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ABSTRACT

The critical mass of an enriched uranyl sulfate solution ir a
wator tampsr was determined to be 1200 + 50 gm. No direct méaauremont wa3
possible because of insufficient enriched mtefial for this purpose. The
estimate was made by extrapolating counting rate vs. grams of 25 to infinite
counting rate, A lattice of tubslloy disks surrounding the sphere was found
to be equivalent to about 50 to 100 gm of 25, Distfibution measur enents were
mado in the té:nper for high and low ecergy netztronsl apd it was found that in

general the neutron flux decreased exponentially with increasing distance.



WATER TAMPER XEASUREVENTS

CRITICAL MASS

A determination of the critical mass of an enriched u:anyl sulfate
solution in a water tamper is of interest for several reasons: (1) safety con-
siderations in connecti-n with the processing of emriched materials make the
knowledze of the largest amount to be handied safely obviously important;

(2) The measuremsct providss a check onvtha theoretical methode developed to
caloulete critical masses; {3) aoplicationa to the work of this project may be
possible; and (L) a power boiler with a vater tamper is an interesting possi-
bility.

The experiments were performed with the sphere and uranyl sulfate
solution (“soup") from the lowopower water boiler (See LA<13L). The Bed
tamper vm8 removed and a cylindrical tank § feet in diameter anmd 5 feet high
placsd around the ephere. This tank was filled with ordinary w%ter and ail
measurements were taken at room temperature, Because of the iimited amount
ef 25 availeble for this experimsnt, it wvas not possidle to reach & critical
condition so the critical mass was éstimated by measuring the counting rate
of various detectors as a function of the mass of 25 in The sphers, Neasure-
ments wero made at five concentrations: 0, 403, 508, 610 and 717 total grame of
25 in the sphere. The driving source was a 200 m.c. Ra=Be socurcs placed
at the center of the sphere in a stainless stsesl re-entrent tube,

Three detectors were used: a BF3 chamber placed in tho water
tamper at 9" and at 18", Mn foils placed in a re-cntrant tube at 2=7/B" and at
1=7/3%, and a 25 fission chamber piaced at 2:7/3”9 all‘these measureaanfs
being from centsr of sphore te cenver of detsctor. The critical mass wms.

estimated ir each cuse by plotting the reciprocal of the counting rate



-l -

against the mass of 25, and extrapolating the curve thus determined to
infinite counting rate.

Simple theory glves the relationship

| 1/¢ = «8/(1 - K),
where C is the counting rate and e the efficiency of the detecter, S is the
source strength and K is the reactivity of the boiler, ic.e., /a0 - K) is the
offective multiplication of the source by the boiler. I this egueticn were
true, then the sxpsrimental curves neﬁtioned above would be straight lines
end the extrapolation te K =1, would be guite straightforward. The original
water toiler experiment ir approsching tho critical mass for BeC tamper
{See 1a=13L) showed that oniy the detectors which has been (scmewhat
fortuitously) placed in the proper positions gave streight-line cuﬁres,, The
fé.et thet most detectors do not give linear relations is reasonsble when the
changes in lealmge with changing mass of 25 and the difference between the
spectrum of a Re-Be source and that of a fission source are considered. Non-
linearity betwesn 1/C and (1 - K) was anticipated in the water tamper ex-
periment and several detectors were used for this reason., Cne can alse
obtain a more accurate extrapoletion by considering several curves rather
than ome, since all curves must extrapolate to the same point.

The five curves obteined are shown in Fig. 1 with the dotted portion
of each curve representing & reasonable extrapoletion made on ths basis of the
expsrience with the BeO temper where criticellity was actually reached. The
critical mass thus cbtained is estimated to be 1200 + 50 gm. of 25. | The
25 fission chamber was placed too close to the source so that the neutrons

directly from the source dominated the counting rate until quite a large mass



of 25 had been added. The BF3 chamber in the 9-inch position, on the other
hend, had a Jarge initial inereass in counting rate because the leakaée of <the
fission neutrons wes grester than that Qf the source noutrons, The kin foils
were in approximately the correct position and probably give the best extrapo-
letion.

