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REACTORS-RESEARCH AND POWER

ABSTRACT

The Standard Pile was TfTirst brought to
criticality on July 25, 1953* The first
two months of operation permitted cali-
bration of the reactor and preparation of
it for use as a neutron source In expo-
nential experiments.
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INITIAL OPERATION OF THE STANDARD PILE
INTRODUCTION

The Standard Pile (SP) la an enriched-uranium, graphite-
moderated research reactor located in Building 777-M at the
Savannah River Laboratory. It was constructed by the General
Electric Company, using the Thermal Test Reactor (TTR) at the
Knolls Atomic Power Laboratory as a model and incorporating
design i1mprovements suggested by members of both Oeneral
Electric and du Pont.

The pile attained criticality on July 25, 1955 and was
in operation until September 22, 1955. On the latter date,
the fuel was unloaded prior to installation of equipment for
exponential experiments on top of the reactor.

During the period of initial operation, a variety of ex-
periments aimed at calibrating the reactor and preparing it
for use 1In exponential experiments was performed.

SUMMARY

LOADING

The critical mess at start-up was 2.54 kg of U2-~. Re-
arrangement of the fuel iInto a symmetrical pattern gave
2.45 kg— some 270 grams less than that reported by KAPL for
the TTR. Enough extra fuel w”s added to make Kgff m 1.0040.
One fuel disc (6-7 grams of UMNS5)is worth an average of
0.076# A K near critical.

CALIBRATION

The coarse control rods were worth 144 1inhours
(0.575# A K) each, whereas the fine rod controlled 18.8 in-
hours (.049# K). The safety rods singly gave 0.4# negative
A K; all four together were worth 1.5#&K. The sixth shut-
down sheet was worth 0.9# AK.

FLUX

Flux measurements made with standardized gold foils at
various points In the reactor provided an interim power cali-
bration. The maximum neutron flux 1In the central thimble
during normal operation was about 5 x 10" n/cm2 sec. This
corresponds to a power of approximately one watt. Power
levels as high as 50 watts v.ere reached on several occasions.

_CONFIDENTIAL _ __
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Initially, the flux at the top of the exponential ped-
estal, located over the reactor, displayed a serious asym-
metry. Cadmium rods inserted at the interface between the
reactor and the side thermal column rectified the situation.

MISCELLANEOUS

One SRP slug in the center of the pile caused a 62 iIn-
hour positive reactivity change. This compares with about
1.5 inhours In a 305-type reactor.

Radiation levels outside the reactor room doors were
above the permissible level (6 mr/hr) when the reactor was
operated at powers such as might be needed for operation of
the exponential (25 watts). Additional shielding may be re-

quired .

On September 22, 1953# the Construction Division re-
turned to iInstall the exponential tank and associated piping
and storage facilities. The reactor fuel and source were
removed and stored and the moderator oil drained. All
chambers and cables were removed. A dust proof cover was
erected over the reactor and the control panels.

After Construction has left, reactor operation will be
resumed and exponential experiments started. It Is antici-
pated that there will be no need for further extensive
testing as described below, and that the flux distribution
in the exponential tank will be adequate.

CONFIDENTIAL
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DISCUSSION

DESCRIPTION OF THE REACTOR

Figure 1 is an Isometric drawing of the SP as Installed
In Building 777-M. The exponential apparatus Is not shown
In this figure although parts of it appear In the later
photographs. The pile Is located at one end of a room 16
feet wide, 35 feet long, and 15 feet high. Surrounded by
six feet of concrete, the pile room Is below ground eleva-
tion. Utilities and Instrument cables are run through slots
and sleeves which were poured Into the concrete shielding
walls. There Is a room above, separated from the pile room
only by an Iron grating floor which will be used In con-
junction with the exponential experiments. It, too. Is sur-
rounded by shielding walls and has a concrete celling four
feet thick. The control room Is adjacent to this room.

Fuel A complete fuel rod assembly Is shown In Figure 2.
The fuel Itself Is In the form of discs, about 3 Inches In
diameter, approximately 0.075 Inch thick, with 1/2 Inch

holes In the center. The discs _are a 302 uranium aluminum
alloy containing an average of 5-7 grams of U35 per disc.
The alloy Is clad with 0.010 Inches of aluminum on all sides.
The discs are placed on aluminum rods 15 Inches long and are
separated by aluminum washers. Usually, the discs are evenly
spaced over the 15 Inches of the rod.

