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ABSTRACT

Following the installation of the second Lid Tank Shielding Facility source
plate, a thin uranium disk identified as SP-2, a series of experiments were
performed to determine its fission rate. Three independent methods were used,
one based on the rate of absorption of the thermal neutrons incident on the
plate, another based on the rate of fast-neutron production within the plate,
and a third one based on the power dissipation within the plate. Discussions
of the methods, all of which yielded consistent results, are presented, along
with a description of the source plate. A weighted average of the fission
rates determined by the three methods gave a result.of 1.66 x 10ll fissions/sec
+ 5% for the standard incident thermal-neutron flux. With an assumed energy
dissipation of 200 Mev/fission, a typical.reactor having this fission rate would
release 5.22 watts of heat power. The calibration of the SP-2 allowed & re-
evaluation of the power of the first LTSF source plate, the SP-1. The revised

"effective" neutron power for SP-1 is 1.7 watts + 11%.
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AUTHOR'S PREFACE AND ACKNOWLEDGEMENTS

The calibration of the new LTSF source plate, though seemingly a simple
task, required the expenditure of approximately four man-years. A six-months
period beginning in October., 1955, was spent in gathering the necessary
experimental data and another six-months period  -was spent in analyzing the
data. The experimental work was performed by W. J. McCool* and J. M. Miller
with the agsistance of a staff of technicians which included J. R. Taylor,

E. B. Beckham, D. R. Hendrix, B. M. Millican, and H. J. Jarvis. Most of the
members of the technical staff of the LTSF contributed to the analysis of the
déta in'one way or another, and where a staff member has given a specific
contribution he is acknowledged in the text.  As supervisor of the LTSF,

R. W. Peelle guided the design and execution of the calibration experiments

and contributed to the interpretation of the data and the preparation of the final.
report. As earlier leaders of the group, C. L. Storrs and G. T. Chapman had
important influences on the initiation of the work‘and the procurement of the
enriched uranium and other necessary hardware. The ORNL Metallurgy Division

and the Instrumentation and Controls Division aided in the design and fabrication
of many of the components. Of the four man-years required for this work, the
author contributed eight man-months, all of which were directed toward analysis
of the data and preparation of the report.

*0n assignment from Pratt and Whitney Aircraft.

EDITOR'S NOTE

The author's participation in this work was carried out while he was on
assignment to the Laboratory from Convair, San Diego. He was recalled in
February, 1957, at which time this report was in reasonably complete form. In
the process of final editing a few corrections have been made; however, cor-
rections which would have resulted in a change that would be a small fraction of
the quoted error were not included in the final result.
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INTRODUCTION

The Lid Tank Shielding Facilityl (LTSF) was the first facility constructed
at the Oak Ridge National Laboratory for the purpose of testing radiation
gshields. Completed in 1949, it consists basically of a large water-filled
steel tank (called the Lid Tank) which has a disk-shaped fission source mounted
in one wall. The tank is mounted like a "1id" over the outer end of a horizontal
hole through the concrete shield of the ORNL Graphite Reactor so that the source,
a circular plate of uranium mounted in the inner tank wall, is exposed to
thermal neutrons from the reactor. In a sense the uranium source plate "converts"
the thermal neutrons from the hole {called the "Core Hole") into a fission
spectrum, and because of this it is sometimes referred to as a "converter plate.”

When the LTSF was first constructed, the source plate assembly consisted
of rows of natural uranium slugs stacked one upon the other and held between
layers of masonite as shown in Fig. 1. This source plate, since designated as
SP-1, suffered from several limitations: (1) its power was quite low and not
accurately known, (2) its geometry was far from the ideal thin diék shape,
and (3) the self-absorption of gamma rays and neutrons could not be accurately
calculated. Some of these limitations were recognized even in 1949, but much
greater uncertainties in shield design needed to be resolved quickly. In
recent years, however, it has been necessary and plausible to design shields
more closely to given tolerance limits, and this has required a more: careful
approach to the problem. Before LTSF data could be used to satisfy such require-
ments, the radiation source had to be described in greater detail. Since this
was impossible with the original source plate, it became apparent that a new

source plate was necessary.

1. The Lid Tenk Shielding Facility at Oak Ridge National Laboratory, Part I.
Description, ORNL-2531 (to be published).
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Consequently, a second source plate assembly was designed in which the
three restrictions listed above are largely overcome. This source plate,
designated as SP-2, replaced SP-1 in October, 1955. It is the purpose of
this report, which is Part II of a series of three reports on the LTSF,l’2
to describe the new source plate and to report the experiments performed
to determine its power. A better estimate of the "effective" power of the
old source plate, which was made possible by a comparison of the experimental
data obtained with the two source plates under similar conditions, is also
b)

presented. The numerical values obtained in this work were reported previously,

but a complete description was not given.
I. DESCRIPTION OF THE LTSF SOURCE PLATE (SP-2)

The new source plate is.a thin circular disk of uranium 28.0 in. in
diameter. It consists of 20.8% U255 and 79.2% U258 and was fabricated as
two half-disks by rolling uranium ingots of this composition and then machining
them to size. The average thicknesses of the upper and lower half-disks are
0.0617 and 0.0576 in., respectively; the nominal thickness is quoted as 0.060
in. The line of division is from the upper right to the lower left, if the
-observer is facing the Graphite Reactor.

The source plate assembly is composed of several regions illustrated in
Figs. 2 and 3. The uranium disk is supported by an aluminum framework which
also supports a l/8-in.-thick boral plate on the Lid Tank side of the disk
and a l/8-in.—thick heater plate on the reactor side. The boral prevents

diffusion of thermal neutrons from the Lid Tank back into the source plate,

2. The Lid Tank Shielding Facility at Oak Ridge National laboratory, Part III.
Instrumentation, ORNL-25387 (to be published).

5. D. R. Otis, Applied Nuc. Phys. Ann. Prog. Rep. Sept. 10, 1956, ORNL-2081,
p. 163.




UNCLASSIFIED
ORNL-LR-DWG 13591A

EXISTING STEEL

LID TANK WALL ELECTRICAL LEAD-IN AND

AIR PRESSURE SUPPLY

70 REACTOR
1/4*in.‘PRESSURE PLATE, 24 ST ALUMINUM

-

VACUUM PUMP-OUT TUBE

0470-in. ALUMINUM FRAME

4/8-in. ELECTRIC HEATER PLATE

28-in. DIA X 0.06-in. URANIUM
SOURCE PLATE

RESISTANCE GAGES

© o9 9 ©®© © O © & 8 O O O O o

RUBBER GASKETS

HEATER WINDING

Y5-in. BORAL

Y6-in. ALUMINUM COVER PLATE
33in. X 33in,

Fig. 2. Exploded View of the Second LTSF Source Plate Assembly (SP-2)



UNCLASSIFIED
2-04-057-0-438

// STEEL TANK WALL

Ya-in. BORAL SHUTTER 7 RUBBER GASKETS

.
=
S

0.470 -in. ALUMINUM FRAME

Yg-in. ELECTRIC HEATER PLATE

28-in.-dig x 0,06-in.
URANIUM SOURCE PLATE

A

B SRR

H,— Yg-in. BORAL

CORE HOLE — 32in. WIDE AND 28in. HIGH

| —a—— "i6-in. ALUMINUM COVER PLATE

T AIR SPACE

Y4-in. ALUMINUM PRESSURE PLATE

PN

f-in. LEAD SLAB

ORNL GRAPHITE REACTOR SHIELD NOT TO SCALE

Fig. 3. Sectional View of the Second LTSF Source Plate (SP-2) Showing Its Position Relative
to the Boral Shutter and the ORNL Graphite Reactor.




