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ABSTRACT

485 grams of 49 as Pu(~!03)4 in l-molar nitric acid solution were tested for

criticality in a water tanper. Tests wero first made with 348 Lms of 49 in various

coacentrations~ It was found t at the optimum concentration was 43 ~ 10 .~s 49/liter,

and that 348 zjms,as nitrate ir water ta!npcrO oould not be made oritioal at any concar-

tratio% An absolute measurement; of the multiplication of 348 ~ms of 49 as tetravalent

nitrate in 10 liters of solutiol ~ave k = 0.87 ~ 5 percent.

Starticg with 348 &KIS
.

35-5:r:steps until a solution 0:

the 49 nitrate available to the

in 10 liters of solution, 157 gms were added in

485 gms in 11.35 liters was obtained (485 Oms was all

experiment). Criticality was not reached. From the

inverse countin~ rate versus matis curves, usind various doteotors, the extrapolated

critiaal mass oi’4!2nitrate solu:ion in water tamper was estimated to be 606 -+ 50 gxyso
.

~Orrec~i,Ons for the nitrogen and other perturbations indicate a mass Of 518 * 50 .3116

. for pure

lzyer of

49 in water solution with infinite water tamper.

‘i’he485.&nlsolution was made critical by addition of a crudely stacked 2“

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

solu%ionO
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CRITICAL MASS OF A ‘?L4TER-TAMPED 49 SOLU!)ZON

‘his experiw.entwas designed

in order to determine the amount of 49

,solution, four bottles with capaaii.ies

IJOmeasure the oritiaal mass of 49 in solution,

that can be handled with safety. To oontain the

2.25, 3.6, 7.7, and 11.6 liters (lab@led

i6Spt3CM.T7eljI.A9B, C, and D) wore used,. These were commercial soda-glass bottles, as

.
nearly equilateral cylinders as could be obtained to give the above range or capacities.

Yo obtain an ideal spherical conf’iguration would }!av’orequired more shop time than this

experiment was deemed to warrant. Zaoh”bottle was provided with a olosuro containing a

re-entrant steel tube, whioh extended to the center of the bottle. This tube served

as a channel for a neutron sourae as well as for a detoctinG ohamber. In addition, the

closare was provided with a oapillary ~as ltsakas an outlet for the decomposition gases

Jiven off from the 49 solution.

.
To provide for tinepossibility of breaka~e of the glass bottles, each bottle

was enclosed in a water-tisht luoite container. The bottles in their containers are
.

shown in the accompanyin~ photo~raph.

Those bottles, when filled with 49 solution, were plticedat the canter of a

cylindrical tank$ 4-1/2 ft. in diameter and 4-1/2 ft. high. This tank could be filled

with Los Alamos water to prov”ide the tampin~. .

The monitorin~ instruments consisted oft’

(1;. A &..#.tube set ha~f-way up the tank -- at approximately the same hei#vt as the

\
center of the bottles -- on the inner periphery of the tank. This detcotor proved ta

be excessively sensitive ~to any souroe oi’gam~uiradiation in the buildinge and oould

therefore not be relied upon when the 25 water boiler or a 25 metal oritical assembly

was also in operation, nor for some time after the end of a period of’operation of one

of the oritioal assemblies..

(2je A oylindricsl, boron-coated proportional counter, pointin~ at the center of the
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bottle ,

of this
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-4.

.
its end about 61tto 8“ from the outside of the smallest bottle. The efficiency

instrument for counting neutrons was very hi~h, so that care had to be exercised

other neutron souroes were present in the vicinity during the measurements.

(3) A4-inc3hsquarf3, ?lat 25 fission chyber was placed underneath the bottle position

in contact ‘withthe bottom or the lucite case. $Yhenoperating, this chamber proved to

be the most reliable of all the aetectors.

(4) A l/2.inchOdianetcr cylindrical 2-5fission chamker fitted the re-entrant tube,

The source was attachsd to this char,bcrand separated ~rom it by 2-lf’2inches of’

polythene, I’his ohainher had rather small efficiency so that the data obtained from it

did not have ;ood statistical aocuracy.

(5) A boron.ccated chamber comected to a DC amplii’ier, which drove a recordinS mini.

ammetar was provided for measurer.ents on a criticel as~enbly. Since criticalit~

was not reached (except at the very endq by using a BeO tamper), this instrument did

not take any part in the aotual measurements. .411ths instruments were provided with

water-tight easings and were used submersed in the water tamper~ Their positions were

unchanged durin~ the series of measurements.

Xn order to cheek on tho oonstanoy of the instruments and to provide p means

of’ocrrecting for ohanges in their efi’ic%enoies, a ‘standard~ roadi~ was taken before

and after each measurement on the active material. This was done by plpoing the scuroe

at the center of’the tank, filled with water, and measuring the couutin~ rates of tho

deteotors. The inverse oountin~ rate listed in the table is then the stand~rd reading

divided by the roadin~ with active material.