Core As Is shown In a cross sectional view In Figure 3#
the reactor fuel container Is an annular can 12 Inches In
Inside diameter, 18 Inches In outside diameter, and 18 Inches
long. The annulus accomodates 16 fuel rods and Is filled
with a high hydrogen content oil (Prorex C). The Inside of
the annulus Is filled with graphite. Oraphite around the
annulus forms a five foot cube. The fuel Is Introduced Into
the container through a loading slot extending In from one
side of the reactor. The slot i1s filled with a graphite plug
during pile operation.

Pile There Is a 3-inch diameter removable central
graphite thimble, forming the horizontal axis of the fuel
container. In which foils and slugs can be Inserted for ir-
radiation or calibration. On one side of the graphite cube
is a graphite thermal column which forms a 4-foot cube which
extends Into a shielding wall. Three 4 x 4 x 30-Inch graph-
ite stringers are removable from one side of the reactor.
They allow access to the neutron flux Just outside the fuel
container.

Control Elements The relative position of the various
control elements Is shown In Figure 3* All are mounted
horizontally. There are five varieties:

CONFIDENTIAL
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Safety Rods The active part of the rod la a 1/2-i1nch
0. if. cadmium sleeve 0.032 inch thick mounted inside a
stainless steel sleeve. The rod is withdrawn by a
pneumatically actuated electromagnet. When current to
the magnet 1is stopped, two springs ram the rod into the
reactor with an acceleration of approximately 3g. The
four safety rods are cocked whenever the pile 1s 1iIn
operation or whenever any loading operation is taking
place.

Shutdown Sheets These elements consist of 3-inch wide,
.031 inch thick cadmium blades clad with brass and
driven by electric motors. Electrical and mechanical
interlocks prevent personnel from entering the reactor
room unless all six shutdown sheets are iIn the reactor.
The first five shutdown sheets are withdrawn, one at a
time, at 2 inches/sec. The sixth shutdown sheet, which
must be removed last, has a variable speed motor and a
position Indicator. Thus, In case a mistake iIn loading
results iIn the pile going critical on the sixth sheet
Instead of on the control rods, there is still adequate
control available.

Coarse Control Rods These two rods, located 180°
apart, are 0.49b inch cadmium bars clad iIn stainless
steel. They may be removed only in increments of one
inch, there being mechanical and electrical Interlocks
that prevent continuous withdrawal. The actuators for
the rods are hydraulic. Specially machined stops
located at one-inch Intervals on the reds insure re-
producibility of the settings to a fraction of a
thousandth of an inch.

Fine Control Rod This rod is a 1/2 inch stainless

steel sleeve wTth a wall thickness of 0.065 inch.
Actuated by a position demand servo system, the rod

may be repositioned with an accuracy and reproducibility
better than a thousandth of an inch.

Source Rod A Po-Be neutron source emitting about 10°
n/sec was triply-canned and placed inside an aluminum
rod driven by an electric motor. Interlocks prevent
startup of the pile unless the source iIs iIn the center.
When the pile 1is shut down or scrammed, the source
automatically returns to the center iIn case i1t has been
withdrawn.

With the exception of the source rod, all of the
control elements have active lengths of 16 to 18
inches corresponding roughly to the length of the fuel
caui. In the cases of the safeties, shutdown sheets and
source, the rod ic withdrawn all the way out of the

CONFIDENTIAL
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pile, whereas the control rods may Just be withdrawn
into the reflector.

Figures 4, 5. 6, and 7 give various views of the
reactor. Figure 4, taken from the north side shows
the slot down which the fuel is loaded. At the bottom
of the slot an assembled fuel rod (Figure 2) is picked
up by a revolving reel located inside the annular con-
tainer which then rotates the fuel out of the way of
the slot so that another fuel rod may be picked up.

Figure 5 shows the south side of the reactor. The
small square plate covers the end of one of the remov-
able graphite stringers. On the shelf are some of the
ionization chambers used in pile control. The thermal
column is not visible in this photograph, but extends
through the wall at the right and is accessible from
the room beyond.

The various control mechanisms are shown in Figure
6. The pile proper is to the right of them. Figure 7
is a general view of the reactor which shows how the
mechanisms extend out the end.

Figure 8 is a view of a spare fuel container. The
man in the picture is holding the loading slot and the
orientation is similar to that of the diagram of Figure

3.