6

which process would make the power of the source plate somewhat dependent
upon the composition of shields placed in the Lid Tank. The heater plate
is included in the assembly so that the uranium disk can be electrically
heated with any known power. The heating is accomplished with a No. 30
Formvar-insulated copper wire cemented into a spiral groove machined in the
heater plate with a pitch of 1/2 in. This provides a relatively uniform
electrical power distribution over the source plate.

The temperature of the source plate can be measured with resistance
gages cemented to the uranium at nine locations on the side adjacent to the
boral sheet. The gages are Baldwin-Lima-Hamilton Corporation type T-1k gages,
having a response of approximately 0.5 ohm/oE and a total resistance of
200 ohms.

On the reactor side of the heater plate there is 1/k-in.-thick aluminum
pressure plate which carries the hydrostatic pressure load imposed upcn the
assembly by the liquid in the Lid Tank. The air space between the heater
plate and the pressure plate is slightly pressurized (by about 1.4 psig) to
prevent the heater plate and the source plate from being distorted under the
hydrostatic pressure and to keep water from entering this region. The air
pressure is supplied through the lead-in pipe that carries the electrical
wires to the source plate resistance gages and the heater.

An aluminum cover plate is welded over the outside of the aluminum
frame supporting the uranium disk, boral plate, and heater. A small mechanical
vacuum pump removes gas from the region between the heater plate and cover
plate, allowing hydrostatic pressure to force the uranium into contact with
the spiral electric heater. The outlet of the vacuum pump exhausts into the
cooling air outlet of the ORNL Graphite Reactor to prevent air contamination
from any gaseous fission products.

The entire source plate assembly is mounted over a square hole in the

Iid Tank wall in the direct path of thermal neutrons coming from the Core Hole.
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A 1/8-in.-thick boral shutter,* shown in Fig. 3, is used to intercept and
absorb thermzl neutrons from the reactor to enable background measurements.
A l-in.-thick lead slab between the boral shutter and the source plate
assembly is used to reduce background within the Lid Tank from gamma rays
originating in the Graphite Reactor.

The source plate assembly described above represents a considerable
improvement over the original assembly. First of all, the power of the
nevw source plate is about three times higher than that of the first one.
(Any further increase in power would require additional shielding around the
Lid Tank for the protection of personnel.) The greatest improvement is in
the geometry; that is, the thin uranium disk approaches the ideal, although
this is partially compromised by the lack of uniform distribution of
incident thermal neutrons. This approach to the ideal allowes certain
transformations that are used in the interpretation of the LTSF data to be
applied with greater confidence and more accurate estimstes of the self

absorption of gamma rays and neutrons to be made.
II. DETERMINATION OF THE SOURCE STRENGTH OF THE SP-2

The new source plate was designed so that its power could be measured.
Experiments since its installation have made it possible to estimate its
strength by three independent methods, each dealing with a different property
of the fission reaction: the first with the rate of absorption of neutrons
in the source plate, the second with the rate of neutron production in the
source plate, and the third with the power dissipation within the source
plate. In the pages which follow, each of these methods and the correspond-
ing source strength estimates are discussed.

In following through the description of the experiments some confusion

could arise in connection with the word 'normalize" since it is used in two

*Note added in 1959: The thickness of this boral shutter is now 1/4 in.,
but since the increase in the thickness has only a small effect on the
quoted power no attempt was made to correct for it in this report.




different senses. The first usage applies to the normalization of all LTSF
data to a constant power. This means that the .data are corrected to a
standard thermal-neutron flux in the Core Hole. This flux varies with the
power and fuel loading of the reactor, and it is normally monitored with a
boron-lined ionization chamber located within the hole. The second use of
the word "normalize" is in relation to the experiments themselves. The
l-in.-thick lead gamma-ray shield shown in Fig. 3 was installed after some
of the calibration experiments had been performed. Since this slab affects
the power of the plate, all the experiments were normalized to this standard
arrangement.

Method L: Fission Rate Determination Ez Estimation 9£ Incident Thermal-Neutron
Absorption Rate in the Source Plate*

One method for determining the source strength of the SP-2 consisted in
a determination of the absorption rate of thermal neutrons incident on the
source plate. As a first step the fraction of the incident thermal neutrons
that are absorbed in the source plate (called the "fractional absorption
factor") was calculated using foil experiments as a guide. In the second
step the incident thermal-neutron flux was measured. Finally, these results
were combined with known nuclear parameters, the source plate area, and
geometric corrections to obtain the source strength in terms of fissions
per second.¥¥

Calculation of Fractional Absorption Factor. The fractional absorption

factor was determined by calculating the transmission through the uranium source

*This method was developed by and the experiments were performed by W. J.
McCool and J. M. Miller. The analysis was performed by W. R. Burrus. This
section of the report was also prepared by Burrus.

*¥Note added in 1959: 1In this calculation the fissions caused by fast
neutrons originating in the uranium source plate itself have been ignored.
L. Dresner (see Ref. 4) in a rather precise procedure, estimated that the
effect of first-generation neutrons would necessitate a correction of
1.84% and that the effect of succeeding generations would increase the
total correction to 1.94%. This correction is not considered in this
report since it is much smaller than the estimated error. Prior to the
Dresner study, a first-generation effect was calculated as part of this
source plate power study on the basis of eye-averaged fast-neutron cross
sections and a reduction of Eq. A-2 in Appendix A; the result indicated
an effect of 1.7%.

L. L. Dresner, Estimate of the Fast Effect in the Lid Tank Source Plate,
ORNL-CF-59-3-67 (1959)-
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plate for thermal neutrons having estimated energy and angular distributions.
It was assumed that the energy spectrum could be represented by a Maxwell-
Boltzmann distribution for which the effective temperature of the neutrons
was estimated from the temperature of the graphite reflector of the ORNL
Graphite Reactor. The temperature of the neutrons leaving the graphite is
lower than the temperature of the graphite itself owing to variations in the

p)

diffusion parameters with energy. For an approximate graphite temperature
of BYOOK, an effective temperature of 28OOK was estimated for the thermal
neutrons incident on the source plate. Since these neutrons are fairly well
collimated through the Core Hole they can be considered to be normally
incident on the source plate, ignoring a possible scattered component from
the walls of the Core Hole and neighpog}ng matefials. These assumptions
yielded a value of 0.575 + 5% for théa ton factor. This
value was used in the final calculation.

