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I. INTRODUCTION

In a nuclear reactor, the ratio of number of fissions in any cne
generation to the nrumber of fissions in the immediately precedinc
generation is defined as the multiplication factor, K. If the mul-
tiplication factor is exactly equal to unity the reactor is said to
be critical and a neutron chiin reaction within the system will be
sustained at a constant rate. If K is less than unity the system is
in a subcritical state and the chain reaction cannot be self-sustaining.
In order to maintain a self-sustaining chain reaction for a given composi-
tion of fuel and other materials, a certain amount of fuel,compatible
with the geometry of the arrangement of the fuel-material compasition,
is needed. The minimum amount of fuel necessary to maintain a self-
sustaining chain reaction is called the critical mass, and the corres-
ponding geometry of the arrangement of fuel and other materials is
called the critical geometry or critical size.

A subcritical assembly or a subcritical reactor, as it is some-

times called, could therefore, be considered to be a portion of the

core of a critical reactor. It ucually consists of a geometric arrange-

ment of nuclear fuel, moderator and pussibly coolant. The assembly is

small enough in volume, or contains such a small amount of fuel that it

cannot sustain a chain reaction without the aid of an external neutron
source. The external neutron source offsets the loss of neutrons (by

leakage) from the sides of the assembly, and thus a constant neutron




I1. HISTORICAL BACKGROUND

The history of the subcritical assembly can be traced for three
billion years, at which time the oldest known rocks were formed, (1)
At such time natural uranium contained six percent of the uranium 235
isotepe, compered to 0.728 percent present today. It ic quite likely
that a water moderated system with six percent U235 25 ‘fuel' existed
in nature. However, man-made subcritical assembly began only thirty-

four years ago when Halban, Toliot and Kowarski of France and Sizilard,

and Fermi of Columbia University, started generating fission neutrons.
Haban's neutron source amplification experiment utilized heavy water

as moderator and thus laid the foundation for the 020 systems. Initially
Fermi worked with 1ight water and later on, turned to graphite as mod-
erator. The assembly in which Fermi observed a ten percent increase in
neutron production over thke source density, consisted of 200 Kg. of

U30g encased in fifty-two tinned iron cans. These cans were 5 cm. in
diameter and 60 cm. in length, The 60 cm, cylindrical lattice was sub-
merged in a 540 cm?® cylindrical tank which contained 2 solution of

MnSO4. Fermi made the following statement in a paper describing the

experiments with the above assembly.

“From this result we may conclude that chain reaction could be
maintained in a system in which neutrons are slowed down with-

out much absorption until they reach thermal enernies and ere

th = mostly absorped by urarium rather than by another element.

It nains an open question, however, wherther this holds for a
system in which Hydrogen is used for slowing down the neutrons."(2)
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Shortly after, an "Intermediate Pile" was assembled at Columbia
University. In 1954, New York University started to construct their

subcritical assembly named "Pickel Barrel." The original name surely

must have come from the twenty-five dollar wooden barrel. An Italian
olive importer sold the University the assembly tank and coopers were ‘
hired to assemble it. It feems that the barrel had to be tzken apart ;
because it was too large for their building entrance, '
From this date on Universities around the country began building
their own subcritical assemblies. Most of them utilized natural uranium
as fuel. Only two institutions constructed enriched uranium subcritical
assemblies. The University of Texas designed a homogeneous enriched
assembly. Rutgers, The State University of New Jersey, designed a
heterogeneous enriched system which “traveled west and settled” at
Idaho State University. At Idaho State University, this subcriticel
assembly will be referred to as the Idaho State University subcritical

assembly.
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I11. DESCRIPTION OF COMPONENTS OF THE SUBCRITICAL ASSEMBLY

The Idaho State University subcritical assembly was originally
designed and assembled by Dr. F. J. Jankowsky and his associates at
Rutgers in the vear 1961. This assembly, unlike most others, consists
of a water moderated and reflected enriched uranium system. The
enrichnent meckes it pessible to have less fuel mass, This assembly
has been designad to accommodate a variety of core conficurations with
the same type of fuel plates. The subcritical assembly was reassembled
at Idaho State University essentially as it existed at F
water handling system, a shutdown system, a working platform, and a
core lifting device were added to the original components. Also, in
accordance with the United States Atomic Commission regulations, a
gamma criticality alarm was installed for safety.

