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Abstract

The measurements and calculations of the previously
reported air scattering or "skyshine" experiments (CF-52-7-37)
have been repeated with many of the uncertainties removed. In
addition, several experiments of a more general nature are
reported.

Part I of this report describes the repeat experiments.
Shield weight calculations based upon the new data indicate that
the plastic side-shield of the crew compartment need be only 9.5 cm
thick, instead of 17.8 cm as in the original design. This
reduction of 8.3 cm in crew-shield thickness means a weight.saving
of about 5100 1b. Calculations based on the present gamma-ray
data indicate that the lead side-shield thickmess of 1.54 cm
originally specified is approximately correct.

The expériments presented in Part II were performed to
gaein more basic information on several aspects of air scattering.
Such phenomens were investigated as the radiation patterns existing
about the reactor and at various parts of the pool, and scattering
effects from the pool walls and bridges. Calculations made using
some of this additional data show that 1f excess neutron shielding
is removed from the reactor shield rather than from the crew shield,

there is a weight saving of about 8400 1b.

xii




THE SKYSHINE EXPERIMENTS AT THE BULK SHIELDING FACILITY

H. E. Hungerford

Introduction

In the spring of 1952 during the formulation of plans for
construction of the ORNL Tower Shielding Facility a group of
experimenté were performed at the Bulk Shielding Facility on air
scattering from reactor to crew position of a divided shield.

The purpose of the experiments was to obtain measurements which
could be compared with the estimates of dose within the crew
shield of the Standard Divided Shield which were made by the

ANP Shielding Board of 1950.(1) The results of these experiments
have been bublished.(e)

Since a full-scale mockup of the divided shield, with its
15-m reactor-crew'separétion, could not be put into the 40-ft
BSF pool, a group of tests were deviséd which could be performed
readily and cheaply and which would yield some desired iﬁformation
on the air-scattered dose received at the crew position. One

side of the reactor shield was simulated by lowering the water in

(1) Report of the ANP Shielding Board, ANP-53 (Oct. 16, 1950).

(2) J. L. Meem and H. E. Hungerford, Air Scattering Experiments
at the Bulk Shielding Facility (Preliminary Issue), CF-52-7-37
(July 8, 1952). ~




the pool to various levels above the reactor. Some of the radiation
emerging from the water surface was scattered back through the air
to a point on the surface 5 m away which represented the crew
position. Detectors lowered into the water at this point measured
the dose at various depths that represented various thicknesses of
crew-shield side walls. A correction factor was then applied

to the datae to convert back to a 15 m separstion. ILead slabs located
near the reactor simulated the gamms-ray shadow shield in the reactor
component of the divided shield.

The shielding characteristics of lead at the crew position was
observed by encasing a gamma-ray detector in a lead-lined contalner
and varying the amount of léad on the top of the container through
which radiation reaching the detector had to pass. Because the
primary direction of the radiation escaping from the pool water was
upward, the experiments were popularly dubbed the "skyshine"
experiments.

It was emphasized 1n the preliminary report(a) that the
experiments were crude and preliminary in mature. Although the
experimental neutron data in these first experiments seemed to
check well with the Shielding Board calculations, the gamma-ray
data differed by a factor of 27. This was attributed to the many

uncertainties involved, some of which were:




(1)

(2)
(3)

(%)
(5)

(6)

The

low intensities encountered using a reactor

power of only 10 kw may have caused errors in

the

The
not

The
the

The

The
and

The

experimental data.

exact amount of water above the reactor was
known.

results of the necessary extrapolations of
experimental data were in doubt.

scale-up factor was only approximate.

amount of scattering from pool ﬁalls, bridges,
other obstacles were undetermined.

radiation distribution at the water surface

above the reactor was not known.

In view of all the uncertainties it was decided to repeat the

experiments more carefully, checking the results of the preliminary

work and collecting new data of a more basic nature. By the time

the experiments were resumed permission had been granted to operate

the Bulk Shielding Reactor at a power of 100 kw.

I.

Repeat of the Air Scattering Experiments

Experimental Arrangément

A schematic view of the aircraft divided shield as designed by

the Shielding Board is shown in Fig. l,(3) and the general arrangement

(3) For details see ANP-53, op. cit., pp 66-68.
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for these tes'l;s is shown in Fig. 2. At the time of the repeat
tests other equipment in the pool prevented the use of the lead
slabs as a shadow shield. However, a mockup of the reactor
portion of the divided shield (used in another experiment) served
to shield the detectors at the crew position from direct radiastion
and did not interfere with the air scatter'ing tests. The effect
of the lead shadow shield had previously been determined in the
earlier tests.

Among the improvements introduced in the experimental arrange -
ments of the new tests were:

(1) A water level control which messured the water
level and kept it constant to 0.2 cm.

(2) An improved apparatus for mounting the detectors
at the crew position.

(3) A more accurate method of determining the reactor-
detector separation.

The new detector mount was designed to hold the nose of each detector
up, since the scattered radiation was presumably incident upon the
water from a primarily downward direction. For some of the measure-
ments a large, bottomless aluminum tank was installed irl the pool
at the crew position, within which the detectors were lowered. In
this way the reactor-induced water activity was kept from circulating

to the detectors and interfering with the measurements.



Experimental Procedure and. Results

With the higher reactor power available the results of the
preliminary experiments were checked at water thicknesses of 30,

60, and 90 cm above the reactor, and then measurements were extended
to include thicknesses of 116 cm and 142 cm. The last two water
thicknesses were chosen because 116 cm represents the water-equivalent
design shidd thickness of the reacfor component of the divided shield
for neutrons, and likewise, 142 cm represents the water-equivalent
design thickness for gamma radiation.(u) The data obtained at these
levels obviated the extrapolstion of the measurements to these thick-
nesses,as was done in the preliminary calculstions.

At each level vertical traverses were teken at the crew position,
meesuring the radiation above and below the water surface. The results
of these trsverses are shown in Figs. 3 and hgs) Even with the increase
in power the fast neutron intensity at the 116- and 142-cm levels was
too low to obtain reliable fast neutron dosimeter measurements. For
theée levels data from a 12-in. BF3 thermal neutron counter was normal-
ized to the dosimeter. Sufficient fast neutron date was taken to

insure a correct normalizing factor.

(4) See CF-52-7-37, op. cit., p. 10; also ANP-33, op. cit., P 7.

(5) Except where noted all data presented in this report is given in
tayms of the new reactor power calibration reported by J. L. Meem,
E. B. Jomsay and H. E. Hungerford, Energy per Fission and Power of
the BSR, CF-53-5-21 (May 12, 1953).

-6 -
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Both Figs. 3 and 4 show the experimentally determined crew-
shield doses for a plastic-equivalent crew shield thickness of 17.8
cm. The measurements for Figs. 3 and 4 are given in Tables A-1
through A-5 of Appendix A¥ |

Figures 5 and 6 how the experimental doses at the surface of
the crew position (i.e., at the water surface) as a function of the
resctor shield thickness (water thickness above the reactor). In
each figure the solid line represents the present data,‘? g.nd the
dashed line shows the1prelimj7nary data. A study of the figures shows
that the extrspolation of thé preliminary data was far from accurate.
These curves were drswn from the data in Table A-6.

In order to test the effect of lead on the gamma-ray dose at
the crew position, a phototube and anthracene crystal were mounted
in & lead-lined container (shown in Fig. 7) as in the preliminary tests.
The sides and bottom of the container were lined with 3 in. of lead.
The crystal detector was mounted directly underneath the thin
aluminum cover. Various thicknesses of lead were placed on the
cover and measurements were made umder water at a plastic crew shield
thickness of 17.8 cm. The current from the phototube was measured,

rather than the piulses as was done in the preliminary experiments.

* All tables will be found in Appendix A.
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The current is a better criterion of dose than the count rate since
it represents the integrated ionization rate. The data obtained is
plotted in Fig. 8.from the summary given in Table A-T.

In a.ddition. to the present measurements, a determination of the
effect of the lead shadow shield on the radistion at the crew position
is reported here from results of the earlier tests not previously
presented. For this‘test. the water ebove the reactor was 90 cm, and
vertical traverses were made with a gamms-ray detector at the crew
position with and without the lead slasbs forming the shadow shields
in place (See Fig. 9 and Table A-8). The presence of the shadow
shield re_duced. the gamme radiation at the crew by a factor of 0.52.

The fast neutron dose was not affected.

- Shield Weight Calculations Based on Data from Repeat Experiments

In the following calculations the scale-up factor is the same
as that used in the preliminary report. Unfortunstely there is no

way of verifying this factor experimentally, so a region of uncertainty
still remains in the calculations. As used in the preliminary report

the scale-up factor S consisted of the following parts:

s = (A /A )(1,/1) (N T /r)(4/a,)(B,)

-13-
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where subscript a refers to the aircraft reactor and subscript b refers

to the BSR, and

Aa/Ab =
W/

db/da =

P
8

When all the

ratio of areas exposed = 16,

ratio of leakages per watt =‘O.2 (quite low since there is a
much lower cogcentration of uranium iﬁ the aircraft reactor),
correction for leakage from a ¢ylindrical shield instead of
a plane surface = 1.8,

correction for reactqr-crew separation distance = 1/3,

power of the alrcraft reactor = 2 x 108 watts (date on the
BSR is normalized to 1 watt).

above corrections were applied, an upper limit of S = 3.8 x 108

*
was found. Since the best estimates at the time of the preliminasry tests

indicated that the wall-scattered radiation was two or three times the air-

scattered radiation for both neutrons and gemma rays, a lower limit on S of

1.3 x lO8 was determined with the most probable value being

S =2.1x 108

The latter value is used for these calculations.

Neutron

Shield Weight Calculations. In order to determine the

minimum thickness of the neutron shield, it was first necessary to

calculate the dose reaching the erew compartment in the airplane from

the experimental data:

Dy = 58, (e)

* Tt is shown later in this report that scattering from the pool walls
and bridges contribute less to the dose gt the detector than had been
first estimated (see, for instance, pages 34 and 49 in Part IX). A
theoretical discussion is presented in Appendix B,
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where

Dy

#_(e)

neutron dose reaching crew compartment of airplane,

experimental neutron dose at crew position (see Fig. 3)

L}

1.65 x 10'8 mrep/hr/watt.
Thus,
8 -8
D, = (2.1 x 10°)(1.65 x 107°) = 3.46 mrep/hr
The Shielding Board specified a neutron dose within the crew
compartment of 21.5 mrep/hr, Since the experimental dose as measured
is only 16% of the specified dose, some plastic msy be removed from
the airplane crew shield, effecting a saving in weight. The experi-

mental dose corresponding to the specified crew dose is just

1.65 x 1O=8 -7
—5p—— = 1.02 x 10 mrep/hr/watt

Referring to the experimental data in Fig. 3, it is found that the
crew shield thickness corresponding to the above dose with 116 cm
water above the reactor is 9.5 cm or 8.3 cm less than the thickness
specified in the standard design. If it is assumed that the plastic
crew shield weighs 610 1b per centimeter thickness, the weight saved
by removing the 8.3 cm plastic is 5100 lb.

