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485 grams of 49 as Pu(N03)4 in l-molar nitric acid solution were tested for
criticality in a water tarper. Tests wero first made with 348 gms of 49 in various
concentrations., It was found t at the optimum concentration was 43 t 10 gms 49/liter,
and that 348 sms, as nitrate ir water tamper, could not be made oritiocal at any concer-
tration. An absolute measuremen: of the wmultiplication of 348 zms of 49 as totravalent
nitrate in 10 liters of solutiol gave & = 0.87 ts percent,

Starting with 348 gms in 10 1liters of solution, 157 gms were added in
35=3n stéps until a solution o. 485 gns in 11,35 liters was obitained (485 zms was all
the 48 nitrate available to the experiment), Criticality was not reached. From the
inverse counting rate versus mars curves, using various deteetors; the extrapolated
critioal mass of 42 nitrate solu:ion in water tamper was estimated to be 606 t 50 us,
Corrections for the nitrogen and other perturbations indicate a mass of 518 & 50 zms
for pure 49 in water solution with infiﬁite water tamper,

The 48%-sm solution was made critical by addition of e crudely stacked 2"

layer of BeO bricks in the water around the outside of the bottle containing the

solution,
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CRITICAL MASS OF A WATER.TAUPED 49 SOLUTIOW

This experiment was designed to measure the oritical mass of 49 in solution,
in order to determine the amount of 49 that can be handled with safety. To contain the
- solution, four bottles with capacitiies 2.25, 3.6, 7.7, and 11,6 liters {labeled
respectively &, 8, C, and D) were used. These were comaercial sodas=-glass bottles, as
nearly eguilateral cyiinders as could be oblained to zive the above range of capacities.
To obtain an idoal spherical configuration would have required more shop time than this
experiment was dsemed to warrant. Eaoh bottle was provided with a closure containing a
re-ontrant steel tube, which extended to tho center of the bottle. This tube served
as a channel for a neutron source as well as for a detecting ohamber. In addition, the
closure was provided with a capillary zas leak as an outlet for the decomposition zases
Ssiven off from the 49 solution,

To provide for the possibility of breakaze of the zlass bottles, each bottle
was enclosed in a water-tisht lucite container, The bottles in their containers are
shown in the accompanying photograph.

These bottles, when filled with 49 solution, were placed at the center of a
cylindrical tank,.4-l/2 fto in diameter and 4-1/2 ft. hizh. This tank could be filled
with Los Alamos water to provide the tamping.

The monitorinz; instrwnents consisted of:-

(1;. A 3.4, tube set hnlfeway up the tank -- at approximately the Same heizht as the
conter of the bottles -~ on the imner periphery of the tank. This detector proved to
be excossively sensitive Lo any source of gamma radiation in the buildinz, and ocould
thoreéoro not be relied upon when the 25 water boiler or a 25 metal oritical assembly
was also in operation, nor for éomo time after the end of » period of operation of one
of the oritical assembliss,

(2). A oylindriesl, boron-coated proportional counter, pointins at the center of the
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bottle, its end about 6" to 8" from the outside of the smallest bottle. The efficiency
of this instrwnent for countingzg neutrons was very high, so that care had to be exercised
that no other neutron sources wefe present in the vicinity during the measurements,

(3) A 4-inch square, flat 25 fission chawber was placed underneath the bottle position
in contact with ihe bottom of the lucile case., ‘hen operating, this chawber proved to
be the most reliable of nll the detectors,

(4) B 1/2-inch-diameter cylindrical 25 fission chamker fitted the re-entrant tube.

The source was attached to this chamber and separated from it by 2-1/2 inches of
polythene. IThis chamber had rather small efficiency so that the data obtained Irom it
did not have 3ood statistical accuracy.

(5) A boron-coated chamber connected to a DC amplirier, which drove a recordinz milli-
ammeter was provided for. measurements on a criticsl asgembly, Since eriticality

was not reached (except at the very end, by using a BeO tamper), this instrument did
not take any part in the actual measurements, All the instruments were provided with
water-tight casings and were used submerged in the water tamper., Their positions were
unchanzed during the series of measurements.

