuatf.on

Stage (Baseline Net
First-Pasa Corrected

~nvert~ per 30 s) Counts/rein
233U 235U

—.— — 6 6

1 2375 4750 1185 1292

2 528 1056 263 268

8 2176 4352 1085 1172

10 417

baseline holdup in the ceil converters. For
this example of peak stripping, the minim~Jm

235U that can be detected in s sin-amount of
gle oyeratiq converter, th,,t is, the detection.-. . .
a.ensitivity, 1s 90 g. These numbers alao cor-
respond to the uncertainties that we aaaign to
the measu emerita, neglecting, of course, errors
from nonuniform converter distributions.

A: an example of data reduction using the
gas-phase inventory nnd enrichment obtsined from
Goodyear Atomic Corporation operstiona ●nd ana-
lytical chemistry laboratory, we show in Table
111 results for measurements of converters in
cell C. This crll had no anomaliern. Clearly,
there is a negative biaa of at least 14 g per
stage in the unlikely event that the cc~nvertera
in this cell have no holdup. A ❑ ore reasonable
assumption fs that this cell haa a baaeline
average ur{,nlurn holdup about the asme aa that

of the calibration cell , which !E ~20 B 235U per
converter.

Pontiible aourceu of the nega.ive bias of
>34 ~ 235u (2o g + 14 g) per converter ● re (1)
chnngea in cell ga~-pi,nue inventory and enrich-
ment in the time interval brtwcen the tempera-
ture, preueure, nnd enrichment mcafiurementa ●nd
the NDA mvasuremer,ta; (2) a 5% ?rror in th~ gas-
phaoe cnlihrnt ion; ●nd (3) instrument drift.
The lan: of thene fa ru]rd out becnuse of the
atahiiily of the SAM-II unit and the record of

th measurement control data with the stondard
23$ foil. on the other hand, the ccrichment
of the cal!brnt ion cell chnnged bj 25X in 1 day
duri:g the mraeurerieoc cempaign. Even lar~r
negstiv~ numhorc for ronvertcra, except one with
● large deposit, wete oh,a{npd uhen the ~an-
phanr ●ubtractlon methnd waa ●pplied to data for
t!ell F,. Cl@arly, taking the dlffercnc- be:w~an
tvo large n~lmbera can y!cld m~aningful rcoulta

834 208 212

Total 2944

TABLE 111

HOLDUP IN CELL C CONVERTERS DERIVED
FROM OVERHEAD MEASURIKEh’TS AND

KNOWN GAS-PHASE INVENTORY A~’- ENRICHMENT

.xw
1

2

3

4

5

6

7

8

9

10

11

12

Measured Stage Average
Total 235

U (g) in
%.lu Converter——. —.- —-.-—

473

407

415

367

415

438

670

424

472

413

441

447

447

447

447

447

447

447

447

447

427 447

484 447

Hean - 433 Total -

0-35

Net 235U
Holdu~

25

- 40

- 32

- 80

- 33

-9

23

- 23

- 42

- 20

37.—

-169

only if the rccuraciao of these i,..,hern ● re
very good, that la, ● few p~r cent unccrtair.cy.

As ● cunni~t-ncy chack, wu used the UF6
nab ●uhtraction method to cvaluat? the holdup
in the calibration Csllo These renulta,



together with the results of the cirect measure-

ment with the UF6 diGplaced, are given in
Table IV. Although the differences between the
by-difference holdup values snd those messured
directly for individual stsges fluctuate con-
sirfersbly as expecied, the totals are in excel-
lent sgreemento This may be a consequence of

measuring the process parameters snd enrichment
simultaneously wit3 the fJDA measurement.

c. Conclusions and Recommendation for—-—--- .—— —— --- .. -—.
Gamms-Rsy Measurements Of Ho]~

(i) The most valuable snd probably the onlY
overhead measurement needed for early
detection of locailzed holdup was thst
made with the collimate.J 1.27- by 5-cm
NaI 186-keV d=tector positioned on the
cell roof directly ovei’ the converter
center. Results of this study support
the assumption that converters function
a6 elfcient filters for collection Crf
#olida. No new informatim was ~ained
from measurements with this detector
over the converter inlet end outlet
components , snd the amount of holdup
in these components wa6 consistently
much Iesa than that in the conierter
(except in cell A where the sudden

multiple leaks occurred).