The Idaho State University subcritical assemhly consists of an

aluninium core tank(placed on a graphite thermal column), three sets

of fuel spacing assemblies, core support devices, and one hundred and
V ’ [ ’

fifty fuel plates.

The Core Tank

A cylindrical aluminium tank is used to house the core and the
moderator. Thi ank is large enough to accommodate additional water
around the core to act as a reflector. The tank wall is made of a 1/4 in.
aluminium sheet, rolled and welded. The bottom of the tank and the

removable 1id for the top of the tank are fabricated from a 3/8 in.
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aluminium sheet. The tank is 36.0 in. in diameter and 39.0 in. high

Other dimensions of the core tank are shown in Figure 1. The aluminium

top can be locked to the core tank and thus the core tank can be used

to store the fuel plates.

Thermal Column

The Thermal Column is used primarily to house the neutron sources
and supply the core with neutrons of thermal energy. The thermal
column is formed by stacking eight criss-cross layers of graphite
blocks as shown in Figqure 1, Each layer consists of twelve blocks
arranged side by side. Each graphite block is 4 in, square and 48 in.
long. The total weight of the thermal column, comprised of ninety-six
blocks, is approximately 4500 1bs. One of the blocks, labeled (y8, x1),
was accidentally broken into two pieces prior to arrival at Idaho
State University. The block labeled (y2, x6) is in two sections made
out of two identical pieces '~ each 24 in. long. Eleven other blocks
are specially made to accommodate neutrons sources, or 1/4 in., fission
counter and enriched U235 foils, Figures 2, 3 and 4, show the original
positions for these special blocks. In Figure 2, the block (y7, x6)

is shown with two enriched uranium foils. Next to it is a blank, a

block without special machining. Directly below, a block (y5, x6)

is shown with the fission counter in place. Figures 2 and 4 show eight
other special blocks. Blocks (y6, x6), (y6, x7) and(y4, x5) are used
to house cylindrical neutron sources of 1,02 in, diameter and 1.45 in,

high. . Blocks (y3, x6) and (y4, x6) are mechined to hold foils.
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Each of these eleven blocks has a 3/8 - 16 tapped hole to facilitate
handling. Since the positions of any two blocks can be interchanged,

a versatile source and measuring system is available.

Fuel Plates

A total of 150 fuel plates are provided with this assembly. Each
plate is .08 in. thick, 3.0 in. wide, and 26.0 in. long. The plates
are constructed with a fuel bearing region of 0.04 in. thick, 2.75 in.
wide and 24.0 in. long, clad with aluminium. A typical plate is shown
in Figure 5.

The fuel region consists of a uranium-aluminium mixture with the
uranium enriched to 20 U?3% by weight. The total amount of uranium

used is 7614.79 gm. with 1510.27 gm. being U235, It is assumed that

all the plates are identical and that the uranium is distributed equally

among them,

Fuel Spacinc Assembly

The fuel plates can be arranged in three different lattice config-
urations using the appropriate spacing grids. The fuel plates may be
used singly to form a quasi-homogeneous lattice, or in groups of two
or three to obtain a mére heterogeneous lattice. Each lattice requires
a set of grids which is bolted to a common frame to complete the fuel
spacing asserbly, The three fuel spacing assemblies are shown in
Figures 6, 7 and 8; the dimensions of the grids are shown in Figures
9 to 14; Figures 15 and 16 give dimensions of the frame. A detailed

-
description of each type of core is discussed in the next chapter.
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Figure 7: The double plate spacing assembly,




Figure B: The triple plate spacing assembly.
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Core Support Devices

A honeycomb structure shown in Ficure 17, is used to support the
core at the bottom of the tank. To secure the core in its proper place
relative to the sides of the core tank, brackets are provided which are
bolted to the rim of the tank. This arrangement is shown in Figure 18.

Figure 19 shows the picture of both devices in place.

