


NAA-SR-MEMO-5337

“y "

PROCEDURES FOR
LOW-POWER PHYSICS EXPERIMENTS
IN THE SRE

General Editor
R. W. WOODRUFF

Principal Contributors

S. F. BURTON
C. W. GRIFFIN
R. W. KEATEN
R. A. LEWIS
R. A. MOSER
R. W. WOODRUFF

ATOMICS INTERNATIONAL

A DIVISION OF NORTH AMERICAN AVIATION, INC.
P.O. BOX 309 CANOGA PARK, CALIFORNIA

ISSUED: AUGUST 1, 1960




NAA-SR—-MEMOs are working papers and may be expanded,
modified, ot withdrawn at any time,
and are intended for internal use only.

This report may not be published without the a_pproval of the Patent Branch, AEC.

LEGAL NOTICE

This report wos propared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes ony warronty of representation, express or implied, with respect fo the
accuracy, completeness, of usefuiness of the information contained in this report, or that
the use of any information, apparatus, method, or process disclosed in this report may
not infringe privatsly owned rights; or

B. Assumses any liobilities with respect to the use of, or for damages resulting from
the use of information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission'' includes any em-
ployee or contractor of the Commission 1o the extent that such employee or contractor
prepores, handles or distributes, or provides occess to, any information pursuant to his
employment or contract with the Commission.




CONTENTS

Introduction
Glossary

Experiments

I. Special Insi:i'umentatian for the Critical Experiment
II. Critical Loading Experiment
III. Period and Temperature Instrumentation
1V. Shim and Safety Rod Calibrations
V. Reactor Oscillator Measurements
V1. Radial Statistical Weight
VII. Thermal Neutron Flux Measurements
VIII. Noise Analysis
IX. Axial Statistical Weight

X. Isothermal Temperature Coefficient

Appendices
1. Safety Channel Changes
II. Core Loading Changes

iii

o)
4
)
P
i
4
.
m
2
=
'z




INTRODUCTION

The Sodium Reactor Experiment (SRE), a sodium-cooled graphite - '
moderated reactor, has been described in detail elsevvhere.%’T’§ The original
fuel assemblies, which contained seven rods of slightly enriched uranium, have
been discharged, and preparations for the second loading are in progress. The
new fuel clusters will be five rods of a thorium -uranium alloy containing

235 §, %
7.-1 Wt—% U 2

This report is a compilation of the procedures for the low-power physics
experiments‘to-be performed with the second fuel loading. During the experi-
ments the reactor power level will remain below 120 kw. The experiments will”
measure various parameters, such as the critical mass, shim rod worths,
statistical weights, the isothermal temperature coefficient, and the reactor
transfer function. The measurements will provide;data which»-a»ré: needed for
reactor operation, studies of reactor behavior, and development of the sodium

graphite reactor concept.

The sequence in which the experiments will be performed is given below.
The letters indicate the chronological order, and the Roman numerals indicate

the order of presentation in this report.
a) Critical loading experiment (II) including the setup of instrumentation (1)
b) Setup and test of the period and temperature measuring equipment (III)
“I »... c) Shim and safety rod calibrations by period measurements (IV)
d) Shim rod calibrations with the reactor oscillator (V)
e) Measurement of the radial statistical weight (VI)

f) Measurement of the axial flux traverse (VII)

*C. Starr and R. W. Dickinson, Sodium Graphite Reactors, (Reading, Mass.:
Addison-Wesley Publishing Company, Inc., 1958).
{"Hazards Summary for Thorium-Uranium Fuel in the SRE," NAA-SR-3175
(Revised).
§G. E. Deegan et al., ""Design Modifications to the SRE during FY 1960,"
NAA-SR-5348. :
%*%D, H, Johnson, '"Addendum to Hazards Summary for Thorium=-Uranium
Fuel in the Sodium Reactor Experiment," NAA-SR-3175 (Revised)
Supplement.

. INIWRIEAX3 TYOLLRD




| e

g) Measurement of the reactor transfer function with the reactor

oscillator (V)

h) Measurement of the amplitude of the reactor transfer function in

the high-frequency region by noise analysis techniques (VIII)
j) Measurement of the-axial statistical weight (IX)

k) Measurement of the isothermal temperature coefficient of

reactivity (X)

The experiments will be performed on the standard SRE three-shift operation,

and will require approximately 43 days.

The procedures in this report are not intended as technical evaluations of
the experiments. They are the detailed, step-by-step procedures to be followed
during the experiments, and are written for the engineers and technicians who

will perform the experiments. Standard operating procedures will be followed

t

results from the technical viewpoint.

unless otherwise noted.' Later reports will discuss the experiments and the

In addition to the procedures, this report includes a Glossary, which de-
fines the special terms used in the procedures, and two general appendices.
Appendix I describes the safety channels for the SRE and lists all changes made
in them during the experiments. Appendix II contains a core map of the reactor
showing the operational loading, and lists chronologically all changes made in

the loading as required for the experimental program.

*'Organization of the Sodium Reactor Experiment Group," NAA-SR-Memo-5360.

fR. E. Durand et al., "SRE Standard Operating Procedures,"
NAA-SR-Memo-5326.
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GLOSSARY

The terms or symbols defined below are those which appear in the pro-
cedures without definitions, but which are not in common usage elsewhere, or

which are used here with a different meaning.

HA B, T, G, P refer to five different flux levels of the reactor. They

are discussed in Experiment III. "T' is the flux level at which the temperature
of the fuel has risen 1/2°F, which will be about 0.02% of full power. 'B' is one
decade below "T,'" and ""A' is three decades below ""T."! !''C'" is the flux level at
which the fuel channel exit temperature starts to rise, which will be about 0.3%

of full power. ''P'" is 1/3 decade below "'C,'" or about 0.1% of full power.

Dummy Assemblies are graphite logs canned in either zirconium or stainless

steel. They are used in corner channels, and in all center channels not occupied
by fuel assemblies, in order to reduce the amount of sodium in the unused chan-

nels.

Low Power refers to power levels less than about 120 kw. For example, at a

flow rate of 1000 gpm, this corresponds to a change in temperature across the

core of 3°F.

(O), (E), (S), (H) appear at the beginning of the steps in the procedures to indi-

cate the personnel responsible for performing the step. (O) refers to the
Operations Unit, (E) to the Experimental Unit, (S) to the Systems Unit, and
(H) to Health Physics.

Operational Loading is the reactor fuel loading which will be used for high-power

operation. It is defined as the number of fuel clusters at which the excess
reactivity of the core is equal to one-half the combined worth of the four shim

rods, and will be about 33 clﬁsters.

Ganged Shim Rods describes two or more shim rods at a common level in the

R

reactor. Motion of the '"gang'' is accomplished by moving the shim rods in-

dividually to a new common level.

Special Graphite Thimbles are zirconium thimbles containing hollow graphite

logs. The neutron-sensitive thermopile is placed in one of these thimbles to

reduce the neutron streaming around the thermopile.



Veeder Unit (V.U.) is the unit of distance used to measure shim rod motion,

It is defined as a change of one unit in the last digit of the Veeder counter on

a shim rod drive, and corresponds to 1/160 inch of linear shim rod motion.
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GLOSSARY

The terms or symbols defined below are those which appear in the pro-
cedures without definitions, but which are not in common usage elsewhere, or

which are used here with a different meaning.

AN B, T N NG 1P refer to five different flux levels of the reactor. They

are discussed in Experiment III. "T'" is the flux level at which the temperature
of the fuel has risen 1/2°F, which will be about 0.02% of full power. !B' is one
decade below "'T,'" and "A' is three decades below "T." !C' is the flux level at
which the fuel channel exit temperature starts to rise, which will be about 0.3%

of full power. ''P'" is 1/3 decade below "C," or about 0.1% of full power.

Dummy Assemblies are graphite logs canned in either zirconium or stainless

steel. They are used in corner channels, and in all center channels not occupied
by fuel assemblies, in order to reduce the amount of sodium in the unused chan-

nels.

Low Power refers to power levels less than about 120 kw. For example, at a
flow rate of 1000 gpm, this corresponds to a change in temperature across the

core of 3°F.

(0), (E), (S), (H) appear at the beginning of the steps in the procedures to indi-

cate the personnel responsible for performing the step. (O) refers to the
Operations Unit, (E) to the Experimental Unit, (S) to the Systems Unit, and
(H) to Health Physics.

Operational Loading is the reactor fuel loading which will be used for high-power

operation. It is defined as the number of fuel clusters at which the excess
reactivity of the core is equal to one-half the combined worth of the four shim

rods, and will be about 33 clusters.

Ganged Shim Rods describes two or more shim rods at a common level in the

reactor. Motion of the ""gang' is accomplished by moving the shim rods in-

dividually to a new common level.

Special Graphite Thimbles are zirconium thimbles containing hollow graphite

logs. The neutron-sensitive thermopile is placed in one of these thimbles to

reduce the neutron streaming around the thermopile.
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SPECIAL INSTRUMENTATION
FOR THE
CRITICAL EXPERIMENT

By
R. A. LEWIS
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OBJECTIVE

The objective of this experiment is to set up and test the special instrumen-

tation for the Critical Loading Experiment.

PURPOSE

This experiment is designed to assure accurate and reliable operation of
the special instrumentation, which is essential to the success of the Critical

Loading Experiment.

METHOD

Neutron detection during the approach to criticality will be provided by
three special high-temperature fission chambers located in the reflector region
on the reactor midplane. These chambers were built by Westinghouse as part
of their new line of miniature high-temperature (600°F) "flux mapping' fission
chambers. Extensive calibration and testing of these chambers has already
been performed in connection with the use of these chambers for detecting
sodium in the moderator cans. One of the chambers, located in a thimble in the

SRE core, has demonstrated satisfactory operation over a 30-hour period at
290°F,

The physical setup of the instrumentation is shown schematically in
Figure I-1. Operations will provide a rate meter and period meter, which will
be connected in parallel with one of the scaler channels. Safety interlocks and

scram circuits will also be providedrby Operations through this channel.

Testing of the equipment will include an inspection of the shape of the pulses
leaving the amplifier, a recheck of the pulse height calibrations, and a check for

normal statistics in the counting data.
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PROCEDURE

Section I should begin as early as possible. Sections II and IIl are to be
performed just before the Critical Test. All steps in this procedure are.to

be performed by Experimental Unit personnel (E).

I. PREOPERATIONAL TEST AND CALIBRATION

A. Laboratory Setup of Pulse Counting Channels

1. Check of Operating Voltage

1. Set up the three counting channels, from the preamplifiers to the
printers, as shown in Figure i—l, in the Sanborn Room. Connect the 50-ft B+,
filament, and signal cables between the pi‘eamplifiers and the amplifiers. Do not
connect the Chamber HV Battery Supplies. Leave the preamplifier input jack
open. Connect the pulse attenuators to the amplifier PHS output terminals.
Connect the pulse attenuators to the Scaler-Amplifier switch box. Connect the
switch box to the scaler input terminals. Leave a-c power off to all equip-

ment.

2. Check that the three Chamber HV battery supplies each have
235 + 2 vdc open circuit voltage. If the voltage is not within this range, adjust it

by manipulating the helipot across the supply battery.

3. Recheck to see that each of the counting channels is consistently
labeled; i.e., the preamplifier, amplifier, switch, scaler, timer, and printer

should be labeled as Channels 1, 2, or 3.

4, Remove the rear cover of the Channel 1 preamplifier. Turn on the

a-c power switch on the Channel 1 amplifier. There is now high voltage on the

preamplifier.

5. Check the following operating voltages in the preamplifier:

a) 6.3 £0.1 volts ac (rms) on the filament of each tube (pin 4
to chassis). If the voltage is not correct, adjust it with the

helipot on the rear of each amplifier chassis.

CAUTION

Do not apply more than 6.5 volts to the filaments.




i i i

-

—J ot L

?L_JL_JL__'J

b) 265 * 10 volts dc between input connector pin C and chassis.

6. Turn off a-c power to Channel 1 amplifier. Replace bottom cover on

preamplifier.
7. Repeat Steps 4, 5, and 6 for Channels 2 and 3.

2. Check of Pulse Operation

8. Turn on a-c power to all amplifiers and scaler-timer-printer units.

Allow a l-hour warmup.

9. Set up the RCL Model 47 Precision Pulser to give 0.5 mv negative
pulses. Connect this to the signal input of the Channel 1 preamplifier., Dis-

connect the signal cable from the amplifier input connector and connect it to the

oscilloscope. Negative pulses of 10 + 2 millivolts should be observed. Reconnect

the signal cable to the amplifier.

10. Set the Channel 1 amplifier at BANDWIDTH, 0.5 mc; COARSE GAIN,
64; and FINE GAIN, 1, Set the Function Switch to "'US_E", Attach a tee connector
to the AMPLIFIER OUTPUT, HIGH. Connect a 1000-ohm load resistor to one end of
the tee, and connect the scope to the otner end of the tee. The observed signal
should consist of 60 = 5 volt positive pulses superimposed on 10-volt peak-to—

peak noise.

11. Set the PHS on the Channel 1 amplifier to 35 volts. Connect the _
scope to the PHS output before the pulse attenuator. The observed signal should

consist of 50 = 10 volt negative pulses of uniform height.

12. Disconnect the cable which feeds pulses to the Channel 1 scaler

from the scaler input jack and connect it to the scope. Negative pulses of
0.75 £+ 0,25 volts should be observed. Reconnect the signal cable to the scaler

input.
13. The pulse rate on the scaler should be 60 counts per second.

14. Repeat Steps 9, 10, 11, 12, and 13 for Pulse Channels 2 and 3.

I1-3



3. Check of Amplifier and Scaler Resolution Time

15. Disconnect the 50-foot, B+ filament, and signal cable set from the

rear of the Channel 1 amplifier.

16. Set the Berkeley Double Pulse Generator (Model 903) to FIRST and
SECOND PULSE DURATION, minimum (full counter-clockwise); COARSE FRE-
QUENCY, 1000; FIRST and SECOND PULSES, POSITIVE (+); DOUBLE PULSES.
Put a 100-to-1 attenuator on the left hand 1000-ohm output connector.. Turn on
a-c power to pulser. Connect attenuator to the TEST PULSE INPUT terminal of
the Channel 1 amplifier. Turn the amplifier Function Switch to "TEST'".

17. Observe the pulses at the AMPLIFIER-HIGH terminal of the amplifier.

Adjust the left-hand amplitude adjustment on the Double Pulser until the output

pulses observed from the amplifier are positive 55 + 5 volt pulses,

18. By observing the scaler, check that the pulses are cut off by setting
the PHS voltage higher than the pulses observed from the AMPLIFIER-HIGH
output.

19. Set the Double Pulse separation at 5 microseconds. Set the PHS at
35 volts. The scaler should now be counting about 2000 counts/sec. Note that
only every other light-in the right-hand decade is lighted. This is due to the
fact that the two pulses are coming very close together and the scaler moves

away from every other light so fast that it does not have time to light.

20. Adjust the Double Pulse separation down steadily toward shorter
separations until the count rate on the scaler drops by one-half due to the
system being unable to resolve the two pulses. When this occurs, every light in
the right-hand decade will light. Note the pulse separation at which this occurs.
This is the so-called ''double pulse' resolution time for the Scaler-Amplifier
system and is only approximately the re solution time for random pulses of

various heights.

21. Disconnect the Double Pulser from the TEST PULSE input. Return
the Function Switchto "USE'". Reconnect the 50-foot signal-power cables at the

rear of the amplifier chassis.

1-4
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22. Repeat Steps 15 through 21 for Pulse Channels 2 and 3.

23, Turn off all a-c power to the three counting channels,

B. Alpha Cutoff Measurement

The following test is a check on correct fission chamber operation and is

also a measurement of the PHS for which essentially all alpha particle pulses

are eliminated.

24. Move all of the Criticality instrumentation, with the exception of the

fission chamber stiffeners and sheet metal protective covers, to the auxiliary

instrument room. This equipment is listed in Part C of the Appendix,

25. Completely set up all three counting channels.

a)

b)

c)

d)

g)

h)

Lay the fission chambers on the floor. Handle them with care.

Do not let them bend,

Connect the screw-on to snap-on adapters to the fission

chambers.
Connect the 1-1/2-foot jumper cables to the fission chambers.

Put the screw-on to snap-on adapters on the SIGNAL INPUT

terminals of the preamplifiers.

Connect the signal jumper cable from the chambers, the High

Voltage Battery supply, and the 50-foot signal-power cables to

the preamplifiers.

Lay the preamplifiers on their foam rubber pads and tape the

preamplifier and pads to the floor.

Erect an exclusion fence around the fission chambers and

preamplifiers,
Connect the 50-foot signal-power cables to the amplifiers.

Set the amplifiers to COARSE GAIN, 64; FINE GAIN, 1; and
BANDWIDTH, 0.5 mc. Setthe Function Switches to "USE'",
Connect 1000-ohm load resistors to the AMPLIFIER-HIGH
outputs. Attach the pulse attenuators to the PHS outputs.

I-5



j) Connect the pulse attenuators to the Scaler-Amplifier Switchbox.
k) Connect the Switchbox to the scalers.
26, Turn on all a-c power and allow a 2-hour warmup.

27. Perform Steps 28 through 31 for each of the three fission chamber

channels. This may be done simultaneously.

28. Clear the area inside of the exclusion fence of all personnel for

the duration of the test in Step 30.

29. Set the timers for 50 out of 55 seconds. Set the Pulse Height

Selectors for 4 volts.

30. Take two 50-second counts at each 2-volt step, starting at 4 volts
and ending at 24 volts on the PHS dial. Record the PHS for each count on the

printer tape.

31. Plot the data from Step 30 for each chamber on semilog paper as
log counts/sec vs PHS volts. Note the value of PHS volts at which the plot

shows 1 count/sec. This should be about 18 volts for all three fission chambers.
32, Turn off all a-c power, Disassemble by reversing Step 25. Store

equipment.

II. PHYSICAL SETUP FOR CRITICAL TEST

A. Assembly of Fission Chamber Units

Experience has shown that mechanical vibration of the long (20-ft) coaxial
transmission lines of these fission chambers causes excessive noise in the pulse
circuitry. It has been found that mechanical support, or stiffening, of the cham-
bers will eliminate this effect. Figure I-2 shows the fission chambers assembled
to the stiffening assembly. This combination is referred to as the "chamber
assembly. " The chamber stiffener also provides mechanical protection for the

upper cap of the fission chamber.

33, Move the fission chambers and the three stiffener assemblies into
the high-bay area. The fission chamber stiffeners are composed of a drilled

upper cylinder welded to a long piece of aluminum angle, a threaded spanner-type

I-6
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hold-down nut, and a drilled brass cylinder. The stiffener assemblies are
designed so that the upper cap of the fission chamber fits into the upper portion
of the stiffener and the 20-foot tube is cradled in the aluminum angle. The
spanner nut presses down on the shoulder of the upper cap of the fission chamber
to hold it snugly in the assembly. To afford extra portection, the brass cylinder

fits over the electrical connectors after the assembly is complete,

34, Assemble the fission chambers into the stiffener assemblies by
sliding the chambers horizontally into the stiffeners. Gently snug the chambers

to the aluminum angles, using aluminum wire,

CAUTION

The fission chambers are very fragile. Handle them

with care!

Install the spanner nuts and tighten with the special wrench

provided. Do not overtighten - one turn is adequate. Install brass cylinders.

B. Loading Fission Chambers into Core

35. Arrange the three fission chamber assemblies on the high-bay
floor parallel to one another in an east-west direction. The three top connectors
should be in the vicinity of the loading face, and the bottom tips near the storage

holes. Install the two eye bolts on the top of each assembly, -

36. Using the 5-ton crane, which will be operated by Operations
personnel, raise the chamber assemblies one at a time until they are hanging
vertically. When the assemblies are raised from the high-bay floor, be vAery
careful that the lower 5 feet of the fission chambers, which extend from the
bottom of the stiffener, do not bend or drag on the floor. Install the assemblies
in the reactor by lowering them into the instrument thimbles in R-4, R-65, and
R-71. Experimental Unit personnel shall perforrm all of this loading operation

with the exception of the crane operation.

C. Setup of Electronic Equipment

37. Remove the brass cylinders. Install the screw-on to snap-on
adapters on the chambers. Install the 1-1/2-foot jumper cables to the chambers.
Replace the brass cylinder.

I-7



38. Complete the electronic setup, following the sequence in Step 25d
through k with the exception that the preamplifier, on its foam rubber pad, should
not as yet be taped down. The 50-foot cables are to be fed through the pull hole
in the Sanborn Room wall to connect to the amplifiers which will be located in
the Sanborn Room (see Figure I-1), The pull hole must be sealed after pulling
the cables. Tape the 50-foot cables to the loading face and floor to prevent the

possibility of anyone tripping over them.

39. Install a rope exclusion fence around the ring shield. Clear this

area of all except Experimental Unit personnel.

40. Connect the special safety circuit into the Scaler- Amplifier Switch-

box.
III. FINAL SYSTEM TEST

A. Check of System Operating Voltages

41. On the loading 'face, carefully open the three preamplifiers by

removing the bottom covers,

42. Turn on a-c power to the amplifiers. Allow a l5-minute warmup

period,
43. Perform Step 5 for each preamplifier.

44. Check that there is 235 + 2 vdc between the input HV pin and the

chassis on each preamplifier. Any drift observed from the results found in

Step 2 may indicate faulty batteries.

45. Turn off a-c power to the amplifiers. Replace the bottom covers
on the preamplifiers. Tape the preamplifiers and their foam rubber pads to

the loading face. Install the chamber protective covers and tape them down.

B. Pulse Height Inspection

46. Turn on a-c power to all equipment except the printers. Allow a
4-hour warmup period. In case of loss of a-c power during any of the tests,

allow a 1-hour warmup period for each minute of loss of a-c power (up to the

full 4 hours) before resuming counting measurements.

I-8
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47. Set the PHS settings on all three amplifiers at 35 volts.
(Amplifiers should have COARSE GAIN, 64; FINE GAIN, 1; BANDWIDTH 0.5;
FUNCTION SWITCH, "USE'.)

48, Clear the loading face area of all personnel. No one should walk
on the loading face or within the exclusion fence during the remaining tests in

this procedure. These tests will take about 12 hours.
WARNING

NO FUEL SHQULD BE IN THE REACTOR

49, Pull all control rods (shim and safety). Using a Tektronix
Oscilloscope Model 535, or equivalent, inspect the shape of the ''neutron'' and
alpha pulses at the AMPLIFIER OUTPUT terminal of each of the three channels.
The pulses should be very similar in height and shape to those shown in

Figure I-3,

50. Photograph, or record in digital form, the actual pulse shapes
observed on the oscilloscope for each channel. If the pulse shapes observed do

not correspond very closely to those shown in Figure I-3, suspend further testing.

C. PHS Calibration Check

Past experiments have shown that the optimum PHS setting for the
WX 4110 fission chambers with the above amplifier settings is 35 volts. A
quick check on this may be made by examining the relative heights of the

"neutron'' and alpha pulses at the AID amplifier output.

51. In the same manner as Step 49, examine the relative heights of
the ''neutron'' and alpha pulses at the AID AMPLIFIER OUTPUT terminals.
The pulses should look like those in Figure I-3 with 35 volts falling above the tops

of the alpha pulses and below the tops of the ''meutron'' pulses.

52. If the 35-volt setting does not fall between the alpha and '"'neutron'
pulses, recheck the gain settings as specified in Step 25i. If the pulses are

still of the wrong size, a malfunction probably exists in the amplifiers.

1-9



D. Analysis for Counting Noise and Unusual Statistics

53. Set the counting times on the scaler-timers to obtain 5000 to
6000 counts per interval (50 to 60 minutes). Take ten counts on each of the three
channels. Select the highest count and lowest count from each group. Call these
Ch and C2 . Compute the count rates for each pair of counts by dividing by to

the counting time:

Q

__h
r. =% (1)
C
C
1
rﬂ—z— ... (2)
C

54, Compute the standard error of the difference of each pair of

counting rates:

o = ... (3)

If the equipment is not counting spurious counts, then the absolute value of the
difference in the count rates should be less than 1.6 times the value of oas

defined by Equation 3:
(ry - r)€ (L6)ST (4)

55. Proceed with Step 5 of the Critical Loading Experiment.

*W. J. Price, Nuclear Radiation Detection, (New York: McGraw Hill Book Co.,
1958), p 61-62
TOnly about 5% probability of exceeding this with normal statistics.
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APPENDIX

A. SCHEDULE
Part Iis to begin as soon as possible and is complete in itself. Parts II
and III will be done as Step 4 of the Critical Loading Experiment. The experi-
ment should require one day for completion.
B. MANPOWER REQUIREMENTS
Regular operating crew

1 engineer and 1 technician from the Experimental Unit (each shift).

1 additional engineer and technician (as required).

C. EQUIPMENT REQUIREMENTS

1. Laboratory Equipment

1 Tektronix Model 535 Oscilloscope
1 RCL Model 47 Precision Pulser
1 Berkeley Model 903 Double Pulse Generator

2. Criticality Instrumentation

Loading Face Area

3 WX 4110 Westinghouse Flux Mapping Fission Chambers

3 Fission Chamber Stiffening Assemblies including supply of

aluminum wire and hold-down nuts

9 Coaxial adapter connectors for fission chamber output
connectors, preamplifier signal input connectors, and fission
chamber HV connectors on preamptifier—male screw-on type

to male snap-on type

3 1-1/2-ft jumper cables— chambers to preamplifiers—~female

snap-on connectors on both ends

I-11



3 High Voltage Supply Battery Sets adjustable to 235 volts
for Chamber HV — output to be on 1-1/2-foot coaxial cable with

female snap-on connector on output end
3 Red and white sheet metal Chamber Protective Covers
3 Preamplifiers (BA219B) modified to Cathode Follower Outputs

3 50-ft sets of shielded cables to supply B+ and filament power to
the preamplifiers and carry the signal return. The signal cable

is the separate shielded cable.

Sanborn Room Area

1 Sanborn Room Cable Pull Box (north wall)

3 Linear Pulse Amplifiers (BA218) with filament power output
modified to feed 6.3 volts ac (rms) to filaments at the end of

the 50-foot cables

3 1 k ohm load resistor assemblies to provide termination on

AMPLIFIER HIGH outputs

3 Pulse attenuators to attenuate output of PHS —must match
1 megohm output impedance and step down variable from

40-to-1 to 60-to-1 — to deliver 1-volt pulses to counter

3 2_ft coaxial cables— female snap-on connectors on both ends
to connect attenuated PHS output to scaler-amplifier switch

box

3 3_ft coaxial cables —female snap-on connectors on both ends

to connect scaler-amplifier switch box to scalers

1 Scaler- Amplifier Switch Box to connect each scaler and the

special safety channel to any one of the amplifier PHS outputs

3 Scaler-Timer-Printer units equivalent to Beckman-Berkeley

System

D, CREDIBLE ACCIDENT

Since there will be no fuel in the reactor during this test, there is no

nuclear hazard,
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Figure I-1. Instrumentation for
Critical Test
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Figure I-3. Typical "Neutron'" and Alpha Pulse Shapes at

AID Amplifier Output from WX4110 Fission Chambers
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CRITICAL LOADING EXPERIMENT
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OBJECTIVE
This experiment will determine the number of five-rod, 7.1 wt % UZ35,
thorium -uranium clusters required for SRE criticality for two cases: one with

all the control rods withdrawn and the other with only shim rods 3 and 4 inserted.

PURPOSE

The principal purpose of this experiment is to safely obtain an operational
thorium -uranium fuel loading for the SRE. The loading will have an excess
reactivity equal to that absorbed by shim rods 3 and 4, which is approximately
five dollars, as specified in the Hazards Summary.1 In addition, the measure-
ments of the two critical loadings will be used in the evaluation of calculational
techniques. These will include calculations of critical size from first principles
as well as estimates based on measurements in the SRE with the enriched urani-
um loa.ding2 and in the SGR Critical Facility with the five- and seven-rod

thorium-uranium clusters.

METHOD

The multiplication will be measured with three fission chambers symmetri-
cally placed in the reflector, and its inverse will be plotted as a function of the
effective radius of the core. The curve will approach zero as the loading ap-
proaches criticality. This p1'ocedure3’4’5’6 was previously applied at the SRE
for determining the minimum wet and dry critical loadings with enriched uranium,
except that the data were plotted as a function of the square of the effective radius,
i.e. as a function of the number of clusters loaded. | Results for that experiment,

plotting the data both ways, are shown in Figure II-1.

In the present application, three inverse multiplication curves will be obtained
concurrently during fuel loading: the first with all the control rods withdrawn,
the second with only shim rods 3 and 4 inserted, and the third with all the shim
rods inserted. The first curve will establish the minimum critical loading; the

second, the operational loading; and the third will provide an extra margin of

1I-1



safety. During each loading operation, at least two safety rods will always be

withdrawn and their scram circuits will be energized, After each loading opera-

tion, the data will be analyzed before another cluster is inserted. No additional

clusters will be inserted after the operational loading is obtained.

PROCEDURE

. In Steps ! through 14, the reactor will be loaded in preparation for the criti-
cality experiment. The counting rate for each fission chamber will be measured
for three different shim configurations with the source but no fuel in the reactor,

The measured rates will be used in normalizing later data.

1. (O) Fill the primary sodium system. Set the flow for 1000 gpm, and
maintain it constant as indicated on the primary flowmeter during all count rate
measurements. During loading operations, reduce flow to 300 gpm in accordance

with Standard Operating Procedure 9.

2. (O) Load the reactor as shown in Figure II-2 and connect the control

rod drives.

once , : .‘
: Ackellesmclecw [ =2 3, (0) Connect the pool heater in Channel 59 to the 480-volt a-c bus
through a Variac, or the equivalent. Use the pool and line heaters to adjust the
average of the inlet and outlet primary sodium temperatures, as indicated on the

process instrumentation, to 340°F. If necessary, connect additional pool heaters

to the bus.
4.(O,E) Complete the work required in Parts II and III of Experiment I.

