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SUMMARY

Experiments have been performed on a unit shield mockup
based on the Lid Tank optimization which was used by the ANP
Shielding Board. Attenuation of neutrons and gamms rays from
the Bulk Shielding Reactor through the shield have been
measured. For a 200-megawatt reactor in the shape of a 3-ft
right square cylinder and with a tolerance of 1 r/hr at the
crew position 50 ft away, the Shielding Board predicted a
shield weight of 134,000 1b. The present experiments give a
weight of 127,600 1b for the shield. This is the minimum
weight for the lead spacing used. An additional reduction
in weight is indicated if more boron is added to the water
and the lead spacing is reoptimized.

Included as appendices are data on the attenuation of
neutrons and gamma rays through a water shield and an iron-

water shield.
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I. DESCRIPTION OF THE EXPERIMENTS

A. Introduction

For the better part of the year 1950, the effort of the group
operating the Lid Tank at the X-10 pile was devoted to measuring
materials suitable for a minimum weight shield for an aircraft
reactor. The trend of study was toward determining the optimum
configuration of a "unit shield.” The unit shield is defined as a
one-piece shield which not only protects the crew of an airplane
during flight but also reduces the radistion from the reactor suf-
ficiently to enable a maintenance crew to service the airplane on
the ground within a short time after the airplane has landed and the
reactor has been shut down.

The first approach to such a shield is one in which both neutron
and gamma radiations are shielded equally in all directions. The
"ideal" unit shield is then a spherical shield around a spherical
reactor. The departure from this ideal shield to a shield around a
reactor in the form of a right square cylinder will not be very
radical. Therefore for simplicity the work at the Lid Tank was
directed toward developing the optimum configuration for an ideal unit
shield. The results of the Lid Tank study to determine the optimum
spacing of the lead in a laminated lead-water shield were used by the

ANP Shielding Board(l) as a basis for the design of a unit shield.

(1) A list of references will be found at the end of this report.
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Since the weight of the shield is of extreme importance in proving
the feasibility of the nuclear powered airplane, it was decided that an
independent measurement on & mockup of a unit shield should be made
with the Bulk Shielding Reactor. The mockup should be spherical and
should utilize the optimum configuration as determined by the Lid Tank.

This report describes the experiments made upon a unit shield
mockup and contains an estimate of the weight of the unit shield for a
200-megawatt aircraft reactor 3.8 ft in diameter, using the experimental
data obtained.

B. Procedure

The Bulk Shielding Facility has been described by Bree.zea.le.(a) A
reactor is suspended in a large pool of water as shown schematically in
Fig. 1-1. Figure 1-2 is a photograph of the pool showing the reactor
and instrument bridges. The procedure was to erect a shielding sample
next to the reactor and measure the attenuation of neutron and gamma
rays with suitable detectors behind the shield. Two preliminary ex-
periments were performed prior to the measurement of the unit shield.
The first was the determination of the attenuation of neutrons and gemma
rays through the water in the pool, and the second was a measurement
through water and about 17 in of iron. The results of Experiments 1 and 2
have been described in preliminary memoranda but have not received
wide publication. For this reason and also because the data are
interesting as a basis of comparison with the present experiments, the

memorands are included in Appendices E through K.
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C. The Reactor

Details of the construction and operation of the Bulk Shielding
Reactor are given in Ref. 1. The reactor was made up of 25 fuel elements,
each approximately 36 in. high and 3 by 3 in. in cross section. Only
the central 24 in. of each fuel element contained fissionable material.
The total critical mass was 3.2 kg of ye35, Figure 1-3 is a photograph
of the assembled reactor and Fig. 1-4 is a plan view of the loading
pattern. Since the fuel elements can be moved around in the grid plate,
the reactor can be made critical with various loadings. In the loading
used in these experiments, the reactor was reflected on all sides but
one by the water of the pool (see Fig. 1-4). On the rear side away from
the face from which shielding measurements were made, there was a
beryllium oxide reflector on which the control chambers for the reactor
were mounted.

A determination of the power distribution of the reactor from
measurements of the neutron flux distribution has been made by Meem and
Johnson.(3) In the present shield test it was found that placing the
shield mockup next to the face of the reactor altered the power distri-
bution in the front row of fuel elements relative to the rest of the
reactor. A correction for this effect is described later.

For the measurements described in this report the power of the reactor
was varied at will so as to provide a desirable counting rate for the
detector in use during a particular run. All measurements were then
normalized to a power of 1 watt. It was found that a given power setting
of the reactor could be repeated within a precision of a fevw per cent.

The absolute value of the power of the reactor is discussed in Ref. 3.

<15 -
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D. Detectors

Three types of measurements were made in these experiments:
(1) thermasl-neutron flux, (2) fast-neutron dosage, and (3) gamma-ray
dosage.

1.E Thermal ~Neutron Detectors

Both U235 rission chambers and boron trifluoride counters were
used for thernal-neutron measurements as described in Appendix E. The
methodiof locating a counter with respect to the reactor is also
described in this agpendix. It was possible to reproduce the position
of a détector within & millimeter; To obtain the absolute value of
the thermal-neutron flux as measured with the above counteré,soma of
the experimental points were also(measured with indium foils as describeﬁ
in Appendix F. All measurements ﬁith the counﬁers were then normalized:
against the foil measurements. Bécause the calibration of the foils was
done in:a graphite pile and the exposures were made in water, it was
necessary to increase the water vélues by 22%. The basis for this
correction is described in Appendix L.

2. TPast-Neutron Detectors

The procedure for measuring fast~neutron dosage is outlined in
Appendix G. A fast-neutron dosimeter of the Integrating type, which
simalates the dosage effect of fa#t neutrons, has been developed by
Hurst (éee Appendix M). The calibration of the instrument used in thesef
experiments is described in Appendix N. It was determined ﬁhat the |

probable error of the meassurements with the dosimeter was within ¥309.

_18-



Fast neutrons were measured by two other independent means in
water as a check on the measurements obtained by the dosimeter. The
first set of measureﬁents was ma&é with a U238 fast fission counter,
and thetother by using pressed suifur as & threshold detectﬁr. The

results of these measurements are described in Appendix O.

3. ,Gamma-Radiation Detectors

Gamma-ray dosage was messured with graphite-wall ionization
chambers. One of these chembers was designed asnd constructed very
carefully and was uséd as a standérd chamber. When this chamber was
used toimeasure the gamme rays from a radium source obtained from the
National Bureau of Siandards, the;experimental results agreed with the
caleulated values within 1%. This accuracy was better than the probable
error of the constants available for the calculation. All other
ionization chambers were then calibrated against the standa?d chamber .
The precision of the gamma-ray megsurements listed in this report
should be well within 5%, both in 'reproduci‘bil:';ty and absolgte magnitude.
The conétruction and calibration of the ionization chambers has been
described in detail by Ballweg and Meem.(h)

In making shielding measurements under water it becomes important to:
determine the center of detection of the instrument used. TFor a counter
on the érder of 10 to 20 centimeters in diameter the radlation received
at the front of the counter is greater than that at the rear. The
calculation of the centers of detéction for the various instruments was

done by Hungerford and is included in Appendix O.

-:19 -



E. Unit Shield Mockup

Figure 1-5 shows the unit shield mockup installed in the pool and
Fig. 1-6 shows the important dimensions. The shield is a mockup of
that described in the Shielding Board Report. The mockup cbnsists of
the following itens in the order 1isted: 1 in. of iroen a 7-in, air
space, 2 in. of iron, and nine l-in. layers of lead separated by varying
thicknesses of borated water. The purpose of the air voild is to
simulate a spherical reactor. Table 1-1 gives the detailed gpecifications.

The‘e-in. steel hemisphere, a mild steel casting, was welded to the
1-3/k-in. steel supporting plate dnd tested under 25 psi for air leaks.
The lead hemispheres:were fabricated by forming l-in. sheet lead into
“orangelpeel" sections over woodeﬁ forms and then burning the sections
together. A photograph of these sections before mounting is shown in
Fig. 1—7. These hemispherical ghells were fastened to the supporting
plate with 3/8-in. lag screws. After each lead shell was secured in
place, l-in. holes were drilled in the top and‘bottom of thé shell to
pernmit filling with borated water. The dashed‘curve in Fig{ 1-6 denotes
the outer boundary of the water layer of the ideal spherical shield.

This imaginary surface was 27 in. beyond the last lead layer.

As shown in the sketches, the hemisphericai lead shells ﬁere mounted
inside a large aluminum tank filled with borated water. On the outside
of this tank vas the normal water of the pool. It can be shown that
beyond about 12 in. ocutside the laSt lead layer the gemnma prbduction
from neutrons in the water becomes:negligible; therefore borgtionfof the

water was unnecessary in the outer regions of the shield. The tank was

- 20 -
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Fig. 1-7 Photograph of the Nine Lead Hemispheres Before lounting
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constructed so that the borated water extended 20 in. beyond the last
lead layer. The final T in. of water for the shield was Jjust the pool
water 1tself, and the shield boundary was merely an imaginary surface
in the pool.

Figure 1-8 is a photograph of the assembled mockup before instal-

lation of the aluminum tank.

- o4 o
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TABLE 1-1
The Unit Shield Mockup
Composition as Designed for the Unit Shield Experiments at

The Bulk Shielding Facility

Layer Material Inner Radius Thickness

(in.)[(cm.) (em.)
1* Iron 13 33.0 7.62
3 Lead 17 43,2 2,5k
5 Lead 19 48,3 2.54
7 Lead 21-1/4 54,0 2.54
9 Lead 23-3/4 60.3 2.5h4
11 Lead 27-1/8 68.9 2.5k
13 Lead 31-1/4 79.4 2,54
15 - Lead 3k 86.4 2.54
17 Lead 36-3/8 92.k4 2.5k
19 Lead ko 106.7 2.54

The iron layer was divided into a l-in. flat layer and a 2-in. spherical
layer of 14 in. inner radius, as shown in Fig. 2-6, to form an airspace.

The intervening layers consisted of water or borated water.

- 26 -



IT. EXPERIMENTAIL MEASUREMENTS ON THE UNIT SHIELD

A. (General

The measurements behind the unit shield mockup comprised two
separate experiments, designated as Bulk Shielding Facllity Bxperiments
3 and 4. Experiment 3 consisted of measurements in pure water behind
the lead hemispheres along the centerline, with water filling the spaces
between the hemispheres. For Experiment 4 the shield was encased in
an eluninum tank as shown in Fig, 2-5. The tank was filled with water
of various boron concentrations, which permeated the spaces between
the hemispheres. The presence of the tank made 1t impossible for
instruments to approach the last lead shell closer than 48.6 cn.

With the exception of two gamma-ray traverses around the periphery
of the shield, all measurements for Experiments 3 and 4 were made along
the reactor centerline. Table 2-1 swmmarizes the type of measurements

made and detectors used in the experiments.

- 27 -



TABLE 2-1
Detectors Used for Vafious Measurements in

Experiments 3 and 4

TYPE OF MEASUREMENT DETECTCOR USED

EXPT. 3

EXPT. 4

Thermal-neutron flux

Fast-neutron dosage

Gamma-ray dosage

Indium foils
3~-in. fission counter
8-1n. BF3 counter

12-in BF, double
chanmber counter

Fast-neutron dosimeter

Standard 50-cc 1012
ionization chanmber

900-cc 1010 ionization
chamber

900~cc 1012 ionization
chamber

3-in. fission counter

8-in. BF3 counter

12-in BF3 double
chamber counter

12-in BF3 single
chamber counter

Fast-neutron dosimeter

900~cc 1012 ionization
chamber

G-M counter

- 28 -




B. Results

Before making the centerline mesasurements it was necessary to
determine whether streaming from around the sides of the shield would
affect these measurements. Accordingly, a horizontal gamma-ray traverse
with an ion chamber was made around the shield in unborated water at a
radius of 175 cm, as shown in Fig. 2-1. The results of this traverse
indicated that there was some sgtreaming at large angles., A concrete
block shield was then erected around the reactor (see Fig. 2-1) and
another traverse was made. The traverses showed that within an angle
of 30° on each side of the centerline there was negligible effect from
streaming. These traverses are shown in Fig. 2-2 plotted from the
data of Table I in Appendlx A.

The centerline measurements in unborated water (Experiment 3) are
shown in Figs. 2-3, 2-4, and 2-5. The data are given in Tables 2, 3,
and 4 of Appendix A. The data of Experiment 3 have been normalized to
a power of 1 watt as determined from the power calibration of the
vater-reflected reactor.(3)

After instellation of the aluminum tank around the shield, it was
filled with borated water of various concentrations (Experiment u4),
and gamma-ray centerline measurements were made behind the tank. As
shown in Fig. 2-3, the boron concentrations tested were 0.0, 0.1, 0.2,
and 0.4% by weight. It was difficult to dissolve additional B0z in
the water beyond a boron concentration of 0.4%; therefore heavier
concentrations were not tested. Thermal-neutron and dosimeter measure-

ments were made at the 0.4% concentration as shown in Figs. 2-4 and 2-5.
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The data obtained in Experiment 4 were normalized to a power of 1 watt
according to the power calibration of the unit shield reactor as
described in Appendix C. The data are tabulated in Appendix A, Tables
5, 6, and 7.
A more complete discussion of the boron problem is given in Appendix B.

C. A Note on Power Normalization

The nominal power of "1 watt" has been shown to be™

1. 0.738 watts for the water-reflected reactor, and

2. 0.715 watts for the reactor in place against the borated-water
shield.

A new determination of the power of the reactor in its position against
the borated-water shield became necessary when discrepancies in the data
between Experiments 3 and 4 became evident. As noted in Appendix C, the
new power determination gave a power about 3% lower for the reactor in
its position against the borated shield than the power determined
previously. Calculations of the leakage, as shown in Appendix D, in the
two cases showed a lowering of the leakage of high-energy neutrons by
approximately 7-1/2% when the reactor was against the borated-water shield.

When the appropriate power corrections were applied the discrepancies
were accounted for. To illustrate, the 7% discrepancy between the
thermal-neutron curves of Experiments 3 and 4 can be accounted for by
the difference in the leakage values for the two reactors.

Since there seemed to be no effect upon the reactor due to the presence
of the shield itself during Experiment 3, the original power correction

factors were assumed to be valid.

* See Reference 3 and Appendix C.
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The power corrections used in the preparation of the data of these

experiments were:

No boron - 0.738
0.1% boron - 0.732
0.2% boron - 0.726
0.4% boron - 0.715



ITT. CAICULATION OF ATRCRAFT REACTOR SHIELD WEIGHTS

A. Shield Weight Calculations for Crew Tolerance of 1r/hr and l[h r/hr.

1. Specifications

Before embarking upon detailed calculations of the gize of the
shield for the alrcraft reactor, it will be well to recall the specifications
for the alrcraft reactor and ideal unit shield as set forth in ANP-53.(1)

a. Alrcraft Reactor Specificatlions

Pover 200 nmegawatts

Coolant Sodium, primary and
secondary systems

Reflector Steal or Bel
Shape Right cylinder, 3 ft.
diemeter*

Power Density Radially uniform;
longitudinally represented
by a constant plus a
cosine term

Composition: Moderator T0% by volume

Structure 5%
Coolant 22%
Fuel (U0p) 100 1b

b. Unit Shield Specifications

Fe-Pb-H20 shield such that at 50 ft separation
between crew compariment and reactor the radiastion
dosage at crevw will not exceed Ir/hr during flight.
1/h r/hr is to be taken in neutron dosage and
3/4 v/hr in gamma dosage. Details of the shield are

given in Table 1-1 of Chap. I.

* A 3.8-ft spherical reactor is regarded as its equivalent for the
purpose of calculating shield thickness and weight (see Ref. 1).
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There is a necessity for mentioning three reactors during the course
of these calculatione. To aveid confusion, they are defined as follows:

a. The Bulk Shielding Reactor (BSR)

This reactor is the experimental 10-kw reactor
novw in use at the Bulk Shielding Facility.

b. The Aircraft Reactor (AR)

This is the theoretical reactor specified by

ANP-53, which willl power the nuclear airplane
and for which these present calculations are

belng made.

¢. The Unit Shield Reactor (USR)

For purposes of these calculations the USR is
the reactor that extends into the air void of
the experimental shield mockup, as shown in
Fig. 3-1. The one-inch thickness of iron to
the left of the air void is imagined pressed
close to the 2 in. of iron on the right to
simulate a 3-in. pressure shell about the
reactor. The reactér itself is assumed to be

a sphere 13 in. in diameter with a power of

10 kw. The pressure shell is assumed to be
part of the shield, so that measurements listed
below in distances from the USR will nmean
measurements from the inside edge of the pressure

shell.

- 38 -



Al TANK— B

30

OUTLINE OF 13—-in.
RADIUS UNIT SHIELD

s

41/4 in.

Bl

BULK SHIELDING
REACTOR, TOP VIEW

OF ACTIVE LATTICE

FIG. 3-1

Z
%\
4
0

-

2-in. IRON STRUCTURE

TO HOLD Pb SHIELDS

N

AIR SPACE

iy
;{//Z, \\ 2-in. Fe SHIELD
17 \ ASSIMILATED 3-in. Fe
J% \‘ PRESSURE SHELL FOR
13 in {g /'§ UNIT SHIELD
l?y "\\)‘&‘g {-in. Fe LAYER ASSUMED
j|// \‘\\\ TO BE MOVED NEXT TO
\ f‘ﬁ \\ \ 2—in. Fe SHIELD TO ASSIMILATE
N ! q!/;‘\\\ \\ 3—in. PRESSURE SHELL FOR
S §\ UNIT SHIELD

{-in. LEAD SHIELDS

NOTE:
DRAWING IS NOT TO SCALE

THE UNIT SHIELD REACTOR

«39.



2. Leakage from the Aircraft Reactor

Leakage from the aircraft reactor may be estimated as follows.
The probability that nuclear radiations produced from fission within
a reactor will escape from its surface is assumed to be proportional
to e'ZAa , where Z is the distance inward from the surface, and A is
the relaxation length within the reactor of the type of radiation
under consideration. In the present case A is chosen so as to represent
those fast neutrons which leave the reactor with essentially all of
their initial energy. The leakage from a glven surface may be expressed
as

Z max

L = F f p,(2)e %A oz,
0

vhere F is a factor converting power to the appropriate type of radlation
leaking out (this factor does not need to be evaluated since leakage
ratios are to be used), and Pl(z) is the power density, which is pro-
porticnal to the fisslon rate per unit volume.

For a right circular cylinder P; is assumed to be uniform
radially and hence a constant. If A‘is small compared to the integration
distance, the upper limit of the above integral becomes of small conse-
quence and for convenience may be set at infinity. Thus the leakage from

the aircraft reactor is given closely by
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La/F = P osoe“z/f\zipl,\

0]

= PA
v

)

where P = P/V, the total power of the reactor divided by its volume.

Substituting numerical values, the leakage from the AR® is

(2 x 108 watts) (9.2 cm)
x(45.7 cm)2 (91.4 cm)

Ly /F

it

3.07 x lO3 Watts/ch,

3. Leakage from the Unit Shield Reactor

It will be assumed that, except for a small attenuation correction,
the leakage from the USR was the same as from the BSR. The attenuation
correction was necessary because it was physically impossible to place
the experimental reactor against the steel plate that held the shield
when the aluminum tank which surrounded the shield was in place. Radiation
from the reactor had to pass through a slight amount of water and aluminum
to reach the air wvoid which represented the USR. This separation turned
out to be one inch and the corresponding attenuvation of neutrons in water
for that distance was 0.826. The leakage calculations described in
Appendix D give the value of L/F escaping from the experimental face of
the reactor as 7.35 x 10'5 watts/ch/watt pover, where I is the same

conversion factor mentioned above. Thus for the USR the leakage is

* ;iis given as 9.2 cm for the AR in ANP-53.
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i

L,/F (0.826)(7.35x1077 vatts/cn® [watt power)(th watts power)

0.607 watts/cn® at 10 kw power.

k. The Dosage Unit, D

It is convenient for purposes of these calculations to define a
dosage unit, D. The D~-unit is the maximum dosage rate that may be taken
by military personnel during a 25-hr flight of & nuclear-powered alrcraft.
In accordance with this definition, the D-unit is equivalent to the

following dosages of nuclear radiations:

1D 1 r/or of gamms radiation

1D 0.1 rep/hr of fast neutrons

i

The tolerance dose of 1 D is not to be exceeded for a combination of fast
neutrons and gemnma radlation. The following amounts of radiation are

specified by the ANP Shielding Board as the proper tolerance combination:

D, = 1/4 D = 25 mrep/hr of fast neutrons
Dy = 3/4D = 0.75 r/hr of gamma radiation
1D = D, + D,
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5. The Allowed Dose at the Surface of the Shield

The dose Dg allowed at the surface of the USR shield” is given by
Da = 1D x (S/R)? x (Ly/L,) ® (ru/ra) ,

where
S is the crew separation of 50 ft,

R is the outside radius of the shield regquired
around the USR,

L, end L, are the leakages given above,

= the radius of the USR = 33 cm, and

[+
{

the radius of the AR = 58 cm.

it

Ta
The significance of each of the terms of the sbove expression is:

1 D is the dosage allowed at the crew compariment,

(3/3)2 i1s the inverse-square correction due to
reector-crew separation,

(Tu/Llg) 1s leakage ratio of the two reactors, and

(ry/r,) is a factor correcting for geometrical
attenuation in a shield with spherical surfaces.