Water Hardling Sustem

Distilled vater is used in the subcritical assembly as a moderator
and reflector. The water is stored in three inter-connected poly-
ethylene drums of 55 gallon capacity each. At the beginning of each
experiment the water is pumped from the drums into the core tank. At
the end of the experiment the water is drained back into the storag2
drums. Schedule 40 polyvinylchloride pipes and fittings are used. Half
inch pipe is used to feed water into the assembly tank and three quarter
inch pipe is used to return the water toc the storage drums The pump
chosen employs a magnetic drive mechanism with a maximum flow capacity
of 940 gallon per hour. Ideally, a pump with the above flow rate wili
fill the core tank within thirteen minutes. However, because of pipes,
fittings, valves and the 5 ft. head in the system the time required to
fill the tank has almost doubled,

The present system requires twenty-five minutes to fill the core
tank with 33 in, of water. A"normally open" solenoid valve is installed

to control the return flow of water to the storage drums. “Normally

open” implies that the return flow is cut off only when the coil is
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Figure 19: Core support devices in the core tank.
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energized. Under operating conditions, the coil is energized and the
valve 1s closed. Tn case of power failure the solenoid coil is de-
energized and the valve is automatically opened to ensure the safety
of the system. Two tee junctions are provided so that a demineralizer
can readily be connected in parallel with the pump if necessary. The
water level in the core tenk is indicated by a pressure gauge calibrated
in inches of water. This qauce is located at the edge of the graphite
pedestal. The operating level of water in the core tank has been set
at 33 in.; additional water will automatically flow back into the
storage container through the overflow line. A complete schematic of
the water handling system is shown in Fiqure 20,

The power to the solenoid valve and pump is supplied through {
norma1ly open contacts of the double pole double throw relay. The
normally open contacts of this relay are closed by the 18 volt-AC
signal from the criticality alarm. During alarm condition the 18 VAC
signal is turned off by the alarm, thereby cutting power to both solenoid
valve and pump. A second relay is used to insure that power does not
return to the pump and solenoid upon power return follewing a power
failure. This relay is wired 2s an electrically latched switch and must
be reset following any power interruptions. A mechanical switch is
provided so that the pump may be turned off when the core tank is filled.

The complete electrical wiring diagram for the system is shown in

Figure 21.
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Criticality Alamm

The United States Atomic Energy Cormission requires that each
licensee who is authorized to possess in excess of 500 gm. of contained

A

U912 and/or 330 civ. of plutorium and/or 329 cm. of U3, provide a
criticality alarm in the area in which the specfal nuclear material
is handled, used or stored. (3)

The criticality alarm installed in the subcritical assembiy room
is manufectured by Ludlum Measurements Inc. This instrument is called
the model 300 area monitor. The model 300 area monitor utilize 115V
60 Hz single phase electrical line as power source. Stand-by batteries
are incorporated within the unit to provide power in case of line power
failure.

The gamma field strength is displayed on a three decade logarithmic
scale meter covering the range of 0.02 MR/hr to 20 MR/hr. This unit is
mounted on the wall approximately six feet away from the surface of the
assembly tank and approximately 15 feet away from the fuel storage

container,

Emeraency Shut Down System

During nermal operation of the subcritical assembly, with one
curie Pu-Be neutron source placed in the middle of the most reactive
core, a combined dose rate of 3.0 MR/hr from source neutrouns, fast
neutrons, thermal neutrons, prompt and delayed camma is expected,
Calculations are stown in Appendix A, However, in the event of a

radiation level reaching 20 MR/hr the solenoid valve opens automatically

to drain water from the core tank back into the water storaqge container,

o oo

- S v,

i B R R TR S e e e R g e

e 2
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The automatic draining is initiated by the high 1imit alarm signal

from the model 300 area monitor, as exnlained previously, in the water
handling system section. Draining of the water will reduce multipli-
cation of the core to such an extent that a continued criticality would

not be possible,
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IV. DESCRIPTION OF THE SUBCRITICAL ASSEMBLY CORES

Six different core configurations can be formed with the fuel-
spacer asscriblies presently available. Other core confiqurations could
also be realized 1f new fuel spacing grids are fabricated. All the six
cores are of rectanguiar parallelpiped geometry with different base
dimensions. The height of the core, however, 1S fixed at twenty-four
inches. Using the single plate spacing assembly three different
lattices can be obtained which, in the present work, are referred to as
the S-1 core, the S-2 core and S-3 core. With the double fuel spacing
assembly two fuel plates together are used to act as one fuel element.
In this manner, the thickness of the fuel and the moderator in each
differential slab is increased, while the fuel density remains similar
to the corresponding size “S" type core. In other words, heterogeneity
of the core nas been increased. Two core sizes can be formed with the
double plate grids, which are referred to as the D-1 core and the D-2
core. To assemble a more heterogeneous core, three fuel plates are
used as one fuel element in the triple plate spacing assembly. This

core will be referred to as the T-1 core.