Gamma-Rey Shield Weight Calculations. The gemma-ray dose

penetrating crew compartment in the airplane as indicated by this

-17 -



experiment was calculated as follows:

D, = S [te)r

where

D = gamma-ray dose reaching the interior of the crew compart-
ment of airplane,

Re) = experimentsl gamma-rey dose at crew position through
specified wall thickness of l; .8 cm plastic plus 1.54% cm
lead (gee Fig. 8) = 2.2 x 10-9 r/nr/watt,

R = ratio of experimental gamma dose with lead shadow shlelds ‘
to dose without shadow shields = 0.52.

Thus,

D, = (2.1 x 108)(2.2 x 10‘9)(0.52) = 0.24 r/hr
The Shielding Board calculsted s gamms-ray dose of 0.25 r/hr. The
experimental measurements thus agree well with the original calculations,

indiceting that the gamma shield is correctly designed for the crew

compartment.

Conclusions

The experiments were made as clean as possible so that uncertainties
in the measurements were kept to a minimum. Elimination of the extra-
polation procedure used in the preliminsry tests removed a large source

of error. Many of the uncertainties which existed at the beginning of

- 18 .




the present set of tests were minimized by the collection of new data
which is presented in section II,*

Agreement between experiment—and calculation for the gamms-ray
dose at crew position is better than one would expect because of the
uncertainties still remaining. The fact that the experimental neutron
results are much better than the Shielding Board calculations bespeaks

the conservetism of those calculations.

* See also summary section III.
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II. Some General Experiments on Alr Scattering and Related Phenomena

The experiments described in section I of this report were
all designed and performed under a definite set of conditions which
required that the reactor, the detectors, the lead slabs, and the water
level of the pool be in such a configuration as to mock up a portion of
a divided shield. Using the data obtained from the experiments one was
able to calculate (with the aid of certain scale-up factors) the dose to
be expected under operating comditionms in the crew compartment of a
nuclear asircraft.

The results of the experiments and calculations cannot be
considered to be completely trustworthy within themselves without further
investigation into the limitations and bias of the experiments. There
must be taken into account such ébnsiderations as the behavior of
radiations under the conditions imposed by the experimept, the spatial
distribution end directions of radiations near the reactor and detector,
the magnitude of the source area of the water above the reactor which may
contribute to the dose at the detector, the effect of scattering from
pool walls and bridges on the dose at the detector, and many others.

A considersble amount of time was spent gathering data of
a more basic nature which were designed to help clarify some of the
uncertainties inherent in the experiments of part I, with the hope of
gaining a fuller understanding of the experiments. Some of the general

experiments performed are described in the folldwing pages.
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Vertical Traverses above the Resactor

Some of the most important data collected during these
experiments showed the atfenuation of radiation directly over the reactor
as a function of distance from the reactor. These measurememts were made
both with the pool completely filled and with water levels that correspoﬁded
to the reactor shield thicknesses used in the tests in Part I. It was
physically impossible to make vertical "centerline" measurements because
the resctor control mechanism prevented the detectors from being placed
any nearer than 7.5 cm from the vertical centerline of the reactor.

The vertical line along which the measurements were made is
shown in Fig. 10. These traverses were at a z position 15.5 cm south
of the north face of the reactor or 7f5 cm from the center of the reactor.
The thermal neutron and gamma measurements at the various pool levels
are shown in Figs. 11 and 12, respectively. large gamma-fay background
from the reactor prevented use of the fast neutron dosimeter here.

It 1s to be noted that et any given distance above the reactor
a measurement made‘with the counter surrounded by water is higher than the
same measurements made with the detector at or Jjust above the water surface.
The difference for thermal neutrons is a factor of between 2.5 and 3
(compare solid and dashed curves of Fig.ll); for gemma rays the difference
is approximately 20% at distances greater than 1 m (Fig. 12). This is

explainable on the basis that there is more radiation scattered into the
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detector when it is in the denser material because of the increased
number of scattering centers surrounding the counter.

The depression of flux in the proximity of the boundary of
the‘attenuating medium (the water surface) may be described in terms of
an apparent displacement of the surface. 1In Figs. 11 and 12 the dis-
crepancies between the actusl and apparent water surfaces are shown.

It is clear that when the detector is in air its position should be
described according to its distance from the apparent water surface,
All other figures are corrected to the apparent water surfaces where
necessary. It is to be noted that the slopes of the thermsl neutron
curves in water are steeper close to the water surface than the
attenuation in water at the same level. This is attributable to the
diffusion properties of thermal neutrons near the boundary of s
diffusive medium. The experimental data is tabulated in Tables A-9

through A-12 in Appendix A.

Scan of a Quadrant of Water Surface above the Resctor

Radiation received at the crew must emerge from the water

surface near the reactor, so that as far as the detector is concerned the

water surface is the radiation source. In order to study the patterns of

the emerging radiation, a scan of the water surfsce directly sbove the

reactor was made with both a thermal neutron detector and s gamma. -ray

detector. The thermal neutron flux existing over a square meter of water

surface above the reactor at a water level of 116 em is shown in Fig. 13.

The neutron intensity falls away rapidly from the origin of the scan.
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each of the points A, B, C, and D shown in Fig. 13 vertical traverses
were made with the thermal neutron detector from about 20 cm above the
water surface to 20 cm below the water surface. These measurements are
plotted in Fig. 1%,

The gamms -rey scan shown in Fig. 15 was made with a water level
of 142 em. A complete scan was made of a square 25 cm on a side and
additional points were taken along the line AB. The results of these
measurements were used to extrapolate the data to points C and D,
which then gave the flux over a square meter*: The gamma-ray flux
over a square meter of water surface above the reactor is much more
uniform than the neutron flux.

The date from which Figs. 13, 1%, and 15 were drawn are

presented in Tables A-13 and A-1h.

Radiation Pattern along the Pool Centerline

At some point on the water surface of the pool the intensity
of radiation arriving at the detector through the air equalled that
arriving through the water. The place where this happened marked the
edge or boundary of the water surface ;s a source of radiation to the

detector. 1In order to determine the size of this surface source, &

* At the time of these measurements other eqaipment in the pool
prevented the positioning of the detector at points C and D.
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scan of the water surface along the pool centerline from reactor position

to crew position was made both for gamma rays and for therm;l neutrons.

The neutron traverse, made at a water level of 116 cm is shown in Fig. 16,
and the gamma-ray scan, made at a water level of 142 cm,'is shown in Fig. 17.
At most of the points of the gamma-ray scan vertical traverses near the
water surface were made, the results of which are shown in the insets of

Fig. 17. The sharp drop in the data of Fig. 17 at 400 cm is due to

the presence in the pool of the Divided Shield Mockup which shielded

the detector at crew position from direct radiation. The data is

presented in Tables A-15 to A-1T7.

Characteristics of the Water Surface as 8 Secondary Radiation Source

From a study of Figs. 13 through 17, it is apparent that the
neutrons emerging from the water surface above the reactor were much
more highly collimated than the gamms rays. As shown in Fig. 16, the
neutron intensity dropped a factor of e in 55 cm and a factor of e2
in gbout 77 cm. This means that the main cone of radistion for neutrons
‘was limited to an angle of about 21° from the vertical, covering a solid
angle of about 0.4 steradian. The neutron intemsity dropped sharply
from the origin to about a 125-cm distance from the reactor center and
then flattened out at_larger distances, fairly well fdllowing the 1/R
attenuation law for séattered radiation, as is shown in Fig. 16. This

indicates that the neutron radiation existing sbove the water outside
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of a radius of 125 cm from the reactor was mainly scattered radistion.

On the other hand the picture for the gamma, rays was quite
different. They were not as highly collimated. In fact they were still
emerging from the water surface at distances as far away as 300 cm from
the reactor, as can be clearly seen from the insets of Fig. 17. 'The
gamme intensity dropped a factor of e in about 95 cm and a factor of e2
in 155 cm. This means the main radiative cone lies within about 300
from the vertical, covering a solid angle of about 0.7 steradian, but
there were significant source contributions out to 300 cm covering a
solid angle of 3.1 steradians. The l/R attenuation law was not followed
except beyond about 400 cm, as indicated in Fig. 17.

The gamms radiation emerging from the water surface above the
reactor appears tovhave travelled largely along straight lines to the
surface. This is evidenced by the fact that the dose appears to be
attenuated according to the thickness of water interposed between the
reactor and the detector. Seven calculations were made of straight-line
path lengths L, from the center of the reactor to points on the surface
at distances of from O to 300 cm from the reactor vertical centerline.

Gamma-ray doses DL' corresponding to water thicknesses I were then
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rea% from Fig. 12. These values of DL' are given in Table- A-18,
Appendix A. The DL' values are plotted as large "+" symbols in
Fig. 17. The agreement between the experimental points and the
points obtained by this graphical analysis is surprisingly good.
Referring to the dip in the curves of the gamma-ray scan
of Fig. 17, it is to be noted that if the lead shadow slabs shown in
Fig. 2 ha@ been put in the pool, the drop in the radiation pattern
would have occurred between 50 to 75 cm 2 distance and would have
been even grester.
The effectiveness of the extended water surface as a source
may be deduced from this phenomenon. It is quite possible that the
l/R attenuation law may hold for gamma rays in as near as 1 m from
the reactor position with the shadow shield in place. At any rate,
the effect of the extended radiation source (without the shadow
shield) at the crew position is to multiply the gaxme radiation received
at the crew position by a factor of 2. This points up the fact that the
shadow shield factor R used in the calculations of gamma dose at the
crew (Part I, page 13) must be used, since only with the shadow shield

present does the experiment adequately mock up the reactor side shield.

Scattering from Reactor and Instrument Bridges

Preliminary theoretical calculations indicated that the
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scattering from the instrument and reactor bridges would make up a
significant percentage of the scattered beam measured by the detector.
Accordingly, a great deal of time was spent trying to determine the
effect these bridges had upon the radiation at the detectors.