TABLE IV

2?5U PoL~UP IN CELL G DERIVED

FROM OVF.RNLAD MEAsUREttENTS AND
KNOWN GAS-PIIASE. INVENTORY AND ENRICHMENT

Sta~.—-

1

2

3

4

5

6

7

8

9

Tota18

By-
Difference

llOlduD

_2.3.5!._kL
163

43

16

40

6

66

34

4

27—
402

Directly
Measured

Holdup

233-!-(.lLl
116

22

26

15

20

47

45

35 -.

71—

403

(2) The contents of cooler heat exchanger
could not be determined by gamma-ray
❑ eaaurementti bccsuae they ● re opaque
to the gamma rayfi used in this study.

(3) The collimated 186-keV gamma-ray de-
tector calibrated by the gaa-phase
technique can meaaure absolute holdup
to an accuracy usually better than
220%. It alao sharply isolates the
235U signal from individual stage com-
ponents. FigUrea 5 and 6 compare gam-
ma-ray mesauremel,ts with and without
collimation. Thm minimum amount of
235u thst can be detected in a single

operating converter in I counting time

FiE. 5. Gammm-rny counts v6 6tege comparing
collimated and uncollfmated d~tectors.

lot -1lW
10L J w

1.lJ1llJIJIJ l.l, *,,*A_ld,l J1, lllLILII
0*4: L,012,24. P,,0,,, ,4; ,,0,,,

}ig. 6. Camma-ray counts va stage comparing

collimated ●nd uncolllmated di=tectore.

.



(4)

(5)

(6)

(7)

of 12 s is ~100 g if the fiatsr for ●

cell are analyzed by peak atripping.

This sensitivity for detection of ● nom-
alies is limited by variations in UF6
gas-phase loadings of the converters
within s cell. For a shutdown cell,

the sensitivity for detecting 235U in a
converter la 10 g in 12 s.

Converter holdup in aa operating cell
can also be derived from pammh-ray
❑ easurements by subtracting the signal
from the UF6 gas phaae, providing the
ga~-pha~e 235u ia determined from care-

ful and simultaneous measurements of
atage process parameter and the cell
enrichment.

On the basis of gamma-ray ❑ easurements
of shutdown cells, converter holdup can
be classified 8s normal if less than
100 g 235U and a}lomalous if greater.
Data for 46 shutdown converters having

235U indicate thatleas than 100 g
the nominal holdup in a size 27 con-
verter is on the average of 100 g
uranium...— —

Inasmuch as the average a~ornaloua de-
posit in a converter was approximately
JGOO g 235U for the cells meaaured,
the collimated 186-keV gamma-ray de-
tector can be used for detection of
holdup from new leaks long before they
reach this level.

The collimated 186-kcV detector ahowed
promiee for detection of holdup in
compressors either from the floor or
several feet above the compretiaor.

111. NEUTRON MEASUREhLNTS

A. Description of the Neutron Heafiurementa
The- n&utrtin emission from- tiF6- corn;a ‘pm

reaction driven bymarily from ‘hef~~~(az~~. Thus,

alpha particlea if the 2J4U
isotopic percentage 1S known, it in possible to
calibrate a detector g~.ometry for me~suring the
uranium in the caRcade, The detector-geometry
arrangement chosen to measure holdup in the
Goodyear Atomic Corpnratlon equipment waa ●

large neutron area monitor, suspended over ●

cell with the active detector ● rra ln>king down

~m ● stage. :Ig,!re 7 a!,owa the dete,:tor with

polyethlcue moderbtt: and 3He gar tubea. Zhe
viewing ●ngle of ●ich o detector in quite wide,
particularly when c,impa:ed with the collimated
gamma detectors. By making two ❑easurements,

positioned *Z ahO~’n iii fig. 8, ●long the ●xib

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

coMmsosl/J,-\ /“ ylcw.ouslw,

-ti”n177 777ZT77-T7-77777”7V77

Fig. 8. Counting geometry (1/2 maximum cone)

for neutron measurements of converter-cooler
components.