Substitution of numerical values glves the following allowed doses
as specified:

a. Total dose (neutrons or gamma rays)
Dy 1Dx. (?O X 30.;)2 x (.607\ %
R 3070 %%

260 Dp-units
72

i

¥ Formula by E. P. Blizard, private communication.



b. Apportioned neutron dose

Dp = 1 . §§9
b R
= 65 D-units
R2

c. Apportioned gamme dose

D

y E 260

EE"

195 D-units
R2

Table 8 in Appendix A presents values of the doses D,s Dy, and
Dy for various radii R of the USR shield. Table 9 in Appendix A presents
8 sumeary of the measured values of the neutron and gamme doses in D
units for various thicknesses of shield. The total experimental dose
is the sum of the experimental neutron and gamma doses.

6. The Proper Thickness t of the Unit Shield

Figure 3-2 shows curves of the allowed and measured dosage rates
as s function of shield thickness. The intersection points of interest
are encircled on the graph. For convenlence the pertinent data are

tabulated in Table 3-1.
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TABLE 3-1

Intersection Points of Figure 3-2

Intersection Type of Thickness Outer Radius | Total Dose
Point Radiation of Shield,t | of Aircraft for Shield
(cm) Shield (cm) Weight
Calculation
A Fast neutrons 121..5 179.5 e
B Gamma. rays 122 180 -—-
> Fast neutrons 136 194 1D
D Total dose 130 188 1D
E Total dose 159 217 1/4 D

The minimum shield thickness indicated by point A (121.5 ecm) is that
point at which the totel dose is taken in neutrons. Point B is only of
acadenic interest. Practical shield weights may be calculated for thicknesses
t of shield indicated by intersectlon points C, D, and E. |

7. Evaluation of Shield Weights

a. Weight for total thickness of shield of 130 cm (Point D)

For this shield the total tolerance is 1 D, but the neutron dose
comprises Ui per cent of the total dose instead of 25 per cent as specified.

The shield specifications given in Table 3-2 are calculated on this basis.
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TABLE 3-2
Specifications for Shield FRo. 1
Outer radius, 188 cm
Shield thickness, 130 cn

Total lead thickness, 22.9 cm

Layer Material Density Inner Thickness Weight
(g/cm3) | Radius(cm) (cm) (g.x ;Qé)
1 Fe 7.6 58.0 7.62 2.78
2 O.494B-H-O [ 1.0 '65.6 2.6 0.146
3 Pb 11.3 68.2 2.5h4 1.74
4 0.44B-H,0 1.0 70.8 2.56 0.167
5 Pb 11.3 .73.3 2.54 2,01
6 0.44B-H,0 1.0 75.9 3.18 0.240
7 Pb 11.3 79.0 2.54 2.33
8 0.4%B-Hx0 1.0 81.6 3.83 0.335
9 Pb 11.3 85.k 2.5k 2.71
10 0.4%B-E,0 | 1.0 87.95 6.10 0.635
11 Pb 11.3 94.05 2.5k 3.28
12 0.44B-H,0 1.0 96.6 7.98 1.01
13 Pb 11.3 104.6 2.54 L. ok
14 0.4%B-E,0 | 1.0 107.1 b 46 0.670
15 Pb 11.3 111.6 2.54 - k.59
16 0.44B-HO | 1.0 11k.1 3.9 0.589
17 Pb 11.3 117.6 2.54 5.09
18 0.4%B-H,50 1.0 120.1 . 11.8 2.36
19 Pb 11.3 131.9 | 2.54 6.40
20 0.4%B-H0| 1.0 134.5 53.5 17.6
Total 130.0 58.7




The weight of Shield No. 1 is
58.7 metric tons
64.6 short tons

129,200 1b.

The importance of the foregoing calculations is that they were made
directly from the specifications of the shield ss mocked~up and measured,‘
with merely the size determined from the data. No extrapolation of the

date was needed, as was necessary for the next shield calculstion.

'b. Weight for totel shield thickness of 136 cm (Point C)

This is a shield with the:experimental neutron tolerance of l/h D
as specified; however,’the total experimental dose is below the total |
alloved dose, so that some lead may be removed to increase the gamme dose
to its allewed proportioned dose of\3/h D. To determine how much lead may
be removed, the following doses are noted from Fig. 3-2: |

allowed gamms dose, .0068 D-units
experimental gamma dose, .OOML D-units

It is desired to remove enough lead so that the measured gamma
intensity is increased by the factcr

L0068 - 66
.ooﬁl 1.66.

When lead is replaced by water the appsrent relaxation length .£ of the
radistion in the lead is given by

1 _ 2 - 1

where APY is the local relaxation length of garmas in lead and

Ab0 is the local relazation length of gammas in water.
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Results of Lid Tank experiments(s) mentioned in Chap. I indicated an
experimental value of about 3 cm for.Affor shields of 136-cm thickness
for the outer lead layer. Using this value of & , the thickness At of

lead to be removed is given by

At/3 = 1.66
or €

At = 1.52¢cm = 19/32 in.
Thus, it is specified to remove 19/32 in. of lead from layer 19 to obtain

Shield No. 2 (see Table 3-3).

TABLE 3-
Specifications for Shield No. 2
Outer radius, 19% cm
Shield thickness, 136 cm

Total lead thickness, 21.3 cn

Layer Material Inner Thickness Weight
Radius(cm) (em) (g x 1062
1-18 Identical with Shield Ne. 1 73.9 3.7
19 Fb 131.9 1.02 2.54
20 0.4%B-H,0 132.9 61.1 20.75
Total 136.0 58.0

The weight of Shield No. 2 is

58.0 metric tons
63.8 short tons

127,600 1b.
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This shield has the same amount of lead as that predicted by the ANP
Shielding Board from Lid Tank data but has 6 cm less water thickness
and therefore weighs less. The predicted shield weighed 134,000 1b,
only 5 per cent higher than Shield No. 2. This fact 1s the nmost

significant result of this report.

c. Welght for shield with tolerance of l/h D at crew compartment

Reduction of the tolerance level at the crew compartment to l/h D
requires a thickness of shield indicated by point E (t = 159 ecm) of Fig. 3-2.
At this point the gamma dose comprises about 80 per cent of the total dose,

so that this shield (see Table 3-4) approximately satisfies the requirement

that three-fourths of the total dose be taken as gammas.

TABLE 3-L

Specifications for Shield No. 3

Outer radius, 217 cm
Shield thickness, 159 cm

Total lead thickness, 21.3 cn

Layer Material Inner Thickness Weight
Radius(cm) (cm) (g % 106)
1-19 Identical with Shisld No. 1 76.5 .1
20 0. 44B-H,0 134k.5 _82.5 32.6
Total 159.0 73.7

The weight of Shield No. 3 is

T73.7 metric tons
81.1 short tons

162,000 1b,

- 50 -



The weight of this shield may be reduced somewhat by allowing a greater
proportionate amount of the dose in neutrons.

B. Yariation of Shield Weight with Shield Thickness

Of prime consideration in the design of a reactor and shield for a
nuclear-propelled aircraft are low weight and small size. It is important
then to know what relationship exlsts between shield thickness and shield
' weight for glven tolerance conditions. A fair understanding of this
relationship is to be found from a study of Fig. 3-2. A shield designed
for a thickness indicated by polint A would be very heavy because of the
considerable amount of lead required to reduce the gamma radlation to
negligivle proportions. Thicker shields would require less lead but more
water and would weigh less. For very thick shields the excess amount of
water necessary would make the shields heavier again. It is clear that
st some point there is a minimum-weight shield.

A series of shield weight calculations was carried out for a tolerance
of 1 D end for various thicknesses of shield, using the method outlined in
connection with Shield No. 2 (see preceding section, 7(b).) These are
summerized in Table 9 in Appendix A and presented graphically in Fig. 3-3.

It is of interest to note the points on the figure indicating the
positions of Shield Nos. 1 and 2. Shield No. 1 is somewhat thinner than
Shield No. 2, but because it contalins more lead it weighs more. The fact
that Shield No. 2 falls on the minimum point of the curve shows that it is
optimized for a neutron-to-gamma ratlio of 1/3. On the same graph there
appears a dashed line showing what pefcentage of the total dose can be

expected to be taken in neutrons. It is evident that the thinner the shield,
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the greater is the percentage neutron dose. Thus, a thin shield can be
designed only at the expense of increased neutron level and excess weight.
There is an incentive other than weight for keeping the neutron dose as
low as possible. The relative biological effect of fast neutrons is less
well-known than that of gamma radiation, and the uncertainty is less
important when the neutron level is kept low.

The point labeled "predicted shield" in Fig. 3-3 is also of interest.
As mentioned above, this shield, based on Lid Tank studies, is only 5
per cent higher in weight than Shield No. 2 measured in the present
experiments.

It should be noted that the most accurate point on the curve is the
measured Shield No. 1. A possibility of error is introduced by the use of
an average value of 4 as chosen for the calculations. Actually,e varies
directly with the amount of extra lead introduced, so that the error
becomes greater at the extremes of the curve., At the point indicated by
Shield No. 2, a change of 20 per cent in the value of 4 glves only an
error of about 1 per cent in the weight of the shield,

C. Effects of Boration of Water upon Shield Weights

The results of the unit shield experiments described in this report
indicate that the boration of the water greatly reduced the gemma radiation
intensities behind the shield but had no effect upon the fast-neutron dose.
It was observed that as the boron concentration increased, the rate of

reduction in gamma intensity with change 1n boron concentration decreased.
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An analysis of the effectiveness of the boron in reducing gamma
intensities has been given separately in Appendix B. This analysis
established the fact that the 0.4% boron concentration used in the
experinents was entirely adequate and predicted that further boration
of the water would reduce the gamma intensities at the surface of the
shield by smell amounts.

It iz of interest at this point to inquire vhat effect does varying
the emount of boron in the shield have upon its weight, if the shield is
designed in every case for tolerance conditions. The theoretical limit
to which & shield weight could be lowered by increasing the boron con-
centration becomes an important consideration.

The boron content of the water may be increased only to its limit
of solubility, 0.6%, using BpO3. However, it is possible to dissolve
boric oxide and other boron compounds to a much greater extent in other
solutions, such as potassium hydroxide.

Suppose, for example, that a 1% boron concentration could be achieved
by dissolving boric acid in potassium hydroxide, or perhaps a concentration
as high as 10% boron could be reached by some means. Thére arises the
question as to whether the reduction in weight would be encugh to justify
study of such a systen.

On the basis of the calculaticns which follow, an estimate of savings
of shield weight will be made, and a tentative answer to the above guestion
. will be given. These calculations are based upon the optimized shield
(Shield No. 2). They show what happens to the weight of this shield as

the boron concentration i1s changed.



Table 2 of Appendix B lists the experimental gemma intensities in
relative units at any point behind the unit shield for wvarious con-
centrations of boron. From this table the ratio f;/ fg is determined,
vwhere f; is the value of the gamma intensity for the O.h% boron solution,
and lé the value of the gamme radiation at other concentratlons of boron.
From the value of f;/ r; the thickness of lead to be added or removed is
calculated, from which the shield weight for the boron concentration
being congidered is obtained. Allowance is made for the increase in
welght due to increased boron concentration.

Calculations of shield welghts are made for BpO3 solution in water
up to 1% B concentration and for Bp03 in KOH solution (KpBpOy solution)
up to 5% B concentration. The borated water was assumed to extend only
1 ft beyond the last lesd layer in order to minimize the weight increase.
These calculations are summarized in Table 11 in Appendix A. The results
are plotted in Fig. 3-4. The reductions in welght for Shield No. 2 are

shown in Table 3-5.
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TABLE 3-5

Variation of Shield Weight with Boron Concentration

Solution Boron Concentration |Weight of Shield | % Reduction in Wéight
(%) (1v) over Shield No. 2
Bo03 in 0.6 126,100 1.2
Hs0
2 1. 122,500 L
Bo03 in 0.6 126,800 1
KOH
solution 1 124,500 2.5
1.25 124,300 2.7
1.5 ‘ 124,400 2.6
2 12k ,800 2.2
5 129,400 (14 increase)

It is evident from Fig. 3-4% that with the given layer configuration
the greatest reduction in weight attainable over Shield No. 2 is 2.7% at
a boron concentration of 1.25%. Attempts to further reduce the weight is
offset by the higher density of solutions needed.

A further reduction in weight may be accomplished by reoptimizing the
shield for higher boron concentrations. Such en experiment is now in

progress at the Lid Tank.
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D. ZErrors in the Estimation of Shield Weights

The nature of the calculations involved In determining shield
weights is such that relatively large errors in the measurements and
calculated constants may be tolerated without their producing important
errors in the final results. For the aircraft reactor considered by
the Shielding Board(l) the main uncertainties asppear in the following
factors: .

1. Calibration of the detectors used for determining neutron

and gamma dosage.

2. The power of the reactor (see reference 3).

3. The value of Aused in calculating the core leakage

(see Appendix D) and in the value of.X?used in calculating

the lead removal (see pages 48 and 53).

4k, The geometric transformations; these are

a. éhe assumptions used in transforming from the BSR
to the USR (see page 38), and

b. The inverse square correction in determining the allowed:
dose at the crew (see ‘page 43).

The geometric transformations are conservative and the errors

involved are small.

Table 3-6 lists the effects of the first three factors on the
weight of Shield No. 2 (see Fig. 3-3). The largest uncertainty
produces an error of no more than 3% in the shield weight, and the
combined uncertainties produce a root mean square error of less

than 4%.
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TABLE 3-6
Errors In Shield Weight

Source Maximum|{ Error in {Change in | Error in
of Error Shield Shield Shield
Uncertainty (%) Thickness Weight Weight
(em) (1b) (%)
Fast Neutron
Dosimeter 30 2.7 (H,0) 2800 2.2
Gamma. Ion
Chanber 5 0.15 (Pb) 800 0.6
Reactor Power -
Calibration 20 2.0 (H,0)
0.24% (Pv) 3300 2.6
Leakage
Constant, )\ 10 1.0 (H.0)
0.1 (P%) 1500 1.2
Lead Renmoval
Constant, 20 0.25 (Pb) 1400 1.1
Total R.M.S. Error - - - - - L 4700 3.7
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Iv. CONCLUSIONS AND OBSERVATIONS

The most important result of these unit shield measurements has
been the confirmation of the earlier Lid Tank tests by means of
independent measurements. Further, the valldation of the shielding
principles involved in the design of the ideal unit shield has been
accomplished. These principles include the use of simple theoretical
relationships, the extrapolation of fast-neutron dosapge measurements
by means of thermal-neutron measurements, and the employment of the
necessary geometric transformatlions.

Specifically, a minimum-welght shield was cbtained for:lr/hr
tolerance at the crew which had the seme lead configuration as the
shield predicted by the ANP Shielding Board and varied only in that the
water thickness behind the lead proved to be 6 cm less than originally
estimated. The minimum-welght shield was obtained by calculation from
the shield as measured. The numerical results are tabulated in Table
h-1,

Other results to be noted are that for a tolerance onLr/hr at crew
no lead-water shield may be thinner than 121.5 cm for the given size
and power of the aircraft reactor. Reduction of the radiastion level at
the crew compartment to 1/% r/hr increases the shield weight to 162,000
1b. The welght of the shield in its present configuration may be re-
duced somewhat by increasing the boron concentration of the water in

the shield.
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TABLE 4~1
Shield Weights

Shield Total Thickness |Lead Thickness | Weight
(cm) (cm) (1b)
The shield as measured 130 22.9 129,200
The minimum weight shield 136 21.3 127,600
Shield predicted by Lid
Tank tests 12 21.3 134,000

- 61 ~




APPENDIX A

Tables for the Unit Shield Experiments
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APPENDIX A

This appendix contains tables of the experimental data obtained

during the unit shield experiments plus taebles summarizing the various

shield-weight calculations. These tables were removed from the mailn

vody of the report in order not to destroy 1ts continuity.

For handy reference a list of the tables is glven.

Table 1

Experiment 3

Table 2

Table

Table

3
L
Experiment k4
5

Table
Table 6

Table 7

Gamme. Radlation Traverses behind the Unit Shield
Mockup to Determine the Effect of Streaming

Gamme Radiation Measurements behind the Unit Shield
Thermal ~-Heutron Measurements behind the Unit Shield

Fast-Neutron Dose Measurements behind the Unit Shield

Gamma Radlistion Measurements behind the Borated-Water
Unit Shield with Various Concentrations of Boron

Thermal ~-Neutron Measurements behind the Borated-Water
Unit Shield

Fast-Neutron Dose Measurements behind the Borated-Water
Unit Shield

Shield Weight Calculations

Table 8

Table 9

Table 10

Table 11

Tolerance Dosages of Radiation Allowed at the Surface
of the USR Shield

Experimental Dosage Rates in D~units at the Surface
of the USR Shield for Various Shield Thicknesses

Calculation of Shield Weights for Various Thicknesses
of Shield for Radiation Tolerance of 1 r/hr at Crew

Variation of Shield Weight with Boron Concentration,
Based upon Shield No. 2.
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TABLE 1

Gamma Radiation Traverses Behind the Unit Shield
Mockup To Determine the Effect of Streaming

(Traverses made on g radius of 175 cm with 1012 standard 50-cc chaunber)

Runy Description %, Distance Z, Distance Angle of Ganma
Ko. from Centerline; from Reactor Chamber Radiation
/ with z-axis| Intensity
(cm) (cm) (r /bor Jwatt)
3 | Measurement 0.0 171.0 0° 1.180x1070
of gamma
streaming -45.3 165.0 -15° 1.172x107%
around the
unit shield -87.5 147.6 -300 1.208x106
~123.7 119.8 450 3.076x1076
-155.6 83.5 ~60° 5.511x10 "2
0.0 171.0 0° 1.179x10“6
+45.3 165.0 +15° 1.134x1076
+87.5 147.6 +30° 1.103210"6
+123.7 119.8 +15° 2.399x1070
+155.6 83.5 +60° 4, 0hlix1077
y | Measurement 0.0 171.0 00 1.129x10-6
of gamma
streaming 45.3 165.0 ~15° 1.246x1076
arcund the
wnit shield -87.5 7.6 ~30° 1.246x1076
with reactor
walled in ~123.7 119.8 -45° 1.934x10-6
with con-
crete blocks -155.6 83.5 -60° 8.578x10”6
0.0 171.0 0° 1.270x10'6
+45.3 165,0 +15° 1.188x1076
+87.5 147.6 +30° 1.110x10"8
+123.7 119.8 +450 1.42551070
+155.6 83.5 +60° 5.073x10‘5

Nete Data plotted in Fig. 2-2
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Gamme Radiation Measurements Behind Unit Shield Mockup

TABLE 2

Experiment 3

(Centerline Data)
Distance [Distance GAMMA RADTATION INTENSITY (r/hr/watt)
from from Run 144, |Run 148, [Run 1kC, [Run 18, Sunmery
Reactor Shield 50=cc Q00~ce 900-~cc 50-cc and
(cm) (cm) Stendard {1010 1012 Standard Average
1012 Chamber Chanber 1012
Chamber Chamber
Plotting Symbols o L] A o] &

99.9 2.0 5.065%10-5 5.065510"2
101.1 3.2 4.791x1072 b, 791%1073
102.9 5.0 %.298x1070 | 4.098x1075
105.0 7.1 3.851x1077] 3.752x1075 '3_8ogxlo"5
110.0 12.1 2.877x1077| 2.846x10"5) 2.862x1072
112.9 15.0 2.245x1070 | 2.245x107°
120.0 22.1 1.610x1077] 1.608x109 1.609x10"°
192.9 5.0 1.330x107° | 1.330x107°
130.0 32.1 | 9.37x107C | 9.161x1076 9.265x10~6
132.9 35.0 7.729x10~0 | 7.729x10-6
140.0 ho.1 5.500x10"6 5.413x10‘6 5.&56x10"5
150.0 50.1 32771079 3.268x1076 3.273x1076
152.9 55.0 2.81x10°° 1 2.81x1076
160.0 62.1 :L.921x:L0“6 1.993x10'6 1.157x10“5
170.0 72.1 1.245x1079 1.245x1076
172.9 75.0 1.o9xlo"6 1.o9x10"6
180.0 82.1 7.889x107 1 7.889x10"7
190.0 92.1 5,145x10" 1] 5.145x1077

Continued




TABLE 2 (Cont'd)
Distance] Distance GAMMA RADIATION INTENSITY (r/hr/watt)
from from |Run 14A, | Run 14B,| Run 14C, [Run 18, Summary
Reactor | Shield 50-~ce 900-cc 900 -cc 50=-cc and
(cn) (cm) Standard | 101° 1012 Standard Average
1012 Chamber | Chamber  |1012
Chanber Chamber
Plotting Symbols ® A {c=] ®
200 102.1 3.348x10~7 3.348x10°7
210.0 | 112.1 2.233x10~ 7 2.233x10°7
200.0 | 122.1 1.513%1077 1.513x10°7
230,0 | 132.1 1.040x10"7 1.040x1077
240,0 | 1k2.1 7.267%10"8 7.267x10-8
250.0 | 152.1 %.905x10~8 i.905x10~8
260.0 | 162.1 3.470x10~8 3.470x10-8
270.0 | 172.1 2.506x10~8 o .506x10~8
280.0 | 182.1 1.894x10-8 1.804x10°8
290.0 | 192.1 1.318x1070 1.318x1078
NOTE: Data plotted in Fig. 2-3
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TABLE

Experiment 3

Thermal Neutron Flux Measurements
Behind Unit Shield Mockup

(Centerline Data)

THERMAL -NEUTRON FLUX (nvyy,/watt)

Distance |Distance Run 5 Run 11 Run 13 Run 15
from from 3-in. Fis- 8-in. BF3 Indium 12-in. BF
Reactor Shield sion Counter Counter Foils Double Cham-
(cm) (cm) ber Counter Summary
Plotting Symbol -0 = X A
97.9 0.0 3.120x10% 3.120x10}
99.1 1.2 2.436x101 2.436x10%
107.9 10.0 5.272 5.272
117.3 20.0 1.178 1.178
117.9 20.0 1.178 1.178
119.2 21.3 1.017 1.017
122.3 ob .k 6.618x10-1 6.618x10~1
127.3 29.4 3.464x10-1 3.464x1071
127.9 30.0 3.183x10-1 3.183x10"1
129.2 31.3 2.538x10"1 2.538x10"1
132.3 34k 1.872x10-1 1.872x10°1
137.9 40.0 9.400x10-2 9.400x10-2
138.3 40.4 8.965%10 2 8.965x10-2"
142.3 Wk 5.603x10-2 5.603x10 2
Continued
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Table 3 (Con't.)