5.(E) Should there be a power loss at any time to the special instrumen-

tation (see Figure II-3), allow a 30-minute warmup.

Aa&ﬁ;: fecw. ( > 6.(E) Should it be necessary to disconnect the preamplifiers from the

high-voltage supply for any reason, first epen&h&ézﬁeemee%mhe&sh@wmwm
i y) \} e ié

; - S ke i R ] 2
Fafg&re T3 . B v - L1701 LA NS 5o 7{;\__ L5 inf'?’T“” ;L{ G SN l»(,i,’f';sf V7 52 wf? ’
¥ #

H

AEA‘,&M i —>7.(0) Allow no one on the loading face during Steps 8 through 14 without

permission from the Experimental Unit Engineer.
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" 8. (E) Make certain that flux equilibrium exists as indicated by the log
count rate recorder (see Figure II-3). This will become increasingly important
as k off approaches unity later in the experiment.

Soe
A:lz&woéw’h l

obtain approximately 104 counts. Record the requisite information on a data

—3> 9, (E) Set the counting interval on the scalers in Channels 1, 2, and 3 to

sheet having the format displayed in Figure 11-4.

10.(E) Calculate the measured counting rate for each chamber by dividing
the observed number of counts by the counting interval. Calculate the corrected
counting rate from D = C/(1l - 7C) where C is the measured counting rate and T

is the resolution time for the circuitry.
11.(O) Insert shim rods 3 and 4.

Ba 'l S‘?—KL
Adlos Lewm (D»IZ-(E) Repeat Steps 8, 9, and 10.

13.(O) Insert shim rods 1 and 2.

2 _14.(E) Repeat Steps 8, 9, and 10.

Wc»-u&»m |
15.(E) Prepare a graph having the format shown in Figure II-5. Plot

the point (0,1), which will be common to the three curves to be generated.

16.(0,S) Test the scram systems described in Section C of the Appendix.

%0
b Ackelle selevim g —>17. (O) Place the fission chambers in Instrument Channels I and II at the

bottom of the1r thimbles. Place the compensated ion chamber which provides

the signal for the log N recorder at the bottom of its thimble.

18.(0,8) Do not bypass the scram circuitry described in Section C of the

Appendix during the remainder of the experiment. Should defects in the circuitry

occur, insert all control rods and repair them before proceeding.

Steps 16 through 29 will be repeated successively, loading fuel one to
four clusters per sequence. The average multiplication of the lattice will be
measured during each sequence for one to three shim configurations as re-
quired by Table II-I. The inverse multiplication curve for each shim configura=-

tion will then be plotted and extrapolated as each new datum becomes available.
The curves for all shim rods withdrawn and fo;' shim rods 3 and 4 inserted will

be extrapolated to zero to determine the minimum critical and operational load-

ings. The curve for all shim rods inserted will be extrapolated to the loading

II-3



for the next repetition of Steps 19 through 29 to demonstrate that the reactor will

be subcritical with the shim rods in and the safety rods out. This portion of the

procedure will be repeated until the extrapolated inverse multiplication curve
indicates that the insertion of two to three more clusters would make the reactor
critical with all control rods withdrawn.

AJ&_”Z;@(“ML ( —=3>19, (O) Prepare to load fuel for the next set of count rate measurements

as specified in Table II-1 and Figure II-6. Insert those safety rods whose drives
must be removed to provide access for the gas lock to the fuel channels to be

loaded. At least two safety rods and preferably all of them must remain with-

drawn with their scram circuitry energized.

20.(O) Do not bump or disturb the fission chambers, preamplifiers, or
their cables. Remove the control rod drives which interfere with loading. Load

fuel after receiving the express and prior approval of both the Shift Supervisor

and the Experimental Unit Engineer. An Experimental Unit Representative will

be at the loading face during this operation. Replace the control rod drives.
Connect the fuel-channel exit temperature thermocouples in Channels 33, 34,
and 44 to the scram interlocks as soon as these channels are loaded.

Al&z-‘cﬂ | T2l (O,E) Constantly monitor either.Chambers 1, 2, or 3 on the log count

rate recorder during the following fuel loading or control rod withdrawal until

the flux reaches equilibrium. If the reactor sustains a positive asymptotic

period as indicated by a straight line on the recorder, insert the control rods

and obtain instructions from R. E. Durand and R. W. Woodruff before proceeding. . -

Just before the count rate goes off scale on the log count rate recorder, connect

it to the regular low-level startup channel, using switch S5 (see Figure II-3).

22.(0) Withdraw the safety rods after receiving approval from both the

Shift Supervisor and the Experimental Unit Engineer.

23,(0,E) Repeat Step 21.
Hedelemolivny [
chamber by dividing the corrected count rate for this shim rod and fuel configu-

—324,(E) Repeat Steps 9 and 10. Calculate the multiplication for each
ration by the corrected count rate for the same shim rod configuration with no

fuel in the reactor. Calculate the average of the multiplications measured with

each chamber. Calculate the inverse of the average.
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TABLE II-1

SEQUENCE FOR LOADING TO MINIMUM CRITICALITY

N Multiplication Measurements
umber of Last Cluster
Clusters Channel Identification All Shim Shim Rods All Shim
Loaded Loaded Rods In 1 and 2 Out Rods Out
0 - X X X
1 44 sUu-22-11¢
2 33 147 X X
3 34 -36
4 43 ~34 X X
5 45 -16
6 55 -39
7 56 -15 X X X
8 22 ~-18
9 32 -19
10 54 -20
11 35 -10¢t X X
12 57 =21
13 68 -137%
14 21 =127 - X X X
15 42 -42 or - 8%
16 23 ~-25
17 46 -38 X X
18 67 -17
19 69 - 77 X X
20 10 -26
21 11 27 X X X
22 20 -24
23 31 -28 or - 5% X X
24% 53 -30 X X
25% 66 - 47 X X X
26% 24 - 9t X X
27% 36 -29 X X
28% 58 -33 X X

*Estimated minimum critical loadihg

T Thermocoupled cluster
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25.(E) Plot the inverse on the graph prepared in Step 15. Extend the
appropriate curve through this point. Extrapolate the curve with all shim rods
in to the next fuel loading required for measurements as shown in Table II-1.

Extrapolate the curves for shim rods partially or completely withdrawn to zero,

26.(0) If a multiplication measurement is required by Table II-1 with

shim rods 1 and 2 withdrawn, make the withdrawal after obtaining approval from

both the Shift Supervisor and the Experimental Unit Engineer.

27.(0,E) Repeat Steps 21, 24, and 25,

28.(0) If a multiplication measurement is required by Table II-1 with

all the shim rods withdrawn, make the withdrawal after obtaining approval from

both the Shift Supervisor and the Experimental Unit Engineer.

29.(0,E) Repeat Steps 21, 24, and 25.

30.(O,E) After analyzing the data, but before loading the next group of

fuel clusters specified in Table II-1, the Shift Supervisor and the Experimental

Unit Engineer should sign an entry in the Operations Log approving the

loading of these clusters. Repeat Steps 19 through 29 until the extrapolation of

the inverse multip_lication curve with all shim rods withdrawn indicates that

loading two to three clusters will make the reactor critical. If criticality with

the shim rods withdrawn is not attained after loading 28 clusters, suspend load-

ing operations until the situation is re -evaluated and the Ad Hoc Committee is so

advised.

In Steps 31 through 35, an additional cluster will be loaded, and the
multiplication measurements will proceed as before except that the withdrawal of
shim rods 3 and 4 will be performed incrementally. Loading will continue one
cluster at a time until the next cluster would make the reactor supercritical with
all the shim rods withdrawn. At this point the inverse multiplication curve for
all shim rods out will be extrapolated to zero to obtain the final estimate of the

minimum critical loading.

31.(E) Prepare another graph similar to Figure II-5 using a larger
scale. Plot the last few data points and also the data points to be obtained in

Steps 32 through 35.

32.(O,E) Repeat Steps 19 through 27.%‘

e S = S
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33.(0) Obtain permission from the Shift Supervisor and the Experimental

Unit Engineer to withdraw shim rods 3 and 4. Perform the withdrawal in- .

crementally as follows: (a) withdraw shim rod 4 to 36 in. out and then to the

upper limit switch; and (b) withdraw shim rod 3 to 26, 38, and 49 in. out and then

to the upper limit switch. Wait after each withdrawal for the flux to reach equili-

brium as indicated on the log count rate recorder. Should the reactor sustain a

positive asymptotic period as indicated by a straight line on the recorder, adjust

the shims for constant flux, record their positions, insert all the shims, and

proceed to Step 37.

34.(O,E) Repeat Steps 24 and 25.

35.(0O,E) After analyzing the data but before loading the next fuel cluster

specified in Table II-1, the Shift Supervisor and Experimental Unit Engineer

will sign an entry in the Operations Log approving the loading of this cluster,

Repeat Steps 32, 33, and 34 until extrapolation of the inverse multiplication curve
with all shim rods withdrawn indicates that loading one more cluster would make
the reactor supercritical. The last extrapolation will provide the final estimate

of the minimum critical loading. If criticality with all shim rods withdrawn is

not attained with 28 clusters loaded, suspend loading operations until the situation

is re-evaluated and the Ad Hoc Committee is so advised.

oo

,B- lecw | 36.(0) Load zircaloy thimbles containing graphite sleeves in Channels

50 and 60. Load a neutron-sensitive thermopile in each thimble. These will be
used for detecting flux changes in subsequent experiments., Load the paraffin-

cadmium-lead shield plugs in each thimble.

In Step 37, the reactor will be loaded to within two to three clusters of

the operational loading.

37. Repeat Steps 19 through 30, except for Steps 28 and 29. Substitute
""T'able II-2" for "Table II-1'" in Steps 19, 26, and 30. In Step 30 substitute

""'shim rods 1 and 2" for "all shim rodé" and '""35 clusters' for '"28 clusters''.

The operational loading will be completed in Steps 38 through 43. One
cluster will be inserted at a time, and shim rods 1 and 2 will be withdrawn in
increments,

Lo . L } - I
\ Vil Ay . RS T Ly e Cie Iy . . P '\,/«//”7 10 dios, £ —
Ko % i it o Ty ot R i - L o e

L s T - - ecinic . L PR AP
Laal . : Lo B 77 -

) g : .
U S

M )v | i s : ‘ -.b.' N s . w_“b;VII_'?

i BN : : ’ T AT i I VN




: s c 1
ey S L a e
, 7 N
e Y Ao s i
[ R
¢ / ] -

o]

=5 ﬁﬂ»ﬁc’l:/_‘ar Aed

L it aliead
-

MNP TABLE II-2
SEQUENCE FOR LOADING TO THE OPERATIONAL
FUEL CONFIGURATION

Multiplication
Number of Last Cluster Measurements
Clusters Channel Identification All Shim Shim Rods
Loaded Loaded Rods In land 2 Qut
25 66 SU-22- 4% o o
26 24 - 9% X X
27 36 -29
28 58 -33 X X
29 70 -40
30 : 75 -31 X X
31% 74 -37 X X
32% 41 -41 X X
33k 9 -22 X X
34% 12 -23 or - 3% X X
353% 73 -32 or - 6% X X

*Estimated Operational Loading

fThermocoupled Cluster

a0 a7 ?’,
. Baaaeys 7 b

38.(E) Prepare gnotilgeer graph similar to ,F}igurel II-5 using a larger

3

Ly A€ [RIe &

scale. Plot the last few data pointsdwith shim rods 1 and 2 withdrawn and also

the data points to be obtained below.,

39.(O,E) Repeat Steps 19 through 25. Substitute '"Table II-2" for
"Table II-1" in Step 19.

40. (O) Repeat Step 33 substituting ""shim rods 1 and 2'" for "shim rods
3 and 4", "'shim rod 2" for "shim rod 4", and "'shim rod 1" for "shim rod 3".

Substitute ""Step 43'' for ""Step 37",
41.(O,E) Repeat Steps 24 and 25.

42. (0O, E) After analyzing the data but before loading the next fuel

cluster specified in Table IT-2, the Shift Supervisor and the Experimental Unit

Engineer will sign an entry in the Operations Log approving the loading of the

II-8
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7 next cluster. Repeat Steps 39, 40, and 41 until extrapolation of the inverse

. multiplication curve with shim rods 3 and 4 inserted indicates that loading one

- more cluster would make the reactor supercritical. If criticality with shim rods
J 3 and 4 inserted is not attained with 35 clusters loaded, suspend loading opera-

tions until the situation is re-evaluated and the Ad Hoc Committee is so advised.

Ses .
I_\d&‘&‘w&bm‘—¢43. (O,E) The operational loading is completed. Insert the shim rods
and leave-the safety rods ewut.

S
 Adelonclicns |~ 44 (O,S) Connect all the fuel cluster and fuel channel thermocouples to

i |

their recorders,

Bes

Apf‘(é*‘“{“’"" ( —>45, (0, E) Proceed to the next experiment.

EXPECTED RESULTS

i | i a1

, . . . 2
An estimate based on measurements in the enriched uranium SRE loading and

i

in the SGR Critical Facility gives 26 = 2 clusters for the minimum critical load-
ing. A similar estimate yields 33 £ 2 clusters for the operational loading, i.e.

for the critical loading with shim rods 1 and 2 out and 3 and 4 in. The latter

4 ‘

estimate required the worth of shim rods 3 and 4, which will be essentially the

same for this fuel loading as it was for the enriched uranium loading.

»

EXPECTED CONCLUSIONS

The operational thorium-uranium loading will determine the magnitude of the

135

A Xe135 reactivity transient. At 20 Mw with equilibrium Xe the reactivity

’

- absorbed will be as follows:

Reactivity Absorbed

h , Number of Clusters by e 135 (dollars)

J] 30 - 2.9
i 35 2.7
40 : 2.4

These results were obtained by applying the method demonstrated for the en-
r1che% g anium loading. ! Assuming that the_minimum critical loading is 262~

J ’)a-ﬁm)‘-&euzf Qm:bbv—7 1 28 QLMLeM
B clusters, the excess reactivity at full power will be as follows:

I1-9



Number of Clusters Excess Reactivity

(dollars)
31 0.9 £ 0.8
33 2.3 £ 0.8
35 3.6 £ 0.8

This includes the cold, clean reactivity, the effects of equilibrium Xe135, and
the isothermal temperature coefﬁcient,1 but it neglects the effect of the power

coefficient, which, however, is small,

L1 10 meiione fyoe (28 erris of Sb-124) eobuct
jcwﬁ 200 W 300 Cpem ol ¢ Qenbrel B oy 100 Ut

LT 4[2 e 'M‘ ’

p:q 'm/v_a/w - (/}_%7./ , 1960 ) , oy /Jb,_;wz}¢

W;’ZZ vy, 3 - Jo? 2 e Cimie, / L cwa,

’
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APPENDIX

A, SCHEDULE

Loading the reactor in accordance with Figure II-2 and instrumentation testing
will each require approximately one day. Fuel loading will then be performed.
The time required to remove the necessary control drives, load a cluster, re-
place the drives, count for three different shim configurations, and insert the
shim rods is estimated to be five hours. Where one less counting procedure is
required, this time is reduced by one hour. On this basis, the time necessary
for loading fuel and counting is five days, which gives a total of 7 days for the

experiment.

B. MANPOW ER REQUIREMENTS

The Experimental Unit will supply one Performan:cé Evaluation Engineer and
an assistant per shift to conduct the experiment, and the SRE Operations Unit
will provide the Shift Supervisors and normal working crews. The Experimental '
Unit will operate the counters, disconnect and handle the preamplifiers, and

prepare the criticality predictions. Operations will load fuel and operate the

reactor.

C. EQUIPMENT REQUIREMENTS

An Sb-Be source, which is a duplicate of the one previously used in the SRE,
will be used for this experiment, provided that it can be activated at the MTR
without delaying the startup schedule. Its strength will be 109 neutrons/sec on

feYe) too
delivery, which will give a counting rate of 269 to 366 cpm at the detectors with
200
the shim rods out or ¥66 cpm with the shim rods in. If the source cannot be
activated by the time it is needed, a substitute Po-Be source, which will have a

minimum strength of 108 neutrons/sec, will be used.

The four fission chambers having sensitivities of 10"3 Cps per nv were pur-
chased especially for this experiment.. The chambers have high-temperature
leads and are designed so that they can be positioned at the reactor midplane.
All three have been tested, and one of them was used in detecting ruptured mod-

erator cans. This experience indicated that the chambers should be strengthened

I1I-11
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with aluminum angles fastened along their length to prevent flexing. Each

chamber will be individually instrumented as shown in Figure II-2.

Eight pool heaters capable of generating 10 kw each will be installed in
periphera,l-;-t’é"l;.annels as indicated in Figure/iI-Z, primarily for heating the sodium
during the later experiment to measure the isothermal temperature coefficient
(Experiment X). The heaters will be used as required during this experiment to
heat the sodium initially and to maintain constant temperature. They will be
connected in parallel through switching and connector panels to the 480-volt a-c
bus. The heater in Channel 59 will be connected in series with a Variac so that

its output can be changed at will.

During the experiment, five scram circuits will always be connected to the
safety amplifier which controls the safety-rod holding magnets.8 The low-level
period amplifier shown in Figure II-3 will initiate a scram when the period is
less than four seconds. This circuit will be operative until the amplifier satu-
rates. At 0.0001% of full power, i.e. at 20 watts, the high-level period ampli-

fiers in Instrument.Channels III and IV will become effective. These amplifiers

TABLE II-3
COMPONENTS

35 or more Five -Rod Fuel Clusters

38— 17 Center -Channel Dummies
Soc 6 ' Corner-Channel Dummies

Ackelowelecin, — ——in-8 Pool Heaters
{ 8 Blind Plugs
Shim Rods

Safety Rods

Fission Chambers
Stainless -Steel Thimbles
Sodium-Level Probes

Beryllium-Temperature Probes

= NN W W W N

Neutron Source
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are part of the normal safety circuitry and will ring an alarm at 20 seconds,
initiate an automatic insertion of the shim rods at 10 seconds, and scram the
reactor at 5 seconds. The log count rate recorder will scram the reactor at
10,000 cps. It will be connected to Fission Chambers 1, 2, or 3. If the counting
rate approaches the set-point, the recorder will be switched to either Instrument
Channel I or II which will, in effect, raise the set-point. The flux safety chan-
nels, i.e. Instrument Channels V and VI, will be modified to scram the reactor
at 0.1% of full power. Three fuel-channel exit temperatures will be monitored.
If two of them exceed 390°F, the reactor will be automatically scrammed. None

of these circuits may be bypassed after fuel loading commences.

The components listed in Table II-3 are required for the experiments.

D. CREDIBLE ACCIDENTS

The possibility of the reactor becoming supercritical during loading is
small because of the extrapolation of the inverse multiplication curve with all the
shim rods inserted. Should this occur, those safety rods which are withdrawn
will be dropped either by a manual or automatic scram. Two to four safety rods
will always be withdrawn during loading, and the scram circuitry described

above will be operational.

The paraffin-cadmium-lead shield plugs in Channels 50 and 60 were
designed to reduce the fast- and slow-neutron and gamma radiations to foler-
ance levels at the loading face with the reactor operating at 20 kw. Where 20 kw
is exceeded during the subsequent experiments, monitoring services by

Health Physics will be required.
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Figure II-1. Inverse Multiplication Curves for Enriched
Uranium Loading
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Shim rod Configuration
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Counts

w

ot
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Counting 2
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%a. All shim rods in

b. Shim rods 1 and 2 out

c. All shim rods out
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Figure II-4. Data Sheet Format
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OBJECTIVE

The objectives of this experiment are:
I. To test the effectiveness of the source "removal' technique.

II. To set up the period measurement counting equipment for the low~power
tests, to determine the operating parameters (calibration) and resolution

time of this equipment, and to test the equipment for unusual statistics.

III. To define the power level range over which period measurements will
be made and to determine the required waiting time for period measure-

ments at the SRE.

IV. To set up and calibrate the Sanborn Recorders for use as temperature

recorders and to install the thermocouple reference junction.

PURPOSE

This experiment will assure an accurate knowledge of the characteristics of

the instrumentation to be used in the low-power tests.

METHOD

The SRE startup neutron source consists of a small cylinder of radioactive
antimony inside of a beryllium sleeve. The Sb and the Be portions of the source
are separately supported by two coaxial thimbles; i.e. a thimble holding the Sb
fits inside the thimble holding the Be sleeve. The inside of the thimble holding
the Be, i.e. the outer thimble, is sealed from the reactor environment. The
normal procedure for installing the source is to place the outer thimble in the re-
actor and then install the inner thimble. It is thus possible to move the inner
thimble relative to the outer thimble without breaking any seal to the reactor core
tank. This fact is the basis of the proposed source "yemoval'' technique. During
normal source operation, the Sb cylinder is suspended at the reactor midplane

with the surrounding Be sleeve extending 3 feet above and 3 feet below this point.
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The procedure for "removing the source will be to hold the outer thimble in
place with hold down lugs, insfall the lift ring and special grapple on the inner
thimble, and raise the inner thimble 5 feet with the 5-ton crane. This may be
done with all rod drives in place. The effect of the above procedure is to sepa-
rate the Sb and Be in the neutron source, which should result ina major reduction
inthe rate of photoneutron emission from the Be sleeve. The actual reduction in

subcritical count rate will be measured.

The physical setup of the equipment to be used for period measurements is
shown schematically in Figure III-1. Except for the Experimental Unit scaler-

timer-printer units, the instrumentation consists of the regular low-level startup

-channels with a special low-level period amplifier for safety purpoeses:.

A pulse height calibration will be run for each of the two channels shown in
Figure III-1. The reactor at steady flux will be used for the neutron source for
this test. The reactor drift should not affect the results of the calibration to a

significant extent.

The interpretation of period data is complicated by several factors, the most
important of which are the problems of waiting time, counting system resolution
time, and fuel temperature effects. The time after the introduction of a step
increase in reactivity for which the increase in reactor flux has approached to
within, for example, 1% of the asymptotic period, is called the "waiting time."
The waiting time is a function of the fuel type, the loading of a reactor, and the
reactivity prior to the step change. Thus the waiting time is a function of the
particular reactor under discussion. 'I'oppel>:< has calculated theoretical waiting
times for various conditions; these calculated waiting times will be checked for
the SRE. At the upper (high count rate) ends of period measurements, the count-
ing systems begin to lose a significant fraction of the counts. A knowledge of the
system resolution time is required to correct for this loss. Also, because of the
negative prompt temperature coefficient of the SRE, “a rise of temperature of the
fuel tends to depress the rate of power increase at the upper (higher power) ends
of period measurements. In this experiment, an attempt will be made to sepa-

rate these three effects and to evaluate their effect on the accuracy of the re-

activity measurements.

*B. J. Toppel, Nuclear Science and Engineering, 5, No. 2., 1959.
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The /pproximate power level at which temperature effects in the fuel become
importzlt will be determined by monitoring the temperature in a fuelelement and
also a,/!'/fuel channel exit temperature during a rise in power on a long period
(200 sec). The power level at which the temperature of the fuel has risen one
half jof a degree will be noted and marked as point ""T." The power level at which
the 'channel exit temperature exhibits a noticeable change will be marked and

called point ""C." Period 1 shown in Figure III-3 will be used for the evaluation

of temperature effects.

The next step will be to evaluate the system resolution times. The technique
is to place the reactor on a stable period and evaluate the deviation of the count
rate rise from a constant period at high count rates. Figure III-2 illustrates
this phenomenon. Waiting time effects will be eliminated by applying the Toppel
waiting time to the period data obtained. Toppel's waiting time is considered a
good preliminary estimatev. There is no way to absolutely ensure that tempera-
ture effects are not present in the data. However, these effects may be mini-
mized by terminating the period run as far below point "T'" as possible. Point
"C'" in Figure III-3 is an estimate, based on past experience, of the power level

at which a fuel-channel exit temperature change is first noted on the control

room instrumentation.

Period 2 shown in Figure III-3 will be used for the resolution time determi-

nation. The calculation of the system resolution time from this period data is
accomplished as follows:
1) Plot the counting data after Toppel's waiting time. This is illustrated in
Figure III-2 for a 100-second period. The solid curve in Figure III-2

represents the "'measured' data.

2) Fit a straight line by eye through the lower count rate points and extend
the line to higher count rates; this represents the '"true' count rate as a

function of time (dashed curve).

3) Take values of '"true'' and !"'measured' count rates at several times
(abscissa) in the vicinity of the separation of the curves. Compute T

the apparent resolution time, from the equation:

n - m
T (D
nm
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where

n = "true' count rate

m = "measured" count rate.

4) Plot these computed Ta’s as a function of the time as in Figure III-2.
This is shown in Figure III-4. The asyptotic value of the apparent
resolution time in Figure III-4 is the resolution time, T, of the system.
Using this value of resolution time, the measured count rates may be-

b3
corrected using the equation

h= —2 . co(2)

l-mrt

The counting data and resolution time obtained in the test described in the last
paragraph may be used in conjunction with an IBM computer c:ode,T
Deck No. OW-~180, to determine whether or not unusual statistics are being
experienced in the counting. The code is discussed in Part E of the Appendix.
Qualitatively, the code corrects the counting data for the system resolution time,
performs a weighted least-squares fit of the data, and compares the statistics
of the measured data with Gaussian statistics. The comparison to normal, i.e.
Gaussian, statistics is done on the basis of the relative standard deviation of

the measurement. The relative standard deviation is defined as the ratio of the

computed standard deviation of the measurement to the standard deviation based

on Gaussian statistics.

After eliminating the data points within Toppel's waiting time, the counting

data will be submitted for analysis by the code and the results used to perform a

Chi-squared test.

The power level limits for period measurements are defined at low power by
the sensitivity of the detectors and safety instrumentation considerations, and at

high power by the temperature effects discussed above. The power level

*W. J. Price, Nuclear Radiation Detection (New York: McGraw-Hill, 1958), p 48.

fL. S. Beller, "An Accurate Reactivity Measurement Technique for Critical
Experiments,' presented at the ANS Meeting, Chicago, Summer 1960 (to be
published).
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represented by point ''T" as defined above will be usedas the upper power limit
for period measurements. Past experience has shown that 2-1/2 decades of
power rise are required for accurate period data. A point "A,'" defined

as the power level 3 decades below point "'T," will be used as the power level for
the start of period runs. If the point "A' does not fall within the range of the

log N channels, it will be marked on the log count rate chart and special low~-

level safety circuits will be provided for use during period measurements.

The waiting time required for SRE period measurements will be determined
for three representative periods between points ''A''and '""T': a 35~second, a
120-second, and a 300-second period. The waiting time will be evaluated for
each of the three periods, starting from the ''source out" critical condition and
starting from the ""source in'' subcritical constant flux condition. The calculation
of the correct waiting time for each period will make use of the least-squares
fit and relative standard deviation computed by the code. The data from each of
the six period runs will be submitted several times to the IBM code analysis.
Each time, one more of the initial data points will be eliminated; i.e. the first

one, then the first and the second, then the first, second, and third, etc. After

’
each analysis by the code, the relative standard deviation will be plotted. As

more and more of the initial points are eliminated, the least-squares fit will im-
prove and the relative standard deviation will asymptotically approach a minimum
of about one. Here the waiting time will be defined as the number of data points,

converted to an equivalent time from the end of the rod withdrawal, that must be

eliminated so that the relative standard deviation is within 1% of its minimum value.

The setup and test of the Sanborn Recorders for use as temperature monitors
is routine except for the provision of an ice bath for the thermocouple reference

junction.
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PROCEDURE

I. TEST OF NEUTRON SOURCE REMOVAL TECHNIQUE

This experiment is to begin immediately after the attainment of an op‘e'rational
loading. Nothing will as yet have been removed from the core after the critical
test. The reactor will be subcritical with 1000- gpm flow in the main primary,
no flow in the auxiliary system, all shim rods fully inserted, and all safety rods
withdrawn. The average core temperature will be 340 :t@O F. The instrumenta-
tion for the critical experiment, as shown in Figure III- 5, will st1ll be installed

and operating.

1.(O, E) Place the regular reactor startup fission chambers at the J
bottom of their thimbles (Channels I and II, Figure III-5). Connect switches S5
and86 in Figure III-5 so that the log count rate channel and its high flux scram
circuit are working through -s.taa%up-@hahne—l,—L»a»nd:indi:cating*-abou't“"lO""c*oun»tfs /-ses
Switch S6 should always be connected to Channel I. Change the log count rate
channel high flux setpoint so that the reactor will be scrammed if the count rate

falls below 1 count/sec.

2. (E) Set-the three timers (1, 2, and 3 in Figure III-5) to count for 20

-out-of-25.seconds. Turn on the printers and record the count rate observed.

3. (E) Using the technique described in Part IV of this procedure, set up
four Sanborn channels to monitor a fuel temperature, two fuel-channel exit

temperatures, and the reactor outlet temperature,

4. (O) Install hold-down lugs on the outer thimble of the neutron source,
R-39. Be careful that these hold-down lugs do not block the inner thimble of the

source. Install a lift ring and grapple on the inner thimble of the neutron source

in R-39. Attach the 5-ton crane hook in preparation for lifting.

5.(E) In the next step, the Sb and Be in the source will be separated.
Since the reactor is already subcritical, the flux intensity w111 begin to decrease.
Follow the flux decay on the log count rate chart and on the special scaler-timer-
printer channels It-will be necessary to increase the counting time of the
scalers at low count rates in order to follow the decay more accurately. Just
before the flux falls low enough so that the log count rate. meter shows less than

I-count/sec (off scale), switch S5 so that the log count rate recorder is reading
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from-the special in-core fission charmbers.

