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I
A neutron burst froa aa on tnapart cylindrical Oy pa

ssably occurred at the raj a*" it® Waste Control Laboratory 
at 1500 hours on IS April 1S53. The cireusetsaces canslap 
the buret and a description of the aesenbly involved are 
given. There was no personae1 hasard. Noras1 operatloos 
could hare been raeimed on other aseoabliee vithln two or 
three hours after the buret. No evidence of daaa*e to the 
Oy van observed. It van deteruinod that the burst resulted 

i1* fiesloas la the Oy. Also reported are sone 
results of coaputatioaa and poet-buret testa and a dis
cussion of probable tlae behavior of power level durla* the 
burst.
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1800 bouni cm 18 April 1M3, there occurred a burst 
of neutrons la aa Oy asaeably la the Braote Control Labora
tory at Fajarito Site of the Loa Alamos Acientific Labora
tory. The nearest personnel to tba barat were la the con
trol room about one-quarter of a allo away. A photograph 
of tba assembly la above la Fig. 1, and ita deocripticm la 
gives in tba accompanying caption. Figure X given a ache
antic diagraa of tba aaaanbly with aorns additions that were 
used la the pent burnt teets which are described in Sect ion* 
III of thia report.

1

indicated. Ay referring to thia curve, it la obvious that 
a complete aaaanbly should not bo made after the addition 
of the fifth plate on the upper component (for a total of 
eleven platen). The buret occurred, however, because ouch 
aa naaeably was attempted. Thia addition wan made aa a

(1)' 'The multipllentlow la the ratio of the leakage neutron

1
Complete naaeably of the two Oy components had boon 

aade previously with the ala Oy platen on the lower com
ponent, but first with only three and then with only four 
Oy platen on the upper component. Thia corresponds to 
totals of • and IO Oy plates, respectively. Figure 3 gives 
a curve of reciprocal multiplication<1> vu total Oy nans 
as obtained from these assemblies. Some Information given 
oa this figure was obtained from the post-burst testa aa 
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saeably to the leakage flux from aa idesti- A centrally located aock fission source was The flux wan measured by 8-10 lined neutron

••

See 
►e • e

al Tu assembly, n each assembly. 
ouster tubes in loag geometries placed near the assembly.
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tbe air from tbe air cylinder above, 
platen are 10MT la diaawtar and A.© am thick.

F1O. 1. 
remotely coat rolled aaaombly smcbino.

ltd ©.O mb thick fits i» the nupporting Al ria« of tbe 
upper component. A ©.ATS* diameter central bole through 
tbo platen wna filled vlth Oy alnpe vlth the eaception of 
a email centrally located Tn nonree bolder, A 
diagram of the Oy aaaembly la given in Fig. 4.

I

Tbe cylindrical anta my ad Oy aaaembly on tbe Comet 
-- ----------X ------Z-2—. The loner etack of 

• Oy platen can be ralaed on tbe hydraulic lift after tbe 
upper etack of Oy platen baa bone lowered Into pooitioa by

-- —— - ‘ ‘ ‘ Tbe Oy
A Tu atove-
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BcBcaatlc <1 aQraa of cylindrical Oy aoooatoly 
(JMmbIm) beta* ooodl afeoo tfco Bo*at oeeorrot. TBo |>r«- 
ciaioa <r«aaJ apiaictra aBooa wart oMot for tBo poo<>Barat 
la-rootl<atloo. All of tBo cowtral Bloga woro Oy oatcopt 
tBo TO a cores Bolter. TBo mock fission aoareo Bat a 
aoereo otroa*tB of aBaot • a M* ooetreat per oooeet.
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HO. >. Bee1procal saltiplicetlea wa Oy aaaa Bat aawably 
for a cloea* aMM*ly; cere aeperetiee tfietaace. flw
laferectlea atMoa ea taw f Metre far prwp* critical waa aa- 
taraiaaO is tba pacrt-lanrat BaraatMatBca that fallaao la 
•actlea tit.
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result of human error of. computation based on the numerical 
data civen graphically in Fig. 3. The name error was made 
independently by two different people. The attempted as
sembly van made an usual in steps and the last pause prior 
to the burst van at a separation of Oy components between 
0*25" and 0.30**. it was shown in the post-burst tests that 
followed that delayed critical was reached at a separation 
of 0.1135** and that prompt critical was reached at a sepa- 
rBtlon ot 0.0525** (unless expansion of Oy due to heating 
from fission reduced this required separation distance). 
It was not known if the burst occurred while the lower com
ponent was being raised under full power or if the power 
had been cut off and the lower component was coasting openyds 
Poet-burst tests indicate the latter to be true.