Because of the uncertainties involved in choosing the effective
temperature and the angular distribution for this calculation, an experiment
was performed to check the internal consistency cf the assumed values. Gold
foils were placed on each side of slabs.of source plate material sandwiched
between aluminum sheets as shown in Fig. La, and the assembly was exposed to
the thermal-neutron flux of the Core Hole in the position shown in Fig. 5.
The results of the foil activation measurements as a function of uranium
thickness (62 to 187 mils) were consistent with the 280°K effective neutron
temperature and perpendicular incidence assumed above.

In order to obtain some idea of the over-all error invelved in the

assumption of particular angular and energy distributions for the incident

5. F. L. Tolstov, F. L. Shapiro, and I. V. Shtranikh, Average Neutron
Velocities in Various Media, reported at the July, 1955 session of the
Acad. Sci. USSR.

T
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neutrons, an effective neutron temperature hOOK higher (52OOK) was chosen
as the highest plausible value. The angular distribution was postulated

to be some conbination of perpendicular and cos6 components, where 6 is

the angle between the neutron direction and the perpendicular to the source
surface. A nonperpendicular component could arise from scattering effects,
and the cosf term is supposed to represent such an effect. In order to fit
the foil activation data it was necessary to choose a combination of 70%
perpendicular and 30% cosf. Using this combination of temperature and
angular distribution did not appreciably change the fractional absorption
factor, but the final power estimate was changed by about 8% because the
temperature and angular diétribution also affect the calculation of the
neutron current incident upon the plate based on the neutron density measure-
ments described below. The error estimate of 5% givea for the fractional
absorption factor was based upon this over-all difference generated by
assuming a different effective temperature.

Determination 9£ Incident True Thermal-Neutron Flux. The true thermal-

neutron flux incident on the SP-2 was determined from the activation of a
set of 20-mil-dia gold wires which were exposed between the source plate and
the reactor at the position shown in Figs. kb and 5. As a check on the wire
exposures, a few l-cm-square by 5-mil-thick gold foils were also exposed at
this position. During such exposures a boral sheet wes inserted between

the wires and foils and the Lid Tank to prevent the detection of thermal
neutrons from the direction of the LTSF.

The foils were counted with a well-type scintillation counter* which
was calibrated against a standard high-pressure ionization chamber* and was
cross-checked with standard gold solutions obtained from the National Bureau
of Standards. The wires were counted on a collimated scintillation wire
scanner which had been calibrated against the well counter. In the cal-

culation of the fluxes from the gold activations, the value of the gold

*This equipment was borrowed from the ORNL Isotopes Division.
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2200 m.sec™t cross section used was 98.7 barns (Ref. 6). The data were
corrected for self protection, the assumed temperature distribution of
the neutrons, and epithermal activation via the 4.9-ev gold resonance.

The fluxes calculated on the basis of the foil data agreed with those
calculated on the basis of the wire data within 3%. This slight difference
could have been caused by a shift in the reactor power, although, as ex-
plained earlier in this report, such shifts are ordinarily compensated for
by monitoring the flux in the Core Hole and normalizing all the data to a
standard value. In this case, however, the monitor was probably affected
by the foils and wire mockup assemblies. The possibility that the error
was introduced in the correction factors also exists.

An isoflux plot based on the uncorrected wire measurement is shown

in Fig. 6. An average true thermal-neutron flux of 1.35 x lO8

neutrons-cm ™ -sec + L.6% was obtained by graphical integration from these
data. Since this value is for a position closer to the reactor than the
source plate itself, it was necessary to introduce a geometrical correction
based on the inverse square law in the calculation of the fission rate
described below.

Calculations of the Fission Rate. The strength P of the source plate

in terms of fissions per second was calculated from the following equation:
(1) P = @fvGNLBS,

where

average incident true thermal-neutron flux (assumed to be perpendic-

S
i

ular to the surface of plate),

fractional absorption factor,

fraction of neutrons absorbed that result in fission (reported in

App. A),

<
i

6. This is consistent with the value (98.9 + 3) barns quoted in Neutron
Cross Sections, by D. J. Hughes and R. B. Schwartz, BNL-325, Second
Edition (1958).
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inverse square geometry correction for difference in locations

of gold wires and source plate,

factor to normalize to the standard incident thermal-neutron flux,
factor to normalize to the configuration finally installed between
the source plate and the reactor (see discussion below),
correction for leakage of boral shutter,

source plate area.

The numerical value of each of these is given in Table 1.

The

the 1l-in.

-normalizing factor L used in Eq. 1 was introduced to account for

-thick lead slab which was installed between the SP-2 and the

reactor after the experimental determination of ¢ was made. The value of

L was based on the relative thermal-neutron flux levels in the LTSF with

and without the lead in position (see p. 24).

Table 1. Numerical Values of Terms Used in Eq. 1

Term Numerical Value Estimated Error

1) 1.35 X‘lO8 neutrons -cm <.sec ™t L.6% (a)
£ 0.575 5.0% (v)
v 0.826 2.0%
G 0.919 3.0%
N 1.00 5.0%
L 0.788 6.0%
B 0.971 0.5%
S 3980 em® 0.2%
P 1.79 x 10t fissions/sec 11.0%
a. The quoted error in @ includes uncertainties in corrections

for self absorption in the foils, reproducibility, etc., but
does not include uncertainties generated by lack of knowledge
of the energy and angular distribution of the incident neutrons.
The quoted error in f is supposed to cover uncertainties in f¢
generated by lack of knowledge of incident energy and angular
distribution.
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The factor B was included to account for the fact that the boral shutter
shown in Fig. 3 is not completely black to the Core Hole thermal neutrons.
It is the practice at the LTSF to subtract readings taken with the shutter
closed from readings taken with the shutter open in order to determine the
background that is present. It has been established experimentally, however,
that with the shutter closed the source plate is caused to fission at 2.9%
of the open-shutter rate due to neutron leakage through.the shutter. This
means that 2.9% of the source plate strength is normally subtracted as back-
ground, and the fission rate that should be reported should be the fission
rate in excess of that occurring when the shutter is closed # (In the other
two methods used to determine the source strength of the SP-2 this correction
was unnecessary since the shutter-closed fission rate was subtracted out in
the experiment.)

The strength of the source plate determined by this method is
1.79 x lOll fissions/sec + 11%. The error was based upon the root of the
sum of the squares of the individual errors listed in Teble 1.