One series of tests was performed as follows: Detectors
were placed at the crew position and measurements were taken with the
instrument bridge rolled into various positions above the detectors.

As shown in Fig. 18 the results of the measurements were not startling.
In fact, the maximum difference noted for the various detectors with
the instrument bridge in best and worst positions for scattering to
the detector was of the order of 12%. The reactor was then moved off
its bridge and suspended from a single H-Beam straddling the pool, and
the measurements were repeated. The difference between these measure-
ments (not shown) was only about 3%. It was concluded that scattering
from the bridges did not contribute significantly to the radiation at
the detector. The data is tabulated in Table A-19. l

In order to test the effect of scattering from just the
reactor bridge at points near the bridge, another series of tests was
run with the reactor first on its bridge, then on the H-Beam. Vertical
and horizontal gamma-ray traverses were made under the reactor bridge or
H-Beam on the west side of the reactor. The location and results of the

traverses are shown in Figs. 19 and 20, It should be noted here that
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the reactor is suspended from one side of its bridge, so that its east-
west centerline is about 70 cm south of the reactor center. When the
reactor was suspended on the H-beam, for reasons of balance the axis of
the H-beam was 50 cm south of the reactor center. The above traverses
were run using the reactor east-west centerline as a reference, rather
than the bridge and H-beam east-west axis. The measurements with the
reactor located on the H-beam are 15 to 20% higher than the correspond -
ing measuremegts under the bridge. Offhand, higher readings would have
been expected with the reactor on its bridge. Apparently the intensity
of radiation scattered back from the air above the bridge to the
detector was greater than that scattered from bridge to detectér and
was partially blocked out by the presence of the bridge. 1In this case,
the scattering from the bridge had a negative effect.

The following test, offered as a confirmation of the above
results, was run. At the time the vertical traverse under the H-Beam
vas made, the gamma-ray detector was placed first directly under the
H-Beam, 367 cm above the water surface, and a reading was taken; then
at the same height above the water another reading was taken 50 cm
from the beam (Table A-20). The reading obtained upder the beam was
2.80 x 10'” r/hr/watt, and the reading at the same ﬁeight away from
the beam was 2.91 x lO'h, some 4% higher. (Data for the curves of

Figs.19 and 20 are shown in Tables A-20 and A-21.)
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Effect gg_Lcad EE_Crew Position gg_Radiation Received

In addition to the lead tests reported in Part I, vertical
traverses at the crew position were made with a gamma-ray detector
in the lead-lined container (Fig. 7). One traverse was made with no
lead covering on the container and another was made with a 5/6k-in.
lead cover. A plot of the results (Fig. 21) shows that the shapes of
the two traverses are approximately the same. The 5/6h in. of lead
decreased the dose by about a factor of 5. Examination of the energies¥
involved show that for an assumed angle of penetration of h5° the energy
of gammas sbsorbed by 5/64 in. of lead was around 0.3 Mev, whereas the
slope of the traverse curve in water shows that the energy of the typical
scattered garma photon entering the detector was nearer 1.0 Mev. This
would indicate that although a great deal of low-energy radiation reaches
the crew, the shielding must be designed for the higher gamms-ray energiles.

The data is reported in Table A-22.

Effect of Interposing a Lead Slab at Various Positions Between the Reactor

and Detector

In order to find oﬁt something about the directions of the
primary and scattered radiation which contributed to the dose at the
crew, the following experiment was performed. A gamms detector and
thermal neutron counter were located.at the crew position (in this case

4.6 m from the midpoint of the reactor for convenience in the setup).

¥ For assumed 20° angle of penetration, the energies were calculated to be
0.4 and 2 Mev, respectively.
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A lead slab was hung from the crane and placed at various positions in
the water and air between reactor and detector, as given in Tables A-23
and A-24. A set-up of the experiment is shown in Fig. 22. Essentially
the slab was moved into six positions along each of three vertical
lines (A, B, and C) which were located at approximately 1.2, 2.4, and
3.8 m from the reactor, respectively. The results of measurements
taken at each position are shown in Figs. 23 and 24 from the data of
Table A-25.

As was expected, the lead slab cut out a considersble amount
of gamma radiétion when it was located near the water surface (Fig. £3).
This information supports the theory that the greater part of gamma
radiation reaching the detector at the crew position is scattered
through small angles. This data also indicates that the gammé radiation
emerging from the water surface is not highly collimated. If it were,
the higher positions of the lead would have greater effect upon the
radiation at the crew, since with larger scattering angles the |
detector would receive radiation from scattering centers located fairly
high above the water surface.

This experiment also yields more evidence for the validity
of the factor of 0.52 used as a lead shadow shield correction for the
shield calculation of Part I. Position 1A of the lead slab in this

test is fairly close to the position of the shadow shield slabs in
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Fig. 1. The ratio of the radiation reaching the detector with the lead
in position 1A to that in position 6A is 0.8. If it is assumed that
the lead in position 6A does not block any radiation to the detector
and that each of the three shadow shield slabs in Fig. 1 would have
approximately the same attenuation effect as the one slab in position
1A, then (0.8)3 = 0.51% The original measurements with the shadow
shield were made at a water thickness of 90 cm above the reactor.

The present Qbservations were made at a thickness of 60 cm. The
différence in water levels apparently did not affect greatly the
shadow shield factor at the crew position. This appears to be
confirméﬁion that the radiation from reactor to detector is reduced
by a factor of 0.52 when the lead shadow shield is present.

In Fig. 24, it is noted that the lead slab had an opposite
effect on thermal neutrons. Here the presence of the lead near the
surface of the water increased the radiation at the detector considerably.
Apparently, the lead scattered some neutrons which were traveling in a
predomingntly upward difection away from the water surface into a
predominantly dowﬁward direétion, thus increasing the thermal flux at
the detector. Thermal neutrons emerging from the water surface would
not be expected tp be highly collimated and thus would be subject to

scattering by the lead slab.

#* For this statement to apply, it must be true that most of the radiation
reaching the detector travels along paths which are intercepted by the
shadow shield on its insertion.
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Radiation Distribution EE_Air over Crew Position.

Measpreménts were taken in the air on a vertical line
directly above the crew position to determine the neutron and gamma-
raj distribution at various heights above the water surface. Results
are plotted in Fig. 25 from the data of Table A-26. The fast neutron
dose increased at an approximate rate of 3.7 x l()-'LL mrep/hr/watt per
meter height above the water surface, and the gamma dose increased at
an approximate rate of 4.8 x 1077 r/hr/watt per meter height above
the surface. There was a slight leveling off of the gamma dose at
about 1.5 m, and beyond the/top of the pool walls the gamma dose
curve broke; on the other hand, as high as the fast neutrons could be
measured the dose continued to rise. Again this is evidence that the
neutrons emerging from the water surface were highly collimated, while
the gamma rays were not. The break in the gamma curve at the top of
the pool (3 m above the water) indicated that just below this level
there is abundant wall scattering by the gammas.

The thermal neutrons on the other hand showed only & 13%
increase in intensity from the water surface to a height of 2-1/2 m, at
which height the thermal neutron flux was at its maximum. Above this
point it slowly declined. The space in the pool above the water surface
may be visualized as having been:.filled by a cloud of thermal neutrons

which was more or less of constant density within the confines of the
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pool walls. The air nuclei plus the pool walls acted as scattering

centers to keep the flux random and therefore nearly constant.

Effect g£ Pool Walls gg.Radiation gE_Crew Position

In order to estimate how much of the radiation at the crew
position was séattered by the pool walls, the following series of
experiments were performed.

The reactor wﬁs mounted on the H-Beam described previously
and detectors were placed at a crew position 4.2 m from the reactor;
this separation had to be used in order to perform the experiment
without other apparatus in the pool interfering with the position
of the detectors.4 Vertical traverse measurements were made at the
crew position at various water thicknesses (y) above the reactor.

This arrangement was the same as described in Part I, except that
the reactor and the crew position were moved to various locations
with respect to the pool walls as follows:

(1) On pool centerline, 10 ft from either wall.

(2) 5 ft from centerline, 5 ft from west wall.

(3) 7-1/2 ft from centerline, 2-1/2 ft from west wall.

The results of these traverses are shown in Figs. 2 6 through
28. The shapes of the curves are about the same as those of Figs. 3 and 4,
The magnitudes are slightly higher because the crew is nearer the

reactor. The effect of the walls is graphically depicted ih Figs.29 and 30,
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which show the dose at the surface of the crew position plotted against
the distance from the pool centerline. For fast neutrons and gamma rays
the wall effect is much greater at the lower water levels. This is
understandable on the basis that at lower levels the radiation is less
collimated and has greater opportunity to be scattered from the walls.
For thermel neutrons the effect appears to be reversed. The measure-
ments for these curves are given in Table A-27 through A-29.

In Appendix B, F. H. Murray shows that the presence of the
walls contributes less than 40% of the gamma radiation received at the
crew with reactor and crew located on the Pool centerline. When the
detector (or crew) position is swung toward the center of the pool
from its position near the pool wall, leaving the reactor near the
wall, very little effect (only about 3%) on the radiation received at
crew is noted. This seems to indicate that wall scattering near the
source is more important than wall scattering near the detector.

Measurements of this effect are tabulated in Table A-30.

Shield Weight Calculations Based on New Data

With the data presented in Part IT it is now possible to make

a shield weight calculation based upon the following assumptions:
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(1) For any given reactor-crew separation the
attenuation factor between one side of the
reactor shield and the crew side shield is
the same both for the actual case and the
mockup, and thus the doses between the two
are directly comparable.

(2) The ratio of the dose at the crew to that at
the reactor shield surface (water surface
above reactor) does not change with the
power level.

(3) For calculation purposes the outer surface of
the aircraft reactor shield is considered to
be a sphere with an average radius of 161 cm.

(4) The shape of the thermal neutron curve of Fig. 11
is typical of the attenuation for both fast and
thermal neutrons through the outer portionvof
the aircraft shield.*

With the above assumptions in mind the allowed neutron dose

Nr(a) on the outside of the reactor shield is obtained as follows:

* This assumption is velid only at large distances from the reactor.
At distances greater than 1 m the BSF water data shows that the
thermal and fast neutron curves are parallel and have about the same
attenuation at any given point. See for instence BSF Pure Water Data
Work Sheet, CF 52-2-37. A small reproduction of the Work Sheet alsc
appeaers in CF 51-10-70, Part II revised, p. 871.
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where
Nr(e) = experimental neutron dose on outside of reactor shield
(i.e. at water surface directly over reactor)
= dose reading on Fig. 11 at 161.3 cm from reactor
center (or 130 cm from top of reactpr)
= 6.3 x 10 /watt*
¢n(a) = allowed neutron dose at crew position (see p. 17)
= 1.02 x 1077 mrep/hr /watt,
¢n(e) = experimental neutron dose at crew position (see
Fig. 3)
= 1.65 x 10"8 mrep/hr/watt.
Substituting,

1.02 x 10~

0.63 -1——---—5-5 = T0=

= 3.89 nvth/watt*.'