A view of the vault in which the enriched fuel is
stored when not is use is shown in Figure 9. Twenty-
five fuel discs may be stored in each of the wire
baskets, the dimensions of which prevent close packing
of the fuel.

Instruments a view of the control console is shown in
Figure 1U. Some of the monitoring instruments are shown in
Figure 11.

Counters Four boror.-lined proportional counters
located on various sides of the reactor feed pulses to
linear amplifiers and thence to scaling circuits. The
output of one of the scalers in turn feeds an audio-
amplifier which gives an audible Indication of neutron
level. A Lil (TIl) scintillation crystal is also used

as a counter.

lonization Chambers Four wide spectrum neutron cham-
bers also located on various sides of the reactor fur-
nish signals to Beckman vibrating reed electrometers.
The meters of the electrometers give visual indication
of the power level. The electrometers also feed re-
corders and linear amplifiers. The latter are part of

CONFIDENTIAL
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a scram system which actuates at approximated 90$ of
full scale on the Beckmans.

Period Circuit Operating from the output of a fifth
chamber, this circuit contains both a logarithmic
amplifier and a period trip circuit which scrams the
pile If the e- folding time becomes less than a pre-
set value. The logarithmic amplifier signal goes to a
recorder which gives the pile power through six decades.

Difference Circuit In order to amplify small changes
In tHe power level of the pile the current of a neutron
sensitive ionization chamber is opposed by a current of
adjustable magnitude. Small changes are observed with
a vacuum tube voltmeter of high sensitivity.

STARTUP

Before any fuel was loaded, counting rates of all In-
struments were taken with the source in the center of the
reactor. This gave the rates associated with "multiplication
one". For each fuel loading, counts were taken with all
safety rods, shutdown sheets and control rods In. Counts
were then taken with the four safety rods removed, then with
the safety rods and shutdown sheets out, and finally with
the srfeties, shutdown sheets and control rods out of the re-

actoi.

The first loading (the A loading) consisted of four
fuel rods with 30 evenly spaced fuel discs per rod. The
four rods were placed 90° apart. A multiplication of 1.7
was observed. The B loading consisted of three additional
rods, with 30 discs per rod, and resulted in a multiplica-
tion of 2.4. Table | gives some of the data taken as
criticality was being approached,

£

Io-]
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TABLE |. SP APPROACH TC) CRITICALITY
LOADING MO, RODS TOTAL AVE. INV. AVE.
LETTER  iADDED pDIscs  U?37?P MULT. MULT.
A 4 120 684 589 1.70
B 3 210 1.197 421 2.38
C 3 300 1.710 313 3.19
D 2 360 2.052 . 8 5.40
E 1 390 2.223 116 8.62
F 1 420 2.394 .0628 15.9
0 1 430 2.451 .0537 18.6
H 1 440 2.508 .0133 751
Critical 0 446 2.542 (0) (+0)

After loading F, the source was removed from the central
thimble and placed in the regular source hole onlthe periph-
ery of the fuel container, where It Is remotely controllable.
A new choice of "multiplication one" counting rates was made
by setting all counting rates with the repositioned source
equal to "multiplication 16" at loading F.

At d.45 P.M. on July 25, 1953 the SP reactor went criti-
cal with 2.54 Kg of U235

Figure 12 shows a plot of inverse multiplication vs.
kilograms of U235 added. This plot is compared with curves
assuming proportionality between 1/M and the fractional fuel
load: (1) for a critical mass of 2.7** kg, which was obtained
at KAPL; and (2) for a critical mass of 25* kg, which was
obtained here. Except for the flr-t two loadings, the
"theoretical™ curve for 25** kg was followed fairly well.
One interesting feature 1is the sudden increase in multipli-
cation from loading 0 to H. This occurred because loading H
closed the ring of fuel elements, providing a more symmetri-
cal flux pattern and less leakage. Likewise, loading 0 made
a more unsymmetrical flux pattern and caused less multipli-
cation than was expected.

On the first critical run the reactor contained **%
discs, with 30 fuel discs on 1 rods and 13 discs on each of
the two remaining rods. The effective K was estimated to be
1.0039. Later, the fuel was loaded in a more symmetrical

CONFIDENTIAL
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pattern, and criticality was achieved with 27 discs on 12
rods and 26 discs on 4 rods symmetrically placed in the fuel
container. This 1s a total of 428 discs, or 2.44 kg, some
270 grams less than that required at KAPL for the TTR.