Method g: Fission Rate Determination EX Estimation 9£ Neutron Production
‘iﬂ the Source Plate

Since the number of neutrons emitted per thermal fission of U255 is
known,7 the fission rate in the source plate can be estimated on the basis
of'the rate of neutron production in the source plate. In this second
method for determining the source gtrength of the SP-2, the rate of neutron
production was estimated from thermal-neutron fluxes measured at the
Surface of the source plate assembly opposite from the reactor and through-
out the Lid Tank proper. The steps of the method are described below.

Tt was assumed that each infinitesimal volume element of the uranium
disk emits neutrons isotropically, and, since the disk is thin, it was
further assumed that only a small number of these neutrons undergo collisions
within the uranium. Therefore, one-half of the fission neutrons are emltted
from either side of the uranium disk. The fission neutrons leaving the
source plate in the direction of the Lid Tank have the following fate:

7. D. J. Hughes and J. A. Harvey, Neutron Cross Sections, BNL-325 (1955)

*¥See discussion of boral shutter on p. 7.
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With each

plate can

(2)

where

by, =
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Some are scattered or absorbed within the source plate assembly
without ever reaching the Lid Tank.

Some enter the Lid Tank but are scattered out again before they
are thermalized.

Some enter the Lid Tank end remain there long enough to become
thermalized, after which they are (a) absorbed by the water in
the Lid Tank or (b) diffused back into the source plate assembly
and absorbed by the boral plate (see Fig. 3).

of these possibilities considered, the fission rate of the source

be estimated from the following equation:

I].l+1'l2

P=o_2+__2
v PyP,

rate of neutron absorption in Lid Tank water (neutrons/sec),

rate at which neutrons that re-enter the source plate assembly
are absorbed in the boral (neutrons/sec),

number of neutrons produced per fission7

(2.45 + 0.0L4) neutrons/fission,

fraction of neutrons that leave the fission site in the urenium
disk in the direction of the Lid Tank and escape the scurce plate
agsembly,

fraction of neutrens that enter the LTSF water and remain there

until thermalized.,

The fraction depends upon the scattering and absorption cross sections
Py

as well as the dimensions of the materials composing the source plate assembly.

By using fast-neutron total and absorption cross sections in place of gamma-

ray cross

sections in a reduction of Eq. A-2 of Appendix A, the absorption

of neutrons in the source plate assembly is estimated +o be almost 2%, so

p; is equal to 0.98.
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The fraction P, was determined by using a very simplified method for
calculating fast-neutron albedoes. It was concluded that the fast neutrons
scattered out of the Lid Tank are approximately compensated for by fast
neutrons scattered into the Lid Tank from the surroundings, including the
l-in. lead slab. Therefore the fraction P, was taken to be unity.*

The value of n, vas obtained from extensive X, Y, and Z thermal-neutron
flux traverses in the Lid Tank (the Z axis coincides with the source plate
axis). These measurements were made with a 1/2-in. fission chamber that
was standardized against gold foil activations** which were interpreted
by a procedure developed by Burrus that included corrections for flux
depression and self shielding. The complete mapping of the Lid Tank took
several weeks, many of the points being repeated on different days. The
reproducibility of the measurements was generally within 15%.

In order to determine the value of n, from these traverse measurements
it was assumed that the number of neutrons captured in an infinitesimal

volume of the Lid Tank water was simply

(3) an, =2 g av

where Z; is the absorption cross section for thermal neutrons in water and’
¢th is the observed thermal-neutron flux. The total number of thermal
neutrons absorbed by the water was then obtained by integrating over the
entire tank volume. A plot of the neutrons absorbed in the XY plane is
given as a function of Z in Fig. 7. The integral of this curve gives a

value of 13.4 x lOlO neutrons sec t for n, .

* In the preliminary analysis of the source plate power reported in Paper
I-H of ORNL-2115, Vol. I (classified), a value of (nj + np)/py was obtained
by defining an "effective" thermal-neutron flux that attempted to correct
for the flux depression in the region of the source plate assembly. This
approach was abandoned in favor of the present approach where P> is estimated
from the albedo of fission neutrons entering the water and no is obtained by
estimating the thermal-neutron current into the boral sheet. This approach
also includes the effect represented by p1 which was not previously considered.
**This work was performed by W. R. Burrus and W. J. McCool.
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For purposes of comparison, a second nearly independent method was used
for checking two points on the curve in Fig. 7. The Hurwitz corrections was
used to obtain the thermal-neutron flux which would have been observed for
an infinite disk source of the same specific strength as that of the SP-2,
¢th(Z,inf). If I(Z) is the function plotted in Fig. 7, and S is the source
plate area, then it can readily be shown that I(Z) = S¢th(Z,inf), the major
assumption being the use of the Hurwitz transformation for a semi-infinite
medium. As cen be seen from Fig. 7, the results agreed within 5% with those
obtained by the method discussed in the preceding paragraph.

The thermal-neutron current into the boral plate of the source plate
assembly was calculated from the measured thermal-neutron flux at the surface
of the source plate assembly by assuming a Fermi angular distribu.‘bion9 for
the thermal neutrons. The Fermi distribution is

(&) £(¥) Adcos’++ {E:coseﬁﬁ

where f(?) is the angle-differential neutron current (neutrons-cmfa'sec-l)
crossing ohe square centimeter of the interface and moving in the direction
having an angle W to the normal. Although this distribution is an approxi-
mation for the angular distribution of thermal neutrons escaping from a block
of paraffin into a vpid, its use for this case is justified on the basis

that a void is essentially the same as a strong absorber (in this case, boral)
and that the diffusion through water does not differ in principle from the
diffusion through paraffin. The neutron current for a Fermi distribution

related to the integral flux is

(5) 7 =9g[{3

8. S. Glasstone, Principles of Nuclear Reactor Engineering, D. Van Nostrand
Company (1955).
9. E. Fermi, Revs. Mod. Phys. 9, No. 2, p. 132 (1937).
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and the total flow of neutrons into the boral plate is obtained by integrating

J over the area of the boral cover of the source plate:

(6) n, =%— f #.,.(2 = 0)aa

\,

A
where ¢th(z = 0) is the thermal-neutron flux measured at the surface of the
boral. The value for n, obtained by numerically evaluating this integral
was 6.3 x lOlO neutrons/sec.

The values and their estimated errors for all the variables used in

Eq. 2 are summarized in Table 2. In this case it was not necessary to
include a normalization factor to account for the presence of the l-in.-thick
lead slab between the source plate and the reactor, as was done in Method I,
since all the thermal-neutron measurements used in the calculation were

obtained after the lead slab had been installed. The data were normalized

to a constant source plate power as indicated by the Core Hole flux monitor.

