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ExPerimentaI work on the exponential project was resumed during the leaf 
two weeks of the quarter after completion of the experimental work on the con. 
verier reactor mock.up. A remeasurement of one of the first of 32 “clean" 
uranium-D2O lattices investigated at North American Aviation has demonstrated 
the consistency of the buckling measurements, and of the D^O purity.

A thorough analysis of the data obtained on depleted, natural, and enriched 
uranium lattices has been made. Consideration of the possible sources of dis. 
crepancies between theory and experiment haa led to a suspicion of the calculated 
thermal neutron diffusion lengths. A series of diffusion length measurements 
in non-multiplying lattices of lead-cadmium alloy rods has been initiated.

of some early exponential experiments on lattices proposed 
for a neutron production reactor has been carried out in order to determine 
whether experimental reaulta on these more complicated structures are con. 
sistent with the analysis carried out for the "clean** lattices.

The possibility of obtaining useful information from an exponential 
periment. in which only a single fuel rod is used, has been considered.

A simple numerical method was presented for the analysis of exponential 
data directly in terms of sinh functions.

Water Boiler Nyotroq Source

The use of the WBNS as a facility for measuring neutron absorption cross 

sections by the dangrr coefficient technique has been studied further. A call, 
brat ion of a portion of the coarse control rod has been made in terms of the 

total absorption cross section of materials placed in the central exposure 
facility. Danger coefficient measurements on metal slugs of depleted, natural, 
and slightly enriched uranium indicated that the method could be used as a very 

sensitive indication of the uranium enrichment.

An automatic control system has been installed 
of the W BNS to automatically maintain the reactor at a constant
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Wa rqwrt is baaed upon studies conducted for the Atomic Energy 

Commission under Com r act AT-11-1 -GIN-1.

A different approach to heterogeneous lattice theory has been applied to 
slab lattices. An interesting feature of the calculations was the anisotropic 
effect in these lattices.
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1 EXPONENTIAL EXPERIMENTS
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The value now obtained is considerably more accurate because of the greater 

neutron flux available. The remeasured value is

Thr *8reerr»*"1 i» excellent, and both corroborates the older work and indicates 

the correctness of our assumption of constant D^O purity in the lattice calcu
lations based on the accumulated data from some >2 lattices.

B Analyses of Depleted, Natural, and Enriched Uranium lattices in D O
(F. B. Estabrook, S. W. Kash)

An analysis has been completed of the NAA exponential experiment data 

on^uranium rod lattices in D*©. These data consisted of values of buckling 
(B ). rod disadvantage factor (F). and moderator disadvantage factor (F ) 
for some 22 lattices of natural uranium rods, seven of depleted (©. 49 per cent)

__ E»|*ritne..tal Measurements (S. W. Kash. F. B. Estabrook. B. Engholm)

During most of the quarter, the experimental facilities, which are usually 

used for the exponential experiments, were used instead for the flux distribution 

»«*a»urements on the mock-up of the converter reactor. Experimental work 
on the exponential project was resumed during the last two weeks of the quarter.

As a check on experimental procedures in the early part of the exponential 
experiment program (before the construction of the Water Boiler Neutron 
Source), and as a simultaneous test of the possibility that our D^O might have 

become contaminated during the two years of lattice work, a remeasurement 
has been made of the buckling of lattice N-l-6 (1 inch diameter natural uranium 
rods in a 6 inch square lattice). This lattice was one of the earliest lattices 
which was investigated.

The early value of the buckling for N-l-fc was
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The disadvantage factor* have been used to compute, for each lattice, the 

thermal utilization, f, and diffusion length L. This latter was done by setting 
L ■ > Xa £|r. where the bar* denote spatial average* over the lattice, weighted 

with esperimental disadvantage factor*. The semi -expe rimental L.2 and f. 
and the experimental B2 were then combined in the two-group criticality equa

tion with computed value* of rj (corrected for effective neutron temperature 

change* and for reduced epithermal leakage). < and T to give p . a so-called 
“experimental" resonant e escape probability. ”P

A theoretical** value. Pthro. was computed in the usuaa way by using an 

effective resonance integral for uranium of 7. J/G ♦ 25. 0 S/M. Comparison 

at Pexp *n<1 Ptheo ’* * test of both the two-group *. riticality equation and
of this theoretical^  method of computing p. Since all three enrichments are

■> P expected to be nearly independent of enrichment.