6. (O) On request from the Experimental Unit engineer, pull the inner

source thimble up 5 feet.

-7.(E) Monitor the flux decay until either it levels off or until about 10
counts/second are being recorded on the scalers connected to the special in-core

fission chambers.

8.(0) On request from Experimental Unit engineer, reinsert the inner

source thimble and disconnect the 5-ton hook and grapple.

9. (E) Monitor the flux buildup. When theflux-rises so thatthe regular
-startup-channels are.showing a count-rate, switch S5 to startupChannel' . The
test 1s cg’rnpleted when the flux again levels off. Turn off the printers. Insert
illnsafety; rods.

10. (E) Tuz:? g‘f’ﬁfazill a-c and d-c power to the special cri(’gés'a}étest instru-
mentation except the two SRE scaler-timer-printer units. The twe-scaler units

are left on to eliminate warmup time later.

11. (O) Remove the special low flux sevyp,oint--»from“t}i'é"’l’bwg“cbunt rate
recorder. Reconnect the source inte rlock. Make-the-mormal-connection between

%‘th“‘i’O'g"’C'éunfi;“'r‘a;-i:e~' recorder;-i.e. eliminate 55 in Figure-III=5: .

12.(E) Remove the chamber protective covers. Disconnect the -
preamplifier-chamber jumper cables. Decontaminate and remove the cable,
preamplifiers, and other special equipment connected with the critical test from

the high bay. Disconnect the cables from the scalers in the Sanborn room.

13. (E, O) Remove the three fission chamber assemblies from R-4,
R-65, and \R—'Zl. Lay them down horizontally on the high-bay floor. Exercise
caution to avoid bending the chamberé or scraping their extremities on the floor.
Have Health Physics monitor this operation. Take ‘smears and decontaminate if
necessary.

14. (O) Replace the thimbles in R-4; R-65, and R-71 with center channel

dummy elements.
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15.(E) Disassemble the chamber assemblies. Pack rthe fission chambers
in their shipping tubes. Store the chambers and the stiffener as semblies in the
Butler building.

16. (O) Disconnect Switch 54 in Figure III-5 and remove the special low-

level period amplifier rack used in the critical test from the control room.

)

II. SETUP AND TEST OF PERIOD COUNTING EQUIPMENT

A. Physical Setup

The physical setup is shown schematically in Figure III-1. As shown, both
regular reactor startup channels will be monitored toensure that all necessary
period data will be recorded. The signal cables from the PHS outputs will enter
the Sanborn room in the northeast corner. Operations will provide the two
WL6376 fission chambers, the two preamplifiers, the connecting signal and
power cables to the amplifiers, and signal leads from the PHS outputs of the
amplifiers to the Sanborn room. It will be the responsibility of the SRE Systems

Unit to see that this equipment is in good working order.

17.(E) Check to see that the correct connections have been made at the

PHS outputs of the Operations amplifiers.

18. (E) Connect the signal cables to the two SRE scaler units shown in
Figure III-1.

B. Pulse Inspection and Calibration

19.(E) Obtain graphs of alpha count rates vs PHS (Pulse Height Selector)
from R. J. Hall for each of the fission chambers for the 0.5 Mc amplifier band
width. Convert these data to alpha counts/5 seconds. Prepare a semilog plot of

alpha counts/5 sec vs PHS for each channel.
20.(E) Set the timers for 5-sec counting times and 3-sec print-out times.

2l.(E, O) Place the Log N compensated ionization chamber at the bottom
of its thimble. Place the two startup fission chambers at full insertion. As the
reactor flux is increased in the next step, record where the log count rate and

log N channels overlap. Compare this with Figure III-3.
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22.(0O) Bring the reactor up to a flux level one decade off the bottom of
the log N chart. Any convenient shim rod configuration is permissible. Hold
the flux level at this point as constant as possible, controlling from the log N or

electrometer recorder.

23.(E) Ask Operatiohs to check to see that the high voltage on the fission

chambers is 300 + 10 volts.

24.(E, O) Set the Operations pulse amplifiers for both fission chamber
channels at FINE GAIN, 3/4; COARSE GAIN, 64; and BANDWIDTH, 0.5 Mc. In
case of power loss at any time during these tests, allow a l~hour warmup

period per minute of power loss up to the full 2-hour warmup period,

25.(0) Adjust the positions of the fission chambers to obtain roughly

1000 counts/sec at the scalers.

26.(E) Attach a model 535 Tektronix Oscilloscope, or the equivalent, to
the HIGH OUTPUT jack of each of the two pulse amplifiers in turn. The pulse
shapes which should be seen are shown in Figure III-6. Photograph, or record

in a notebook, the actual pulse shapes (voltage vs time) observed.

27.(E) Run a neutron calibration for the Systron channel as follows:
Working as quickly as possible, take three 5-sec counts at 2 volt PHS intervals
from 10 to 36 volts. Average each set of 3 counts and plot on the graph of alpha
counts vs PHS prebared for this channel in Step 19. Ifthe noiselevelislow 'enough,
a curve like Figure III-7 will result. In this case, choose the PHS setting for
which the neutron~to-alpha count ratio is 1000-to-1 and set it on the Systron
channel amplifier. If a typical calibration curve does not result, call

R. W. Woodruff.
28.(E) Repeat Step 27 for the Beckman channel.

C. Fuel Temperature Effect Test

29.(0) Adjust flux level to one-half decade from the bottom of the log N
chart. Re-adjust the shim configuration so that shim rod 3 is at 5000 V. U.

30.(O) Position the fission chambers so that 10 to 50 counts per second
are indicated on each channel. Hold the flux constant at this level for 20 minutes.

Do not move the fission chambers again until instructed to do so.
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31.(E) Set the Beckman system to count for 10 out of 13 seconds and the

Systron system to count for 10 out of 11 seconds. Start the Sanborn Recorders.

32.(E) In the next step the reactor will be placed on a 200-secondperiod.
Assign one man to watch the log N chart, one man to watch the Fuel Channel Na
Exit Temperature (continuous) Recorder, and one man to watch the Sanborn Re-
corder monivtoring the fuel temperature. As the power rises, the man watéhing
the fuel temperature will announce when the temperature has risen 1/2°F; at
this instant, the man watching the Log N chart will mark the power level as
point "T." As the power continues to rise, the man watching the Fuel Channel
.Na Exit Temperature will announce whena noticeable step increase appears onthe re-
corder; the power level at this instant will be marked as point "C." The power

will then be reduced.

33.(O, E) Pull shim rod 3 to place the reactor on an approximately 200-
second period as indicated by the period recorder. When the rod withdrawal
stops, start the scalers and mark the Sanborn charts. No rod motion should

occur afterthe printersare turned on. This period is shown as Period 1 in Fig-
ure III-3.

34.(E, O) As the power rises, mark points "T'" and "C." When point
"C'" is reached, immediately insert shim rod 3 and reduce the power to 1/2
decade from the bottom of the log N chart. Turn off the scalers and Sanborn

Recorders.

D. Determination of System Resolution Times

35.(0O) At this point, the reactor should be at constant flux, at a power
of 1/2 decade up on the log N chart. Adjust the positions of the shim rods such

that constant flux is maintained and shim rod 3 is at 5000 V. U.
36.(O) Place the fission chambers all the way into their thimbles.

37.(E) Recheck to see that the source interlock and low-level period
amplifiers are connected as shown in Figure III-1. These interlocks may

not be bypassed at low flux levels with the source withdrawn.

38.(0O) Withdraw the reactor startup source according to Steps 4 and 6

under the direction of the Chief Operator. As the source is withdrawn, hold the
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flux constant by adjusting shim rod 3. Approximately 1/2 in. of shim rod 3 with-

drawal is expected to be necessary. & C

39.(0) Reduce reactor flux level to 10 counts/sec on the log count rate

channel and steady the power at this level.

40. (E) Set the Beckman system to count for 5 out of 7 seconds and the

Systron printer to count for 5 out of 6 seconds. Start the Sanborn Recorders.

41. (O, E) Readjust the shim rod configuration so that shim rod 3 is at
5000 V.U. Hold the power level set in Step 39 (10c/s on the log count rate chan-
nel) as steady as possible for 20 minutes. Draw a straight line on the log count
rate chart indicating a 130-second period. This is done by drawing a line which
rises two decades in ten minutes. Pull shim rod 3 to obtain a period such that
the log count rate recorder pen is moving parallel to the line drawn on the chart.
When the rod withdrawal stops, turn on the printers and mark the Sanborncharts.

Do not move any shim rods after the printers are started.

42. (E, O) Allow the reactor flux level to rise continuously throughout
the range of the log count rate channel and onto the log N channel. When the
power level has risen three decades on the log N or has reached point '"C, "
whichever is the lower power, turn off the printers and insert shim rod 3 to re-
duce the reactor power to one-half decade up on the log N. Turn off the Sanborn
Recorders. In the above period run, the regular period chart will be in opera-
tion only during the last part of the power rise, i.e., that part registered on the
log N chart. The period shouldhave been 13030 seconds. If the period was out-
side of these limits, use the above measured period as an approximate rod cali-
bration and estimate the amount of rod necessary to obtain the desired period.

Then re-run the test in Steps 39, 40, 41, and 42.

43. (E) Uéing the data obtained in Step 42, compute the system resolution
times for the Beckman and Systron counting Channells, using the method described
in Steps 44 through 49. Use Toppel's waiting time for keff = 1. While the analy~
sis in Steps 44 through 52 is in progress, proceed with Step 53.

44 . (E) Plot the entire counting data from each period measurement on
semilog paper. Plot the counts at the beginning of the counting intervals.

Plots analogous to Figure III-2 should be obtained. Mark off Toppel's waiting

time on the graphs.
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45. (E) The data points above the waiting time cut-off should fall very
nearly on a straight line and deviate from it at count rates of about 104 counts
per second, as illustrated in Figure III-2. In the manner of Figure III-2, esti-
mate the best straight line through the data points above the waiting time cut-off
and below a count rate of about 5 x 103 counts/sec; draw in this straight line and
extend it as shown by the dashed line in Figure III-2. Calculate the analytical

expression for this straight line.

46. (E) Note roughly where the data curve deviates from the straight line.
Starting with measured data points well before the apparent deviation of the
curves, use the analytical expression derived in the last step to compute "true'"
(constant period) data points corresponding to each ""measured' data point. Do

this for each measured data point, including the last one recorded.

47. (E) Calculate the "apparent' resolution time for each pair of data

points, true and measured, found in the last step, using the equation

_rzn-rnAt,

a nm ... (3)
where
n = extrapolated true count,
m = measured count,
At = constant counting interval in seconds.

Calculate the standard deviation of each apparent resolution time from the equa-

tion

o =T {+m)|—— + = . L (4)
a : (n - m) nm

48. (E) Plot the computed Ta values as a functioﬁ of time after the be-
ginning of the period run as shown in Figure III-4. Flag each value according to
Equation 4. The calculated apparent resolution times should approach anasymp-
tote in the vicinity at which the count rates are 1 x 104 to 5 x 104 counts/sec.

Record this asymptotic value. It is the resolution time of the system.
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49. (E) Perform Steps 44 through 48 for each of the two counting channels.

E. Analysis for Unusual Statistics

50. (E) Two sets of period data and an estimate of the system resolution
time for the scaler on which each set was taken are now available from Steps 25
through 49. Eliminate the data points from each set according to Toppel's wait-
ing time. Submit each set of data for analysis by the IBM code described in
Part E of the Appendix.

51.(E) The code will print out the relative standard deviation of each set
of counting data (called Q/(n-2) in the code). If this value is less than 3, normal
statistics exist; if less than 5, there is some permissible noise; if above 5,
there is something wrong. In the latter case, suspend operation and analyze the

circuitry to find where the noise is being picked up.

52.(E) The computer analysis in Step 50 will also provide the constants
of a straight-line least-squares fit of the data. Use this equation and repeat the
estimate of the system resolution times by means of Steps 46 through 49.

III. PERIOD RUN POWER LIMITS

A. Specification of Upper Power Limit

53. Point "T" as defined in Step 32 will be used as the upper power

limit for period runs.

54.(E) If "T'" is three or more decades above the bottom of the log N
chart, perform Step 55. If "T'" is less than three decades above the bottom of
the log N, perform Step 56 and omit Step 55.

B. Specification of Lower Power Limit

55.(E, O) If "T" is more than three decades above the bottom of the
log N chart, set the point "A " at which all period measurement will begin, by

the following procedure:

a) Adjust the reactor power level to one decade below point "T"

on the log N chart. Mark this power level as point ""B."

b) Position the fission chambers so that each channel is reading

1,000 counts per second.
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c) Reduce reactor power by 2 decades on the log count rate chan-
nel, i.e. to 10 counts/sec. Mark this power level as point ""A'" on the log N re-

corder.

The fission chambers are now positioned for all low-power period meas-

urements. Record their positions. Do not move the fission chambers after this

step except in the case of a shutdown. Then return the chambers to these posi-

tions.
Proceed to Step 57 and omit Step 56.

56. (E,O) If "T" is less than 3 decades above the bottom of the log N
chart, set the point '""A,'" at which all period measurements will begin, by the

following procedure:

a) Adjust the reactor power level to 1 decade below point ""T' on

the log N chart. Mark this power level as point "B."

b) Position the fission chambers so that each channel is reading

1,000 counts per second.

c) Mark the point 1 decade from the bottom of the log count rate

recorder as point '"A'" on the log count rate chart, i.e. 10 counts/sec.

The fission chambers are now positioned for all low-power period meas-

urements. Record their positions. Do not move the fission chambers after this

step except in the case of a shutdown. Then return the chambers to these posi-

tions.

C. Determination of the Waiting Time

57.(O) Adjust the reactor power level to point "A." Adjust the shim
rod configuration to place shim rod 3 at 5000 V.U. Hold the flux constant for

20 minutes.

58. (E) Set the Beckman System to count for 10 out of 13 seconds and the

Systron system to count for 10 out of 10.5 seconds.

59.(E, O) Pull shim rod 3 for a 120 £ 20 second period as indicated on
the period recorder. All rod motion must stop before the flux has risen one-half

decade above point "A." If the period is not yet correctly established by the time
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'"" return to point '""A'" and repeat

the flux reaches one-half decade above point "'A,
Steps 57 through 59. When the rod withdrawal stops, turn on the printers. Do

not move any shim rods after the printers are turned on.

60. (O, E) When the power level reaches point ''T,"" insert shim rod 3
and reduce the power to point "A.'" Turn off the printers. Hold the power con-

stant for 20 minutes.

61.(E) Set the Beckman system to count for 5 out of 8 seconds and the

Systron System to count for 5 out of 5.5 seconds.
62. (0, E) Repeat Steps 59 and 60 for a 35 £ 5 second period.

63.(E) Set the Beckman System to count for 20 out of 23 seconds and the

Systron System to count for 20 out of 20.5 seconds.
64. (O, E) Repeat Steps 59 and 60 for a 300 + 50 second period.

65. (O) Reinsert the neutron source under the direction of the Chief

Operator. Hold the flux constant by adjusting shim rod 3.
66. (0, E) Repeat Steps 58, 59, and 60.
67. (O, E) Repeat Steps 61 and 62.
68. (0O, E) Repeat Steps 63 and 64.
69. (0O) Insert all shim and safety rods.

70.(E) Submit each of the 12 sets of counting data obtained in
Steps 59 through 68 to the following analysis: Run each set of data through
the least-squares fit by the code, the first time with all data points, then
without the first data point, then without the first and second data points,
etc. Each time, the code will compute a relative standard deviation
(Q/(n-Z)) for the set of counting data. The first few calculations, includ-
ing data points before the asymptotic period is established, will have large
relative standard deviations. But as more and more of the initial points are
eliminated, the relative standard deviation will asymptotically approach a mini-
mum of 1 to 3. For each of the twelve period measurements, estimate the num-
ber of data points which must be eliminated in order to approach within 1% of the

minimum standard deviation for the set of data; i.e., if the minimum approached
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is 2.25, then 2.27 is within 1%. Convert the number of data points eliminated
for each case into an equivalent waiting time from the beginning of the run. Plot

these results as waiting time vs period.

IV. TEMPERATURE MEASURING EQUIPMENT

A. Physical Setup

71. (E) All thermocouple leads will be brought into the '""Sanborn Panel"

on the north wall of the Sanborn room.

72.(E) Place the thermocouple reference junction ice bath in front of

the Sanborn Panel on the floor.

73.(E) Place the Sanborn Recorders and low-level preamplifiers along

the northeast wall of the Sanborn room.

74.(E) For each thermocouple to be used, attach extension Qires of
thermocouple material to the Sanborn panel plugs. Be sure that the extension
leads are matched to the thermocouple material at the Sanborn panel plug. Run
these extension wires to the ice bath. Connect copper wires to both thermo-
couples leads at the ice bath and run these leads to the 1nput plug on the low-level

Sanborn amplifiers.

75.(E) Twelve channels are available for simultaneous record1ng of

thermocouples or any analog variable in the range 0 to 100 mv.

&
B. Calibration of the Sanborn Recorders for Use with Thermocouples

76.(E) Measure the input (source) impedance of the thermocouple to be
monitored between the leads at the point they are to be connected to the low-

level amplifiers.

77.(E) Set a small rheostat to this source impedance and connect the
rheostat across the input leads to the low-level amplifier to simulate the thermo-
couple with zero signal. Turn on the preamplifier and allow a 30-minute warmup

period.

*Sanborn Low Level Preamplifier Instruction Manual, Sanborn Co., Waltham,
Mass.
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78. (E) Set the zero suppression switch to "QUT'". Setthe ATTENUATOR

to "OFF" and adjust the position control to place the pen at midscale.

79.(E) Reset ATTENUATOR to X1 and press CAL button intermittently.
Adjust the sensitivity control for two centimeters of stylus deflection as the but-

ton is pressed. Return ATTENUATOR to "OFF".

80. (E) The chart is now calibrated in terms of the equivalent open cir-
cuit voltage of the thermocouple with a sensitivity of 100 microvolts/cm at X1,

500 microvolts/cm at X5, etc.

81. (E) Standardize as follows: Set ATTENUATOR to "OFF" and the
ZERO SUPPRESSION switch to '""IN'". Remove connector from INPUT socket.
Set SUPPRESSION RANGE switch to '"STD'" and turn ZERO SUPPRESSION control
to zero. Set the stylus to midscale with the position control. Set ATTENUATOR
to "STD'" and return stylus to midscale with the STANDARD control.

82.(E) Connect the thermocouple leads to the INPUT connector.

83.(E) For use as a suppressed zero instrument reading the thermo-
couple voltage, set the ATTENUATOR to "OFF'" and s.et the stylus to midscale
with the position control. Set the ZERO SUPPRESSION control to '""IN'"'. Advance
the ZERO SUPPRESSION control and the ATTENUATOR together until the AT-
TENUATOR is at X10 (suppression range = £ 10) and the stylus is back to mid-
scale again. The instrument is now balanced. The open circuit voltagé of the
thermocouple may be read directly from the ZERO SUPPRESSION CONTROL
dial at the sensitivity given in the following table:

Zero Suppression Control

Suppression Range Voltage Sensitivity

(mv) (volts/dial division)
+ 100 | + 100
+ 10 + 10
- 10 - 10
- 100 - 100

The voltage thus read may be converted into temperature by referring to a cali-

bration table for the particular thermocouple with 0°C reference junction
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temperature. Any drift in the monitored temperature will show up as a stylus
deflection which can then be converted to voltage, and thus temperature, accord-

ing to the calibration in Steps 77, 78, and 79.

APPENDIX

A. SCHEDULE

The starting date will be at the conclusion of critical test. Part I, the source
removal test, will require about 2 hours, Part II about one day, Part III about
one day, and Part IV will be done concurrently with Parts II and III. Thus, a

total of three days of reactor time is required.

B. MANPOWER REQUIREMENTS

The regular operating crew plus one engineer and technician from the Experi-

mental Unit will be required on each shift.

C. EQUIPMENT REQUIREMENTS

Access to the regular startup channel equipment as shownin Figure III-1.

4 Sanborn Recorder Channels.
2 scaler-timer-printer units in separate racks.

l fuel thermocouple, 2 fuel channel exit thermocouples, and 1 reactor

exit thermocouple.
Tektronix Model 535 Oscilloscope, or the equivalent.
Special instrumentation used for the critical experiment, as shown in
Figure III-5. '
D. CREDIBLE ACCIDENTS

A short period is possible during the period measurements. However, no
period or flux scram interlocks will be bypassed and special low-level period
scram circuits will be provided during the low-power runs. The low-level

period circuit will provide a scram at 4 seconds.
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E. DESCRIPTION OF CODE FOR THE REDUCTION OF PERIOD DATA*

The following input information is required by the code: A run number, the
number of data points submitted for analysis, the cycle time of the scaler-timer-
printer, the actual counting time (cycle time minus print-out time), the system
resolution time, and each raw data point. The code does not automatically cor-
rect for the waiting time. The data points from the period run which fall within
the waiting time must be eliminated before submitting the data to the code for

analysis; i.e., only data points after the waiting time are entered to the code.

The code first corrects each data point for the system resolution time. The

data points should then follow the exponential equation

wt ) '
y(6) = Ae ", . (5)
which may be written as
z = a + bt, ... (6)
where
z = In y(t),
a=1InA _,
o
b= w=1/T.

The code next performs a weighted least-squares fit of the data in the straight
line form of Equation 6. The result gives the cbnstants, a, and bo’ of the equa-

tion

Z=a_+ b_t. T
o o

The least-squares fit is made on the assumption that the data points are distri-

buted in a Gaussian distribution about a straight line of the form of Equation 6.

*L. S. Beller, ""An Accurate Reactivity Measurement Technique for Critical
Experiments,' presented at the ANS Meeting, Chicago, Summer 1960 (to be
published).
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If this assumption is correct, then the probability of the appearance of a point

z in the counting data is:

1

1 (z, - Zi)z
Prob. of z, = ——— exp|- ——— ...(8)
e Ui\/ 2T 2 0.2 ’

where Zi is calculated from the {fitted line, Equation 7, for the same time as the
measured point z,. The quantity g, is the standard deviation of the data points
around Equation 7. On the basis of Equation 8, the probability of getting the
particular set of n data points under analysis is the product of the individual

probabilities of the form of Equation 8; that is ,

n
(z. - z.)2
LW & i
Prob. of measured arrays [——— exp |- —— 5 , e (9)
o .V2m 2 O,
i i
or
- 2
. n iZ:l[(ao + boti) - Zi]
Prob. of array =~ <————> exps - — ... (10)
O'i YA 2 o 2

The problem now arises as to how to estimate 7., the standard deviation of the
measurement. The approximation which is used, based on the assumption of
Gaussian statistics and a large number of data points (say, n > 20), is to replace

U'i by 77i, its best experimental estimate. U is found as follows:

z(t) = In y(t),

1
dz:§ dy,
or
n~to ... (11)
17y TYy
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where CJ'yi represents the st{énda,rd deviation of the actual count. But under the

assumptions listed above, we have

g =«/§’— , Loo(12)

Y
from which
v
7]i = ;‘1‘ ’ ... (13)
or
ﬂiz - .. (14)
i
s 2 . 2. . .
Substituting 1, from Equation 14 for o; in Equation 10 gives
A A .
Prob. of array =~ exp { - —ZE [(ao + boti) - Zi] Vi (15)

ni'\/z m i=1

By the definition of the best straight-line fit as that line giving the most probable
Gaussian array of points, the constants a and bo in Equation 15 are chosen so
as to minimize the sum in the brackets in Equation 15; i.e., a/ and bo are

chosen to give the least sum of the squares of the weighted (by yi) residuals.

Once the best-fit line is established, the code calculates the square of the

weighted residual of each data point; i.e.,

SN S L .. (16)
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Since vl is the estimate of the standard deviation of the measurement, ri is the
ratio of the individual residual to the estimate of the root-mean-square residual.

Thus, T for each data point should be in the vicinity of 1 to 3.

The sum of all the individual ri‘Z is equal to Chi squared:

n
Chi squared =Q = 5 r°. L (17)

i=1

This sum is calculated by the code and may be used to make a Chi- s(juared test
of the measurement. The probability of getting a particular Chi- squared value

for n-2 degrees of freedom may be found in statistical tables.

The code also computes the relative standard deviation of the measurement;

1.e.,

&2
r,
) 2 |
<Umeasured> _Q _i=l _ (18)
= =5 = , ce
9 Gaussian n-2 (n - 2)

where o represents the standard deviation of the measurement. For
measured -

good statistics (i.e. near Gaussian), Q/(n-2) should be about unity.
Finally, the code computes and prints out:
1) The run number.
2) The period, T = u%" in seconds.
3) The standard deviation of the period.
4) The fractional standard error in the period.

5) The reactivity in cents as calculated from the in- hour equation,

using the Keepin and Wimmet fast-fission data.

*Nucleonics, i_é_)No. 10, 1958.
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6) The plus or minus reactivity range based on the standard error in

the period.

7) The constants a and bo of the fitted straight line.

T.Z = Chi squared.

9) Q/(n-2), the relative squared standard deviation of the measurement.

10) The individual relative residuals, T printed in the same order as

the input data was entered.

The code takes about 10 seconds per problem.
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OBJECTIVE

In this experiment, the shim and safety rods will be calibrated with the op.er-

ational loading of thorium -uranium fuel clusters.

PURPOSE

The shim rod calibrations are needed for later experiments, i.e., measure-
ments of the statistical weight, zero power transfer function, and isothermal
temperature coefficient, and also for the studies of reactivity histories to deter-
mine core normalcy. To investigate the effect of shadowing, two different cal-.
ibrations will be made with shim rod 3: one against shim rod 4 and one against
the other three shimrodsinagang. The safety rod calibrations are necessary

for the safe operation of the reactor.

METHOD

Two differential calibrations of shim rod 3 will be made. In the first, shim
rod 3 willbe calibrated against shim rod 4, with shim rod 1 out and shim rod?2 in.
Inthe second, shim rod 3 willbe calibrated againstthe other three shim.rods, which
will be ganged. The approximate shim rod positions at the beginning and the end of
each of these casesare shownin Figure IV-1. Inbothcases, shim rod 3 will be
calibrated at 6-inchintervals over the entire length of the rod. Ateach position
of shimrod 3, three periods will be measured: approximately 200 seconds, 100
seconds, and 30 seconds. The periods will be converted to reactivity by means
of the in-hour equation. The differential worth of shim rod 3 is thenthe difference
in reactivity between two periods divided by the difference in position. Integral

worth curves will be obtained by integrating over the differential worth curves.

Shim rods 1, 2, and 4 will be calibrated by comparing them to shim rod 3 at
6-inch intervals. The integral worth of cach of the safety rods will be obtained
by measuring the change in the position of shim rod 3 necessary to balance the

complete insertion of the safety rod.



PROCEDURE

Steps 1 through 14 will be used to calibrate shim rod 3 against shim rod 4. If

the neutron source can be removed, the.alternate procedure will be applied,

1.(O) Heat the core to 340°F with the process line heaters, and, if
necessary, with the pool heaters, and maintain it in an isothermal condition.
The main primary inlet and outlet sodium temperatures should not drift more
than 1° per hour; the average temperature should always remain within 5° of
340°F. Set and maintain the main primary flow at 1000 gpm. Shut down the

auxiliary primary system.

2.(E) Monitor the reactor inlet and outlet temperatures on adjacent
channels of the Sanborn Recorder. With all shim rods completely inserted, re- {

cord the Veeder counter readings on a data sheet with the format shown in Figure
Iv-2.

3.(0O) Withdraw shim rods 1 and 4 completely. Withdraw shim rod 3
about 6 inches, which is about 960 V. U, Withdraw shim rod 2 until the reactor
is critical and the power is at point "A." (Shim rod 2 will be withdrawn about
18 inches at criticality). Do not move shim rods 1, 2, or 4 during Steps 4through

9.

4.(E) Record the Veeder counter readings for shim rods 1, 2, and 4. |
Set the scalers for the appropriate counting interval, as shown below. (Allow a

three second recycle time for the Berkley-Beckman, and 0.5 seconds for the |

Systron).
|
Period to be Measured (sec) Counting Interval (sec) ‘
i
Greater than 120 25
70 - 120 ' .10 \
30 - 70 5 !

Record all necessary information on the data sheet shown in Figure IV-2. Re-
cord on the printer tape the run number, counting time, cycle time, and reso-
lution time. After the reactor power has been steady at "A'" for 20 minutes,

record the position of shim rod 3 on the data sheet and on the printer tape.
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5.(0) After the reactor power has been steady at "A" for 20 minutes,
withdraw shim rod 3 on the fast drive to obtain a period of about 200 seconds.

All movement must cease before the neutron level has increased 1/2 decade in

this and all the following period measurements.

6.(E) After rod motion has stopped, immediately start both scalers.
Be sure that no rod is moved after counting has started. Record the new position

of shim rod 3 (in V. U.}).

7. (O, E) When the neutron level reaches point "T," stop the scalers
and reduce the neutron level to point "A' using shim rod 3 only. Steady power

at point "A." Do not move shim rods 1, 2, or 4.

NOTE: It may be necessary to use another rod to reduce the neutron

level quickly. If so, use shim rod 4 for this purpose. After
the neutron level reaches ""A,'" withdraw shim rod 4 to its

previous position, and hold the power constant with shimrod 3.

" Do steps | through 4 in part 1 of the analysis section.

8. Repeat steps 4through7, using a period of about 100 seconds in Step 5.

9.(0, E) Repeat Steps 4 through 6, using a period of about 30 seconds
in Step 5.