At this point enough extra fuel was added (4 more discs)

to make KMF * 1.0040. The final fuel configuration was 27
discs on 16 rods, or 432 discs = 2.46 kg. The last four
discs were added i1n such a manner that they gave the effect
of uniformly increasing the fuel concentration, i1.e., all

the fuel discs on the rods were respaced to be equidistant
after the addition of the last disc. They were added one

at a time, in order to determine the total Keff and the

worth of individual fuel discs. Table Il gives the data.
TABLE 11. Keff vs. NUMBER OF FUEL DISCS
OF DISCS FREE PERIOD (SEC.) KeFF
TANK (ALL RODS OUT)
428 70 1.00095
429 28 1.00173
430 14 1.00250
431 106™) 1.00320
432 83(2) 1.00403

Note Is Period measured from critical rod positions with
430 discs.
Note 2: Period measured from critical rod positions with
431 discs.

Therefore, the final Keff of the reactor is 1.0040, and the
last four fuel discs are worth an average 0.0760 AK each.

CALIBRATION

Coarse Control Rods The right control rod was call-
brated in one-inch increments by periods. For examples the
pile was found to be critical with the left control rod set
At 16 inches (i1.e., 1t had been pulled 16 Inches out of the
reactor), the right rod at 3 inches and the fine rod at

1.00 inch. The right rod was then"moved to 4 inches and the
period measured. This was repeated iIn one-inch steps until
the right rod was at 9 inches. (With the right rod removed
farther than this the periods were too small to be measured
accurately). The pile was then made orltical with the left
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rod at 9 Inches, the right rod at 9 inches, and the fine rod
at 2.500 inches. Then the right rod was moved to 10 inches,
a period measured, and this was repeated until the right rod
was at 16 inches, the limit of i1ts traverse. The 0-3 inch
portion of the rod was calibrated by measuring negative
periods.

Table 111 gives the results of the right coarse control
rod calibration. It should be remembered that these cali-
bration measurements are difference experiments and therefore
the one-inch calibrations have rather large errors (56-103J).
However, the total worth, of the coarse rod is known more
accurately; 11t is 0.39 .01#K. Figure 13 i1a a smooth
plot of the control rod"calibration.

Fine Control Rods The fine control rod is a stainless
steel rod that can be set by a position-demand servo system
to 0.001 inch. The calibration method was similar to that

of the coarse rod. Again, the data for the incremental
changes are not very accurate, but the total worth of the rod
19 1h, is quite accurate.

CONFIDENTIAL
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TABLE 111. RIQHT COARSE CONTROL ROD CALIBRATION

POSITION CHANOE AK ™ Alh*
(INCHES)
0-1 -0052 2.0
1-2 0091 3.5
2-3 -0137 5-3
3-4 .0240 9-2
4-5 .0254 9-8
5-6 -0316 12.2
6-7 -0350 13-5
7-8 .0310 11.9
8-9 .0340 13-1
9-10 -0325 12.5
10-11 .0315 12.1
11-12 -030 11.5
12-13 -023 8.8
13-14 -022 8.5
14-15 .011 4.2
15-16 .016 6.2
Total worth: «37500 144 _0 inhours

* The conversion to inhours Is obtained from:

AK @ - 2.6 x 10”3 x Aih

CONFIDENTIAL
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Table 1V gives the fine control rod calibration.
TABLE 1V. FINE CONTROL ROD CALIBRATION
POSITION CHANGE A K (50 Aih
(INCHES)

0-1 .003 1.2

0-4 .010 3.8

4-8 .014 5.4

8-12 -016 6.1

12-16 .009 3.5

0-16 (Total worth) I 18.8
Safety Rods The four fast-acting cadmium safety rods

were calibrated by two different methods with reasonable
agreement.

Rod Drop Method IT a rapid reactivity change is made
in a reactor and the Instantaneous pile power change
from Fo to F iIs measured, then:

AK « (F-Fo) where

the "dollar”, represents a reactivity change of
0.0073. The signal from a neutron sensitive i1on chamber
was amplified by a vibrating reed electrometer and then
fed to a linear amplifier. The instantaneous change 1iIn
the output of the amplifier was measured on a Brush
Recorder when the safety rods were dropped. Table V
gives the data obtained.

