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OHALUfT fflTBRHX CimCAL ASSnfBLIES

ABSTRACT

Part X of thia report covers critical-eass determinations for

tn

The

Datacritical mass of a hydride cube in the thick Tu also la given.

periodon weight and dimensional changes of hydride piece* during the

of use are included.

In Part IX are presented the results of Rossi tire-scale aeaaurenenta
t

Values of alpha at delayed critical and itaon the hydride aaaeabllee.

variation with mass in the neighborhood of delayed critical are given.

Measureeenta on the activation of various detectors within the

Reaulta aa a function ofhydride assemblies are described in Part III.

and for fleaion catchers with

with respect to Z and qualitative interpretations of variations with raoiua

Fran data for varioue radial position*, change* inare pointed out.

critical mass corresponding to snail changes in composition and density are

computed.

- 3 -

ys*ud>s spheres of orallqy hydride composition ( approximating UHj) 

8"-thick Tu and Wi tswp*rs and in the Tu tamper with Hi liner.

radial position are given for Au, for Au shielded toy Au and by Cd, for S 

U?35 and U?*.

Reactivity changes resulting from the Introduction of foreign eaterlais 

into the hydride assemblies are discussed in Part XT. Apparent regularities



vuer i
orallot mroinB critical assemblies

CRITICAL SIZES IW THICK TO AMD HI TAMPERS

Introduction

It la hoped that coo-

The hydride, aan oralloy hydrid* composition in thick Ta and W1 tampers.

Tba averse* empirical formula of th* hydride cooar* shown in Fig. I—1.

Pseudospherwa of hydrid* more assembled

- li -

parisons between Oy and hydrid* ay* t ma a, with thair widely dif faring neutron 

spectra, may add insight into the behavior of reactive ayataaw in general.

Assemblies of Oy H^O C^ in various tamper* ear* studied by Holloway 

early In the history of The Loe Al mao* Scientific Laboratory.

Hydride Coapoa It. Ion

Thia report covers a eerie* of amaauramanta on critical aaeembliaa of

and Bahar(1)

Report on Hydride, S. Mosakowski and D. Libermans, LA-1065 (May, 1950). 

t^ur-anies Hydride Fabrication, Final Report, J. S. Church (in preparation).

position is OH?.93'i.o8°o.26 w1Ui —n <*rriat-1OM ***• PT* "*d
the moan piece density la 7.5 gn/eiP.

'Critical Masses of Enriched Uranium Hydrid** and Soma Related Maaaureamnta, 
M. O. Holloway and C. P. Baker, Lh-1035 (12/19A7).

mixture of OyHj powder, Oy powder and polythene, maa prepared in the d*aired 

ahapea by the plaetica section of Group CMM-6^^. Ft merle* of the shape* used
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out of half-inch cubical —Ito and surrounded by approximately 8--thlck

A constant external t—per surface goo—try was aalatal—d for allt —per.

— a—nta. The Tu t—par la effoctl—ly inf inito, as aaa the ease with

— Qy —tai ears.

Aos—bly 3yet—

The hydride aseeabllee ware —I up on Topcy, the Pa J ar 1 Vo universal

machine for operation at delayed critical.

Its use for

In crief, active — terlal carried on the r— (A in Fig- *•7 **• aoeed

within a tamper ease (C). la the water

tank — a function of hydride an co establish the range of —sees that may be

stacked by hand In the r— with safety. The water io to simulate the tanpl—

offset of a n—bar of people near the r—> the aaltlpl ice tian Halt for 

bend operations la 10.

multipllcation — sours—nta — sue co—1 rely larger peouoospheres of hydride 

reload into the taaper —rve aa a guide for the approach to delayed critical 

conditions.

Critical Sine of hydride la Tu Tamper

he cults of the water—tank testa on hydride partially surrounded by T*

Multiplication for the largest aass usedin the r— are glean In Fig. 1-3.

H. C. Paxton and 0. A. Llnenberger,

- 7 -

by remote control Into a cavity within a water tank (B) or into a cavity 

Bout roc aul tiplie at ion we asure—nts<5)

^Reference ( *wt—lit ipliod* ) counts —re taken with tamper —terlal substituted 
for the hydride. Thia led to ton—rest ire results, l»o.a eultiplication values 
In the —tor tank ware slightly higher than with a polythene Tu mockup of the 
hydride — reference configuratl—.

A description of Topcy and of 
nts of the typo to bo discussed la given in L4-7h9.<^

'‘‘'Polythene-?? Critical to—ably, 
LA-71/9 (9/3O/U9)

———■I*'" WW»
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(14.7 kg) !• about 5. wall below the safety llalt for hand of Thing.

water than la Oy natal (each at sufficient quantity to bo critical la 8* Ta).

Neasurenents during the Initial approach to delayed critical eondltione

la the thick Ta tanpar are indicated la Fig. 1-4.

The critical quantity with bothat hydride were inbeddod la Ta on the ran.

Topey control rode •in* la aeon to bo equivalent of 967 half-inch cubes of

hydride, or about II*.? kg.