10, (O) With the period of 30 seconds, when the neu‘éron level reaches
point "T,' reduce power by driving in éhim rod 4. Steady power at "A." Slowly
adjust shim rod 3 until it is 6 inches (960 V. U.) above where it was in Step v4-,
While moving shim rod 3, use shim rod 4 to hold the power constant. DO NOT
MOVE SHIM RODS 1 OR 2. After shim rod 3 is in place, adjust shim rod 4 for

steady power.

11. (O, E) Repeat Steps 4 through 10. Continue repeating until shim rod

4 is completely inserted.

12.(0, E) After shim rod 4 is too far in to balance a 6-inch movement
of shim rod 3, shim rod 2 will be used, with shim rod 4 completely in. Con-
tinue repeating Steps 4 through 10, using shim rod 2 instead of shim rod 4 in‘
Step10. After shim rod 2 is completely inserted, use shim rod 1. Continue until,
at the end of Step 10, ‘shim rod 3 is within 6 inches of the top of the core, i.e.
10,560 V. U. out. '
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Steps 13 and 14 will be used to calibrate shim rod 3 against the gang.

13. (O) After the above measurements are completed, steady reactor
power at point ""A.'"" Then readjust the shim rods so that shim rods 1, 2, and 4
are ganged. The ganged shim rods should always be within 1 V.U. of each other.
Make the final adjustment for criticality with shim rod 3. (The position of the

ganged rods will be about 30 inches out.)

14. (O, E) Repeat the calibration of shim rod 3 as before (Steps 4
through 10), but use the three ganged rods instead of shim rod 4 (in Step 10),
and step shim rod 3 in after each set of period measurements. Continue until
shim rod 3 is within 6 inches (960 V. U.) of the bottom of the core. Connect the
thermopile in R-50 to one of the Sanborn channels and position it at the midplane
index mark. Steps 15 through 21 will be used to calibrate shim rods 1, 2, and 4

against shim rod 3.

15. (O) Steady reactor power at point ""B. ! Readjust the shim rods so
that shim rod 3 is about 6 inches out (960 V. U. ), but shim rod 4 is cornnletely

out, and shim rods 1 and 2 are ganged. Adjust shim rod 3 for criticality.

NOTE: The console operator can use either the Sanborn Recorder

connected to the thermopile, the log N, or the electrometer

to determine when the power is level.

16. (E) When the power has been steady at exactly point "B" for 10
minutes with no adjustment, record the Veeder counter readings on the data

sheet shown in Figure IV-3,

17. (O) Gradually insert shim rod 4, and simultaneously withdraw shim
rod 3. Keep the reactor power within 1/2 decade of point "'B. " When shim rod
4 has been inserted 6 inches, i.e. 960 V. U., steady reactor power at exactly

point ""B'" with shim rod 3. Do not move the other two shim rods.

18. (E) After reactor power has been steady at point "B" for 10 minutes,

without any rod motion, record the data required on the data sheet shown in

Figure IV-3. (If a rod must be adjusted during the waiting period, start a new

V-4
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waiting period.) Calculate the worth of the 6 inches of shim rod 4, which is_
equal to the change in reactivity associated with the movement of shim rod 3,

as read from the integral worth curve with shim rods 1, 2, and 4 ganged.

19. (O, E) Repeat Steps 17 and 18 for another 6-inch insertion of shim

rod 4. Continue repeating until shim rod 4 is completely inserted.

20. (O, E) After shim rod 4 is completely inserted, repeat Steps 15
through 19, using shim rod 1 in place of shim rod 4 (with shim rods 2 and 4
ganged). In addition, two sets of period measurements will be made with shim
rod 1: at 36 inches out {5760 V.U.) and at 18 inches out (2880 V.U.). These
m«aasureménts are needed to compare with later shim rod calibrations with
the reactor oscillator. Make the two sets of period measurements in the

manner given in Steps 4 through 10.

21. (O, E) Repeat Steps 15 through 19, using shim rod 2 in place of
shim rod 4 (with shim rods 1 and 4 ganged). Steps 22 through 31 will be used

to measure the integral worth of each of the safety rods.

22. (O) Bypass the necessary interlock so that the safety rods may be
moved without all shim rods completely inserted, and so that the shim rods may

be moved without all safety rods completely withdrawn.

23. (O) Readjust the shim rods so that shim rod 3 is about 6 inches
(960 V.U.) out and shim rods 1, 2, and 4 are ganged. Adjust shim rod 3 for

criticality, with the neutron level at exactly point "B."

24. (E) After the power has been constant at point "B" for 10 minutes
without any rod motion, record the information required on the data sheet

shown in Figure IV-4.

25. (O) Slowly insert safety rod 1, and hold the power approximately
level by simultaneously withdrawing shim rod 3. ‘The neutron level should not
vary more than 1/2 decade about point "B." Continue until the safety rod is

completely inserted. Do not move shim rods 1, 2, or 4.
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26. (0, E) Adjust shim rod 3 for criticality, with the neutron level at
exactly point "B." After the power has remained constant for 10 minutes with
no rod motion, record the hecessary information on the data sheet, Convert
the change in position of shim rod 3 to change in reactivity from the measured

integral worth curve of shim rod 3 (with shim rods 1, 2, and 4 ganged).

27.(0, E) Withdraw safety rod 1 and simultaneously insert safety rod 2.
Keep the neutron level within 1/2 decade of point "B. " When safety rod 1 is com-

pletely out and safety rod 2 is completely in, repeat Step 26.

28. (0, E) Withdraw safety rod 2 and insert safety rod 3, in the same

manner as before. Then repeat Step 26.

29. (0, E) Withdraw safety rod 3 and insert safety rod 4 in the same

manner as before. Then repeat Step 26.

30. (O, E) Withdraw safety rod 4, and simultaneously insert shim rod 3,
holding the neutron level within 1/2 decade of point '"B. " When safety rod 4 is
out, repeat Step 26.

31. (O, E) Proceed to the.next experiment.

IV-6




i

I R T D S

Pl iz

ANALYSIS OF PERIOD MEASUREMENTS

1. PRELIMINARY ANALYSIS OF DATA

One person from the Experimental Unit should analyze the data_as theyare being

taken. The results of this analysis will show how good the data are, and whether

any repeat measurements are necessary.

1. Using semilog paper, plot the data from the scaler-printer. Be sure
to put the runnumber on the graph. The plot will be similar to Figure IV-5 for
each period measurement. The number of counts will be plotted against the

time at the beginning of each counting interval. Put this graph in the notebook.

2. Draw a straight line through the data as shown in Figure IV-5. Ex -

tend this line so that it covers two decades.

3. Divide the time required for the straight line to traverse two decades
by 4.605. This gives the period. Record the period on the data sheet in Figure
IV-2, and on the graph.

4, Find the reactivity corresponding to this period from the curves of
reactivity vs period. These curves will be kept with the notebooks. The curves
give reactivity in % Ak/k Multiply by 1.43 x 102 to obtain reactivity in cents.

Enter reactivity in cents on the data sheet.

5. Assoonasthenecessarydataareavailable, calculate the differencein
reactivity between the 100-second and 200-second periods, thedifference in shim
positions (in V. U.), and the shim rod worthincentsper 10V. U. Also calculate the
average position of shim rod 3, which is 1/2 (position A + position B). Subtract

from this the zero reading of shim rod 3. Plot the differential worthas afunction

of average rod position on a curve similar to Figure IV-6.

6. Do the same for the 30-second to 300;second and the 30-second to 100-

second period comparisons as soon as the data are available.

7. It is very important that the data be analyzed as soon as possible, so
that any questionable data will be detected and remeasured. Be sure that the
engineer from the Experimental Unit sees each new point on the differential

worth curve as soon as it is plotted.
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8. The integral worth curve will be plotted concurrently with the
differential curve. The value of the integral curve at a position x is equal to the
area under the differential curve from 0 to x. This area can be measured with

the polar planimeter.

II. IBM ANALYSIS OF DATA

1. Record on the print-out tape the run number, counting time, cycle

time, and resolution time.

2. Duplicate the tapes. Paste the original in the notebook with the graph

of the data described above.

3. On the duplicates, eliminate all points during the waiting time. Send
the duplicates to the IBM Group at Rocketdyne (Dept. 592), along with a filled-
out ""Short Form Job Request. "

- 4. Analyse the results of the IBM calculation by the method given in
Steps 5, 6, and 8 above. Inspect the point-by-point comparison of the experi-
mental data to the calculated curve. If any bad points are in evidence, eliminate

those points, substitute good points, and send the data back to the IBM Group.

III. RE-ANALYSIS AFTER ISOTHERMAL TEMPERATURE COEFFICIENT
MEASUREMENT
l. After the measurement of the isothermal temperature coefﬁcient,
the data can be corrected for any changes in temperature which occurred

between two period measurements.

2. Multiply the change in the average of the reactor inlet and outlet
primary sodium temperatures by the isothermal temperature coefficient. Sub-
tract this quantity (which is positive) from the reactivity measured at the

higher temperature.

3. Use the corrected reactivity in Steps 5, 6, and 8 in Part I.
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ALTERNATE PROCEDURE

If the SRE neutron source can be removed after criticality is reached, the
experiment can be performed more rapidly. The main procedure should be

followed exactly, except for the following changes:
Step 3

Complete the step as given. Then withdraw the source six feet and

keep the power constant by moving shim rod 2.

Steps 4 through 10

No period of 200 seconds will be used at any time. Instead, do the

following: After the power has been steady at '"A'" for five minutes without any

shim rod motion, start the scalers. Do not move any rod after the scalers be-

gin counting. Continue for 15 minutes. Record the information required on the

data sheet shown in Figure IV-2..

NOTE: The reactor will probablybeonavery long period, since exact

adjustment for criticalityis difficult. Thisis acceptable.

After 15 minutes, stop counting and reset the scalers for a 100-
second period. Withdraw shim rod 3 on the fast drive to obtain a stable period
of 100 seconds. Do Steps 6 and 7 as given in the main procedure. Do Steps 4,

5, 6, and 10 for a 30-second period.

)

Steps 11 through 14

No change, except that the above procedure is always used in place

of the measurement with a 200-second period.

Steps 15 through 31

No change.

Analysis

No change is required, except in the treatment of the very slow period. The

plot of counts vstime for this period should be made as before, and a straight

V-9



line drawn through the points in the middle of the time interval, Extend the line
until it completely traverses the graph paper. Take the two extreme pointrs on

andt.,.

the line; call the number of counts C1 and CZ’ and the respective times t1 >

Calculate the period by the relation:

ta=t)

lnCZ-lnC1 ’

Period =

where ln is loge. ’

EXPECTED RESULTS

The shim rods will have about the same worth as in the first core:*

First Core Shim Rod Calibrations! Total Worth
Shim Rod(s) (dollars)
1 3.00
2 2.62
3 " 3.07
4 2.49
‘All Four 10.00

The total worth will be less than the sum of the individual worths because of
the shadowing between rods. Although the total worth will not be measured
directly, it can be estimated from the individual worths, and from the difference

in the worths of shim rod 3 in the two different configurations used,

The safety rod worth will also be about the same as in the first core, where
the individual worths were between 1.79 and 2.40 dollars and the total worth was
about 7.35 dollars.T

* A.I. Staff, "Hazards Summary for Thorium-Uranium Fuel in the Sodium
Reactor Experiment,” NAA-SR-3175 (Revised), July 1, 1959,

T R. W. Campbell, ""Low Power Physics Experiments on the Sodium Reactor
Experiment,’ NAA-SR-3341,
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EXPECTED CONCLUSIONS

The results should buttress the technique for worth estimates in the Hazards

Summary.*

APPENDIX

A. SCHEDULE

‘This experiment will begin after the completion of Experiment III, and

will require approximately 7 days (21 shifts).

B. MANPOWER REQUIREMENTS

An engineer and an analyst from the Experimental Unit and the console

operator for each shift will be required.
C. EQUIPMENT REQUIREMENTS

Two standard fission counters, the log count rate meters and recorders,
and two automatic scalers with print-out devices connected and tested in Experi-
ment III are needed. Also needed is a neutron-sensitive thermopile connected to
a Sanborn Recorder.

D. CREDIBLE ACCIDENTS
None or the scramcircuits willbe bypassedduring the experiment. Twoin-
mustbe bypassed, one toallow movement of the safety rods withthe shim

terlocks

rods partially withdrawn, and the other to allow movement of the shim rods withthe

safety rods partially inserted. This will causenohazard, since at leasttwo safety

rods will be completely withdrawa, and if a scram signal occurs, all safety rods will

drop, including any which maybe partially withdrawn.

Since the transient periods are shorter than the stable periods, the short
period alarm may occasionally be tripped, particularly while pulling rods for a
30-second period. However, if the period drops below 10 seconds, a setbackwill

be automatically initiated, and at 5 seconds the reactor will scram.

* A.I. Staff, "Hazards Summary for Thorium-Uranium Fuel in the Sodium

Reactor Expemment " NAA-SR-3175 (Revised), July 1, 1959.
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PART I: SHIM ROD 3 CALIBRATED AGAINST SHIM ROD 4

START FINISH
ouT L——j—-—&——-gﬁ—ﬂ—— ouT, ~—E————¥——H——
" / 65 | — "
/ / A
/ ’ U
SHIM / / SHIM /
ROD / / ROD /
POSITION / / POSITION /
/ / /
/A /
/
PO S /
6" ——————— A_. A V
'N | 2 3 4 IN [ 2 3 4
SHIM ROD NO. SHIM ROD NO.
PART 2: SHIM ROD 3 CALIBRATED AGAINST THE GANG.
START FINISH
ovt, —Hf— P — Y4 — | _ B I 4 N /
6e' E= U=t~ _'H-_ ouT
SHIM
ROD "
POSITION T - R ; Ha
30" L4 _ 1 __ A_ SHIM
ROD
POSITION
IN & Lo—————
IN
[ 2 3 4 . [ 2 3 4
SHIM ROD NO. SHIM ROD NO.
Figure IV-1. Approximate Positions of Shim Rods for
Calibration of Shim Rod 3
IV-12
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0 1A 1B 1C 2A 2B 2C ,etc.

Run No.
Shim Rod 1
1. Shim Rod
Positions Shim Rod 2
(V.U.) Shim Rod . 4
2. Initial Position of Shim Rod 3
3. Initial Reading of Log N

(or log count rate meter)

4, Primary

Sodium | Reactor Outlet
Temperature
(°F) Average

Reactor Inlet

5. Primary Flow Rate (gpm)

6. Final Position of Shim Rod 3

7. Final Reading of Log N

(or log count rate meter)

8. Period (sec)

9. Reactivity (cents)

Compari

son Between:

1B-1A |1IC-1A11C-1B |2B-2A]2C-2A 2C-2B, etc.

Difference in ShimRod 3 Position

(V.U.)

Difference in Reactivity (cents)

Differential Worth (¢/10 V.U.)

Avg. Shim Rod 3 Position

ia

Run O
Run A
Run B
Run C

Figure IV-2.

Position of shim rods at lower limits
Slow Period .

Medium Period

Fast Period

Data Sheet for Shim Rod 3 Calibration
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Run No. 1 2 3 4 5 6

7 8 etc,
Shim Rod 1
Gang
Positions™ | Shim Rod 2
Primary Reactor Inlet
Na Reactor OQutlet
Temperature
(°F) Average

Primary Flow (gpm)

Log N Reading

Shim Rod 3 Position*

Shim Rod 4 Position

Change in Shim Rod 3 Position>l<

Reactivity WorthT

Change in Shim Rod 4 Position’

Accumulated Change in
Reactivity

#*All shim rod positions in V. U.

TObtained from the integral worth curve of Shim Rod 3 calibrated against
the gang

Figure IV-3, Data Sheet for Shim Rod 4 Calibration
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Run No. 1 2 3 4 5 6
Shim Rod 1
Gang
. * Shim Rod 2
Positions
Shim Rod 4
Primary Reactor Inlet
Na Temp Reactor Outlet
(°F) Average
Primary Flow (gpm)
Log N Reading
Safety Rod No. 1 Out In Out Out Out Out
Positions No.2 Out Out In Out Out Out
(In or Out) | No- 3 Out Out Out In Out Out
No. 4 Out Out Out Out In Out
Shim Rod 3 Position
ok
Change in Shim Rod 3 Position
Reactivity WorthJr

#%All shim rod positions in V.U.

tObtained from the integral worth curve of Shim Rod 3 calibrated against the gang.

Figure IV-4. Data Sheet for Safety Rod Calibration
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RUN NO.0O
AVERAGE POSITION OF SHIM rod 3=108] V.U.
CHANGE (N POSITION FOR PERIOD=61 VU,
100
a
w
N
a
<
=
14
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P
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i
w
’_
=
©
z
’_
=z
2
[}
O
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w
o
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z
>
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O
At=985 min
o} | |
PERIOD= __ At - |28 seconds
4.605
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TIME, minutes t

Figure IV-5. Sample Plot of Count Rate vs Time e
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REACTIVITY, ¢/10 V.U.

045

300

200

100

2500 5000 7500 1000 12500

SHIM ROD POSITION,V.U.
(1oVv.L.=1/16") '

Figure IV-6. Sample Plot of Shim Rod Worth Curves

REACTIVITY, ¢
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OBJECTIVE

The reactor oscillator will be used to measure the zero power transfer
function. It will also be used to measure the differential worth of shim rod 1 at
two positions. This worth will then be compared with that obtained from

period measurements at the same two positions,

PURPOSE

The calibration of shim rod 1 with the oscillator will be done at low power to
demonstrate the feasibility of high-power rod calibrations with the oscillator.
The measurement of the zero power transfer function will yield the value of
£ /B, the ratio of prompt neutron lifetime to the effective fraction of delayed
neutrons. The zero power tra.nsfer function is also needed for comparison with

the at-power transfer function to measure the power coefficient of the SRE.

METHOD

I. THEORY
If the reactivity of a reactor is varied sinusoidally about the critical point,

l.e.,

p = dpsinwt,

then the response of the neutron density, n, will also be sinusoidal about some

average value n
n(t) = n_ + ISnlsin(wt + 8),

where 18nl is the magnitude of the resulting variation and 8 is the phase angle
between the reactivity and the neutron density. |8nl is a function of p and w,

and 0 is a function of w.



The standard reactor kinetics equations can be solved for a sinusoidal
variation in reactivity. The solution is conveniently expressed in terms of the
transfer function, G(jw). This function, also called the frequency response,
contains a real and an imaginary part. Its amplitude is equal to the magnitude of
|8n|/nO per unit variation of reactivity ( in dollars), and its phase angle is equal
to §. The equation for G(jw) is found by using Laplace Transforms. The result

(for zero power) is

|8n|/n 1
G(jUJ) 8 / 6 ) ) (1)
B jwe | VY _BiB

B B(Jw+)\)

where

v
I

effective fraction of delayed neutrons,

o)
1

effective fraction of delayed neutrons in the ith group,

)
I

prompt neutron lifetime,

>
T

decay constant of the ith group,

j=-1.
Theoretical plots of G(jw) at zero power for several values of E/B are shown in
Figure V-1, based on the Keppin and Wimett data for delayed neutrons.

If the frequency of oscillation is high enough so that w>> >\i, then the expression

for G(jw) reduces to

lSnl/n
L : S (2)

G(jw) = w73
jw BP/B JwB 41

By measuring G(jw) in this range, we can determine ﬂ/lB.

For shim rod calibrations, the oscillation frequency is 0.05 cps. At this

"G R. Keppln and T. F. Wimett, '""Reactor Kinetic Functions: A New Evaluation, "
Nucleonics, October, 1958. :
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point, G(jw) is independent of E/B, as shown in Figure V-1, and is also insen-

sitive to the values of )\i and '31/'8

II. DESCRIPTION OF OSCILLATOR

A circuit diagram of the reactor oscillator apparatus is shown in Figure V-2.
Dotted lines represent mechanical connections and solid lines are electrical
connections. Figure V-3 shows a layout of the drive mechanism. M1 is the
main drive motor, with a variable speed controlled by C1 and by three gear
reducers (not shown in Figure V-2), For shim rod calibrations, the motor is
connected to a scotch yoke gear mechanism, which is attached to one of the shim

rod drives. The scotch yoke translates the rotary motion of the motor to a

sinusoidal motion.

For measurement of the transfer function, M, is connected to a rotor. The

1
rotor and a stator are located in an instrument thimble in Channel R-49. The
variation in reactivity is provided by the change in shadowing of boral chips on
the rotor and stator as the rotor turns. The chips are shaped to give a sinusoidal

variation in reactivity with a constant motor speed.

The motor M1 also drives sine and cosine signal-generating potentiometers,
1 and PZ.

which is moved with the motor MZ’

Pl’ PZ’ and P3. Zero adjustment of the phase of the signals from P
is made with the differential gear D
controlled by CZ' D

27

M3, C3, and P, are not used in this experiment,

3,

The neutron flux density is detected with a gamma-compensated ion chamber

3

and amplified with a Keithley micro-microammeter. The steady state signal,
N, is eliminated by a bucking voltage adjusted by HPl' The first amplifier,Al,
adds the signal from the Keithley ammeter to the bucking voltage, and amplifies
the sum, which is dn. A

serves only as an inverter. The signal from A, goes

2
and the signal from A2 goes to the negative side.

1

to the positive side of Pl’

In Pl’ the input signal is multiplied in one branch by sin wt and in the other
branch by coswt. These multipliers are exactly in phase with the variation in

reactivity. The two output signals from P, are then integrated in the two circuits

1

containing A3 and A4, and the outputs from the integrators are read out on

Sanborn Channels 3 and 4. The sine wave generated by P, which is also in phase

with the variation in reactivity, is read out on Channel 1, and the signal from

'Al (which is dn) is shown on Channel 2.

V-3



III. METHOD OF SHIM ROD CALIBRATION

The scotch yoke assembly will be attached to shim rod 1, which will be raised
to the reactor midplane, with the hand crank shown in Figure V-3. Sine pots
Pl and P_2 will be adjusted to be in phase with the shim rod motion. Then the
reactor will be made critical, shim rods 2 and 4 adjusted to a common level, and
shim rod 3 adjusted for criticality. When the flux level is constant, shim rod 1 will
be oscillated with a frequency of 0.05 cps. Then shim rod 1 will be inserted

until it is about 21 inches out and again oscillated.
The change in reactivity will be calculated from

Sp :|8n|/no ’
B IG(jw)l

where Sp refers to the change in reactivity caused by moving shim rod 1 from
its midpoint to either extreme. |G(jw)| is the calculated amplitude of the transfer
function at 0.05 cps, and is 1.38. |8n|/no will be obtained as described in

Su_.bsection v, below.

IV. METHOD OF TRANSFER FUNCTION MEASUREMENT

The rotor and stator will be installed in Channel R-49 and the drive mech-
anism connected to the rotor. The reactor will be made critical and sine pots
P. and P, will be adjusted to be in phase with the reactivity variation generated by

1 3
the rotor. Oscillation will start at 0.05 cps, be increased to 20 cps, and then

decreased to 0.001 cps. Five measurements will be made in each frequency decade.

The amplitude and phase of G(j w) will be obtained as described in Subsection V.
The measured curves of amplitude and phase angle vs frequency will be compared

with the calculated curves to determ.ine the value of £ /B .

V. METHOD OF ANALYSIS

The signal entering Pl (see Figure V-2) is composed of the fundamental
terms, which are desired, plus higher harmonics introduced by the system.

This signal can be expressed as a Fourier Series; i.e.,



1 l g @‘ ‘Z .

00)
S(t) = | Snl sin(wt + 9) + E Am sin{fmwt + Bm),
m=2

where dn and 8 are the amplitude and phase angle of the fundamental and Am and
Gm are the amplitude and phase angle of the rnth harmonic. In one branch, this
signal is multiplied by sin(wt) and then integrated from 0 to t. This integral,

which is the input to the Sanborn Recorder on Channel 4, is

t ' @O t
(t) = ¥nl ] sin(wt + 6) sinwtdt + Z Am sin(mwt + Qm) sinwtdt .

m=2
(o} o

I

Since the functions sin{mwt) are orthogonal, all terms under the summation
are zero when the integration is over an integral number of cycles. The

integral of the fundamental gives

_ cosB .2 .
14(t) = anl ( > t + C151n wt —Czstwt) ,

“and if the integralisover anintegral number of cycles, the terms containing Cl

and CZ are zero, so that

I, = [on] cos Ot

In the same way, the integral in Channel 3 becomes

_ (sinf)t
I3 = |81’1l-—2*—— o

These forms for I3 and I, are the equations for the straight lines shown in

Figure V-4, T, and T

3 are the time intervals used in the analysis.
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The slopes of the straight lines are
sin
2

M3 = 13/T3 = |8n|

b

cosf )
2

M, =1,/T, - |4l
Hence we obtain for the desired results:

I8nl = 2(M32+ Mz 2

and

tan8 = M3/M4 .

n is obtained by measuring the bucking voltage necessary to eliminate the
steady-state component. This is measured on the Sanborn Recorder, so that

{nl and n have the same units (volts),

L

1.
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OUTLINE OF PROCEDURE

Part I: Calibration of Shim Rod 1

A.

Part

B U a @

Part

@ 7 B U aw

Set up oscillator and connect it to shim rod 1.
Withdraw shim rod 1 by hand to 38 inches.
Adjust sine pots Pl and PZ'

Start up reactor,

Oscillate shim rod at 0.05 cps.

Insert shim rod to 21 inches and oscillate.

Shut down reactor and remove equipment.

II: Transfer Function Measurement

Install rotor and stator in Channel R-49 and set up oscillator.

Start up reactor,

Adjust sine pots P, and PZ'

1
Oscillate at 0.05 cps.

Raise frequency of oscillation to 20 cps, and then down to 0.001 cps,

oscillating at 1, 1.5, 2, 5, and 8 in each decade.

Shut down reactor and remove equipment.

III: Analysis of Data

Calculate 18nl and 9

For shim rod calibration, calculate 8,0/,[3’ and differential rod worth in

cents per 10 V.U,
I8n|/no

Sp/B

For transfer function measurements, calculate IG(jw)] = and

plot IG(jw | and B\Q w,



PROCEDURE

The procedure should be followed exactly. Do all steps in the order given.
Any deviation will result not only in loss of time and data, but may cause
damage to the equipment. Use one copy of this procedure as a check list to
make sure that each step is done. If any questions arise, contact C. W. Griffin

and R. W. Woodruff before proceeding.

The notation in the procedures (Al, S3, etc.) corresponds to that in

Figure V-2. The equipment is also labeled in the same manner,
1. CALIBRATION OF SHIM ROD 1

A. Oscillator Setup

1. (E) Roll the oscillator drive mechanism into the high-bay area close
to the loading face, and take the oscillator off of the carriage. Move the oscilla-
tor rack and a 4-channel Sanborn Recorder into the high-bay area. Make the
electrical connections listed in Table V-1, and then check the items in the

preoperational check list given in Table V-2,

2.(E) Turn on the power to the operational amplifiers (A, etc.) by

1’
plugging in the power line to the oscillator rack. These amplifiers must be
allowed a 4-hour warmup period before use. After any short power loss, allow
a 30-minute warmup period. '

NOTE: Under certain conditions these amplifiers can oscillate.

This oscillation will show up on the corresponding
voltmeter (Vl, etc.). To stop the oscillation, do the

following:

1) For A, or AZ’ close SS-1 or SS8-2

1
2) For Ajor Ay, turn S; or S¢, respectively, to the

""'short" position.

If the above methods do not stop the oscillation, pull the amplifier
out of the rack. This cuts off the power to it, so allow it to warm

up after replacing it in the rack.

(2]
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1.

2.

TABLE V-1

OSCILLATOR CONNECTIONS

the following connections:

From the connector on the oscillator rack (on the back) marked

"A1 OUTPUT!'" to the input of Sanborn Channel 2.

From the connectors on the oscillator rack marked "A1 OQUTPUT" and

”A‘2 OUTPUT" to the connectors on the drive mechanism marked "P1 +"" and

upl_n

3.

10.

, respectively.

From the connector on the drive mechanism marked ”PI - COS" to the

connector on the oscillator rack marked "A3 INPUT".

From the connector on the drive mechanism marked ”P1 - SINE'" to the

connector on the oscillator rack marked ”A4 INPUT'",

From the connector on the drive mechanism marked ”PZ. - SINE' to the

input of Sanborn Channel 1.

From the connector on the oscillator rack marked "A3 OUTPUT'" to the

input of Sanborn Channel 3.

From the connector on the oscillator rack marked "A4 OUTPUT' to the

input of Sanborn Channel 4,
Connect the two 1.5 Volt batteries across PZ’ as shown in Figure V-2.
Connect aline from earphones at the Sanborn Recorder toearphones on the console.

From the connector on the back of the Keithley ammeter marked

. KEITHLEY OUTPUT" to the connector below marked "Al INPUTY,

11.

From the ionization chamber in instrument Channel VIII to the connector

on the Keithley ammeter marked "KEITHLEY INPUT",



1.

2,

3.

4,

TABLE V-2 -

PREOPERATIONAL CHECK LIST FOR OSCILLATOR EQUIPMENT

S1» S, Ses and S, turned off. SS-1 and SS-2 opened.

Sanborn Recorders - Channels 1, 2, 3, and 4:
a. AC-DC preamplifiers: installed in all four channels.
b. Turned on and calibrated to read 50 mv per cm.

c. Charts running, and the '"POSITION'" knobs adjusted so that the pens

are in the center of the charts.
d. "ATTENUATOR RANGE" switches turned to '""OFF'' position.

e. "ZERO SUPPRESSION'" helipots turned to zero, and the toggle
switches beneath them turned to the "OUT'" position.

Toggle switch on C1 (on the oscillator drive mechanism) turned off,

and the helipot on C1 turned to zero.

Switch (on the back of the oscillator rack) marked "A1 GAIN'" set at 10.

i



3.(0O) Shut down the reactor. Be sure that shim rod 1l is all the
way in. Maintain the average of the inlet and outlet sodium temperatures at
340°F by using the process line heaters, and if necessary, the pool heaters.