At the Instant of the burst, or inmediately thereafter, 
the following occurred: a smoko or steam puff originated la 
the Oy assembly and was observed on the television screen in 
the control room; the assembly was inmediately disassembled 
by the action of the safety monitors; all three safety moni
tor indicators in the control room went off scale; all four 
B-10 lined neutron counter tube scalers in the control room 

and the linear amplifier Indicator in the control 
r<KMB registered the radiation on the least sensitive scale. 
The counter tubes for the neutron counters and the ioni
sation chambers for the linear amplifier and safety monitors 
were in the laboratory with the Oy assembly.

A Geiger counter with its continuous recorder In a 
laboratory adjacent to the control room was observed to have 
g<me off scale and returned to its normal position almost 
immediately. A fission chamber In this same laboratory was 
counting background and the total number of counts registered

8 K C B 1 T
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tbe neat morning indicated a background connIderably higher 
than normal. Bouever, about five ninutea after the buret, 
no radiation neters in the laboratory adjacent to the con
trol room could detect any radiation: nor did the film 
badgea in the control room during tbe barat receive any de
tectable radiation.

Three miautee after tbe barat, one eafety monitor indi
cator van back on ecale and five miautee afterwarda, tbe 
neutron counter acalere were no 1oagar Jammed.

Two hours after the burnt, tbe background of the neutron 
counter* wan twice tbe normal value and tbe linear ampli
fier, which had been obaerved eince tbe buret, atill indi
cated a decay. At thia time, the laboratory wan eafely 
entered for a abort time. four houra and fifteea miautee 
after tbe buret, tbe Oy in the aeeambly wan diaperaed with 
radiation expoeurs to pereonnel of only •*. O.< B. At thia 
time, th* neutron counter* were down to normal background 
and the linear amplifier wan almoat at ite normal background 
rer-T* An inapectioa of tbe Oy indicated that there warn 
ao noticeable oxidation or damage of tbe material due to 
the buret. On the morning of 22 April 1*52, the name aa- 
aambly waa reetacked without giving any meaaurable radiation 
to personnel involved.
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x O.31B* thick) that

„ 5

• *«
h..:

a* ♦ • •*• ♦ L
•. : :*J • • »• a *

6*91
I f nJ

Tb* s*coud ala* bad a radium 
score* str**«th of 0.33 ailllcmrias which 

«oa Mgs I rm tut »•».*« as1* total fissfam. mitiplyia* 
ta* total *uab*r of Godiva flaaicma by th* ratio of irr.dl- 
•t*d slug str«u*ths (4.B5/0.33) aod by tb* ratio of tba 
rirr--------of th* Oy aas*abli*« iavolvsd la th* burst aad is
Godiva (P3.4/B3.3) *iv*a * 1.4 * 1® fwr th* total nuBber 
of fiaaioa* ia th* Oy aaa«U>ly. ~a *• aammia* that tb* 
ratio of avmra** to maximum fiaaioa rat** la tb* aaa* for 
both r.--------— Actually, it baa b**s calculated that tala
ratio ia four p*r c*at bl«b*r for tb* particular Oy *tackin* 

t. tb* burst. Tb*r*for*, tb* total auab*r of fiasiooa 
that occurred ia tb* cylisdrical Oy aaoambly for th* burst 
uaa l.B a 1O1S. Bo corroetioa baa b**s aad* for tb* pr«*«ac* 
of tb* TO atov*lid or th* *ap b*to**a coapoaoata of th* aa- 

a*ably *b*a th* burst occurred.

14

activity froa as Oy slu* (O.B7B” 
diaa. » O.31B- thlcBj taat had boss approximately caatrally 
located la th* stachis* (tb* lowr alu* Im th* upp*r stack!a* 

sbo*a la Fl*. 3> »a* compared with a radima standard by 
rT>—r* of a B*i**r comat*r IB boors aft*r th* burst. Aa 1- 
doatical uairradiat** aim* *aa plac*d ia th* e*mtar of th* 
apbsrlcal aataapMi Oy aaa^ably (Godiva) *hlch *as op*rat*d 
at 3.1 * IO11 flaaloms P*r s*coad for thirty ai*ut*m. 
radima **uival*mt *amaa aourc* str*a*tb of this second slug 
was d*t*radia*d ia a lib* aaam*r IB hours aftsr irradiation. 
Thus, by c«spari.o«, a c.lcul.tio. of tb* total »«mb*r of 

fiaaioa* is tb* burst could b* mad*.
Tb* flrat alm* had a radium **ulvsl*at gaum* source 