In Fig. I p vs p. • ■ • exp — "thro
• rods. The various rod diameters are 0. 75 inch.

1. 50 inches and 2.00 inches, 

depleted and enriched uranium, 
are: (1) the depleted lattices all have 

natural lattices have prexp 
about 1.6 per cent low.

uranium rods, and three of enriched (0. 90 per cent) uranium rods. The data 
for natural uranium rods has been reported in NAA-5R-1I81 and NAA-SR-2092. 
The more recent data for the depleted and enriched materials can be found in 
NAA-SR-259*.

is plotted for the 22 lattices of natural uranium 

1.00 inch. 1.25 inches.
In Fig. 2 the same is done for the lattice* of 

Definite trend*, noted for each enrichment 

%xp ab**ul 8 P**- cent high. (2) the 
about 1 per cent low. (5) the enriched lattice* have 

pexp a*M>u* I-8 P*r cent low. We have mad* a careful analysis of error* that 

ould contribute to this systematic deviation. Incorrect cross-section value*, 
moderator impurities, etc., could account for only 1/2 per cent spread between 

the depleted and enriched case*. Hence, we believe our result* to be real, and 

to indicate a real defect in either the two-group theory used in our analysis, 

or in our assumption* regarding the enrichment and purity of the uranium rods.

In particular. this systematic deviation, which is greatest for lattice* 
with^g reate st B . has drawn our attention to I-2. If the method of computation 

of L. for heterogeneous system* give* result* too small by. say. IO per cent, 

this would account for th* variation of p<xp with enrichment. For aU these 

lattice*. L is of th* same magnitude a* the cell spacing, and this make* th*

: ’’s 1 Hi ..s •.!
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An analysis was carried out for the neutron production reactor lattices 
similar to that discussed in section B above for the ••clean" lattices. Results 

of the calculations are summarised in Table II. If a comparison of the 
"experimental" with the "theoretical" resonance escape probability is used as 

a criterion for the validity of the working assumptions, then diffusion theory 
seems rather inadequate. It has been shown in the analysis of the "clean" 
lattices that the measured moderator excess absorption exceeds the theoretical 
value by about 12 per cm*. This discrepancy could bring the results of the 

analysis into correspondence with the analysis of the "clean" lattices.

Single-Rod Exponential Experiments (F. B. Estabrook)

In heterogeneous reactor theory, it would be very convenient if the mul
tiplicative properties could be ascribed to the individual lumps of fissile ma
terial. In particular. for a rod lattice, such properties could be investigated

11
a••• » •

— -

2

C.

I

■

usual "homogenisation" in the L calculation appear uncertain. Again, this 
raises the possibility that 13 may well be anisotropic. As a result, we have 

now scheduled a series of experiments on non-multiplying lattices, designed 

to investigate further the entire question of thermal diffusion lengths in hetero

geneous media.

Analysis of Neutron Production Reactor Exponential Experiments (E. Martin) 

The initial phase of the Exponential Project was intended to supplement 
the design study of a natural uranium. D^O moderated, and light water cooled 

neutron production reactor. These lattices differ from the "clean" lattices 
discussed in section B above in that they included water and air gaps, and the 

fuel rods of these lattices contained aluminum discs to simulate the canning 
of the uranium slugs. These inclusions considerably reduced the experimental 
bucklings below those of the "clean" lattices, Theoretically, both a smaller f 

and resulted.