THERMAL -NEUTRON FLUX (nvip/watt)

- 68 -

Distance | Distance Run 5 Run 11 Run 13 Run 15
from from 3-in. Fis- 8-1in. BF3 Indium 12-in. BF
Reactor Shigld | sion Counter Counter Foils Double Cham-
{cm) (cm) ber Counter Summary
Plotting Symbol -0- =1 X A
147.3 9.4 3.078x10"2 3.078x107°
147.9 50.0 2.850x10~2 2.850x%10 2
152.3 5h .4 1.742%10°2 1.742x10 2
155.1 57.2 1.289x107° 1.289x10-2
157.3 5.4 9.949x10"3 9.949x10-3
162.3 64 .4 5.720x10 -3 5.720x10~3
165.1 £7.2 L.236x10"3 4.236x10-3
167.3 69.4 3.359x10-3 3.359x103
175.1 77.2 1.438x10-3 1.438x10-3
185.1 87.2 5.008x10~* | 5.008x107
195.1 97.2 1.751x107% | 1.751x007%
205.1 107.2 6.257x1072 6.257x10~>
215.1 117.2 2.265x1072 2.265%10-5
225.1 127.2 8.600x10-6 8.600x10-0
235.2 137.3 3.310x1070 3.310x10°6
245.2 147.3 1.29x1070 1.29%10-6
255.2 157.3 6.59x10~T 6.59x10~7
NOTE: Data plotted in Fig. 2-h.




TABLE 4

Experiment 3

Fast -Neutron Dosage Measurements

Behind Unit Shield Mockup

Plotting Symbol, ©

(Centerline Data)

Distance Distence FAST NEUTRON DOSAGE (mrep/hr/watt)
from(iz?ctor fro?ci?ield Run 19 Run 21 ‘ Summary
104.6 7.7 1.245%10-2 1.2§5x10'2
112.8 13.4 4,01x103 h.éix10-3
114.6 17.7 3.41x10-3 3.41x10-3
122.8 23.4 1.17x10-3 l.i?x10‘3
124.6 27.7 1.015x10-3 1.015x10-3
132.8 33.4 3.67x10-4 3.67x10-k
134.6 37.7 3.12x10% 3.12x107%
142.8 3.4 1.25x10-4 1.25x10-1
152.8 53.4 L.12x10-> b.12x105
164.6 67.7 1.45%1072 1.45x%10-5

NOTE:

Data plotted in Fig. 2-5.




Gamma Radistion Intensity Measurements

TABLE 5

Experiment U

Behind Borated-Water Unit Shield Mockup

with Various Concentrations of Boron

(Centerline Measurements)

A. 0.0% Boron Concentration
(Pure Hx0)
Distance | Distance GAMMA RADTATION INTENSITY (r/hr/watt)
from from Run 1A Run 1B Run 2 Run 3 Summary
Reactor Shield | 50-cc 1012 | 900-cc 102 | 900-cc 1012} 900-cc 1012 and
(cm) (cm) Std. Chember Chamber Chamber Chanmber Average
Plotting Symbol ] | . - ~ [
159.9 62.0 1.786x10-6 | 1.786x10-6
160.0 62.1 | 1.774x10-6 1.694x10-6 1.734x10-6
160.9 63.0 1.725x10-6 1.725%10-6
169.9 72.0 1.100x10-6 | 1.100x10-6
170.0 72.1 1.081x10-6 1.081x10-6
170.9 73.0 1.054x10-6 1.054%10-6
179.9 82.0 6.844x10-6 | 6.84lx10-6
180.0 82.1 6.926x10-7 6.926x10-1
180.9 83.0 6.606x10~7 6.606x10-7
189.9 92.0 4.350x10-7 | 4.350x10-7
190.9 93.0 4.159x10~ 1 %.159x10-7
199.9 102.0 2.784x10-T | 2.784x10-7
200.0 102.1 2.90kx10-T 2.904x10~7
200.9 103.0 2.637x10-7 2.637x10°7
209.9 112.0 1.816x107 | 1.816x10-7
Continued
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Table 5 (Con't.)

A. 0.0% Boron Concentration {Con't.)

GAMMA RADIATION INTENSITY (r/hr/watt)

Distance | Distance

from from Run 1A Run 1B Run 2 Run 3 Summary
Reactor Shield 50-cc 1012 900-cc 1012 | 900-cc 1012 | 900-cc 1012 and

(cm) (cm) Std. Chamber Chamber Chamber Chamber Average

Plotting Symbol e | ] » ]
210.9 113.0 1.689x10-7 1.689x10-7
219.9 122.0 1.197x10-T | 1.197x10°7
220.9 123.0 1.09x10~7 1.09x10°7
229.9 132.0 7.983x10-8 | 7.983x10-8
239.9 142.0 5.378x10-8 | 5.378x10-8
2k9.9 152.0 3.714x10-8 | 3.714x10-8
259.9 162.0 2.561x10-8 | 2.561x10-8
269.9 170.0 1.751x10-8 | 1.751x10-8

NOTE: Data plotted in Fig. 2-3.
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Table 5 (Con't.)

B. 0.1% Boron Concentration

Run 4, 900-cc 1012 Chamber

Plotting Symbol, B

Distance from | Distance from | 7 Intensity
Reactor Shield (r/nr/watt)
(cm) (cm)
159.9 62.0 6.964x10-T
169.9 72.0 b wibxy0-T
179.9 82.0 2.788x10-7
189.9 ¢2.0 1.779x10-7
199.9 102.0 1.139x10~7
204.9 107.0 9.606x10~8
209.9 119.0 7.662x10-8
219.9 122.0 5.197x10~8
229.9 132.0 3.534x10-8
239.9 142.0 2.398x10-8
249.9 152.0 1.633x10-8
245.9 162.0 1.366x10-8

NOTE: Data plotted in Fig. 2-3.
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Table 5 (Con't.

C. 0.2% Boron Concentration

)

Run 5, 900-cc 102 Chamber
Plotting Symbol, ®

Distance from | Distance from y Intensity
Reactor (cm) Shield (cm) (r/hr/watt)
159.9 62.0 5. 447x10-7
169.9 72.0 3.396x101
179.9 82.0 2.170x10~7
189.9 92.0 1.395x10~7
199.9 102.0 9.069x10-8

-73..

D. 0.4% Boron Concentration
Run 5, 900-cc 102 Chamber
Plotting Symbol, ¥
y INTENSITY (r/hr/watt)
Distance Distance
from from Run 6 Run 7
Reactor Shield G-M 900~cc 1012
(cm) (cm) Counter Chanber Summary
Plotting Symbol r -
159.9 62.0 3.817x10-T 3.817x10-7
169.9 72.0 2.360x10~1 2.360x10~7
173.2 75.3 2.000x10~1 2.000x10° 7
179.9 82.0 1.072x10°7 | 1.472x10~T
183.2 85.3 1.278x10~7 1.278x10~7
189.9 92.0 9.481%x10°8 | 9.481x10-8
193.2 95.3 8.164x10-8 8.164x10-8
199.9 102.0 6.220x10-8 | 6.220x10-8
Continued




Table 5 (con't.)

D. 0.4% Boron Concentration (Con’t.)

Distance | Distance y INTENSITY (r/hr/watt)
from from Run 6 Bun 7

Reactor | Shield G-M 900 -cc 1012
(cm) (cm) Counter Chamber Summary
Plotting Synbol & ] |
209.9 112.0 3.923x10°% | 3.923x10-8
213.2 115.3 3. 454x10-8 3.454x10-8
219.9 122.0 2.586x10°8 | 2.586x10-8
229.9 132.0 1.757x10-8 | 1.757x10-8
£33.2 135.3 1.47x10-8 1.47x10-8
239.9 142.0 1.222x10°8 | 1.220%10-8
249.9 152.0 8.39x10-9 8.39x10-9

NOTE: Data plotted in Fig. 2-3.




TABLE 6

EXPERIMENT 4

Thermal-Neutron Flux Measurements Behind

0.4% Borated Water Unit Shield Mockup

(Centerline Data)

DISTANCE | DISTANCE THERMAL-NEUTRON FLUX (nvth/wact)
FROM FROM RUN 8, RUN 9, RUN 10, RUN 12, RUN 13, RUN 14, RUN 15, BRUN 16, RUN 17, RUN 18-19, SUMMARY

REACTOR SHIELD | 3-in. FISSION | 3-in. FISSION | 12-in. BF,; SINGLE| 3-in. FISSION | 3-in. FISSION 8-in.BF 4 12-in. BFy SINGLE | 12-in. BF3 DOUBLE; 12-in. BF,; DOUBLE | 12-in. BF; SINGLE AND
(cm) {cm) COUNTER COUNTER CHAMBER COUNTER COUNTER COUNTER COUNTER CHAMBER COUNTER CHAMBER COUNTER CHAMBER COUNTER CHAMBER COUNTER AYERAGE

PLOTTING SYMBOLS -9 -9 v - ~- [ v A A v
146.5 48. 5 1.749 X 10°2 1.749 X 1072
149.0 51.1 2.029 X 10°2 2.029 X 1072
151.5 53.6 1.779 % 10°2 1.722 x 162} 1.782 x 10°2 5#%N\ 1.761 X 10-2
156.5 | 58.5 1.15 % 10°2 ] 1.130 X 10~2 ‘ 1.140 X 10-2
161.5 63.6 6.65 X 1073 6.98 X 10°3| 6.55 x 10-3 6.73 % 1073
166.5 68.6 3.69 x 10-3 3.60 x 1073
171.0 73.1 2.251 x 10°3 2.251 x 10°3
171.5 73.6 2.15 x 10-3 2.15 x 1073
172.5 | 74.6 1.856 x 1073 1.856 X 1073
176.0 78. 1 1.275 X 1073 1.275 x 10°3
177.2 | 79.3 1.122 x 1073 1.122 x 1073
181.0 83.1 7.431 X 1074 7.431 X 1074
182.5 | B84.6 6.300 X 10°4 6.300 x 107 *
186.0 88.1 4.408 x 1074 4. 408 X 1074
187.2 89.3 3.905 X 10-4 3.905 X 10°4
191.0 93. 1 2.66 X 10-4 2.66 X 10-%
192.5 | 94.6 2.206 X 10°4 2.200 X 1074 2.10 X 10°¢ 2.169 x 10°4
196.0 98. 1 1.58 x 10°% 1.58 x 10°%
197.2 | 99.3 1.368 X 1074 1.331 X 10-4 1.350 x 1074
202.5 | 104.6 7.977 x 107° 7.977 X 10°%
212.5 | 114.6 3.030 X 10°° 3.030 X 10°°
217.2 | 119.3 1.774 x 1079 1.774 X 1075
222.5 | 124.6 1.08 X 1073 1.08 X 1075
232.5 | 134.6 4,31 X 1076 4.13 x 1076 4.22 x 10°6
237.2 | 139.3 2.59 X 10-6 2.59 X 10°%
242.5 | 144.6 1.59 x 1075 1.59 X 10-6
247.2 | 149.3 1.21 x 1078 1.21 _x 10°6
252.5 | 154.6 8.69 x 1077 8.69 X 1077
257.2 | 159.3 5.51 X 1077 5.51 X 1077

NOTE:

Data plotted in Fig.

2-4,
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TABLE 7

Experiment b

Fast-Neutron Dosage Measurements
Behind 0.4% Borated-Water Unit Shield Mockup

Plotting Symbol, e

{Centerline Data)

Distance Distance FAST-NEUTRON DOSAGE {mrep/hr/watt)
from Reactor from Shield ‘

(cnm) (cm) Run 20 Run 23 Summary
153.2 55.3 4.03x10-5 4.03x10"7
154.9 57.0 3.25%x10 72 3.25x10-5
158.2 60.3 2.39x10-5 2.39x1070
159.9 62.0 2.06x10-5 2.06x10-5
163.2 65.3 1.48x10"2 1.48x10-5
164.9 67.0 1.20x10-5 1.22%105
174.9 77.0 5.37x10-6 5.37%10-0
179.9 82.0 3.70x106 3.70x10-6

NOTE: Data plotted in Fig. 2-5.




TABLE 8

Tolerance Dosages of Radiation Allowed
at the Surface of the USR Shield

Outside Radius Tﬁickness Meximum Allowed Apportioned Apportioned

of USR Shield of Shield Radiation Dose Neutron Dose Gamma Dose
(cm) {cm) ®4mm@ {D-Units) {(D-Units)
90 57 .0320 .00800 L0240
100 67 .0259 .00648 .019k
110 77 L0211k .00535 L0161
120 87 .0180 . 00450 .0135
130 97 .0153 .00383 .0115
140 107 .0132 .00330 .00990
150 117 0115 .00287 .00863
160 127 .0101 .00252 .00758
170 137 .00896 00224 .00672
180 1h7 00799 .00200 00599
190 157 00717 .00179 .00538
200 167 .00622 .00156 .00k66

Apportioned doses:

NOTE: Dats

Neutrons, 25% of total.

Gammas, 75% of total.

plotted in Fig. 3-2.




TABLE 9

Experimentsl Dosage Rates in D-Units
at the Surface of the USR Shield
for Various Shield Thicknesses

Outside T
Distance Shield Radius of Fast Neu- Gamma, Radia- | Total Experi-
from BSR Thickness USR Shield tron Dose tion Dose mental Dose
{cm; {em) {em) (D-Units) (D-Units) {(D-Units)
100 77.8 110.8 2.32 .0990 2.42
110 87.8 120.8 .610 .0530 .663
120 97.8 130.8 175 .0295 .205
130 107.0 140.8 | 0532 .0171 ; 0T
_________ 50 117.8 150.8 .0160 .0102 % L0262 i
u0 127.8 160.8 .00545 .00613 ' one |
160 137.8 170.8 .00192 .00375 00567 |
170 ih7.8 180.8 .00077 .00235 00312
180 157.8 190.8 .0003k .00157 | L0019
f

NOTE: Data plotted in Fig. 3-2.

~ 78 -




Calculations of Shield Weights

TABLE 10

for Various Thicknesses of Shield

(A1l weights are based on a total radiation tolerance of 1 r/hr.)

Total Exp'l.
Allowed Neutron Allowed Exp'l. Change in

Shield Dose, Dose, 7 Dose, 7 Dose, Ratio: Lead Shield
T?é;§ness (gﬁﬁgits) ?ggﬁgits) ?%Egiits) ?%S%%its) g%%i% Th%zi?igs w?i%?t
121.5 .0107 .0107 ) .00830 00

123 .0106 .00910 L00150 .00768 5.12 + .90 | 148,700
125 .0103 .00735 . 00295 00700 | 2.37 + 2.59 | 137,100
127 .0101 00590 .00L20 00640 | 1.52 + 1.26 132,900_
129 .00984 .00k78 .00506 .00579 1.1k + .39 | 130,200
130 .00968 .00L23 .00545 .00545 1.00 0 129,203*
131 .0C960 .00389 00571 00522 914 - .27 | 128,700
133 .00937 .00317 .00620 .00k4Th 765 - .81 | 128,000
135 .00915 00257 .00658 .00430 .653 - 1.28 | 127,700
136 .00903 .00223 .00680 .00k10 .603 -~ 1.52 127,60;**
137 .00896 .00209 00687 .00390 .568 - 1.70 | 127,700
139 .00872 .00171L .00701 .00355 .506 ~ 2.04 | 128,200
141 .00852 .00143 .00709 .00323 456 - 2.36 128,700
143 .00837 .00120 00717 .00295 L1 - 2.67 {129,600
1ks .00818 .00099 .00719 .00268 373 - 2.96 | 130,700
147 .00800 .00078 .00722 .002k5 .339 - 3.25 {131,800
152 .00760 . 0005k .00706 .00198 280 - 3.8

157 .00720 .00036 .00684 . 00162 .237 - 4.32 | 139,700
162 .00680 .00025 .00655 .00135 .206 - b7k

167 00655 .00018 .00637 .00112 176 - 5.21 | 150,500
*:7 ;;:eizd;zftis add, "-" Indicates remove. NOTE: Dats plotted in Fig. 3-3.

e

Shield No. 2
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TABLE 11

Variation of Shield Weight
with Boron Concentration

(Based upon Configuration of Shield No. 2)

- NOTE 2:

- Wt. of
Shield less Minimom Minimum In-
y Radiation Increase in Increasge crease in
Boron Con- | Intensity Change in | Wt. due to in Wt. by | Wt. by Ad-
centration Lead Increased Addition dition of
(Rela%ive Ratio: Thickgiis Density of of Bz0g KOH+Bp03
(%) Units) f§/r§’ {em) Soluticn (1b) (1b)
0.0 1 b.51 + k.38 150,500
0.1 Rits) 1.91 + 1.9k 137,500
0.2 .30 1.36 + 0.92 132,200 150 Loo
0.4 22 =0y 1.00 0 127,600 300 800
0.6 .193 877 - 0.39 125,600 500 1,200
1.0 155 705 - 1.05 122,500 850 2,000
W%
1.25% {121,700) 2,600
1.5 (121,200) 3,100
2.0 {120,700) 4,100
5.0 119 541 - 1.84 119,200 10,300
10.0 115 .523 - 1.9% 118,800 20,500

*,Té is the 7 intensity of a given boron concentration; {4 is the y intensity at
0.4% boron concentration.

sk " +N

KR

NOTE 1:

indicates add,

o
>

Data plotted in Fig. 3-U.

indicates remove.

Values enclosed in parentheses are interpolated.

To find weight of borated-wster shield add the proper value of either column 6
or colum 7 to the weight gilven in column 5.