Maintain the main primary sodium flow at 1000 gpm.

4.(E) Read the Veeder counter on the drive motor of shim rod 1, and

record the data on a data sheet having the format shown in Figure V-5,
5.{(0) Remove the drive mechanism from shim rod 1.

6.(E) Record on the data sheet the reading of the Veeder counter which

is on shim rod 1 below the loading face.

7.(E) Connect the oscillator driving-mechanism to shim rod 1 as

‘ follows (see Figure V-6): First put the oscillator connector into the receptacle
-for the shim rod. Push it down as far as possible (it is spring loaded) and bolt
1t to the loading face as shown in the figure. The flange on the connector must

vf‘be tight against the loading face. Attach the stub shaft.

8.(E) Move the oscillator onto the loading face, with the scotch yoke

. centered over the connector, Turn the hand crank until the Veeder counter
z‘v;reads zero, then attach the connecting shaft to the shaft on the bottom of the

. scotch yoke.

8.(E) With the clutch disengaged, i.e. with the black knob on top of the

‘“scotch yoke pulled up and the support in place, turn the hand crank slowly
_until the keyway on the connector engages the key on the shim rod gear. Before
' ‘any further movement, record the reading of the Veeder counter and the pointer

on the top of the scotch yoke. This must be recorded at exactly this point, with

the key in place but before the shim rod driving gear has been moved.

B. Movement of Shim Rod 1 to First Position

1. (E) Withdraw shim rod 1 by turning the hand crank counter-clockwise.

Continue until the shim rod is 1520 oscillator Veeder units (O.V.U. )' above the

bottom position. At this position shim rod 1 is about one-half of the way out,

*One O.V.U. is a change of one unit in the last digit of the Veeder counter on
the scotch yoke, and corresponds to 1/40-inch linear motion of the shim rod.

V-11
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2.(E) Turn the hand crank until the pointer is on zero. Turn the main

3.

drive shaft by hand until the rack inside the scotch yoke is in the center. Then
engage the clutch. This connects the main drive shaft through the scotch yoke

to the connecting shaft.

3.(E) Turn the hand crank clockwise as far as possible. The pointer
will rotate to its maximum displacement. Record on the data sheet the number
of degrees that the pointer moved. Move the pointer back to zero, then turn it
as far counter-clockwise as possible, and record the number of degrees moved.
The midpoint between the two maximum displacements is the exact center of
motion. Place the pointer on this midpoint position and record on the data sheet

the position of the pointer and the Veeder counter reading.

C. Adjustment of the Sine Potentiometers

1.(E) Turn the RANGE switch on the Sanborn Channel 1 to 2 volts/mm

(which is minimum sensitivity).

2.(E) Connect the drive shaft to Ml through any of the gear reducers,
to help hold the drive shaft steady. This shaft must not turn during the following = . :
step. ,

3.(E) Slowly change the settin‘g%ofITC2 while watching the reading on
Sanborn Channel 1. This turns MZ’ which changes the setting of D2 and thus
alters the phase of Pl and PZ' Be sure that the shaft to P1 turns the same

direction that it does when driven from the.main drive shaft. Continue until

the pen on channel 1 is in the center, then increase the gain on Channel 1, and

readjust the sine potentiometers. Continue the adjustments until the pen on

Channel 1 is in the center with maximum gain on the channel, then reduce the r
gain to the minimum value. -
-
D. Reactor Startup [
-
1. (O) Make the reactor critical, and raise the power until the Keithley

- . r

ammeter reads 70% of full scale on the "10 x 10 8 scale. At this point, the |
L

log N recorder should be between points "A'" and "B, ' If it is not, contact v
R. W. Woodruff. '“
' .
V-12 : -



1 | T 4 f i

2.(0) Adjust shim rods 2 and 4 until they are at the position which they
occupied in Step 14 of Experiment IV. Adjust shim rod 3 for criticality.

3.(0) Maintain temperatures and flow as in Step A-3.
4.(E) Record the temperatures and flow required on the data sheet.

E. Rod Oscillation

1.(E) When the power level is steady, record the log N reading and the
positions of shim rods 2, 3, and 4. Then close 5, and record the readings of

V1 and VZ’ These should have the same magnitude but opposite sign.

2. (E) Close S,, and turn up HP, to obtain the bucking voltage. When
both V1
Adjust HPl

gain on the channel. Then reduce the gain on Channel 2 to the minimum value.

and V2 read zero, turn the range switch on Channel 2 to 2 volts/ mm.

until the pen on Channel 2 is in its original position with maximum

3.(E) Be sure that the switch on C1 is off, then plug in the power to C1
and turn on the switch. Allow at least a 2-minute warmup period. Set the

gear reducers for 100-to-1 reduction, as shown in Figure V-7.

4.(E) When the controller is warmed up, notify the console operator
that the oscillations are starting. Then slowly turn the helipot on C1 until it

reads 91. This gives a motor speed of 5 cps.

5.(0) The console operator will eliminate the reactor drift induced by
the oscillation by moving shim rod 3. He will be advised through earphones
by the analyst at the Sanborn Recorder. The Sanborn Recorder is connected to

the Keithley ammeter, which is more sensitive than the process instrumentation.

6.(E) When the power is level, record the average reading of the log N

and the position of shim rod 3 on the data sheet.

7.(E) While the reactor is being adjusted, increase the gain of Sanborn
Channels 1 and 2 to give as large a signal as possible. After reading the

paragraph below, close 85 and S6'



IMPORTANT: Any time that S_ and/or S, are closed, watch V,
and V4. When the reading on either one reaches
30 volts (positive or negative) push in S3 or S4>
as required. Hold it in until the reading on the
voltmeter has dropped to zero. This shorts the
integrating condenser and prevents overloading
of the amplifier. (Also short the condenser when
the pen on the Sanborn Recorder reaches the

edge of the chart, which will usually happen

before the voltmeter reads 30 volts.)

8. (E) Adjust HP. to make the oscillations on Channels 3 and 4 uniform,

1
and of minimum amplitude. Then adjust the gain of these channels so that at

least five peaks are formed before the pen reaches the edge of the chart.

9.(E) When all adjustments have been made and the reactor power is
steady, tell the console operator that a run is starting. Turn on the timing
mechanism on the Sanborn Recorder, then short the condensers, i.e. push in

S3 and S4 and release them.

10. (O, E) The console operator always has manual control of the
reactor. No rod should be moved while a run is being made unless absolutely

necessary. However, if a rod is moved, immediately notify the Experimental

Unit engineer, and the run will be repeated.

11. (E) The following conditions must be satisfied for any run to be valid:

a) The size of the oscillations on Channels 3 and 4 must not

vary during the run.
b) At least five peaks must be seen on both Channels 3 and 4.
c) No significant reactor drift should occur during the run.
d) Shim rods 2, 3,and 4 should not be moved during the run.

If any of these conditions is not satisfied, repeat the run and continue repeating

until satisfactory data are obtained.
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NOTE: In general, the size of the oscillations on Channel 3 will
not be the same as the size of those on Channel 4. Also,
the slopes of the lines will not be the same. This is
expected, The important thing is to be sure that the
sizes of the oscillations and slopes of the lines do not

change.

12. (E) When a good run has been obtained, record on each Sanborn
chart the run number, the position of shim rod 1, the setting of the "RANGE"
switch on that channel, and the start and finish positions of the run. Tape in
the notebook the portions of the charts containing the good run, Discard the
portions containing unusable data. Record all required information on the

data sheet.

13. (E) Continue to oscillate the rod. Open 85 and 867 and then short

the condensers. This removes the signals on Channels 3 and 4.

14.(E) Turn the switch marked DC ZERO SUPPRESSION on Channel 2
to the "IN' position. Then turn up the helipot above this switch and simultaneously
turn down le’ keeping the signal on Channel 2 at approximately the same point.
This moves the bucking voltage from the external circuit to the Sanborn Recorder.
Continue until HP1 reads zero and the signal on Channel 2 is in the center of
the chart, then record the reading of the helipot on the Sanborn Recorder on
the data sheet, and on Sanborn charts 3 and 4. Also record the reading in volts
(see Part III, Step A-7). The reading should be approximately equal to that of

V1 and V‘2 in Step E-1. If necessary, repeat the run.

15, (E) Analyze the data to get the differential worth of shim rod 1 at
this position. Follow the procedure for analysis given in Part III, Sections A
and B. Compare this worth with that obtained earlier by period measurements.

It the two agree within experimental error, proceed. If they do not, contact
R. W, Woodruff.
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16, (E) Put the electronic equipment back in its original condition; i. e.,
repeat items 1, 2, and 4 in Table V-2, Notify the console operator that rod
oscillation is being stopped. Then turn down the helipot on Cl slowly, being
careful to stop the pointer in its midpoint position (the position recorded in

Step B-3). Leave the switch on C, in the "ON'" position.

1
17.(O) When oscillation stops, adjust the position of shim rod 3 to keep

the power level constant. .

F. Second Oscillation of Shim Rod 1

1.(E) Be sure all tension is off the drive shaft, then disengage the
clutch on the scotch yoke. Tell the console operator that shim rod 1 will be
driven in by hand, then slowly turn the hand crank clockwise to drive in the rod.
Do not move the drive shaft. Continue until the rod is 840 O.V, U. above the
bottom position. Stop the pointer in excactly the same position as in Step B-3.
Sine pots P1 and P3 will be correctly adjusted only if the pointer reads the
same as before. When the pointer is in the correct position, re-engage the

clutch. (Before re-engaging, check the position of the rack inside the scotch

yoke to make sure the drive shaft has not moved.)

2.(0O) Continuously adjust the position of shim rod 3 to keep the power
approximately level while shim rod 1 is being moved to its second position.
After shim rod 1 has reached the second position, steady the reactor pO\);/er at

the same level as before.

3.(0O, E) Oscillate shim rod lat this position by following the procedure
given in Section E. Analyze the data as before. Compare the result to the

worth of shim rod 1 obtained from period measurement in this position. If

the two measurements agree, the experiment is finished. If they do not, contact -

R. W. Woodruff.

G. Reactor Shutdown

1. (O) When the Experimental Unit engineer says that the experiment

is finished, shut down the reactor.
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2,(E) Drive in shim rod 1 by disengaging the clutch and turning the

hand crank clockwise. Go slowly, particularly near the bottom.

3. (E) Stop the shim rod in the same position as in Step A-9. Discon-

nect the oscillator mechanism and remove it from the high-bay area.

4, (0O) Connect the drive motor to shim rod 1. Be sure that the Veeder

counter on the shim rod drive reads the same as in Step A-4.

II. TRANSFER FUNCTION MEASUREMENT

A. Oscillator Setup

1. (E) Roll the oscillator drive mechanism into the high-bay area close
to the loading face, and take the oscillator off of the carriage. Move the
oscillator rack and the 4-channel Sanborn Recorder into the high-bay area.
Make the electrical connections listed in Table V-1, and check all items listed

in Table V-2.

2.(E) Turn on the power to the operational amplifiers (Al’ etc.) by
plugging in the power line to the oscillator rack. These amplifiers must be
allowed a 4-hour warmup period before use. After any short power loss, allow

a 30-minute warmup period.

3.(0) Maintain the average of the reactor inlet and outlet sodium tem-
peratures at 340°F by using the process line heaters, and, if necessar'y, the

pool heaters. Maintain the main primary sodium flow at 1000 gpm.

4.(0) Remove the dummy assembly from Channel R-49., Insert the

special thimble containing the oscillator rotor and stator.

5, (E) Connect the oscillator drive mechanism to the rotor as follows
(see Figure V-8): Place the oscillator connector in the thimble. Push it down
as far as possible (it is spring loaded) and then bolt it to the loading face as
shown in the figure. The flange on the connector must be tight against the

loading face. Attach the stub shaft to the oscillator connector.



6. (E) Unbolt the box containing the scotch yoke and remove it. Put on ’;v

the support frame and 4-to-1 gear reducer as shown in the figure. Then move =
the oscillator onto the loading face with the gear reducer centered over the
thimble. Attach the stub shaft to the shaft on the bottom of the gear

reducer. Turn the connecting shaft by hand until the key engages the keyway on

the rotor.

7.(E) Record the central metal temperature and fuel-channel exit
temperature of one fuel element on adjacent Sanborn channels (do not use
Channels 1, 2, 3, or 4).

B. Reactor Startup

1. (O) Make the reactor critical and raise the neutron level until the :
Keithley ammeter reads 70% at full scale on the ''10 x 10—8" scé.le. The power E
should be between points "A'" and "B' on the log N recorder. (If it is not,
contact R. W. Woodruff.) Adjust all four shim rods to the same position, and
level the power. Connect the electrometer output to the flux controller, and

put shim rod 3 on automatic control.

C. Adjustment of the Sine Potentiometers

1. (E) Before the sine pots can be adjusted, it is necessary to find the
maximum, minimum, and zero positions of the rotor. To do this, slowly turn ;
the drive shaft (with the drive motor M, disconnected from the shaft) and observe
the position of shim rod 3, which is on automatic control. Record the maximum .

and minimum positions of shim rod 3 on a data sheet with a format as in

Figure V-9. There are four maxima and four minima in one complete turn of a (r“
the rotor. When the rotor positions for maximum, minimum, and null have Rl
been determined, mark the positions on the rotor protractor face. Set the o
rotor on one of the null positions. . L

2.(E) Turn the RANGE switch on Sanborn Channel 1 to 2 volts/mm -
(which is minimum sensitivity). Connect the drive shaft to M1 through any of L

the gear reducers to help hold the drive shaft steady. This shaft must not

move during the following step. _ : !
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3.(E) Slowly change the setting of C2 while watching the reading on
Sanborn Channel 1. This turns M, which changes the setting of D, and thus
alters the phase of Pl and PZ' Be sure that the shaft to P1 turns in the same
direction that it does when driven from the main drive shaft. Continue until the

pen on Channel 1 is in the center, then increase the gain on the Sanborn Recorder

and readjust P1 and PZ' Continue adjusting until the pen on Channel 1 is in the
center with maximum gain on Channel 1, then reduce the gain to the minimum
value. The sine signals from P1 and PZ are now in phase with the reactivity

change generated by the rotor.

D. Oscillation at 0.05 cps

1.(E) Close S1 and record the readings of V1 and V, on the data sheet
(Figure V-9). These should have the same magnitude but opposite signs.

2.(E) Close S, and turn up HPl to obtain the bucking voltage. When

both V1 and V2~read zero, close S8. Adjust HP1 until the pen on Sanborn
Channel 2 is in its original position with maximum gain on the channel. Then

reduce the gain to the minimum value.

3.(E) Be sure that the switch on C1 is off, then plug in the power to
C1 and turn on the switch. Allow at least a 2-minute warmup period. Set the
gear reducers for 100-to-1 reduction, as shown in Figure V-7.

4, (E) When the controller is warmed up, notify the console opeirator
‘hat the oscillations are starting. Then slowly turn the helipot on C1 until it

reads 91. This gives a motor speed of 5 cps.

5.(0O) Before the oscillations start, put the reactor on manual control.
When the oscillations start, they will induce a small drift in the reactor power
level. Adjust the position of shim rod 3 to eliminate the drift, as advised

through the earphones by the analyst at the Sanborn Recorder.

6.(E) While the reactor is being adjusted, increase the gain of Sanborn
Channels 1 and 2 to give as large a signal as possible. After reading the

paragraph below, close 55 and 86.
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3 and/or Ve

When the reading on either one reaches 30 volts (positive or

IMPORTANT: Any time that S; and/or S, are closed, watch V

negative) push in 8, or S,, as required. Hold it down until
g , P 3 q

’
the reading on the voltme4ter has dropped to zero. This
shorts the integrating condenser and prevents overloading the
amplifier. (The condenser should also be shorted when the
pen on the Sanborn Recorder reaches the edge of the chart,

which will usually happen before the voltmeter reads 30 volts.)

7.(E) Adjust HP1 to make the oscillations on Channels 3 and 4 uniform,
and of minimum size. Then adjust the gain of these channels so that at least

five peaks are formed before the pen reaches the edge of the chart.

8.(E) When all adjustments have been made and the reactor power is
steady, tell the console operator that a run is starting. Turn on the timing
mechanism to the Sanborn Recorder, then short the condensers; i.e., push

in S3 and S4 and release them.

9.(0, E) The console operator always has manual control of the reactor.

No rod should be moved while a run is being made unless necessary. However,

if a rod is moved, immediately notify the Experimental Unit engineer,

and the run will be repeated.

10. (E) The following conditions must be satisfied for any run to be

valid:
a) The size of the oscillations on Channels 3 and 4 must not vary

during the run.
b) At least five peaks must be seen on both Channels 3 and 4.
c) No significant reactor drift should occur during the run.
d) The shim rods should not be moved during the run.

If any of these conditions is not satisfied, repeat the run, and continue repeating

until satisfactory data are obtained.
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NOTE: In general, the size of the oscillations on Channel 3 will not
be the same as the size of those on Channel 4. Also the slopes
of the lines will be different. This is expected. The impor-
tant thing is to be sure that the sizes of the oscillations and

the slopes of the lines do not change.

11.(E) When a good run has been obtained, record on each Sanborn
chart the setting of the RANGE switch on that channel, the position of the
shim rods, and the start and finish positions of the run. Tape in the notebook
the portion of the charts containing the good run. Discard the portion containing

unusable data. Record all required information on the data sheet.

12. (E) Do not turn off the rotor. Open S; and S(,, and then short the

5
condensers. This removes the signals on Channels 3 and 4.

13, (E) Turn the switch marked DC ZERO SUPPRESSION on Channel 2
to the "IN'" position. Then turn up the helipot above this switch and simultane-

ously turn down HP_, keeping the signal on Channel 2 at approximately the

)
same level. This nlloves the bucking voltage from the external circuit to the
Sanborn Recorder. Continue until HP1 reads zero, then adjust the helipot on

the Sanborn Recorder until the signal is at its original position. Record the
helipot setting on the data sheet, and on the charts on Channels 3 and 4.

The reading should be approximately equal to that read on Vl and Vz,in Step D-1.

If necessary, repeat the run.

14. (E) Analyze the data by the procedure given in Sections A and C of
Part III. Plot the amplitude and phase of G(jw) on a graph similar to Figure V-1.
Compare the experimental value with the theoretical curve, and if these do not
agree, contact R. W. Woodruff. Do this analysis before proceeding to the

next run.
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15. (E) If the agreement is satisfactory, put the electronic equipment I

back in its original condition: i.e., repeat items 1, 2, and 4 (Not 3) on the check -
list in Table V-2, =

E. Oscillation at Different Frequencies

1. (E) Raise the frequency of oscillation stepwise to at least 20 cps,
In each frequency decade, oscillate at i, 1.5, 2, 5, and 8. The necessary

settings of the helipot on C1 are shown in Table V-3, For each oscillation follow

the procedure of Section D. Always analyze the data for the last run before

starting a new run.

2.(E) Make runs at as many frequencies as possible before changing the
gear setting. Do not turn off the motor except when the gear setlfing is changed.
The method of connecting the gears for 10-to-1, 100-to-1, or 1000-to-1 reduc-
tion is shown in Figure V-7. For frequencies above 6 cps, replace the 10-to-1
gear reducer by the 4-to-1 gear reducer, then set the gears as shown in Figure
Figure V-7 for a 10-to-1 reduction. Return the reactor to automatic control

during any gear changes or long delays. During any such delays, the rotor

should rest at the neutral position.

3. (E) When the highest possible frequency has been measured, recheck
the point at 0.05 cps. Then stepwise reduce the frequency, and in each decade
oscillate at 1, 1.5, 2, 5, and 8 Go to as low a frequency as reactor drift

will permit, probably about 0.001. For 10,000-to-1 (below 0.006),

replace the 10-to-1 gear reducer with the extra 100-to-1 reducer, then set the

gears as shown in Figure V-7 for a 1000-to-1 reduction. During oscillation

at very low frequencies (0.01 cps or below), observe the central metal tempera- V
:ure of one fuel element, and one fuel-channel exit temperature, and record _ ‘
in the notebook the amplitude and if possible the frequency of any periodic e
variations. Label and save the Sanborn charts of ;cemperature variations during L

good runs.

4.(E) It may be necessary to reduce the gain of A1 at the low frequencies -
in order to keep the readings on Channels 3 and 4 on scale. If the amplitude of
the signals on Channels 3 and 4 becomes too large to meet the conditions for a “
good run, change the 'setting of the A GAIN switch to ''1'"". Be sure that any |
changes are recorded in the log book, on the data sheet, and on the charts from

Sanborn Channels 3 and 4.
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DIAL SETTINGS FOR VARIOUS MOTOR SPEEDS

A. With 10-to-1, 100-to-1, 1,000-to-1, or 10,000-to-1 gear reduction.

TABLE V-3

Dial

Setting
91
143
177
253
328
477

B. With 4-to-1 gear reduction.

Dial
Setting

364
572
608
1,000

Motor
Speed

(cps)

5
8
10
15
20
30

Shaft
Speed

{cps)

10
15



5.(E) When the last run has been made, contact R. W. Woodruff before
proceeding. The data must be analyzed and evaluated before the reactor is

shut down. .

F. Reactor Shutdown .

1.(O) When the Experimental Unit engineer says that the experiment is

finished, shut down the reactor.

2. (E) Disconnect the oscillator drive mechanism, the connecting shaft,

and the oscillator-rotor connector, and remove all three from the high-bay area.

3.(0) Remove the rotor and stator and special thimble from the reéctor.

Then insert the corner channel dummy assembly.
4.(0, E) Proceed to the next experiment,
III. ANAILYSIS

A, Calculation of I9n| and 8

1. Take the charts from Sanborn Channels 3 and 4. These should be
similar to Figure V-4. On each curve draw two straight lines, one tangent

to the peaks and one tangent to the troughs, as shown in the figure.

2. Mark on the charts the longest time period possible during the good

run. The periods do not have to be the same on the two charts.

3. For each channel, find an average value of I, in units of millimeters,
as shown in Figure V-4. (The smallest division on the Sanborn chart is one '
millimeter.) Record the values on the data sheet. Convert the averages to
volts by multiplying the number of millimeters by the setting of the RANGE
switch. Record the reading in volts on the data sheet and on the Sanborn

charts. Call the average values 1'3 and 14 for Channels 3 and 4, respectively.

4. Obtain the time in seconds for each channel (T3 and 'I_‘4) from the
timing marks recorded on the Sanborn chart.
5. Divide I3 by T3 to get M3, and I4 by T4 to get M4.

6. Calculate I8nl and § by the relations:
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2.1/2

2
| Sal = 2(M; + M) /

tanf = M3/M4, 8 = arctan (M,/M,)

NOTE: In calculating tan 8, be sure to get the correct signs for M3 and

M4. Tan 8 should be negative.

Record the values of I8nl and 6.

7. Obtain ng from the reading of the DC ZERO SUPPRESSION helipot

on Channel 2. The worth of the smallest division on the helipot is equal to

. the setting of the RANGE switch.

8. Check the results by calculating approximate values for |8n]

“and 0 as follows:

a) Divide one-half the peak-to-peak voltage of the signal on
Channel 2 by the value of n_. This is |8nl/no.

b) Compare the signals on Channels 1 and 2. Divide the distance
which the signal on Channel 2 lags the signal on Channel 1
by the distance required for one complete cycle, then multiply

by 360 to get 8 in degrees. This will be negative.

Compare these approximate values with the accurate values recorded above.

If there is a discrepancy and the reason for it cannot be found, repeat the run.

B. Shim Rod Worth Calculation

1. The value of 8 is not needed for calculation of the shim rod worth,
but serves as a check on the measurement. At an oscillation frequency of

0.05 cps, it should be about -60°,

2. The calculated amplitude of the transfer function at 0.05 cps is

1G(0.05j)] = 1.38.

Divide |8n|/n0 by this value to get Sp/B This is the change in reactivity in

dollars caused by moving the shim rod from the midpoint position to the extreme.



3. Add the maximum clockwise displacement of the pointer (Step B-3,
Part I) to the maximum counter-clockwise displacement, then divide by 2, which

gives the amplitude of the rod motion in degrees. Divide by 9 to get Veeder

. *
Units. The result should be about 40 V.U. Divide the value of 8 /3 calculated

in Step B-2 by the number of Veeder Units, then multiply by 1000. This gives
the reactivity worth of shim rod 1 in cents per 10 V. U. Record this value on the

data sheet.

4. Find the position of shim rod 1 at its midpoint in O. V., U. by sub-
tracting the reading of the scotch yoke Veeder counter with shim rod 1 at its
midpoint position from the reading with shim rod 1 all the way in. Convert this

to the positioh in V.U. by multiplying by four. Record this position.

C. Transfer Function Calculation

1. Subtract the maximum position of shim rod 3 from the minimum
position recorded in Step C-1 in Part II. Convert this to reactivity in dollars
from the previously measured differential worth curve of shim rod 3 calibrated
against the gang. This is the peak-to-peak reactivity worth of the rotor. Divide
by 2 to get SP/B .

2, Divide ISnI/no by SP/B , Which gives the amplitude of G(jw). Plot
this as a function of frequency of oscillation on a graph similar to Figure V-1,
Calculate the evxa.c_t frequency from the output of P2 on Sanborn Channel 2. Do
not convert the amplitude to decibels (as it is in the figure). On the same graph,

plot 9, which is equal to the phase of G(jw).

3. Compare the plot with the theoretical curves of G(jw) which will be
kept with the notebook. If necessary, normalize the measured curve to the
theoretical curves at some low-frequency point, and then use this factor to

normalize the other points. The high-frequency response will then yield a value

of £/83.

*The Veeder Units referred to above correspond to those measured by the
Veeder counter on the shim rod drive motors. They are NOT the same as
those measured on the Veeder counter on the scotch yoke, which are called
0. V. U. (Oscillator Veeder Units). 1 O.V.U. =4 V,U.
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NOTE:

In addition to the above graph, plot the measured points

on the theoretical curve,

at 0,05 cps (which is the fi

Normalize the value measured

rst point measured) to the

theoretical curve, and then use the same normalization

factor for the other points,
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EXPECTED RESULTS

The calibration of shim rod 1 with the oscillator should agree with the earlier

calibration by period measurements. The worth of the rod will be about the same
as in the first core.

The transfer function measurement will yield curves similar to those shown
in Figure V-1. The value of £ /B obtained from the curves should be about the

same as in the first core, where it was 0.075 sec.

EXPECTED CONCLUSIONS

The calibration of shim rod 1 will demonstrate the practicality of high-power
shim rod calibrations with the oscillator.

The zero-power transfer function measurement, together with similar
measurements at high power,will be used to determine the power coefficient of

the SRE.

* Al Staff, "Hazards Summary for Thorium—UrAanium Fuel in the SRE, "
NAA-SR-3175 (Revised).

V-28




. I

i

APPENDIX

A, SCHEDULE

The oscillation of shim rod 1 will begin after the shim rod calibration by

period measurements, and will require two days (6 shifts),

The transfer function measurement will follow the axial flux traverses,

~and will require two days (6 shifts).

B. MANPOWER REQUIREMENTS

The Operations crew and an engineer and an analyst from the Experimental

Unit are required for each shift. In addition, C.W. Griffin will be available for advice.

C. EQUIPMENT REQUIREMENTS

1 ionization chamber

1 Keithley micro-microammeter

Electrical equipment shown in Figure V-2

Mechanical equipment shown in Figures V-3, V-6, and V-8

Rotor and stator

Special Zircaloy thimble for rotor and stator

Four Sanborn Channels connected as shown in Figure V-2

Two S;inborn Channels connected to monitor sodium inlet and outlet

temperatures

D. CREDIBLE ACCIDENTS

None of the scram circuits will be bypassed during the experiment.
During the shim rod oscillation, the interlock which prohibits withdrawal of the
safety rods with a shim rod off the lower limit must be bypassed. However,

all four of the safety rods will always be out and cocked while the reactor is

operating.

The power level will fluctuate only a few percent during the oscillations,
since the amplitude of shim motion is only 1/4 inch. At high frequencies,

the amplitude of the oscillations will be very small. At low frequencies, the
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amplitude is larger, but the rate of change of reactivity is very small. Neither
case introduces any hazard. In addition, the console operator will always have

the ability to drive in shim rods or manually scram the reactor if necessary.
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REACTOR OSCILLATOR DRIVE MECHANISM
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Figure V-2. Reactor Oscillator Circuit Diagram
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CHANNEL 3

CHANNEL 4

Figure V-~4. Output of Sanborn Recorder
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ROD OSCILLATION MEASUREMENTS

Run No. - 0 1 2
1. Veeder Counter on Shim Rod.l Drive,V.U.
Veeder Counter below loading face, V.U,
2. Readings on Scotch Yoke a/oelfr%:?:"
which correspond to 1. Poi
ointer
3. Pointer Maximum Clockwise Displacement Same as Run 1
Positions |Maximum Counter-Clockwise Displacement Same as Run 1
(in degrees) [Midpoint Position Same 25 Ron 1
4. Veeder Counter Reading with Pointer on
Midpoint Position (O.V.U.)
57 Sodium Inlet Temperature (°F)
Sodium Exit Temperature (°F)
Primary Flow (gpm)
6. Log N reading (before oscillation)
7. Shim Rod Positions before Shim Rod 2
Oscillation Begins, (V.U.) Shim Rod 3
Shim Rod 4
8. Reading of Vl(volts)
Reading of VZ(volts)
9. Log N average reading (during oscillation)
10. Keithley average reading (during oscillation)
11. Position of Shim Rod 3 (during oscillation)
12. Attenuator Channel 1
Range setting Channel 2
On Sanborn Channel 3
Channels Channel 4
13, Helipot reading on Channel 2
14, Helipot Reading in volts ( =.no)

Ge-A

(Sheet 1 of 2)

Figure V-5. Data Sheet for Calibration of Shim Rod 1 with the Reactor Oscillator
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ANALYSIS OF ROD OSCILLATION MEASUREMENTS

Run No. 1 . 2
from top line, ¢m
Vaé)lfue from bottom line, cm
13 average, cm
average, volts (=I3)
from top line, cm
Valfue from bottom line, cm
;)4 average, cm
average, volts (=I4)

Time interval on channel 3 (=T,), sec.