Table I summarises the experimental data available on these lattices. 
Values of buckling may be somewhat different from those reported in earlier 

progress reports because of a reanalysis of some of the data. Lack of meas
ured disadvantage factors necessitated the use of diffusion theory in order to 
calculate thermal utilisations. However, the intra-uranium fluxes and uranium 

disadvantage factors obtained with the "clean" lattices were used.
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TABLEM

RESULTS OF THEORETICAL CALCULATIONS GN THE NPR UATTICES
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to 
2 
7
*

125
123
135
122

124
123

121
115

0. 470 
0. 940 
0.437 
0.422 
0. 400 
0. 422 
0.043 
0.411 
0. 420

.....

•
l. 024
1.022 
1.022 
I. 022
1. 022 
I. 022
I. 017 
1. 017 
I. 027

I. 344 
I. 342 
1. 334 
». 330 
1. 337 
I. 310 
I. 335 
1. 337
1. 330

♦ 
•••«**
• •••* •• ♦ » • *

Lattice No.
14

3

—52SL.
0.431
0.434 
0.414 
0.412
0. 421 
0.404 
0.434
0.040 
0.414

Pthco 
0.445 
0.444 
0.455 
0. 452 
0.454 
0.453 
0. 470 
0.432 
0.453

T(cm*)

121

LZ (cm2)

143 
204 
104 
141
144 
141 
242 
130 
204
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and at the inner boundary (r • b) to the conditions

1

rah rah

2

•••(<)m 2
I

«
14

. <**>-» 
afl) - a a)

expresses the falling off of all fluxes with the distance. 
If a2 a l/l-,2 - p2 and a p2 - 1/Lg2. this result

2• •

A two-group calculation has been made for an annular cylinder of D^O. 
the fluxes being subjected at the outer (extrapolated) boundary (r a a) to the 
conditions

in an exponential experiment utilising only one such rod in a tank of the given 
moderator. This experiment would have the advantage of requiring a minimum 
amount of critical material.

•* f* :4 ? j ’1 H 
• ••• as

mD

The result of the calculation is a "criticality equation" for the "axial 
buckling**, p2 where.

a, up the exponential tank. I

r a b

4!<*> -

• -D1

^2U) • 0

Equation (2) requires the thermal flux to have an extrapolation length 8 at the 
rod boundary, and 3 io immediately expressible in terms of the thermal dis

advantage factor for the rod. The second condition at the rod boundary has 

entering thermal current emerge as epithermal-group current multinlied by the 
factor m.

...
.
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p

th* quantities
The reciprocal

in ed

| JQ(“) Yq(«m)
« jjtx) Yj(hx) . j’(bx) y“(„)

or exponential function fit is 
In Uiis case the data, yfx 1 

A. _
which we may form seta of three equally 

■ ''~m * then obtain the average of
♦ P>] Ap(»m> for the seta thus formed.

replaces J°. and Kq replaces Y^.
The primes denote different! -

Some care should be exercised in the grouping of the points. It is desirable 
to take p large so as to decrease the sensitivity of r to errors io q. but not so 
lar,e tO wast* measured data, la any particular case, the division would de- 

pend upon the value of v , the amount of data. and the positioning of and the 

weight attributed to the data. A reasonable compromise in many cases. where 
the data is equally spaced and about of equal weight, la to put the first third

cosh* 1

and the definition of Q differs only in that 1
These functions are aero order Bessel functions, 

ation with respect to the argument.

When m is plotted vs a it appears that, for rod sines of interest, since 3 

can easily be determined (from radial traverses) to O. 1 centimeter, an accuracy 
of about ♦ 0.5 per cent in p would asffke to determine m to f 2 per cent.

~Method for the Analysis of Exponential riux Data (S. W. Kash)

A numerical method has been developed for the rapid analysis of exponen
tial pile flux data. The method can be applied in cases where the data are to be 
fitted to two or more sinh functions. The computations involved are extremely 

simple, and are relatively free of biaa. The reciprocal relaxation length, are 
determined directly from the data without the necessity of obtaining normal!, 
nation constants or extrapolation distances.

In the usual situation, where a single sinh 
adequate, the analysis is particularly simple, 

are arranged into three groups from 1 
spaced points. y(am . p). y^.J and y<B

relaxation length is then obtained directly by the relation
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of the data into one group, the second third into another group and the re
mainder into the third group.