P APYERDIX B

Effectiveness of the Boron Solution

H. E. Hungerford
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APPENDIX B

THE EFFECTIVENESS OF THE BORON SOLUTION

Boration of the water within the shield suppresses the production
of secondary gemmas by virtue of the relatively large cross-section
boron has for the (n,y) reaction. ‘This process is accompanied by the
emission of & single 0.49-Mev ganma ray which is readily absorbed
by the shield; hence neutrons are removed which could otherwise generate
hard gammas by other processes such as capture or inelastic scattering.

It has now to be determined what is the correct amount of boration
for a lead-water unit shield. This can be done by extrapolation of the
experimental data. ’

One may regard the gemma radiation emerging from the shield as
composed of two parts: (1) radiation generated within the reactor,
and (2) radiation generated within the shield.

Let‘ " = the radiation emerging from shield

f&g= the radiation’prodncea within the reactor
(primary games)
5= the radiation produced within the shield
( secondary gammas)
Then, if there is no boration,
M=+ I
If there is boration of the water, then fg, the secondary gemma radiation
will be reduced by the smount

£q
£E + £B
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vhere: £H is the macroscopic thermal neutron absorption cross-section

for hydrogen, and

£3 ig the macroscopic thermal neutron absorption cross~section

for boron

Then r' ) PB . PS ( £ T )

£y + Zp

) q{ ' PS (1 +21B/£H)

The ratio £/ £n may be evalusted as follows:
B/ #H

Let P = the percemtage by weight of borom. Then, since the weight
percent of oxygen in BQO3 is 2.2 times the weight percent of boron,

100 - P - 2.2P =1 - .032 P = the percentage by weight of water.

100
Then P, ' c
B 01%5 . o &y @ , and
£y = (1 - .032P) No Gy s
My
£p. p (@”B Y [ ME0 A .
£3 1060 \26m /] \[¥g 1 - 032 P
whers
Ho = Avogadros' Number
P = density of the solution
M = molecular weight
§ = thermal neutron cross-sections




Substituting numerical wvalues

£ . » 715~(18)(1)
Zy 100 2x0.32 10.82 - .032 P

8.6 P
1-.032PF

i

Therefore

1 +18.6 P/1 - 032 P

[ R ) )

Using this formula, the BSF gemma radiation data at various con~

centrations was analyzed for several distances from the shield. Experimental

values of r,were plotted against the value of 1 - ,032 P for the con-
1+ 18.6

centrations 0, 0.1, 0.2, and 0.4 percent B. A straight line was drawn

through the points to represent the function. The value of F% was

determined by extrapolation of the curve to 0. From this the wvalue of fi

was determined by subtracting T% from the value of r; at P = 0., 7The
curves representing these functions are shown in Fig. B-1.

The average ratio Fﬁ/ f’s, thé retio of gammas producediby the reactor
to the gammas produced within the shield, turns out to be 0.13, which means
that the gammas from the reactor are centributing only 11 per cent to the

total emergent gamma flux from the sghield.

To determine how effective the boronm is in reducing the gemms radiation,

it is necessary only to plot the ratio r%/ r for various boron concentrations.

This ratio will be smallest at C per cent of horon and will incresse to a
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value of 1 when the concentration of boron is‘infinite‘ A plot of
PR/r’against P is shown in Fig. B~2. On the same graph is shown
a plot cof the ratio'rvré, where FB is the gamms flux without boron.

The maximum concentration physically possible is 0.6 per cent.
At this point the reduction of gammas over that aocomplishsd by
using a 0.4 per cent solution is only 12 per cent. If it were
possible to achieve infinite comcentrations, the reduction of
gommas would only be by another factor of 2.

Thus 1t seems that the conaénﬁration 0.4% per cent B used in
the experiment was entirely adequate. The reduction of gammas by
this concentraticen is nearly a factor of 5. Increasing the con-
centration by 50 per cent would give only 12 per cent more
reduction in gammas; as was already pointed out, which did not
Justify its use in the ekperiment,

Moreover, from the point of wview of settling end sedimentation
probleme, the O.4 per cent solution was best. Experiments made on

this point indicated that 0.4 per cent solution was as high a

. concentration as could be used without excessive settling out of

the boron and excess chemical resctions with structural elements,

such as iron.
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APPENDIX C

Power Calculations of the Unit Shield Reactor

E. B. Johnson

(This memorandum has appeared as CF 51-9-112)
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SECRET

Intra-Leboratory Correspondence

OAK RIDGE NATTIONAL LABORATORY

To: J. L. Meem September 18, 1951
From: E. B. Johnson

Re: Power Calculations of the Unit Shield Reactor

Neutron flux measurements have been made in the water reflected reactor
and the power distribution calculated®. In the process of taking measurements
on the unit shield with the various instruments, it beceme obvious that
another measurement of the flux and power distribution in the reactor at its
position against the unit shield mock-up would be necessary. These measure-
ments have been completed and the results are reported herein.

The reactor loading was the same as when the previcus determination was
made; a 5 x 5 lattice of fuel elements with water reflector on Tive sides and
a permanent beryllium-oxide reflector on the back (south) side. However, when
the reactor was in place against the unit shield, there was only sbout one inch
of water between its north face and the borated water of the shield. As will
be seen, this made a difference in the neutron flux patterns within the reactor,
particularly along the north face.

Since the method of exposing the gold folls has been to fasten the foils
on the outer surfaces of the fuel elements where flux measurements are desired,
it was necessary to substitute "cold" elements of essentially the same U-235
content for those which had been in the reactor since the earlier calibrations.
No such elements were available fo replace those in positions 6 and 7 in the
lattice, therefore it had to be determined experimentally whether the flux
distribution was gymmetrical around the n-s centerline of the reactor so that
the measurements made in positions 3 and 4 could be used interchangeably with
those in 6 and 7. Table 1 shows the results of this check in which bare gold
folls were exposed on the fuel elements in positions 3, &, and 5 and the
saturated activities compared with those observed in previous exposuras in
positions 5, 6, and 7. The agreement was gocd.

Table 2 is & summary of all new experimental data tsken on this lattice.
It will be noted that cadmium difference measurements were made only along the
north face of the reactor. The assumption was made that the cadmium ratio
within the reactor would change too little {if at all) to mske vepetition of

Meem, J. L. and E. B. Johnson, "Determination of the Power of the Shield-
Testing Reactor - I. Neutron Flux Measurements in the Water-Reflected
Reactor”, ORNL-~1027, August, 1951.
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SECRET

the cadmium differenpé measurements necessary. Consequently only total
activities were measured inside the reactor. The method of calculation was
the same as previously described. Symmetry around the north-south center-~
line and around midplane was assumed.

Table 3 shows the thermal neutron flux at the indicated positions
within the reactor. To obtain most of these values (all values in paren--
theses), it was necessary to assume a cadmium ratio for each position. Values
of the cadmium ratlos not in parentheses were obtained experimentally either
in the present or the previous calibration.

Table % shows the flux in the center of each guarter element as indi-
cated and the "average" flux for the entire fuel element in each position.

In Table 5 are listed the amount of U-235 in each fuel element, the
"average” thermal neutron flux, and the corresponding power per fuel element.

For purposes of comparison, Table 6 shows the corresponding data from the
previous power calibration without the unit shield. This tsble is idential
to Table 4 in ORNL-1027 except that the power generated in each row is also
included. Fig. 1 shows & comparison of the power distribution by rows in the
two reactors.

Since the leskage calculations require the average thermal flux for esch
plane perpendicular to the north-south centerline, these are given for both
reactors in Table 7. In this table, nv, for Row 00 refers to the average ther-
mal neutron flux through the plane at the north face of the fuel elements in
Row 00; while nvy for Row 00 refers to the average flux through the plane at
the center of the fuel in this row. Fig. 2 is a comparison of these values in
the two reactors. ‘

The total power of the reactor as calculated in this experiment is approxi-
mately 3% below the previous calibration, while the power generated in the '
north row of fuel elements 1s 16% below its value when the reactor was not
against the unit shield.
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TABLE I

Comparison of East and West Sides of Reactor - 100% Ha0

West Side Fast Side
Vertical
Position
Assembly on Lattice Ag Lattice As
Face Assembly Position Total Position Total
North CL (3) 6.556x105 (7) 6.594x10°
6" above CL 5.036x105 5.346x105
12" above CL 2.796x105 2.925x105
6" below CL 5.363x105 5.420x105
12" below CL 2.848x105 2.94hx105
South CL (3) 7.297x105 (7) 7.334x105
South CL (L) 9.478x105 (6) 1.037x100
North CL (5) 9.831x105 (5) 1.007x106
6" above CL 8.251x102 8.203x105
12" gbove CL 4. 499x105 b.371x105
6" below CL 8.627x107 8.435x105
12" below CL 4. 556x105 h.551x105
South CL (5) 1.078x106 (5) 1.058x100
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TABLE 2

Summary of Gold Foil Measurements in Lettice

Lattice
Position

Assembly

Face

Vertical

Pogition

on

Asgenbly

A

8
Total

Ag

Epicadmium

g

Thermal

Cadmium
Ratio

(3)

(3)

(%)

()

(5)

(5)

(25)

North

South

North

South

North

South

North

CL
6" above
6" below
12" sbove
12" below

CL
6" above
6" below
12" above
12" below

CL
&" above
6" bvelow
12" above
12" below

CL
6" above
6" below
12" above
12" below

CL
6" above
6" below
12" above
12" below

CL
6" above
6" below
12" above
12" below

CL
6" above
6" below
12" above
12" below

CL
CL
CL
CL

CL
CL
CL
CL

CL
CL
CL
CL

CL
CL
CL
CL

CL
CL
CL
CL

CL
CL
CIJ
CL

CL
CL
CL
CL

5.433x102
4.263%x105
b, 4ho5x105
2.38hx105
2.614x105

7.127x107
5.630x107
5.919x109
3.731x107
3.381x10°

7.519%10
6.005x10°
6.289x107
3.534x10°
3.704x10°

9.393x107
7.595%102
7.692x102
5.210x107
5.069x107

7.486x102
6.371x102
6.980x107
3.653x107
k.032x105

1.006x106
7.926x107
8.643x107
5. 479%x102
5. 7Thlx10°

1.3h1x106
l.OthlOé
1.099x%10°
6.823x107
6.964x105

1.263x%107

3.816x10h
3.958x104

}_l

.853%10°

.519%109
.603x10
. T35x10%

ARG I

av]

.067x105

.692x100

.353x10%
.538x10%

NV

L,170x105

2.002x10§
2.218x102

5.666x10°

4. 770109
2.974x102
3.130x107

5.419x10°

5.288x107
3.018x102
3.378x107

h.30

NN
O\
O\

k.06

Tkl

6.31
6.46

3.62

b2
5:75
6.17
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Tabls 2 (Continued)

Lattioce
Position

I o

(25)

(27)

(45)

(45)

(h6)

(46)

Aesaubly
Face

Vertical

Position
on

Apsepbly

South

Lorth

South

Horth

Seuth

North

South

12 ahowe

12" velosr ©

CL
&' ahove CIL
& welow ©
12" abowve "
12" bealow ¥

CL
6" abovs CL
6" below *
12" above
12" below "

CL
6" sbove CL
6" below *
12" ahove *
12 bslow ©

GL
6" above CL,
6" below "
127 ahove ©
12" below ©

CL,
6" ahows COL
6" bslow ¥

12" above ©
12" pelow

CL
6" above L
6" balow &
127 ahove ©
12" belesw ©

5, 1832100
7,3h02105
T+ 199510;
4. 776x102
4, 8865107

9.712%107
7.718x107
8.057x107
4,901x10°
5.342510°
1.551x10°
lollﬁxlﬂg
1.2%2x10

5.105:102
7.073x10

1.158x10°
9.210x102
1.001x10°
5.382x107
5.53%210°
1.173x108
9.302x107
9.499z102
5.847x10°
6.229x10°

1.102x10%
7.0385107
9. 460x107
5 s 0661.10

5,.463x10°

(Continued)




Table 2 (Continued)

Lattice
Position

(+7)

(57)

Assembly
Face

Horth

South

Vertical
Position
on
Asseubly As
Total
oL 8.771x107
6" gbove €L  6.919x107
6" below " T.110x1
12" above " k&, 458x107
12" below " 4.550x10°
CL 8.51$x107
6" sbove CL  6.634x107
6" velew "  7.4h9x107
12" sbove *  3.956x107
127 below ©  %.112x10°




TABLE 3
Teutron Traversss Through the Reactor
Worth
side of
Lattice o
Position A , A ' A av Ratio
Total Spleadmiue  Theral th e
05-0 7°h86x102 2.067x10° Saklgxlgﬁ &.877x1@6 3.62
15-0 1.006x107 (3.31x107)  (6.75m102) %6.07x105) 3.06%
25-0 1.3%2510 (%.15%10°) (9.25x107) 8.32x10°) 3,20
35-0 1.704108 (4.38x109) (1,27xzog) (1.14x107) 3.89*
5-0 1.551x106 (3.90x10°) {1.16x10%) (1.04x107) 3.9
5% -0 1.158x106 (3.21x107) (8,37x107) (7.53%108) 3.61%
05-6 6,675x105 1.675x107 5,000x102 h°500x186 3.98
15-6 8.284x102 (2.07x102) (6.21x107) (5.59x10¢) (4.0)
25-6 1.073=10° 2.625107) (8.132102) (7.30x10%) (4.1)
35-6 1.281x108 2.78x107) {1.00x10%} {9.00x106) {h.5)
i5-6 - 1.176x108 2, 455103} (9.31x109) (8.38x108) (4.8)
55-6 9.610x107 2,09x10%) (7.52%107) (6.77%10%) (%.6)
05-12 3.842x107 6. 4b5x10" 3.197x307 2,877x10° 5.96
15-12 5.611%107 (9.20%10*) (4,65%102) (4 .22x106) (6.1)
25-12 6.893x100 (1.17x102) (5.72x107) (5,15xlog) i5.9)
35-12 7. 09hx10° (1.17x107) (5.85x102) (5.26x10 g 6.0)
§5-12 6.089x102 (9.51x104) §5.14x105) (4.63x108 (6.%)
55-12 5.6585107 (8.hkx10%) %.81x105) (%.33x10%) (6.7)
06-0 7.519x107 1.853x10° 5.666x10° 5,0991186 L.06
16-0 9.393x107 (3.13x10° (6.26x107) (5.63x10 (3.0)
26-0 (1°h3xzog) (. %7x105) (9.83x109) (8.85x10°) (3.2)
36-0 (1.5%580 g (k. 193;105) {1.13x1.0%) (1. ogﬂop (3.7)
46-0 1.173x10 (3.01%102) (8.72x102) (7,85x103; (3.9)
560 1.1023310 (2.952107) (8.07x107) (7.26%10 3.73%
06-6 6.147x102 1.502x10% 4, 645%107 4.,180x10° 4,09
16-6 7.63433105 (1. 91:&”108) (5{?32&105) (501531()%%) él@.ao)
26-6 (1,23x102) (3.00x109) (9.302105) (8.37x10%) b,1)
36-6 (1.2hx10%) (2.76x107) (9.64x107) (8a68xlog) (%.5)
46-6 9.400x307 (1.96x107) §7°uux1e5) §6,7ox1e6 (4.8
566 8.249x10° (1.75x109) 6.502107) 5.85x10%) (4.7)
o {Cantinuad)

\Q
\Jt




TABLE 3 (Con't.)

North Side
of Lattice As Ag Ag Cadmium
Position Total Epicadmium Thermal Veh Ratio
06-12 3.619x105 5.669x10% 3.052x105 2. Th7x106 6.38
16-12 5.139x105 (8.42x10%4) (4.30x105) (3.87x106) (6.1)
26-12 (6.6x105) (1.12x10%) (5.48x105) (4.93x106) (5.9)
36-12 (6.8x105) (1.13x10%)  (5.67x105)  ({5.10x106) (6.0)
h6-12 6.038x105 (9.43x10%) (5.09x102) (L. 58x10%) (6.4)
56-12 5.264x105 (7.86:10%)  (h.UBx105)  (%.03x109) (6.7)
07-0 5.433%102 1.263x102 k.170x102 3.753x100 %.30
17-0 7.127x105 (2.37x105) (&.76x105) (% .28x106) (3.0)
27-0 9.183x105 (2.87x102) (6.31x102) (5.68x100) (3.2)
37-0 9.712x105 (2.73x105)  (6.98x105)  (6.28x10°) 3.56%
L7-0 8.771x107 (2.25x105) (6.52x105) (5.87x106) (3.9)
57-0 8.519x105 (2.10x105)  (6.ke2x105) (5.78x10°) k.05%
07-6 %.379x10° (1.09x105) (3.29x10°) (2.96x106) (k.0)
17-6 5. 774x%105 (1.44x105)  (k.33x105) §3.9Ox106) (1.0)
o7-6 7.569x105 51.85x105) (5.72x105) 5.15x106) (k.1)
37-6 7.887x105 1.79x107)  (6.10x105)  (5.49x100) (4.0
47-6 7.01kx105 (1.46x105)  (5.55x105)  (i.99x100) (%.8)
57-6 7.041x105 (1.44x105)  (5.60x105)  (5.0kx106) (4.9)
07~12 2.499x102 3.887x10% 2.110x107 1.899x106 6.43
17-12 3.556%105 (5.83x10%) (2.97x105) §2.67x106) (6.1)
27-12 k.831x105 (8.19x104)  (4.01x105) 3.61x100) (5.9)
37-12 5.121x107 (8.53x10%)  (4.27x105)  (3.8kx106) 6.00%
h7-12 k. 504x10° (7.0kx10%) (3.80x105)  (3.42x109) (6.4)
57-12 4.034x107 {5.99x10%) (3.43x105) (3.09x106) 6.73*

{( ) Interpolated from curves.

*  From 2nd lattice measurements.
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Thermal Neutron Flux

Center Quarter Elements Quarter Elements Average
of Bounded by Midplane Bounded by 6 inch ¥y,
Lattice and € inch Plane Plane and 12 inch per
Position Plane Element
05 5,259x108 %.297x108 4. 778x10°
15 6.820:102 5.565x100 6.192x10°
25 9.005x10¢ 6.677x100 7.81x108
35 9.795x10 6.817x108 8.306x106
45 8.270x10 6.027x10° 7.148x100
06 5.,017x100 3.986x108 %.503x108
16 7.002x108 5.582x108 6,292x102
o6 9.025:102 6.770210°% 7.897x10
36 8.357x10 6.265x10° 7.311x10
46 6.915x106 5.290x10 6.102x106
o7 3.723xlg6 2.857x10° 3.290%10°
17 4. 75x10 3.832x106 k.291x106
o7 5.650x10° &.500x100 5.086x108
37 5.657x10% %.435x106 5.046x10°
i7 5.420x106 4.135x106 b 7772108
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Lattics - G Av,@rag@ P Power

Position Grag;%scsf nViy, Power in 0

U pay Watts per Watls

Elemesnt Fuel Element by Rows

03 137.37 3,290x108 ,01782 .1100
ok 137.7% 4,503xlog 0245
05 138.00 b, F78210 02601
06 136,48 h0503x102 .02k2k
o7 135,04 3.200210 .01752

13 138.54 %,291x108 .02345 1502
1k 139.98 6.292510% 0357k
15 138,54 60192x102 .03383
16 139.95 6.292x10 .03%73
17 138,41 4.,291x106 ,02342

23 13%.90 5,086xlog 02706 .1408
ok 69.70 7.89Tx10 02171
25 139.48 7.841x106 01313
26 69.08 7.89%x10% 02151
o7 136.39 5.0865106 .02736

33 139.20 5.0h6x102 02770 1572
3k 137.59 7.311x10 ,03967
35 69.1h 8.306x106 .02265
36 138.00 7.311x10° .03979
37 137.55 5, 0462106 .02737

43 134,90 b, 777108 ,02541 ,1569
by 137.53 6.102x106 ,03310
45 138,28 7.1482106 .03808
46 138.54 6.102x10% 03334

&7 138.22 b, 777x100 02604

Total JTLBL




TABLE ©

Lattice
Position

B e P NN

03
ok
05
06
o7

13
1%
15
16
17

23
24
25
26
27

33
34
35
36
37

43
by
b5
ks
b7

G
Grame of

V235

O S AL At A

137,37
137.74
137.39
136,48
135,02

138.54
139.98
138.54
139.95
138.41

13hk.90
69.70
139.98
69.08
136.39

139.95
137.19

69,14
137.19
138.10

135,90
137.53
138.54
138.54
138.22

Averags DV
bar Elememt

3.755x108
5. 265300
5,6%§x102
502653106
3. 75510

4,325206
6.hox106
6.20x108
6. hog1 06
#032§x166

5.135x106
7.93210
8.09x106
7.93x10° .
5,135x10

5,06x108
7.27x106
8072x102
727210

5.06x10°

h.,765x3.g5
65081106
7023108
6.08x10 ¢
k. 765510

P
Power 1n

¥atts

0,0203%
0.02860
0.03059
0.02834
0.02000

0.02363
0.035kh
0.03388
0.03544
0,02361

0.02732
0,02180
0.0k466
0.02160
0.02762

0.02792
0.0393%
0.02378
0.0393%
0.02756

0.02535
0.03298
0.03950
0.03322
0,02%98

A AT TSI

0.7378

Power

Per Now

0.1279

0.1520

0.14%30

0.1579

0 olS?O




TABLE 7'

Row

00
10
20
30
40
50

With Unit Shield

nve

3.616x10°
()

%.531x10
6.415x108
7.109x10°
6.100x108
5. 46l4x106

Without Unit Shield

Aversge nvyy
nvn nvo
I, 802x106
h.07hx106
h.67hx105
5.473x100 p
6.399x10
6.760x106
7.289x106
6.605x10°
s 6.067x100
5.782x10
5.506x108

ny,
i3

%, 738x10°

5.537x10°
6., 8likx108
6.678x10°

5.787x106










APPENDIX D

Calculations of Leakage from the Bulk Shielding Reactor

H. E, Hungerford
J. L. Meen

(This memorandum has appeared as CF 51-10-9%)
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OAK RIDGE NATTONAL LABORATORY

To: E. P. Blizard
From: H. E. Hungerford and J. L. Meem

Re: CALCULATIONS OF LEAKAGE FROM THE BULK SHIELDING REACTOR

I. Outline of the Method

The thermal neutron flux patterns throughout the water reflected Bulk
Shielding Reactor at the Bulk Shielding Facllity have been determined by
Meem and Johnson(l). From these measurements one is able to calculate the
leakage of nuclear radiations from any face of the reactor. Calculations
below are for the north face since all measurements are made away from this
face. Figure 1 is a schematic view of the north face of the Bulk Shielding
Reactor showing the first 2 of the 5 rows of fuel elements.