TABLE V. CALIBRATION OF SAFETY RODS BY ROD DROP METHOD

RODS DROPPED — AK (%)
1 .533 0.39
1and 2 1.19 0.87
1,2,3, and 4 (scram) 2.11 1.54

CONFIDENTIAL
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Subcritlical Multiplication Method A L1I (D) scintil-
lation counter was used In this method. Although any
type counter could have been used, this one was chosen
because of Its high sensitivity. It gives a counting
rate thirty times that of a boron-lined proportional
counter in the same flux. Thus the scintillator could
be located far enough from the pile to 'see" the pile
as a whole and not be affected by local changes In
geometry due to movement of control rods, etc. The re-
actor was made critical and a known amount of negative
reactivity, A K was added with the coarse control rod
and the source was inserted. After the pile flux was
level, a count c”®, was taken. The critical rod settings
were reproduced, a safety rod was dropped, and a count,
eg- was taken when the flux had leveled off. AK2 due
to the safety rod dropped is then given by:

ak2.
ak2 (A Kt)

Table VI gives the results of the safety rod calibrations.

TABLE VI. SAFETY ROD CALIBRATION

ROD NUMBER NEGATIVE REACTIVITY, A K (*)
1 0.38
1and 2 0.80
1,2 and 3 1.21
1,2,3 and 4 1.53

These results indicate that the safety rods singly
are worth 0.4# negative AK and that all four rods are
worth - 1.5£ AK.

Shut-down Sheet The worth of the Number 6 shutdown sheet
was measured to be 0.89* by the subcritlcal multiplication
method.

Other Measurements Removing the top west experimental
graphite port resulted In a 0.11* negative A K reactivity
change. Removing all three experimental ports resulted in
-0.49 A K. Draining all the oil resulted in approximately
-20* AK.
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FLUX

Absolute Flux Calibration In order to estimate the
power of the pile, the absolute thermal neutron flux In the
exact center of the reactor was measured with standard gold
foils. These foils were part of a set which had been cali-
brated iIn the Argonne National Laboratory standard pile.

KAPL-632 gives nvth m 3»4 x 10™ n/cm2 sec. watt, meas-
ured In the center of the TTR. Assuming an identical TfTlux
distribution in the SP (an assumption certainly within the
error of the absolute flux determination), it was possible
to estimate the power of the SP iIn terms of the current pro-
duced in one of the 1on chambers placed nearby.

At the present time this figure no longer holds since
the fuel has been rearranged, the chamber moved and the pile
geometry changed. The measurement will be repeated when the
exponential tank is 1in place.

Flux Survey of the Exponential Pedestal The exponential
pedestal is a cylinder 5 feet in diameter and 16 3/* inches
high, resting on top of the 5-foot cube of reactor graphite.
As described on page 9 , there is on the east face of the
5-foot graphite cube, a centered 4-foot graphite cube, called
the thermal column extending into the shielding wall. The
central thimble extends through the thermal column. The re-
actor itself i1s placed iIn the reactor room so that the east
face of the 5-foot cube i1s 6 inches from this 6-foot thick
concrete wall, the west face i1s about 20 feet from a similar
wall, and the two remaining faces are 6 feet from the north
and south walls.

Flux measurements with bare and cadmium-covered indium
foils were made on top of the exponential pedestal to deter-
mine If the flux distribution was suitable for exponential
experiments. Unfortunately, the first flux surveys showed
serious asymmetry, and corrective measures had to be applied.

The uppermost curve of Figure 14 shows the relative
flux as measured with indium foils along the east-west diam-
eter of the pedestal. This i1llustrates that (1) the flux
was approximately twice as high on the east edge as on the
west edge, (2) the highest point in the flux Is somewhat to
the east of center, and (3) there is a flux depression near
the center. The north-south distribution (not presented) is
symmetrical, has a flux depression In the center, and the
flux i1s higher at the edges than at the west boundary, by
about 12%f.

The dotted curve of Figure 14 represents an idealized
flux distribution for an iInfinite graphite cylinder in a
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vacuum* It Is a zero order Bessel function with an extra-
polation distance of 0.71X" - 0*75 Inches. That a similar
distribution was not observed is due. In part, to higher
harmonics arising from the mismatch at the cube-cylinder
interface and, iIn part, to reflections from the walls. A
cadmium cover for the outside of the pedestal which would
tend to reduce these effects had not arrived at the time of
this experiment.