Table 2. Numerical Values of Terms Used in Eq. 2

Term Numerical Value Estimated Error
n, 13.4 x 10%° neutrons/sec 15%

n, 6.3 x 1010 neutrons/sec 20%

v 2.46 neutrons/fission 1.6%
1 0.98 1%

P, 1.00 5%

P 1.64 x 107t fissions/sec 13.5%

The strength of the source plate calculated by this method is
1.64 x lOll fissions/sec + 13.5%. As was done in Method I, the error was
based upon the root of the sum of the squares of the individual errors.

Method 3: Fission Rate Determination by Estimation of Power Dissipation in
the Source Plate¥*

At the time the SP-2 assembly was fabricated resistance gages were

*Much of the preliminary analysis of these data was performed by W. J. McCool.
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cemented to the uranium disk at nine locations (see TFig. 2) so that the temper-
ature of the source plate could be measured under various conditions. 1In
addition, an electric heater plate was placed in immediate contact with the
uranium disk so that it could be artifically heated with electricity. By
comparing the temperature response of the source plate while it was undergoing
fission with its response while it was being heated with a variety of known
electrical powers, it was possible to determine the energy dissipation in the
uranium during fission runs. Since the energy release per fission is known,
the fission rate of the SP-2 could then be determined from the observed energy
dissipation, thus providing a third method for determining the strength of the
source plate.

The electric heater and resistance gages are described in Section I. The
electric power was determined to within an accuracy of 0,9% by measuring the
current flowing through the heater and the voltage drop mcross the heater. Gage
resistances equivalent to local source-plate temperatures were measured with a
leeds and Northrup wheatstone bridge to within an accuracy of 0.1 ohm (almost
0.2°F)

Ten different electric power runs were made with ‘input powers ranging
from 3.7 to 16.4 watts. Five different fission power runs were made. Prior
to each run, temperature response measurements were taken for approximately
1/2 hr to insure that the assembly was in thermal equilibrium. A single run
required about 5 hr, during which time the source plate temperature was
measured at 5-min intervals at each gage location. During the electric runs
the input power was measured at l-hr intervals.

Since for these runs the energy dissipation in the uranium disk was
small, it was necessary to insulate the source plate assembly from its
surroundings in order to obtain a measurable temperature rise. Several
different schemes were tried, three of which are shown in Fig. 8. A 6-in.
thickness of Styrofoam (an insulating material composed of Polystyrene foam)
was placed in the LTSF adjacent to the source plate assembly in configuration
a, while in configuration ¢ the Styrofoam was placed on both sides of the
assembly. In configuration b the styrofoam insulator was positioned on the
outside of the assembly only and a l-in.-thick slab was installed between

the source plate assembly and the reactor.
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The lead in configuration b was used not as insulating material but
because it had by this time been decided that a lead shield should be permanently
installed as part of the SP-2 assembly to reduce the reactor gamma-ray back-
ground in the Lid Tank. Since the presence of any material between the source
plate and the reactor during fission runs causes the thermal-neutron flux from
the Core Hole to be attenuated and scattered before it reaches the source plate
and hence affects the source plate power, it was necessary to normalize all the
fission runs to a configuration which had the lead. Thus one fission run was
made with configuration b and all of the other runs were normalized to it. The
normalization was based upon the relative thermal-neutron flux levels in the
Lid Tank for the three configurations.

Seven of the electric power runs were made with configuration a, which
for these runs is essentially the same as configuration b, and three were made
with configuration c¢. TFor reasons given below, the configuration ¢ runs were
not used to determine the final power result.

The temperature history of one resistance gage (No. 7, 1L in. east of the
center) for five of the electric power runs and for one unnormalized fission
run, all with configuration a, is shown in Fig. 9. Points were selected from
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This was done with cross-plots of the estimated power as a function of the
time of heating for each of the five fission runs. Typical plots are shown
in Fig. 11. Power estimates based on the extrapolations are summarized in
Table 3.

All extrapolations were made using power estimates calibrated on the
basis of the seven electric heating runs which were obtained using insulator
configuration a. For heating times greater than one hour, the three electric
heating runs made using configuration c yielded a greater temperature response
than did those using configuration a, but 1/2 hr after the heating began the
results were indistinguishable. Since extrapolations to zero heating time
were made, this evidence was considered adequate to justify the use of the
configuration a calibrations for all data. Appendix B discusses why the

extrapolated power values are independent of heat-transfer coefficients.
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Table 3. Power Estimates Based on Five Fission Runs
Configuration Estimated Power + 5%
Run No. Date (see Fig. 8) (watts)
1 12-28-55 a 6.59
2 12-30-55 a 6.81
3 1-4-56 a 6.6k
R 12-20-55 b b 41
5 1-6-56 c 5.33
The combination of
the results given in Table
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The procedure was as follows:

(1) All runs were assumed

(2)

to have random errors
of +1% for a measure-
ment error and +5% for
possible shifts in the
ambient conditions.
Runs 1, 2, and 3, all
with configuration a,
were averaged to yield
6.68 + 0.213 watts.

(3) Run 5 was normalized to configuration a with a normalization factor of

1.21 + 5% based upon the relative thermal-neutron fluxes in the LTSF

for the two configurations.

The normalized value was then combined

with the average value for Runs 1, 2, and 3 to give a weighted average
value of 6.68 + 0.20 watts.
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(4) Runs 1, 2, 3, and 5 were then normalized to configuration b with a
normalization factor of 0.741 + 6.2% based upon the relative thermal-
neutron fluxes in the LTSF. The normalization error was considered
to be systematic for Runs 1, 2,.3, and 5. The resulting power for these
four runs was 4.95 + 0.34 watts.

(5) The power obtained from Runs 1, 2, 3, and 5 was then averaged with the
power obtained for Run 4. The final weighted average was 4.68 + 0.2k
watts.

The energy per fission absorbed by the source plate assembly was cal-
culated to be 180 + 3 Mev/fission (see App. A). Therefore, the fission rate

11

in the source plate calculated by this method is 1.63 x 107~ fissions/sec + 6%.

Summary of Methods 1, 2, and 3 in Terms of Power

The estimates of the source plate fission rate can be summarized as
follows:
(1) Method 1, based on the thermal-neutron absorption in the source plate,
gives a value of 1.79 x 10t fissions/sec + 11%.
(2) Method 2, based on the production of neutrons in the source plate, gives
a value of 1.64 x 107 fissions/sec + 13.5%.
(3) Method 3, based on the energy dissipation in the source plate, gives a
value of 1.63 x 10t fissions/sec + 6%.
A weighted average of these three values, where the weights are determined
by the inverse square of the absolute error, yields 1.66 x lOll fissions/sec
+ 5%.
Usually it is more convenient to think of the source strength in terms
of power in watts rather than in fissions per second. With an assumed energy
dissipation of 200 MEV/fission, a number commonly used for calculating reactor
core energy dissipation, the LTSF source plate produces neutrons at a rate
equivalent to a reactor having a power of 5.22 watts + 5%.% Since the source
plate area is 3980 cm2, the equivalent power per unit area is 1.31 x lO"5

watts/cm2 + 5%.