The leakage from & reactor is given closely by(g):

Z
(1) L = F 5 ' P(Z) e'Z/A 3z
g

J

where F 1s a factor converting from power produced to the appropriate
type of radiation dosage escaping,

Z 1is the distance inward from a given surface of the reactor,
P{Z) 1is the power per unit distance produced along 7,
Z, end 7y are appropriate limits of integration,

}\13 the relaxation length of the escaping radiation.

(1) Meem, J. L. and Johnson, E. B., "Determination of the Power of the
Shield Testing Reactor", ORNL-1027.

(2) Method due to E. P. Blizard in Shielding Board Report, ANP-53.
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In the following calculatioms the functiom P(Z) 1s represented ag a straight
line function for each row of fuel elements. This function depends upon the
thermsal neutron flux and the amount of fissionsble material within the row. P(Z)
takes the form:

(2) P(z) = P, + m,

vwhere P, is the power per unit distance at the north side of the row, and
n 1s the slope of the power production within the row.

The leakage for each row is calculated and summed over all rows to obtain
the total leakage.

- ITI. The Effect of the Presénce of thé;gbr’ated Water Shield on the Reactor

During the experiments upon the borated water unit shield mock-up, it soon
becane apparent thet the proximity of the borated water to the reactor was af-
fecting the operation  of the reactor and the measurements on the shield. The
boron was absorbing many neutrons which normally would be reflected back in to
the reactor, thus lowering the power production near the edge of the reactor.
There arose the necessity of cbtaining new measurements of the thermal neutron
flux distribution within the reactor from which a ney_powver calculation could
be made. These measwrements are reported by’ Johnaon!3 Figure 2 shows the
effect of the borated water upon the flux pattern along the x-axis in the first
rov of fuel elements. ' '

III. Evaluation of the Function P(Z)

The power produced in each row P., is known. The power /unit distance at
the center of the row, Py, is o'btained by dividing P by the thickness of the
row, 7.62 cm. Thus,

(3) Py = Pr/7.62
The power produced within the reactor is given by
(8) P = K . nv(th)
vhere K is a consteant,
nvyy is the thermal neutron flux, and
G is the number of grams of fissionable material.

For any given row G is a constant, and the following relationship is trus:

(5) PO = PH
(av¢hla (nven I

vhere the subscripts o and M refer to the north face and the center of the
row respectively.

(3) Johnson, E. B. to Meem, J. L., "Power Calculations for the Unit Shield
Reactor”, C.F. #51-9-112 106 _

R i






Table 1, which is reproduced from Reference 3 for convenience, shows the
experimental values of (nvip), and (nvyy)y. Since Py is also known, Pg
is found from relationship ?5? above. The slope of the power production
is found from

(6) m o= Py - Po - Py - P
L/2 3.81
Figure 3 illustrates the method of evaluating P(Z). Table 2 shows

the calculations for Po and m for each row of fuel elements. Figure b
shows the power per unit distance by rows inward from north face of reactor.

IV. Evaluation of A , the Relaxation Length of Escaping Radiation for
Fast Neutrons

In order to evaluate A it is necessary to calculate the percentage
by volume of each component within the fuel assembly. Values for these
calculations were taken from Table 3, which is reproduced in part from
ORNL—951(h). Included as part of the fuel assemblies is a 1/32 inch layer
of water around each assembly, as there is approximately 1/16 inch space
between each element when the elements are in position in the reactor.

A list of the calculated values of the volumes of each component of a
fuel assembly is given in Table 4. The total volume of a fuel element, ob-
tained by adding the volumes of each part, is 3828 cm3. This checks well
with the value obtained by using the outside dimensions of a fuel element
(adding 1/32 inch water thickness to each side):

vV = (62.55)(7.70)(7.90) = 3805 cm3

From the amount of uranium in the core of a fuel plate, the volume of
uranium is found by the following calculation:

Wt U/plate = 15% g B3 _ g g
Volume of U in fuel element = 0:10 g/plate x 18 plates 7.7 cm3
18.9 g/cm3

The total volume of 18 fuel plates is therefore composed of the
following volumes:

Al 1232.3 cm3

U 7.7 cm3

(L) Smith, C. D., Drosten, F. W., and Kerze, F., "Production of Fuel Assem-
blies for the Materials Testing Reactor Mock-Up Critical Experiments”,
ORNL-951.
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The total percentage by volume of each component of a fuel element is
now determined from Table 4 and the above tabulations. From these, the macro-
scopic cross sections and the relaxation length A for fast neutrons may be
calculated. The calculations are presented in the following table(5),

Material Volume/ Percent P, g/em3 Mol.Wt. Mols/cm3 o,barns £,cm-l

Element by
Volume
Al 1588.3 1.5 2.7 27 .0k15 1.4 .0350
HpO 2232 58.3 1.0 18 .0324 3.4k L0671
U 7.7 0.2 18.9 235 .0002 b2 .001
2T = .103

Therefore A = 1/.103 = 9.7 cm.

Evaluation of the Leakage &

For each row of fuel elements the leakage formula takes the form

zZ/A

L [F = Szl (P, + mz) e ~ az

Zo
where Z is the distance from the north face of reactor,
Zo is the distance of north side of row from north face of reactor,
Z1 is the distance of south side of row from north face of reactor.

Integration and substitution of the limits gives
-7 - Z - Z -
(7) cZ?/F = (POA + m/\e) (e o/A - e 1/A ) o+ m/\ (Zge o/A - Zye Zl/a )

The numerical calculations of the leakage from each row of the water-
reflected and unit shield reactors are listed in Table 5. The leakages per
unlt area for these reactors are (for each watt of power produced):

Water Reflected Reactor - 7.94 x 1072 watts/cm®
Borated Water Unit Shield Reactor - 7.35 x 107 watts/cm2

The proximity of the shield lowers the leakage from the reactor by
approximately 7.4%.

It is to be noted that the constant F does not need to be evaluated,
since these calculations are to be used for comparison purposes only, in con-
Junction with calculations on the unit shield experiments at the BSF. A
similaer constant will be found in the leakage expression for the aircraft
reactor.

(5) For values of O, see ANP-53, Appendix F.
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TABLE 1

Values of (nvyp)o and (nvyy)y for the Water Reflected and Unit Shield Reactors

Water-Reflected Reactor Borated Water Unit Shield Reactor
Row (wvip)o (nvgn)y (avin)o (ovindm
00 1t 8025105 4. 738x106 3.616x106 4.0Tlx106
10 4.67hx106 5.537x106 4.531x106 5.473x106
20 6.399x106 6.8hx105 6.415x106 6.762x105
30 7.289x106 6.678x106 7.109x106 6.605x100
4o 6.067x10° 5.787x106 6.100x106 5. 782x100
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TABIE 2

. Calculstion of the Values of Po 20l m for the Weter-Heflectsd snd Unit~Shisld
Reactorsg
Water Reflocted Re&cto:a:

o Watts W&;t%/s::m (nvfﬁiz)b. ) (m"th)ﬁ @mz: Jom. ’
00 .1288  .01678 1., 802z10° %.738x30° OLTOL - 0.6037z10-%
10 1520 01995 b.67%  5.537 odas + 8,163
20 .1k30 01877 6.399 | - 6.84% ,61“”5 + 3.202
30 .1579  .02073 7.289 6.678 02283 - k. 587
% ,1570 02061 6,067 L 5.787 02163 = 2.625
Borated-Water Unit Shield Resctor
00  .,1100  .014%3 3.616x100 4. 074x100 01281 4 h.ospxioh
10 .1502  .01971 k.531 5.573 .01632 + 8.898
20 .1k08 .01848 6.415 6.762 01753 + 2.493
30 1572 .02063 7.109 6.605 -02220 - 4,121
bo (1569 .02059 6.19@ 5.782 .02172 - 2,956

SR RS



TABLE 3

Composition and Dimensions for Bulk Shielding Reactor Fuel Asgemblies

Fuel Assembly: Parts 18 curved plates containing fissionable materisl
2 side plates of 25 gluminum
Spacing between fuel plates: 0.117 in.

Fuel Plates: Core Dimensions: Length 2h.5/8 in. = 62.55 cm.
Width before curving 2.50 in. = 6.35C cm.
Thickness 0.021 in. = .0533% cm.
Over-all Dimensions: Length 24-5/8 in. = 62.55 cm.
Width before curving 2.845 in, =  7.226 cm.
Thickness 060 1in. = 1524 cm.
Composition: Total U in U-Al Alloy 13.3%
U-235 enrichment 95%
U-235 content/plate T.70 gm.
Core Al 99.75% pure
Side Plates: Dimensions: Length (over active core) 24-5/8 in. = 62.55 cm.
Width 3.07 in. = 7.80 em.
Thickness 3/16 in. = L4763 com.
Groove Dimensions: Length 24-5/8 in. = 62.55 cm.,
(approximate) Width 3.07 in. = 7,80 cm.
Depth 1/8 in. = 3175 cm.
Slots Between Fuel Plates for Cooling Water:
Dimensions: Length 24-5/8 1n. = 62.55 cm.
Width 2.595 in. = 6.591 cm
Thickness 0,117 in. = 0,297 cm
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TABLE &

Caleculatien of the Volume of the &m@m@nta-qf & Fuel Assembly

Part Foems of
Part
a Fuel Plate, Cor
b Fuel Plate
Extaricr
c 8ide Plate, in-
cluding Grcoves
d Gresves
8 Side Plate, lss
Froaves
£ 0 within Fuel
ssembly
g 320 Around Puel
Element
h Total Volume

”%

: I‘,e g%. O
62.55 cn.
62.55 cm.

62.55 om,

62.55 am.

62.55 cm.

62.55 am.

T.226 em.

T.226 om,
7.80

Chle

3X75 e

6.591 em.

7.62 cm.

Bo. of

Parts
-0533% cm. 18
09506 cm. i8
A763  em. 2
1528 e, 36
.237 cm. 17
0Tk cm, 4

(Swm of Parts 8; b, e, £, g)

Volume, c&@

ELTLETIPSNw

b3k
806

e

151

3828 cm3




TABLE 5

. /F, The leakage from the North Face of the Bulk Shielding Reesior,
T 2
{Vatts per Watt of Power Produced)

Row Water-Reflected Reactor Borated Water Unit Shield Heactor
00 .08873 .07508

10 .06172 06240

20 .02582 02436

30 .00486 00579

Lo .00287 . 00264

Totals .1840 watts L1703 watts

Leskage/unit area  7.9%x10-5 watts/cme 7.35x10°7 watts/cn

Area of North Face: 2318 em?




APPENDIX B

Thermal Neutron Counter Measurements in Water at the Bulk Shielding Fecility

H. E. Hungerford

(This memorandum has appeared as CF 51-5-62)



Intra-Laboratory Correspondence

OAK RIDGE NATIONAL LABORATORY

To: J. Lawrence Meem, Jr. May 4, 1951
From: H. E. Hungerford, Jr.

Re: Thermal Neutron Meassurements in Water at the Bulk Shielding Facility

1. Description of Experiment

Experiment 1 in the Bulk Shilelding Facility consisted of measure-
ments of the radiation from the reactor in pure water along the center-
line as shown in Figure 1. A recténgular coordinate system with its
origin at the north face of the reactor was adopted for positioning.
The positive directions from the origin are as follows:

X - Horizontal, to the west
Y - Vertical, upwsrd
Z -~ Horizontal;, to the north

Thus the centerline measurements described in this report are
along the positive Z axis.

The thermal neutron detecting instruments used are similar to the
instruments employed at the Lid Tank, which have been describved pre-
viouslyl. They are as follows:

1. A 1/2 inch Fission Counter
2. A 3 inch Fission Counter

3. A1l x 8 inch BF3 Counter

1. ORNL-402, "The ORNL Shield Testing Facility", C. E. Clifford.

CF-50-1~153, "Measurements of Neutron and Gamma Distribution in
100% Water from a 28" Diameter Fission Source", C. E. Clifford.
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b, a 2 x 12 inch BF3 Single Chamber Cemmter
5. a 2 x 12 imch BF3 Double Chamber Coumter

The main electronic apparatus for counting is located on the
instrument bridge. Watertight cebles commnect the counters te the
instruments on the bridge. lLeskage of water into the counter during
ﬁeasurenents is prevemted by application of a pressure of 12 or nore
gauge 1b/in? of ary air at the counter.

™e counter-dolly and shaft arrangement for positioning the
counters has been described in QR!!L-991°2 The centerline position of
the dolly for each imstrumemt was determined prior to the experiment.

For Experiment 1, the north face of the reactor was located
in a convenient fixed position. Measurements were obtained dy rolling
the instrument bridge outward from the reactor, in the positive Z
direction.

The Z-distances of the counters vere obtained by telescopic
means as follows. Mounted on the east and west sides of the pool are
identical metric steel tapes. A transit mounted on the instrument
bdridge rides directly ever the west-side tape. A plumb-bob drepped
from the axis of the telescope tc this tape gives its position. The
telescope is them focused on the east-side tape, and the instrument
adjusted to bring the cross-hairs to the same reading as the instruments’
plumb-bob. A second plumb-bodb is dropped from the counter dolly anmd 1ts
position adjusbed by means of the telescope to exactly coincide with a
kmown point on the counter. When the cross-hairs of the transit are
coincident with the second plub-bod siring; a reading of either scale
gives the positiom of the coumter. It was owr prastice to read beth

2 ORNL-991, "The New Bulk Shielding Facility at (RNL", W. N. Breazeale
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scales simultapsously with the cross-hairs to inswre é@awa@y of
tressit sdjustment. By this method the coumters could be positioned
acourately to 0.05 em. Figurs 2 1llustrates this wetkod of finding
Z positions,

| The date was taken with the resctor operabtiag at verlous
povers betuweswn T4 watt $o T.% kiloweths %o 2bbelin sonvemisub acunbing
rates. For all points at lasast two Tive-minubte counts wfa zsde, and
at least & total of 8000 total counts wars cbianined. An sffort was
mads o wary the powsr of the resctor ag needsd; to kesp the counting
rate above & fev huwpdred counts par minute,

The ray dais obtained from @mh inetrument vas corrested for
csnter of semsitivity P@%Mm” and normelized o the data Troam the
3" fission counter, im sounts/mwin/vatt. Thess results were them
narmalized i their entirsty to ifudium foll measurements taken along
the centerlipe of the BSY, and reported to J. L. ¥Meem in & memorandus

by E. B» Jehnsmk’o

2. Therme] Neutron Counter Msasursmentis

The thermsl neuitrom data oblained from the counters Is pre-
sented in Tables 1 to § below in torms of flux values, mvey/watt. A
plot of the dats of Table & =ppears in Flgurs 3, which is a STy of
the dats of this sxperiment.

Lid fank pure watey dnkal , reduced by a fastor of 5:%:?, is re~
produced here fur compariscn. (The power of the Lid Tank scurcs plate

is gemerelly comsidered to e & waibs).

3 Memorendum J. 1. Hesm from ¥, E. Bungerford, "Center of Detectiom
Corractions for Neuilron Couniers snd Ton Chasbers” . pending.

4 Medmorsndum J. L. ¥Weem from £. B. Johuson, "Centerline Foll
Measuransnts of Thermal Fautvon Intensities for Experiment 1%, C.F.51-4-15

-5 CRNL-629, "AEP P'mgmm Quarterly Frogress Report fur Ferlod Ending
Fobruary 20, 19 o e Epy
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3" Fission Chamber Measurements - Experiment 1

TABLE 1

Distance Thermal Neutron Flux, nviyp/watt Average
from and
Reactor Run 20 Run 23 Run 24 Run 25 Run 26 Run b4 Summary
20.0 cm | 5.306x107 | 5.313x10° - - 5.266x10 - 5.295%x107
30.0 cm - 7.893x10% - - 7.893x10%
40.0 em | 1.386x10% | 1.372x10% [1.355x10% | 1.304x10% - - 1.354x10%
50.0 cm - - 2.789x103 | 2.736x103 - - 2.763x103
60.0 cm - - 6.083x10° | 6.073x102 - - 6.078x10%
70.0 cm - - 1.528x102 | 1.515x102 - - 1.522x10%
80.0 cm - - - k.060x101 . - 4. 060x10t
89.9 cm - - - - - 1.192x10t |1.192x10%
90.0 cm - - - 1.157x10% - - 1.157x101
100.0 cm - - - 3.315x10° - 3.499x10° [3.40T7x10°
110.0 cm - - - - - 1.080x10° |1.080x10°
120.0 cm - - - - - 3.483x107 |3.483x1071
130.2 cm - - - - - 1.188x1071 1.188x107t
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TABLE 2

1/2" Fission Chamber Measurements -~ Experiment 1

Distance Thermal Neutron Flux, nvyp/watt Aversge
from and
Reactor Run 27 Run 29 Sumuary
0.0 cm 1.814x107 1.773x107 1.794%x107
5.0 em - 1.079x107 1.079x107
10.0 cm - h0139x106 h,139x106
15.0 cm 1.445x10° 1.460x106 1.453x10°
20.0 cm 5.266x102 5.266x107 5.266x107
25.0 cm - 1.948x102 1.948x10°
30.0 cm - 7.919x10% 7.919x10%
35.0 cm - 3.332x10% 3.332x10%
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8" BF3 Couster Messurements - Experiment 1

ms_tanca from Resctor

o

10k .4 cm.
11%.5 oa.
12%.5 em.
13%.5 em.
14k.5 om.
:1515.3 om.
16k.3 om.
174%.3 cm.
18k.3 om.