$-1 Core

To form the S-1 core the fuel plates are loaded singly in every
slot of the single plate spacing assembly. The resulting fuel span is
.175 inches. To obtain a core size of 9 x 9 x 24 in.? a loading of
three plates (in a row) by fifty rows is used. The effective peltipli-

cation factor of the S-1 core is calculated to be 0.73.




P&‘l" . 31

$-2 Core

The S-2 Core utilizes every other slot of the sinale plate spacing
assenbly, The fuel span in this confiaquration is twice that of the
", Bhi s G0N ‘A 4 (‘ "]""‘ we \""!""" "‘i" "']\".‘" 10 & rvww by tairtye-
seven rows. Thus, 148 fuel plates are used in this S-2 core resulting

in a core size of 12 in. by 13 in. by 24 in. The calculated value of

hk=Qff for tnis coro 15 ).8b5.

- — e

To incrcase the amount of moderator in the core the fuel plates
are placed in every third slot in the single plate spacinn asserbly.

A1l the 150 fuel plates are utilized in a five plate per row by thirty

rows configuration. The core obtained in this manner is 15 in, by 16 in,

and the calculated K-eff is 0.825.

D-1 Core

The dual fuel grids are cut in such a manner that two fuel plates
are held together as one in each slot. The fuel span of the plate is
0.65 in. The core formed is 12 in. wide by 12.75 in. thick by 24 in.
long and uses a total of 144 fuel plates in a four plate per row by

18 row thick lattice. The K-eff of this core is calculated to be 0,870,

b-2 Core
The D-2 core is the largest core which can be assembied at present
in the ldaho State University subcritical assembly. The size of the

N-2 core 15 15 in. by 19.5 in. by 24 in. with a fuel span of 1.3 in.

A1l 150 fuel plates are used., This core yields a calculated K-eff of

0.78.




T-1 Core

Only one core can be formed with the triple plate qrid. One
hundred and forty seven fuel plates are used in sets of three to form
g core of 12.5 dn, t 12.5 4n, by 74 in, This 2ors 45 the rost eoystivg

core of the subcritical assembly with a calculated K-eff of 0.87.

Furthe+ gsrorificatinng of the carns such as the width of the
moderator channel are given in Table | together with the dimensions

in each core, the fuel span and the calculated and measurad K-eff,

o T S g S e
I R e M 4 B T
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V. MATHEMATICAL MODEL

Although the subcritical assembly was desiqned and operated for

very little information published about the assembly. The only avail-
able infarmition being an article by Jarkcwski (4) and the sperial
Ruclear Materials License Application submitted by Rutgers (5). Both
the articles were directed more towards the economy and safety aspects
of the assembly than cystematic and accurate analysis of the criticality
worth of the different cores. This investigation is directed toward

a detailed and accurate reactor analysis of the core by means of a com-
putor code and experimentally verifying the results obtained from the
computer calculations. The cormputer code used in this study is called
DISNEL. The acronym DISNEL is derived from ame of the code:

[

The lanquage

"Diffusion Iterative Solution for Nineteen [nerqy levels.

of the computer program is in FORTRAN-IV and is desianed for use on ar
IBM 360-75 computer system. DISN is an operating code, in use at
present at the National Reactor Testing Station, and is written by Kunze
ot. 21, 1(6) of l'wv-r,imt Nuclear Corporation (fur': erly ldaho Nuclear
Corporation).

The DISNEL code is a "one-pass," one-dimensional diffusion code.
The nuclear cross sections required for the calculations are provided
in the code ¢ f. fixed 19 group enerqy structure, as
Table 11 is used in the code. The group structure in the resonance

reqgion omputing resonance self-shielding ¢ ' , 15 esasentially
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TABLE II.

DISNEL 19 groups energies.
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.00
.00
75
.25
.00
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Poltzman Thermal Averaqe.