Time interval on channel 4 (=T ,), sec.

M, =1,/T,

M, =L/T,

- 2 2V T2
1Bnl = 2(M + M) 1/

tan 8§ = M3/M4

@ = arctan (M3/M4)
13ni /n_
Approximate 1&n1/nyg
Values 8

(18ni/n_}/1.38 = 8p/B (dollars)

Amplitude of Motion in degrees

of Shim Rod 1 in V. U.

Worth of Shim Rod 1, cents/10V. U.

Worth of Shim Rod 1 from
Period Measurements, cents/10 V.U.

Figure V-5. Data Sheet for Calibration of Shim Rod 1 with the Reactor Oscillator
(Sheet 2 of 2)
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CLUTCH WHICH
DISCONNECTS
SCOTCH YOKE
FROM DRIVE SHAFT

REMOVABLE
SUPPORT DRIVE SHAFT
FROM MOTOR
ﬂa/—HAND CRANK
SCOTCH YOKE S

GEAR
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STUB SHAFT———
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i

BOLT/
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=———QOSCILLATOR CONNECTOR

[
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Figure V-6. Connection of Oscillator to Shim Rod
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Figure V-7. Settings for Necessary Gear Reductions
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SUPPORT FRAME — FOUR-TO-ONE GEAR REDUCER

/—DRIVE SHAFT
9

L~

STUB SHAFT

LOADING FACE—\ '

BOLT—/ ——OSCILLATOR CONNECTOR

—~———— TOP OF ROTOR

NN

Figure V-8. Connection of Oscillator to Rotor
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Run No. 0 1 2 3 4

1. Positions | Maximum

of Shim Minimum
Rod 3

Midpoint

2. Frequency of Oscillation, cps

3, Vl reading, volts

V2 reading, volts

1
4. Range Switch >
Settings on
Sanborn Channels 3
4
5. Sodium Inlet
Temperatures, Outlet
°F Average

6. Helipot Reading on Channel 2

Helipot Reading in Volts

Analysis of Measurements

from top line, cm
Va(.)lfue from bottom line, cm
13 average, cm
average, volts
from top line, cm
Value from bottom line, cm
?i average, cm
average, volts
T3, sec.
T4, sec.
M, =1,/T,
M4 = I4/T4

I3n= 2(M,2 + M42)1/2

tan 8 = M3/M4

g = arctan (M3/M4)

[8n]/ n_
Approx. |3n[/no
Values 9

Peak-to-Peak Reactivity
Worth of Rotor, Cents

8p/B, Cents

G(jw) = (Bnl/n_)/(8p/8)

Figure V-9. Data Sheet for Zero Power Transfer Function Measurement
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OBJECTIVE

The objective of this experiment is to measure the difference in reactivity
produced by replacing a five-rod, 7.1 wt % U235, thorium-uranium fuel cluster
with a five-rod enriched-uranium fuel cluster, with a dummy assembly, and

with sodium, at various positions in the core with an operational fuel loading.

PURPOSE

The difference in reactivity measured when a thorium -uranium fuel cluster

ale
b

is replaced with a dummy assembly is proportional to the radial statistical
weight, i.e., proportional to the product of the flux and adjoint flux for a specific
channel. The ratio of appropriate statistical weights permits estimation of
reactivity changes caused by moving in-core components from one channel to

another.

The determination of radial statistical weight is necessary for accurate in-
terpretation of fuel worth, long-term reactivity changes, and other reactivity

measurement data.

The accuracy of comparative worth measurements using calibrated shim
rods is heavily dependent on the equality of flux levels at the shim rods during
any series of measurements. Flux perturbations produced in worth measure-
ments of fuel with respect to fuel are less than those produced in fuel-dummy
measurements. A measurement of the difference in reactivity produced when a
five -rod thorium -uranium fuel cluster is replaced with a five-rod enriched-
uranium fuel cluster, will provide data necessary to evaluate the validity of the

experimental technique and conclusions associated with this experiment.

Data relative to the loss in reactivity produced when fuel is replaced with

sodium will be used to investigate methods of flattening the flux of the operational

*A dummy assembly consists of a graphite-filled, zirconium can attached

to standard fuel-support hardware in place of fuel. Insertion of the dummy in
place of fuel within a particular reactor channel essentially eliminates the
sodium ordinarily in a fuel-filled channel.

VI-1



thorium-uranium core. Further, a measurement of sodium to fuel worth may

permit calculation of the total worth of in~-core sodium.

METHOD

With the reactor in an isothermal condition at 340°F, the shim rods will be
withdrawn the requisite amount to permit steadying the reactor at some constant
low-power flux level ""B."" The shim configuration will be recorded. The reac-
tor will be shut down to permit replacement of a thorium-uranium fuel cluster
with a dummy assembly. - Reactor flux will again be increased to "B" anéi
steadied. The shim-rod configuration will be recorded. In certain channels,
the thorium-uranium fuel will be replaced first with a dummy assembly, then with
enr1ched—uran1um fuel, andfinally with sodium alone. The shim-rod configu-
rations required to hold power steady at '"B'" will be recorded after each re-

placement.

The difference in total excess reactivity of the core produced by replacing
fuel with a dummy assembly, with enriched-uranium fuel, and with sodium can be
calculated by integrating the differential worth of shim rod 3 between the two
positions of shim rod 3 in the critical configurations. Shim rods 1, 2, and 4
will have been withdrawn to the same position for both shim rod configuration

measurements,

Should the reactor temperature drift during the experiment, the isothermal
temperature coefficient will be integrated between the appropriate limits to

permit correction of the measured reactivity difference.
PROCEDURE

la.(O) Maintain the core in an isothermal condition at 340°F as indi-
cated by the average of the main primary (reactor) inlet and outlet sodium tem -
peratures. This témperature to be held constant throughout the experiment,
will be maintained by using process line heaters and, if necessary, pool heaters.
Mamtam a flow rate of 1000 gpm in the main primary sodium loop. This flow
rate must be held constant throughout the experiment. There must be no coolant

flow in the auxiliary primary loop.
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1b. (E) Position the thermopile (see Figure VI-1) in R-50 at the midplane

index mark. Tape the thermopile leads to the reactor loading face.
2.(0) Withdraw shim rod 3 to 10 inches out.

3.(O) Individually withdraw shim rods 1, 2, and 4 to the same distance
above their lower limit switches such that the reactor is critical at "B, A
power level for point 1B will have been established in Experiment I11. DO NOT

move shim rods 1, 2, and 4 once this positioning step has been completed.

4, (0O) Steady reactor power at NB'" for 20 minutes by adjusting shim rod
3 only.

5.(E) After power has been steady at point ""B'' for 20 minutes, record
the core temperatures, i.e., the average of the reactor inlet and outlet tem-
peratures as recorded on the Sanborn and the Veeder readings for all four shim
rods, on the data sheet shown in Figure VI-2. Record the value of the thermo-
pile signal.* Record the log N reading corresponding to point "B." (Use this

log N value in making future adjustments of reactor power to "B.")
6. (O) Shut the reactor down.

7.(E) Record the Veeder readings on each of four shim -rod drives

immediately prior to their removal from the reactor loading face.

8. (O,E) Remove the TV equipment and safety- and shim-rod drives from
the reactor loading face. Care should be taken to prevent turning the shim-rod

drive shafts during or after this removal operation. Veeder counter attachment

and shim-rod lower limit positions should not be altered without prior notification

of the Experimental Unit Engineer.

9. (E) Record the Veeder readings in shim-rod thimbles 1 and 2.

10. (O) Replace the fuel in the first fuel channel listed in Table VI-1 and
shown in Figure VI-3 with the Standard dummy assembly.

11.(O,E) Prepare to replace the shim-rod drives. Just prior to re-

placing the shim-rod drives, check to make certain that the Veeder readings on

¥Data relative to the operational characteristics of the thermopile are being
collected to permit evaluation of the feasibility of incorporating the thermopile
in future reactor physics experiments.
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each shim rod drive as well as those in thimbles 1 and 2 have not been altered.

Replace the shim-rod and safety-rod drives, TV equipment, etc,

TABLE VI-1

CORE CHANNELS TO BE USED IN THIS EXPERIMENT

L Channel Ring
Numbe r Number
R-44 0
R-55 1
R-54 2
R-42 3
R-53 4
' R-41 5

12.(E) Check the position of the thermopile in R-50 which provides the
input signal for the Sanborn Recorder. If the detector has been moved from its

indexed position, reposition the detector.

13.(0O) Withdraw shim rods 1, 2, and 4 to the configuration established

. . " : - A Ubinereg
for these shim rods in Step 3. ope o Glep, 4 e (LN

14. (O, E) Repeat-Steps-4.through-9.. Exchange the dummy assembly for

fuel in the channel in which measurements were just completed,

15.(O,E) Repeat Steps 10 through 14 for each of the remaining fuel
channels listed in Table VI-1,

16.(O) Replace the dummy assembly in the channel last used in Step 15
with thorium-uranium fuel. Replace the thorium-uranium fuel in R-53 with the

five-rod Standard enriched-uranium fuel cluster.
17.(0, E) Repeat Steps 11 through 14.

18.(O) Replace the enriched-uranium fuel cluster with the thorium-

uranium fuel originally in R-53,

19.(0O) Replace the thorium -uranium fuel in R-55 with the Standard

enriched-uranium fuel cluster.
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20. (0O, E) Repeat‘Steps 11 through 14.
21.(0O) Remove the Standard enriched-uranium fuel from R-55.

22.(0O, E) Repeal Steps 11 through 14 in order to measure the worth of

sodium in R-55.

23.(0) Re-insert the thorium-uranium fuel cluster originally positioned
in R-55.

24. (0, E) Replace the shim rod drives. Repeat Steps 1l through 14.

25.(E) Remove the thermopile from R-50 and R-60 and place them in the

thermopile shield cask.

26. Proceed to the next experiment.

ANALYSIS

1. NOMENCLATURE

sle
3

Py = reactivity absorbed by shim rod 3 with reactor power steady at
© point "B," and with an operational loading of fuel in the reactor;

i.e., the position of shim rod 3 recorded in Step 5.

Py = reactivity absorbed by shim rod 3 where either the Standard
dummy assembly, the Standard enriched-uranium fuel cluster,

or sodium, has replaced the thorium-uranium fuel.

To and Ti = reactor temperatures (average of the main primary reactor inlet

and outlet temperature) existent during the measurements.

>
)
i

difference in reactivity absorbed by shim rod 3.

P = integrated isothermal temperature coefficient of reactivity between

temperatures TO and Ti’ i.e.,

_ dp
Pr= Ty - To)
where
%to = change in reactivity resulting from temperature

changes between To and T.1 ’

"x'" is the distance measured from the lower limit switchto the tip of the shim rod.
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T = core temperature with thorium-uranium fuel,

o
T, = core temperature with dummy assembly,
i
enriched-uranium fuel, or sodium,
Pq = difference in reactivity between thorium-

uranium fuel and dummy assembly, enriched-

uranium fuel, or sodium.

II. PROCEDURE

Analysis of the radial statistical weight data, including the development of the

graph described in Step (e) below, but excluding the isothermal temperature

coefficient correction, will be performed as the experiment progresses. These

preliminary results will provide a means of evaluating the consistency of the

data.

VI-6

a)

d)

Determine Py and Py 2 using the integral shim rod worth curve for
i
shim rod 3, where shim rod 3 has been calibrated against the gang of

shim rods 1, 2, and 4 during Experiment IV. This curve will be

obtained from a shim rod calibration experiment to-be performed prior

to this experiment,

Calculate Ap, where
Ap = px - px .
o

Calculate Py using the isothermal temperature coefficient of reactivity
curve. This curve will be developed from data collected in Experi-

ment X.

Calculate Py’ where

pa=Lptpr

Plot py a8 2@ function of radial displacement from the core axis.
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EXPECTED RESULTS

The estimated worth of thorium-uranium fuel with respect to a dummy
assembly, as a function of radial displacement from the core axis, has been
calculated (see Table VI-2). These calculations are based on fuel worth and
radial statistical weight measurements made with the first SRE fuel 1oa.ding,*’T
and on the worths of five-rod thorium-uranium, and seven-rod enriched-

§

uranium fuel clusters, measured in the SGR Critical Facility.

TABLE VI-2

ESTIMATED WORTH OF Th-U FUEL WITH RESPECT
TO ADUMMY ASSEMBLY AS A FUNCTION OF
RADIAL DISPLACEMENT FROM CORE AXIS

Expected Fuel Worth With
Respect to a Dummy Assembly
(dollars)

Ring
Number

1.9
1.2
1.1
1.0
0.8
0.6

g & W v —~ O

*R. W. Campbell and R. W. Woodruff, "Reactivity of Thorium-Uranium Fuel,"
TDR-2826, May 3, 1958

TR. W. Woodruff, ""Radial Statistical Weight for the SRE, "' TDR-3934,

May 27, 1959 | -

§R. W. Keaton (unpublished data)

VI-7



APPENDIX

A, SCHEDULE

The reactor will have been loaded in accordance with Figure VI-4 in prepa-
ration for this experiment. The six channels in which measurements are to be
made are listed in Table VI-1 and shown in Figure VI-3. The estimated time
lapse between configurations with fuel and dummy assembly is 12 hours. The
estimated time required to complete the experiment, i.e., from the initial

loading through the completion of measurements in R-55, is six days,

B. MANPOWER REQUIREMENTS

The Experimental Unit will supply one engineer and one assistant per shift

to conduct the experiment, i.e., operate the counters, calculate reactivity

differences, etc.

The Operations Unit will provide the normal working crew to make fuel

changes and operate the reactor.

C. EQUIPMENT REQUIREMENTS

Standard dummy assembly
Standard five-rod enriched-uranium fuel cluster
Nuclear Chicago neutron-sensitive thermopile

Neutron source

[ T VT I

Four-channel Sanborn Recorder

D. CREDIBLE ACCIDENTS

In every case, the measurements required will be performed after some

quantity of excess reactivity has been removed from the core, e.g., fuel re-

placed with dummy assembly, etc. Except for the changes in fuel loading
associated with the performance of the experiment, the reactor will be operated {

under standard low-power conditions. ‘
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OBJECTIVE

The objective of this experiment is to determine the low-power axial flux dis-

tribution in an SRE thorium-uranium core with an operational fuel loading.

PURPOSE

A measurement of axial flux is required for reactor analysis.

METHOD

With the reactor in an essentially isothermal condition at 340°F, and with re-
actor power steady at some low-power flux "P," (i.e., 0.2 of one decade below
point '"C'"), a stainless-steel wire with cadmium sleeves attached at 4-inch inter-
vals along its length will be inserted into a special Zircaloy-2 thimble positioned
near the center of the core. The position of a calibrated shim rod will be ad-
justed to hold reactor power steady at ""P'" as the stainless-steel wire with cad-
mium sleeves is inserted into the reactor. The worth of the cadmium on the
stainless-steel wire will be measured as a safety consideration. Since each of
the flux-measuring wires to be irradiated in this experiment will have cad-
mium sleeves affixed along its length, the withdrawal of the flux-measuring wires
will constitute an addition of reactivity to the core. Failure to adjust the posi-
tion of the shim rods during the withdrawal of the irradiated wires will result in

an increase in reactor power.

The cadmium sleeve spacing will vary from wire to wire, e.g., 6-inch spac-
ing on one wire, 8-inch spacing on another, etc. Cadmium spacing is being
varied to ensure that the flux depression produced by the cadmium sleeving will
not perturb the thermal flux along the entire length of the unshielded segments

of the flux-measuring wire.

With reactor power steady at "P," the flux-measuring wires will be inserted
into the special Zircaloy-2 thimbles and exposed the requisite timeto sufficiently
activate the wires such that standard counting techniques can be employed to

determine values of relative thermal flux. The measured thermal flux will be

“plotted as a function of axial position in the core.
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Following the exposure of the flux measuring wires and their subsequent re-
moval from the reactor, a neutron-sensitive thermopile will be lowered into one
of the Zircaloy-2 thimbles. With reactor power again steady at ""P," the ther-
mopile will be lowered into the thimble in 6-inch increments until the upper re-
flector and the core have been traversed. If necessary, shim rod adjustments

will be made to hold reactor power steady at "P."

After each incremental movement of the thermopile, its output signal will be
recorded. The signal will be plotted as a function of the position of the thermo-
pile along the core axis. The thermopile output signal will be related to flux,

using the results of the irradiated wire analysis.

PROCEDURE

Both gold and cobalt wires will be used in this experiment to measure the
axial flux distribution in the core. Nine wire support tubes (see Figure VII-1)
will be fabricated to contain the wires during their exposure in the reactor. Six
of the support tubes will be loaded with gold wire in the manner shown in Fig-

ure VII-1. Two tubes will be loaded with cobalt wire, and one tube will contain

stainless-steel wire. Construction of the support tubes, suspension assemblies,

and positioning caps (see Figure VII-2), as well as the loading of the tubes will

be performed by the Radiation Measurements Unit.”

The loaded support tubes and attached assemblies will be positioned near the

reactor loading face prior to the initiation of Step 3 in this procedure.

1.(O) Maintain the core in an isothermal condition at 340°F. Line
heaters and, if necessary, pool heaters are to be used to control reactor tem-

perature.

2.(0O) Maintain a constant flow rate of 1000 gpm in the main primary

sodium loép. There will be no flow in the auxiliary primary coolant loop.

3.(0) Withdraw the safety rods to their upper limits.

#*R. A. Moser and S. F. Burton, ""Absolute and Relative Axial Thermal Flux
Measurements in an SRE Thorium-Uranium Core'" (TWR 5056 to Radiation
Measurements Unit, May 1960).
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4.(0O) Withdraw shim rod 3 to 36 inches.

5.(0) Individually withdraw shim rods 1, 2, and 4 to the same distance
from their lower limit switches such that the reactor is critical. Adjust reactor
power to point '""P'" using shim rod 3 only. DO NOT move shim rods 1, 2, and 4

during the remainder of this experiment.
6.(0) Hold reactor power steady at "P' during Steps 7 through 10.

7.(E) Prepare to insert the wire support tube containing stainless steel
wire into the Zircaloy-2 thimble in R-50. The presence of both the Experimental
Unit engineer and assistant on the reactor loading face will be required during

Steps 8 through 18.

8.(E) Position the support tube and attached assemblies near reactor

channel R-50.

9.(E,H) Remove the special shield plugs fromthe Zircaloy-2 thimble in
R-50 (see Figure VII-3). Health Physics monitoring services will be required
in this step. Both fast- and slow-neutron and gamma surveys should be per-
formed over the unshielded thimble. The measured values of neutron and gam-

ma intensities will be recorded in the Experimental Unit Laboratory notebooks.

' 10.(E) After the shield plug has been removed from the Zircaloy thim-
ble, thread the support tube suspension cable up through the shield cable channel
in the manner shown in Figure VII-2. Attach the tube positioning cap to the sus-

pension cable at the RED cable index mark.

11.(O,E) Ascertainthat reactor power is steady at"P." If adjustment of
shim rod 3 is required to hold power at "P," wait 10 minutes before proceeding

to the next step.

12 (E) When reactdr power has been steady at "P'" for 10 minutes after
the last adjustment of shim rod 3, record the reac.tor inlet and outlet coolant
temperatures as shown on the Sanborn Recorders, the positions of all four shim
rods, and the log N recorder reading, on the axial flux data form (see Fig-

ure VII-4).

13.(E) Prepare to insert the wire support tube into R-50. Make certain
that the suspension cable attached to the tube will not become entangled during

the insertion of the support tube.
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14.(E) Carefully insert the support tube into the thimble guide tube in
channel R-50. Lower the support tube until its upper end is level with the top
of the thimble guide tube. Stop insertion of the support tube.

15.(E) While holding the support tube suspension cable, carefully re-
insert the two-region shield plug into the Zircaloy thimble in R-50. When the
plug is in place, pull the support tube up snugly against the under side of the
shield plug by pulling on the suspension cable.

16.(E) Re-read through Steps 16 before proceeding with the tube
insertion. At a given signal, begin full insertion of the support tube. By hold-
ing firmly to the positioning cap and letting the suspension cable slip through the
hands, the support tube will slide down the guide tube to its lower limit. The
lower limit will have been reached when the position cap is flat against the lead
shield plug support plate (see Figure VII-2). The insertion rate must be such
that between 15 to 20 seconds is required to insert the support tube to its lower
limit,

17.(0) As soon as the support tube insertion begins, adjustments in

the position of shim rod 3 will be made to permit holding reactor power steady
at HP.II

18.(E) After reactor power has been steady at ""P'" for 10 minutes fol-
lowing the last adjustment of shim rod 3, record the position of shim rod 3 on

the data form.

19.(E,H) Preparethe loading face for the support-tube withdrawal opera-~
tion. Because of the possible activation of the support tube suspension cable,
cable lubricants, etc., it will be necessary to prepare a small area around the
special measurement thimbles to receive the suspension cables as they are with-
drawn from the reactor. This will be accomplished by spreading ’a sheet of
plastic film over the areas involved. Further, a 5-gallon pasteboard carton
should be obtained to receive the cable as it is removed from the reactor. Shoe
covers, lab coat, and cotton gloves will be worn by the person actually with-
drawing the wire support tube from the reactor. Health Physics monitoring
services will be required during the actual removal operation to measure levels

of induced activity.
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20.(E) Start the withdrawal of the support tube from its lower limit.
Continue withdrawal of the tube until the upper end of the tube reaches the under-
side of the thimble shield plug. The withdrawal rate must be such that 15 to 20

seconds is required to raise the tube to its upper limit.

21.(0) The position of shim rod 3 will be adjusted during the tube with-

drawal to hold reactor power steady at "P."

22.(E) Remove the support tube from R-50 and place it in an empty
fuel storage cell. Health Physics monitoring services will be required in this

step.
23.(0) Hold reactor power steady at ""P'" during Steps 24 through 28.

24.(E) Prepare to insert the first set of wire support tubes into the
Zircaloy-2 thimbles in R-60 and R-50. The presence of both the Experimental
Unit engineer and assistant on the reactor loading face will be required during
Steps 27 through 29.

25.(E) Select the two appropriate support tubes from those positioned

near the reactor loading face. The support tubes containing cobalt wire should

be selected in this step.

26.(E) Position the support tubes and attached assemblies near reactor
channels R-50 and R-60.

27.(E,H) Repeat Step'9. '
28.(E) Repeat Step 10.

29.(E,O) Repeat Steps l1through17inR-50, using a support tube loaded

with cobalt wire.

30.(E) As soon as the support tube is fully inserted into the reactor,
record the insertion time, i.e., the clock time as indicated by the reactor high-

bay clock read in hours, minutes, and seconds, on the axial flux data form.
31.(E) Record the position of shim rod 3 on the data form.

32.(E) Repeat Step 19. Preparation of the removal area on the reactor

loading face will have been completed well in advance of the removal of the sup-

port tube.
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The Experimental Unit engineer and assistant and the Health
Physicist should be positioned on the loading face, ready to remove the first
wire support tube several minutes before the reactor high-bay clock indicates

the removal time.

NOTE: The exposure time for each wire, i.e., the time the
support tube will remain at its lower insertion limit,
will be based on calculations to be performed by the
Radiation Measurements Unit prior to the start of
this experiment. Preliminary calculations indicate
that each cobalt wire will have an exposure time ap-
proximating 4 hours. Exposure time for each gold
wire will be on the order of 30 minutes. The calcu-
lated exposure times will take into consideration the
positions of the two Zircaloy-2 measurement thimbles
in the core. Exposure times as a function of wire
type and core position will be provided by the Experi-

mental Unit at the start of this experiment.

33.(E) Prepare to withdraw the support tube from the reactor.

34.(E) At a given signal indicating the attainment of the removal time, .
start the withdrawal of the support tube from its lower limit. Continué with-~
drawal of the tube until the upper end of the tube reaches the underside of the

thimble shield plug. Withdrawal will be completed in approximately 20 seconds.

35.(E) Record the time, on the axial data form, as indicated by the
high-bay clock, read in hours, minutes, and seconds at which the tube with-

drawal was completed.

36.(0) Compensate as necessary for the withdrawal of the support tube
from the reactor by inserting shim rod 3 to hold reactor power steady at "P."
When no further movement of shim rod 3 is required to hold power steady at

"P," record the position of shim rod 3 on the axial flux data form.

37.(E) Transfer the irradiated wire from the support tube to the
shielded transport cask shown in Figure VII-5. The transfer procedure, pre-
pared by the Radiation Measurements unit, will be attached to the shield cask at

the start of the experiment.
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38.(E) Repeat Step 22 using the same storage cell. Health Physics

monitoring services will be required in this step.

39.(E,O) Repeat Steps 26 through 38 in R-60, using a support tube loaded

with cobalt wire.

40.(E,O) Repeat Steps 26 through 38 in R-50, and then in R-60, using
support tubes loaded with gold wire. The wire used in this step will have 4 inch

cadmium spacing.

NOTE: When the gold wires are irradiated, it will be necessary
to measure the total exposure times with a stop watch.
Start the stop watch when the BLACK suspension cable
mark (see Figure VII-2) goes into the reactor during
the tube insertion operation. Stop the watch when the
marker is exposed during the withdrawal operation.
Record the wire exposure time as measured with the
stop watch, along with the insertion and removal time
as indicated by the reactor high-bay clock, on the axial

flux data form.

41.(E,O) Repeat Steps 26 through 38 in R-50 for each of the four remain-
ing support tubes containing gold wire. The wire in these tubes will have 6-, 8-,

10-,and 12-inch cadmium spacings, respectively.

42.(E) With the two-region shield plug removed from the Zircaloy-2
thimble in R-60, thread the leads from a neutron thermopile (see Figure VII-2
and VII-6) through the shield plug. Connect the thermopile leads to the Leeds

and Northrup potentiometer.

43.(E) Zero and balance the potentiometer according to the instruc-

tions attached to the instrument.

44.(0) Hold reactor power steady at "P' by adjusting the position of

shim rod 3.

45.(E) After power has been steady at "P'" for 10 minutes, repeat
Step 12,
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46.(E) Lower the thermopile 6 inches into the guide tube in R-60. Re- '
place the thimble shield plug in R-60 as in Step 15. ‘

47.(0) Repeat Step 44. !

48.(E) Wait 5 minutes after either an adjustment of shim rod 3 or an
incremental movement of the thermopile before taking the data required in

Step 49.

49,(E) After the 5-minute waiting period, record the thermopile output
signal as indicated on the Lieeds and Northrup potentiometer, the reactor inlet
and outlet coolant temperatures as recorded on the Sanborn Recorders, the posi-

tion of shim rod 3, and the log N recorder reading, on the axial flux data form.

50.(E) Lower the thermopile to the next cable marker, i.e. to the top

of the upper reflector.

51.(0O) If necessary, repeat Step 44.
52.(E) Repeat Step 49.

53.(E,O) Repeat Steps 50, 51, and 52 until the thermopile has traversed

the upper reflector and core.
54.(E) Withdraw the thermopile to the position established in Step 50.
55.{0,E) If necessary, repeat Step 44.

56.(E) Repeat Step 49. Prepare to withdraw the thermopile from R-60.
As was the case during the withdrawal of the wire support tubes, an area will be
prepared on the reactor loading face to receive the thermopile and attached
leads. Protective clothing requirements and Health Physics monitoring serv-

ices are the same in this step as those listed in Step 19.

57.(E) Withdraw the thermopile from R-60 to its upper limits, i.e.
the underside of the shield plug. Tape the therrﬁopile leads to the reactor load-

ing face shield.
58.(E) Repeat Steps 42 through 57 for R-50.

59.(E) Scram the reactor. Remove the thermopiles from R-60 and

R-50 and place them in the thermopile shield cask (see Figure VII-7).
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60.(E) Replace the special shield plugs in the thimbles in R-60 and

61.(O,E) Proceed to the next experiment.

EXPECTED RESULTS

Analysis of the irradiated wires will provide an experimental measurement
of the axial thermal flux distribution between the top of the upper reflector and
the lower core-reflector interface in reactor channels R-50 and R-60. Compar-
ison of the calculated and measured values of relative flux will permit evalua-

tion of the calculative techniques used to estimate flux distribution in the SRE.

Further, the comparison of the axial flux distribution measured using gold,

cobalt, and boron (the thermopile) should provide:

a) Experimental evidence to support using cobalt instead of gold, the stand-
ard flux measuring medium, for measurments of reactor flux distribu-

tions in the SRE.

b) Experimental evidence required to evaluate the feasibility of using neutron-
sensitive thermopiles to make direct measurements of absolute and rela-

tive flux distribution.

c¢) Ten independent low-power measurements of the axial flux distribution in

the SRE.

The values shown below, for absolute thermal flux distributions at the core-
reflector interface and at the reactor midplane in core channels R-50 and R-60
with reactor power steady at ''P," were estimated in order to calculate wire

exposure times:

R-50 : R-60
Core-reflector interface 2.8 x 1010 n/cm2~sec 1.9 x lO10
Reactor midplane 6.4 x 1010 n/cmz-sec 4.5 x 1010
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APPENDIX r

A. SCHEDULE

T

The estimated time required to expose six gold wires and two cobalt

wires is 16 hours. Thermopile traverses in R-50 and R-60 will require approx-

imately 3 hours. The transfer of irradiated wires to the shield casks and the
removal of support tubes from the reactor is expected to require a total of four

hours. The total time allotted for the experiment is 24 hours.

