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AGNIR CRITICAL EXPERIMENTS AND POWER CALIBRATION

I. INTRODUCTION

The procedures to be followed during the initial critical experiments
and power calibration of the AGNIR Facility are‘delinea’ced below. The oper -
ating procedures, technical specifications and the hazard report appear in
separate documents to allow revision of each document with relative ease as
the reactor equipment and procedures are changed. The following procedures
a>re to be followed during the initial reactor startup and at such times that
major changes in the core arrangement necessitate a new set of critical ex-

periments and power calibrations,

II. SIMULATED REACTOR LOADING AND UNLOADING PROCEDURES

Before attempting fuel transfer operations, all personnel involved
with the initial critical experiment will become familiar with the techniques
and procedures required for the reactor critical assembly. The detailed:

procedures for reactor loading and fuel handling are presented in Section III.C.

Familiarization with thé teéhniques required to transfer fuel elements
to the reactor core from the fuel element storage rack, located in the reactor
pool tank, (or) from fuel element shipping containers (to the reactor core), or
from the storage pits will be developed by performing a mock transfer.

Dummy elements will be used for training to develop fuel-transfer proficiency.

III. REACTOR CRITICAL ASSEMBLY PROCEDURES

The critical assembly of the reactor shall be performed in a manner
that will ensure the maximum safety to all personnel involved. The proce-
dures described below include all phases of the critical assembly. Reactor

operation procedures are presented in a separate document,
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The transferr1ng of fuel elements for the

temporary storage area to the reactor’ room h X

that will comply with recommendatlons of. th AGNvRadlologmal Safety Off1cer.j‘i |
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any one time.

The following f1ve people w111 be requ1
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A, REQUIRED STARTUP INSTRUMENTATION
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assembly is shown in Table 1. All nor ‘:al in
tive, thereby prov1d1ng reactor per1od scrams
reactor level scrams from' Channels C
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1n1t1al criticality measurements. :
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_uel handler data ana- '

A
R

ed durmg the 1n1t1al cr1t1cal '
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e zm'alntauned dur1ng the Y

INSTRUMENTATION RE QUIRED DURI NG RITICAL ASSEMB LY

o Startup A ; R R
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Uncompensated lon Chamber

Uncomp ensated Ion Chamherv;

: Uncompensated Ion Chamber,

Pr op ort1onal C ounte T

Q" =B 0 0w
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B, RESUME OF REACTOR CONDITIONS

Prior to critical aséembly, the integrity of all mechanical and
electrical components shall be demonstratéd. A neutron check én all the de-
tectors will be performed by checking and calibrating detectors on the AGN 201
reactor, The nuclear scram and annunciator cirlcuits that are to remain

operative are listed in Table 2.

Channels 3 and 4 will be set in a range not to exceed 6 decades
above source level during foil irradiations associated with initial critical power
calibrations., The source will be removed and reinserted to check the source
interlock system. The addition of fuel elements to the reactor core during the

critical assembly may be performed only when:

1. The reactor safety and interlocking systems are func-
tioning, and,
2. The safety rod is fully withdrawn and both the shim

and regulating rods are fully inserted,
C. FUEL LOADING TECHNIQUES

To ensure that all personnel are completely familiar with the
techniques required to perform the critical assembly, a simulated reactor
loading will be conducted prior to the actual fuel transfer. The fuel element
handling tool will be used to transfer dummy elements from the shipping con-

tainers (or fuel storage pits) to various positions in the reactor core.

To maintain control of all fuel element transfers to the reactor
core and to comply with fuel transfer procedures, a fuel inventory check shall
be continuously made during the critical assembly. The AGNIR Fuel Inventory
Chart, Figure 1, shows the fuel element locations in the reactor core. Using
23 graphite-filled aluminum dummy elements and a source element located in
Rings F and G, two control rods located in Ring C and one in Ring E, the esti-
mated number of standard aluminum-clad TRIGA fuel elements required for

criticality is 64 located in the remaining unfilled positions in Rings A through F.

-3
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TABLE 2

SCRAM AND ANNUNCIATOR CIRCUITS -

OPERATIVE DURING CRITICAL ASSEMBLY

Condition
Monitored Trip Setting
Period 4 + 1 sec
Low Level (source interlock) . 60 + 5 cpm
 Period 4+1 sec

Power Supply Low
Instrument Power

Low Level
High Level

Power Supply Low
Instrument Power

High Level

Power Supply Low
Instrument Power

wa Pool Water Level

Earthquake

Pool Water Temperafure

ANNUNCIATED CONDITIONS_ :