Uoper
.000 x 107
.788 x 106
.724 x 106
.865 x 106
.738 x 106
.054 x 10%
.393 x 10°
877 x 103
.352 x 10°
.738 x 10%
.119 x 10°
.234 x 10°
.670 x 10?
.260 x 10!
.928
.125
.140 x 10-!
.523 x 10-!
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Energy in

w

o

(ev)

Lower
.788 x 106
.724 x 108

5 x 106
.738 x 10°
054 x 106
.393 x 10°
.877 x 10°
.352 x 10°
.738 x 10%
.119 x 10°
.234 103
.67 102
.260 x 10!}
.928
« IE9
14 10~}
53 10-!
L4137 10-2
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fdentical to that given in ANL 5800 (7). The element cross-sections
are from a Nuclear Data Tape compiled at General Electric, NMPO,
Cincinnati. DISNEL is suitable for use with four different core geo-
metries, viz., infinite slab, cylindrical in radial direction, spherical
and cylindrical with radial and axial calculations cross-matched on
buckling, so that, in effect, it is a two dimensional cylindrical geo-
metry. The machine requirements for this code are 35K words of usable
memory with some of the variables in the diffusion calculation being
double precision system words. The limitations of this code are that
the mesh points be limited to 120 for any one dimensional calculation
and that the number of different elements, compositions and regions

be 1imited to 2C each.

DISNEL Input

As mentioned previously, all the six cores of the subcritical
assembly are of parallelpiped type. Unfortunately, this code is not
amenable to calculations using tnis geometry. Therefore, a choice nust
be made among the four kinds of options of geometry available. If the
infinite slab geometry is used for the calculations, the width of the
core will be the only variable dimension, and leakage from the finite
thickness as well as the length, would have to be represented by one
buckling term. As a result, the reflector savings in two directions
of the core will be no more than an approximation, A more accurate
calculation would be a radial-axial cross-matched calculation, If the

cylindrical geometry option 1s used for the calculations, then the actual
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shape of the system which is parallelpiped, will have to be represented
by an equivalent cylindrical geometry. A cylindrical core 1s always
more reactive than a parallelpiped core of the same height, volume and
composition

Therefore, the cylindrical core geometry used for the calculations
would result in a larger value for K-eff than the actual rectanqular
parallelpiped core. A decision was made to use the cylindrical geometry
with a radial-axial cross-matched option. After one complete cross-
match calculation was performed, a radial-only calculation was performed
on the same core with a fixed axial buckling term. A value of 2.0 x
1073 e¢m™? was used as the axial buckling term in the subsequent calcula-
tions. This number was suggested by one of the authors of the code (8).
The K-eff obtained from this radial-only calculation was only 0.09%
less than the one obtained from the radial-axial cross-matched calcula-
tion. Therefore, the cylindrical radial direction calculation with an
axfal buckling of 2.0 x 10~3 cm"2?, was finally used in calculation of
other cores.

In order to use cylindrical approximation with plate-type fuel it
was necessary to assume a homogeneous core and then apply a self-shieldir

-
|
L}

correction factor in the calculation. he self-shielding correction
factor used in this calculation is outlined in the DISNEL User's Guide (¢

The formula is

fol

n
J

el

)

9).




Potential scattering cioss-section per absorber atom.

An empirical correction factor.

Volume of the fuel element
Atom density of the absorber

Th

4» (1.25 x 1073 (A)1/3

10-2%cm?/ PARN

.700 for Oxygen

C = 265 (14d)

The potential scattering cross-section is the surface area of the absor-
ber nucleus. The empirical correction factor "f" was qiven as .700(10)
for oxygen bearing moderators. The Dancoff correction factors differ for
each fuel casing geometry. The formula presented above is the Dancoff
correction factor for a slab type fuel element (11), Where “d" is the
moderator channel width, I¢ 15 the macroscopic scattering cross-section
of the moderator, and £3 (x) is the generalized exponential integral
function whose values are tabulated in reference (12).

The self-shielding factors for U238 and U235 can also be found in
reference (13).

For each core of the subcritical assenbly, the K-off of five core
sfzes was computed by the code in an attempt to nenerate enouqh data for

a simulation of apprnach to criticality experiment. For example, the
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S-! has the dimensions of 9 in. x 9 in. x 24 in. The radius Re of an

equivalent cylindrical core is qiven by:

(9.0 in. x 9.0 in.)% 2.54 cm = 12,83 cm.
X in

(..