For • doable sinh fit. the procedure io somewhat more complicated. The 
data must now be grouped into sets of five equally spaced points. . For each set 
of points we then form the quotient pairs:

m

From these.

v • ~2 *

F. with Streaming:

-1 1
IX cosh P

w 1
2

•( - 2<‘ *2 ♦ «”

♦ p) ] and q- . j y<«- P>*m

the auxiliary functions Wj

£>.<*» (*„•

• 0

Solutions for the Two-Region. Two-Croup Problem
Cylindrical Geometry (S. W. Kaah)

To investigate the merits of using reflected assemblies for exponential 

experiment work, diffusion solutions were obtained for a two-region, two- 

gi-wup neutron problem. Concentric cylindrical regions were chosen, and net 
neutron currents in the axial direction were assumed. The general solution 
for aach flux in the central region is then of the form

- *p>* H«m*

These in turn determine the two reciprocal relaxation lengths by the relation

and *2 are obtained, where

- iw( ♦ 2

Assuming that the

•< Jo<*lr>4 M *n)«o<M2r> . ...(?)

where %(r) is the sum of two aero order Bessel functions, 
multiplication constant h io greater than one in the central region, then

Rn(r)

(or small values of X and

fi

m
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for large value* of y. The fjfu are given by the relation

..-<»)

are obtained from th* usual

...(IO)

*

1
17[iFi':| ft :

*

*i

two-group compatibility

j

1®- >* a oe* a•d‘ i

where the two bucklings B2 

equation

i X.*

It '

ISC

-

«. ■«(1 ♦ BZ1/)(1 ♦ b2t)

The values of r2. and the cor responding constants a(»)*nd b( * 1 must 

be determined from the properties and radial dimensions of the two media 
The constants An and Bn depend upon boundary conditions at the ends of 
th* cylinder. In case the smallest value. is negative, it is preferable
replace the exponentials * r* * by the sine and coaine of

In many cases, the solution is adequately approximated by the first element 
of the series Eq. (b>. Furthermore, in this case. he J term in Eq. (7) usually 
dominates over the central portion of the inner cylindrical region.

For exponential experiments, 
undesirable. Aside from the g 

extremely difficult to measure 
medium or lattice. This would be given by the usual relationship, 
where r is the asymptotic or smallest value. The vertical buckling* y2 
still be measured accurately, but the radial buckling M 2 have . lal

uncertainty in it. The behavior of the Bessel function J (^rjis such that 
determination of p is moot sensitive to flux 
inner region.
Here also, uncertainties 

^t’ttt'dary are greatest, 
on the number of radial r 
usual inaccuracies of flux 

to the two Bessel function formula.

such a double region arrangement appears 
r increased criticality haxard. it would be 

accurately the material buckling of the inner

'■* could 
would have a large 

t the 
measurements near the edge of the 

However, it i. here that the |& term contribute, most to the flux.

arising from irregular lattice cell structure at the 
Because of the limitation* imposed by th* cell structure 

measurements that can be made, and because of the 

_j measurements. it Is difficult to get a definitive fit
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absorption
Thia call.
Io bo made

The 
a curve 

neutron absorption cross

•a a 
co-

bakelite.
briefly in a previous progress report.4 

iments are given in fig. 1 in the form of 
position. k , where Z is the total

**•

sms » a
IJ :*• * • * • • i *• •*

WATER BOILER NEUTRON SOURCE

Separating the two regions by a cylindrical sheet of cadmium simplifies 
the computations necessary to determine I/. a( p) a„d b(p ). However, the 
radial form of the solution for the inner medium is unchanged; hence, the 
objection. r.l..d in th. preceding paragraph ar. .1.. applicable 1. thia mod- 
ified arrangement.

H 1i1 f ?