T, ()

‘% Tt matters little that these readings are thermal neutron flux
readings, for reasons given in the previous footnote. The
important thing here is the shield thickness difference given
by the readings on the curve; i.e., the shape of the curve is the
important consideration.
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It is seen from Fig. 1l that:

Thickness of shield giving Nr(e) = 116 cm
Thickness of shield giving Nr(a) = 100 em
Thickness to be saved 16 cm

Thus the weight saved will be:

We) = /3 x(1613 - 15%) (p)e

= ’4-.65 X 106g

4.65 metric tomns

]

Y 5.1 short tons

= 10,200 1b water, or its equivalent in gasoline.

Thus indications are that a much greater saving in weight can be
accomplished by shaving neutron shielding from the reactor shield
rather than from the crew shield. If this were done, the gamma dose
at the crew would rise about 25% and could be compensated for at the
crew compartment by the asddition of 0.12 cm lead, resulting in 1800
ib additional weight. The final weight savings would be of the

order of 8400 1b.
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III. Summary and Conclusions

‘The most important result achieved from this set of experiments is
undoubtedly thgt there now exists good experimental data which to a large
extent confirms the predictions of dose received in the crew compartment’
of a divided shield configuration which were made by the 1950 ANP Shield-
ing Board. Most of the experimental uncertainties of the earlier experi-
ments were eliminated, including the largest single source of error, the
extrapolation of the data necessary in the preliminary work.

Specifically, without extension of date beyond the normal scale-up
factors necessary, it was shown in Part I that 9.5 cm of plastic neutron shield-
ing could be removed from the crew shield, effecting a saving of 5100 1lb of
shield weight in the airplane. Calculations based on the data of Part II showed
that a much greater shield weight saving may be had by shaving off 16 cm of
water-equivalent thickness from the reactor shield, amounting to some 8400 1b.

The calculations based upon the present data indicate that the 1950
Shielding Board assumptions for their estimation of gamma-ray dose at the crew
were about right, but that their assumptions for neutrons were comservative.
The real importance of this experiment does not rest in the figures on the
shield weight savings on a fictitious airplane but rather in the confidence in
air-scattering calculations that has been established. Recently experimental
verification of air-scattering calculations of gamma dose received at the crew
has come from an entirely new direction. F. C. Maienschein has measured energy
and angular distribution of gemms rays emerging from the reactor portion of the
divided shield.(6) In a recent report(7) Bly and Maienschein calculated the dose
that should be received at the crew by integration of Maienschein's data over

energies and angles involved. Considering the difference in approach the

(6) F. C. Maienschein, Gemma-Ray Spectral Measurements with the Divided Shield
Mockup, Part I, CF-52-3-1 (Mar. 3, 1952); Part II, CF-52-7-11 (July 8, 1952);
Part 1II, CF-52-8-38 (Aug. 8, 1952); . . . and T. A. Love, Part IV,
CF-52-11-124 (Nov. 17, 1952). :

(7) F. Bly and F. C. Maienschein, A Calculation of the Gamma Radiation Reaching
the ANP-53 Crew Shield, CF-53-5-117 (May 23, 1953).
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agreement between their calculations and these is good.* Other important
conclusions to be gained from & study of the data of Part II which are
applicable to design of aircraft divided shields are

(1) The fast neutrons emerging from the pool sbove the reactor
are highly collimated, but the gamma rsys are not.

(2) The contributions to the dose received at the detector (in the
center of the pool) by scattering from pool walls and instrument
bridges is small.

(3) The small angle scattering of gamma rays contributes a greater
part of the gamma dose received at crew.

(4) The 1/R attenuation law for scattered radiation was found to check

wvell with experimental fast neutron data along the pool centerline.

¥ Bly and Maienschein calculated the dose received at the outside of the
crev compartment. This value was compared to the measured gamma-ray
dose at the surface of the water at the crew position of the present
experiments corrected by an sppropriate scale-up factor.
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Appendix A

Tables g{ Data

All the tebles for the body of this rgpo;b are grouped
together in this appendix to preserve continuity of the report.
Following the tables is Fig. A-1, which is a chart giving the
intercorrelation between tables and figures appearing in the
report.

The tables, listed at the beginning of the report, are
grouped under the following classifications for easy reference:

Classification Table No(s).

Part I

Repeat of preliminary experiments..... 1 - 7
Effect of shadow shield....ceseecsesses 8

Part IT

Vertical traverse measurements

directly above reactor....eecesse 9 = 12
Radiation patterns existing in the

pool near water surfac€...cseeess 13 =~ 17
Interpolation to find dose at

water sUrfacC@.c.ecesscsscassacsss 18
Scattering effects from bridges..c.... 19 - 21
Effect of lead at creweececrsecscessces 22
Effect of lead interposed between

reactor and crew positions....... 23 - 25
Radiation pattern in air above

crew Position.eeeeceeececccescsas 26
Scattering effects from pool walls.... 27 -
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Table A-l. Neutron and Gsmma-Ray Doses at Crew Position --
30-cm Water Thickness above Reactor

(Vertical Traverse Measurements)

Reactor-crew separation:533 cm

(Exp. 9, Run 37)

Detector Gamma-Ray Dose Fast Neutron Dose
Distance (r/hr/watt) (mrep/hr/watt)
above Water
Surface (cm) | 50-cc Variable Resistance Fast Neutron Dosimeter
L Ton Chamber
23.0 2.13 x 107%
16.8 1.20 x 1072
13.0 2.04 x 107
6.8 1.12 x 1072
3.0 1.79 x 107
-2.0 1.55 x 107
-3.2 5.81 x 1075
-7.0 8.47 x 1072
8.2 2.02 x 1073
-12.0 6.16 x 107
-13.2 6.78 x 107
-17.0 3.48 x 107
-18.2 2.66 x 107
-23.2 1.06 x 107
-25.2 8.39 x 107
-28.2 4.03 x 107
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Teble A-2. Neutron and Gemma-Ray Doses at Crew Position --
60-cm Water Thiclkness above Reactor
(Vertical Traverse Measurements)

Reactor-crew separation: 533 cm

(Exp. 9, Run 38)

Detector. Gamma -Ray Dose Fast Neutron Dose
Distance (r/nr/watt) (mrep/hr/watt)
gbove Water
Surface (cm) ~ 50-cc Stendard Fast Neutron Dosimeter
Ton Chamber -
25.0 4.06 x 1077
20.0 ) 3.11 x 107
15.0 3.60 x 1077
10.0 2.62 x 1o'h
5.0 3.33 x 1077
0.0 3.20 x 1077 1.65 x 107
-5.0 1.87 x 107 7.43 x 107
-10.0 1.16 x 107 2.50 x 107
-15.0 6.80 x 10'6 1.01 x 1077
-20.0 L.32 x 1070 3.66 x 1070
-25.0 2.72 x 10‘6 1.04 x 10’6
-30.0 1.72 x 10'6 1.10 x 1078
-35.0 1.10 x 10'6
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Table A-3. Neutron and Gamma-Ray Doses at cm Position --

90-cm Water Thickness above Reactor
(Vertical Traverse Measurements)

Reactor-crew separation:533 cm

(Exp. 9, Run 39)
Detector Gamme.~-Ray Dose Fast Neutron Dose Thermal Neutron
Distance (r/hr/vatt) (mrep/hr /wett) Flux (nvth/watt)
above Water ‘
Surface (cm) 50-cc Standard | Fast Neutron| 12-in. BF.CHr  12-in BF3 Ctr.
Ton Chamber Dogimeter Nonmlizeé
33.8 1.4% x 10~ 5 o
31.0 5 1.28 x 10~ 1.19 x 10~
28.0 5 |1-15x 10”
23.8 1.27 x 10~ -5 2
21.0 - 5 1.08 x 10 1.05 x 10
18.0 5 |1.09 x 10 :
13.8 1.1% x 107 5 .3
11.0 5 | .05 x 10 9.79 x 10
8.0 5 1.01 x 10
3.8 1.01 x 10™ £ -3
1.0 £ 9.05 x 10 8.85 x 10
-1.2 8.97 x 10 -6
-2.0 6.61 x 10 -6 -3
-4.0 6 5.76 x 10 5.38 x 10
-6.2 4.80 x 10 6
-7.0 2.62 x 10 6 3
-9.0 6 1.6% x 10 1.53x 10
-11.2 3.05 x 10~ 7
-12.0 8.47 x 10 7 L
-14.0 5.66 x 10 5.28 x 10
-17.0 6 |34k x 1077
-21.2 1.15 x 10~ 8 . 5
-24.0 7.86 x 10 7-33 x 10
-31.2 .52 x 1077 sl 5
-3%.0 1.10 x 10 1.03 x 10




Té.'ble A-lL, Neutron‘ and Gamma-Rey Doses at Crew Position --

116-cm Water Thickness sbove Reactor

(Vertical Traverse Measurements)
Reactor-crew separatiom 533 cm

(Exp. 9, Runs 4o, 47, 53, 57)