Area radiation
Water radioactivity
Crane bridge location

Water flow

510 + 10 volts

4 1+ 2% of full scale
98 + 2% of full scale
510 + 10 volts

98 + 2% of full scale

510 + 10 volts

1 ft below building
floor level

Modified Mercalli IV
125 + 5°F
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At critical, the unused holes in Rings F and G will be filled with water, (7 in
the F ring and 29 in the G ring). The loading sequence to be used in the

initial critical experiment is shown in Table 3.
D. APPROACH TO CRITICALITY

During the initial critical assembly the maximum number of
fuel elements loaded into the reactor per step shall be that shown in Table 3,
or one-half the experimentally-determined incremental loading required to
achieve criticality, whichever is less. The loading sequence shown in Table 3
was chosen, as opposed to a nearly circular loading array, because 1) the
source will not have to be moved during the course of the assembly, thereby
eliminating possible errors due to renormalization of the data to more than
one source position, 2) a high-worth safety rod is placed near the center of
the iéaded core providing a high degree of shutdown safety, and 3) the majority
of the criticality monitoring instrumentation does not have a direct view of the

source.,

The negative temperature coefficients associated with the TRIGA
fuel provide an emergency shutdown mechanism. However, the following pre-
cautions shall also be observed: Before loading fuel the shim rod and the
regulating rod shall both be in the fully inserted position- to suppress any false
period indication caused by fuel insertion. The éafety rod shall remain in the

fully withdrawn position. The source element and the 23 graphite-filled dummy

elements will be loaded as shown in Figure 1 prior to loading any fuel elements.

Upon completion of a loading step, the safety rod shall be inserted to the lower
limit and subcritical measurements shall be obtained on all nuclear instrument
channels. The safety rod, shim rod and control rod shall then be withdrawn

and a second subcritical measurement obtained on each nuclear channel.

—Q
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TABLE 3 )

AGNIR FUEL LOADING SEQUENCE

Loading No. Elements Total
Step Added Elements Loading Sequence

1 32 32 E6, E7, E5, E8, D4, D6, D5, C4,
c5, b7, E9, C2, D3, B2, B3, E4,
Cc6, D8, E10, B4, E3, D2, E2,
D9, E11, E12, Al, C7, D10, C1,
Bl and Dl

2 16 48 E1l, B5, B6, C8, C12, D11, D18,
El4, E24, C10, C9, D17, DI12,
E23, D14 and D15

3 8 56 D16, D13, E15, E16, E17, E18,
E19 and E20 .

4 4 60 E21, E22, F28 and F29

5 2 62 F30 and F1

6 1 63 F2

7 1 64 F3

8 1 65 F4

9 1 66 F27

10 1 67 F5

11 1 68 F26

12 1 69 Fbé

13 1 70 F25

14 1 71 Fa24
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The multiplication data above, when plotted as a function of fuel
mass or of the number of fuel elements, determines the extrapolated criticali-
ty. The difference between the extrapolated criticality with all rods withdrawn
and the extrapolated criticality with all rods fully inserted is the shutdown re-

activity margin at critical expressed in terms of the fuel mass.,
E. SUPERCRITICAL LOADING

The critical and excess reactivity loading shall be made in a

manner that will result in maximum safety for all personnel.

Fuel loading will follow the procedure used in the critical experi-
ment. The following procedures shall be used after the addition to the core of

the fuel element expected to result in supercriticality with all rods out.

1. Insert the safety rod; measure and record the subcritical
multiplication.

2. Withdraw the safety and shim rod fully from the core;
again measure and record the subcritical multiplication.

3. Withdraw the regulating rod until a stable reactor period
is established.

4, Insert the regulating rod, leveling out the reactor on an
infinite period at some desired low power level., (Not to
exceed 6 decades above source lével.)

5. Insert the shim rod fully to shut down reactor in prepara-

tion for rod calibration experiments.

iv, REACTOR CALIBRATIONS

A complete and thorough evaluation of the AGNIR reactor characteris-
tics is eséential for the over-all operation of the system. These reactor
characteristics include: 1) control rod calibrations, 2) fuel element worth as
a function of core position, 3) reactor core flux distribution, 4) reéctor power
calibration, 5) temperature and power coefficient of reactivity and 6) danger -
coefficient measurements as a funétion of reactor core position for selected

matérials.
~8-
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The suggested methods of determining the reactor characteristics are

detailed below and may be changed or expanded as necessary., Detailed re-

actor operating procedures are presented in a separate document,

A, CRITICAL CONTROL ROD CALIBRATION

The control rods will be calibrated in terms of rod worth as a

function of rod position using positive reactor period measurements. The

procedures used during the rod calibration tests are described below, and

are typical for the regulating rod and the shim rod.

1.

Obtain and record an accurate critical position with shim
rod, with the safety and regulating rods fully withdrawn
to upper limits.

Insert shim rod to lower limit and allow reactor power to
decay.