In order to check on the sonstancy of the instruments and to provide a means
of correcting for ochanges in their eflficiencies, a "standard" roading was taken before
and after each measurement on the active material. Thls was done by plaocing the source
at the center of the tank, filled with water, and measuring the counting rates of the
detectors., The inverse counting rate liste§ in the table is thon the standqrd reading
divided by the reading with active material,

A view of the inside ol the tank, with a bottle and some of the instruments

—.
s
e

in place, is shown in the second photozraph.
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A total of 485 ;ms of 49 as +4 nitrate in one-molar nitric acid solution was
evailable for the experimsnt., Anslyses of the stock solutions involved indicated the
presence of 1 g-atom of sulfur for each g-atom of plutonium, the sulfur originating from
the sulfate coprecipitated with th? plugonium peroxide which was evaporated down in
nitric acid solution to sive the nitrate stock. All amounts of 49 given in this report
are based on the Group CN-9 chemical ti¢ration method which is believed %o be the most
precise method available at fhis writing; ‘the precision is of the order of 0.1 percent,
and the amounts are believed accurate to 1 percent. The required transfers and dilutions
with 0,996-molar nitric acid were effected by a voouum transfer system, The variocus vol-

unies and ooncentrations used are shown in Table I,

TABLE 1

49 Solutions -- Pu(NOz)4 in 1 Normal Nitric Acid

Conasutration Total Volums Total .
Asgembly zms 49/1iter Liters ams 49 Bottle .o,
I 127 2,25 287,0 A
II 99,93 3,482 348,0 ¢ B
111 46.4 7.6 348.0 c
v 34,8 10,0 . ’ 348,90 D
A's 37.5 10.2 382.9 D
VI 40,2 10,4 417.8 D
VII 42,7 10,6 - 462,7 D
VIII 42.7 11.36 484 .6 D
Rt
S
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Determination of Optimum Concentration:

Starting with the solution containing.348 gms of 49 in 3.48 liters of solution
(solution I11) a series of measurements were made to determine the variation of reactivity
w{th concentration, For these meaguremente, three different concentrations were used,
corresponding to solutlions 1I, III, and IV in Yable I, The data are shown in Table 11,
which includes all the data of the experiment, In Fiz. I the inverse couniing rate is
blotted against the conocentration, From these curves it may be seen that the concen-
tration corresponding to maximum multiplication is 43 ¥ 10 zms 49 per liter of solution,
It 1s also evident from the curves that in the configuration used in the experiment,

348 zms of 49 nitrate camnot be made critical at any concentration,

An attempt was made 1o measure the multiplication of golution IV. A solution
containing 130 zms of borie acid in 10 liters of water was substituted for solution IV
in the tank filled with water. Thls solution was chosen to have the same absorption -
in the same geometry - as solution IV without, at the same time, having any multipli-
ocation properties, from a couparison of sounting rates of the various detectors for
the boron solution with their counting rates for solution IVo'a maltiplication of
7.9 ¥ 20 porcent was deduced for solution IV, Since the multipliocation is equal to
1/(l-k), this corresponds to s k¥ = 0,87, The estimated uncertainty of this measursment

of k 1is around & percent,

Determination of Critiocal ¥ass:

To solution IV in bottle D, 35-3m "spikes” of 49 were added until 485 gms of

: i
49 in 11.35 liters of solution were obtained (solution VIII)., Aftor each addition, the

bottle was placed in the tank snd the counting rates of the various detectors meesured

in their standard geometry. The data of these measurements are included in Table II,

