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An Unreflected U-235 Critical Assembly’ 

R. E. PETERSON AND G. A. NEWBY~ 

Los Alajtros Scicnti$c Laboratory, Los Alumas, New Mexico 

Iieceived November 90, 196.5 

An urirefiect,ed, spherical UzzG critical assembly has been in operation at 
the 1~0s Alnmos Scientific Laboratory since August, 1951. A remotely con- 
trolled mechanical system is used to assemble subcritical components of the 
sphere, and reactivity is adjusted with U*a5 control rods. The maximum power 
level during sustained operation is about 1 kw. Investigations with the as- 
sembly include studies of the neutron spectrum, observation of the changes 
of reactivity produced by inserting foreign materials into the assembly, and 
det,ermination of parameters such as the temperature coefficient of rcactiv- 
ity. In addition, esperimcnts at reactivities above prompt critical have been 
carried out. The assembly has also been used as a source of short, high-intensity 
bursts of neutrons in the st,udy of delayed neutrons following fission. 

INTRODUCTION 

linti 1’351, studies of all-m&,1 critical assemblies carried on with the Pajarito 
Site rcmot,cly c+ontrolled fncilitics of the Los Alamos Scientific Laboratory (1) 
were conwntratcd on configurations of W5 surrounded by various reflectors. 
With these critiral assemblies, spatial dependence of fission rates, relations be- 
t jvccn Critical mass alld reflector thickness and material, changes in reactivity 
produced by the illtroductioll of nonfissionable materials into the assemblies, 
distribution-in-eil(?~gy of ncut,rons in the fissionable material, and time-depcnd- 
cnt behavior of prompt neutron fission chains were investigated. 

An cxtellsion of these studies with a bare assembly consisting entirely of fis- 
siollable mat,crial in a simple gcomot,ry seemed desirable, since the number of 
parameters affwtillg the intcrpwtation of measurements would be reduced. AC- 
(tordingly, a nearly ~phcri~l and unreflected assembly of uranium, enriched to a 
IJ2”” cwntcnt of approximately 90 %, 3 \\~as constructed. This device, known as 
“J,ady Godiva,” was first opcrat,cd at delayed critical in August, 1951. 

This paper deals maillly with details of the design and with parameters of 

1 Work performed under t.he ausl)iccs of the U. S. Atomic Energy Commission. 
2 present address: &~llool of 15ngin(:ering, Iiniversity of California, Berlreley, California. 
8 III sr~lwx~uc~it rcfe~:~~rc:s, 1 he term “uranium ” implies material of this enrichment iI1 
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importance in the operation of Godiva, and is meant to be descriptive rather 
than interpretative. Esperimcnts involving use of this critical assembly are 
mentioned briefly. 
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DESIGN OBJECTIVES AND CONSTRUCTION 

In designing the unrcflccted P5 critical assembly, the objectives were these: 
(a) The uranium components should as nearly as possible constitute a sphere, 

of uniform density and isotopic composition, free from internal voids and from 
dilution with nonfissionable structural materials. 

(b) Major sections, individually subcritical, should be capable of assembly by 
remotely controlled mechanical devices with such precision that the reactivity 
of the sphere would be accurately reproduced in successive assembly operations. 
However, in order to minimize neutron reflection, mechanical supporting sys- 
tems should be small and light. Accurately reproducible aligning and positioning 
of the uranium components should, therefore, bc effected through the design of 
the sphere sections themselves rather than by provision of a mechanically pre- 
cise or rigid assembly device. Design of uranium pieces should be consistent with 
the mass limitation imposed on uranium casting processes. 

(c) The interior parts of the uranium sphere should be accessible to permit the 
insertion of foils and counters in experiments. 

(d) Two systems of reactivity control should be included. A continuously 
variable control should provide for reactivity adjustment with an accuracy of 
about 0.01 cent over a total range of perhaps 75 cents. (A cent is 1% of the renc- 
tivity increment which changes an assembly operating at delayed critical to one 
in which the prompt neutrons alone sustain the chain reaction.) A second, coarse 
system of control to produce successive, equal increments in reactivity by steps 
of about 5 cents over an 80-cent range, would also be desirable. This system 
could be used for measuring the linearity of the continuously variable control 
system as well as for making the gross adjustments to the sphere mass necessary 
in some experiments. 