For neutron-distribution and tine erele nee ear ewer to, it waa necessary

to net up a split hydride eystan aa Illustrated la Fig. 1-5. The top

roeudohenlophero, consisting of an hydr .do •ot^wlld* and additlorel pieces

pseudohsal sphere, nested la Ta, Is carried on the rat. A redial hole

(the "glory hole*), through the t caper and into the e tore lid pernito the

use of internal neasurlng eqaipnent which will not bo disturbed by ran aseenbly.

Fig. 1-6 indicates results of a re approach to critical with thia split

The critical volune, equivalent to 977 half-inch cubes (the criticalgear try.

sass again io 14.7 kg), la slightly higher than with all hydride la the ran

because the stovelld density and ■ to 0 ratio wore cone what below the average

for other pieces. The effect of each control rod is roughly that of 9

hydride euboo (134 gn hydride) la the outer portion of the pseudo ephors.

- 11 -
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e

FID. 1-5

TOPST SPLIT Assnour

The atovelid and Op cupported by it fom the atationary

upper half of the active core. The inner c®, nounted

on the ran, containa the lover half. .
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Data relevant to ths delayed critical aosvUllao are —irlnl in ths
-

following tabla.

TABLE 1-1

OW RAMHTDItn* IW TO

AAvg. Bap trie al Forwla

Critical Maas

13.55 kg13. Si kg

93.15 «93.15 5
3Effective Hydride Density

Critical Folans

3.06*Radius of Sphere of Critical Voluno

TO TAMPER

8«Tu Thi.'knesa at Olory Bole

2550 kgTu Maaa

19Tc Density

Ths above figures were obtained during the initial phase of hydride

About four aoatho after the original stacking, the critical aaas oftecta.

the Tt. * sapor* hydride apparently bad increased on the order of If. It in

possible that a tea per change in this interval nay be responsible for tbs

offset.

120.9 
I960

-16- 
SECRET

It nay be noted that results of Holloway and Bahar correspond to a 

critical ease of 6.8 kg for Oy(9Jf) Hjq ef density 3.05 sn/ce3 in a 6^"-thick 

Tv tanper, or a critical volvas of 2230 os3.

OB?.97C1.L1OO.25

11.68 kg

OT2.92Cl.O6°O.26

U.66 kg

S’

Oy Content of Critical Maae

Concentration of

7.35 gn/ca

121.5 in.3 
1990 on3

3.07 cs*
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Critical Si— of ifrdride la Ml Tapper

For hydride partially tanpod by Bl (otacknd oa t— ran) the aatar tank

toeta again indicated no hand at—bi,ng reotriction for the largeet aa—

Fig. 1-8 given data for the approach to criticalrequired (Fig. 1-7).

in the thick Vi tcaper with all tqrdride on the ran, and e la liar data for

The critical quant. it la a of hydride,the eplit aaeoably are ehoaa la Fig. 1-9.

reap—tlvely, are nearly

Identical with val—e for the Ta taaper. The effect per control rod la aeoa

to ba the equivalent of about 7 ©oboe, (10b ga hydride).

TABLK 1-2

OK

Critical Ma—

13.56 kg 13.60 kg

93.15 f

Effective Hydride Donalty
3Critical Tolu—

3-OB-3.07-Radina of Sphere of Critical Tolono

MI TAMFES

8“■1 Thick— at Glory Hole

1180 kgHi Ma—

8.8Hi Denelty

- 17 -

s rciit

121.2 in
1990 cn

com XH HI
Awg. lapirical Fornula

970 cub— (11.7 kg) and 976 equivalent euboa.

Qy Content of Critical Ma— 

Concentration of 9^35 cy

•92C1.06°0.26

U.7h kg

Table -F io a a—nary of data f— the— critical confIguratia—.

93.15 I
7.35 —/car3

122.0 In,3 
2000 car
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Shape Factor

Ab a guide to the influence of shape variation on reactivity* the

critical mass of a hydride pseudscube in the thick Tu lawyer was measured.

The form was a 5" cube with !/?•

edges (a limitation imposed by Topwy design). To build up the required sine.

35 additional half-inch cubes wore placed in three drcups on eeparst a faces.

Ths critical quantity wee equivalent to 995 half-inch cubes no coppered with

967 for a paeudospbers. The rrrrre spending shape factor of 0.971 for

peeudocube relative to pseudo sphere agrees with that detornined for Oy metal

in thick Tu (0.968 for approximate cube relative to peeudoephero).

Composite Temper

its (pee Part T9) steamed that substitutionMaterial-replacement

of Hi for a half-inch Tu cube adjoining the hydride core increases the

reactivity of the system, whether 1* Tu er Wi tanpor. Since critical neeooe

in thick Tu and hi ten pare wore essentially equal, thia suggests that a

ccuepoeite tanpor consisting of a relatively thia Wi layer about the hydride.

surrounded in turn by thick Tu, should lead to a reduction in critical eaao.

According to a computation based on material replacement data, thio decrease

in critical meso should be 109 for s uniform half-inch Vi liner in a thick

Tu tamper.

Accordingly, final i^dride tests consisted of critical-maos deters 1 not tome

with one-inch and with half-inch Wi liners (roughly appro* mated > in the Tu

layer.