Detector Gamms,-Ray Dose Fast Neutron Dose Thermal Neutron
D_i.stan;:ret (r/hr/watt) (mrep/hr/vwatt) Flux (nvth/watt)
above Water '
Surface (ecm) 50-cc Standard| Fast Neutron|12-in. BF.Gtd. 12-in BF3 Ctr,
Jon Chamber. Dosimeter |Normalize
29.5 k.62 x 107 7 _
28.0 6 9.48 x 10 8.85 x 10
22.5 3.86 x 10~
22.0 . 15-6 9.90 x 1077 | 9.26 x 107+
21.3 «32 x 10
20.0 1.0k x 107° -7 "
ii.o " 0-6 8.13 x 10 7.59 x 10
«3 3. x 1
9.0 ¢ 8.6 x107T |8.00x 10T | 7.47 x 207
4.5 3.41 x 10°
3.2 5 106 8.56 x 1077 | 7.97 x 107}
2. 3.30 x
2.0 p 4 8.14 x 1077 | 7.61 x 107
1.3 3.36 x 10
Lo 0 166 5.95 x 1077 | 5.55 x 107
-3. .30 x ’
-5.5 1.8 x 107 7 7 L
-6.0 2.1 x 10 2.27 x 10 o | 2,13 x 107,
-7.0 6 1.80 x 10 1.68 x 10
-7.5 1.55 x 10
:g.$ 1.09 x 1676 : 143 x 1077 | 1.3% x 107
. .29 x
-11.0 - 7.24 x 10'8 6.77 x 107
-12.5 9.48 x 10~
-13.0 615 7 L.79 x 10‘8 4,56 x 1077
=-13.7 . x 10
-15.5 6.69 x 107 " 5
-16.0 2.35 x 10 g| 2.20 x 10 ¢
-17.0 o 7 1.86 x 10 1.73 x 10
-17.5 5.86 x 10
-18.0 . 1.63 x 10"8 1.52 x 1077
-18.7 5.27 x 10~
21.0 o 8.23 x 1072| 7.68 x 107
-25.5 2.58 x 10 -9 6
-26.0 3.23 x 10_9 3.09 x 10_g
~27.0 3.58 x 10_9 3.34% x 10 _¢
-31.0 -8 l.)-|-9 x 10 lo39 x 10
-35.5 9.73 x 10




Table A-5. Neutron and Gamma-Rey Doses at Crew Position -~

142-cm Water Thickness above Reactor
(Vertical Traverse Measurements)

Reactor-crew separation: 533 cm
(Exp. 9, Runs 41, 45, 54)

Detector Gamma-Ray Dose Fast Neutron Dose Thermal Neutron
Distance (r/br/watt) (mrep/hr/watt) Flux (nvth/wa.tt)
above Water
Surface (cm){50-cc Standard 12-in. BF. Ctr. 12-in. BF, Ctr,
Ion Chamber Normalize& 3
WW
29.0 1.98 x 1070 5.86 x 10:2 5.46 x 10'2
25.6 6 6.08 x 10 5.60 x 10~
24.0 1.64 x 10 8 s
22.0 5.86 x 10 _g 5.47 x 10 2
12.0 5.77 x 10 g 5.38 x 100_5
5.6 6 5515 x 10 4.80 x 10
4.0 1.27 x 10 ¢ 8 5
3.0 1.30 x 10 5.19 x 10 g 4.84 x 10 ¢
2.0 5.25 x 10 _g 4.90 x 10 ¢
-3.0 3.06 x 10 g 2.85 x 10 ¢
4.4 7 2.13 x 10 g 1.98 x 10_5
-6.0 6.53 x 10~ 1.50 x 10 1.40 x 10
-6.0 6.76 x 107 5 5
-7.0 1.30 x 10 g 1.21 x 10 7
8.0 1.20 x 10 g (1.12 x 10 ¢
-9.h -7 7.87 x 10 7.35 x 10
-11.0 3.95 x 10 -9 6
-13.0 - .07 x 10 o 3.80 x 10 _¢
-16.0 2.77 x 107 2.79 x 10 1.67 x 10
-17.0 2.10 x 10 -9 6
-18.0 ‘ 1.43 x 10 7, 1.34% x 10_,
-23.0 - 6.55 x 10_3 6.11 x 10_;
-26.0 1.19 x 10~ 4.21 x 10 3.93 x 10
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Table A-6. Neutron and Gamma-Ray Doses at Surface of Crew

Position as a Function of Reactor

Shield Thickness

‘Reactor Shield
Thickness'\?/ (cm)

Gamma -Ray Dose

30
60
90
116

12

1.83 x lO-h

3.25 x 10~
9.70 x 10‘6
3.35 x 10'6
-6

1.23 x 10

Fast Neutron Dose

(r/hr/watt) (mrep/hr/watt)

2
l

1.12 x 10~
2.25 x 10~
1.00 x 1077
8.20 x 1077

5.5 % lO-8

(a) Water thickness above reactor.
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Tgble A-7. Attenuation of Gamme Rays by lead Crew Shield

Water thickness above reactor: 142 em
Plastic ¢rew chield thickness: 17.8 :m
Detector at c¢rew position

(Exp. 9)
Iead Gamma-Ray Dose (r/hr/watt) |

Crew Shield ‘ _

Thickness ’ Scintillation Counter ' | Ion Chamber,
S !  mmee Rup 82
0.00 05 x107@ | .05 x 2077(8) | 2,05 x 2077
0.20 4.31 x 10'8 4,17 x 10'8 4,17 x 10'8
0.35 2.41 x 107
0.37 2.21 x 1070 2.00 x 1070
0.170 1.10 x 1070
0.73 9.34 x 1077 8.61 x 1072
1.42 3.19 x 1077 3.08 x 107 2.71 x 1072
2.11 - 9.72 x 107°
2.77 3.94 x 10710
2.83 3.17 x 1070

(a)'l‘his reading normslized to ion chamber value.




Tgble A-8. Comparison of Gamma -Ray Doses at Crew Position --
With and Without Iead Sha.dow Shields in Place

(Fro’m\prelimmary experiments)

Reactor-crew separation: 510 cm
Water thickness above reactor: 90 cm

(Exp. 9)
Detector . Geuma-Ray Dose'®) (r/hr/watt)
Distance i ‘ ('b) ' (c )
above Water Lead Shadow Shield, No Lead Shadow Shield)
Surface (em , Run 2
2k.0 1.38 x 1077 - 6
21.3 - 6.76 x 10~
4.0 1.29 x 10 6
11.3 -5 6.76 x 10~
4.0 1.26 x 10 6
143 -5 6.38 x 10 6
0 (1.21 x 10_5) (6.3 x 107°)
-1.0 1.05 x 10 £
-3.7 6 b.h6 x 10
-6.0 6.20 x 10 6
—8.7 6 - 2.6)4- x 10
-11.0 k.32 x 107 £
-13.7 6 ' 1.65 x 10
-16.0 2.32 x 10 5
-18.7 £ 1.02 x 10°
-21.0 1.41 x 10 7
-23.7 -7 6.62 x 10
-26.0 8.57 x 10 _
-28.7 3.36 x 107/
(2)

Power correction of 0.8306 should be applied to this data
to compare it with data of present experiments.

(b)
(c)
(a),

Published data; see CF-52-7-37, op. eit., p. 22.
Not previously published.

These values were read from curves in Fig. 9; ratio of
radiation with lead shadow shields in position to’
radiation without shadow shields is 0.52.
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Teble A-9, Thermal Neutron Flux Measurements on a Vertical Line
Directly above BSR

Traverse on (0,y,7.5)(°')

Pool Filled
Detector Distance N
above 'fg)of Reactor ?i:p.Tge%;} %gcg%ﬁmrn Flux Eg; ms:;;l;n)1 e
; )
30.0 3,80 x 10
48.7 1,98 x 10
58.7 1,38 x 10
60.0 5,00 x 10°
68.7 1,06 x 10°
8.7 2,83 x 10
88.7 7.5 x 10°
90.0 6.68 x 10°
98.7 2,47 x 10°
108,7 7.39 x 1071
116.0 3.52 x 107
118.7 2.42 x 1071
128.7 8.24 x 107
138.7 2.90 x 1072

(a) For position of traverse see Fig, 10. The measurements were taken
slong a vertical line above reactor which was located on x-center-
1ipe and at a z distance of 15.5 cm from north face and T.5 cm
Prom resctor cemter., This was as near to the vertical centerline
of the reactor as it was physically possible to place the detectors.

(b)  Measurements taken in comnection with Divided Shield Reactor; not
previously published. y
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Table A-10. Thermal Neutron Flux Measurements Desr
‘ Water Surface Directly sbove BSR

Vertical traverses on (O,y,?.s)(a) for
various water thicknesses above reactor

(Exp. 9)
Run Water Thickness Detector
No. above reactor (cm)| Distance
' above Water Thermal Neutron Flux
Surface (cm) (nvth/wa.tt)

21 60 12 bo72 x 101
10 4,88 x 107
5 6.8k x 10,
0 2,09 x 103"
-10 1.83 x 10
22 90 18 1.12 x 102
15 1,13 x 107
10 1.15 x 107
5 L5k x 100 -
0 3.46 x 10
116 18 5.8h x 10:2
10 5.82 x 107
6 6.65 x 10_7
0 1,67 x 10

('a) For position of traverse see Fig. 10. The messurements were taken
along a vertical line above reactor which was located on x-center-
line and at a z distance of 15.5 em from north face and T.5:cm
from reactor center. This was as near to the vertical centerline
of the reactor as it was physically possible to place the detectors.
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mable A-1l. Gemma-Ray Dose Measurements on & Vertical Iine Directly above BSR

Traverse on (0,y,7.5)(a)

. Pool filled
Zg:::t;zpbi;tance Gexma-Ray Dose (r/hr/watt)
Re‘(‘f::‘)’r Exp. 6, Run 45\°) Exp. 9, R 16
23.7 .17 x 10° .
30.0 o 2,63 x 10
43.7 1.00 x 10 1
60.0 1 3.49 x 10
63.7 2.82 x 1075 .

83.7 9.43 x 10 2
9000 -2 6.’4‘2 x 10
103.7 3.3 x 10 2

116.0 - 1.79 x 10

123.7 1.23 x 10 3
142,0 - 5,71 x 10
143.7 5.06 x 1073

163.7 2.21 x 1073

183.7 1,03 x 10_4

203.7 5.10 x 10,

223.7 2.42 x 10_)

2h3.7 1,19 x 10_5

263.7 6.42 x 10 5

283.7 3.83 x 10~

(a) For position of traverse see Fig. 10. The measurements were taken
along a vertical line above reactor which was located on x-center-
line and at a z distance of 15,5 cm from porth face and 7.5 em
from reactor cemter, This was as near to the vertical centerline
of the reactor as it was physically possible to place the detectors.