The way in which the desired features were incorporated into the final Godiva 
design is indicated in Fig. 1, a view of the uranium components of the critical 
assembly. It will be noted that the ideal geometry was not achieved, but that 
instead the assembled parts make up a slightly elongated ‘Lsphere.” The equa- 
torial diameter of the ball is roughly 62 in. (~17 cm) and the average density 
is slightly less than 19 gm/cm3. 

As indicated in Fig. 1, proper positioning of the sphere sections is effected 
through the combined action of the alignment cones and the ball-and-socket 
joints by which the upper and lower sphere sections are attached to the assembly 
mechanism. A small degree of flexibility in the thin-walled steel tubing members 
which support the three major sphere components compensates for minor mis- 
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FIG. I. View of Godiva comportcnls. With the exception of the steel support struct.uro 
and the Ml portions of the flcsil)le mounts, all parts are umnimn. The upper nnd ccntol 
sphcrc sections arc shown scp:tmtcd into basic pieces. 

alignments in the assembly mechanism. The @-in. c$indrical channel or “glory 
hole” along a diametc!r of the sphere provides the required access to the interiol 
of the assembly ; space not, owupied by esperimcntul apparatus is filled with 
the uranium plugs illustrated in Fig. I. 

Cont,inuously variable rcac%i\Tit,y control is obt,aincd with the two & in. diame- 
l,er uranium rods (Fig. I) which may be insertad into the chamiels parallel to 
the glory hole. l%w making suwcssive, equal cahanges in criticality, there are 
fourt,een 0.25 in. dacp, 0.875 in. diameter recesses distributed on the sphere 
surface. These aooommodate uranium “mass adjustment plugs” 0.250 in. (“A” 
plugs) or 0.5-J-3 in. (“l3” plugs) t,hicsk, which arc held in place with uranium 
,sew\vs. , 

Figure 2 shows :LI~ over-all view of Godiva, including the steel tubing frame- 
work of the assembly mwhanism, the air cylinder supporting the upper sphcro 
scct,ion, and the hnngers holding the center section. The control rod actuating 
mof,ors, gear boxes, indicator selsyns, etc., constitute the mechanical unit shown 
to the right of t,he wnt,cr sphcrc swtion. A small air cylinder included in this unit 

FIG. 2. Godiva. The II 
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T h e  mechan ica l  opera t ions  invo lved in  mak ing  a  rout ine assembly  of the fis- 
s ionab le  m a terial  a n d  ach iev ing  a  crit ical conf igurat ion a re  ini t iated by  pe rsonne l  
in  a  contro l  r o o m  abou t  one- four th  mi le  distant f rom the bu i ld ing  wh ich  houses  
God iva .  T h e  p rogress  of the assembly  opera t ion  is s h o w n  by  s igna l  l ights a n d  
se lsyn-dr iven indicators coup led  to mov ing  parts of the assembly  mach ine .  
S ince,  for reasons  of safety, it is undes i rab le  to vary m o r e  than  o n e  pa ramete r  
affect ing criticality at a  g iven  tim e , su i tab le inter locks permi t  the opera to r  to 
m o v e  the f iss ionable componen ts  together  on ly  in  the fo l lowing sequence :  

(a)  T h e  u p p e r  sphe re  sect ion descends  as  ai r  p ressure  is g radua l ly  re leased  
f rom the lift cyl inder;  the a l ignment  cones  gu ide  it into posi t ion o n  the center  
sect ion of the sphere .  