of a converter, an almoat equal weighting is
given to uranium neutrona emitted !ry material
in a stags, except for that in the compressor,
A third measurement WAN made to determine the
quantity in the compressor (Fig. 9). The side
viewing angle alao includes neutrons ●mi:ted
from adjacent atagea. Therefore, to meaaure
the quantity in a tingle stage, the data ❑ust
be unfolded, trubtracting the neljtron rate from

other atagea. Such ●n unfolding procedure hac

been developed and spplied to the data. The
calibration of this detector geometry wao per-
formed by ❑e~suring ●ach stage of a specific
cell with and without UF6 gao prenent, just
● o for the ~amma detrc;oro. Knowing the ●mount
Of UF6 gas from plant data, the calibration
constant, neutron ~ount rat. per kilogram of
23AU ~a~ calculated,

becauae th~ ●mphmain 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
emiesion rates of UF6 and U02F2. The chemical
form of holdup ❑aterial, U02F2, has an ●mission
that 1s only 0.44 times that of Lh’A. To deter-
mine the amount of uranium holdup i-n P,n operat-
ing stage, one firet subtracts the neutron rate

for the known gas-phace inventory and appliea
the corrected U02F2 calibration constant.
This procedure asaumes that the amount n,ld ls@-
toplc composition of the stage gaa-phaae inven-
:ory and the isotopic composition of the holdup

material are known. Holdup Isotopic composition
is subject to large uncertainties bec.suse it is
not known when the depoe.ita were formed.

The neutron detector geometry WA cali-
br~ed as described, A cell was measured with
UF~, then ahut down and pumped out. By SUb_

tracing the neutron counts with and without
gaa present, the counts due to only the gas can

be determined, Theme data were then unfolded.
Table V summarize the data to this point, For

TASLE v

COUNT DATA FOR CALlaMTION OF CONVERTERPLUS CIXXER
Count/100 s = LJf~ + USht - Smkeround

Caa

cam + (calculated) Unfoldad

&e !!Qw! ?Ww _Xnv*r4c0ry m,

1 445 94 351 211

2 607 87 520 290

3

4

5

6

7

b

9

10

11

12

Note :

6S2 72 610

638 67 371

716 82 634

702 68 634

651 SJl 57(J

671 89 582

704 87 617

640 121 519

633 i20 513

481 144— 337—
1112 3824 Total

359

249

353

3$6

262

295

373

117

32b

198-—
s191

2. Subtract background.

● Background, measured by looking down
At the end of ● unit with only one
cell on one side ●nrl doubljng it,
was conaiotently 100 counts/100 6 *

30 counts/100 a.

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

● Tl,ia requirrs solving a set of 12
coupled but linear ●quationa.

cl ia the measured quantity and
Si ia the desired neutron source:

thil. cell, the gas-phase inventory “was calcu-
lated from proceaa information and s sample

cl - S1 +~(s.(i+l) + S(i-1)

taken for isotopic ●nalyaia.
+ ~[5(i+2) + S(l-2) + . ..1

The neutron data, while involving s ●erics
of analysis ctepg, hold promiGe of ~iving a
quantitative ●stimate of large holdup deposits
located by the gamma survey ,Urasurernent. The
following atrp6 aumm.ariz. the data analyaic.

. a, ‘, need to be determined. From

C1.e detector ●nRular di.triblltion
and the stage geometry, the vnluen
used in this analysjc ● re a -
0.36, Ii - 0.10.

1. Add righ* and left measurements.
4, Separate the @ingle-stage count rates

● Measurement pf.raitions allow ●pproxi-
into ● component from gns-phaae inven-

mately ●qual weighting to be given
tory ●nd a s?cond component from ura-

to th@ varioua locntiona in tYie
nlum holdup.

atagr except for the cnmprraaor.
Compreaaor mraaurcmenta ● ra analyzed

● Gau-phaae inv~ntory ia ●atimatud

separately ,
from proc~sa paramrterc snd ●$tay
values. Then using the calibration



conotant countsltiroelkg 2%, the
counts from gas-phaee inventory ● re

calculated and @ubtracted from the
total .