• Remley. D. C. Woods)

k—of **»« Coarse Control Rod - The use of the WBNS 
facility for measuring neutron absorption cross section with the danger 
efficient technique has been studied further. A calibration of a portion of the 

coarse control rod of the reactor has been made in terms of the total 
cross section of materials placed in the central exposure facility, 
baration wii enable future absorption cross section measurements 

in terms of control rod position.

The caUbr.tion was performed using standard samples in the form of 
specially prepared wafers of boron impregnated bakelite. The experimental 
techniques are those described 
results of the 

of versus 
AX

During the months of August. September, and October, the Water Boiler 
Neutron Source was operated for a total of 273 watt-hour. of which approxi
mately two watt-hour, were service irradiations. seven were danger coefficient 

measurements, .nd th. remainder were for the converter reactor mock-up and 
exponential experiments.
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yi EXPERIMENTS TQ check the standard
SAMPLES USED FOR WBNS CONTROL RQP CALIBRATION

0. 0315
0. 171

0. 0267
0. 1527

_____ Sample_______
Boron in Borated 

Heavy Water
Thin Gold Foil

“ “ • • • € • a • see

A continuing effort is being made to obtain accurate standard samples. 
•• well as to study other effects which might contribute to the observed 

discrepancies.

Measured Cross Section 
____________(cm*)

section of the materials placed in the central exposure facilities, 
the integral of the curve of Fig. 3, or E vs y.

Experiments, which were performed in order to check the absolute value 
of the ordinate of these curves, included a measurement of the thermal crons 

section of a thin gold foil, and the cross section of the boron in a sample of 
borated heavy water. The thermal cross section of the gold was obtained from 
the difference of a measurement on the bare foil and one with the foil cadmium 

covered. The results of these measurements, which are given in Table HI. 
indicate that the standard boron impregnated bakelite samples have a lower 

boron content than was calculated from the method of preparation. The 
measured cross section for the borated 0*0 was IS per cent higher than that 
c siculatcd from the boron concentration of the solution, while the discrepancy 
for the gold was 12 per cent. The discrepancy for the gold becomes even higher 
when (qualitative) account is taken of the fact that the cadmium correction takes 

out the tail of the 1/% absorption as well as resonance absorption. Although 
borated D^O was directly compared with pure D£O in the measurements on the 

boric acid solution, some error may have been introduced by a possible change 
in neutron energy distribution or statistical weight of the exposure facility 

caused by the moderating effects of the D2O.

Calculated Cross Section 
(cm7)

:

•••
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(1) 
U) 
O) 
H) 
(5)

F Ji

Sample 
Depleted Uranium 
Enriched Uranium 
Thorium 
Lead

Weight
(gm)

137. 10
137. 24
84. 48
81. 92

Danger Coefficient Measurements on Metal Slugs - 
measurements have been made to determine effective (effect 
cross sections of several metal slugs compared with natural uranium, 
used were as follows:

SLUGS

No. of Atoms 
___x 10~Z3 

3. 467 
3. 470 

2. 191 
2. 380

Danger coefficient 
on WBNS reactivity) 

--------------- - Samples

X(sample)-E (natural U) 
____________ (cm)________  

0. 197 
-0. 158

1. 158 
-0. 1 10

Natural ur-nium
Depleted uranium (0.49 per cent U235) 

Enriched uranium (0. 90 per cent U235) 
Thorium
Lead

£* <T_ 
(barns)

0. 568
-0. 455

5. 285
-0. 462

I• • • • • •• • ••• • •• • • • • s •

All samples were machined to 0. 750 inch diameter by 1. 000 inch long with 
tolerances of ± 0. 002 inch.

Danger coefficient measurements were made in the usual manner, compar
ing natural uranium with each of the other slug, .ml obtaining . difference in 
effective cross section by means of the calibrated control rod. The results of 
these measurement, are shown in Table IV. The last column of this table show, 
the increase in effective cross section per atom over that of natural uranium.