(b) Messurements taken in comnection with Divided Shield Reactor; not
previously published.
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Table A-12., Gamma~Rey Dose Measurements ngar Water
Surface Directly above BSR

Vertical traverses on (O,y,'{’.5)(a) for
various water thicknesses gbove reactor

(Exp. 9)
Water Thicknmess Detector ;
above Reactor (cm) Distence Run Gamme,-Ray Dose
o gbove Water | No. (r/hr/vatt)
Surface (cm) ,
30 20 30 8.02 x 107
5 1.30 x 10o
o 1.56 x 100
-10 3.38 x 10%,
60 20 1.29 x 10
0 2.03 x 1077
=20 T.24 x 10
9 20 2,84 x 1075
5 3185 x 1075
0 5.0k x 1077
20 1.60 x 10
116 20 8.77 x 1073
5 1.08 x 10_2
0 1.39 x 1075
-20 3.94 x 10
12 20 26 3.12 x 1073
10 : 3.49 x 1073
5 3.67 x 1073
0 L.y x 1073
-5 5.68 x 10_3
-10 7.19 x 10 5
=20 1.1% x 10

(a) For position of traverse see Fig. 10. The measurements were taken .
along a vertical line above reactor which was located on X-center-
line and at a z distance of 15.5 cm from north face and 7.5 cm
from reactor center. This was as near to the verticsl centerline
of the reactor as it was physically possible to place the detectors.
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Table A-13., Thermal Neutron Flux Measurements nesr Water
Surfece over 1 m2 Quadrant above BSR

Weter thickness ebove reactor: 116 cm

(Exp. 9)
Point of Detector Distance
Measurement(a') above Water Surface | Thermal Neutron Flux _(’_wth/ watt)
(cm) Run 22 Run 24 Ran 25
A 1 5.84 x 1072
3 5082 X 10_2
-1 6.65 x 10_3
-7 1.67 x 10
B 20 3|68 1073
: 13 5.89 x 10 3
10 -3 5.74% x 10_3
5 5.33 X 10_3 5.28 x 10_3 3
0 5,03 x 10 5,03 x 10 5.05 x 10_3
-2.5 5.89 x 103
-5 9.21 x 10 5
=75 1.21 x 1075
-10 1.47 x 10
c 10 3.67 x 1073
0 2,87 x 10
-10 2.37 x 1073
-20 2.61 x 1073
D 10 8.70 x 103
0 9.02 x 10_3
-10 4,08 x 10

(a) See Fig. 13,

-Th -




Table A-lk. Germa-Ray DoseEMeasurements at Water Surface
' over 1 m~ Quadrant above BSR

Water thickness above reactor: 142 cm
(Exp. 9, Runs 26, 27)

Point of (a) : Gamma -Ray Dose
Measurement ‘% (r/hr/watt)
A 3.67 x 10 3( )
b
B 1.25 x 10'3( )
c
c (5.2 x 10'“)( )
c
D (1.13 x 10'32 )
b
E 4,06 x 1 f3( )
b
F 3.48 x 1o’3( )
b
G 3.67 x 1073
_3(®)
H 3.12 x 10
)
I 2,10 x 10

éa) See Fig. 15.
b) Corrected to water surface,
(¢) Interpolated point.
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Table A-15.

Thermal Neutron Flux Measurements at Water Surface
along Pool Centerline

116 cm

Water thicknegs above resctor:
(Exp. 9)
Run No. Detector Distence gram;,) | Thermal Neutron | 1/R Attemustion Lav
Vertical Axis of Reactor Flux (n /wa.tt) ‘(Arbitrary Scale)

-2

22 7 5.82 x 10 |

25 107 5.05 x 1073 4,67 x 073

152 2,65 x 1073 3.29 x 1073

3(®) -3

33 227 1.97 x 10 2.20 x 10

34 310 1.29 x 1073 1.61 x 1073

67 123 1.10 x 1073 1.18 x 1073

40 533 T.46 x 10'1‘ 9.38 x 10‘1‘

(a) The reactor vertical cemterline is taken to be 23 cm south of the north face,

as shown in Fig. 10.

(b) Corrected for water level.
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Teble A-16. Ceamma-Ray Vertical Traverse Measurements near Water
Surface at Various Points along Pool Centerline

Water thickness above reactor: 142 cm

(Exp. 9)

Detector Distance Detector Distance :
Run No. from Vertiia} Axis above Water Surface Gamma -Rey Dose
of Reactor\®) (cm (cm) (r/nhr/watt)
26 7 16 3.12 x 10 3
6 3.49 x 10_
1 3.67 x 10 3 (b)
0 (3.70 x 10_3)
L k.45 x 1073
""9 50& X 10"3
-1k 7019 x 105
-2k 1.1h x
27 32 0 4,06 x 1o:§(c)
°3 2"058 X 10
27 57 0 3.12 x 10:2(3)
=3 3052 x 10
27 82 0 2.10 x 1023(?)
=3 2,37 x 10
27 107 17 1.32 x 1073
2 1.32 x 1073 ()
0 (1.33 x 10_3)
-3 1.59 x 1073
-23 3,06 x 1073
28 - 157 17 5.05 x 1o:i
T 1&.59 X 10_4
2 ,J-o"l-x-l- X ‘1‘09)4 (b)
0 (4.36 x 1°eh)
=3 l&c76 X 10-1&
=23 8,87 x 10
28 207 18 1,77 x 107}
3 1035 X 10_15. (.b)
0 (1.30 x 1°-h)
“’2 1037 X 10'}4’
-22 2.19 x 10




Teble A-16 (continued)

Detector Distance Detector Distance
Rua No. |frem Verti Als asbove Water Surface Gamma-Ray Dose
of Reactor'?’ (cm) (cm) (r/hr/watt)
28 257 Y. 6.13 x 10:2
3 .12 x 10¢ fo)
0 (3.80 x 10_5)\;
-2 3.86 x 10 %
-22 5.42 x 10
29 307 17 1.95 x 1072
T 1.50 x 10__5
2 1o28 X 10_5 (b)
) (1.20 x 10_5)
-3 1.21 x 1077
-23 1.26 x 10
28 357 15 7.72 x 1075
) 5.12 x 10 ¢
-5 h066 p.< 10-6
"25 301"5 X 10
66 423 345 1,92 x 1078
9.5 1.57 x 10
0 (1.50 x 10:2)(b)
0.5 1.h1 x 10_,
-9.5 5.6k x 10 o
-1005 h082 X 10_7
54 533 29 1.98 x igjg
3 03 X
0 (1.25 x 101'?)(")
-6 6476 x 10_;
-16 2,77 x 10 _,
-26 1,19 x 10

(a) The reactor vertical centerline is taken to be 23 em south of the north
face, as shown in Fig. 10.

c

ibg Water surfece reading of curve.
Corrected to water surface by interpolation,
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Table A-17. Gemma-Ray Measurements near Water Surface along Pool Centerline

Water thickness sbove reactor: 142 cm

(From experimental data, see Fig. 17)

Detector Distance Gamma-Rey Dose (r/hr/watt) 1/R Attenuation law

from Vertical Axis [AT Water 20 cm above 20 cm below (Arbitrary Scale)
of Reactor (cm) Surface Water Surface Water Surface |
7 3.67 x 1073 | 2.87 x 1073 8.97 x 1073
32 k.06 x 1073
57 3.12 x 1073
82 2.10 x 1073
107 1.33 x 1073 | 1.33 x 1073 2,70 x 1073 6.23 x 1070
157 4,36 x 107 5.13 x 107 7.97 x 107 k.25 x 107
207 1.30 x 107% | 1.86 x 10'h 2.09 x 10'h 3.22 x 10'6
257 3.80 x 10™° | 6.4k x 107 5.23 x 10~ 2.59 x 107
307 1,18 x 107 | 2.20 x 107 1,28 x 107 2.17 x 107
357 5.15 x 10° | 8.80 x 1070 3.65 x 107 1.87 x 1070
ha3 1.50 x 1076 1.73 x 1076 1.9h x 1077 1.57 x 1078
533 1.25 x 100 | 1.73 x 107° 1.91 x 1077 1.25 x 107°
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Table A-18.

Comparison of Experimental Gemma-Ray Dose

Point Q with Imterpolated Dose DL' gt Point™ Q!

DL at

Q = point on water surface at a distance z
from vertical axis of reactor and a distance
1, from center of reactor

Q' = point directly above reactor at a distance
L from center of resctor and at a distance L'
from top of reactor core (L' = L - 31.3 cm)

2(cm) | L (cm) L' (cm) Gemma-Ray Dose (r/hr/wett)
D (a') D | §
L L
(Experimental) | (Interpolated)
o | 173.3 142.0 3.65 x 10°3 3.65 x 1073
50 | 180.8 149.,5 3.5 x 1073 3.5 x 1073
100 | 199.6 168.3 1.6 x 1073 1.45 x 1073
150 228.1 196.8 5.0 x 10"1‘L 5,1 x 1o‘ll
200 265.0 233.7 1.5 x 107 1.5 x 107
250 | 304.0 272.7 k.5 x 10~ 4.6 x 10~
300 347.3 7 316.0 1.5 x 1072 1.5 x 10~

(2) Read from Fig. 17.

(v) Interpolated from epparent water surface curve in Fig. 12.
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Teble A-19. Effect of Moving Instrument Bridge to Various Positions

over Pool on Radiation Received at Crew Position

Water thickness above reactor: 130 cm
Reactor-crew separation: 533

(ExP- 9, Runs 1"3, 45)

Distance of Center

of Bridge from Reactor]  Gamma-Ray Fast Neutron Thermal Neutron

Vertical Centerline |Dose (r/hr/watt) | Dose (mrep/hr/watt)| Flux (nvth/watt)
163(a) 3.613 x 10 -6 3.29 x 1077 2.81 x 10~}
353 3.472 x 10°8 3.52 x 1077 2.721 x 10~}
576 3.316 x 10 -6 3,16 x 1077 | 2.602 x 1o'h
796 3.199 x 10°° 3.06 x 10”7 2.482 x 107
927(b) 3.21k x 10 -6 1.98 x 1077 2.411 x 10‘“
927(P>¢) 3.11 x 1070 2,23 x 107"

(2) Instrument bridge located next to reactor bridge.
(b) TInstrument bridge rolled completely off pool.

(¢) For this measurement only the reactor bridge was removed and the reactor was
' suspended from an H-beem; date is interpolated to this water thickmess (Run 45).
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Table A-20. Camma-Ray Vertical Traverse Messurements

under Reactor Bridge and under H-Beanm

water jhickmness above reac’tor(a)lha am
Traverse at (150, y, O)

(Exp. 9)
Detéctqr Distance Ganma-Rey Dose (r/hr/watt)
suctuce (o) e Y
0 5054 x 10~ 5,57 x 107
42 6.66 x 10"4
50 6.04 x 107"
, 92 6.73 x 1074
’100 5.7h x 107
1h2 6,10 % 10"2*,
150 5.10 x 107
192 5,17 % 107
200 4.37 x 107
367 | 2.91 x 107
376.5 2ol x 10'1*
367(%) 2.80 x 10~

(a) Although portions of both the reactor bridge and the H-beam are directly sbove
the reactor, their east-west axes do mot coimcide with each other or with the
eagt-west axis of the resctor. Their relative widths are ipndicated in Fig. 20.
The position (150,y,0) indicates a vertical traversel50 cm west of the vertical
axis of the reactor as shown im Fig. 19; y = O at the water surface.