- n -
I IC I If

equator of the pseuds ephors and extended into the Tu in other places, and 

there wore a few gaps and V*-tbick rsglono in the approximately half-inch

The liners wars imperfect because of Topwy design limitation} e.g., 

the approximately one—inch Mi layer thinned to J* at a few locations sbewt ths

x 1/T* columns lacking along 1 parallel



lie 1 I?

With Un 1* Hi-lined Tu t super, th* critical quantity of hydride was

equivalent to 905 half-inch cubes ae emparnd with about 9®O cubes for th

final critical condition la mllmd Tu.

la critical aaaa. The aaaaably with the half-ineh Wi liner was critical

at the equivalent of 9 If cubes ar ahaat 6—below the value for thick

Tu. The latter difference sight be expected to increase to about M or

99 if do fielone ioe la the half-inch Wi layer were rwnomd. Although it la

apparent that the observed nagnitudee are open to question because of

gecnetrical eeapmaiaoa, the oepeeted effect appears to hem boon established.

>frerldeStability

The hydride was set up in Topey for five and owe half eonthe. Dur lay

thia tian, mights and dinane lone of six half-inch cubes and one 1" i !• 1 P

piece of hydride mm checked periodically. The percent changes for individual

pieces am given la Figs. 1-10 and X-ll. The might gain la five and one half

souths averaged 0.0059 far the half-inch cubes and me Q.Ofcf for the 

!• « !• I r block, and the average increase la linear dimneione nee 0.99

for the half-inch cubes and O.OT9 for the larger piom. The nearly constant

rate indicated la Fig. 1—10 la considered num ml table then the apparently 

decreasing rate of Fig. 1—31 — a oom error of 0.0005“ could oceomt for 

the knee apparently fomed by the 51 dqy pointe tn the latter group eurme.

- n •
I t C BIT

■
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a

The general procedures for aakla*

The

apparotee weed aoaolatod of (1) detector, (?) aapllflor-dLocrlalnator and

Theca

7/B-laeh "glory halo" la Ua tapper. Since the clary hole Ln the hydride

earn aaa mly half-inch Ln d Lane ter, the deteetore wore lanarted op to the

par an* (~o.k5 ye total). Those tnicfc folia did act glee a pwlee height

plateau, bat did give a high offieLoney. th* di »^r lain,’->rs

wore eat Lew anoogh that a f aw alpha hoehgrnwad pwlaae were re carded.

The aww aodel 50? paleo aepliflors wore wood and bane prowed ta be

euporior ta the preriowely wand nodal 501 aaplLflare. Owtpwt pwlaae were

Very little trouble aaa •eperlowned with

tkaaa anpllflore "ringlag*, aad they are wweh awparlar ta the old aapllf tore

The aapliftere fed into a epactal high epaeit dlaertadaatarla thia re ape cl.

wtileh Plane the IfOO feet of coble taralaatod la T5 otaee. The flaal pwloe

O.J aierooec wade wide and IP rolLe hl«h. There woe awry little etraapliac of

a

(3) tine analyeor.

The newtron detoctore deployed wore u7^ oplrel flooloa ehaabere.

-f5- 
iicitr

Saale haaowrea 
Ll-TU. (Pea. 9, IM*).

la operation.

ita by the Bowel Method, 4. Ora doff and C. -ohaotono.

of dC by the Koaol

Betbod on near-critical eeeeahllea have boon doocribed la Lb-TUi^^,

tapper hydride latorfeooi thio reowl ted in o aiahaaa perturbation of the 

n TWO XO1X> lf> VMI flfMUTSl CtMBWMHI COCtVAllMMS < OxXl&4PTWMI 01 w
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Tha o*»r ell counting etyatm ana awite •tabla. The ayatanpeine height*.

uno operated at oxirane gala and <141 pick up ecun noiae pulaer when the Top*

Thia noiae background ana eat objectionable ainaaeewtrele care operated.

It aaa ••< naeaaaary to iamb tha aaatrala dart at a hoaal run except for enaa

•light control red dj

The tine aaelyer baa been deacrlbad la great detail in Ld-7Ui,

The 3 nicroeocondtly it will aat be dlaeueaod in thia rapart.e

ta.

■oaanmnaei tn were aada af ec at critical and at warlcua avbcritieal

The awbcritlcal pointe wore obtained * •taakiag ap to critical andpointe.

Tha atepa need earn alnwo It.

B, 1* and Id half-inch hydride cwhee. The cube* aara renewed free tha eat

in each a faahlan that they were reprweentative•Ph

of an act ci da layer of ante* lai.

ho attenpt

waa node te evaluate the B at di/Tormt ralaaa af reactivity•

Fig. 11-1 ahacaa a plat cT the ec datemlMtlcaaa an tha taballagr tanpad

It haa been

•a that alpha la•hann that thana •eineidwnaea kava tha tine

Tha naan errat > indicated on thedate rained Tran tha •lepee at the cwvea.

lent palate ere tha naainan me cent cred, an atatlatiea are waeh better for the

The eana data far the niahal 1 nape if aaaeerttly la eollactad la Fig. II-?.

The eerlne cd •aiperiaaata with tha tea different tear ere were Identical la all

The Pe plotted ia tha probability after receiving • count, 

•r reoeiaiag a ace end aewat crigiaatiag free the anae chain after a tine, t.

epeal to a channel width.