235 Fl®“re 5 lo • P,ot ot th« cross section difference from natural uranium vs 
U content. The departure from linearity is to be attributed to greater self? 
Shielding in .ample, with greater U235 content. Assuming a sensitivity of 
10 cm for the danger coefficient technique, it may be seen that the U235
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III, THEORETICAL PHYSICS
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■MMi

. the greater the difference be- 
Provia ion ia made for switching 

If. while on automatic control, the fine rod 

a buaaer sounds to warn the operator tnat

In thia way, the fine rod ia driven faster, 
tween actual and deaired water boiler power, 
to manual control when deaired, 
reachea either end of its travel, 
manual control ia required.

E

1

a •••

• • a

It ia propoaed that the application of the theory of neutron moderation and 
diffuaion to only the multiply connected moderator portion of the reactor obvi- 

atea the above difficulties. The other half of the reactor picture, the multi
plication provided by lumped fissile material, then appears in multiplying - 

boundary conditiona to be applied to the diffuaion problem.

content of a aample of pure uranium (with U235 content of thia order) may be 

determined by thia method to within 0. 0012 per cent uaing aluga of about 
137 grama weight. Better accuracy could be obtained with larger aluga.

Automatic Control f9r the WBNS (D- C. Woods)

An automatic control has been installed on the WBNS to continually adjust
the fine control rod ao as to maintain a constant preset power level. A Brown 

recorder amplifier ia so arranged that its input ia the difference between the 
voltage from a power set potentiometer and the output of « vibrating reed 
electrometer which amplifies the output of an ion chamber. The amplifier out
put drives a two-phase A. C. motor. (A Brown recorder chart drive motor 
was used. )

A. Heterogeneous Lattice Theory (F. B. Estabrook)

The usual approach to heterogeneous lattice reactors is to treat them 
as homogeneous media with both moderating and multiplying properties. For 
example, one could use auitable averages for quantities such as Zj, Dj. 1*., 
Ej, D2. and L2 (1 and 2 referring respectively to epithermal and thermal 1 

neutrons), and then apply the two-group diffusion theory applicable to a uniform 

multiplying medium. This "homogenisation** is obviously open to objection, as 
what constitutes a "suitable average" ia often not clear, and also as anisotropic 
effects in the diffusion are thereby automatically newler-t»rf

1
i

♦

aM

■

I 
I 

* 
•
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: : • •

ia then the longitudinal buckling (L e. . normal to the plates) and p2 

The "homogenised" one-group anisotropic criticality

be investigated by replacing 1/Lj In Eq. (11) by 

_L  Z1 ,2

Anisotropic effects can

(k - 1 )/M±2

1

L2

..(12)

M2 

transverse buckling, 
relation

77

2< *£
uz_

z<
LZ

Ac a first application of these ideas a lattice of parallel uranium slabs 
(thicknessd - L. spaced J apart) was considered. Two-group non-multiplying 

diffusion theory was applied to the moderator volumes between the slabs, subject 

to the following boundary conditions: (1) epithermal continuity through the slabs. 
(2) thermal extrapolation length g. and (1) net thermal current into a slab 

emerges, multiplied by m. as epithermal current. The criticality equation that 
results gives indirectly the gross or large-scale buckling pC2 of the lattice:

shows that a plot of fi vjs v would be elliptical if the transverse and longitudinal 
migration areas Mj_ and M || respectively, are not equal.

For a sample calculation of the anisotropic effect.d -2. or the slab thick
ness. was chosen as 2. 54 centimeters. Data taken at NAA gives the extrapolation 
length to be g - 2. 92 centimeters for these 1 inch natural uranium slabs. Other

D1 
^*1 m

4 —
(k - 1 )/M||

*1: : *3 : ’!• **• r*: • ”t »*t
•J s : • : s :*t• • ••••••so oss a ••• oe

^cosh sinh ♦ cosh

-j—I cosh 
2 L U2 sinh ;—

where K a 1 -

— sinh 
1
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C(T.t) -

a•".«* as

■■

**

■ om* estimates of th* gamma 
and the shielding required, for

(t-r)
3(a)R(t - a) da

duct*, r
function 0 (th the activity of all fission product nuclei 

of U at time t • 0. Extending the fission 

and letting thia time, which la denoted by T.
0 to ♦ a*). the total beta activity of the fission product*

g,x

0 (« - T*)* R( r)dT’

where R( T) ia the fission rate.