(b)  P rov ided  the contro l  rods  h a v e  b e e n  w i thdrawn a n d  the source  ho lde r  
a d v a n c e d  to the sur face of the sphere ,  the lower  sect ion m a y  b e  ra ised.  To  insure  
posi t ive c losure at the sphe re  sect ion interfaces, the lower  sect ion is a l l owed  abou t  
0 .01  in. over t ravel  b e y o n d  the po in t  of contact  wi th the center  sect ion be fo re  the 
lower  lift p is ton comes  to b e a r  o n  a  mechan ica l  stop. This  over t ravel  is accom-  
m o d a ted by  elast ic def lect ion of the u p p e r  a n d  centra l  sphe re  sect ion supports .  

(c) T h e  contro l  rods  m a y  next  b e  inser ted as  requ i red  to b r ing  the assemb led  
sphe re  to a  de layed  crit ical conf igurat ion.  T h e  source  ho lde r  m a y  b e  ret racted if 
des i red.  

D isassembly  of the sphe re  m a y  b e  m a d e  in  any  sequence .  A i r  a n d  hydrau l ic  
va lv ing is a r r a n g e d  so  that a n  electr ical  p o w e r  fa i lure results in  automat ic  sepa-  
rat ion, o r  L ’scramming,” of the sphe re  sect ions. Su i tab le  neu t ron  detectors fur- 
n ish  a  sc ram s igna l  if the f ission rate exceeds  a  speci f ied value.  Retract ion of 
e i ther  the u p p e r  o r  the lower  sphe re  sect ion a l one  makes  the assembly  h igh ly  
subcrit ical,  a n d  on ly  s imu l taneous  mechan ica l  mal funct ion of two i ndependen t  
actuat ing dev ices cou ld  prevent  effective d isassembly  of the f iss ionable m a terial. 

E a c h  contro l  r od  is m o v e d  by  a  40-p i tch l ead  screw dr iyen by  a n  electr ic m o tor 
th rough  a  m a g n e tic c lutch a n d  a  g e a r  box.  R o d  s p e e d  is var ied  by  chang ing  the 
f ield current  t ,h rough the clutch. T h e  ent i re  contro l  r od  dr ive uni t  is he ld  in  a  
f iscd posi t ion relat ive to the sphe re  by  tie bars  para l le l  to the rods;  the posi t ion 
of the rods  at any  g iven  tim e  is s h o w n  in  the contro l  r o o m  o n  se lsyn-dr iven indi -  
cators ca l ibrated to 0 .001  in. 

D E L A Y E D  CRITICAL O P E R A T IO N  

CRITICAL M a s s  

A fter a n  initial, unsuccessfu l  at tempt to b r ing  G o d i v a  to de layed  critical, the 
inser t ion of a  0 .1  in. t,hick u ran ium cyl indr ical  sect ion o r  “sh im” into the u p p e r  
sphe re  sect ion (Fig. I )  m a d e  it, poss ib le  to ach ieve  a  crit ical conf igurat ion wi th a  
total mass  of about ,  5 0  kg. This  mass  inc luded  the O .l-in. shim, o n e  contro l  r od  
complct.cly inscltcd, the sec*ond  rod  approx imate ly  one-ha l f  inserted,  a n d  1 1  of 
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the “A” plugs. In anticipation of experiments where the esccss reactivity avail- 
able by filling all surface recesses with the thicker “B” plugs would be innde- 
quate, the O.l-in. shim was replaced with one 0.2 in. thick. Delayed critical was 
then obtained with approsimately the same control rod configuration, but with 
only 2 “A” plugs in place on the sphere. 

The equivalent mass contribution from neutron reflection to the sphere by 
supporting hangers, etc., is probably less than 100 gm; this number is based on 
effects observed in multiplication measurements on subcritical, unreflected 
spheres and on the measured change in reactivity produced by placing additional 
dummy hangers near the sphere. A comparison between the critical mass indoors 
and the critical mass observed with Godiva located out of doors on a tower about 
15 ft above ground level indicates that neutron reflection from the building floor 
and walls decreases the critical mass by less than 0.2 %. 