¥Here and elsewhere in this report quoted errors are estimated standard
deviations.
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It should be remembered that the source strengths given above do not
account for the attenuation of the radiations by the source plate assembly.
Both the neutron and the gamma-ray powers of the SP-2 can.be determined by

applying the "effective leakage factors" described in App. C.

III. RE-EVALUATION OF THE POWER OF THE FIRST LTSF SOURCE PLATE (SP—l)]'O

The power of the first LTSF source plate, now identified as the SP-1,
was never accurately known. It was originally quoted as 6 watts, a power
based upon several measurements of the transient temperature response of
the central fuel slugs that made up the source assembly. ILater a neutron
leakage factor of 0.6 was introduced in order to account for the neutron
attenuation within the assembly. This resulted in a quoted effective power
for neutrons of 3.6 watts.

The present power calibration of the SP-2 allows a re-evaluation of the
estimated power of the SP-1 by a method in which the thermal-neutron fluxes
and the gamma-ray dose rates along the z axis (the source plate axis) of the
Lid Tank are compared for the two sources. Such comparisons are given in
Figs. 12 and 13.

From the thermal-neutron data in Fig. 12 it can be seen that the flux
for SP-1 is lower than the flux for SP-2 by a . factor of 2.9 + 10%. Since
the power of SP-2 has been determined to be 5.22watts and the neutron
leakage factor to be 0.94 (see App. C), the "effective neutron power" of
SP-1 was

5.22x 0.9k

(1) P,(sp-1) = 222X

= 1.7 watts + 11%

10. This information was previously presented by J. Smolen, ORNL-2081
op.cit., p. 16k,
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LTSF structure.
SP-2 would equal the ratio of the neutron flux rather than the ratio of

the primary gamma-ray dose rate.

A comparison of the
gamma-~ray dose-rate measure-
ments in Fig. 13 yields a
ratio of approximately 4.0.
This ratio is higher than
the ratio for neutrons owing
to the relatively higher
gamma~-ray absorption in the
SP-1 assembly. The gamma-ray
leakage factor for SP-2 is
0.88 (see App. C); therefore,
the '"effective primary
gamna-ray power' of the SpP-1
was

_5.22 x 0.88
(8) Py(SP-l) = S

= 1.15 watts + 20%

The large error assigned
to the gamma-ray power of
SP-1 is necessary because
the gamma-ray dose-rate curves
shown in Fig. 13 include

major contributions from

secondary garmma rays produced by neutron captures in the water in the

The ratio of the secondary contributions for SP-1 and

Therefore, the ratio of 4.0 is not

really the correct one, and the large error is assigned to account for
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App. A. FISSION ENERGY ABSORBED BY THE SP-2
(Referred to on pages 17 and 27 of text.)

The power dissipation per fission in the core of a nuclear reactor
depends on the core construction, the composition of the fuel, and the
geometry and composition of the reactor system surrounding the core. 1In
reactors in which the fuel is circulated,; the power dissipation also depends
upon the rate of fuel circulation. Fortunately, the energy dissipation per
fission can seldom vary more than iﬁ% from one reactor design to another,
but the energy leakage from the thin source plate considered here is con-
siderably more than that from a typical reactor. The precision desired
from this work requires a separate estimate of energy escape from the
region of the assembly in thermal contact with the uranium disk.

. For the calculation of the energy dissipation in the source plate7on1y
the region from the electric heater plate to the aluminum cover plate is
considered since the resistance gages on the source plate would not be
influenced by @ergy dissipated outside this region. The effect of the

boral sheet under the cover plate was considered to be equivalent to that

of the aluminum. A cross section of the configuration used in the calculation
is shown in Fig. A-1 on p. 35.

The sources which are considered are {1) fissicn fragments with their
kinetic energy and the gamma rays, beta particles, and neutrinos asscciated
with 'their eventual nuclear decay, (2) prompt gamma rays, {(3) fission
neutrons, (4) "nonproductive" thermal-neutren captures, and (5} capture of
thermal neutrons in the boral plate adjacent to the uranium disk.

All the energy resulting from fission fragments and beta particles can
be considered to be deposited within the region specified above; therefore,
the energy releases reported by Steinll for fission fragments and by King
and Perkins12 for beta particles are used directly. Conversely, all the

neutrino energy is carried away from the source plate assembly.

11. W. E. Stein, Phys. Rev. 108, 94 {1957).
12. “R. W. King and J. F. Perkins, Phys. Rev. 112, 966 (1958).
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The effect of the gamma and neutron radiations 1s not so straight-
forward, however, and must be calculated for the region of interest.

In order to estimate the fraction of the gemma-ray energy absorbed,
the following integral, based on first-collision energy absorption for an

infinite source plate, was calculated:

) ® £ _ItU_t3 ® B
(A-1) F=5 f n(E)4dE / P(t3)dt3\ paldz/ X e
0 0 0 z
tU-t3+t2 ©
d
+ Paedz f —% exp - {(R/z) [pltl +py(z + ty - tU)B
tU--t5 z
t oo
f ar _M3R
+ p, dz = e
0 5 Z
t3+tu ® -
+ jf dz dR xp - (R/z) t, +m,(z - t,)
P, & ) ®TP [/“33 Py, 3}
t3 "z J

where the regions are defined in Fig. A-1.on p. 35, and

F = gamma-ray energy absorbed in the source plate assembly (Mev/fission),

n(E) = prompt fission plus decay gamma-ray energy spectrum
(Mev-fission-l-Mev"l);
P(t3) = power distribution in the source (cm—l) normalized so that
tU

I P(t3)dt3 =1

(¢]
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p, = energy absorption linear attenuation coefficient for gamma rays

in the ith region (cm_l),

by = total linear attenuation coefficient for gamma rays in the ith
region (cm_l), modified to include approximate buildup for some

calculations,

t; = thickness of the ith region (cm),

t; = thickness of uranium (em) = t o+ t5 (see sketch in Fig. A-1),

th = thickness of aluminum on reactor side of source plate (cm),

t2 = thickness of aluminum and boral on Lid Tank side of source plate

(em),
z = dummy distance coordinate normal to the source plate surface (cm),
R = distance between source point and point of energy absorption.
The bracketed quantity was solved analytically* for the configuration shown

in Fig. A-1 and is equal to

/ua. Pa Pa -u.t
ePll

(a-2)  £(t5,E) = /ui + Fz - Fi " Pt (R )
. /‘% JPfrete (hyty + Poty)Ey (ryt, + pyty)
P:z i F:i ) p:i 'e‘P5t3 - PBtsEl(FBt;)
- }_I_SE e'P5t5'PJ+t)+ ) (P5t5 + putu)El(thB + Putu)>

where

%f(tB’E) = fraction of gamma radiation of initial energy E absorbed
within the source plate assenbly with an infinite plane
source located so that t, and t_ are the thickness of

1 3
uranium on either side.