(b) This reading was teken directly under the east-west axis of the H-besm, i.e. &t
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Table A-21.

Ganmea -Ray Horizomtal Traverse Measurements on
Water Surface under Reactor Bridge and under H-Beam

Water thickness above reactgs: 142 cm
Traverse at (150,0,z)

Detector Distance from
Bast-West Axis of
Reactor (cm)

245
205
150
120
100
(P
50

0

- 50
-1
=100
147
-150
200

-245

(Exp. 9)
Gamma -Rey Dose (r/hr/watt)
I.Ynd;tz;n Bi;d.ge , , Und;:n H;]geam,
1.26 x 107
2.82 x 10~
8.02 x 10~
(1.77 & 1071 (®)
(2.49 x 107 (®)
2.68 x 107
(136 x 1071 ®)
5.54 x 107 5.57 x 107
(453 x 207 ®)
3.16 x 107
(2.56 x 107+ (®)
(1.25 x 10°%)(P)
8,06 x 107 ,
2.86 x 107 415 % 1077
1.12 x 10”7

(2) As explained in footnote (a) of Teble A-20, the east-west axes of the reactor,
reactor bridge, end H-beam do not coincide (see Fig. 20). The position
(150,0,z) indicates & water surface horizomtal traverse 150 em west of the
pool north-south centerline. -

(b)

Interpolated points from a similar run made with detector 8 cm below water

surface.

- 83 -



Table A-22. Effect of Lead at the Crew Position on the
Gamma-Ray Dose Received

Water thickness abeve reactor: 142 em
Scintillation counter in lead-lined container

shown in Flg. 7
(Exp. 9, Run 61)
Detector Height )
- above Water ' mme, - Dose (r/hr/watt)
Surface (cm) No E;i on 57&5 in, Tead on
Container Cover Container Cover
28 1.19 x 1076 2,50 x 10~7
3 1,12 x 10-5(8) 2.35 x 10™7
-7 5,36 x 1077 1.16 x 1077
17 1.92 x 10°7 1.00 x 105
28 | 680x10° | 16x1078
-37 3.49 x 108 1.01 x 100

(a) Llead lining reduces water surface gamms reading by about 10%;
compare with 142-cm curve in Fig, k4.
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Table A-23. Vertical Traverse Lines of lead Slab Interposed
" Between Reactor and Detector
(see Fig. 22)

Vertical
Traverse Slab Distance from Reactor Vertical
Line Centerline {(cm)

A 123

B 243

c 383

Table A-24. Positions of Lead Slab Along Vertical Traverse Lines

(see Fig. 22)

Slab Slab Distance above Water Surface (ft)
Position
No. Top Edge Midpoint Bottom Edge

1 0 -2.5 -5.0

2 2.5 0 2.5

3 5 2.5 0

L 10 T.5 5

p 15 12.5 10

6 . 19.5 Y 1.5
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Table A-25.

Effect on Radiation of Interposing Lead Slab
Between BSR and Detector at Crew Position(a)

Water thickness above reactor:
Reactor-crew separation:

463 cm

(Exp. 9, Run 55)

142 cm

Slab Gexpma-Ray Dose (r/hr/watt) Thermal Neutron Flux (nvth/watt)

Positiom

No. Vertical Traverse Line Vertical Traverse Line

A B C A B __c
1 1.h2 x 10'6 142 x 10'6 6.12 x 10~ 5.22 x 1077
2 1.38 x 10‘6 6.99 x 1077 6.60 x 1077 5.01 x 1072
3 1.51 x 10°0]1.34 x 1070 ]6.8% x 1077|1.39 x 107%8.69 x 10| 6.22 x 107
-6 -6 "6 -5 -5 "5

i 1.59 x 10" {1.60 x 10" {1.59 x 10" ]|9.37 x 107”{9.58 x 10 7.59 x 10
5 1.68 x :Lo"6 1.62 x 10'6 1.61 x 10'6 6.89 x 10~ 7.20 x 10} 6.86 x 1077
6 1.62 x 10'6 1.63 x 10'6 6.01 x 10~ 6.32 x 107

(2) For description of slab positions see Tables A-23 and A-2k.
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Teble A-26. Radiation Distribution in Air
above Crew Position

Reactor-detector separation: U23 em
Water thickness above reactor: 60 cm

(EXP- 9, Run 75)
Detector Distance
ebove Water Gamma -Ray Dose |Fast Neutron Dose |Thermal Neutron Flux
Surface (cm) (r/hr/vatt) (mrep/hr/watt) (nvih/watt)
3.5 3.37 x 107 4
6.5 -5 3.25 x 10
9.0 3.28 x 10 "

28.5 4.03 x 10 -1

31.5 -5 3.27 x 10

34.0 3.65 x 10 L

48.5 k.34 x 10 -1

51.5 -5 3.30 x 10

54,0 4,06 x 10 "

98.5 5.08 x 10 1
101.5 -5 3.35 x 10
lO!i-.O 5.21 x 10 "ll-

148.5 6.59 x 10 .1
151.5 5 ' 3.47 x 10
154.0 5.28 x 10” "

198.5 8.43 x 10 -1
201.5 5 3.67 x 10
204.0 6.85 x 10 -3

248.5 1,02 x 10 1
251.5 4 - - 3.67x 10
254.,0 1.05 x 10 -3 ’

298.5 1.2k x 10 a1
301.5 i 3.65 x 10
304.0 1,47 x 10 ° -3

348.5 1.4k x 10 ‘ 1
351.5 " 3.57 x 10
354.0 1.39 x 10
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Table A-27. Effect of Wall Scattering on Fast Neutron Dose
' Received at Crew Position for Various
Water Thicknesses above Reactor'

Reactor-crew separstion:
(Vertical traverse measurements)

423 cm

: (Exp. 9)
Water Detector Fast Neutron Dose (mrep/hr/watt)
Thickness Height
above above '|Reactor-Detector on Pool Centerline| Reactor-Detector T.5 ft
Reactor Water . . from Pool Centerline .
(em) Surface Fast Neutron 12-in. BF, Ctr. Fast Neutron | 12-In. BF, Ctr.
(cm) Dosimeter Normalized Dostimeter Normal3zed
Runs 69, 75 Run 75 Run 80 Run 80
60 32.0 3.50 x 10‘”
30.0 4.92 x 107"
29.0 4,03 x 10’” -
7.0 3.49 x 107
7.5 3.51 x 1o'h
5.0 4.90 x 107
-4
4.0 3.37 x 10
1.5 h,01 x lO"lL
-3.0 1.60 x 10'lF
-5.0 1.62 x 10'lL
-6.0 8.31 x 1072
8.5 7.90 x 107
-13.0 1.77 x 1077
-15.0 | 1.76 x 1077
-16.0 1.4 x 10"5
-18.5 1.13 x 107
-23.0 1.84 x 10‘6




Table A-27. (continued)

Water | Detector Fast Neutron Dose (mrep/hr/watt)
Thickness | Height L
above above Reactor-Detector on Pool Centerline] Reactor-Detector T.5 £t
Reactor Water B from Pool Centerline
(cm) Surface | Fest Neutron | 12-in. BF, Ctr.. Fast Neutron |12-in. BF, Ctr.
(cm) Dosimeter Normaldzed Dosimeter Normalided
Runs 69, 75 Run 75 Run 80 Run 80
60 -25.0 2.20 x 107
-é8.5 1.19 x 107
Runs 68, Tk Run Th Run 79 Run 79
90 31.5 1.38 x 107
30.5 |1.62 x 107
29.0 1.98 x 107
26.0 2.61 x 107
7.5 |1.39 x 107
6.5 1.3 x 1072
5.5 1.3l x 1072
4.0 1.92 x 107
1.0 1.9% x 1072
- 3.5 5.91 x 1070
- k4,5 |h.52x 1070
- 6.0 5.32 x 107
- 9.0 2.86 x 10'6
-13.5 6.52 x 1071
k.5 |4.36x 2077

Cont imJ.ecl8 next page




Table A-27.

(continued)

Water |Detector Fast Neutron Dose (mrep/hr/watt)
Thickness| Height -
?Rzzzzzr ;::weri Reactor-Dertector on Pool Centerline Re%;;_narﬁgg .egggge;(ign g“"‘
(cm) Surface Fest Neutron |12-in, BF, Ctr. Fast Neutron |12-in.BF,,Ctr.
(cm) Dosimeter |[Normaliz&d Dosimeter Normalized
Runs 68, T4 Run 74 Run 79 . Rue 79
90 -16.0 5.85ix 10”7
1-19.0 3.9% x 1077
-23.5 7.53 x 1070
24,5 1.25 x 1077
-26.0 T.75 x 1078
| -29.0 8.97 x lO-8
Runs 63, 64, Runs 63, 67 No dats, No data
116 33.0 T 9.90 x 107/
32.5 9.97 x 1077
31.5 1.52 x 10"6
30.0 1.07 x T
8.0 9.71 x 1077
7.5 9.70 x 1077
6.5 8.97 x 1077
5.0 9.90 x 1077,
1.06 x 10
2.0 5.72 x 1077
-2.5 5.29 x 107"

Continued next page




Table A-27.

(continued)

Water [Detector Fast Neutron Dose (mrep/hr/watt)
Thickness| Height - '
above above eactor-Detector on Pool Centerline| Reactor-Detector 7.5 ft.
Reactor | Water from Pool Cepterline
(em) Surface lF'a.st Neutron | 12-in BF, Ctr.. Fast Neutron| 12-in BF3 Ctr.
(cm) Dosimeter | Normalized Dosimeter | Normalizéd
Runs 23, 64, | Runs 63, 67 No data No data
16 | -3.5 %u37 x710-7
8.5 1.48 x 1077
-12.0 6.88 x 107
-12.5 5.52 x 1078
-22.0 7.80 x 1077
-22.5 7.32 x 1077
T - Run 64 Run 66 No datae -
142 34.0 7-77 x 10"8
30.0 1.15 x 1071
9.0 T.79 x lO-8
-1.0 5.62 x 1078
-9.0 1.10 x 1070
-10.0 8.22 x 1072
-20.0 '2.01x 107




Table A-28.