\

The first core calculated by the code is 8 cm. in radius, then

10¢cm,, 12 cmn., 14 cm and 16 cr, vhile the height and composition of

» . *9

the core would be held constant. If the results of K-eff versus core
size are plotted on a qgraph, the values for a core of 12.83 cm. in radius
can then be read from the qraph.

The compositiorn of each core was calculated in the following

manner:

Total core area - area occupied by fuel platq

Volume fraction of the water =~ Yotal Core Area

Area occunied by aluminium

Atom Density of Aluminium Metal = " Total core area

density of Aluminiun
gensity of Aluminium LS
X Atomic weight of Aluminiun

1023 Atom/ am-atom

B S S—- ——

1072% Barns/cm?

Atom Density of U235 =

Atom Density of U??3

>




As the assembly core increases in size,the reflector thickness of

the core decreases by the same amount. Therefore, for ease in calcula-

tions each cnre has been assumed to have 15 cm. of water as radial reflec-

tor Si f £ NatN ( | Itron 1n water "

15 em. of water will be an infinite reflector in the calculation. The

top and bottom reflector thickness are incorporited within the axial
Parar: 5 usned in - ulations of the core are

listed in Appendix

Results of the Calcula®ion

The results of the calculations provide an insight for the approach
to criticality experiment. As mentioned previously, the qeometry used
for the mathematical rodel is different from the real core qeometry.
Consequently, the results of the calculation will indicate that the
system is more reactive than it actually is because the surface to volume
ratio in the medel is smaller. This results in lower neutron leakage
than in the actual system. The effective multiplication constant (K-eff)
obtained from the calculatiuns is plotted in Fiqures 22, 23, 24 and also
plotted in Figure 25 which compares these results with those obtained
by Jankowski (14). The K-eff obtained from the DISHNEL code calculation
is slightly less than Jankowski's calculation except for the $-1 core.
The deviation in the two calculations can be explained by the combina-

tions of different assumptions made in Jankowski's calculations. These

assumptions were:
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A fixed reflector saving of 5 cm. was used in all cases.
The U238 (content) in the core was 1qnored.
.07 in. thick plates with 9.45 gm. of U235 were assumed.

o . ¢ 1 - - P
setanaular pazallelpire4 s try was used.

Two group calculations were employed.
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VI. APPROACH TO CRITICALITY EXPERIMENT

Operations of the subcritigal assembly at Rutgers has not revealed ﬂ
any criticality hazard., However, for safcty reasons, criticality experi- | |
ments will be performed on 211 six cores of the subcritical assembly.
Additionally, these experiments are rcquired by the Idaho State Univer-
sity Special Nuclear Material License application of the fuel for the

subcritical assembly.

General Theory (15)

In a subcritical assembly, the introduction of an external neutron

source will cause the neutron population of the assembly to increase and

PSSR

then reach an equilibrium level as long as the source strength is constant.

Suppose that, starting at some arbitrary time zero, No neutrons

from an external source are introduced into a subcritical assembly,
Each subsequent generation the neutrca population in the assembly will

be as follows.

Time in Neutron Generation Neutron Population
e No (source population)
1 No + No K-eff
2 No + No K-eff 4 No KZ-eff
ﬁ No (1 + K-eff ¢ K2.eff ¢, ., .0K”»cfi)
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One can observe that the increase in the neutron population 1s a

power series which can be written as fo)lows:

Hem 1 - K-off (m+1)

—— .

"J = o - e
, o T ) - keett

where m is the number of generation since t = 0.

In a subcritical asscubly, where K-eff 1s less than unity and (m)
is sufficiently large, the subcritical multiplication M 1s equal to one
divided by one minus K-eff,

In the core where the system is just critical, the neutron popula-
tion would continue to incrcase without 1imit. If the subcritical
multiplication can be measured for various fuel loadings, and its reci-
procal plotted vs. the amount of fuel used, the curve obtained may be
extrapolated to 1/M = 0 to predict the mass required for criticality,.