*tr*a*th of 4.BS mlllicuri**. 
**uival*st gamma 

*<uival*mt to S.B a IO
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Uk»*r coefficient of expansion of uranium - o ■ 14 a This van furnished by B. L. _L__
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<1)l:____ ^Z~_2___  71O"®/°C between 2O°C and 100®c7 <— -
Laquer of Los Alamos Scientific LaboratorySpecific beat of uraaiua a C. „ \   _ from National Nuclear Knarry Series sad van measured at tbs

The Morning after tbs buret, tbs normal total 
background fission count ia tbs laboratory adjacent to tbe 
control room was subtracted from tbe counts registered by 
tbe fission chamber that ran all night there (Section I). 
This gave tbe counts contributed by the burst neutrons. 
Thee, using a nock fission source of known Q-value and the 
inverse square law, it was computed that 1.3 a IO1* finsions 
occurred ia the burst. As no absorption or scattering was 
considered, thia value represents a lower limit.

3. Other Computations
The computations given ia this paragraph are those that 

could be undo from a knowledge of tbe burst strength, sone 
physical constants of uranium/and tbe energy per fission 
that could be used to boat ouch an assembly*3’

Tbe average tMKpwrature rise of the assembly was com
puted to be a. 3BOC. Biace it can bo shown that the ratio 
of maximum fission rate to tbe average fission rate in this 
assembly is 2.3, tbe maximum temperature rise was S3 °C. Tbe 
room temperature was 21°C so that the maximum temperature in 
the assembly was 1O4°C. This is believed coasiatost with 
the observation of the smoke or steam puff and the alalnun

Bureau of Standards in 1B4S.
<a)The energy released ia beat per fiaaioa • i?d Bov. 

This assumes that 1S7 Bev of fission fragment kinetic energy, Nev of prompt gammas, and 3 Nev of neutron kinetic energy go into heatlag the Oy. This value is based on work done by B. B. Loachman, Los Alamos Scientific Laboratory.
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mob (at conotaat beight-to-diane- 
tar ratio) variM InverMly aa the aquare of the denaity, a 
Mifora increaae la tenperature of 38°C would increaae tbe 
critical naaa by O.M3 kg of Oy. Bowaver, due to tba fact 
that tba tenperature rioe waa not unifora and tba denaity 
change in greater at the coater of the aaaoably, th' criti
cal aaaa io changed by a factor roughly l.g tiaaa thia, or 
* o.4d kg Of Oy. For coapariaoa with teata where mm waa 
added at tbe end only, 
1/1.S giving 4. 0.25 kg of equivalent Oy end 
factor waa computed fron tbe ahape factor 
Oy cylinder* aa givea in LA-1155.

thio now han to be nultipliad by 
n*M. Thio 

curve for untanped

danago and oaidatiM to tbe Oy.
•face tba critical

- - — —



POOT-BUKST TB8TSIII.

TABU 1.
O .35 *’/••<?
0.3 seca

■uImm lift velocity
Time required to activate the erra—

R

The primary purpose of the poet-buret teata was to 
fiad the reactivity of the aaaaably as a fmactioa of aopa- 
ratioa distance of the two components and to fiad the maai- 
mua assembly rate aad the time required to activate the 
acraaalng mochasism.

Table 1 gives the reaulta of the tlmo-motiom study of 
the hydraulic lift.

Beeulta of tlae-aotloa study of hydriullc 11 1t .

la preparation for the poet-buret reactivity moamaro- 
aeate, the procioion ground positive atop shims shown ia 
the diagraa of Fig. 3 were added. Thia allowed a precisely 
known separation distance of the upper aad the lower com
ponents of the aaaaably. Figure 4 gives the separation of 
the coaplete Oy assembly components both as a function of 
the reciprocal multiplication and Al, the reactivity above 
delayed critical. The multiplication was measured as de
scribed in Section I aad AK was determined by measuring 
the e-foldiag time of the assembly in the delayed critical 
region. The relation between AK and the e-folding tiau» la 
given by the inhour equation (LA—1033) involving data on 
delayed neutrons from Bugbes. et al (Phys. Bev. Q, 111 
(1848)).

Table II gives a summary of the information taken from 
curves of Figs. 3 and 4, and Table III gives a summary of 
the computations made.
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later— tion taiwa froa Figs. 3 and 4.II.

0.0525"
&

1.47 k« of Oy

♦

•oparatloo of coapoaenta

*
TAJHUB 111.