B. MANPOWER REQUIREMENTS

The Experimental Unit will supply one engineer and one assistant per
shift to direct and conduct the experiment. The Operations Unit will supply a .

normal operating crew to operate the reactor. Health Physics will supply one

man to perform radiation and contamination surveys. The Radiation Measure-

ments Unit will perform the analysis of the irradiated wires.

C. EQUIPMENT REQUIREMENTS

9 wire support tubes with attached suspension cables and positioning

caps.

6 nine-foot strands of gold wire ~0.020 inch in diameter.

ey §

2 nine-foot strands of cobalt wife ~0.040 inch in diameter.

1 nine-foot strand of stainless-steel wire ~0.020 inch in diameter. !
2 special graphite-filled Zircaloy-2 corner channel thimbles.

2 shield casks. _ ‘ ‘
2 two-region shield plugs. . |
1 two-channel Sanborn Recorder.

]l Leeds and Northrup potentiometer.
2 Nuclear Chicago thermopiles.

1 stop watch.
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D. CREDIBLE ACCIDENTS

Throughout this experiment, the reactor will be operated under zero-

power conditions. No scram interlocks will be bypassed.

The worth of the cadmium sleeves surrounding a single flux measuring

wire has been estimated to be 0.2 dollar, The positive reactor period result-

ing from the instantaneous withdrawal of 0.2 dollar approximates 35 seconds.

Health Physics monitoring services will be used to insure personnel
safety during the period of this experiment in which it is necessary for person-

nel to operate in the immediate area of the unshielded Zircaloy-2 thimbles.
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OBJECTIVE

The objective of this experiment is to measure the amplitude of the zero -

power transfer function of the SRE using the noise analysis technique.
PURPOSE

The measurements will make possible further development of the noise
analysis technique, which may eventually replace reactor oscillation as a method

of measuring the amplitude of the reactor transfer function in the high-frequency

range.

METHOD

1. THEORY

When a reactor is operating at a steady level, there are random fluctuations,
or noise, in the neutron density, whichare caused by the statisticalnature of nuclear

fission. It is possibletoprove thatbecause of thenature of the fission process, all

frequencies of noise are equally probable, i.e., the Fourier transform of the
sk
noise signal is constant with frequency. Noise having this property is referred

to as ""white noise."

This noise from the fission process is modified by the reactor, in particular
by the properties of the delayed neutrons and by the prompt neutron lifetime.
The modification can be expressed by the reactor transfer function, Yr(jw),

where w is the frequency of the signal, and j = v -1.

Let G be the power spectral density of the noise from the fission process,
i.e. the square of the amplitude of the noise signal. It is not a function of fre-
quency, since the noise is white noise. The output noise from the reactor can

b
be shown to be

| Yr(jw) \ : Goex 2

%*J., H., Laning and R. H. Battin, Random Processes in Automatic Control
(New York: McGraw-Hill Book Co., 1956) A
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where ,Yr(jw) '2 is the square of the am'plitude of the transfer function at

frequency w.

By measuring the output power spectral density as a function of freq_uency,
we can thus determine the amplitude of the transfer function. Plots of the trans-
fer function are shown in Figure VIII-1 for different values of £/B, the ratio of
the prompt neutron lifetime to the effective fraction of delayed neutrons, By
fitting the measured transfer function to the calculated functions,( the valﬁe of
£/B in the SRE can be determined.

A block diagram of the circuit for measuring the output po;aver spectral
density is shown in Figure VIII-2, The output signal from the reactor is ampli-
fied and the steady-state signal eliminated. The remaining signal, which is the
noise, is passed through a bandpass filter to select the desired range of
frequencies, then to a squaring and averaging device. The output from the
latter, denoted by ny(w), is the power spectral density corre sponding to the

frequency range selected by the bandpass filter.

The transfer function of the circuit, and the random noise generated in the
circuit and the ionization chamber, cause perturbations in the output from the
circuit. Let Yc (jw) be the tfansfer function of the circuit, "Gzz be the power
spectral density of the noise from the ionization chamber (which is white
noise), and Gnn(w) be the power spectral density of the random noi;e in
the circuit (not necessarily white noise). Then the output from the circuit

is
G w) = |gr(jw);2|yc(jw)|2c;xx " ]Yc(jw)lszz + YIY.(;(jw)IZ Gal), -0 (1)

where Yc'(jw), the transfer function seen by the random noise in the circuit, is

different from Yc(jw) since not all of the noise passes through the entire circuit.

To obtain Yr(jw), two additional measurements are necessary. In the first,
the signal from a gamma source is measured with the same circuit, This source
also generates white noise, but the noise is unmodified by the reactor transfer

function. The output from the circuit in this case is

G'YY'(w) = |Yc(jcu)|Z G;Z + lYC'(jw,)IZGnn(w), .o (2)

'
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!
where Gzz is the composite white noise from the gamma source and the ionization

chamber.

The final measurement is made with no input to the circuit, so that the output

is caused by the random noise generated in the circuit; i.e.,

G, (w) = [¥ ) |26 () - L (3)

Combining the results of the three measurements gives

. G (w) -G ' '(w)
et TG
w yy' .

IYr(jw)\z +C,, .. (4)

where C1 and CZ are constants. Cl can be found by normalizing the experi-
mental data to theoretical calculations in the range where Yr(jw) is independent
of £/8 (see Figure VIII-1). C, is obtained from the measurements at high fre-

quencies, where er(j w)l is essentially zero.

II. METHOD OF MEASUREMENT

A circuit diagram of the apparatus is shown in Figure VIII-3. The signal
from the ionization chamber is detected and amplified with a Keithley micro-
microammeter, The bucking voltage is adjusted with HPl until the steady-state
signal is eliminated, then the resulting noise signal is amplified with Al' The
bandpass filter is set to pass a narrow range of frequencies. The signal is then
passed through a vacuum thermocouple, which serves as a squaring device.

Two Zener diodes in parallel with the thermocouple act as current limiters to
protect the thermocouple. v
Two methods will be used to integrate and read out the signal from the thermo-

couple. In the first (the original method) the signal is integrated in the circuit

containing A, then read out on a Sanborn Recorder. The recorder output divided

by time is then the average power spectral density.

In the new method, the signal from the thermocouple is fed to a voltage-

frequenéy converter, which puts out a signal of constant amplitude with a
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frequency proportional to the amplitude of the input signal, The output signal
goes to a scaler and printer. The count rate of the scaler is then the average

power spectral density,

Both methods will be used in order to evaluate the accuracy of the new
method.

Three sets of measurements will be taken: one with the reactor signal, one
with the signal from the gamma source, and one with no input to the circuit,
For each set, measurements will be made from 0.02 cps to about 2 kc. At each

frequency, the width of the bandpass will be 10% of the average frequency.

which will then be compared to the results of the eéxperiments with the reactor

oscillator in order to evaluate the noise analysis technique.

PROCEDURE

Parts I, II, III do not require the use of the reactor, and should be done as

soon as possible.

I. EQUIPMENT SETUP

1.(E) The rack containing the noise analysis equipment, the Sanborn
Recorder, and the scaler-printer will be used in the Sanborn room. The
Keithley ammeter must be placed in the high-bay area close to the reactor load-

ing face.

2.(E) Run a cable from the output of the Keithley ammeter to the con-
nector marked SIGNAL INPUT on the noise analysis rack,

3.(E) Connect one input of the dual trace oscilloscope to the input of the
bandpass filter, and the other input to the output of the filter, Zero both traces

on the oscilloscope, and set both channels to d-c coupling.

4.(E) Connect a cable from the connector marked INTEGRATOR OUT -
PUT to the input of the Sanborn Recorder, Calibrate the recorder to read one

millivolt per millimeter.
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5.(E) Connect the output of the frequency converter to the input of the
Systron scaler. Set the frequency converter for 10 volts maximum input. Set

the scaler for a 10-minute counting interval.

6.(E) Open all switches shown in Figure VIII-3. Turn on the power to
the amplifiers by plugging in the power to the noise analysis rack., The ampli-
fiers must be allowed a 4-hour warmup period. After any power loss, allow a

30 -minute warmup time.

7.(E) If either amplifier is allowed to saturate, it may oscillate. To

stop the oscillation, pull the amplifier out of the rack.

II. MEASUREMENT OF THE CIRCUIT NOISE

1. (O,E) Pullthe ionization chamber out of instrument thimble 7 and lay
it on the floor of the high bay. Connect it to the input head of the Keithley
ammeter. Call M. B. Ruegamer or C. W. Griffin, who will connect high volt-

age to the chamber. Do not connect the gamma compensation.

NOTE: The power supply of the Keithley ammeter will be

used for the high voltage to the chamber, or if this

is not sufficiently free of noise, batteries will be

used.
2.(E) Set the A GAIN switch on the back of the noise analysis rack to
the ""100'" position. Set the range switch on the Keithley ammeterto "3 x 10 8"
Set HP, to zero.

3.(E) Close Sl' The position of the traces on the oscilloscope should

not change.

4. (E) Set the bandpass filter to a mid-band frequency of 0.02 cps, with
a bandpass of 10%. Then close S;. '

NOTE: Whenever S3 is closed, watch the voltmeter. When
it reads 30 volts (positive or negative), push in S4
to short the integrating condenser. This prevents

overloading the amplifier.

5.(E) Adjusf the setting of the RANGE switch and the c;hart speéd of the

Sanborn Recorder to give a slope of about 45°. If this is impossible, put the
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RANGE switch on maximum sensitivity. Turn on the timer on the Sanborn

Recorder.

6. (E) When the adjustments are complete, short S4 and start the run.

Turn on the scaler.
7.(O,E) The following conditions must be satisfied for a run to be valid:

a) No sudden large noise pulses should appear during the run. These
are produced by transients in the power line, caused by turning

on or off any large power equipment. For this reason, the crane

in the high bay must not be used during the run.

b) The Zener diodes should not conduct during the run. This can be
observed by comparing the two traces on the oscilloscope. If
the signal on the output of the bandpass filter appears clipped com-
pared to the input signal, the data should be discarded and the run
repeated. However, clipping of about one out of sixteen spikes is

permissible if the clipped spike is unusually large,

c) The slope of the output on the Sanborn Recorder should not change

appreciably during the run.

8.(E) Continue the run until about 10 centimeters of good data are taken
on the Sanborn Recorder. Then stop the scaler, short the integrating condenser,

and open S3 .

9.(E) Record on the data sheet all required information. Record on the
Sanborn chart the run number, type of noise measured (circuit, gamma source,
or reactor), mid-band frequency, RANGE switch setting, chart speed, and
A1 gain. Record on the tape from the printer the run number, ty};e of noise
measured, mid-band frequency, counting time, range setting on the voltage -

frequency converter, and Al gain,

ALL DATA MUST BE RECORDED BEFORE PROCEEDING.

10. (E) Repeat Steps 4 through 10, using the mid-band frequencies listed
in Table VIII-1. Do not change the setting of the A1 GAIN switch. The Sanborn
RANGE switch setting and chart speed, the input range switch on the frequency

converter, and the counting time of the scaler may be changed when desirable.
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NOTE: Be certain that S3 is open before changing the range

switch on the bandpass filter,

TABLE VIII-1

MID-BAND FREQUENCIES USED IN NOISE MEASUREMENTS

(cps)

0.02 0.04 0.06 0.08

0.10 0.15 0.20 0.30 0.40 0.50 0.60  0.80

1.0 1.2 1.4 1.6 1.8 2.0 2.3 2.7

3.0 3.5 4.0 5.0 6.0 7.0 8.0 9.0
10.0 15.0 20 30 40 50 60 70 80

100 120 150 200 300 500 800
1000 1500 2000

11, (E) When measurements have been made at all the frequencies listed
in Table VIII-1, change the setting of the A, GAIN switch to '""1000'"., Measure the
noise at 2 kc, then stepwise decrease the frequency, making measurements at
the same frequencies as before. For each frequency follow the procedure given
in Steps 4 through 9. Continue decreasing the frequency until the noise pulses

are too large to measure at this gain setting.

12.(E) Analyze the data by the method given in Steps 1 through 6 in
Part V. Remeasure any questionable points before proceeding to the next part.
II1. MEASUREMENT OF THE GAMMA SOURCE NOISE

1.(E,H) Request the assistance of Health Physics. Bring the 70 milli-
curie cobalt gamma source into the high-bay areaandlay it onthe floor close to the

ionization chamber. Rope off the area surrounding the source.

2. (E,H) Adjust the position of the source relative to the ionization

chamber to obtain a reading of about 50% on the ”3x10—8” scale of the Keithley

ammeter,

3.(E) Set HP,
gives approximately the required bucking voltage. (For example, if the reading

to 1500 )

to 10 times the reading on the Keithley ammeter, which

on the Keithley ammeter is 50.%, set HP,
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4. (E) Set the oscilloscope for d-c coupling, andbe certainthatthe traces

are zeroed, Set the Al GAIN switch to "1,

5.(E) Be certain that s is open, then simultaneously close S1 and S

Adjust HPl until the traces on the oscilloscope are back to the zero position,

6.(E) Change the A, GAIN switch to "10" and readjust HP,. Then in-
crease the gain to ''100" and readjust. Record on a data sheet s1m11ar to

Figure VIII-4 the final setting of HP;.

7.(E) Measure the power spectral density of the gamma source noise by
the method given in Steps 4 through 11 of PartIl. Be certain thatall measurements
are at exactly the same frequencies as used in Part II, and that the settings of

the A1 GAIN switch are the same.

8.(E) When the measurements are complete, analyze the data by the
method given in Steps 1 through 6 in Part V. Complete the analysis and re-

measure any questionable points before proceeding to the next part,

9.(E,H) Remove the gamma source from the high-bay area.

IV. MEASUREMENT OF THE REACTOR NOISE

1.(O,E) Put the ionization chamber back into instrument thimble 7.
Insert it as far as possible. Connect the high voltage and the gamma compensa-
tion to the chamber. (Use either the Keithley power supply or batteries, as in

Step 1, Part III.)

2. (O) Start up the reactor and raise the power until the reading on the
Keithley ammeter is about 70% on the '3 x 10_8" scale. This should be between
points "A'" and " B'" on the log N recorder. Then put the reactor on automatic
control until the power is level. , Maintain the average of the main primary inlet
and outlet temperatures at 340°F. Maintain the main primary flow at 1000 gpm.
Shut off the auxiliary primary flow. When the reactor power is level, put the

reactor back on manual control.

3.(E) Measure the power spectral density of the reactor noise by the

method given in Steps 3 through 7 of Part III. Use the same frequencies and the
same settings of the A} GAIN switch as before.
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4,(E) When the measurements are complete, analyze the data by the

method given in Part V.,

V. ANALYSIS OF DATA

1. Draw a straight line through the output trace of the Sanborn Recorder.
If the trace is so curved that it is not possible to draw a single straight line, re-

peat the run.
2. Extend the line as far as possible, and mark the endpoints of the line.

3. Find the time interval between the endpoints of the line from the
timing markers generated by the Sanborn Recorder. Record this time on a

data sheet similar to Figure VIII-4.

4. Find the difference in the output level of the two endpoints in milli-
meters, and record it on the data sheet. Convert millimeters to volts by multi-
plying the number of volts per millimeter corresponding by the setting of the
RANGE switch. Record this on the data sheet.

5. Divide the number of volts by the time (in seconds); for measure-
| I
ments in Part II, call this ny(w); for measurements in Parts III and IV, call it

1
ny(w) and ny(cu), respectively. Record the values on the data sheet.

6. Divide the number of counts recorded on the scaler by the counting
time, then multiply by the setting of the attenuator range switch on the V-EF
converter and record this number on the data sheet, Give it the same designation
as in Step 5. This number should be equal to that obtained in Step 5 if the voltage-

frequency converter and scaler are operating properly.

NOTE: If the early measurements show that the voltage-
frequency converter and scaler will give accurate
data in agreement with the data.from the Sanborn
Recorder, then only the data from the scaler need

be analyzed.

7. When all measurements are complete and have been analyzed by the
above method, calculate the following quantity for each frequency:
11
G (w) -G (w)
x =YY ) Y

Gyylw) - Gyolw)

VIII-9



Record these values on the data sheet. Do the same for measure-

ments with an A1 gain of "1000".

8. The square root of X is proportional to the amplitude of the reactor
transfer function at frequency w. Plot this as a function of frequency. Normalize

the two curves with different A1 gains in the region where they overlap.

NOTE: At high frequencies, the plot will level out at
a constant value, which is C2 in Equation (4).

If this value is not negligible at low frequencies

(0.02 — 20 cps), recalculate the amplitude of

the transfer function by the relation

¥ Gw)| = (x- c,)1/2

9. Normalize the experimental plot to the theoretical curves at the low-

frequency end, and then compare the experimental and theoretical curves, If

any points look questionable, re-measure them,

10. From the above comparison, determine the value of £/B, and com- ;
pare this with the value obtained from the measurements with the reactor oscil-

lator. If the two agree within experimental error, the experiment is finished.

EXPECTED RESULTS

The noise analysis measurements will yield a curve similar to those shown

in Figure VIII-1. The value of £ /B obtained from the curves should be about the

3
8

same as in the first core, where it was 0.075 seconds.

The evaluation of the new method for integrating and averaging the data, i.e.,
the use of the voltage-frequency converter and sc'aler, will demonstrate that this
method gives more accurate data than the original method, and that the analysis

of the data is much easier and faster.

%*C. W. Griffin and J. G. Lundholm, Jr., "Measurement of the SRE and KEWB
Prompt Neutron Lifetime using Random Noise and Reactor Oscillation
Techniques,' NAA-SR-3765, 1959
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EXPECTED CONCLUSIONS

The noise analysis technique will provide an accurate and convenient method
of measuring the amplitude of the reactor transfer function in the high-frequency
region., Due to its simplicity, this method will eventually replace the reactor

oscillation measurements in the high-frequency region.

APPENDIX

A, SCHEDULE

The experiment will require approximately two days (six shifts).

B. MANPOWER REQUIREMENTS

The Operations crew and two people from the Experimental unit will be

~required for each shift. In addition, C. W. Griffin and M. B. Ruegamer will be

available to advise and assist when necessary.

C. EQUIPMENT REQUIREMENTS

1 ionization chamber

1 Keithley micro-microammeter

I Tektronix Model 535 dual trace oscilloscope
1 voltage-to-frequency converter

1 Systron scaler

1 Sanborn Recorder

2 Kintel operational amplifiers

1 Kronkite band pass filter

Miscellaneous electrical equipment shown in Figure VIII-3.

D. CREDIBLE ACCIDENTS

The reactor will be used only in Part IV of these procedures, where it will
be run at a steady level at low power. The measurements will not affect the

operation of the reactor, and no safety interlocks will be bypassed; hence, no

hazards will exist.

VIII-11
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etc.

Type of Noise Measured

Log N Reading
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Na Temp
°F
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Band Pass High Frequency

Filter

Settings(cps)

Low Frequency

Average Frequency

Aj Gain
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Sanborn
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Range Switch

Chart Speed
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V-F Converter

Scaler Counting Time (sec)

Sanborn Output (mm)

Sanborn Output (volts )

Sanborn Time Interval (sec)

Scaler Total Counts
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G ip) from Scaler
yy(Jw)

X

VX =Yy (juw)l

Figure VIII-4.

Data Sheet for Noise Analysis

Measurements
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OBJECTIVE

The objective of this experiment is to determine the axial statistical weight

of an SRE thorium 7.6 wt-% uranium core with an operational fuel loading.

PURPOSE

The axial stgtistical weight is necessary for calculating reactivity changes
resulting from variations in the constituents or conditions of a cell, e.g. xenon,
fuel, and temperature. Further, axial statistical weight values are necessary
for separating fuel, coolant, and graphite contributions to the power coefficient

as measured with a reactor oscillator.

METHOD

With the reactor in an isothermal condition at approximately 340°F, and with
a Zircaloy-2 thimble in the core, the shim rods will be withdrawn to establish a

constant flux,"B." The shim rod configuration will then be measured.

A neutron absorber (Figure IX-1) will be lowered down the Zircaloy=2 thimble
in 6-inch increments, starting at the top of the reflector and continuing until the
core has been traversed. The shim rod configuration required to maintain reactor

power at nB" after each movement of the absorber will be measured.

The change in reactivity as a function of the axial position of the absorber
can be calculated by integrating the worth of shim rod 3 between its position
with the absorbzr in the core and its position out of the core. This change will
be plotted as a function of absorber position. The axial statistical weight will

be found by normalizing the area under the curve to unity.
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PROCEDURE

1. (O,E) Insert an empty Zircaloy-2thimble in R-50and a corner channel
dummy fuel assembly into R-60. Mount the absorber suspension assembly over

the thimble in R-50 (see Figure IX-2).

2.(0) Maintain the core in an isothermal condition at 340°F. Line
heaters and, if necessary, pool heaters are to be used to control reactor tem-

perature.

3. (O) Maintain a constant flow rate of 1000 gpm in the main primary
sodium loop during measurement sequences. There should be no flow in the

auxiliary primary coolant loop.
4.(O) Withdraw the safety rods to their upper limits.
5.(0) Withdraw shim rod 3 to 36 inches out.

6.(O) Individually withdraw shim rods 1, 2, and 4 the same distance
from their lower limit switches such that the reactor is critical, and power is
steady at point "B.'" The power value for "B'" will have been established in Ex~

periment IIL,

7.(E) Record the positions of shim rods 1, 2, and 4 on the axial statis -
tical weight data form (see Figure IX-3). Shim rods 1, 2, and 4 MUST NOT be

moved after this initial positioning step.

8.(0) Steady reactor power at point ''B" for twenty minutes by adjusting

shim rod 3 only.

9.(0, E) After reactor power has been steady at ""B" for twenty minutes,
record the reactor power level, as indicated on the log N recorder, on the data
form. This log N value should be used as a reference value in making all fur -

ther power adjustments to point "B, "

10.(E) Record the core temperature (the average of the reactor inlet and
outlet temperatures) and the position of shim rod 3 on the data form. Designate

the position of shim rod 3 in this configuration as "‘xoo.”

IX-2
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11.(E) Slowly insert the neutron absorber into the thimble until the
first cable marker is at the cable vice index point (see Figure IX-2). The ab-
sorber is now positioned with its centerline at the top of the upper reflector,

i.e. at the top of the graphite.

12.(O) ‘Adjust the position of shim rod 3 as the absorber is lowered to
permit holding power steady at "B. "

13.(O) Repeat Steps 8 and 10. Designate the position of shim rod 3 in

this configuration as "xo. "

14.(E, O) Lower the neutron absorber to the next ""6-inch'' cable marker

while compensating with shim rod 3.

15.(0, E) Repeat Steps 8 and 10. Designate the position of shim rod 3

in this configuration as "'x,. "

16. (O, E)Repeat Steps 14 and 15 until the absorber has traversed the
upper reflector and core. Designate the positions of shim rod 3 in these config-
urations as X,, Xg, ..., X g-

17. (E) Slowly withdraw the absdrber from its lower limit position to
the "zero distance' position while compensating with shim rod 3. The zero
distance is the first cable marker. (See Step 11.) -

18. (0, E) Repeat Steps 8 and 10. Designate the position of shim rod 3

in this configuration as ”x:). "

19, (E) Withdraw the absorber to its upper limit, compensating as

necessary with shim rod 3. Health Physics monitoring will be requiféd during

this step. Beta-gamma surveys should be made in the areé. of the absorber sus -
pension assembly as the absorber is withdrawn to its upper limit. These sur-
veys will provide a measurement of any induced radioactivity éssociated with

the absorber.

20.(0, E) Repeat Steps 8 and 10. Designate the position of shim rod 3

ag 't 1
00

21.({0O) Shut down the reactor.
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22.(E) Remove the absorber and suspension assembly from the measure-
ment thimble. Place the absorber in the shield cask (see Figure IX-4). Store

the cask in accordance with Health Physics instructions.

23.(E) Record the Veeder readings on each of the four shim rod drives

immediately prior to their removal from the reactor loading face.

24. (0O, E) Remove the TV equipment and safety-and shim-rod drives
from the reactor loading face. Care should be taken to prevent turning the

shim-rod drive shafts during or after this removal operation. Veeder counter

attachment and shim rod lower limit positions should not be altered without prior

notification of the Experimental engineer.

25.(E) Record the Veeder readings in shim rod thimbles 1 and 2.

26.(0) Load an empty Zircaloy=-2 thimble in R-60 and a corner channel
dummy fuel assembly in R-50,

27.(0, E) Prepare to replace the shim rod drives. Just prior to re-
placing the shim rod drives, check to make certain that the Veeder readings on
each shim rod drive, as well as those in thimbles 1 and 2, have not been altered.

Replace the shim- and safety-rod drives, TV equipment, etc.
28.(E) Mount the absorber suspension assembly over R-60,

29.(0O,E) Repeat Steps 4 through 8. Shim rods 1, 2, and 4 must

be withdrawn to the positions established for these rods in Step 6. Final ad-

justment of power to '""B'' should be made using shim rod 3.

30. (O, E) Repeat Steps 10 through 25,

31.(O) Remove the Zircaloy-2 thimble from R-60. Replace it with a

corner channel dummy.
32.(0O) Repeat Step 27.

33. Proceed to the next experiment,

IX-4
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ANALYSIS
I. NOMENCLATURE
oo
= d
Bot) (e
Z=0
/)Z-"—'Xi
d
Pi= () e
Z=0
T. = average core temperature existent during measurments with the

absorber at position X,

1. = change in reactivity resulting from changes in temperature
between To and Ti'

A.1 = worth of absorber.

II. PROCEDURE

The data collected will be normalized such that the integral of the worth of
the absorber will be unity. A normalized curve similar to that shown in Figure

IX -5 would then represent the axial statistical weight.

1. Determlnep a.ndp , using the integral shim-rod worth curve for
shim rod 3, where shim rod 3 has been calibrated against the gang of shim rods

1, 2, and 4 during Experiment IV. This curve will be obtained from a shim rod

calibration experiment performed prior to this experiment.

2. Calculate I using the isothermal temperature coefficient curve.

This curve will be obtamed from data collected in Experiment X.

3. Calculate Ap, where

Bp = py - Poo

IX-5



4. Calculate PpswWhere

5. Correct for changes in absorber position as a function of cable

growth, using core temperatures and the coefficient of linear expansion of the

cables,

6. Plot Py as a function of the axial position of the absorber.

EXPECTED RESULTS

Although the axial statistical weight was not measured for the enriched
uranium core, an estimate of it can be obtained by multiplying the calculated

thermal flux and thermal adjoint.* This quantity is shown in Figure IX-5,

The axial statistical weight should behave similarly to that for the enriched ‘

uranium core.

* F. L. Fillmore, "Two-Group Calculations of the Critical Core Size of the SRE
Reactor," NAA-SR-1517 (Revised), January 15, 1959.
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APPENDIX

A. SCHEDULE

The reactor will be loaded in accordance with Figure IX -6 for this experi-
ment. Loading will require insertion of Zircaloy~-2 thimbles in R-50 and R-60,
respectively. Estimated time required for this operation is 8 hours. The
estimated time to attain criticality and traverse a single measurement channel

is 12 hours.

The second channel traverse is expected to require 10 hours. The total time

allotted for the experiment is 36 hours.
B. MANPOWER REQUIREMENTS

The Experimental unit will supply one engineer and one assistant per shift
to direct and conduct the experiment, i.e. to operatethe Sanborn Recorders,

position the absorber, etc.

The Operations unit will supply the normal operating crew to operate the

reactor.
C. EQUIPMENT REQUIREMENTS

two~channel Sanborn Recorder
Boral neutron absorber

absorber suspension assembly and shield cask

vV = =

Zircaloy-2 corner channel thimbles
D. CREDIBLE ACCIDENTS

The worth of the absorber at the reactor midplane has been calculated to be
approximately 0.4 dollar. If the absorber were to fall from the reactor mid-
plane to the bottom of the measurement thimble, an asymptotic period of approx-
imately 5 seconds would result if the operator did not compensate with shim rod

adjustments.
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During the experiment, three scram circuits will always be connected tothe
safety-rod holding magnets.* The high-level period amplifiers in instrument
channels IIT and IV will ring an alarm if the period reaches 20 seconds, initiate
an automatic insertion of the shim rods at 10 seconds, and scram the reactor at
5 seconds. The flux safety channels, i.e. instrument channels V and VI, will be
modified to scram the reactor at 0.1% of full power. Three fuel-channel exit
temperatures will be monitored. If two of them exceed 390°F, the reactor will

be automatically scrammed. None of these circuits may be bypassed.

Dropping the absorber could result from two causes. First, the weight of
the absorber could cause the reel to unwind. To prevent this, a friction brake
has been added to the suspension assembly as shown in Figure IX-2, The brake
would have to fail and the vise would have to be released before the reel could
unwind. Second, either the cable or the linkage at the absorber could break,

The absorber weighs 1.5 pounds and the yield strength of the cable is 350 pounds,
The cable and the linkage have been tested by dropping the absorber 23 feet

several times.

Provisions have been made to provide the requisite amount of shielding
material, i.e. a thimble insert, to effectively reduce to tolerance levels
gamma and neutron intensities extant at the top of the Zircaloy-2 thimbles at

0.1% of full power.

* R. J. Hall, "SRE Instrumentation and Control, " NAA-SR-Memo-1639,

IX-8




i 0 i

r
|

-

ABSORBER
I
+—}
WAFERS
11

Gll

TN
N

i
|

"

—~———— BOTH THE ABSORBER SUPPORT AND
DISCONNECT UNIT ARE MADE OF
MILD STEEL

ABSORBER DISCONNECT UNIT

jou

%
%

N

J

K

ABSORBER DESCRI PTION
I/4 " BORAL PLATE

iu
|
TH
)
1 /2

— ——I/B"

DIAMETER

CORE —APPROXIMATELY 35%
|/8“ BORON BY WEIGHT

'<— _5_“—>- :
8 CORE AND CLADDING
APPROXIMATELY 20 % BORON
ABSORBER -'BY WEIGHT °

Figure IX-1. Neutron Absorber, Suspension Assembly, and Shield Cask

IX-9



" 0T-XI

INDEX

POINT’\

3" WHEELJ

i{"WHEELS SUSPENSION

CABLE WHEEL

=

CABLE

==

VISE

\_-B RAKE
ASSEMBLY

o — — —

ALUMINUM

U

Figure IX-2.