Withdraw shim rod to establish an approximate 100 second
reactor period. Do not exceed a reactor power of 6 dec-
ades above source level during period measurement.
{Channel 4 will be set to scram the reactor at this power
level.) Use stop watches or other timing devices for
measurement of reactor period. Decrease power level,
Step 2.

Repeat Step 3, establishing a reactor period of approxi-
mately 50 seconds.

Repeat Step 3, establishing a reactor period of approxi-
mately 30 seconds.

Adjust the regulating rod to obtain a new cfitical position
at approximately the same power level as in Step 1. The
reactivity value corresponding to the observed reactor
period, Step 3, is aiso the incremental worth of the

regulating rod.
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Repeat Steps 2 through 6, until the regulating rod has been

completely inserted and the shim rod is maintaining the

excess reactivity.

Figure 2 is a typical plot of the AGNIR Inhour Equation shewing -

stable reactor period in seconds as a function of reactivity in cents. The

total reactivity worth of each control rod is determined by performing indivi-

dual rod drop tests from criticality. The pfo_cedures to be followed in the rod

drop measurements are as follows:

10

Connect scaler start switch for Startup Channel F to the
lower limit switch of the shim rod., Bring the reactor to
a power level that will yield a count rate of about 10
counts/minute on Startup Channel F by triggering the
scaler manually. | -

Perform 3 one-minute counts on Channel ¥ and compare
these counts to assure that the reactor power level is not
increasing or decreasing within statistical variations.
Record position of all cohtro.'l rods.

Depress shim rod scram button. -

When shim rod reaches 1‘0we'r limit switch an electrical
signal will trigger the scaler attached to the proportional
counter on Channel F. Thé counter will accumulate counts
for a period of one minute. |

Using tabulated data obtained from the AGN DROP Code

- and the ratio of the initial accumulated counts (steady state)

to the final accumulated counts (rod scrammed), the reac-

tivity worth of the shim rod interval inserted into the

. reactor during the test can be evaluated.

Repeat Steps 1 through 6 for varying positions of the shim
rod. ’

Repeat Steps 1 through 7 for the regulating rod.

-10-
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9. Repeat Steps 1 thréugh 6 for the safety rod. Due to rod
interlock procedures, only the full ‘wo.rth of the safety rod
can be evaluated. |

10. Repeat Steps 1 through 6 for full r'eaétor scram of all rods.
For this measurement, the ldwexj llim’it'switch start signals
are ganged together so th»a't the first rod to reach bottom

triggers the scaler to start the éountihg.
B. FUEL ELEMENT WORTH AS AF.UNCT'ION OF CORE POSITION

" To determine the reactivity worth of a fuel elernent as a function
of core position, the reactor conditions listed below are to be fulfilled before

initiating fuel handling procedures.

1. All reactor alarm and scram cifcu.i{:s' shall be operativeA.
2. During the fuel handling 6§erati9ns, -the safety rod shall
remain at fhe fully withdféwﬁ position, with the shim and
regulating rods at the fullyins_e_r_ted position.
3. The procedures and mea'ép:reme-nt_shto be performed while
determining the reactivity’vs)orth .of a fuel element are pre-
sented for one typicé.l m'eas.u.fr.ement, i,e., the fuel element
in position F-1. o
a. Initial criti/cality is determined prior to.moving the
fuel elemeﬁt, and ’c'ont‘r,c;l rod positions are recorded.. -

b. With the safety' rod Wi_thdfawn' and the shim and regu-
lating rods fﬁ_llyl ins‘e'rt‘ed, :neutroh éoxint rates are
determined on the p'ulselchannells' of instrumentation.

C. The fuel element f_#om_ r.eact_o.r’ core position F-1 is
removed from the' reéctqf cére and temporarily
placed in the fuel storage rack on the wall of the
reactor po\ol tank. . : |

d‘.- The reactor is brought tokc'ritical,a.t' the power level

used in Step a. .Control rod positions are recorded,

-12-
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e. The reactor is shut down and pulse count rate data
is recorded.

f. The fuel element in the storage rack is replaced in
core position F-1 and the critical position is again
checked and recorded.

The above procedures are repeated for other fuel element

positions.