The tanpar ataclriag ana the standard • inch tneper and all detalla 
- 2« .

S * C * B T

within the interval of tine, d t.
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0.W6 a

0.13? »

0.366 s

0.401 ■

O.U*2 a

0.421 I

0.487 a

0.535 a

0.590 a

0.623 a

Tha vnlwa of x»» Un aaan life of • aaafcraa la Um aaaoablj, «m abtataad 

frco u» rotation
K

OC

M

Thio will ba iron only if Un

— 99 —
JICIIT

otwre ip la Uw awrapo nntor of praapt daagbtar ■■ air ana par anotron, 

do lagrod orltleal, Um valoa af K^-l ••• UMaa to ba .0076 afcicfc la apaal «a 

Um fraction of iwotrona Uiat. ara 6alppai.

Ta <•*>
1.8 a 10"7o

-99,6

•119

-179

a

s tc nr

of Um taballay ajrwtaa UmIMIm Um twaar aa4 alar aaaa, Um oaa aa Um 

raa and Um taapar itaalf worn falUKfaUj* rapradaaad ia Um alekal laapar.

Aa it happanrtf, Un arltleal aaaaoa also ware praatUMlly iOaatlaal. A

■ naan of all Um data la *l*aa in Um tabla baton (Tabla IK.).
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effectiveness of Aslay** neutrees far producing tImUm la tte Maa as

tet.b an aawteptlon aagr net be Just if Led.that for prwapt nevtrcaa. If

delayed neutrons are were effective for pr ntei lag fleeIona tten proopt 

aaaaoftXjr with veluee for otter aooenbliae, tte results of atte prsvious

its are listed la tte table below.

TABU 11-9

term ntraiki. rttam KEHBKFHCt.

Critical 0.J7tw LA-714

O.LBBsO LA-1035Approx. Crlt.

0.79VC Approx. Crlt. LA-1035

for tte

for tte nlctel taupe r. Tte

dlf faraaeaa observed la at and la det /te ean te interpreted as bo inc due **» 

tanper alate since tte eerwa la tte tte cease sere Identical.

A prsgrosslw taero in af «ever a period ef aiaite ew ebee rood -a itb tte

Tte lacreeee tea eefriclowtljr larpe ttet app pooelbillty

of ee ia ate lag far St aa tte tesla of aateN*teaatel aaeertalatloa acet be

tea a a sate d. A graipb of tte tine variation af at la plvwa 1a Flc* Tte

1IC It T

IKACTITTTT 
um&

tei<tota and slaoa of tedrido edbaa did not ehanpo 

- JO -

noetrena, tte vales af quoted will te tee Low.

la order to oeapate values ef st teaser ad for tte present bgrdride

Tte verlatioe of at. with maa la plotted la Fig. 11-3 for both tanpore.

Tteae esrvte give vnlweo ef dte/da equal to 0.93 a IO2 see”" 

tubal lev taaper and 0.66 a LO2 m'

t icr
x ith
• iok
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There is the possibility that theappreciably during the period (Pert X).

plasties in the hydride mixture decomposed with loss of hydrogen under the 

influence of ionlaing radiation.

The Rossi amaouremsnts reported for the tuballoy and nickel taapara ware

The "ago" effect oo at nightdona within about one month of each other.

have changed at by a few percent during thia interval of time.

- 33 -
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POT III

MBUTWOW DISTRIBUTION STUDIES

The nethods used in asking these neaourooento have been described

in detail in LS-749, which deala with the nock—hydride reactor, the only

difference being that all beta activity neasurenents for the present re

port wore wade with wethane-flow proportional counters calibrated ibr each

U?3«

ia about flee thousand to one) were used, the

(effective threshold ca. 3 Mev), and fission for Both the

gold and the sulphur were in the fore of 0.49* dianeter foils, the gold

into a pellet).

0.44* dianeter, and wore irradiated in contact with 10 aUl celluloid fragment

catcher folio of the sane dianeter. These detectors were distributed at

various radii throughout the hydride and tcaper, and were irradiated by 

running the reactor at delayed critical.

The results are preaented graphically in Riga. III-l through III—5,

for stitch the total nuaber of dieintogratlone per atca of detector (for 

standard irradiation conditions) is plotted agetost position of detector

in the aseeably. Irradiations wore standardised by nonitoring with a 

to that of oralloy as

a function of radins.

- 34 -
S IC 1 t T

I

type of detector used.

Detectors of gold, sulphur, oralloy (containing 94* D7^), and

(ratio of to

reactions of interest being (n,*/) for the gold, (a,p) for the sulphur 

u?3®.

being 5 ails thick and the sulphur about O.lf* thick (O.*O gn. pressed 

The and oralloy wore in the fora of 1 all foils

sulphur pellet placed at the center of the reactor during each irradiation.

Pig. III-6 gives the ratio of Un flee ion rate of U2^ 
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fission rate fall* off aorw sharply aa aupon.

function of radius in th* tuballoy tapir than it doe a in the nickel taaper.

Thia behavior would seen to ebow that tuballoy wore effectively shifts the

With thia in wind.

off aore sharply in nickel than in tuballoy. Just the opposite of this is

observed, however, in the first few inches outside of the core. Such a response

is probably indicative of the fact that the low energy portion of the spectres

of neutrons emerging from the core has a longer capture naan free path in

nickel than in tuballoy.