Thermal Neutrom Flux, mviy/watt

Run 42

2.125210°
6.%09x10"%
2.110x10“1
6.981x1072
2.377x1072
8.521x10"3
3.218x10°3
1.316x1073
6.051x107%




TABLE &

12" BF3 Simgle Chanber Measurements - Experiment 1

Distance from Resctor Thermal ¥outvon Flux, nvin/watt
Run 52
146.1 em. 1.957%10°2
156.1 ex. 7.187x1073
166.2 om. 2.716x1073
176.1 om. 1.163x1073
186.1 om. 5.389x10"%
196.2 cm. 2.867x10°%
206.3 om. 1.665x107"
216.3 om. 1.630x10~%
226.3 om. 6.889x10"
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TABLE 5

12" BF3 Double Chamber Centerline Measurements - Experiment 1

Thermal Neutron Flux, nvip/watt

Distance Average
from Average and
Reactor Distance Run 53 Run 54 Run 55 Summary
163.6 cm - 3.283x10-3 - -
163.7 cm J} 16365 cm | 3 pgs5x10-3 - S [p3eesaes
183.6 cm | - 6.372x10-4 | 5.9%2x1074]
1837 cn _} 183.65 cm | g yorx10-H ! 7o }6~23BX10”4
193.6 - - -
183“7 om _} 193.65 cm | 3 p37x10-Y - - 3.237x10
203.6 1.868x107% - ’
20§°7 2: ‘} 203.65 em | 1. g67x10"4 . - 1.868x107%
223.6 - .787x10-2 -
223.7 on .} 223.65 em | 7,637x10-5 e 7.712%10°2
243.6 cm - 3.862x10-5 - , -
243.7 om ‘} 243.65 cm | 3 gapr10-5 ? ) 3.847x1072
263.6 cm - 1.976x10 ™7 - 1.976x10-5
283.6 cm - - 1.072x10~2 | 1.072x10-5
303.6 cm - - 5.709x10-6 | 5.709%x10-6
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TABLE 6

A Summary of Thermal Neutron Counter Measurements ~ Experiment 1

Diatance

Distance
from Plotting nven / from Plotting aVen/ Key to Plot-
Reactor Symbol watt Reactor Synbol watt ting Syuwbols
0.0 cm é 1.79%x107 || 1444 cm @ 2.377x107%| @ 1/2" Fis-
4 alcn Chamber
5.0 cm @ 1.079x107 || 146.1 cm 7 1.957x10-2
10.0 cm o) %,139x106 1} 154.3 em = 8.521x1073| &~ 3" Fis-
sion Chambser
15.0 cm ® 1.453x106 ] 156.1 em v 7.187%10-3
20.0 cm '¢*‘ 5.280x102 163.65 cm A 3.284x10"3 :(bﬁverage of
] Both Fis-
25.0 cm é‘ 1.948x105 16%.3 cm = 3.218x10~3| sion Chawbers
30.0 cm - 7.906x10% || 166.2 cn v 2.716x10-3
35.0 cm d? 3.332x10% {| 174.3 cm O] 1.316x1073| E18" Brj3
Chamber
40.0 cm - 1.3534»:(10LL 176.1 cm v 1.163x10-3
50.0 cm -©- 2.763x103 || 183.65 cm A 6.236x10-%| 12" BF3
: Single
60.0 cm Cp 6.078x102 || 184.3 cm & 6.051x10-%|  Chamber
70.0 cm N oa 1.522x102 I 186.1 cm v 5.380x10-4
80.0 cm O b.060x101 || 193.7 em A 3.237x10-%| &12" ®F3
Double
89.9 cm -~ 1.192x101 || 196.2 cm v 2.867x10"%|  Chamber
90.0 cm @ 1.157x101 || 203.65 cm & 1.868x1074
100.0 cm -@r 3.407x10° || 206.3 em v 1.665%10%
|
104.% cm @ 2.125x10° || 216.3 em v 1.030%10 %
110.0 cm <D 1.080x10° || 223.65 em A 7.712%10~7
114.5 cm 3] 6.409x10-1 || 226.3 cm % 6.889x10-2
120.0 cm -~ 3.483%10-1 || 243.65 cm a 3.847%x1072
124.5 em 3] 2.110x10-1 || 263.6 cn & 1.976x10-5
130.2 cm o 1.188x1071 | 283.6 cm Iy 1.072x10°3
134 .4 em e 6.981x1072 {| 303.6 cm A 5.709x10”6
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3. Resulis and Observatious

It will be seen that in shape the BSF dabs repssis guite
closely the Lid Tank dats from %0 to 150 cm. CObssrved differences
nearer thap this probably results from differences in the sources and
geometries, At distances greater than 150 cm. the Li&.T&mk data
diverges due to the low coumting rates at that distance.

An interesting phenomenon starts showing up in the BSF datla
at 180 cm, Prom thkis point to 200 cm. s radical change in the curve
is noticed. The relaxation length changes from around 10 at 180 to
around 28 at 210 om. The curve Flattens out slowly from this point
to 300 cm. from the reactor, giving & relsxaticn length of 31 om. near
this point, This is just the relaxation length of ithe gammsa ray
measurements6 in the BSF at the same position. ‘

It is believed that in this reglcn photo-nsutrons are being
detected from some type of (7,n) process. An investigation is underwsy

to determine the exact nature of the process and the origin of the

gammas invelved.

HEH /reb

6 Ballweg to Meem, "Gamma-Ray Measurements im 100% Water at the Bulk
Shielding Facility - Experiment 1", C.F. 51-4-110.
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APPENDIX F

Foil Measurements of Thermal Neutron Intensities in Water
at the Bulk Shielding Facility

E. B, Johnson
G. McCammon
M. P. Haydon

(This memorandum has appeared as CF-51-4-156.)

- 131 -



i

OAK RIDGE NATTIONAL LABORATORY

To: J. L. Meem April 18, 1951
From: E. B, Johnson, G. McCammon, M. P. Haydon

Re: Foil Meagurements of Thermal Neutron Intensities in Water
gt the Bulk Shielding Facility

The attentuation of thermal neutrons from the BSF reactor, described
in ORNL-991, has been measured in water along the north-south centerline.
The reactor was loaded és in fuel assembly arrsngement #2, described in
the ANP Quarterly Report, Februasry 1951. Indlum folls were exposed at
various dlstances from the north face of the reactﬁr, The resulting data
has been normalized to a power level of 1 watt.

Indium foils 25 cm? in area and 5 mil thick were exposed in both
aluminum and 30 mil cadmium covers. The maximum weight variation was 4.6%.
The resulting activities were measured on two counters, one a thin-walled
glass G.M. tube, the other a mica window tube whose counting rate hed been
normalized to the G.M. tube. In order to eliminste the cwrrent component
of the flux both sides of every foil were counted and the saturated activi-
tles averaged.

Since a maximum of 5 foils could be exposed in one run, it wss
necessary to do a series of runs to obtain the entire curve. Each of these
runs was corrected for "startup” by the equation derived by E. C. Campbell

of the ORNL Physics Division,



3 Vﬁ":@z} -~ At A%y - to)
PRSI, SN N - & ]
Ay ¥ A, AT, A ' - Aty -t
el L - Aty -t A ( Aty ﬁ%} 1 - to)

vhere Ay = aoctividty induoed during startup

Ay = astivity iaduced dﬁrimgg level Yime

- A = decay constant of the detechor

A = 1fpile pericd

to = startup btime {time of changimg fluz)

1] - to = exposwrs time (level %ime)
All ruas were ncrmslized togethsy ﬁy moans of 1 amﬁ gold folls placed
on the fuel assembly in positiom 5.:?@? vuse at 0.74 watts and Th watts,
and by means of duplieate positicme of the {ndiwm folls in the wster at
the higher power levels. The astivity of the folls exposed in 30 =il
cadmium covers was corrected by 14% Por rescmance absorpilon 1n the cadmium.
Bince cadmium~-govered messwremants wsre not made at every position

at which a bare foill éaas exposed ; the following procedure was used to ob-
tain flux valués. The saturated sctivities of the bare and cadmium-
covered foils and, where possidle, the thsrmal saturatsd astivities; were
plotted as a function of distance from the reactor {Fig. 1). From the
rosulting Azy, CUWrve, valusa mz"é taken at 10 cm. intervals (Table I)
and nvy, computed on ths basis of calibration of thsse foils in the
standerd graphite pile. (Sese CP-2804% for flux walues used for the standard
pile). Bessuse the calibration of the foils was dome fn & graphite pile
and the exposures in websr, it wes necsszary Lo increase the flux values
by 22%. The besis of this sorrsction is given in & memorandum (_;@.P., mw&-«»@B)

from Ritchie to Meem.
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The shape of the curve in Figure 2 was obtained from nvth‘values
calculated by the ebove method. The points shown on the curve represent

thermal flux values for which Aggp, was obtained by actual exposurss of

both bare and cadmium-covered at the indicated positions.

B, Vel

E. B. Johhson

EBJ /reb




TABLE I

Centerline Foil Data - Experiment 1

- 135 -

Ag Ag Ag nvth Cd
% Total Epicadmium Thermal MWeh watt Ratio
0 1.007x106 1.958x105 8.112x105 | 7.301x106 9.866x106 5.1k
7.62 3.286x107 | 2.666x10° | 3.019x107 | 4.227x206 | 6.979x106 | 12.3
8.5k 2.100x10°
10.00% 1.85 x107 | 2.59 x106 | %.275%106
17.70 %.265x100 | 2.758x10° 3.989x106 | 5.585x105 | 9.221x105 15.5
20.00% 2.45 x100 | 3.43 x105 | 5.66 %100
27. 74 5.786x105 | 3.835x10% 5.402%105 | 7.563x10% | 1.248x10° 15.1
28.57 5.329x%107
30.0% 3.48 x105 | 4.87 x10% | 8.04 x10h
37.74 9.609x10%
38.57 8.799x10%
40.0%* | 5.60 x10% | 7.84 x103 | 1.29 x10%
B7.7h 1.784x10% | 1.795x103 1.604x103 | 2.246x103 | 3.709x103 9.93
48,57 1.68hx1b%
50.0% 1.15 x10% { 1.61 x103 | 2.65 x103
57.82 %.101x103
60.0% 2.72 x103 | 3.81 x102 | 6.28 x10?
67.86 1.058x%103
67.90 9.910x102
70.0% 6.80 x10° | 9.52 x101 | 1.57 x102
T7.9% 2.554x102
80.0% 1.77 x102 | 2.48 x10% | 4.09 x10!
87.94 7.123x10%
' (Continued)




TABLE I (Con't.)

Centerline Foll Date - Experiwment 1

Ag Ag Ag Vg cd
& Total Epicadmium Thermal DVih watt Rstio
90.0% | k.90 10> | 6.86 1.13 %101
97.9% 1.9%3x101
98.02 2.086x101 | 1.467 1.930x101 | 2.715 I, h82 14.0
100.0% 1.45 x10t | 2.03 3.35
108.06 6.17
108.10 6.273
110.0% k.58 6.451 x10-1} 1.06
118.06 2.13
118.14 2.026 1.603x10-1 | 1.866 2.61 x10~1] 4.31 x10-1| 12.6
120.0% 1.50 2.10 x10-1{ 3.47 x10-1
128.06 6.35 x10-1
128.14 6.45 x10-1
128.22 6.61 x10-1
130.0% %.80 x10-1 | 6.72 %1072 1.11 x10-1
138.14 2.26 x10-1
138.26 2.23 x10-1
140.0% 1.64 x1071 | 2.30 x10-2} 3.80 x10-2
148.26 7.70 %1072
150.0% 6.4 x10-2{8.96 x10"3 | 1.47 %1072
158.26 3.56 x1072
160.0% 3.1 x10-2{ k.34 x10°3 | 7.16 x10-3

* Ay, obtained from curve in Figure 1.
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APPENDIX G
Fast Neutron Dosimeter Measurements in Water
at the Bulk Shielding Facility
R. G. Cochran
H. E. Hungerford

(This memorandum has appeared as CF-51-5-61.)
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To:

From:

Re:

Intrs-Laboratory Correspondence

OAK RIDGE NATIONAL LABORATORY

J. L. Meem May 7, 1951
R. G. Cochran and H. E. Bungerford

Fast Neutron Dosimeter Measurements in Water
at the Bulk Shielding Facility

Fast neutron dosage measurements were taken in water to nearly
170 cm. with the bulk shielding facility dosimeter.

Several experimental difficulties were encountered during the
experiment. It was realized that y-ray plle-up in the intense y-ray
fields around the reactor would cause considerable trouble, thus an
experiment was performed to determine the upper limit of y-radiation
that could be tolerated. The experiment was conducted in the fol-
lowing way. A Po-Be source was pleced st a distance of 20 c¢m. from
the proportionsl counter and readings taken of the neutron source.
Then a 0060 y-ray source was brought up to various distances from
the counter snd any change in counting rate noted. By this scheme
it was found that the dosimeter would function in y-radistion fields
up to 10 r/hr.

Since the neutron to gamma ratio decreases rapidly with distance
from the reactor, it was found necessary to adjust the reactor power
so that the y-ray intensity was below the 10 r/hr 1limit for esach

point taken. The y-radiation was constantly monitored in this
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experiment by mounting an icmization chamber 18 ia. directly adove
the dosimeter proporticnal coumter. Thus, the messuremsnts in purse
water were confined within a limited wedge of high gemma fisld verses
low counting rates, soc thet about 7O cm. from the rsactor was the
limit of satigfaciory measurement witheut doing something to reduce
the y-radiation.

By interposing & 3 in. lead plate between the reactor and the
dosimeter s reduction factor of about 40 was obtained for the y-rays.
The messurementis were then pushed 10 nearly 170 cm. keeping the
digtance betweeﬁ the dosimeter and the lead shield fixed at 32 cm.

By checkihg a few polnts below 65 cm. using the lead slab, a small
change in fast peutron flux was found and a 5% change in slope was
cbserved. '

The dosimeter was celibrated by comparing it to a Po-Be source
before each run as discussed in reference 1.

The date are presented in Tsbles 1 and 2 in terms of millirep/
hr/watt vs. distance in centimeters to center of detection. A plot
of this data is given in Figure . A center of detection 1s calculated
for the dosimeter as dsscribved in refereuce 2, to conform with the

usual method of plotting dats at this facility. At the present tims,

1 Memcrandum, XK. G. Cochran to J. L. Mesem, "Description and Qalibration
of a Fast Neutron Doslmster”

2 Memcrandum, H. E. Hupgerford Yo J. L. Meem, "Center of Detectiocn
Calculations for Weutron Counters and JTon Chambers”
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hovever, we have no basis for the cheolse of colllmated and scatiered
radiation assumed. An experiment iz sontemplated to detersine vhis
ratic.

Foyr purposes of comperison & plot of Lid Tank dosimetsr
mcssurementsd 1n 0.5% borated water 1s shown in Figure 1 as a dashed
1ine. The borated water dats was ahosen rather ﬁh&n the earlier 100%
water dats because 1% {s gemerally consldered to be more accurate.
he date appears here reducsd Dy & Pfactor of &, since the Lid Tank

source 1s taken to bs 6 walts.

U Codpn..

®. 8. Cochran

RGG/reb

3 ORML-919, "ANWP Project Quarterly Progrsss Report for Perind Ending
December 10, 19507, pages 131-132.
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Dogimeter Measurements Tor Experiment 1

No Pb Shield
Distance Fast Neutron Dosage, mrep/hr/watt . Summary and
from Reactor| Run 17{ Runm 31 | Run 32 | Run 36 | Run 60 Bun 61 | Run 62 Average
3.4 em - | 1.34x104 - - . . - 1.3hx10%
8.& cm - 6.66x103 - - - - - 6.66x103
13.4 em - |2.65x103 - - - - - 2.65%103
18.% cm - {1.08x103 - - . 1.08x1.03
22.7 cm - - |5.22x10% - - - - 5,22%102
23.5 cm - k572102 - - - - - %.57x10°
29.7 ecm  |1.60x10° . . - . - - 1.60x10°
32.7 cm - - l9.69x101] 9.59x108 - - - 9.6kx10L
33.5 cm - 18.91x101 - - - - - 8.91x101
39.7 cm  |3.18x101 - - - - - - 3.18x10%
42.7 cm - - |2.18xa0] 2.08x100 - - - 2.13x10%
43.5 cm - |1.82x101 - - - - - 1.82x10%
46.2 cm - - - - - 1.25x101 - 1.25x%10%
b7.7 cm - - - 9.98x109 - - 9.58x10¢
49.7 em 7.64x10° - - - - - - 7.645210°
51.2 cm - - - - - 5., 643100 ~ 5.64210°
56.2 cm - - - - 2.97x10% - - 2.97x10%
61.2 cm - - - - 1.57%10° | 1.53%100 - 1.55%100
66.2 cm - - - - 8.09x1.0% - - 8.09x101
71.2 cm - . - - | roazeo™ | b oasaot [hos3ig bL4Bx07)

s .




TABLE 2

Dosimeter Measurements for Experiment 1

3" Fb Shield Located 32 cm. from Dosimeter

Distance Fast Neutron Dosage, mrep/hr/watt Sunmery
from and
Reactor Run 61 Run 62 Run 65 Average
4%6.2 cm 1.h41x10! - - 1.41x101
51.2 cm 7.68x10° - - 7.68x10%
61.2 em 1.82x%10° - - 1.82x10°
71.2 cm 4.92x10"1 4. 45x10-1 - 4.68%10~1
81.2 cm - 1.27x1071 - 1.27x10-1
91.2 cm - 3. hhx10-2 - 3.44x10"2
101.2 em - 1.09x1072 - 1.09x1072
111.2 cm - 3.44x10"3 - 3.44x10"3
121.2 cm - 1.23x10°3 1.16x10-3 1.20x1073
126.2 cm - - 6.87x10-% 6.87x10™ %
131.2 cm - - 3.92x107% 3.92x1074
136.2 cm - - 2.35x10" 2.35x107%
151.2 en - - 1.38x10-4 1.38x1074
146.2 cm - - 7.96x1072 7.96x10"7
151.2 cm - - %.80x10~7 4. 80x1072
156.2 cm - - 2.87x1075 2.87x10"3
161.2 cm - - 1.82x1072 1.82x1077
166.2 cm - - 1.18x1072 1.18%1075

- 14 -




0t

I

5
TTTIm/T THI

5

| MEASUREMENTS TAKEN WITH NO
3-SHIELD, REACTOR AT LOW POWERS

BRI

T

<

\

FIG. G-I
BULK SHIELDING FACILITY
EXPERIMENT |

FAST NEUTRON DOSIMETER
CENTERLINE MEASUREMENTS

SOLID LINES: BSF DATA
KEY TO PLOTTING SYMBOLS!
® MEASUREMENTS TAKEN WITH NO
¥-SHIELD

& MEASUREMENTS MADE WITH 3'Pb.
SHIELD 32 CM. IN FRONT OF DOSIMETER

DASHED LINES: LID TANK DATA REDUCED BY A
FACTOR OF &

[ TTHH

5,

N
\
\

% \
0.5 7, BORATED WATER—\
LID TANK DATA b

\
(REDUCED BY A FACTOR OF 6) N
\

RA

FAST NEUTRON DOSAGE, MILLIRER/HR/WATT

| MEASUREMENTS TAKEN WITH A 3" Pb

\ y SHIELD 32 cm IN FRONT OF DOSIMETER,
N REACTOR AT HIGH POWERS

* N

e N

E \\
w‘: \

L \\
10—

o \\
v IIHlllllnllIIIIlllzlllIllllulllllllulllllllwIlllllullllllll NI IIllllHulllllllllllHlIlH“llIIIII|luLllllmlllommumllllllll!lllllllllml

70 80
DISTANCE FROM REACTOR,

CcM.

-145-




APPENDIX H
Gamma Radiation Measurements in Water
at the Bulk Shielding Facllity

L. H. Ballweg

(This memorandum has appeared as CF-51-4-110.)
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Intra-Laboratory Correspondence

OAK RIDGE NATIONAL LABORATORY

To: J. L, Meenm April 27, 1951
From: L. H. Ballweg

Re: Gamma Radiation Measurements in Water
at the Bulk Shielding Facility

Centerline measurements were made of the gamma radiation
of the bulk shielding reactor in 100% water (Bxperiment 1) at
100 watts and st 10 kilowatts.

The reactor had water as a reflector on all sldes but the
rear as described under Reactor Configuration No. 2 in the February
ANP Report. The ionizstion éhambers used to measure the gamma rays
are described in a pending report, "A Standard Gamms Rey Ionization
Chamber for Shielding Measurements™, L. H. Ballweg and J. L. Meem.

The measurements were all converted to r/hr/watt. The
following tables are a summary of the data. The results are plotted

in Figure 1.
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Experiment 1~I Run #8 Reactor at 100 watts power
7 Distance (cm) r/hour /watt
2.4 61.643
7.4 39.080
17.h 16.505
27.4 7.441
37.4 3.542
7.k 1.756
57.4 9.05x10~1
67.4 L.92x10-1
7.4 2.75x10-1
87.4 1.56x10-1
97.4 9.08x10-2
107.4 5.59x102
117.% 3.41x10-2
127.4 2.11x10-2
137.4 1.32x1072
174 8.35%10-3
157.4 5.27x10"3
167.4 3.35x10"3
177.4 2.14x10-3
Experiment 1-I Run #38 Reactor at 100 w and 10 kw
100 watts
Z Distance (cm) r/hour /watt
101.85 6.9kx10-2
152.1 6.6 x10-3
162.1 4.3 x10-3
172.1 2.8 x10-3
10 kw
172 2.808x10-3
182 1.859%10-3
192 1.266x10-3
202 8.620x10-%
212 5,951x%10-#
222 k,045%x10"
232 2.795%10-%
oko 1.960x10-%
252 1.39kx10"4
262 9.85 x10-5
272 6.98 x10-
282 5.06 x10-2
292 3.69 x¥10->
302 2.63 x10-2
309 2.06 x10-5
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Experiment 1-I Run #39 Reactor at 10 kw

Z Distance (cm) r/hour /watt
262 1.01x1074
272 7.25%10~5
282 5.21x10"
292 3.78x10->
302 2.72x10~5
312 2.03x10-5
322 1.44x10-5
332 1.03x10-2
ke 7.5 %10-6
350 5.6 x106
362 h.2 x10-6
372 3.0 x10-0
382 2.3 x10-6
388.3 1.9 x10-6

The dashed curve in Figure 1 1s the 1lid tank dates in
100% water. It was obtained by averaging Experiment 5
(CF-50-12-47), Experiments 6, 7 (ORNL-858), and Experiment
13 (to be published). The data was normalized to 1 watt

because the 11d tauk source is 6 watts in power.