- ' =
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TABLE II
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@M, Boron Prop, 25 Flat 1/2" 25"
Counting Rate Counting Rate Countinz Rate Counting Rate
\ssembly Std, . 49 Counts | Std./comts| Std, |49 Counts,Std./counts| Std. |49 Counts|Std,/beunte| Std, |49 Counts Std,/counts
I 5934 790& 0376 3405 8104 0042 hadadnd ol - - hndt odd 1@94 Oos? 2090
i1 6,90 { 16.4 0,42  {34.4 {234 0.14 11,25 | 41,9 0.27 1.76 | 2,50 0,70
' g ¥ ‘

v 7.65] 14,3 0,64 5.65{ 32.8 0.17 11.3 42,0 0,27 1.73 | 3,01 0,57
o:F
or. ’
;olgtion e} memm o R ———— 9,21 4,21 2.2 1.85 | 0,418 4.4
v 5.36 | 13,2 041 5.45! 30,3 0.18 11.2 42,3 0,27 {1.72 § 2.95 0,58

et ,
3 6,211 15,1 0,35 6.14] 38,5 0,16 11,3 50,5 0,22 1,75 §{ 3.25 0.54
18 4,38 | 17,6 0,25 6,10} 5,07 0.12 11,5 61.1 0,19 1.79 | 3.71 0.48

UJ - . . . .
I% 4,45 20.6 0.22 6.30] 67,9 {70,093 { 11,6 75,0 0,16 1,86 | 4.36 0,43
1P 4,43 | 25,9 0.17 6.36f 76,9 0,083 { 11,6 91,0 0.13 1.91 | 6.35 0.3

M A . . ,
11@ ceie | avee ——— 5.56] 101.8 0,056 | 11,5 91,0 0.13 1.70 | 6,70 0,25

@)

m -

*

** Lucite case completeoly filled with water

Jeometry of B prop. altered starting with this run

ASV3 T34 O 119Nd d04 d3aNodddv



APPROVED FOR PUBLI C RELEASE

In Fig, 2 are plotted the inverse countinz rates against the mass of 49 in,
solution. Through the points c&rrespondin; to each detector a smooth curve 1s drawn,
Thgso curves ﬁave been extrapolated to infinite counting rates by drawing a straight
line tangzent tb the curves, starting at a polnt corresponding to 500 zms of 49, 1t is
evident from the shapes of the curves that this method ylelds an underestimate of the
extrapolated critical mass for all detectors except the 1/2" 26 chamber, Thu averagze
value of the extrapolated critioal masgs, ftom.the curves of Fijz, 2, 1s 642 zms of 49,

Fiz. 3 1s a plot of the inverse counting rate versus gho rociprocal of the
mass. The curves obtained are seen to be gtraight lines -~ as closely as can be judged
from the data - for all but the 1/2" 25 chamber, and therefore lend themselves much
more readily to a reasonable extrapolation to infinite counting rate. Extrapolating
in theo same wmner as described for Fig, 2, the average value of the critical mass is
found to be 678 zms of 49,

| All of the experiments described above were performed in a configuration such
that there was an air space of about 2,7 liters at the top of the lucite bottle container
In order to deternine the effect of this perturbation, the measurement of the last
golution was repeated with this space filled with water, The results of this measure-
nent are plotted in Mizgs, 2 and 3 as circled points, Since the F,M. tube waes not
operating well at the time of this measurement and since the flat 26 chamber, being
located direetly undernsath the bottle, is particularly insensitive to fillinz the top
space with water, only the boron proportional counter and the 1/2" 25 chamber measure-
ments wore used to estimate the effect of removing the perturbing air space, By esti=
mating the distance éf the oircled points from the smooth ocurves drawn, the e feot of
removiny the perturbation seems to correspond to 42 zms on the mass plot and to 65 gms

on the reciprocal mass plot. This leads to 600 zms and 613 ;ms, respectively, for the

e
e g
———
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critical mass of a 49 nitrate solution completely tamped by water. Averazinzg the two,
the figure of 606 t 50 gms is obtained for the critical mass of a fully tamped nitrate
solution in this geometrical confizuration.