The worth of the glory hole thimble is also to be determined as
a function of core position. The worth of plastic rods 0.25 in, in diameter
will be determined as a function of core position using the 0. 315 in, diameter
flux measuring holes in the grid plate. Coﬁcurrent fuel handling operations
are recorded on the AGNIR Fuel Inventory Chart (Figure .l) during all fuel

element transfer operations.
C. REACTOR CORE FLUX DISTRIBUTION

The AGNIR core has special holes in the grid plates for per-
forming in-core flux distribution measurements. These holes are nominally
0.315 in. in diameter and are provided in both the top and bottom grid plates.
Plastic rods 0.25 in. in diameter will be used to position gold flux wires and
foils in these holes. Provisions have been made to obtain flux measurements
at 22 places in the core using wire holders. Normalization factors correlating
the flux-wire data to actual flux in the reactor core will be deterrmined by ir-
radiating foils at selected locations in the AGNIR core and comparing these
with foiis irradiated in the AGN 201 reactor, The AGN 201 reactor has been
calibrated at selected locations by National Bureau of Standards (NBS) using
calibrated AGN standard foils. Therefore., the AGN 201 may Be considered a
secondary neutron standard for use in mapping the neutron flux in the AGNIR

core.

Operationdl procedures to be used during the flux-wire and foil

irradiations are listed below:

-13-




AN-1406

1. Obtain a critical point with the safety rod fully withdrawn,
using the shim and regulating rod to control the reactor.

2. Fully insert shim and regulating rod.

3. Slowly insert flux-wire or foil holder into irradiation
position observing change in shutdown multiplication.
Repeat until all flux-wires are loaded into position,

4, Start up reactor, using normal startup procedures, and
operate at éteady state power levél for the desired irra-
diation time.

5. Use accepted flux-wire and foil counting techniques to
calculate the thermal flux distribution and absolute power
calibrations.

D. ABSOLUTE REACTOR POWER CALIBRATIONS AND APPROACH

-TO FULL POWER

Two basic techniques are available for e stablishing a reactor
power calibration. The first consists of numerically integrating the thermal
flux over the fuel volume and calculating the power level for a given reading
on the power level meters. This calculation requires a knowledge of the re-
lationship between the measured thermal neutron flux in the water and the
fission rate in the fuel. This relationship can be estimated by supplementary
neutronics calculations, but an error on the order of about 20% is inherent in
the technique. Initial power calibration of the reactor will be estimated using

this technique.

A second and more desirable method depends upon the calorimetric

properties of the pool tank, Prior to loading the reactor core with fuel, resis-
.tance heaters are placed in the fuel positions of the reactor core. A desirable
heate.r size is {n the range of 10 to 30 kw total capacity distributed over several
heaters. The current and voltage used by each heater are measured. Ther-
mocouples are located at several positions in the water tank to measure the
temperature rise of the water as a function of time. Several tests are per-
formed for different power outputs of the heaters. The results are then

compared with measurements of fission heating as described below.

~14-
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Prior to any power operation, a measurement of the isothermal
temperature coefficient (sometimes called the bath coefficient) is performed.
With the water pump in the water purification system used to ''stir'" the water
in the'reactor pool, the immersion heaters are placed in the water tank and
turned on. Thermocouples are placed at various points in the tank and con-
nected to a multipoint recorder to keep a record of the pool water temperature.
The reactor is maintained at critical and the control rod positions are recorded
every 5 minutes for the duration of the test. Using the temperature information
and the control rod cali‘brations, an isothermal tempefature coefficient as a

function of pool water temperature can be obtained.

After the reactor has achieved criticality and the low power tests
and equipment checkout have been performed satisfactorily, an initial approach

to power operation can be made using the following procedures:

1. Determine that the reactor pre-startup checklist is com-
pleted assuring proper reactor conditions,

2. Based upon the reactor shutdown source level and the es-
timated corresponding instrument readings, extrapolate
the instrument readings to a power level of 10 kw based
upon previously-performed foil irradiations, and record
these estimates in the Experimental Log Book.

3. Using normal startup pfocedures bring the reactor to a
ce.lculated power level of 1 watt, Remove neutron source
and place in fuel storage rack.

4. Increase the reactor power level by half decade steps to
an'indicated power level of 10 kw as calculated in-Z, abo&e.
Maintain the re..actor- critical fer 5 minutes at each power
level step and record 4the following items in the E.xperi—

mental Log Book:

‘a. Position of all control rods
b. Water temperatures of pool thermocouples
C. Nuclear instrumentation readings of all channels

~-15-
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When a power level of 10 kw is reached, hold reactor power
level constant for several hours, recording the pool water temperatureé
every 5 minutes for the duration of the run. Shut down reactor replacing
‘source in reactor core, and compare temperature rise of water with the
initial calorimetric measurements using resistance heaters. With this initial
calibration data as a guide, a preliminary estimate of the actual power can be
estimated by comparing the fission heating with the previously-obtained elec-
trical heating. Using this information, the reactor can then be raised in
power (again using half-decade steps), to a power range at which the electric
heaters were operated removing neutron source at a power level of 1 watt
prior to raising power to the kilowatt rangé. Repeat the reactor run until

satisfactory calibration data is obtained. .

-16-
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