L. H. Ballweg

LHB:reb

- 1_)49 -



r /HOUR/ WATT

G e

Ei

DWG. 11006

e —F—FFIG. H-1T—F—Ft—
BULK SHIELDING FACILITY REACTOR
& GAMMA ATTENUATION 100 % H20
e EXP JM.T.NLF&J
10
=
i@
16'
BSF DATA —o—e—o—
LID TANK DATA — — —|
&
p
]
10
i
526905 36160 L:aojno' m'ﬁ : zaolzzzo' 540560360 5500 320-_""340_;360 380

Z DISTANCE (cm)

-150-




APPENDIX I

Thermal Neutron Measurements Behind an
Iron-Water Shield at the Bulk Shielding
Facility

H. E, Hungerford

E. B. Johnson

(This memorandum has appeared as CF 51-5-72)
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Intra~Laboratory Correspondence

CAK RIDGE NATIONAL LABORATORY

May 11, 1951 .
To: J. Lawrence Meen, Jr.
From: H. E. Hungerford, Jr. and E. B. Johnson
Subject: Thermal Neutron Measurements Behind an Iron-Water Shield at the
Bulk Shielding Facility
Experiment 2 consisted of measurements of nuclear radiations along
the centerline behind an iron shield approximately 17 in thick. The
shield was made up of 18 iron slabs borrowed from the Lid Tank. They
were placed adjacent to each other to form a continuous shield 43.75 cm
thick. Since warpage of the slabs prevented a tight fit, there was &
slight amount of water within the shield. The reactor was located 10.0
cm in front of the shield. Thus the shield extended to a point 53.75 cm
from the reactor. Measurements were takem from this point outwerd along
the centerline. A sketch of the experimental setup is shown in Fig. 1.
In order to measure the neutron attenuation through this shield,
five bare Indium foils were exposed along the centerline behind the irom.
Calculations were done by the method described for Experiment l.(l)
Since only bare foils were exposed to the flux coming throvgh the iron,
it was necessary to assume a cadmiuwm ratio in order to calculate the
thermal flux. Because the cadmium ratio in 100% water d4id not chenge
appreciably between 10 cm and 120 cm from the reactor, the assumption

was nade that the presence of the irom and its resulting shift in the

(1) E. B. Johnson to J. L. Meem, Centerline Foll Measurements of Thermsl
Neutron Intensities for Experiment 1, CF #51-4-156,
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neutron spectrum would not affect the cadmium ratio.

Thermal neutron measurements were taken also with the following
counters: (1) 1/2" Fission Chamber, (2) 3" Fission Chamber, and {3) 12"
BF3 Double Chamber Counter.

The counter data were normalized(e) t0o the foll measurements o
obtain values of the thermsl neutron flux.

The data of thils sxperiment are presented in Tables 1 through 5 in
terms of nvth/watt against distance from reactor, and distance from the
shield. The foil data and calculations are shown in Table 1. ?he neutron
counter data are given in Tables 2 through 4. Table 5 gives a sumiary of
these measurements.

A curve showing the results is plotted in Fig. 2. The 100% water

data of Experiment 1 1s shown as & dashed curve.

H. E. Hungerford, Jr.

C' 5. 3@"6.@%4“{/‘!/1’/

E. B. Joh%son

HEH/reb

(2) H. E. Hungerford to J. L. Meem, Thermal Neutron Measurements for
Experiment 1 in the Bulk Shielding Facility, CF #51-5-62.
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Foill Measurements for Experiment 2 - Bulk Shielding Facility

TABLE 1

Distange

Distanse

from from Ag
nctor | e | e
55.02 1.22 8.263x10"
65.10 11.30 1.493x10%
75.1% 21.34 6.819x102
85.1% 31.3% 3.743x10%
95.14 b1.3% 5.192

A‘sth* nvgy avyy
wvatt
7.62T10% | 1.068x10" 1.763::1,0h
1.378x10% | 1.929x103 | 3.185¢103
6.294x102 | 8.812x10% | 1.455x10°
3.455m01 | 4,637 7.986
k.793 6.710x1071 | 1.108

Pilotting Symbol: X

* Assume a Cd. ratic of 13
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TABLE 2
Experiment 2, Bulk Shielding ¥aclility
Thermal FNeutron Centerline Date

1/2" Fission Counter Measurements

Run 6 .

Distance from Reactor Distance from Shield Hom, Hatt
53.75 cm. 0.0 cm. 2.657x10%
k.75 cm. 1.0 cm. 2.767x10%
55.75 cm. 2.0 cn. 2.614x30"
56,75 cm. 3.0 om. 2.328zx10"
57.75 cm. k.0 cu. 2.011x10%
58.75 cm. 5.0 cu. 1.614x10%
59.75 cm. 6.0 em. 1.286x10%
61.75 cn. 8.0 cm. 7.809x103
63.75 cm. 10.0 cm. %.573%103
66.25 cm. 12,5 cn. 2,140x103
68.75 cm. 15.0 em. 9.748x102
T1.25 cm. 17.5 onm. %,610x107
73.75 em. £0.0 cm. 2.140x%10°
76.25 cm. 22,5 om. 9.785x101
78.75 eu. 25,0 em. b 7i4z10t
83.75 em. 30.0 cm. 1.175x301
88.75 cm. 35.0 cm. 3.590%10°
93.75 cm. 0.0 em. 1.361x30°

Plotting Symbol: &
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TABLYE
Experiment 2 , Bulk Shislding Feellity

3" Pission Counter Measurements

Rum T

Distance from Reagtor Distance from Shield Wepy, Matt
83.75 cm. 30.0 em. 1.245x10%

88.75 em. 35.0 eme. 3,%62810°

93‘75 3'1'9» h‘o.o cma 1n2§3ﬂ0®
103.75 em. 50,0 ¢m. 2,393x107%
113.75 em. 60.0 cm. 6.18bx10°2
123.80 om. 70.05 em. 1.973x1072

Plotting Symbols -H~
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TABLE b

Experiment 2 - Fun 8

Phermal Neutron Data

127 BFy Double Chamber Counter

Distance from Reastor Distance from Shield Ny, fiatt
109.45 oms 55.7 o, 1.124x107%
119.45 em. 65.7 om. 3.115x1072
129.45 om. 75.7 cm. 9. h7hx10"3
139.45 ox. 85.7 cm. 3.130x10"3
149.45 om. 95.7 ¢ 1.072x1073
159.%5 om. 105.7 om. 4.528x10"%
169.45 em. 115.7 om. 1.489x107%
179.45 cm. 125.7 om. 6.408x10"2
189.55 en. ‘ 135.7 em. 2.939x10™

Plotting Symbols

A
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TABLE 5
A Summery of the Thermal Neubtron Data for Experiment 2

Distance { Distance | Plotting NV / Distance | Distance | Plotting v/
from from Symbol watt from from Symbol watt

Reactor |}Shisld Reactor Shield

| _om. cm. cm. cm. ,
53.75 0.0 ® 2.657x10" 93.75 40.0 ¢ 1.361x10°
54,75 1.0 & 2. 767x10% 93.75 40.0 & 1.253%10°
55.02 1.22 X 1.763,;;10LF 95.14 41.34% X 1.108x10°
55.75 2.0 o) 2.614x10" 103.75 50.0 o | 2.393x107%
56.75 3.0 o) 2.308510" 109.45 55.7 A 1.124x107 %
57.75 5.0 ® 2.011x10" 113.75 60.0 @ | 6.184x107%
58.75 5.0 d}) 1.614x10% 119.45 65.7 A 3.115x107°
59,75 6.0 ® 1.286x10% 123.80 70.05 © | 1.973x1072
61.75 8.0 ¢ 7.809x103 129.45 75.7 A 9. h7hx1073
63.75 10.0 @ 4.573x103 139.L¢ 85.7 A 3.130x1073
65.10 11.3 X 3.185x103 149,45 95.7 2 1.072x107%
66.25 | 12.5 o 2.140x103 159.45 105.7 A | kse8ao™
68.75 | 15.0 ® 9. 748x10° 169.45 115.7 A 1.4895107%
71.25 17.5 ¢ k. 610x10° 179.45 125.7 A 6.408x1072
73.75 20.0 ® 2.140x102 189.45 135.7 A 2.939x10™7
75.14 21.34 X 1.455x10°
76.25 2.5 o 9.7855101
78.75 | 25.0 o b, 7ikx10% )
83.75 30.0 & 1.245x10%
83.75 30.0 @ 1.175%10%
85.1k4 31.34 X 7.986x10°
88.75 | 35.0 ¢ | 3.590%10°
88.75 35.0 @ 3.562x10°
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APPENDIX J

Fast Neutron Dosimeter Measurements Behind
an Iron-Water Shield at the Bulk Shielding
Faclility

R. G. Cochran
H. E. BHungerford

(This memorandum has appeared as CF 51-5-73)
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Intra-Laboratory Correspondence
OAK RIDGE NATIONAL IABORATORY

May 11, 1951

To: J. Lawrence Meem, Jr.
From: B. G. Cochran and H. E. Hungerford

Subject: Fast Neutron Dosimeter Measurements behind an Iron-Water Shield
at the Bulk Shielding Facility

Measurements of fast neutron dosage have been made behind a
17 in iron shield at the Bulk Shielding Facility. Data was obtained
with the Facility's dosimeter outward along the centerline to more
than 130 cm from the reactor and 75 cm from the shield. The
experimental setup and position of shield has been described in
oF #51-5-72. (1)
The procedure followed for taking the data during thies experiment
was the same as that for Experiment 1. During runs an ion chamber
was used to constantly monltor the y-ray fields to prevent use of the
dosimeter in excessive y-radiation. The experimental points obtained
vere converted to dosage rates by means of calibrations before and
after each run with a Po-Be source.(e) S8ince iron is a fairly effective

y~shield, it was not found necessary to fTurther shield the counter with

Pb, as was dene in Experiment 1.

(1) H. E. Bungerford to J. L. Meem, Thermal Neutron Measurements for
Experiment 2 in the Bulk Shielding Facllity.

(2) R. G. Cochran to J. L. Meem, Calibration of the Fast Neutron
Dosimeter, pending.
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The results of the two rune 1s given in Table 1 in terms
of miliirep/br/watt vs. distance from the reactor and shield.

A plot of this data is shows in Figure 1. For comparison, the

water data 1s shown op a dashed curve.

RGC /reb




TABLE 1

Fast Heutron Doginmeter Measurements -

I Distance Distance Fast Neutron Dosa
from from Run
_Reactor | Shield 3
56.45 cm 2.7 cm 7.79x10° _—
7.63x10°
61.25 cm 7.5 ci 1 .1¥9x1(% --
1.50%10 -
1.143x10°
66.25 cm 12.5 ca 3. hox10~t -
76.25 cm 5.5 cn 3.50x10‘§ --
3. 32x107°
86,25 cn 32.5 cm 7.63x10"3 _—
6.35x1073
96.25 cn §2.5 cm 5.00x1073 1.92x1073
) 1.87x1073
106.25 cm 53.5 cm 5.47x107" -
116.25 cm 63.5 cm 1.65x10'“ 1.53x10““
121.25 cm 68.5 cm 8.74x1073 8.51x107
106.25 cn 73.5 cm - ). 861077
131.25 cn 78.5 om .- 587510772
5.80x1072
LW,MW,L,ML_aWMWMWMW

- 16k -
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APPENDIX K

Gamms. Radiation Measurements Behind an Iron-Water
Shield at the Bulk Shielding Facility

L. H. Ballweg

(This memorandum has appeared as CF 51-5-16)
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Intra-Laboratory Correspondence
OAXK RIDGE NATIONAL LABORATCRY
May 3, 1951
To: Jd. Lawrence Meem, Jr.
From: L. H. Ballweg
Subject: Gamma Ray Measurements Behind an Iron-Water Shield at the

Bulk Shielding Facllity

Centerline measurements were made of the gamma radistion for the Bulk
Shiclding Reactor in an iron-water mixture (Experiment 2). The reactor
had water as a reflector on all sides but the rear as described under
Resctor Configuration No. 2 in the February, 1951 ANP report.

The rear face of the Iron was 10 em from the face of the reactor and
was 43.85 cm thick.

The measurements were all converted to r/hr/watt. The following table
1s a summary of the data. The results are plotted in Fig, 1. The dashed
curve is the 100% water data (CF 51-4-110).

7 distance (cm)

Reactor to Chamber r{hour[watt
55.89 2.308 x 107°
60, 1.816 x 1077
62.5 1.511 x 1072
65. 1.247 x 1072
70. 8,500 x 1073
75 6.113 x 1073
80. k.346 x 1073
90, 2.%00 x 10-3

100. 1.388 x 1073
110. 8.383 x 10-%
120. 5,109 x 10~*
130. 3.253 x 10~}
1lo. 2,098 x 107}
150. 1.380 x 107%
160. 9.218 x 1072
170. 6.236 x 1072
180. n.eeg x 1072
190. 2.928 x 10-

200, 1.979 x 1072
210, 1.396 x 1072
220, 9.896 x 102
230. 7.036 x 1076
2ho, 4,948 x 1076
250. 3.525 x 10-6
260, 2.481 x 10‘6
270. 1.735 x 1076
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APPENDIX L

Preliminary Results on the Determination of
Thermal Neutron Flux in Water

E. D. Klema
R. H. Ritchie

(This memorandum has appeared as CF 51-%-103)
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Intra-laboratory Correspondence

OAX RIDGE NATTONAL LABORATORY

To: J. L. Meem | Date: 24 April 1951

From: E. D. Klems snd R. H. Ritchie

»

Subject: PFreliminery Results on the Determination of Thermzl Neutron Flux
in Yater.

The determination of ithermal neutron flux in water by the foil wethod requires
that the flux be accurately known at various positions in the standerd graphite
pile in order that folls may be calibrated. It requires in addition that the
difference in flux perturbation by a foil in graphite and in water be known.

The present standard plle calibration (CP-2804) seems to give a figure
for the thermal flux which is approximately 20% too low (ORWL-409, p 12).
Work is now being done on 'an independent method of determining the flux,(AECU-526)
The absclute disintegration rate of a gold foil which has been exposed in
the standsrd pile will be determined with an Fsl scintillation counter of
known efficiency for the main gamms rey from activated gold. The corrected
figures for the flux in the sigma pile will be released later and at that
time corrections to the present data may be made.

To taeke account of the difference 'in flux perturbation, a series of
indium foils of various thickness was exposed in the graphlite pile at 115
cm from a 1 gm Ra-Be source and in the water plle at the Bulk Shielding
Fac1lity at 20 cn from a 1/2 gn Ra-Be source. The foils were counted on
both sides and the average activity wes used. The saturated activity per
unit thickness of the foil is given in the following table:

(mils) AS/t]: As/t]
l water graphite

1.2 ; 10,770 5,125

1.9 ‘ 8,710 4,282

3.7 5,350 2,800

3.8 5,390 2,898

5.5 3,770 2,160

The cadmium rstio at the point of measurement was large in both cases.
It is assumed that the shspe of these two curves relative to one ancther is
not influenced greatly by the source to foil spacings. This assumption is being
checked experimentally at the present time.

By extending the curves drawn through the experimentsl points to 1 mil, one
finds that a 5 mil foll activity in water should be corrected upwsrd 16% to 1 mil
in graphite.




Preliminary Results op the Determination of R N
Thermsl Neutron Flux in Water

To obtein the correction at 1 mil we may employ the approximate theory of
Skyrme (MS-91). Using oy = 197 berns and an equivalent radius of 2.83
cu for the foil, the aﬁtiv§%y per unit neutron flux for a 1 mil foil in graphite
was found to.be 1.05 times the activity per unit neutron fiux for 2 1 mil foil
in water,

Combining these corrections, the activity of a 25 cm® ares 5 mil thick
Indium Toil in water should be increased by a factor of 1.22 over its measured
activity to account for the difference in effect upon the flux. Or,

(Fv ) water = CAwafer (Nv) graphite
Y A graphite

where A is the measured activity (counts per unit time) of the foil and C
takes on the following values:

t{nils) c
0 1.00
1.0 1.05
2 1.11
3 1.1%
4 1.20
5 1.22

To obtain C, a smooth curve was drawn through the experimental points and
values were read from the graph.

It 18 possible to go to thinner indium foils by employing an indium-eluminum
alloy, for exemple. Since this alloy was not available when the experiment
was performed the thinrest foil used was about 1 mil. It may be thought necessary
later to re-perform this experiment using thinner folls to remove some of the
uncertainty in eumploying the spproximate correction at 1 mil. However; this
error iz probably small. The overall error in the valume of € 1& thought 4o be ¥ 5¢%.

The foil measurements in water were made by Grace McCammon and in graphite

by Thelms Apmette.

E. D. Klema

RHR :em - R. H. Ritchie




APPENDIX M

A Proportional Counter Method of Measuring
The Fast Neutron Dose

G. S, Hurst

(This memorandum has appesred as CF 51-%-122)



A PROPORTIONAL COUNTER METHOD BY MEASURING THE FAST NEUTRON DOSE
by G. S, Hurst

Introduction

The problem under consideration is that of measuring the amount of
energy absorbed per gram of animal tigsue from a glven beam of fast nsutrons,
If the neutron energy is above about 100 Kev, most of the energy transferred
to tissue is transferred asg a result of elastic collisions of the nsutrons
with the hydrogen, oxygen, nitrogen, and carbon components of tissue. These
rocolling atoms then lose their energy by ionization and excitation. The
smount of energy lost by a particle in producing an ion pair is very nearly
independent of the particle epergy, so that a measure of the number of lons
produced in a bissue equivalent gas gives the amount of energy absorbed
from the beam. The energy absorbed per gram of tissue has been adopted as a
basis for dose measurements and the roentgen equivalent physical (rep) has
been defined as that amount of radiation of any type that produces 99 ergs
per gram of tissue.

For health physics and experimental biologlcal work it is desirsble to
measure the dose in units of reps for each type of radiation ssparately,
for 1t is known that the effectiveness of radiation in producing dawage to
cells depsnds on the density of ionization as well as the total asncunt of
energy absorbed. For example, one rep of gamma or X-ray exposure produces
only ten or twenty per cent as much damage as oue rep of protons.

The following discussion will show how an ionization chamber method
developed by L. H. Gray(l) can be applied to a proportional counter that
engbles one to measure the dose due to fast neutrons in the presence of high

intensities of gamms or x-radistion.

(1) Gr?y,h¥j H., Proceedings of the Cambridge Philosophical Society, %0, 72
194k ).
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Imagine a beam of fast neutrons to strike a metal chamber filled with
a hydrogenous gas. Recoll protons are formed throughout the gas volume,
and if the pressure is not made exceedingly large many of the protouns escape
into the metal surface and can produce no ionization current in the chanmber.
Therefore the current produced by the remaining ions would not represent
the amount of ensergy that the neutron beam loses in the gas, and furthermore
this discrepancy would be greater as the energy of the nsulrons incrsase.

If this gas cavity 1s surrounded by a solid hydrogencus material this loss
of ionization from the gas will be exactly compensated for by the amount of
ionization that the solid material coptributes to the gas, provided the
atomic composition of the solid is the same as the gas and provided the
thickness of the solld is greater than the maximum proton ranges.

The tissue dose per neutron varies with energy as the quantity
E?SicrifiQi, where E is the neutron energy, O3 1is the scattering cross section
of the i'th kind of atom, f; is the average loss of energy per collision with
the 1'th atom and Q3 is the number of the i'th kind of atom. The energy

absorbed per unit mass of methane (CH@)varies as B s;iqrafiQi. The ratio

tissue is very nearly constant for energies between 100 Kev and
bR ol A

E2199%% 15 Mev, since the term @f, % for hydrogen 1s much greater

methane ’ h h'h

ﬁhan the sum of the other terms in both tissue and methane. Thus a nethans
filled chambsr lined with a methane eguivalent wall material serves as a
satisfactory dosimeter for fast neutrons., Paraffin is an approximatbe
methane equivalent wall materisl.