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

in placo~ is shown in the second photograph.

.

.
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A total of 485 &ms of 49 M +4 nitrate in one-molar nitmic aoid solution was

evailable for the experiment. Analyses of the stock solutions involved indicated the

presence of 1 g-atom of sulfur for each ~-atom of plutonium, the sulfur originating from

the sulfate ooprecipitated with th? plu~onium peroxide which was evaporated down in

nitrio acid solution to give the nitrate stock. 4,11amounts of’4S given in this report

are baeed on the Group C!I-9chemical titration method which is believed to he the most

piwaise method available at this writing; the preoision is of the order of 0.1 poroente

and the amounts are believed accurate to 1 peroent. ‘l?herequired transfers and dilutions

with 0.996.molar nitric said were effected by a VLIOUUIIItransfer system. The various vol.

umes and concentrations used are shorn -in Table 1.

.

&E2?4!
I

11

III

Iv

v

V3

VII

VIII

TABLE I

49 Solutions -- Pu(N03)4 in 1 Normal Nitric .ioid
-.

Conemtration Total ~olumu Total
~ns 49 liter Liters “ gme 49

127 2.25 28’7.0

99.93 3.482 348.()

46.4 7,s 348.3

3408 10.0 “ 348.9

37.5 10,2 382.9

40.2 10.4 417.8

42.7 100G . 452.7

42.7 1~.,~s 484.6

Bottlv 2;.

A

9 B

c

II

D

D

D

D

.

.
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Determination of Optimum Concentration:

Starti~ with the solution containing 348 gms of 49 in 3.48 liters of solution

(solution II) a series of measurements were made to determine the variation oS’reactivity

with concentration. For these measuremant~, three different concentrations were useds

correspondin~ to solutions 11, 111, and IV in ‘l’able1. The data are shown in Table 110

which includes all the data of the experiment. In FiG. I the inverse counting rate is

.
plotted against the conoontration, From these curves it may be seen that the oonoen-

tration corresponding to maximum multiplication is 43 * 10 gms 49 per liter of’solution.

It is also evident frointhe curv9s that in the configuration used in the experiment,

348 &ms of 49 nitrate cannot be made critical at any concentration.

An attemPt wap made to measure the multiplication of solution IV. A solution

containing 130 Lms of boric acid in 10 liters of water was substituted i’orsolution IV

in the

in the

Oation

tank filled with water. This solution was

same geometry - as solution IV withoutg at

properties. From a comparison of csounting

chosen to have the smze absorption -

the same time, having any multipli-

rates of the various detoctore for

the boron solution with their counting rates for solution XVO a multiplication of

7.3 ~ 23 peroent was deduaed for solution IVO Sinae the multiplication is equal to

l/(1-k), this corresponds to a k = 0,87. The estimated uncertainty of this measurement

of k is around 5 percent~

Determination of Critioal %ass:

To solution IV in bottle D, 35-gin “spikes” of’49 were added until 485 ~~e of

II

49 in 11.,35liters of solution were obtained (solution VIIl). After each additions tho

bottle was plaaed in the tank and the counting rates of the various deteotors measured

in their standard geometry. The data of these measurements are”inohadc$d in Table 11.

*

.
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In .Fig.2 are plotted the inverse countin~ rates against ‘themass of 49 in,

s~lution. Through the points corresponding to 6a0h deteotor a smooth curve is drawn.

These curves have been extrapolated to infinite counting rates by drawing a strai~ht

line tsq;ent to the curves, starting at a point correspondin~ to 500 gms of’49. lt is

evident from the shapes of the curves that this method yields an underestimate of the

extrapolated critical masa for all detectors qxoept the l/21f 25 ohamber. ‘l!heaverago

value of the extr~polate& critioal masss from the curyes of FiG. 2, is 642 ginsof’49Q

Fig. 3 is a plot Pf the inverse counting rate versus th6 rociprooal’of the

mass. The curves obtained are seen to be straight lines . as olosely as can be judged

from the data - for all but the 1/2[’ 2S ohamber, and therefore lend themselves muoh

more readily to a reasonable extrapolation to infinite counting rate. Extrapolating

in tho same nh.nner as d6scribed tor Fig, 2, the average value of the oritioal mass is

found %0 be 67i3.as of 49.

Allof the experiments described above ~bre

that there was an air space of about 2.7 liters at

performed in a

the top of the

oonfigurati on

luoite bottle

such

oontainer

In order to determine the

Solution was repeated with

nent are plotted in ?igs.