The presence of high harmonics was further demonstrated
in northeast-southwest and northwest-southeast traverses.
In these no central flux depression was observed. The net
effect is a "scalloped”™ fTlux distribution out to about six
inches from the center.

Figure 15, a flux contour map of the pedestal, demon-
strates more clearly the presence of the harmonics and the
perturbations they cause near the center. Figure 16 shows
the variations iIn the indium-cadmium ratio.

From these curves it i1s evident that the presence of
the thermal column moves the flux center of the reactor, and
also provides a rather large thermal neutron leak iInto the

pedestal, as confirmed by the large cadmium ratios on the
east side of the pedestal. Figure 17 shows the relative
flux distribution along the central thimble of the reactor
Itself. The asymmetry 1is even larger there. The mailn cause
of the asymmetry 1is therefore the thermal column, fiud not
the proximity of the shielding wall. IT the effect of the
shielding wall had predominated, one would have expected
lower cadmium ratios on the east side due to reflection of
fast neutrons from the wall.

The thermal column was removed and a 0.030-inch cadmium
sheet was wrapped around the pedestal. Diametric flux plots
on the pedestal top showed good agreement with a JQ dis-
tribution.

To utilize either the thermal column or the exponential
experiment without major rearrangements, short lengths of
1-inch cadmium rods were Inserted into the graphite, 4-3/16
Inches on center, at the interface between the reactor and
the thermal column. These rods are easily removable when
the thermal column i1s needed. The lateral area of the ped-
estal amd the exposed top of the 5-foot graphite reflector
were lined with a 0.030-inch cadmium sheet.

Under these conditions the relative flux on the ped-
estal top was again measured with indium and cadmium-covered
indium foils. The east-west diameter relative flux curve 1is
the middle one iIn Figure 14. The experimental points fall
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quite well on a JQ curve using an extrapolation distance of
2.5 Inches. Comparison with the upper curve demonstrates the
Improvement. The normalization of the curves of Figure 1*
to a common value at the center of the pedestal Is somewhat
arbitrary. The small amount of harmonic content still pres-
ent Is not considered harmful) It should damp out rapidly In
the lowest few feet of the exponential tank.

Figure 18 shows the Indium-cadmium ratio and eplcadmlum
activity on the pedestal top after the above changes had been
made. Comparison with Figure 16 demonstrates that the slow
flux hump on the east side has disappeared.

MISCELLANEOUS MEASUREMENTS

Reactivity of a Natural Uranium Slug The addition of an
SRP slug (natural uranium} to the central thimble Is worth an
additional 62 Inhours of reactivity. A similar slug Is worth

1.5 Inhours In a 305-type pile.

An "A" slug and a "BH slug were compared In the central
thimble. These slugs differ In that the diameter specifica-
tion for a "B" slug Is about O.A£ less than that for an "A"

slug.

Danger coefficient data Indicated that the smaller of
the two causes a reactivity change 0.5£ less than the larger.

Measurements of Radiation Levels While Operating Radla-
tlon levels around the outside of the reactor room, the
exponential room In the nuclear physics laboratory (into
which the thermal column extends), and outside the building
were checked by W. J. Heaney and P. F. Donovan of the Radia-
tion Control Oroup. The results are given In Appendix A.

The general conclusions were that If the pile Is opera-
ted at a power of 25 watts or greater, additional shielding
will be required near the doors to the reactor room and ex-
ponential room. At lower power levels (but greater than 1
watt), access to the area outside the SP door on the 15-
foot level should be controlled.

It Is estimated that these exponential measurements will
require about 5 watts, and that operation at higher powers
will be very infrequent.

Robert C. Axtmann
Experimental Pile Physics
Division
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APPENDIX

MEMORANDUM
TO: R. C. AXTMANN, Experimental Pile Physics
FROM: W. J. HEANEY, Radiation Control Group

On August 18, 1953# the Standard Pile was brought to a
power level of 10 watts. At this time, the Radiation Con-
trol Group exposed film and pencils at known or suspected
leaks In the shielding system. Meanwhile an extensive sur-
vey was made around the shield to detect any other defects.
A Thyac and a scintillation neutron detector were used to
locate radiation. Cutle Pies, Hurst Dosimeters, Slow Neutron
Pencils, and film were used to determine the magnitude of the
dose rate. The highest level of radiation was found to be at
the door to the reactor room at the 15-foot level. Here the
level was 80 mrem/hr. This total Is composed of 12 mrem/hr.
from the fast neutrons, 41 mrem/hr. due to slow neutrons and
27 mr/hr from the gamma field. The MPL (maximum permissible
limit) Is 500 mrem/wk., corresponding to a steady dose of
6.25 mrem/hr., in a *0 hour week.