Effect of Wall Scattering on Thermal Neutron Flux
Received at Crew Position for Vari?us
Water Thicknesses above Reactor

Reactor-crew separation: 423 cm
(Vertical traverse measurements)
(kxp .. 9)
Water Detector Thermsl Neutron Flux (nvth/watt)
Thickness Height
above above
Reactor Water Reactor-Detector | Reactor-Detector Reactor-Detector
(cm) Surface on Pool 5 ft from 7.5 ft from
(cm) Centerline Pool Centerline Pool Centerline
Run 75 Run T3 Run 80
60 32.0 3.00 x 1074
30.0 3.29 x 107+ b1k x 107%
7.0 2.98 x 107t
5.0 3.29 x 107% 4,13 x 1077
- 3.0 1.37 % 107t
-1 -1
-5.0 1.11 x 10 1.37 x 10
-13.0 1.51 x 1072
-2 -2
-15.0 1.17 x 10 1.48 x 10
-23.0 1.57 x 1073
-25.0 1.36 x 1073 1.85 x 1073
Run T4 Run T2 Run T9
90 31.5 1.37 x 1072
30.0 1.53 x 1072
29.0 1.78 x 1072
6.5 1.33 x 1072

Continued next page
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Table A-28. (continued)
Water Detector Thermal Neutron Flux (nvih/watt)
Thickness Height
above above
Reactor Water Reactor-Detector | Reactor-Detector Reactor-Detector
(cm) Suiizie Ceggeiiiie Pozlfgeizggline Pooz.geizeiizzé
==%Run Th Ram 72 Ran 79
90 5.0 1.51 x 1072
4.0 1.77 x 1072
-3.5 5.86 x 1073
-5.0 5.03 x 1073
-6.0 4.88 x 1073
-13.5 6.46 x 10'LL
-15.0 5.60 x 107
-16.0 5.28 x 107
-23.5 7.45 x 1072
-25.0 6.90 x 1077
-26.0 7.00 x 1077
Runs 63, 67 Run 71 Run 77
116 33.0 1,03 x 1073
32.5 1.03 x 1073
30.0 1.21 x 1073 1.36 x 1073
8.0 1.01 x 1073
7.5 1.01 x 1073
5.0 1.20 x 1073

Continued next page
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Table A-28.

(continued)

Water Detector Thermal Neutron Flux (nﬁﬁh/watt)
Thickness Height
above above
Reactor Water | Reactor-Detector | Reactor-Detector Reactor-Detector
(cm) Surface on Pool 5 £t from 7.5 £t from
“(em) Centerline Pool Centerline Pool Centerline
" Runs 63, 67 Run T1 Run 77
116 4.0 1.35 x 1073
2.0 5.93 x 10““
-2.5 4.91 x 10’LL
-5.0 4,19 x 10"“
-6.0 3.88 x 1.0‘lF
-12.0 7.13 x 107
-12.5 5.71 x 107
-15.0 41.89 x 1072
-16.0 L.57 x 107
-22.0 8.22 x 10"6
-22.5 T+57 x 10"6
25.0 6.53 x 1070
-26.0 7.20 x 10'6
‘-—==J=====ﬁ N D R
Run 66 Run 70 Runs 76, T8
142 34.0 5.53 x 1077
33.0 9.00 x 1077
30.5 6.25 x 1077
9.0 5.54 x 107

Continued next page
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Table A-28. (continued)

Water Detector Thermal Neutron Flux (nvih/watt)
Thickness Height ,
above above
Reactor Water Reactor-Detector| Reactor-Detector Reactor-Detector
(cm) Surface on Pool 5 ft from 7.5 £t from
(cm) Centerline Pool Centerline Pool Centerline
Run 66 Run 70 Runs 76, 78:
142 8.0 9.15 x 10'?
5.5 6.33 x 10~ |
4.0 9.15 x 1055_
-1.0 .00 x 1077
2.0 6.13 x 10~
4.5 2.27 x 1077
-9.0 7.81 x 10'6
-10.0 5.84 x 10'6
-12-0 8.1-8 x 10—6
-14.5 2.38 x 10'6
-17.0 2.82 x 10'6
-22.0 1.49 x 107

——




Table A-29.

Effect of Wall Scattering on Gamma-Ray Dose

Received at Crew Position for Verious
Water Thicknesses above Reactor:

Reactor-crew separation: 423 em -
(Vertical traverse measurements)

(Exp. 9)

Water
Thickness
above
Reactor

(cm)

60

|

| Detector

Height
above
Water

Surface

(em)

3k
32
30

Gemma-Ray Dose (r/hr/watt)

Reactor-Detector | Reactor-Detector
on Pool 5 £t from
Centerline Pool Centerline
Runs 69, 75 Run T3
3.65 x 10-5
3.95 x 10'5
3.27 x 107
3.28 x 10'5
3.69 x 1072
2.80 x 10'5
2,67 x 10'5
9.55 x 10'6
8.64 x 1070
3.2 x 10'6
3.23 X 10'6
W

Reactor-Detector
7.5 £t from
Pool Centerline

oo st

Run 80

.77 x 107

4.72 x 10°

2.87 x 10'5

9.05 x 10‘6

3.43 x 10_6

Continued next page




Table A-29.

(continued)

Water

Thickness

above
Reactor

(cm)

|

90

Detector
Height | :
above 1 Reactor-Detector |
Water on Pool
Surface Centerline
(cm)
Runs 68, Tk
33 1.50 x 10~
32
30
9.5 1.15 x 10~
8 1.1k x 10~
7
5
-6
-3
-5
-6
=12 2.78 x 10
=13
-15
-6
-22 1,01 x 10
-23
-25

Gemme,-Ray Dose (r/hr/watt)

Reactor-Detector
5 £t from
Pool Centerline

e

“Reactor-Detector
T.5 £t from
Pool Centerline

Run 72

1.59 x 10~

1.30 x 10~

9.39 x 10'6

2.99 x 10~

1.10 x 10'6

Continued next page
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Run 79 '

1.67 x 10"5

1.48 x 1077

8.31 x 1o'6

2.72 x 10'6

1.01 x 10'6
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Table A-29. (continued)
Water Detector Garma -Ray Dose (r/hr/watt)
Thickness Height
above above Reactor-Detector Reactor-Detector Reactor-Detector
Reactor Water on Pool 5 £t from T.5 £t from
(cm) Surface Centerline Pool Centerline Pool Centerline
(cm)
Run 67 Run 71 Run 77
116 34.5 5.25 x 10'6
32 5,96 x 107
30 5.96 x 10’6
9.5 4,12 x 10'6
T:0 4,75 x 10“6
5.0 4,98 x 10‘6
-0.5 3.65 x 10‘6
-3.0 3.33 x 10‘6
-5.0 2.81 x 10'6
-10.5 1.30 x 10'6
-13.0 1.10 x 10'6
-15.0 9.97 x 1077
-20.5 4.87 x 10'7
-23.0 %.10 x 1077
-25.0 3.58 x 1077

Continued next page
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Table A-29.

(continued)

Water
Thickness
above
Reactor

(cm)

e ————————

2

Detector
Height
above
Water

Surface

(cm)

Gamma-Ray Dose (r/hr/watt)

Reactor-Detector |
on Pool
Centerline

——

34.5
32
9.5
7.0
-0.5
-3.0
-9.5
-10.5
-13.0
-15.5
-20.5

-23.0

Run 66

1.92 x'10'6

1.57 x 10'6

1.41 x 10'6

5.64 x 1077

.82 x 1077

1.82 x 1077

Reactor-Detector
5 £t from
Pool Centerline

" Reactor-Detector

7.5 £t from
Pool Centerline

Run 70

2.05 x 10‘6

1.72 x 10'6

1.23 x 10'6

.11 x 1077

1.64 x 107

Run 76

2.33 x 10‘6

1.91 x 10’6

1.66 x 1o'6

5.70 x 10~7

3.87 x 1077

2.28 x 1071
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Teble A-30. Effect of Rotating Crew Position Around Reactor Toward

Position 5 £t from Pool Walls

Constant reactor-crew separation:
Water thickness above reactor: 12 em

(EXP° 9, Run 70)

Pool Centerline from Original Reactor-Detector

1423 cm

Detector Angle Gammsa-Ray Dose | Fast Neutron Dose(a) Thermal Neutron Flux
with Original
Axis (r/hr/watt) (mrep/hr‘/watt) (nv!3 Jwatt)
o° 1.72 x 1070 8.90 x 107 6.75 x 107
6° 48" 1.70 x 10~6 8.71 x 10‘8 6.61 x 107
13° 36° 1.75 x 107° 8.69 x 1078 6.59 x 10
20° 52! 1.70 x 107 8.5k x 107 6.48 x 107
Detector Height
above Water 7.0 5.5 5.5
Surface (cm)

(a) Thermal neutron data normalized.
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DWG 22390

DARKENED INTERSECTIONS INDICATE
THE TABLE(S) CORRESPONDING TO

A GIVEN FIGURE, ETC.

IF THERE IS NO DARKENED INTERSECTION
FOR A GIVEN FIGURE OR TABLE, THERE

IS NO CORRELATION EXISTING.
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Fig. A-1. Correlation Chart of Figures and Tables.
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Appendix B

Predictions of Scattering Effects by Pool Walls

F. H. Murray

If the reactor-detector distance 1is small compared to the ray
distance from the reactor to a point on the wall, and if the water surface
within s small circle sbove the reactor 1s considered as a source of gammas,
then the flux scattered back from a wall is nearly of the form F = C/d2, d
being the distance of the wall which is assumed to extend indefinitely
upward and outward.

Let A be the total flux into the detector from air scattering
if the resctor and detector lie on a line along the pool center, while aA
is the flux when d (center to wall distance) is replaced by do/2 (distance
to nearer wall), or 3do/2 (distance to farther wall).. The total flux at

the center is A + 2C/d§, while the flux at the distance d_/2 from a wall

36‘9)2 d‘of L C
a.A+C/%— +C/-2—> =3A+—§_d—2'
(o]

Let R be the ratio of the total flux at any distance from the center to the

becomes

flux at the center. Then

R = l+x=[Aa+—-—(lllll)\ { +3(-2’-}

d d
¢] o]
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2C A = l+x -a
d‘i = 1257 - x
[o]

The experimental curves for R¥ show that x (({ 1l; a lies between
1/2 and 1, and the ratio on the left depends strongly on the valueassumed

for a.  For x between 0.1 and 0.25, a about 0.75, it appears that the

2
ratio 2C/Ad; is about O.4. If the assumption a = 1 may be Justified,

the ratio is very much smaller. The experimental values of x are ¢ = 0.09,
0.15, 0.18, 0.23, corresponding to depths of 142, 116, 90, and 60 cm for

the reactor below the surface.

Fig. 30.
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