CONTROL SYSTEM EFFECTIVENESS 

The basic procedure in the reactivity calibration of control rods and mass ad- 
justment plugs was to establish a delayed critical configuration as a reference 
point, increase the reactivity by inserting known amounts of control rod or by 
adding a given number of plugs, and measure the rate at which the fission rate 
increased in the (supercritical) assembly. Ali associated with the particular 
change in configuration was then obtained using the delayed-neutron data of 
Hughes et al. (2) in the inhour equation relating the fission rate e-folding time, 
or “positive period,” to the excess reactivity above delayed critical. 

Ak for the original 5.5-in. control rods was observed to be about 44 cents per 
rod; however, nonlinearity of AI; as a function of control rod insertion prevented, 
in practice, full use of the available control. With some sacrifice in total avaiIable 
Ale, improved linearity was achieved in one rod by placing a 14 in. long uranium 
plug in the end of its channel and shortening the rod by an equal amount. A/c as 
a function of position of the modified rod is shown in Fig. 3. On the linear por- 
tion of the curve, Ak per in. of control rod is about 11.7 cents; the total control 
available with the modified rod is approximately 33 cents. As the second rod is 
normally used at full insertion, nonlinearity is of less importance in this case. 

Because of the elongation of the Godiva sphere, Ak for a mass adjustment plug 
depends upon its position on the sphere. The effectiveness ranges from 5.2 to 
6.0 cents for “A” plugs and from 8.1 to 9.3 cents for “B” plugs. 

REACTIVITY CONTRIBUTION OF INTERIOR AND SURFXE MASS 

A quantity of interest in routine use of the critical assembly, as well as in 
theoretical considerations, is the react,ivity contribution per unit mass of ura- 
nium at various points in the assembly. The desired data were obtained by de- 
termining the change in reactivity associated with the insertion of a 30-gm, 
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CONTROL ROD POSITION (INCHES) 

FIG. 3. Calibration curve for modified control rod. 

3 in. diameter, 3 in. long uranium cylinder into a corresponding cavity in one 
of the glory hole plugs, whose radial position in Godiva could be varied. The 
results of these “rcplacemellt” measurements, which were extended to include 
introduction of normal uranimn and plutonium samples into the assembly, arc 
shown in Fig. 4; the rcnctivity change produced by a sample at a given radial 
position is expressed in cents per mole of replacement material. 

The curve for uranium, Fig. 4, can bc used to determine directly the mass iw- 
cremcnt bctwccn a delayed c*riticaal and a prompt critical Godiva configuration ; 
one needs only to read off t,hc reactivity contribution per mole of uranium at, the 
surface of t,he sphere and from this obtain the number of moles corresponding to 
a IO&cent react.ivit,y change. The mass difference between prompt and delayed 
critical is thus found to be between 1200 and 1300 gm. 

TERIPERATUI~E COIZWICIENT OF REACTIVITY AND REACTIVITY REPILODUCIBILITY 

.I ximplc calculation involving the thermal expansion coefficient of urallimil, 
the mass difl’erenw bctwecn promptS and delayed critical, and a proportionality 
between critical mass and t.hc reciprocal of the square of the uranium densit,y 
showed t,hat, t,he tcmpcraturc coefficient of reactivity should be about - 0.34 
cent/C” for Godiva. The measured variation of reactivity with temperature is 
sho\vn in t,hc curve of Fig. 5, which indi&es that the temperature coeficielrt 
is :~lwut~ 0.033 control rod ill./C”, or -0.40 cent/C”. 
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RADIAL POSITION IN GODIVA (Cm) 

Fro. 4. Reactivity contribution values (per mole of replacement material) for fission- 
able materials in Godiva. The graph includes data from measurements made outside the 
sphere surface. 

This temperature coefficient is sufficiently large so that fluctuations in room 
temperature produce troublesome shifts in reactivity, particularly since the ther- 
mal capacity of the assembly is small and the time of response to ambient tem- 
perature changes is correspondingly short. A system of thermostatic control 
which made the “local” ambient temperature variations small and regular (0.5C” 
amplitude, 10 min period) was fowd to give adequate reproducibility of the 
reactivity of a given configuration of the assembly. In one experiment carried 
out under these conditions, the control rod setting at delayed crit,ical varied by 
no more than 3~0.010 in. (ho.1 cent) in repeated assembling of Godiva during 
a three-day period. On the basis of accumulated experience, temperature varia- 
tion rather than mechanical trouble is generally suspected if the rod setting for 
delayed critical varies by more than ho.005 in. in successive assembly operations. 