Aside from such qualitative considerations, however. the aain value

of these aeasureaents lies in the opportunity of fared for coopering

observed detector responses with those predicted on ths basis of Monte

Carlo calculations, as a weans of checking the sewed values of cross

sections for elastic and Inelastic scattering processes that go into such

calculations.

- U1 -

3 IC I 1 T

neutron spectrum toward lower energies than does nickel.

it night bo expected that gold detectors should show activities which fall

Two qualitative features of theeo eurveo a*o perhaps worth coaamnting
It is seen that the U?^6
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8Ft ACTS OF FORE TOW MATERIALS DI KHMIER ASSEMBLIES

A survey of ttw effect* on reactivity of variou* foreign —terial*

in th* hydrid* ***—bile* extended over a 5 —nth period. Meet —pls*

Froeaed spoclaen* were prepared by the Feeder

in powder fore, wore la 0.5 — Al

The Material* cane free a wide variety

Th* —yl**of *ource* and 1a noet case* contaminant* wore not checked.

J.O8-) and la

so— case* at inter—di, *te position*.

Measure—nt* war* node la ter— of control rod change required to re

ctor* the *y*tan to delayed critical ebon a **npl* was placed la a Is

cubic apace (*c— early a*—r—nt* on the hydride Tu a***nbly were of

reactivity change* when a hydride cube wa* replaced by a cub* of th* material

Investigated) a* reduction of result* to •air" reference Magnified error*.

wort of thee* meaerur—t* were repeated under better condition*).

of control rod calibration curve*, Fig*. XT—1 and XT*?, and —pl* —*,

data war* converted to reactivity change in cant* per gm *tom or nola. Th*

■bap** of control rod calibration curve* **r* obtained la ter— of reciprocal

suit!pileation and equivalent hydrid* —•* — a function of control rod

Th* cent* *cal* wn* established by —**nr—nt of positive period*position.

eorrweponding to shift* from delayed critical by known Incr—•*t* of control

_ V -
SIC IIT

A few.

—r* ol—ta or alnpl* compel**de (usually oxide*) Ln th* fore of pressed 

or machined $■ cube*.

taapar adjoining th* hydrid* (r * J.J5", interface *t r *

ware introduced — near th* hydrid* canter — poesibla (r - 0.8"), 1a th*

Metallurgy gectlcn of CMB-6. 

container*, dlan. X J* long.
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rod position.

intensity ratios were used to convert to intervals free delayed critical

la conto. Ao the canto scale lo tailaportant except to allow the ecs»-

parloon of results for different conditions, the details of this oon

version are incidental.

Utporlaowtal Beeulta

hssults of eeasureskents la the three radial positions aoet generally

used are given In Table IT-1 for the Tu and for the Bl-tanped aseeablles.

The diocuoslon of errors la tbs notes which fellow this table loaves orach

to bo desired, this la a ronaoqweaoe of tbs decision to devote nooeosarrlly

Halted efforts to a general survey lawtoad af a careful otwfcr of a few

•a terlais. Several changea la technique la tbs course of tblo work preeuMbly

inpreved reliability of results but did not el lai note occasional incans intone loo.

Tbs att ■■gits to reconstruct reactivity changes for ensremfr and sixturos

fro* values for tbs elaaents (values la parentheses for tbs last four iteao

of Table IT-1), <11 eagres considerably with data obtained directly. In tbs

aoet ispsrtant ease, Oy-hydride, tbs average discrepancy la lot for the Tu

tanpod assaably and 51 for tbs Wi vesper. The aoet careful check on additivity

of results use a canparloon of 

(0.9* position, 11 teeper).

average of several values based co 26-29 ge cubes.

greatest sensitivity indicated by response to control rod settings la about 

The difference, 7%, 

corresponds to an effective error of 0,06 Fu (la 0.92 ps) whereas the 

- h5 - 
S1C1IT

on the difference between two Fu cubes which differ in weight by 0.92 ge.

Based on the 0.92 gn difference, tbs Fu value la 226 eents/ge—ate*

This ocapsroa with 213^8 oonta/ga aton as an

Do Moffbann's values ^^of del aysil neutron periods and

^Delayed Beutrons fro* V235 after Short Irradiation, F. de Hoffhann, B. T. 

Fold and F. B. Stela, Ftyo. Bev. Th, p. UJO (11/15/U).
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TABLE Tf-1
tmat or foeuob vua bbzalb zb khmodb absbolibb

T«*«r

S

1 98-5 22.5 9 9
B. 12 8.5IO 12.5 6.52

-68.59 -99.5 -50.5 -12

6 6.5 8.5 62
7 16
a 5 1 1 5.5

12 11.59.5 12 15.5 8

15 Al 2.5 a.57 5
1U 81 5.5 5 U5 5.5
15 » F 12 6
16 -0.5 1 1.5
21

T1 7 8«■» 7
5.5 lo 10.5 8.5

Cr 1
5.5 6W

F» 2.5 6 5.5
27 0* -0.5 U1 5.5 1

n 1 a 6-0.5 7 Isl
On 2 5.5 6.55.5

5.5 6.5
52 5 5

55 -15 -9.5 9

*<!•«• fri .wB — » 
(hybrid. r*dlM 5^8*)