*By R. W. Peelle.
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o0
E,(x) = exponential integral = j\ e %aq/q.
X

Equation A-1 can now be written as

@ t
(A-3) F = % \f n(E)dE JU P(ta)f(ta,E)dta
(o] (o]

This integral was evaluated by graphical integration using the sum
13

of the prompt gamma-ray spectrum given by Gamble and the fission-product
gamma-ray spectrum given by PeellellL for n(E) as shown in Fig. A-1. The
result of the integration with respect to t5 is shown in Fig. A-2 (curve
identified as "best estimate"). This was obtained by applying exponential
buildup factors, equivalent to using modified values for My - Upper and
lower limits of energy absorption are also shown in Fig. A-2. For the
calculation of the upper limit, the total linear attenuation coefficient
was also used for the absorption coefficient, which is equivalent to saying
that every interaction results in complete absorption. The lower limit was
obtained by using the proper values for Pai and By without considering
buildup. Integrating the "best estimate" from Fig. A-2 with respect to E
gives 3.3 Mbv/fission for the energy dissipation in the source plate
assembly by prompt and decay gemma rays. This is approximately 27% of
the total energy of the gamme rays. Figure A-1 also shows the photon energy
dependence of the absorbed energy.

The kinetic energy of the fission neutrons contributes about 5 Mev/fission
to the energy deposition in a nuclear reactor, and the neutron binding energy

released as capture gamma rays from neutron capture reactions amounts to as

15. R. L. Gamble, Prompt Fission Gamma Rays from Uranium-235, Thesis,
Univ. of Texas (1955).

14. R. W. Peelle, W. Zobel, and T. A. Love, Appl. Nuclear Phys. Div. Prog.
Rep. Sept. 10, 1956, ORNL-2081, p. 9l. ‘
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much as 10 Mev/fission, depending upon the reactor construction. In the

case of the source assembly, no appreciable contribution is .present from
these sources because of the thinness of the plate. Absorption of neutron-
capture gamma rays will amount to less than 0.3 Mev/fission because this
process depends upon the returm to the source assembly of gamma rays from
thermal-neutron captures in the water and structure of the Lid Tenk. Energy
dissipation from fast neutrons can be considerably‘overestimated by replacing
the gamma-ray cross sections of Eq. A-2 with typical fast-neutron total and
nonelastic cross sections for the materials of the assembly. This results

in an estimated absorption of only 0.l Mev/fission.

"Nonproductive" capture of thermal.neutrons from the reactor in the
U258 and 0255 of the source plate assenbly also results in the depositién
of energy. From the composition of the source plate and the known thermal-
neutron cross sections for uranium, it can be shown that only 83% of the thermal
neutron captures result in fission. Therefore, 17% of the captures are
nonproductive insofar as the fission process is concerned. But these
captures result in the emission of gamma rays. If a gamma-ray energy
release of 5 Mev per nonproductive capture is assumed, the energy release
is 1 Mev/fission. Since, as determined sbove, approximately 30% of these
are abscorbed in the source plate assembly, the energy dissipation attributable
to nonproductive captures is 0.3 Mev/fission.

Thermal neutrons are absorbed in the boral adjacent to the source plate
from sources on both sides of the plate. Under standard conditions, about
1.5 x 10ll neutrons/sec + 15% from the reactor penetrate the uranium plate
and are absorbed,* and 0.63 x lOll neutrons/sec from the Lid Tank diffuse
to the boral and are captured (see n, in Table 2). Each of these neutrons,
about 1.4 per fission, releases about 2.7 Mev in the Blo(n,a)Li7 reaction,

yielding a correction of 3.8 Mev/fission.

*Estimated from % . l%f vhere the symbols are defined in Method 1 of Section II.
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The various sources of energy deposition are summarized in Table A-1.
They result in an estimated energy absorption in the source plate of
(180 + 3) Mev/fission.

Table A-l. Energy Dissipation in the SP-2¥%

Fraction Source Plate

Energy Deposited Energy
Release in Source  Dissipation
Energy Source (Mev/fission) Plate (Mev/fission) Reference
Fission fragments 165 + 1.00 165 + a
Beta particles 8 + 1.00 8 + b
Prompt and fission-
product gamma rays 12.1 + 2 0.27 3.3 + 0.6 c,d
Nonproductive captures
of incident neutrons 1.0 0.30 0.3 +1
Capture of thermal
neutrons in boral 3.8 +0.8 1.0 3.8 +0.8

* This table has been brought up to date with 1959 values that were not

available in 1956 when this report was written.

W. E. Stein, Phys. Rev. 108, 94 (1957).

R. W. King and J. F. Perkins, Phys. Rev. 112, 966 (1958). (Error estimate

and best value used were not given by these authors

c. R. L. Gamble, Prompt Fission Gamma Rays from Uranium-235, Thesis, Univer-
sity of Texas (1955).

d. R. W. Peelle, W. Zobel, and T. A. Love, Appl. Nuclear Phys. Div. Prog.
Rep. Sept. lQ: 1956, ORNL-2081, p. Ol.
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APP. B. ESTIMATED POWER OF SP-~2 VERSUS HEATTNG TIME
(Referred to on page 25 of text)

In Section III it was pointed out that the estimated power derived from
the temperature rise in the source plate appeared to vary systematically with
the time of heating.* In this appendix possible reasbns for this behavior
are considered.

If the source plate response were the same for both electric and fission
heating, the shapes of the curves in Fig. 9 would be similar, the estimated
fission power points in Fig. 10 would lie on a vertical line, and the
estimated source plate power would be independent of the period of heating.
Since Fig. 9 demonstrates that such is not the case, differing thermal behavior
of the source plate under the two conditions of heating is indicated. Possible
reasons for this variation in behavior include differences in the locations of
the heat sources, differences in the power distributions, and differences in
the heat loss characteristics of the two heating systems.

The electric heat source comsists of a spiral-wound wire adjacent to
the outside face of the source plate, while the fission heat sources are
scattered throughout the source plate. This difference in location will
result in a difference in temperature distribution within the source plate
assembly. In order to assess the order of magnitude of this difference, an
estimate was made of the difference in temperature between the surface of the
aluminum heater plate and the center of the source plate. For this cal-
culation it was assumed that the heat production of the electric heater is
5 watts and that this amount of heat leaves the source plate along lines
normal to the assembly with one-half of the energy being conducted in either
direction. Using a thermal conductivity of 15I5 Btu-ft-ft—ahr-l-oF-l for
the uranium and considering the steady state condition, since this gives
the maximum temperature difference,gives an estimated temperature difference of
O.OOBOF. Since the temperature rise in the source plate after a 1/2-hr

heating period is ~ O.8°F, and since no powver estimates were based

*A small effect of this nature, inadequate to explain the observations, can
be expected on the basis of the time dependence of the heating from fission~

product gamma rays.