Godiva is necessarily operated only at low power, since neither a cooling sys- 
tem, nor shielding to protect personnel entering the building after operation, is 
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FIG. 5. Control rod position required to maintain a delayed critical configuration at 
various temperatures of the critical assembly. The slope of the curve is -0.034 in./C”, 
or -0.40 cent/C’. 

provided. In practice, experiments involving precise reactivity measurements 
are generally carried out at power levels of from 0.1 to 1 watt, so that self-heating 
does not produce appreciable changes in reactivity. In other t.ypes of csperi- 
mcnts, where a high neutron flux rather t#han accurate control of criticality is 
needed, a power level of about a kilowatt may be reached. At this po\fTer, c);cess 
react,ivit,y available in the control rods is sufficient to offset the effects of tern-- 
perat,ure rise in the assembly for only about an hour’s running time; since the 
radiation level at the surface of Godiva is of the order of 100 r/hr follo\\$lg such 
operation, it is not, fcasiblc to increase reactivity by adding mass adjustmellt 
plugs manually. 

At 100 watts, the neqtron leakage from Godiva is about 5 X lO’2 11/w:. 

MEASUItEMI~NTS 

13rief descriptions of neutron energy and cross s&ion comparison measure- 
ments involving the Godiva assembly are presented in the following sections, 
A discussion of some aspects of the st#udics made at, rcactivities above prompt, 
critical is included. 

EAmKX SPICCTRU~~ OF ~,EAI<AGIC n’EUTRONS 
Measurements of the energy spectrum of leakage ncutxons from Godiva have 

been made with nuclear emulsions and with a hydrogen-filled cloud chamber. 
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FIG. 6. Comp:wison of the Godiva leakage spectrum antI urdum fission neutron spectrum. 
The curves are normalized on the basis of their integrals. 

The data were obtained with Godiva located out of doors on a scaffold such that 
the critical assembly was about 15 ft above ground level; this arrangement re- 
duced the background of scattered neutrons. The results of the emulsion work 
are shown in Fig. 6. The fission spectrum (as obtained by Rosen (3) in recent 
nuclear plate measurements) is also shown for comparison. 

FISSION CROSS SECTION RATIOS : SPECTRAL INDICES 

Many attempts have been made to obtain data on differences in the neutron 
spectra of various critical assemblies at Los Alamos. In the absence of means for 
direct interior measurements of neutron energies, a comparison of fission rates 
in U234, U235, Uz3*, and Np*37 foils inserted into the critical assemblies permits 
tabulation of relative values of the respective fission cross sections averaged 
over the assembly’s spectrum. These “spectral indices,” interpreted on the basis 
of separately measured fission cross sections as a function of neutron energy, 
give indications of differences in the neutron spectra of the critical assemblies. 

The results of measurements made at the center of Godiva and in a fission 

TABLE I 
SPECTRAL MEASUREMENTS: OBSERVED FISSION CROSS SECTION RATIOS OF FOUR NUCLEI 

IN Two NEUTRON SPECTRA 

121 

LT,(u~“~)/u,(u238) 3.9 5.9 
w,(u23”)/q(u23*) 4.2 5.0 
~,(Np*3~)/q(W~) 3.8 1.5 
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TABLE II 
ENPRGT DISTRIBUTION 01” Frss~o~ SPECTRUM AND (CENTRAL) GODIVA SPECTRUM NEUTRONS REACTIVIT 

Fraction of neutrons per energy group 

Fission 
spectrum 

Godws spectrum 
(central) 