. 16 .
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"7^

0<»>

,,(»)
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TAW* IT-1

T* Bl T* Bl

-I

u»
Cb -5-5

-0.5

-59.5
M -ao -17.5

CA -19 -17 1.1-5.5
”56.5la -55

-0.5 t
«b -51.5
Ta

-55

7

Ta

F»

T1

kJ* 7

- fc? - 
S IC I I ?

t(MC5) 
^00(5)

0,(5)

I 
v,(5)

Oa<^

m(U)(5)
T SB»>

04(U)(5)

T ^.(10(5)

I

Ta

6.5 5.5
7.5 9

1
k

5
-1.5
5.5 7.5

-0.5 -5
k 2.5
1

as

10

-1

5-5

Iii
5.5 5.5
« -1

M>.5 »

Bl

U1

us
U7
&

50

51
52
55
57

50
60

6U
6B

75

76

. 7«
79
•X

M

lala

I- I
 

m
» \a

I 
I

F 
«



rr-iTABUC
AA wi Ta21

11.59.5ia.57
6 1935-52590

1019.517*5V

6313U-5 77.5
6916U5153

6-5(9.5)9.5OO.5)-25C-17-5)

76(73)166(171)19(153)25M272)215(2U»

72.5(90)109(161)
76(75)162(222)3»(3U>)

Frwa aaaaarartaarta aa paly*)— mA C.

(3)
(6)

23
22

(1)

(«)

(5)
(6)

<m<Ht- anal!, — arrara par ga.at art ralaftlwaly larga.

Karaite Mt r^rMMikU, arid—aa af yrt—tla (Iot

JL.R*

16

WW— la par—th—■■ e—pakad fr— r—«!»• far n^| ■■ art al— 1a» 
aararal laaal-wd ea arrara — (pilflaA-

Oparatlaa aora rtabl* far aim ir — art a glrla< aartarllaad —laaa thaa 
far athara-

—1«, aarraaf aalaa < 
far a glraa taajar)- 
af U» ta 2.9 waits.

- 68 - 
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°«3^3C.O9®.10 (5> 
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0.0) ge Pu.

After cmplatlon of hydride maeuremnta, it becam apparent that

Identification of rare earth aanplea by label la extrwnely rialqr.

(natal) uaed for theeeSpaelroocopic analyola by 001-1 of the Sa

iovottigatiooa care 108 9a, Major T content, 10-208 Ep and pooalbly 108

cm ••mnttally neutral, the largo negative valve for •gpe probably eonaiata

of contribatlono by 9a, Od and Dy (each known to have large total cron

section for low energy mutrone) and for *Br* the effective olanaot amt

bo Hr.

Doubt alm baa been cart on the coapoeitione of La, P and TIB ample a.

The La eanpla again gave a large pooitivw effect in an Qy mtal eeeeaMy,

which wan not confirned with a vecum cant place of pure La loaned by

(eeerig. TT-6). Atteapto to obtain Quantitative infnmetion about "amll

quantities of paraffin' mod to bond P and TUB powder in the apocimne uaed

led to the omplcion that H nay have contributed appreciably to the effecto

attributed to P and

Tariition with 1

lieactivity changes per pa atm for the marly central poultice la the

Te taped aa aonbly are given aa a function of I in Fig- It-J. The general

feetvrvo of dousmard trend from Z*1 to Zw5O and grouping of even Z elaaeet.a

above odd Z agree (though not la m<nltude) with obeervationo aa other

- k9 -

9 BC BBT

Od. Stailarly, Er?Oj (•pure*) gave strongest indication of I, with about

101 ly and lam than IS Br. Aa the effect of I in the hydride aaaenhly

If the “La“ epee lam mre for exaepla, LaH?, the B content could 

account for the reactivity choree obmrvad within a redlm of ?.$•
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and above 1^73, the trend la upward.

average being given by

(Mg-l)

it io necessary to turn to 

elastic scattering effects to account for positive energy contribution 

by relatively light elowenta.

- 51 -
S IC I IT

Positive effects of non fissionable noterials near the core cent er, 

of couroo, nuot bo attributed to neutron energy degradation by scattering. 

As inelastic scattering for Z^~3O and for the relatively low energy neutrons 

of the hydride io believed to bo negligible,

Actually & ( cr^

ryr...... .......................1 1
v'Average Effective Croce Sections for the Fast Plutonian Reactor Spectres, 
Hall and Hall, LAMS-7 3b (7/9/W).

^3)KAPL Progreso Report Mo. 39, Section II, Reactor Pbyelee, KAPL-P65 
(1O/1-31/L9).

Pf <•»>«
1. . .11^1 or A,f/1>

f
because, for neutrons near the core center Pf | and the two expressions 

agree for Pf< < 1.

S <
ar

(1)
'Cross Sections for Fast Beutrona, Part II, H. H. Barochall, etal, Ptws. 

Rev. 7? , P 681 (11/15/1*7).

assemblies/?) ^Tbe rare earth region appears to bo one of extrwnee.