The crack made by the Junction of the south shield wall
with the portion removable for a 2nd thermal column was a
suspected source of leaks. Checks with the detection Instru-
ments and with pencils and film showed no leaks.

Measurements were made in the Nuclear Physics Laboratory
at the thermal column and at the flanges above it. While
there was about 2,004 c¢/m detected with the Thyac, and the
neutron scintillator responded weakly, no dose rate was ob-
served.

Radiation level at the door to the exponential room was
13 mr/hr. due to gammas. « Fast neutrons were detected, but
the dose rate was Insignificant. The slow neutron component
was calculated to be about 18 mrem/hr.

Low level radiation was detected, but no measurable dose
rate was found either in the control room or or. the roof.

On September 17th the power was raised to 25 watts and
other measurements were made. The gatrana flux at the reactor
door had Increased to 60 mr/hr. and the slow neutron level
to 110 mrem/hr. This corresponds to the expected increase
of 2 1/2 times. The fast neutron dose rate was read to be
14 mrem/hr. This Is not in the same ratio, but with a low
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scale reading, errors In zero setting, calibration, reading,
and technique are proportionately more significant and ac-
count for the discrepancy.

At 25 watts the SN-flux at the exponential door was 46
mrem/hr., F.N. flux was 4 mrem/hr. and the gamma radiation
was 30 mr/hr which is consistent with the lower level
readings.

By this time, the thermal column had been modified, and
there was a radiation field of 65 mrem/hr. slow neutrons, 30
mr/hr. gamma rays, and 6 mrem/hr. fast neutrons.

A summary of these findings is included in the following:

8/18/53 10 watts
Reactor Door FN 12 mrem/hr.
SN 41 mrem/hr.
y 27 mr/hr.
80 mrem/hr. Total
Exponential Door FN under 2 mrem/hr.
SN 18 mrem/hr.
y I mr/hr.
31 mrem/hr. Total

Thermal Columns (with shielding)

under 6 mrem/hr. Total

Control ROOM .o e under 6 mrem/hr, Total

R OO e under 6 mrem/hr. Total
9/17/33 25 watts
Reactor Door FN 14 mrem/hr.
SN 110 mrem/hr.

60 mr/hr.
184 mrem/hr Total
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NORTH SIDE OF THE REACTOR
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SOUTH SIDE OF THE REACTOR



CONFIDENTIAL FIGURE 6 DP-32
Page 31

CONTROL MECHANISMS

CONFIDENTIAL



GENERAL VIEW TAKEN FROM THE WEST

= Jp S

~

g](&)l’hd
Zth xO



CONFIDENTIAL FIGURE 8 DP-32
Page 33



CONFIDENTIAL FIGURE 9 DP-32
Page 34



CONFIDENTIAL FIGURE 10 DP-32
Page 35

CONTROL CONSOLE

CONFIDENTIAL






IVILNIdAIANOD

0
0

40
.229

80
458

120
.686

160
916

200 240 280 320 360 400 440 480 NO. OF FUEL DISCS
1.14 137 160 1.83 2.06 2.29 2.52 2.74 KG. OF U-235

INVERSE MULTIPLICATION VS. FUEL LOADING
DURING STANDARD PILE START-UP

L€ obed

IVILNIAIANOD

¢l 3dN9lid

¢e-dd



TEHINZI NO©

POSITION CHANGE (INCHES)

RIGHT COARSE CONTROL ROD CALIBRATION

2%

T INZUT NP S

8 O



IVILN3IAIANOD

0.2

H+t4l44-t

EXPERIMENTAL POINTS WITH CADMIUM RODS
IN THERMAL COLUMN

EXPERIMENTAL POINTS WITHOUT CADMIUM
RODS IN THERMAL COLUMN

THEORETICAL CURVE 1.00Jo(2.405r)

<30. 75")

RACIAL DISTANCE IN INCHES

EAST-WEST PEDESTAL FLUX



CONFIDENTIAL FIGURE 15 DP-32
Page 40

CONCRETE THERMAL COLUMN CONCRETE
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