O-O.4 Mev 0.10 0.21 
0.4-1.4 Mev 0.34 0.41 

>1.4 Mev 0.56 0.38 

spectrum (3-7) of neutrons are shown in Table I. Some of the data were obtained 
with a small “double” ionization chamber containing foils of each of the two 
isotopes used in a given measurement; in addition, radiochemical analysis and 
y-counting of foils irradiated in the assembly were also employed in determining 
relative fission rates. It has been estimated that the relative values of a given 
cross section ratio in the two spectra are uncertain by &3 %. The ratio of cross 
sections for a given pair of nuclei in a particular spectrum is less certain, since 
these values depend upon foil weight determinations. The data of Table I imply 
the approsimat,e neutron energy distribution listed in Table II for the Godiva 
spectrum; ncut,ron distribution in the fission spectrum is included for comparison. 

Continuing improvement, in counting techniques, plus further investigation 
of the background problem cncountercd in the fission spectrum measurements, 
should improve the precision of this method of spectrum comparison. 

The reactivit,y contributions of small samples of various elements (nonfission- 
able as ~(4 as fissionable) introduced into corresponding cavities in Godiva have 
been dct,ermilrcd as functions of position. Data on the renctivit,y contributions 
may be used in estimating the relative avcragc transport, cross sections of dif- 
ferent, clcmcnts. For certaiti elements, it may be possible to evaluate the relative 
importance of Ilcutron capture and inelastic scattering of neutrons in producing 
the observed reactivity contribution of the replaacment elcmcnt. 

The results of measuremetlts of the reactivit,y contributions per mole of a 
number of clemcnts are given in Table III; dat,a on uranium, normal uranium, 
and pluf~onium arc not, ilwludcd in Table III since these are shown graphically in 
Fig. 4. Additional data have been reported by Avery ct al. (8). 

With o11c eswption (9), previous studies of critical assemblies at Los Alamos 
have been limited to the reactivity range between delayed critical and some 
point well below prompt critical. Itecent,ly, a renewed interest in extending this 
range to include rcactivitics greater than 100 cents above delayed critical illi- 
t,iat cd what, has been know11 as the “pl,oliipt-bul.st, program,” involving a ge~lcrul 
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Element 
or isotope 

Be 
B 
13’0 

(-85%) 
C 
Al 
Fe 
co 
Ni 
Cl1 
%n 
Ag 
Au 
Bi 
Th 

Reactivity contribution, cents/mole, at designated radial positions 
0.030 in. 1.242 in. 1.930 in. 2.512 in. 3.112 in. 3.206 in. 

6.7 9.4 11.6 10.8 0.4 
-6.3 -0.7 4 .!I 8 7.9 

-42.1 -0.1 6.6 
2.2 5.0 9.0 10.4 9.7 
0.4 4.6 0.3 0.9 8.1 

-0.1 3.0 8.2 10.6 0.0 
-0.5 0.7 12.2 11.1 
-4.0 2.0 8.0 10.7 0.B 
-1.6 4.1 9.3 11.8 10.5 
-2.3 4.5 0.0 11.7 11.6 
-0.2 8.4 14.1 13.7 
-7.6 2.2 11.6 17.8 17.8 
-1.5 16.6 21.8 1D.S 
-1.2 5.7 18.8 21.6 20.0 
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investigzLtion of the behavior of a critical assembly at excess reuctivities in the 
range from about 95 to 110 cents. Some points of &crest in such a set of meas- 
urements were these: (a) The observed self-termination (via thermal expansion) 
of the rapid rise in fission rate in a prompt critical assembly could bc compared 
with the calculated shape, size, and duration of the fission burst. (b) A com- 
parison between the observed and the predicted prompt critical configuration 
would determine, at least in principle, whether or not the delayed neutron periods 
and abundances used in the inhour equation are correct; deviations from the 
reactivity scale as predicted by the equation should be most apparent near prompt 
crit,ical if, for instance, the shorter period and abundance values were in error. 
(c) The availability of a high-intensity neutron pulse, as produced by a fission 
burst, suggested a method of looking for short-period delayed neutrons, since 
short-time irradiation of fissionable materials (favoring saturation of any short- 
period delayed neutron activity) could be accomplished in higher fluxes than 
would otherwise be obtainable at Los Alamos. 