*25

?
d E/E * - ....... . i ,

A ft 1
leads to an increase in fission probability, Pf, such that

1
K *

Tbs order of magnitude of the reactivity 

contribution per gw-etou, R^ in cent*/g»—stow, by an elastic ecatterer 

(aton weight A and scattering cross section '<£},) nay bo obtained as follows.

R- < >7
- ....A .A.. ft. ■„ t ufaere M- is the effective neutron

(^>25 <T> - 1 -*>25

nultipllcation per scattering. The neutron energy lose by scatterlr<, the
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*o matron energy (o.g. frm Lb-lbO)t

B
50 era B < 500 Bov |

dB

0.8

Talcing - UJ centa/gn-atoe.

Z 3 »>.

Valoao of Z

the indicated croupe. It ahould bo mntlomd that ■gri ■■■nt la poorer for

Am ria an Phy a Leal Society Booting

- ST -

8 B C 8 E T

Tbia relation, ahoon for loo Z by the dotted Lino in Fig. IT-J, io of the 

correct ardor of magnitude to account for tbo obeervod pool tiro of foe to.

Pointe for odd proton, even neutron one Lei are encircled in Fig. IT-J. 

Them generally font groupo wttbln adileb t rondo are promrvod.

m

(77i$75 - l.h,

•»<* )a g 6 b, on average for elamnta tooted in the raa^e b < Z < Jf, 

w have

«♦)„

■on, from < •> >75

Synpooim on 8«elaar Shall Btructare, 
at Wee Tort City (7/U/5O)

__!3k_ . 

(^>75 (<>/>«)75 «

A ♦ 1 
0.8

at *>ich nuclear aubahella are eoapletod. according to daiaateopf'a nod 
ification of iuyer*e ocham<$> (Z«a ahoon by daabea}, fall into gape botanen
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VtfUUon With Jtadiuo

Figa. TV-4, I»-5, and IT-6 Indicate for roan of th* nor* interacting

notarial a, reactivity chance* per p rtaa er nolo ae a function of radial

A* aontioned previouaXy, the reactivitypoult ton within the ■■**nhly.

change* ar* for a configuration which la unchanged except for addition of

the notarial of interact.

In Fig. IT-4. are grouped earn typical of pronounced neutron aheorber*.

ouree, are Inown to haw* largo abeorption croeo eectionB, Au and Cd, of

Ta, elnilarly effective, nay bo of interact bee cue*for la* energy neutron*.

■n, la the Tu tanpod aaeenbly.of potentially good nochan leal proportion.

la included a* typical of a trona It ion ceao la which a good taaper (for a

ctatlc aaeonbly) haa noaaurabla abeorption near the ©enter of the core.

A etrlkiag difference betaoaa curve* for VI tanped and for Tu tanpod

la that the latter rice nor* abruptly la the outer part of the

• Thia and a otailar difference between ration of 25 to 26

flaeloa catcher activities for the two aaoanbliee (Fig. 111-6) era con*latent

with greater degradation of energy of neutron* raturnlag to the core fra*

the Tu tanper than fra* the VI taaper.

Fig* r»-5 give* reactivity change raenlte for alanente of interact ae

tanper*.

- 53 -
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(6) other nuclear level **heew* each ae that of Feenberg and Hannock' .

(6) 
Vwclear Shell Structural feenberg and Vannaeki Phy*, lev. 75, p 1877

(6A5/W)
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Th* V carves,ohteh see noted for the ebeertere, >i— te te aatetelned.

it*This eooeidcratlo* led te the critical *m*for tee 11 t—fiT.

on 11 Hand Ta tmpere, vtaich vers deecrlted te Fart I.

A Ta earn te

am eermeted far fine ten).

mdneoa teeae vnlnee), tee rteelea emos aeettea rattea ef(eppretteble oc

la cease team tee principal ecntrl haters amPig. TV-7 am obtained.

■aaetlvity change rwtlva comes for aatertela teteh shoe a largo pealtlv* 

ooetribatten near tee com center am gloea te Fig* XV***

repeated te naphaalae tee scale.

step elastic scattering can aecoant for tee large central effect of 1.

typical of eh a orb am, appear te ho ate of place te tee teaper faaUy.

Scattering and absorption eoatrteteteae by Tn, 1.*., with fiaaten effects 

ewbtmcted, ar* indicated hr tee dotted com* for te* SI teaper and tee

Fleeloo effects of 20 sere eat tented fay applying

"I
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tested earn for Tn teaper. 

20 te 25 fleatea catcher activity ratten (Pig* XIX-*) to 25 reactivity 

changes maaltteg free fiaatea(frca Pig. IV-*).

Altboegh reactivity e hen pea per gn-sten am greater for Tn teen Ml at 

the position oatside th* hydride <3.35* radios), par salt vol***, 11 1* 

1.1 tine* *e effective as Te for the tn t eager and 1.1 tinea aa affective

Free tee Op seed P* date, tee rati* of effective fission erven section*, 

(25) / (itP), «R* he obtained. Ths Op cam* te corrected far 20 

ecatrihvtioe and hate 25 and hP am one mated far scattering ea te* aeevaptlea

teat it te the aene a* for T* (for tee latter cermet ten. Tn date te tern 
If e)-l-ec * 1.5? fer ?$ sad 2^Jt for b9(7>

goatroa gnltipllcattea te Sohcrltlcal Sphemo, A. Manana and M. L. 
tedereon, LA-1O13 (12A?A7).



ft*O*AU POSITION <■*»

rm nr-r

I

RATIO O* FISSION CROSS SECTIONS
OF <5 ANO <• l« HYOMlOt ASSEMBLES

0 92

0 82

O N< TAMASA

□
O

?

j

O T« TAMACR

XJJ*

!