O.O51S"/ks

5.4 |/*ec

0.03*4"

«

0.1135"

0.041"/coat

~ s" ■'

Competed data<

1.14 kg of Of
Oy end naa* increavnt between 

delayed sad proapt critical
Bquivalence between ••paration 

increetent and none increnewt
Maxlnun rat* of change of 

reactivity
Cloeeat poealble di*tanc* of

•op*ration

a 1.13 M/f • 

7.1 a IO16

0.0445"

TABLE

Separation of ccapoaoat* at 
delayed critical

Separation of ccapoaeata at 
proapt critical

Bad aaaa iacreaeat oqniralent 
to a M/1 of 0.01

Separation iacrenent of con- 
poaeat* •qnivaleat to a 
A1/4 of 0.01

Bqnivalence between AK and 
••paratioa of consonant*
—

.

0.0525 - 0.34 a 0.0514
Soulvalence between naaber of 

fiaaioan and dollar*
, . _ .«141.5 a 1O*W total fl*aiona
0.25 k* end na»* Sc incroaae
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where

andF - 1.5 * IO

7.1 8 IO

Thus,

*

OK 
<F

dent wan somewhat a* follows: 
aawombly reached prowpt critical,

I

fiMloM per second.

weaa fission rate, 
lated to the wean assembly rate, dK/dt, by

d^fydt

fiesioM per dollar (Section Kill.

fineions were produced by the burst, then
• 5 a 1016 

IS

The 0.3 second required for the scran signal to start 
the mechanical disassembly is sufficiently long that the 

F, durinc this interval of tian is re-

dK/dt • 5 a 1O*W/7.1 a 1O*W > 0.7 dollar per second, a walM 
well under the 5.0 dollars per second corresponding to full 
lift speed. As lone as a positire assembly rate is Mia- 
taiaed, the system reMiM very Marly at prompt critical. 
If the lift coasted to a stop at some iMtaat within the 
0.3 second interval, the reactivity would tend to diminish 
from prompt to delayed critical is a tiM comparable to the 
Maa delayed neutron period; i.e., <*. IO seconds, the rela- 

*•/!<

^jf-*** - 7.1 a 101S 
Since 1.5 a IO1* 

lg/O.3 

ia/7.1 a IO

tively low power level during thin tiM being •*.

or 7.1 a 10ia fissions per second. Thue, one would aspect 
essentially the sum burst siM for all cases is which the 
Mt travel of the lift beyond the initially prompt critical 

configuration wan 1.5 a 10l®/7.1 a IO1* 9r 3 0.31.
One My suppose that the tiM behavior during the inci- 

At the iMtaat when the Oy 
the lift wm coastiag and
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<*. 1 or 3 dollar* per 
A short (1 Hli*ocood) profit buret coeaiatia* of 
••Kaa tbta occurred (•*• LA-SOd or l-A-1441 for 
^^uch a buret) thereby reduct a* the total re- 
allghtly below proept critical aad also atartia* 

The power level aow

*e ••

ee ••

3. 2.C .3. 2 f 
ilr Hl H

..... . I"—1 -

*lvia< a —chaaical aaa—bly rat* of 
•oeoad. 
e. 101S f 

detail* < 
actiwi%/ 

th* acre* *igaal doe* it* loo* path, 
rapidly (aevwral *illi*aco*d*) atabilia** at a rale* of 
•v 1017 fiaaioua per **co*d; &.*., a vale* aucb that th* 

diaa**a*bly rat* by tharwial *xpaMlo* Ju*t equal* th* •*- 
chuaical a*aa*tily rat*. After th* lift atop* co**ti*p 
(thia fi**l posit io* corr**po*dla« to a eoaf ipuratio* which 
would haw* b*** *- S.31 awper preept critical at th* !■- 
itlal t—pa rater*), th* poeer level at ah* to » 7 « IO15 

fi—io— per arc out. I* a tie*, 0.3 aecoad after the 
proapt buret, th* lift i* forcibly dropped thu* twnaiaatia* 
th* react 1—.
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with tbs BubM^utat tsata and 
aulytlB, aloof with prssioua saporisacs of this typo, has 
indicator tbs foaaibility of oxporiaMsto with controllod 
Mlf-taralaatiac (by thorusl •sponsion) prompt noutron 
bum tn of prodotormlnod oa<nitu4«. Computation of burnt 
charactoriatten as functions of aassmbly paramotora havo 
boon mads (LA->441) and laboratory studioa am non in 
prograaa oo tbs conduct of such saporlawata.
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