39




4o

on heating times less than 1/2 hr, differences due to the lécation of heat
source appear negligible and can be ignored.

The 1/2-in. spacing of the spiral of the electric heating wire causes
nonuniformities in the electric power distribution. This effect may be
-considered by estimating the maximum température difference between the wire
and a point on the aluminum heater plate halfway between two adjacent turns.
This value was calculated as ~ 0.001°F. Since this is negligible, the power
distribution from electric heating may be assumed uniform.

The uniformity of the fission power production within the source plate
should be directly dependent upon the uniformity of the thermal-neutron flux
producing the fissions. Figure 6 shows the flux distribution for the Core
Hole, indicating a variation of A 10% from the me&n, with low points at the
center and sides. Compérison of gage readings for the two conditions of
heating showed no correlation between the estimated powers and the incident
flux; in fact, gages located in the outer regions where the lowest fluxes were
observed gave the highest estimates of power. However, since it was felt
thaf these readings were unreliable because of low-temperature changes and
poor thermal contact with conéequent pigh thermal resistance, they were
ignored in the analysis. Poor thermai contact at the edge is expected
because the assembly is held together with hydrostatic pressure, and the
edge of the plate is protected from this force by an aluminum shoulder.

The differences between electric heating and fission heating of the
source plate are therefore most probably attributable to the heat loss
characteristics of the two systems caused by the differences in the geometries
for the electric and fission heating runs. The electric heating runs were
mede with the boral shutter of the Core Hole in the closed position, while,
of necessity, the fission power runs required the shutter to be open.
Convective heat losses from the Core Hole side of the source plate in the
case of electric heating were restricted to the small volume of air
between the source plate and the boral shutter. Opening the shutter for
the fission runs changed the configuration by exposing the source plate to
the end plate of the Core Hole, thus changing the heat transfer coefficients

and ambient conditions.
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The exact effect of this change is difficult to calculate; nevertheless,
simple heat conduction systems can be considered in an attempt to understand
the observed behavior. Bach system can be described as an infinite slab
insulated on one side, with convective heat loss on the other side and with
internal heat generation. The thermal conductivities of the slabs are
assumed to be infinite so that the temperature is constant across the slabs.
Starting at zero time, heat is generated within the slabs at a constant rate,
and the temperature increases until equilibrium is reached between the heat
generation and the heat loss to the uninsulated side of the slabs. The
systems are taken to be identical except that the boundary conditions differ
in the values of the time-independent heat transfer coefficient and the
ambient. temperature, where the ambient temperature is the difference between
the temperature of the surroundings and that of the plate at the start of
the run. The two cases that we are considering refer to the conditions of
electric heating and fission heating of the source plate, and the differences
in heat-transfer coefficients and ambient conditions result from the opening
and closing of the boral shutter and any failure in the procedure of having.
the source plate in equilibrium with all its surroundings at the time t = O.
They are also applicable to the differences between insulator configurations
a, b, and ¢ (see Fig. 8). The solution to the heat conduction equation

giving the temperature as a function of time for one system is:

hltl
(B-1) T, = ' +hthla) 1-e °©
1

Where

tl = time after start of heating (sec),

¢ = heat capacity of system (Btu/°F) (same for both cases ),

h, = heat convection coefficient (Btu-oF-l-sec-l),

P, = constant power dissipation (Btu/sgc),

T, = temperature (°F) at time t, where Tl = 0 vhen t, = 0.

T,, = ambient temperature (OF), measured from source plate temperature

at tl = 0.
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(The other system will be designated by the subscript "2.") If two
experiments were compared, one with fission power and the other with

electric power, for which Tl =T, when t, = t, = t, then the ratio of

2 1 2
the powers for the two systems is given by:
-h.t/c
(B-2) FotPalog By je 17
P1 + thla hl e-h2t7c .

If it were possible to specify the constants in this equation and if

the assumptions corresponded more precisely to the real situation, the

known power of the electrically heated system could be corrected to obtain

the power of the fission-heated system for any time t after the start of the
run. Although this is impossible, the equation may be used to provide an
indication of the effects of nonequilibrium ambient conditions and differences
in the heat-transfer conditions between the two runs.

Equation B-2 shows that the power ratio between cases which give the
same temperature rise at time t is a function of the time, the amount of
nonequilibrium temperature difference, and the heat-transfer coefficients.
Even if it is assumed that T, = T, = O, the powers are still unequal

2a la
except at small times L(ht/c)<s;1] when Eq. B-2 becomes

hlt \\
P2 + h2T2a . - — + ...)

(¢
Pl + thla <\ h2t >—-
1—-—E+...

Thus if equilibrium has been achieved between the plate and its surroundings

(B-3)

(Tla =T, = 0), the power ratio approaches unitv (linearly) at zero time.
This is the Jjustification for the extrapolation discussed in Method 3. The
result is reasonable, since heat-transfer coefficients cannot be important
until a temperature difference has been accomplished.

If ambient equilibrium has not been achieved or if the ambient temperature

does not remain constant during a given run, there is no good way to relate P
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and P2 without knowing at least the values hi' The difference observed

between the various power estimates in Fig. 1l could be explained on such

a basis.




App. C. DETERMINATION OF SOURCE PILATE LEAKAGE FACTORS
(Referred to on page 28 of text)

Before the power of the SP-2 can be used in shielding calculations,
the "effective leakage factors" for both neutrons and gamma rays must be
determined. Effective leakage factors are derived to correct the source
Plate power for the effect of the absorption in the source plate assembly
when radiation measurements are made beyond shield configurations.

In order to determine the primary gamma-ray leakage factor it was
assumed that the dose rate measured at the outer surface of a typical
shield configuration is largely from photons that had initial energies of
about 3 Mev and were emitted along lines normal to the source plate surface.
Buildup in the source plate assembly was neglected since the scattered
component has a low probability of reaching the shield surface. Using the
known total cross sections for 3-Mev photons in uranium and aluminum and
the known geometry of the source plate assembly gives an effective leakage
factor for primary gamme rays of 0.88. This factor is not valid for the
usually more important secondary gamma rays, for which the production rate
depends on neutron leakage from the plate.

The attenuation of fission neutrons by the source plate assembly was
calculated using effective removal cross sections. This attenuation was
based upon penetration normal to the source plate surface and is claimed
valid only if > 50 g/cm2 of hydrogenous material is interposed between
the detector and the source. The calculated asttenuation was 6%, resulting
in an effective leakage factor of 0.94 for neutrons. Most of the attenuated
(6%) fraction of the neutrons enter the tank and are captured relatively
close to the source so the use of this factor should be avoided in the
calculation of secondary gamma rays.

Where these "effective leakage factors" apply, they may be multiplied
by the measured SP-2 strength to give the power of a truly "thin" disc
which would yield the same result in the experiment of interest.

L
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