II II I;

Im.
I 
u- Illi

I

O

o

O

V
P

O

o N



■HtTOM with wwrgioa appreciably above U»rMl, woere Q (75)/Jg(4*9) 

changes nonotcnleally (Lh-lbO), each ernes section ratio nay be

Interpreted as «n •effective* neutron energy. Altbongh ttia nay apply

aeutroaui of low snergj probably are

Conei daring thatsufficiently iaportant to c asgilleato tbs interpretation.

TytTS) /«7<k» > 1 for ~5u»vC •*< IDO Bev,

re pre neat depletion of either low energy or high energy end of tbe neutron

The decrease with radios of ratio of flesion cpectrtae, or of both ends.

rates of 96 and 7$ (Fart III), points to a high snergy influence, but 

appreciable self absorption of gold, for eweuyla, indicates additional low

energy contribution to the observed change in ernes sectloo retie.

• 7.0Critical Base

ha to rial rvpl ar scent, data provide a swans of c imputing the effect on

critical ease of wall changee la cere cenpooltiwa end density. As an
11lustration.

to art Qy octal Meenblytfor hydride.

the critical ease la Tw of ay»j st a density of 7.0 

•dll bo date mined.

for Ch*?,yjrl.o6ao.M^*■** ***** ccnpoeltioa of the hydride core) and for 

dyhj. The reactivity change per nolo of Qrhy. y .06%. y6 at *■*•**< p»

and no lee al ar esifht is M^fr), the reactivity change per unit volwae is 

*efW/Bo* Siallwly, far <h«j af deasity and anlaealar weight ■ and

Reactivity eh wage a per sola at various radii far 11% 75

(the satinet ad enpoeltloa of the hydride eanplo la sort • d far aeaeurwnowt)

<Tr(?5) ZQ(69) < 1 far ^<*-50^ and B*> WO Kov, 

the increase la^TH) /fifliP) with radial position la the hydride nay 
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reactivity change per nolo i(r), Uw ooetrlbwtlon per wait toIwb io

o

To aalatala Um reactivity level of Um original coaflgwratlaa, Um ootm 

( ■
aa a function of r in ca, MinFig. IT-8 <!*«•

355,

la critical nloa, 

- 60 -
a

Deduced helatlwa Between Critical gape and Denaity

Fran the reactivity chongee per awle of hydride and Ta, a relation tootcoon

hay be evaluated (by oweeoealvo approxiaatlon, V - 8f eentw/aola and — 

1>«6 Beate/ga etna) aa

Ttaa, for (fcrgj (pz 7^0) la a thick Ta tnarir, the critical ml mm woald bo 

?16O aP, the critical aaae 15.1 kg and the critical radian 8.02 cm (3.k5").

la replacing Tn ( pa, 

for A»e) egnele

BP/ta. Thee Um reactivity dacreaao which roeulta when <*fl2.9Jc1.08%.a& 

(dBMlty la replaced by Cgrgj (decMlty p ) througbowt the original 

core of redine ro la

volwae acet bo laereaaod bp a volaneAFe each that the reactivity lacroaaao 

averaged far A Fe) by Cbrtlj (p, ■, F overawed 

Thia reactivity ooetribwtion aey be expreoood 

- 1 JC
■

po S T.J5
p - 7.00 pa/ew3, N s ?J8.

Qrwpbical integration to ro g 7.8 ca givee A* a ??? cento.
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«~Oivlaion Trogr**c Mxrt, til »U>, (7/21A>-d/2OAT).
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«5. I.(r0) -

■c Ta

th* fractional Bb*ag* at critical mm, to give 
f rr

4ft M,

»e

or eonat.jo

Thia indicate* a nor* rapid variation with danaitg than la aooeptad far Or 

la thick Ta tanparJAlthough data far th* Ml tanpad hydrid* ara too akatchf 

far a aiailar caapntallan, nor* **tr— variation* with radlw Indi eat* *n aqn- 

**nt aven greater in ahaalnt* vain* than that givaa by th* abov* ooapwtatlon.

critical mm and hrdrid* danoitr nay be **pr*■!**!■ f nimlit

•inlier to that of th* loot aaatioa, th* f*U*vlng relation bald* if th* 

dMaltp af <*•«>

a< I(r) 4?- [ ®e <»i*) ^ -«*(*♦>
• "• •* K

«"M Me WP1T t* Tn, r9 la th* initial oar* radiM and

la th* chang* in critical vol*** ve. Thia nay b* eonhlMd with

ChC —J
P W“* ‘<r•,

XMartlng B<ro) « fl.5 wnta/Mla, p^9 9^/^, M ■

®Mta/n*la, fa* 1T.0 gn/cn3, M« s 2J8 and ^7.0 «n, thia baeoMa

and graphical Integration give* 