In order to make an instrument thal is gamme insensitive, one can apply
the Gray ionization method to a proportional counter. In this case, the counter

can be so designed that the pulses produced by gamma rays are smaller than most
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of the proton pulses. T ssscolpded 2lectronis oirewit ouet then bies st the

Samon pulses and integrsie the emaining proton pwless sccorddng $o the pulse
height. If ope desires 4o meke sheelids cuerEy meesvramanis with & preporiionsl
comnter 1% i necessary to ingwre thet e gpv eplifisslden 12 uniform through-
out the countar snd i kumwn. However, ralsbive onergr spssurtmsnte oan he
made by calilwation with 2 peutron seuwee of Yoeyn speateue and koown enlseien

rate, In thiz cess mov-uiferaitizs 12 the gas zeplificedicos affect the resulis

7 ohanges with paubron 4n8TLV.

%
1 28 shown In Figwee 12 Tor e purpose
[}

of checking the respouse with monvsrgle besms of Tset newbroms. {Censiruntisn

Getalls are given by ORNML Tesbrumant Departuent Dwg. #3-963-1). Tie purpose

B




of twe sectioss 1s to ralss the semsitivity, while kveping the meximum electron
1%e9 small. Notice that the umﬂim ia enly éspesited on the two end plate

sections. Pds satisfies the Gray frinciple fairly scouretely for the cm of
well collimibed beams. I cases visire there is much scattered radistion, the |
antire counber must be limed with paveffie.

The experizental apparetus is shown in the bloek Slagrem of Figure 2.
The bandvidth of the linesr smplifier wvas set ot 2 wc. The gain ves set well
abw@ noise background and the high volisge ves adjusted so that pulses from

¥ :;,§;<,¢:’:sa. s

and Istegral [ Recorder
Pulse Height
Selocter
High Voltage E. V. Nomitor

Figers 2o
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Ra gmmee were not more than about 15 volts, as measwred by the integral
puise helght selector. The complste spectrum of pulses sbove 15 volis
was then determined with the PHS for neutrons of various energies.(g)
The area wander the number of pulses vs PHS curve is proportional %o the
total energy. Figure 3a shows the results obtained and a comparison is
made with the variation of the dose per neutron as a funchion of the
neuntron energy, Figure 3bo. In the case of Po-Be neutrons the spectrun
obtained by Periman, Richards, and Speck(3) vas used as g bhasis for
determining the dose per neutron.

& pulse integrator that measures the energy of the spectrum in oue
operation has been designed by F. M. Glass, Instrument Depertment. This
cireuit together with a counter of the non-directional type (ORNL-HP-Inst.
Dev. Dwg. #C-207) is now being used by the “Lid Tank" group. That the
counter is non directional may be seen from Table I, which shows the
response of the counter as a function of laboratory angle. The pulse
integrator provides an easy measurement of the average decrease in gas
amplification for protons due to s high intensity gamma field. It was

fouad tﬁe effect is about three per cent when the counter is subjected

to a field of two roentgens per hour Ra gamma.

Angle of Source Relative Dose Reading
with Counter Axis (Source - Po - Be at 56 cm)
0° 1.00
150 .98
902 .99
120 .95
Table 1.

(2) The Moncergic Neutrons were prgduced by the reactions #J3 + Fl-% N + 7 -
735 Kev, and 2 Ho->» N + Hed + 3.3 Mev at the Los Alamocs Laboratory.
(3) MDDC-39
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The vriter vishes to express his thenks to K. N. Wilsem and V. 3. Mcbesald
mﬁwpm vork in designing emd comstracting cwusters) alse to R, ¥. Tesehek asd
his co-werkers, at the Los Alames Laberetery, for their hely in ebtaining date

with -i-oorgic neutrons. |

GSH:em E I? sg {

. G. 8. Hurst’
Health Physics Division
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AFPPENDIX N

Calibration of the Fasgt ¥eutron Dosimeter
Used at the Bulk Shielding Facility

R. G. Cochran

(This memorandum has appeared as CF 51-5-7h4)
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S

Intra-Laberstory Carespondense
QA BIDGE EATIONAL LABRCRATRY

Tos J. Lawrence Meem, Jr.
Froms Robert G. Cockran
SubjJect: Calibration of the Fsst Keutron Dosimeter used at The Bulk Shislding Facilit

One of the most imporitant measuremeniz being made on shieldiung mockups
at the bulk shielding facility is the fssi neutron dosage. These measurements
will be deserided in subsequent rapm'tm This report is & brisf description
of the ilustrument used, method of salibration, and estimate of errors,

The fast neutron desimeter comsists of the following components; a pro-
portionsl sounter degigned by ¢. S. Hurstl ; an integrator designed by F.
Glass, an A-1 amplifier; power supplies, and scu&rs. The integrator is the
wost oritisal part of the esquipment. It is equipped with a sultable metering
clircuit so that drift of the instrument can be detested and sompensatsd for
by sultable adjustment.

Therefare, the first problem was to determime the linearity of the
integrator afbor it was properly adjusted. Im this experiment, this was done
by using & -pulse generstor as a sowres, whish puts out a constant amplitude
pulse, vhose frequency canr be verisd. This source of pulses was monltored

by use of a secaler to determine the frequensy, and an oscilloscope to malntain

1 ;'A Prapéwtimal Counter Method of Messuwring Fast Neutron Dose™, (.F. $51-k-122




L
a scnsbent smplituds. The abbachsd graph {Fig. 1) indicates the linearity
sondition Pound.

The peoxt step was o oogpsre the systen to a standard sowrce of fast
neutrons, The soures ussd was = Po-Be sourcs #PB~168 of sbhout 6 émﬁies
streagth. The propordional counder was suaspendsd 12 £4. showvs the floor
om & pols. The sogee, boo, wes plaged 12 £b. above the floor and was
movable alogg & horizomtal rod; 55 thet the sowese to sowmter position could
be assurately varded. Various diztances from 15 ¢m. $o 130 om. wers them
checked (Fig. 2). Using the dabta thus obtaimed, the following calculation
vas mads,

Let: R20 be sountbts per min. st 20 om. betwesn counter emd and source,

Let: R30 be counts per min. st 30 cm. bebween counter end and source.

Let: x be distapoe from end of countar to cenber of debection.

Thens 30 4+ % 2
R20 = R30 20 + %

For example using the data obtained March 1, 1951
i500 ﬁ/ﬁ at 20 cem.

732 @A@ at 30 om.,

(32.;& :&}
1500 = 732 \ 20 % x

2 2
30 + x) 35 7 ;
2,05 =\20 + x new (E’j&;) = {%} = i% = 1.96

Comparing 2.05 %o 1.96 indicstes that the center of detection of the counter
in air wag about 5 om, from ths front epd of ths couwnter.
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So at 35 cm., we have 730 counts per min. or C/S = 12.1.
According to Central Files letter #50-10-168, the source #PB-168 emitted
3.19 x 107 neutrons per sec. cm Ostober 25, 1950.

For example, on March 1, 1951, the source had decayed for 126 days.

x’ " e

+693x126
13

n/sec. = 1.69 x 107 meutrons/sec.

o n/eec. = 3.19 x 107 x o~

Now the neutrons per square centimeter per sec. at 35 em. 1is:

T
= };_é?_}__lﬁ§ = 1,11 x 103 n/cm?/sec.
bx x (35)
G. S. Hurst of the Health Physics Division has calculated a figure of
4,0 x 10'6 as the millirep conversion figure for a Po-Be source,

Thus millireps/sec:
= 4.0 x 1076 x 1,11 x 103 millirep/sec.
= 4.4 x 1073 millirep/sec.

and the millireps/count figure is:

%‘%‘XE = 3.68 x 1074 millireps/count.

Then, using the above millireps per count comstant and knowing the reactor
power, the data obtained from shielding measurements were plotted as the
centimeter distence from the shield vs. the millirep/watt.

According to a letter from Mr. E. S. Reed, (RO, dated June 1, 1951, the

standard source E-665, used to calibrate the Po-Be source PB-168, is known to

an accuracy of + 5%. In addition, the techniques were sufficiently good in

comparing FB-168 to E-665 that the introduction of an additional error of

only about +2% was possible. Thus the neutron flux from the PB-168 celibrating
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source is kmown to about t T%.

By experiment It was found that the dosimeter would repest points to within
an error of ¥ 24. The error due to non-linearity of the integrator can be
estimated from Fig. 1 and Pig. 1A %o be about ¥ 5% up to 4000 o¢/m; sbove this
coumbing rate the error becomes somewhat larger. However, we usually do not
cbtain usuable sounting rates sbove LOOO ccunts per minute due to garme ray
pile-up.

Nov considering Fig, 2 it can be seen that the integrator follows the
inverse sguare law very well. Ancther exzperiment was performed in the shielding
facility using the reactor to check the linearity of the dosimeter. At 100
vatts the counting rate was 4.6 o/m, at 1000 watts 4t was 49.6 ¢/m, and at
10,000 watte, a counting rate of 597 ¢/m was obbained. Consldering the
counting rates at 100 watts and at 10,000 watis the 100 watt counting rate was
23% low. So, until the sbove mentioned errors can be further investigated, it
is bagt to essume a comservative figure for the overall measurement error of
the sum of the two largest errors which would be 30%. Thus, we sssume our

data to be within an error of sbout 304 for all shislding measurements.

WAK: /505Ny

“Robert G. Cochran

BGC /mb
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APPENDIX O

Fast Neutron Measurements at the Bulk
Shielding Facility

H. E. Hungerford
R. G. Cochran

(This memorandum has appeared as CF 51-11-96)
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/ OAX RIDGE NATIOHAL LABURATORY

, Decenber 10, 1951
To: J. L. Meem

From: B. E. Hungerford and R. ¢. Cochran

Subject: FAST NEUTRON MEASUREMENTS AT THE BULK SHIELDING FACTLITY

Until recently all of the fast neutron measurements at the BSF were
made with a fast neutron dosimeter designed by G. 5. Hurst and F. Glass
of (RNL. These measurements are of considerabls importance to the
designers of mobile reactor shields, so 1t was considered advisadle to
check the results by other methods.

Accordingly, two other independent sets of measurements of fast
neutrons were made, the first by means of a radioactive threshold detector,
and the second by means of a U238 fagt fission chamber. The dats were
obtalned alomg the centerline in water at various digtances from the BSR.

A suitable threshold detector is provided by sulfur through its (n,p)
reaction in e beam of fast neutrons:

832 + nep P32 4+ p
piIC ey 532 8"

The actual threchold for the reaction is sbout .97 Mev, but the
effeative threshold 1s much higher, around 3 Mev, with a cross-section of
285 milifbarns. The half 1ife of the bets emission 1s 14%.1 days with &
maximm dots onewgy of 1.TL Mev.

In the past the radloactive phosphorous has been ssparanted chemically
from the original sulfur salt and counted, a process vhich 1s tedicus and
unsakisfactory at best.(l)

For the present measurements, 1t was decided to meke sulfur folls
out of U.3.P. grade sulfur flowers. This eliminated the necsssity of
chemically separating out the radioactive phosphorous.

(1) "The Aircraft Nuclear Propulsion Project Quarterly Progress Report for
Period Ending August 31, 1950", p. 35, ORNL-858



Semple plates to hold the sulfur Foils were made so that after
exposure they could be placed directly in the shelves of a mica-window
counter. They consisted of aluminum plates about 3-5/16" x 2-7/16" x
1/16" with a 2 in diameter slot 1/32" deep counter-sunk into one face.

Sulfur powder was pressed into the sghallow melds thus formed by
means of a heat oress designed for the purpose. Each sample was pressed
at a temperature of 95° C at a pressure of around 10,000 psi. for a
period of 10 minutes, and allowed to cool in an alr stream under pressure
until the temperature reached 60°C. Then the pressure was released and
the sample cooled quickly to room temperature by ilmmersing the press in
cold water. OSince sulfur reacts with steel at high pressure, a highly
polished 20 mil tantalum disk had to be used between the pressing cylinder
gnd the sulfur to prevent stleking.

The samples were placed between two LO-mil thicknesses of cadmium to
prevent thermal reactions during exposure.

The U238 fission chamber comsisted of 14 plates with sbout 6 grams
total of U238 plated on them. The U238 was pure to about 1 part in
100,000, The fissgion chamber with an A-1l-A preamp was enclosed in a
water tight housing and kept a2t about 10 1bs/1n2 pressure of argon. JThe
preamp was connected to an A-1 amplifier through 50 £t of csble. An
Atomic scaler was connected to the P.H.S, of the amplifier. Fig. 2 chows
a plot of P.H.S, vs. counting rate for various voltages on the chamber.
The chamber did not seam to be very sensitive to voltage, so a voltage of
247 volts was selected as the operating point. Fig. 3 glves curves of
P.H.8. vs. counting rate for a Po-Be sourcs. 15 curve also shows that
the chamber was unaffected by y-rays from a Co 0 source.

When instruments are exposed to the BSR, neutron measuremsnts are
nade in a high gamma radlation field. Thus the effects of y~rays on the
performance of the neutron detecting instruments is an important con-
sideration.

The data obtained from these measurements is given in Tables 1 through 4.
Included are the dosimeter msaswrements given in terms of n/sec/cmz/watt,
and in millirep/br/watt as in previous memoranda.

Conclusion

The results of these experiments are summarized in Flg. 1. The
thresholds of t%e various Instruments are 200 kv. for the dosimeter, 1.5
Mev Ffor the U239 fission chamber, and 3 Mev for the sulfur threshold
detector. The dosimeter was calibrated against PB-168 Po-Be source. The
U238 frission chamber and the sulfur were calibrated against Po-Be source,
FB-217. Experiments indicate that there is a discrepancy in calibration
between these two sources since there is some difference inm thelr spectra.
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The dosimeter is usually run behind 3 in of lead fqr y-ray shielding.
It was found advisable to do the same thing for the U%3 fission gounter.
The curves in Fig. 1 indicate what effect the lead has on the 7230,

At large distances the U238 fission chamber curve chagges slope. This
change in slope 1s probably due to photofission in the U239, The photo-
fission threshold is about 5.76 Mev from y-ray spectral measurements.

There is & peak at 6 or 7 Mev in the gamma ray spectrum from the reactor.
This mey explain the change in slope of the curve for the 0239 counter.
Considering all the uncertainties involved, the agreement of the three
curves is fairly good, both in magnitude and slope.
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TABLE 1
U238 Fission Chamber

Ro Pb or B-Cd Liner

Distance
om Reactor
cnm.

6.7
1.7
21.7
21.7
31.7
k1.7
bi.7
51.7
61.7
61.7
7.7
81.7
81.7
91.7
101.7

111.7

121.7

141.7
161.7
181.7
201.7

Reactor Avera
Power Cts/ﬁinﬁsatt

1 watt 21,586
1 watt 8,018
1" 1,297
10 " 1,342
10 " 254
10 ° 59.0
100 " 64 . b
100 " 17.0
100 *® 5.53
1000 ™ 5.96
1000 " 2.4%
1000 * 1.17
10,000 " 1.53
10 KW 797
" 482
; .289
" .188
" .0867.
" .0k2
" .0219
" .011

Fast Plux

¥/Sec /Cu2/Watt

2.74 x 10°
1.02 x 10°
1.65 5 10
1.70 x 10%
3.23 x 103
7.49 x 102
8.18 x 10°
2.16 x 102
7.02 x 10t
7.57 x 10t
3.10 x 10t
1.49 x 10!
1.9% x 101
1.01 x 10t
6.12 x 109
3.67 x 10°
2.39 x 10°
1.10 ¢ 10°
5.33 x 1071
2.78 x 107¢
1.40 x 1071

O




TABLE 2

U238 Fission Chanmber

B - C4 Liner in Chanmber

3" Pb 10 cn.

from front of Counter

Distance from
Reactor
Cn.

25.0
31.7
b1.7
51.7
61.7
TL.7
91.7
101.7
121.7
151.7
181.7

Reactor Power

10
10

100
100
1000
1000
10,000
10,000
10,000

10,000

vatt

watts
watts
watts
watts
watts
watte
watts
watts
wvatts

watts

Average Fast Flux
Cts/Min/Natt  N/Sec/Cu®/Matt
939 1.19 x 10%
299.4 3.80 x 103

64.0 8.13 x 10°
14.8 1.88 x 10°
3.65 .64 x 10t
1.01% 1.29 x 10!

.110 1.%0 x 100

.035 k.44 x 1071

.0071 9.02 x 1072

.00159 2.02 x 107%

.00055 6.98 x 1073




TABLE 3

~ Doginmeter Messurements

Distande from Reactor Millirep/Hr Matt | Fust Flux
. K/Sec /on Matt
2.4 1.34% x 10% 9.30 x 109
7. 6.66 x 103 | k.62 x 107
17.4  1.08 x 103 7.50 x 10%
21.7 5.22 x 10° 3.62 x 10
28.7 .. 1.60 x 162 . 1.11 x 10*
32.5 8.91 x 10t 6.18 x 103
41,7 2.13 x 10% 1.48 x 103
50.2  5.64 x 100 3.91 x 107
60.2 ' 1.55 x 10° 1.08 x 10°
70.2 - .48 x 1071 | 3.11 x 10*
80.2 . rerziot 8.30 x 10”
90.2 3.44 x 1072 2.39 x 10°

100.2 ' 1.09 x 1072 7.56 x 1071
110.2 3.4% x 1073 2.39 x 1071
120.2 1.20 x 1073 8.33 x 1072
130.2 3.92 x107% 2.72 x 102
1%0.2 1.38 x 107% 9.58 x 1073
160.2 1.82 x 1072 1.26 x 1073
165.2 1.18 x 1070 8.19 x 107%

T -




TABLE 4
Sulfur Threshold Detector Measurements

3 Mev. Neuirons

Distance from Source, Cm. Fagt Flux
N/Sec/tn® (= nv)

4.7 : 5.48 x 10"
19.7 2.43 x 10"
24,7 1.02 x 10%
29.7 5.11 x 103
30.0 4.88 x 103
3h.7 2.46 x 103
35.0 2.49 x 103
ho.0 1.33 x 103
50.0 2,87 x 107
60.0 ; 1.1% x 10°
70.0 3.23 x 10t
80.0 6.82 x 10°
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FAST FLUX (A/sec/cm2/watt)
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AFPENRDIX P

Center of Detection Calculations for Neutron
Counters and Ion Chambers

H. E. Hungerford
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APPENDIX P

CENTER OF DETECTION CALCULATIONS FOR NEUTRON COUNTERS AND TON CHAMBERS

Thils appendix contalns a brief summary of the contents of CORNL

CF 51-5-177, a memorandum describing the calculations on the center of
detection for each of the Bulk Shislding Facllity radiation measuring
instruments. Because of space limltations no msthematical thesory or
detalled calculations involved are given here,
1. General

For measurements of neutrons and gamma rays in air, the distance from
gource to counter can be approximated rather closely by takling the geometric
center of the chamber as the point of nmeaswrenment of the radiaticn. It 1s
then necesgary only to apply correcticns for attspuastion of the radiation
through the outer case and walls of the chamber, if required. However, 1f
measurements are being made in a highly attenuvating wmedlum, such as water,
then an entirely different picture is presented. Since there is no
appreciable attenuation within the counter 1tself, after wall corrections,
etc. have Seen made, the counter sees radiation of greater intensity
entering from 1ts periphery nearer the source than radiation entering from
the rear. Hence, for a collimated beam the point of measurement of the
radiation moves forward to the interface between the attenuating medium
and the counter, and for non-collimated radlation the point of measurement
is shifted from the geometric center slightly unear the source due to the

effects of attenuation. This point is defined as the center of detection.
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List of Calculated Centers of Detection for the Bulk Shielding
Facility Instruments .

Center of Detection

Instrument Radiation Detected Distance from Front
of‘Counter
a" BF3 Counter Thermal neutrons 2.1 cm.

12" BF3 Single-Chamber
Counter Thermal neutrons 3.55 cm.

12" BF, Double~Chamber

Counter Thermal neutrons 3.3 cm.
Dosimeter Fast neutrons 1.7 cm.,
50-cc Ton Chanmbers Gamma radiation 2.0 cm.
900-cc Ion Chambers Gamma radiation 2.95 cm.

G-M Tube Gamna radiastion 0.9 cnm.
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