it is of interest to evaluate the criticel mass of pure 49 in water solution
in the absonce of nitrosen, 3lass, borun, etc. These, as well as the hydrogzen present
in the solution, compete with the 49 for the absorption of the neutrons., Since the
major part of the "foreisn absorption" is due to the hydrogen - which must, in any
event, be present in the solution - removal of the other absorbers does not effect a
very zsreat change in the amount of foreign absorption. Hence, to a sufficienily close
approximation, the effect of foreigm absorbers in the solution may be evaluated in the
following way: To compensate for the addition.or removal of foreign absorbers to a
critical configuration (which it is wished to maintain as eritical), 49 must be added
or removed in amounts sufficient.to maintain the same ratio of 49 ta forelga material
absorption, Thus, for a change im foreijn absorption corresponding to {Ap, there
corresponds a change in 49 mass, /3, such that MM/ = AAf/hfo In this way, the effeots
of removing the nitrozen from the solution, of the iron re-entrant tube and of the
absorption of the glass bottle were estimated, The solution was considered to be a
oritical mass of 606 gms of 49 (as a compound containing 2§ atoms and one S atom per
atom of 49) in 1 normal nitric acid solution. The conventional thermal neutron
~absorption cross sections were used. The effect of the mbsorption of the bottle was
considered to be l/é as much as if the absorber had been distributed uniformly throuzhe
out the solution, in agreement with measurements made on the 25 water boiler, The
boron content of the water and glass was estimated by Group Cil=9 to be less than 0,1
part per.million for the water and 25 ppm for the glass, The conocﬁtrations of Li,

Cd, Cl, and Np in the tamper water were measured by Cl-9, They were 0,1, 0,002, 2 and

10 parts per million respectively. These were nezlected. The calculated reduétions
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in critical mass aro shown in Table 111, The total reduction of mass for removing

the foreign absorbers is 68 gms.

TABLE 111

Reduction of £, Pus to Removal of Foreign Absorpticn

"Effective
Absgorber No., of zm Atom X-geotion{in b) Prod. AM
49 2,54
H 1233 0,3 369.,9
N 16.1 , 1,75 28,2 41,0
$ 2,54 ' 0,53 1.34 1.9
Fe 1.0 2,5 2.5 3,6
Glass 5,62 3.2 ‘ 11,6 16,9
(Nap0-Cad-7510,)
B { in zlass ) 0047 720 5,36 4,9
Tatal ' 417 68,3

In addition, it 1is estimated that the superior scattering propsrties of water as
compared to zlass corresponds to ¥ 20 zms, making AM = 88 gms and leaving for the
critical mass o¢ 43 in 11.5 liters of wabter solution the value of 513 gms, This
sorresponds to a oconocentration of 44 gms/iitor, and is approximately the optimum con-
centration. No correction has baen applied for thé faot that the solutlon was con-
talned in a oylindrical, rether thon a sphofical. shape,

Thus, the experiment yields for the best value of the critiocal mass of purs

49 in agueous solution in an infinite water tamper, 518 t 50 sms,

——
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Criticality in a BeO Tamper:

The solutioq cbntaining 485 gms of 49 in 11,35 liters of solution was made
to reach criticality by the addition of a rouzhly stacked 2" thiokness of BeO blooks
around the bottle in the water iamper. The blocks (1" x 4" x 4") of density 2.7 were
stacked in the form of a 2" pedestal, on which the solution rested, and then in the
form of = mosiac-like wall around the outside of the oylindrical container, The stacking
of square blocks around a circular contour left, of necessity, considerable gap space,
vhich was occupied by water, In addition, blocks were placed on the top of the solution
containing bottle inside the lucite contsiner,

it ie evident that the oritical mass of a 49 agqueous solution inside infinite
BeQ tamper gs considerably less than 485 gns. .

This first 49 chain-reacting assembly was operated supo:-critical for a short
time, Its time bohavior, response to control elements, etc,; was qualitatively like

that familiar from 25 assemblies., Ho guantitative msasurements were made.
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