11 centimeters and L_ ■ 1O0 centimeters.
1 at

Substitution of o • t > T‘ (fives

values used were m ■ 1. BS. ■
Equation (11) gave a pronounced maximum value of pt of 0.04 centimeter “* 
L.V IB centimeters. At separations greater 

appears impossible. For th* optimum case 
calculation give* result* a* shown in Fig. b.
closely elliptical, and in conjunction with Eq. (12) give*

Mi 2 
■ V *

centimeters, the anisotropy 
The curve of ft vs y ia indeed very

. ..................I V.latu. Stomw»• damm. Activity trom n..loa Project dm..
(R. 1-. Ashley)

There I* an abundance of infrrmation in the literature dealing with gamma 

radiation from fission product*. Moat of this data suffers, however, from a 
lack of information on two important points: (a) radiation levels at cooling time* 

shorter than one day; (b) separation of gamma ray intensities according to the 

energy of the gamma rays. It. the design of a gas handling system for water 
boiler reactors. it was considered desirable to have 

activity which one might encounter in the unit, 
cooling time* of the order of hours or minutes,

It was decided, therefore, to utilise the method of Thornton and Houghton5 
and construct an influence function for the hard gamma emitters in fission pro.

Brieny. this method (with regard to beta activity) is to obtain the influence

--- J at lime t, per unit fission 

process over a finite period of time.
extend from -coto 0 (and t from

------ ». C(T. t). is
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and, if th* fission rat* is constant durin* th* period of nposur*.

a

t

Thia curve

r<djd.

*

2 7-11

D E C L H

a

■»

4-

I i-! L. M

where C/R is th* beta activity at time t. per unit constant fission rat*. Plotting 
th* integral f° ‘ £(a)d«. th* activity per unit fission rat* »• found by simply 

taking th* difference of th* two ordinates at t -Tand t. (Not* that r is a negative 
number. )

(t -r) 
/3(e)do

it is only necessary to integrate the carve of Fig. 1. This has been done and 

the resultant curve plotted in Fig. 9. One qualification should be made re
garding thio latter figure, namely that the lower limit of the Integral

I

is not defined by Fig. 1. However, as long as T is large, say at least 
60 minutes, th* error is quite small.

y r (e)do

Using th*** 11 isotope*. the curve in Fig. • was obtained, 
shows th* influence function P(t) vs th* time (tj. To obtain th* carv* of

••

•• »d

Th* problem, as to what isotope* to us* In th* gamma radiation analysis, 
was resolved by considering all volatile elements and descendants of th*** 
elements. which occur as fission products or in fission product decay chain*. 
The volatile element* considered were bromine, krypton, tellurium, iodine 
and wenon. All isotope* emitting gamma ray* of energy le** than I M*v were 
neglected, since lead was to housed a* shield in* material. The isotope* selec
ted ere: Rb-H. Re-91. Y-94. Te-lll. Te-lll. 1-112. 1-111. 1-119. 1-111. 
Co-11*. Ba-119. La-140, and Pr-144. The decay *ch*me* used are shown in 
Fig. 7. Five other isotope* emitting gamma* harder than I M«v were not 
considered (Br-17. Kr-09. Rb-*6. T-92. and l-l 16X They were eliminated 
due to either short half-life or low fission yield.
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An Integral Curve Influence Function vs Time after Fission
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From rig. for long irradiation periods (> » a 10* mia « ZOO dayaX •« 

a constant power level of 100 watts. the hard gamma activity in the volatile 

fission products and their descendants. >0 minuter after shutdown. amounts 
to Z? "curies" where the "curie” la defined as that amount of material which 

emita >. 7 u IO10 gamma raya per second. Analysis of the spectral dietribution 

indicates that the average gamma ray energy la about Z. 0 Msv.
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