Neutron Absorber Suspension Assembly



1

Shim Rod No.
and Position

Core Channel R-50

Core Channel R-60

Veeder Core
Units Temperature

Veeder Core
Units | Temperature

No. 1
No.2
No. 4
No. 3
Xoo | %o
Xoo' | !
XO | 2
xol 3
Xy Reflector 4
i -
6
4 L 7
s | 1 1 "1 [ "7 777 8
6 9
7 10
8 11
9 12
10 -13
11 Core '—14
12 15
13 Position of Absorber
14 Corresponding to Shim Rod 3
15 Position Data:
16
17
18

Position Fission Chamber No. 1

Position Shim Rod 1 after Disconnect

Position Shim Rod 2 after Disconnect

Position Shim Rod 3 after Disconnect

Position ShimRod 4 after Disconnect

Veeder Reading in Thimble No. 1l after Disconnect

N[O R W NV e

Veeder Reading in Thimble No. 2 after Disconnect

Figure IX-3.

Axial Statistical Weight Form
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OBJECTIVE

““ The objective of this experiment is to measure the "isothermal'' temperature |

sefficient of reactivity of the SRE with an operational Th-7.6 wt-%U loading.
PURPOSE

: Experimental information about the tem}ﬁerature coefficients of reactivity in
the SRE must be obtained for two reasons: first, to assist in reactor tempera-
fure stability calculations, and second, to provide data by which the reactivity of
the core may be predicted for various reactor operating conditions. The iso- '
‘thermal temperature coefficient is also required in order to permit the separation
of the more significant fuel temperature coefficient from experimental data concern-

ing the combined effect of moderator, fuel, and coolant.

"METHOD '

P

The isothermal temperature coefficient will be measured over the tempera-
ture range from 300°F to 750°F. The lower temperature limit is chosen to be
above the sodium melting point and below the normal reactor inlet temperature
during operation. The upper temperature limit is set by thermal stress limits
in the reactor inlet side of the main primary coolant loop. In this experiment,
"isothermal' is defined as the core condition at Power level "A,'' constant reac- |

tor inlet and outlet temperatures, and constant control rod positions. Power

full power.

Qr . level "A'" is defined in Experiment III and is approximately six decades below

1 The reactor core temperature will be changéd in nine 50°F steps. At each
step, the reactivity of the core relative to the 300°F critical condition will be

':J measured using period measurements. The core temperature changes will be

accomplished by eight 10-kw spécial pool heaters.

3 A shim rod configuration for which the reactivity of the reactor is known
will be established for the 300°F isothermal condition\by withdrawing shim rod 3
j enough to obtain a positive period of about 300 seconds. The, reactivity
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corresponding to the measured period will be computed and recorded with the
position of shimrod 3. The reactor will then be raised to an isothermal condition
at 350°F, using the line heaters and the special pool heaters in the sodium pool.
When the reactor has reached temperature equilibrium, shim rod 3 will be with-
drawn to the position which resulted in the 300-second period at 300°F. The re-
sulting period will be measured and the reactivity calculated. The change in re=-
activity due to the temperature change will then be the difference in the two re-
activities computed for the two withdrawals of shim rod 3 at the two different
temperatures. The ratio of change in reactivity (Ap) to the chahge in tempera-
ture (AT) is the average temperature coefficient of reactivity for that particular

temperature interval.

The above general method will be followed throughout this experimvent as the -
reactor isothermal temperature is raised in 50°F steps from 300°Fto 750°F. -
However, due to the expected magnitude of the total reactivity change over the -
température range of interest and the resulting excessively short periodé which
would result if shim rod 3 were withdrawn all the way to the position which will
give a 300-sec period atthe 300°F isothermal condition, the method described
above must be modified at the higher temperatures. Therefore, a series of
overlapping period measurements will be used in order to obtain the temperature
coefficient of reactivity for the specified temperature range. Table X-1 (located
at the end of subsection._IV, "Subprocedures'') shows-the measurements to be )
made and the periods which are expected. This table is based on the estimate of

the temperature coefficient given in the Hazards Summary.
" PROCEDURE

I. PHYSICAL SETUP AND INSTRU‘MENVTATION

1..(0) The reactor will initiaily be subcritical with all shim rods inserted.

Hold the flow in the main primary loop at 1000 gpm on the control room instru-

mentation.’ 557" THE SoDIUMY LEVEL AT //5_”

2.(0) I not already accomplished, install the eight 10-kw 240-volt special
pool heaters in R-3, R-13, R~30, R-59, R-72, R-37, R-52, and R-81 (see .
Figure II-1). Each special pool heater consists of two 5~kw 240-volt heaters;

x'""Hazards Summary for Thorium-Uranium Fuel in the SRE," NAA-SR-3175
(Revised). : .

Ke2
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thus, there are 16 separate pairs of heater connections. Each of the 16 heater
loops may be connected to 240 volts or the two heaters in each unit may be con-

nected in series across 480 volts.

3.(0) Provide one of the eight special pool heaters mentioned in Step 2

with a Variac control.

4.(0) Each of the followmg line heaters will be individually provided with
an on-off switch and connected across a 240-volt line (all line heaters are 1/2 kw

except as noted).

Main Primary

Line 101: ER-38, 39, 40, 41, and 42
Line 102: ER=36, 37, and 5 (120 volt, 1/4 kw).
Line 103: ER-27, 28, 29, 30, 31, 32, 33, 34, and 35.

- 5.(E) Using the technique discussed in Experiment III, set up the Sanborn

Recorders to record:

1) Reactor inlet temperature. ' |
‘ PurT oN oNnE 4 PEN
2) Reactor exit temperature. THENBORN

3) Two Na Channel exit temperatures. _ 7
4) Two Beprobe thermocouple temperatures.} PatT on 2 PEN \{MBO&

6. (O) If they are not already operating, set up the television systems to

display the Veeder counters on screens in the control room area.

7. (O)Disconnect the Flux-Temperature Recorder-Controller from the
ionization chamber and connect it to the Beckman electrometer channel inprepa-
ration for the use of the flux controller at power levels in the first decade of the

log N chart.

8. (E) The instrumentation for period'measurements should be set up as

previously used (see Figure X-1).

II. INITIAL CONDITIONS

9.(0) Set the main primary system flow rate at 1000 10 gpm as indi- .
cated on the control room instrumentation. Hold this flow as constant as pos-

sible throughout this experiment.



10. (O) Shut off flow in auxiliary primary system.

11.(O) Either drain the main secondary system or maintain the second-
ary temperature so that no heat is withdrawn from the main primary system dur-

ing this test.
12.(O) The reactor startup source must be in the reactor.

-13.(O) Bring the reactor power up to point "A'" as defined in Experi-

ment III.

3000 V.U 14. (O) Adjust the shim rod configuration such that shim rod 3 isatabout
W .

‘the reactor power is at point "A." The reactor should be on manual control,

, shim rods 1, 2, and 4 are at a common level (within £+40 V. U.), and

Record the position of shim rods 1, 2, and 4. Do not move shim rods 1, 2, and

4 during this experiment except for safety purposes.

III. REACTIVITY MEASUREMENTS

In the following steps, twenty-five period measurements will be made.
These are summarized in Table X-1. The Subprocedures A, B, C, and D re~

ferred to beléw are detailed in the following section (IV).

15.(E) Begin continuous monitoring of the temperatures listed in Step 5.

It is not necessary to have the Sanborn Recorder Charts moving at all times.

30
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16. (O,E) Adjust the core to an isothermal condition at N = 300 £ 10°F
. according to Subprocedure B. (N refers to nominal core temperature at each

temperature step.) *

'17.(O,E) Determine X(300) according to Subprocedure C. In general,
the notation X(N) refers to the position of shim rod 3, at the nominal core tem-

perature N, which results in a period at approximately 300 seconds.
350

18.(O,E) Adjust the core to an isothermal condition at N = 350 + 10°F

according to Subprocedure B .




19. (O, E) Determine X(350) according to Subprocedure C.

20. (O, E) Adjust the power to the line heaters as necessary to maintain N.
&

21. (0, E) Pull shim rod 3 to X(300) according to Subprocedure D.

40
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22.(0, E) Adjust the core to an isothermal condition at N = 400 £ 10°F

according to subprocedure B.
23. (0, E) Determine X(400) according to Subprocedure C.
24. (O, E) Repeat Step 20.

25. (O, E) Pull shim rod 3 to X(350) according to Subprocedure D.

S

0

26. (O, E) Adjust the core to an isothermal condition at N = 450 + 10°F

éccording to Subprocedure‘B.
27.(0, E) Determine X(450) according to Subprocedure C.
28. (O, E) Repeat Step 20. |
29.(0, E) Pull shim rod 3 to X(400) according to Subprocedure D.
30. (O, E)‘Repeat Step 20. .
31. (O, E) Pull shim rod 3 to X(350) according to Subprocedure D.

32. (0, E) Adjust the core to an isothermal condition at N = 500 £ 10°F

- according to Subprocedure B.
33. (0, E) Determine X(500) according to Subprocedure C.

34. (O, E) Repeat Step 20.

*Note to the Experimental Unit Engineer: In. order to obtain the maximum
amount of information from this experiment, it is desirable to proceed to pull
shim rod 3 back to the values of X(N) which are as far to the left in each hori-
zontal row of Table X-1 as is possible without getting a period shorter than 30

»j seconds. If it appears that at the end of the measurements called for in this

procedure, at a particular temperature step, it is possible to pull shim rod 3
to a lower X(N) than called for, without a period shorter than 30 seconds re-
sulting, then perform these additional measurements according to Subproce-

’3 "dure D.




35. (0, E) Pull shim rod 3 to X(450) according to Subprocedure D.

36. (0, E) Repeat Step 20.

37.(0, E) Pull shim rod 3 to X(400) according to Subprocedure D.
550

38.(0, E) Adjust the core to an isothermal condition at N =550 £ 10°F

according to Subprocedure B.
39. (0, E) Determine X(550) according to Subprocedure C.
40. (O, E) Repeat Step 20.
41. (O, E) Pull shim rod 3 to X(500) according to Subprocedure D.
42.(0, E) Repeat Step 20.
43. (O, E) Pull shim rod 3 to X(450) according to Subprocedure D.
1600

44. (O, E) Adjust the core to an isothermal condition at N = 600 + 10°F

according to Subprocedure B.
45. (O,. E) Determine X(600) accbrding to Subprocedure C.
46. (0, E) Repeat Step 20.
47.(0, E) Pull shim rod 3 to X(550) according to Subprocedure D.
48. (0O, E) Repeat Step 20.
49. (0, E) Pull shim rod 3 to X(500) according to Subprocedure D.
650 ‘ :

50. (O, E) Adjust the core to an isothermal condition at N = 650 = 10°F
according to Subprocedure B.

51. (O, E) Determine X(650) according to Subprocedure Ce..

52. (0, E) Repeat Step 20.

53. (O, E) Pull shim rod 3 to X(600) according to Subprocedure D.

54. (0, E) Repeat Step 20.




55.(0, E) Pull shim rod 3 to X(550) according to Subprocedure D.

700

56.(0, E) Adjust the core to an isothermal condition at N =700 £10°F

according to Subprocedure B.

57.(0, E) Determine X(700) according to Subprocedure C.

58. (0, E) Repeat Step 20.

(§)]
O

.{O, E) Pull shim rod 3 to X(650) according to Subprocedure D.

60. (O, E) Repeat Step 20.

61.(0, E) Pull shim rod 3 to X(600) according to Subprocedure D.

)

62. (0, E) Repeat Step 20.

r

&

63. (0, E) Pull shim rod 3 to X(550) according to Subprocedure D.

-

7150

64. (0O, E) Adjust the core to an isothermal condition at N = 750 £ 10°F

according to Subprocedure B.

65. (0, E) Pull shim rod 3 to X(700) according to Subprocedure D.

Y

i

66. (O, E) Repeat Step 20.

&

67.(0, E) Pull shim rod 3 to X(650) according to Subprocedure D.

§

68. (0O, E) Repeat Step 20.
69. (0O, E) Pull shim rod 3 to X(600) according to Subprocedure D.
70. (O, E) Repeat Step 20.

71. (O, E) Pull shim rod 3 to X(550) according to Subprocedure D.

IV. SUBPROCEDURES

Subprocedure A. Procedure for Core Temperature Change

In the course of this experiment, several core temperature changes are
called for. Also, constant core temperature is called for in several instances.
The large-capacity special pool heaters are désigned to be used to change the

temperature level of the core; at full heater power, a core temperature change

>,




of 5 to 5-1/2°F per hour is expected. Since the main primary line heaters are
capable of sustaining the core temperature at any level up to 750° F, they will be
relied upon to hold steady core temperatures. (In this experiment, '""core temper-
ature'' means .the average of the reactor inlet and outlet temperatures as read

on the SanbornRecorders. )
The procedure for changing core temperé.ture will be:

1.(O) The reactor may remain cr1t1cal or be shut down during temper-

ature level changes. In the case the reactor is shut down, power level "A'" must

be establlshed and held for the last hour of the temperature change. The posi-
tioils of shim rods 1, 2, and 4 must be exactly reproduced, according to the

Veeder counters, as they were before the shutdown.
2.(O) Turn on all pool and line heaters.

3.(E, O) When the core temperature reaches N + 10°F, turn off vthe

special pool heaters.

4.(0) Level out the core temperature by adjusting the number of main

pPrimary line heaters connected.

Subprocedure B. Procedure for Establishment of an Isothermal Condition

1. (O) Using SubprocedureA bring the reactor core temperature to
N +£10°F. N .will be 300, 350, 400, 450, 500, 550, 600, 650, 700, or 750° F,

as required.

2.(O) With the reactor on manual control, set the reactor power at point

"A'" and hold it as steady as possible. Control only with shim rod 3; do not move
shim rods 1, 2, and 4. The positions of shim rods 1, 2, and 4 must be exactly

the same as they were before the temperature change.

3.(0, E) Turn off all special pool heaters and adjust the power to the line
heaters until the reactor inlet and outlet temperatures are constant as deter-

mined on the Sanborn Recorders.

4.(O) Place shim rod 3 on automatic flux control.

5.(E) Wait until shim rod 3 shows no apparent drift on automatic control.
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Subprocedure C. Determination of X(N)'s

Subprocedure B must have been performed at temperature N. X(N)is
the position of shim rod 3 at the temperature N + 10°F which will place the re-
actor on a 300 * 25 second positive period. If necessary, adjust the power to the

line heaters during this subprocedure to maintain constant temperature.

1.(O) Place the reactor on manual control. Hold a constant flux level at

point ""A" for 20 minutes, controlling only with shim rod 3.

2. (E) Record the reactor inlet and outlet temperatures from the Sanborn
Recorders. Record the position of shim rod 3. Record the positions of shim

ey

rods 1, 2, and 4. _ £

3.(E) Set the Beckman-Berkeley system to count for 20 out of 23 seconds

and set the Systron System to count for 20 out of 20.5 seconds.

4. (O) Pull shim rod 3 for a 300 + 25 second period. This period must be
established before the power has increased by 1/2 decade. If it is not, return to
power "A" - wait 20 minutes - and try again. Do not move shim rods 1, 2, and

4.

5. (E, O) When shim rod 3 stops, immediately turn on the printers. DO
NOT move shim rod 3 after the printers are turned on. Record the position of

shim rod 3; this is X(N).

6.(0, E) When the flux reachespoint"T,"IMMEDIATELY insert shim rod

3 and reduce the flux to point ""A.'" Turn off printers. Adjust to constant flux

“at point "A," controlling only with shim rod 3. Point "T'is defined in Experiment

. III, "and is about three decades below full power.

7.(E) Record the reactor inlet and outlet temperatures from the Sanborn

Recorders.
8.(E) Analyze the data as described in the Analysis Section.

Subprocedure D. Temperature Coefficient Measurement

1.(O) Place the reactor on manual control. Hold the flux constant at

point ""A" for 20 minutes, controlling only with shim rod 3.



2.(E) Record reactor inlet and outlet temperatures from the Sanborn
Recorders. Record the position of shim rod 3. Record the position of shim
rods 1, 2, and 4.

3.(E) If the period predicted by Table X-1 is between 70 and 120 seconds,
set the Beckman System to count for 10 out of 13 seconds and the Systron System
to count for 10 out of 10.5 seconds. If the period predicted by Table X-1 is less
than 70 seconds, set the Beckman Systemto count for 5 out of 8 seconds and the

Systron Systemto count for 5 out of 5.5 seconds.

4. (O) Pull shim rod 3 to X(N). DO NOT move shim rods 1, Z and 4.
All rod motion must stop before the flux has risen by 1/2 decade above ""A. " If
X(N) has not been established within = 1 V.U. by that time, insert shim rod 3
and return to point "A," controlling with shim rod 3. Repeat Step 1.

5.(0,E) If the resultant asymptotic period is less than 30 seconds
immediately reinsert shim rod 3 and reduce the flux to point "A." Proceed to

the next step in the main procedure. Notify R, W. Woodruff.

6.(E, O) When shim rod 3 stops, immediately turn on the printers. Do
not move shim rod 3 after the printers are turned on. Record the position of
shim rod 3 (this should be X(N)). -

7.(O, E) When the flux reaches point T, IMMEDIATELY 1nsert shim rod

3 and reduce the flux to point A" Turn off printers. Adjust to constant flux

at point ""A "controlling only with shim rod 3.

8.(E) Record the reactor inlet and outlet temperatures from the Sanborn

Recorders.

9.(E) Analyze the data as described in the Analysis Section.

X~10




SUMMARY OF PERIOD MEASUREMENTS FOR ISOTHERMAL
TEMPERATURE COEFFICIENT MEASUREMENTS

TABLE X-1

Temper- Period in Seconds
ature
P X(400) X(700)
300 300
350 62 | 300
400 26 67 300
450 29 70 | 300
500 16 32 75 | 300
550 18 36 85 | 300
600 21 42 | 100 | 300
650 28 | 52 | leop 3
700 21 36 89| &) %0
750 30 2L 0 [ 22

The periods listed in the table are those which are predicted to result when

shim rod 3 is withdrawn from its constant flux position for the temperatures in

the left hand'column to the shim rod 3 positions in the top row.

The shim rod 3

positions in the top row refer to positions of shim rod 3 which will give an ap-

proximately 300-second positivre period at the subcripted temperatures when the

other three shim rods are at the common position which was set in Step 14. The

calculated periods are based on the assumption of a temperature coefficient 50%

larger than that quoted in NAA-SR-3175 (Revised). Theunderlined periods indicate

measurements which will be made during this experiment.
SAMPLE DATA RECORD

FUNCTION

AUN NUMBER

XIN) OR | scacer-
pULLgo PRI
XIN!

7

" snimez
POSITION
.U

8

SHIM-4

POSITION
V.U,

v.uy

REACTOR | AVERAGE

18 19

QUTLET CORE
TEWP.
AT T. AT T,
R? ve?

X(300}

2 X{350)

3 [P vo x(300)

4 X{400)

1

P 10 X(3500

ETC

L




ANALYSIS OF DATA

A. ANALYSIS OF PERIOD DATA
Analyze the data from each period run as follows:

1. Obtain the waiting time from the plot prepared in Experiment III and

eliminate the data points which fall within it.

2. Calculate the count rate for each point by dividing the count by the

counting time. Correct the data points for the system resolution time by the

equation
L]
. m . .
n =7 ) A |
l-mt (1)
where
[
n = true count rate,
®
m = measured count rate,
T = system resolution time.

3. Plot the corrected count rate.yﬁ time data on semilog paper.
4. Draw the best fit straight line through the data.

5. Calculate the period by dividing the time.it takes the straigh% line to
traverse 2 decades by 4.605. If the period is so long that a Z:-decade rise does
not occur within the range of the graph paper, then compﬁte the period by ex-
tending the straight line until it completely traverses the graph paper. Take the
two extreme points on the line; call the count rates Ci and CZ’ and the respective

times tlAand tZ,' Calculate the period by the relation

o h
o4 (2
Period lnC‘z-lnCI’ . e ()

where 1ln is loge.
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6. Convert the period to reactivity by use of the graph of reactivity vs
period included in the SRE Ready Reference Manual. Convert the reactivity thus
found to cents by multlplymg the reactivity obtained from the graph by 1.43x 10

7. Submit the data to IBM analysis according to the description in Appen~
dix E of Experiment IIIL.

B. CALCULATION OF TEMPERATURE COEFFICIENT OF REACTIVITY

The basic plan in this experiment is to measure the change in the reactivity
of the core due to "isothermal' temperature changes in nine 50 °F steps. The
reactivity change ineach50°F step will be measured using a period measurement
as shown in Table X-1. In some cases, the reactivity change over 100, 150,

and even 200°F will be measured integrally as shown in Table X-1.

At each step from 300 to 700°F, a shim configuration will be established for
which the reactivity of the core is known, i.e., the X(N)'s. The reactor is then
heated to a higher temperature and the previously established shim rod configu-

ration re-established. Any difference in the reactivity of the core must then be

due to the temperature effects.

1. At N°F calculate the reactivity corresponding to X(N); call this P (N).

2. At (N + 50)°F calculate the reactivity when X(N)Ais re-established;
call this p(N + 50, N). Calculate the Ap for the 50 °F step by

Ap=p(N+50, N) - p(N). ... (3)
3. Calculate the average temperature coefficient by

A .
'Z—" . _ .. @)

where AT is the actual!change in the average core temperature, i.e. about 50°F.

4. Plot the ar; computed in Step 3 at the midpoint of the temperature of

the step, i.e.,

N+(N+AT)_V , (5)

T = >

(See Figure X-~2)

X-13



5. Plot the Ap on an integral curve similar to Figure X-3 by adding it to the |
preceding Ap's above 300°F and plotting at the temperature (N +AT).
(see Figure X-3.) C s

EXPECTED RESULTS

The expected isothermal temperature coefficient and reactivity curves are
shown in Figures X-2 and X-3, respectively. The solid line curve in each
figure was drawn based on estimates published in NAA-SR-3175 (Revised). The
dashed curves indicate the approximate range of error (+ 50%). For comparison
purposes, the srtraight line curve in Figuré X-2 is the temperature coefficient

obtained from the Supplement to NAA-SR-3175 (Revised).

EXPECTED CONCLUSIONS

The isothermal temperature coefficient of reactivity is expected to change
from positive to negative at about the same temperature (700-800°F) as was

found for the first SRE fuel loading V(UZB’5 - U238).

 X~14
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APPENDIX

SCHEDULE
Changing temperature levels 115 hours (minimum)
- Temperature leveling-off periods 10 hours

Period measurements ’ 30 hours

Total 155 hours

Estimate: 7 days for test

MANPOWER REQUIREMENTS

One engineer and one technician from the Experimental Unitare minimum

requirements on all shifts during test. The regular operating crew will also be

needed.

C.

- EQUIPMENT REQUIREMENTS

2 operational fission chambers

2 scaler-timer-printer units

" 6 low-level Sanborn Recorder channels

1 thermocouple reference junction

CREDIBLE ACCIDENTS

Loss of main primary flow with full power to the special pool heaters will

result in a rise of upper plenum temperature of about 5°F per minute, assuming

no losses. If this occufs, the power to the special pool heaters should be cut

off within 5 minutes. During the period measurements, none of the safety inter-

locks will be bypassed.

X-15



SCRAM INTERLOCKS

Figure X-1,

X-16
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APPENDIX L
SAFETY CHANNEL CHANGES

' The special safety channels used during the ciritical loading experiment
‘are described in detail in the procedure for the experiment. After the opera-
tional loading has been attained, the normal SRE safety channels* shown in
Figure A-I-1 will be operating. The set-points for reactor scrams, setbacks,
>and alarms which are used during the low-power experiments are shown in

‘Table A-I-l,and Table A-I-2 lists the reactor interlocks.

_ A few changes must be made to the interlocks or safety channels during
some of the experiments. All of these changes are listed in Table A-I-3. In
each case the system will be returned to the original condition at the end of the

experiment. All of the changes are small, and none will compromise the safety

of the reactor.

i

*R. J. Hall, "SRE Instrumentation and Control," NAA-SR-Memo-1639.
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TABLE A-I-1

SETPOINTS FOR REACTOR SCRAMS, SETBACKS, AND ALARMS
DURING THE LOWER-POWER EXPERIMENTS

| Scram Setback Alarm
1. Manual ’ 4 o ’ X
2. Electrical power After 2 sec
failure ' " delay

3. Reactor period :
(high-level <5 sec < 10 sec : < 20 sec
period channels)

4. Reactor period(l) < 4 sec (1)
(low-level channels)

5. Neutron level > 0.8% full > 0.75% > 0.6%
(high-level flux ' power {150 kw) (120 kw)
channels) : (160 kw) : '

6. Main primar ‘ ' : L
sodiﬁm ﬂovgr < 900 gpm . <950 gpm

7. Fuel channel exit < 390°F

temperature

(1) This circuit will be used only if period measurements must be started
below thé range of the high-level period instrumentation. '

TABLE A-I-2

REACTOR INTERLOCKS

1. No safety rod can be raised unless all shim rods are completely inserted.

2. No safety rod can be raised unless the count rate méter indicates source
neutron background. ‘ , o ' ‘

3. No shim rod can be raised unless all safety rods are completely withdrawn. |

4. No shim or safety rod can be raised if any condition prevails which would

cause a reactor scram.

A-I-2 P | Appen



Expe riment

etup and test of the
period and temperature
measuring equipment

. 8him rod calibrations
. by period measurements

+  Shim rod calibration
- with the reactor
"gscillator

statistical weight

~Mea.sﬁ.rement of the axial
flux traverse - '

Measurement of the
reactor transfer function
with the reactor oscillator

- Measurement of the
‘amplitude of the reactor
transfer function in the.
high frequency region by
noise analysis techniques

' Measurement of the
" axial statistical weight -

Measurement of the
isothermal tempera-
ture coefficient of
reactivity- '

Appendix

‘Measurement of the radial

TABLE A-I-3

Changes from Table A-I-1

or A-I-2

The log count rate re-
corder will be set to

scram the reactor at less

than 1 count/sec during
the source removal test.

Interlocks 1 and 3 will be
bypassed during the cali-
bration of the safety rods.

Interlock 1 will be by-
passed during the experi-

ment.

None

- None

None

None

None

Set point for fuel channel
exit temperature scram
will be adjusted before
each temperature in-
crease.

isothermal temperature.

‘ The setpoint will
be 50°F above the new

CHANGES IN INTERLOCKS OR SAFETY CHANNELS
DURING THE LOW-POWER EXPERIMENTS

Remarks

The change will be

made by the Oper-
ations Unit.

The change will be
made by the Oper-
ations Unit.

The change will be
made by the Oper-
ations Unit: '

Changes will be
made by the Oper-
ations Unit.
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xtpuaddy

¥y-1-v

LOW-LEVEL CHANNELS
SOURCE LEVEL TO 30 Kw

FISSION
CHAMBER

FISSION

CHAMBER

"PREAMPLIFIER

PREAMPLIFIER

AMPLIFIER

AMPLIFIER

LOG
COUNT RATE

METER

PANEL AA

LOW-LEVEL
PERIOD
AMPLIFIER

SCRAM
CIRCUIT

LOG
COUNT RATE
METER

/

PANEL AA

HIGH-LEVEL PERIOD CHANNELS
20 watts* TO 20 Mw

LOG
COUNT RATE
RECORDER

*IONIZATION CHAMBERS AT THE BOTTOMS OF THE THIMBLES.
Figure A-I-1.

COMPENSATED COMPENSATED
IONIZATION IONIZATION
CHAMBER CHAMBER
POWER POWER
SUPPLY SUPPLY
LOG N LOG N

AMPLIFIER _01 AMPLIFIER

LOG N
FLUX
RECORDER
PERIOD PERIOD
SAFETY SAFETY
AMPLIFIER AMPLIFIER
SCRAM SCRAM
CIRCUIT CIRCUIT

RS

PERIOD
RECORDER

HIGH-LEVEL FLUX CHANNELS
30 Kw¥* TO 20 Mw

CHAMBER

IONIZATION

IONIZATION
CHAMBER

SAFETY
AMPLIFIER

[

FROM ALL OTHER
INSTRUMENTS
THAT INITIATE
A REACTOR
SCRAM

—

INEUTRON LEVE L.
RECORDER

ALARM

SAFETY ROD
HOLDING cCoOIL

SRE Nuclear Safety Channels

ki
!
|
i




I

Y R |

X

L

-

S

L

{

Ly L_s L Ly LI L L

U T R

APPENDIX II.
CORE LOADING CHANGES

Figure A-II-1 and Table A-II-1 show the SRE core loading configuration
during the low-power physics experiments following the Critical Loading Experi-
ment. Figure A-II-1 shows the expected operational core configuration at the com-
pletion of the Critical Loading Experiment. Due to the uncertainty in the
criticality calculations, one or more of Channels 74, 41, 9, 12, and 47 may

have center dummy elements in them instead of fuel elements as shown.

In the experiments which follow the Critical Loading Experiment, component
changes are made in only 12 channels. Table A-II-1 gives the experiment and
step number in the procedure where these changes occur, in addition to the con-
figuration after each change. ' Therefore, using Figure A-II-1 and Table A-II-1,

the core loading can be ascertained at any time during the low-power experiments.
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