TUBALLOY SLUG EXPLRILENT

¥r, Teller suggested the possibility that tuballoy siugs arrenged in
a lattice around the sphere would be quite effective in i#creasing the regctivityo
so & frame was constructed to hold $3 tuballoy disks apvyroximately equally‘spaced
ou a spherical surface of 20 om radius, Bach disk was either 2.25 or 2,50" in
diameter end about 0,7" tirick. The totel amount of tuballéy wa.B gbout 50 Xg.,
making the totel 25 content about 350 gm. An atiempt to svaluato the effect
of the slugs wes madse by comparing the activities cbserved with the verious
detectors with end without ¢he siuge nresent. This vas done for two 28 con-
centrations in the sphere: €0 and 717 gn. The experiment gave no clear-cut
answer since the various detectors showed little ezreement with each other,
Varioue explunations of the discrepancies might be preposed but in general 1%
seeme apparent that the initial multiplication was toc low so that ths difference
in spectrum between the source neutrons and the boiler neutrons may have coae
Tuced the ploture. Also ths neutron distribution was radically changed by the
presence of the slugs so that no single position of detector ccuid be depended
upen %o giée the true increase in multiplication. The sxperimental results are
civen ip Table I, where the reciprocal counts are stated for the several cases.
The data have besn normelized to uni#y for zero grams of 25 se may be compared

directly with the curves of Fig. 1.



TABLE I,

Reciprocel Counts Relative to Those With No 25

Detector Position 25 kass = 810 zm 25 Mess ¥717 gn
Bare S1lugs Bare Slugs

BF, g¢ ;150 -,102 125 .85
18" ;28 +20 .19 »205

in 4-7/5 1o 326 335 273
25 2-7/8" ;m ; L9 . 67 ‘ohhs

In view of the ambiguity of the deta it is oxnly sossiblc to guess
that the effect of the slugs iz small, ebout equivalent o that from adding
betwsen 50 and 1CO gan. of 25 to the &nhere,

NEUTRON DISTRIBUTION MEASURE!NENTS

Messurenents of the neutron distribution wore made with 717 gm. of
25 in the sphere and with 200 mo. Re<Be sources in the center of the sphere.
Measurements were takenr in the water ftamper with & BF_ chamber, a 25 chambsr and
& 28 chamber. The results are shown im Figa, 2, L, and 5. In each cese, the
gurve obteined wzs a singls exporential except in the regions either very cloese
te the sphere or near the edgs of ths water tamper. The most extensive explorac
tion of reutron disiribution was made with Ma foils, the messuremsnts being made
toth inside and outside the schere. Those iunside the sphere were made in ths
reantrant tube. According Te sarliler meassuremsnts made with the BsO tamper
{see 14152}, the reentrant tube depresssd the nsutron density by 11 per cent

8o the interior poimts shown in Fig, 3 have bDeen raised by this value. A



definite decrease in thermal neutron flux at the boundary betwcen the sphere
end tamper may be seen in Fig. 3, This boundary effect is alsc indicated by
the 25 curve of Fig. L.

WATER ANALYSIS

A semple of the water usesd in the tamper was anajyzed by i,
Fachtriebis group. & spectroscopic aralysis gave mo indication of sufficient
imourities te effect ths neutron properties of the water.

CHEMICAL ANALYSIS

The manipuletions and calculations involved in changing the come
positiorn of the soup for thess experiments were performed by & section of
Group C=5 under the lsadsrship of ¢ Friediander. An snalysiz of the soup
was made at the end of the experiment te verify the composition computed from
the additions and subtractions. The masses gquoted ares probably accurate to
0.5 per cent,

CONCLUSION

No discussicr of the results of the above experiments willl be
given in this report since they are being treated in & report to be published
by Group F=1 under 3, Teller. ¥e wish to Yhank Tsller for his adviecs and

helpful suggestions regarding this work,
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