Operating well a+ th6 timci

effeot of this perturbation, the measurement of the last

this space filled with water. The results of this measurG-

2 and 3 as ciroled pointp~ Since the 3.X. tube was not

of this nteasurementianrj sinoa the flat 26 chamboro being

located.directly underneath the bottle, is particularly insensitive to filling th6 top

space with mater, only the boron proportional counter and the l/2n 25 ohamber Measur-

ementswere used to estimate the effect of removing the perturbing air spaoe. By esti-

mating the distame of the oircled points from the smooth ourves drawn~ the ei’feet of

removin~ the perturbation seems to correspond to 42 gms on the maas plot and to 65 gms

on the reciprocal mass plot~ This leads to 600 .zmsand 613 Jms, respectively. for the

---
... —

.—
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critical mass of a 49 nitrate solution completely tamped by water. AveraginS the two,

the fi$me of 606 ~ 50 gms is obtained for the critioal mass

solution in this geometrical confi~uration.

It is of interest to evaluate the critical mass of

of a Sully

pure 49 in

tamped nitrate

water solution

in the absence of nitro:eno ~lass, borm$ etc. These, as well as the hydrogen present

in the solution, compete with the 49 for the absorption of the neutrons. Since the

major part 02 the “foreign absorption” “1s due to the hydrogon - whioh must, in any

events be present in the solution - removal of the other absorbers does not effect a

very great ohange in tho amount of’foreign absorption. Hence, to a sufficiently O1OSO

approximations the effect of foreign absorbers in the solution may bo evaluated in the

followin~ way: To compensate for the addition or removal of foreign absorbors to a

critical configuration (which it is wished to maintain as critioal)~ 49 must be added

or removed in amounts sufficient to maintain the same ratio of 49 to foreig-amaterial

ahsorption~ Thus, for a ohange in forei~n absorption correspotsdin3 to lAf* there

corresponds a change in 49 mass, /ii,such that 114/!4= &if/Af . In this ways tho effeots

of removin~ the nitro~en from the solution, of the iron re-entrant tubo 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 2N atoms and one S atom per

atom of 49) in 1 normal nitrio acid solution. The

absorption oross sections were used. The effeot of’

considered to be 1/2 as much as if the absorber had

conventional thermal neutron

the absorption of the bottle was

been distributed uniformly through-

out the solutions in agreement

boron content of the water and

part per million for the water

with measurements made on the 25 wztterboiler. The

glass was estimated by Group CJ=9 to be ltt6Sthan 001

and 25 ppm for the glass, The aoneentrations of Lio

Cd, Cl~ and bT2 in the karcperwater were measured by CM-9. They wero 0.1, 00002, 2 and

10 parts per million respec+lvoly. ‘l’hosewere neglected. Thu calculated reductions
_..—-.—— .———.

—
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in critical

the foreign

mass are shown in Table 111. The total reduction of’mass for removing

absorbers is 68 gins.

ReI

Absorber

43

H

N

s

i%

Glass

TM3LE 111—.

lotion of X% Due ta
‘Effoctivo

No. of gm Akim

2.54

(Na~O-CaO-7Si02 )
[’

I

2.54

l.O

3.62

?emoval of Foreign A.

X-smtion(in b)

0.3

1.?5

0.53

2,5

3.2

torpticm

Prod v

369.9

28.2

1034

2.5

11.6

B ( in glass ) .0347 720 3.36 4.9

‘rOtal 417 68,3

.

In addition, it is estimated that the superior scattering properties of water as

oompared to @ass csorrosponds to Z 20 =ms~makin~ hi!~ 88 ~jymand leaving for the

critical mss o? 49 in 11.s liters of water solution the value of’518 gms~ ThiS

0 44 gms/liter, and is approximately tho optimum eon.corresponds to a oonoentration o.

centration. !30correction has been applied for the faot

talned in a oylindrioal, rather than a spherioale shape.

Thus, the experiment yields for the best value

that the solution was con.

of the critioal mass of pure

49 in aqueous solution in an infinite water tamper, 518 t 53 glnso .-——-~

-3iii=
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Criticality in a BoO Tamper:

The solution containing 485 ~ms of 49 in 11.35 liters of solution was made

to reach criticalityhy the addition of a,roughly stacked 2“ thioknoas of BoO blooks

around the bottle in the water tamper. The bloaks (l” x 4“ x 4“)’of density

stacked in the form of a 2“ pedestal, on which the solution resteds and then

form of a mosiac-like wall around the outside of the cylindrical container?

2.7 were

in tho

The stacking

of square blooks around a circular aontour left, of neaessity, considerable Gap spaoe~

which was oocupi.ed by water. In addition, blocks were placed on the top of the solution

oontainina bottle inside the lucito container.

It is evident that the ori’tioal mass of a

BeO tamper is considerably less than 485 gins.

This first 49 chain-reactin~ assembly was

49 aqueous solution inside infinite

operated super-oritioal for a short

time. Its time behavior, response

that familiar from 25 assemblies.

to

No

oontrol elements~ eto.~ was qualitatively like

quantitative measurements were made.

.

.

.
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