● The uranium holdup ia determined
trom the courrts remaining bt!t using
the calibration factor for U02F2.

v The assay (i$ot*.pic composition) of
the holdup material will probably
be different from the gas phase and
not known This will contribute to
the uncertainty in the holdup de-
termination.

B. Reault~—
1. Holdup Determination for Conver-—-—- . . . . .. . . . . . . ..- ____ . ..-. .--—

ter-Caoler Combination. Figures 10-12 mho=e._—------------ - ._.-_
stage-by-stage unfolded neutron counts for ●ight

cells. These results correlate exactly with the
gamma measurements. The depouits in coolerc
alao contributed to the neutron count, whereaa
for th~ gamma count they did not. Thus, neutron
detection samples more of the ataf,e component.
AS for the gnmma method, it ie ot.ly poaaible to
calculate ● total holdup number for tlloae cells
not on-line or if the gaa-pharie inventory la
known.

cell A.. ..-
This cell had “~pturea in three expansion

joints and waa off-line when mensurcd. After
meaauring each stage, COIIv.?rter 5 Waa removed

from the cell, ●nd the cell wan remeatr,jred.
Converter 5 waa ●luo measured in a locaLion

isolated from thr cadcade rquipment.

Cell A--lirfore and after converter 5 warn removed.-. - - . . . .- ... . . .- . . . . . . . . ___ ,._

1
2
3
4

5
b
7
8
9

10
11

Measured Ki10~rmm6 of Uranium.. . . . . . . . .-. .—.. --—
Before After. ..— -

1,5
7.1
6.6

12.9

27.1
33.5
10.5

2.7
5.9
;.1
[) ,(,

l_o
11..5

1.6
7.1
6,4

13,3

25.2
75.8
13.2

2.6
5.6
1.2
0.6
2.9

? Oss

A-?kgu .

T;icmc mraaurarn?nta indicate ● total c*I1 holdup
of 105.5 ha U ●fter removal of convertor 5 ●nd
that convertet ‘r contained 7 kR U.

A

Fig. 10, Neutron counts vs stage.

m 7 , , , , ,-7 ,?.7 . , , ,7-,-. ,,. , , , , ! , ,., , , . , !--r1 ‘-l

I
I

m

Fig. 11. Neutron counca vs ctnge,

Converler 5. .—.
Unfolding was not rcqulred hecaus? thrue

mrnsuremento wrrc mnr!r nfter the converter wax
removed and inolnted f!com the cpll. Tlw countfi
were 147/100 u cnrr@#pondlng to 9.2 kg U.

Thit ik compared with 7 k~ frnm Ihc previous

difie~enc~ value. TIIP irlolntt$d mra~tlrrment
should be more ●ccurate than LIW dlffcr?ncc
mw~ouremerrt mad@ on thr c?ll with ●nd wllhout

conwrtar 5.

Cell B. ..—
Olf-lino--drawing ● ntgativ~ preatiure, that

i-, no UF6 Baa. Noldup WN- 19 kfl U.
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Fig, 12. Neutron counts vs stage.

Cell C. ..—
operating cell --no an estimated count rate

from the gas-phase must be subtracted.

Esti~ted

Total Cao-Phane Dlfleronce
sta~--

1
2
3
4
5
6
7
8
9

10
11
12

NoTE ;

Ccunto Counts (Hold~-.-..— .-..— .-—--

209 lb3
219 163
281 lf,3
1Ho 163
206 163
252 163
223 163
255 16?
186 163
223 163
30b 163

46
56
18
27
43
89
60
82
23
60

6
io6 !$3 143

m
Equivalent to 39 kg U

If the brnckuround had bean 30 counts/

fficiency cone. ThiE overlap wkem interpreta-
tion of the dat~ difficult becaune it is not
possible to ●ep,srate the compressor ●nd cooler
contributions.