Mies at Los Alamos 
bd critical and some 
cst in extending this 
delayed critical ini- 

” involving a general 

Godiva was chosen for use in the prompt-burst, program because a selected 
reactivity could be accurately reproduced; also the assembly had previously been 
operated routinely at reactivities as high as 0.5 cents above delayed critical. The 
major modification to the assembly for studies of prompt critical behavior was 
the provision of a third “control rod, ” consisting of a 5 in. diameter, 7 in. long 
uranium cylinder which could be propelled into the (modified) glory hole by an 
explosive charge to yield a rapid, reproducible change in reactivity of approxi- 
mately 100 cents. 

TABLE III 
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As a lo-channel, gated scaling system employed in recording routine positive 
period measurements was not practical to use for e-folding times shorter than 
about 0.1 set, the time dependence of the fission rate at high reactivities was 
observed by applying the signal (proportional to fission rate) from a scintillator- 
photomultiplier detector to the z-axis deflection plates of a cathode ray tube 
while driving the y-axis deflection system with an (adjustable frequency) oscilla- 
tor to furnish a time base. A photograph of the oscilloscope trace would then 
yield the data required to obtain the fission rate as a function of time during a 
burst. 

Starting at about 95 cents above delayed critical, periods were measured at 
reactivities closely spaced in the interval between 95 and 110 cents, the latter 
point corresponding to a fission rate e-folding time of about 12 I.tsec. In the largest 
fission bursts observed, approximately 2 X 1Ol6 fissions occurred, the major por- 
tion of the energy being released in about 50 psec. The average rate of energy 
release during the main portion of the fission burst was, therefore, between lo3 
and lo4 Mw. The resulting temperature rise of the assembly was 100°C. Details 

FIG. 7. I):tt,n from t,lic Codiv:l “prompt, 1)urst” eslkmcnts. Curve I sliows the measured 
periods of t,he crit,ic:d :~embly as a fuuction of react.ivit,y. The rcciprocd of the period, 
l/7’, is plot.t,ed on Curve II. I’:xtr:Lpol:Lt ion of Curve II to the point l/7’ = 0 determines the 
prornl)t, critical coufigur:ttiori. 
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of the burst shape were in agrcctncnt with those predicted on the basis of avail- 
able excess reactivity. This demonstration of the self-limiting charactcristit: of 
prompt critical bursts in Godiva is of interest in consideration of reactor safety 
probletns. It appears that at least for moderate values of the csc’css reactivity 
above prompt. critical, the negative temperature cocfficicnt of reactivity limits 
the size of the fission burst in an effective and highly reproducible fashion. 

A graph of the observed fissiott rate e-folding times, or periods, as a function 
of reactivity is shown in Fig. 7. The point designated as “prompt critic!aJ” was 
established by extrapolating linearly to zero a plot of reciprocal period agnittst 
reactivity, a valid procedure if the extrapolation is based on periods short cotn- 
pared to delayed neutron periods. The period of the assembly at, prompt critical 
is about 0.74 msec. 

An evaluation of the control rod efl”ectiveness consistent wiLh the observed 
chattge in configuration required to bring the assembly from delayed to prompt 
critical indicates a control rod worth of 11.55 cents/in. This number differs by 
slightly more than the estimated error in measurement from the 11.7 cents/in. 
obtained in the O-60 cent reactivity range. A comparison of these values clots not, 
therefore, indicate definitely whether or not the delayed neutron data of Hughes 
(2) used in the inhour equation gives accurately the relation between reactivity 
and period over the entire range between delayed and prompt critical. Recent 
direct measurements of delayed neutron periods att LOS Alamos (IO), however, 
yield a set of periods (and abundances) somewhat different from those of Hughes 
(2). Putting these latter values into the inhour equation produces better agree- 
ment bet.ween calculated and measured fission rate e-folding times at a specified 
reactivity near prompt critical than does the use of the Hughes’ values (2). 
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