Table VI eummari%es the data and Indicatee
~rr ●verage holdup per compressor-cooler 01
1.4 kg J for the cell meaaurrd. For cell tJ t},,!

stage-by-stage holdup 18 ● m follows:

Compressor Noldup

- U (k~—--...— — ,—

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 ‘—-15.3

3. Swnm*ry of Neutron MeArsur@menta.----- . . . . . ---- .. ---- ______ _______
Table VII COU, ,rea thr results of the neutron

❑eaaurcmanto with ●mountm of uranium rccoverad
for three cells ●nd one converter.
~onvert-t and compreonor values R..- .,. ,vnluca

call. ..-

A

B

c

E

F

G

. .

L na n CO* ●mount n recovered

TABLE VT

COMPR~.SSOR-COfJLER tldLDUP

Total Gaa-Phaoa
Count a lnvento~ A.— ----

Adding :he
Vr hi :I!e:

TIIiB 18

988 --- 988 71

410 -. 410 10

141H 960 458 27.4

(1(180 ja (338) (20,3)

1932 1572 360 10, H

(1769)’ (163) (4,9)

2063

(

625

hvln

. -.—

‘Attempt 10 in[,ludP

464 399 20.2

647)a (41tl) (1/,)

“- 625 15,4

●lte (cxcludl[}g A) - 1,4 kg

ool.r in ~an-phtia- ruunta.



TABLEVII

COMPARISON OF NEUTRON YZASUREttlWTS VS RSCOVERY

C*:1

A

B

c

E

F

G

Neutron Fte~surements (kg U)

Converter Corc~refimor Totala-. ..— . —

105 71 176

19 10 29

39 27 66

18 11 39

12 20 32

7-15 15 22-30

Shcovory

AL!!2-
120

25

--

--

28

--

St~ge 5 convertor 9.2 6.9

T’:iital” counts the cooler twice; therefore,
total valueo should be high; how high depends
on the amount of matcrlal in the coolor.

●xpccted beceuse ●omo component, for ●xampie,
coolers, ● re weighted too much by the simpla
●ddition of rcsultc. As taorr ●xp@ricnce ic
gained, ● more suittble data analyois can be
●pplied.

c. Conclusions ●nd Recommcndationc for
N@utron Mvmfiur@m@ni, “ ‘“’—
The PUVPOS* of Nfi~ -holdup m~asuramcn:s iD

to id~ntily CQ11O with prohlatus by d-t~ctins
dcpositc, ●nd in some cases, oboervins the
growth of drponlt3 from one month to the next.
Irtoally, the m,,nsureroento ●hould locslice the
dcpomit within a CSI1 to ● given otage and vith-
in the stauc to ● cp*cific rompon~nt, for ●x-

smple, converter, coolor, or compressor. In
addition to locating the deposit, the measure-

ment chould quantify the ●mount within ● known

unceitkinty.

Uoing the precent neutron measuranents, the
deposit can only be localized to wlthln one or
two stagca becauto of the relatively wldr de-
tector viewing engl~. The detector looks ●t ●ll
components in s @tage but cannot effectively
indicate whether the material it in the conver-
ter, compressor, or upstream cooler. The quan-
titative compcricont of neutron resultg for ●

cell with Goodyesr Atomic Corporetlon results

(Ttble VII) ● re in reasonable ●greement (x50%)
but ●t prestnt ● re bsoed on only four caeea.
The fectore ●ffecting the measurement uncer-
tainty are unda:stood but more information lB
needed to determine the range of thsse factors.

To interpret the data, the UF6 gae-phu$e

inventory ●nd isotopic ●scay must be known. The
detector beclground, holdup isotopic ●scay, ●nt?
holdup chemical composition directly ●ffect the
quarrtitatlvc rusults. Therefore, effort should
be msda to jmprove the knowledg~ of rhese

factore.

The principel disadvantages to routine usc
of the n@utron measurtmento ● re the time ●nd
●ffort required to collect tht data stul the un-
certainties in certain key information. The
fidvfinte~e to the n~utrons is thnt CIIQY “one” the

●ntire stfige with approximately ●qual weiRhtinB,
which io particularly important for criticality
satcty meaourtments,
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