Neither N or No may be measured directly, but a neutron detcctor
placed at a suitable location in or near the core should provide a
count rate which is proportional to the neutron density. A count rate
without fuel, Co, s first measured and then a count rate, C, is measurcd
with fuel in place. The value of C/Co obtained corresponds to M for
this particular loading. Additional fuel is then added and a new value
of C measured for this fuel loading. The observations are repcated and
3 graph of 1/M vs. amount of fuel is plotted.

Selecting a suitable locatira for the detector is complicated by
the fact that most neutron de’ectors are sensitive to thermal neutrons
while the neutron energy spectrum from the source 1s agencrally different

from the fission spectrum produced in the core. Placing the detector




Page 51

in the center of the core is usually the best location. If this 1s not
possible, the closest location to the core, within the reflector will

provide the best results.

Procedure for Appraoch to Criticality

(1) Three independent neutron detection systems were installed
in the subcritical assembly area for this particular experiment to make
sure that the multiplication of the system is knownat all times. €Each
of the systems consisted of a boron trifloride filled neutron proportional
counter coupled to a suitable pulse-counting system. A detailed descrip-
tion of each pulse-counting system is included in the instrumentation
section of this procedure. The detector for system number one was
located inside the core tank next to the fuel-spacing assembly with the
detector center approximately the same level as the core center. Detector
nunber two was located a few inches above the water covering the core.
It was attached to a movable steel member which can be removed for core
access and replaced at a precisely located position prior to obtaining
data. Detector number three was located within a water-tight aluminium
tube next to (or inside of) the core. The center line of detector number
three was approximately at the lower boundary of the fuel. The aluminium
tubing which houses detector number three was attached to the fuel spacing
assembly in such a manner as to remain fixed during the experiment. Dectec-
tor number three was taken out of the aluminfum tubing during 11fting or
lowering of the core and replaced when the core was properly secured

fnside the core tank,
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(2) After the three neutron detectors had been placed in their
proper locations as indicated in step 1, a neutron source was placed L
in the graphite block beneath the core tank. The source consisted of |
13 gu. of plutonium mixcd with beryllium so that the neutron emission
rate is 2.2 x 10® neutrons per second. The source was placed in a
hole previously prepared in the graphite blocks designated Y6, X6 and
Y6, X7, which was then inserted into the graphite assembly. The
source was approximately eight inches below the very center of the core
tank which houses the uranfum fuel. The source was inserted into the
prepared hole using tongs long enough so that the operator can never
be closer than three feet to this source. Calculations have shown
that the fast neutron dose rate to the operator will be less than three i
Mr/hr during the loading. Since it is anticipated that the loading of
the source will take only a few minutes, exposure to the operator is
negligible. E
(3) A1l tlace of the neutron detectfon systems were energized at .
this time and checked to make sure they were counting neutrons from the '
neutron source, A 0.02 thick sheet of cadmium was placed between each
of the detectors and the source location to insure that the pulses |
obtained from each of the detectors are indeed due to the arrival of
thermal neutrons and not due to spurious noise. No further operations
were performed until 1t was evident that each of the three channels was

operating properly,
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(4) The water pump was energized and the water was pumped from
the storage tank into the core tank until the water level reached the

overflow point of the tank. Pumping was maintained long enough to

e

make sure that the overflow line was clear and that water was indeed

draining back into the storage tanks. The water pump was then stopped

and the fuel spacing assembly for the core was attached to the Tifting

mechanism and lowered, without fuel, into the water-filled tank. It

was observed that the displaced water drained automatically back into

the storage tanks through the overflow line. It is necessary that

this line remain open at all times so that the water level between the

core and detector number two remains constant throughout the experiment.
(5) With this configuration the count rate at each of the three

detectors was determined in order to estimate the sensitivity of each

of the three detectors. From previous experience, it was anticipated

that detector number two would provide a count rate in excess of two |

counts per second in its location in the critical assembly. It was

anticipated, therefore, that a counting time of ten minutes would be

adequate to provide a statistical accuracy in the count rate of approxi-

mately +2.5%. However, it should be pointed out that the statistical

accuracy of this initial count s not a determining factor in the

success of the experiment since extrapolation technique will be used

in determining the value of the effective multiplication constant, As

the cffective multiplication constant approaches unity, the overall
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multiplication of the system becomes infinite, and the extrapolation
of reciprocal multiplication approaches zero. Any error in the initial

count rate, therefore, becomes negligible as the count rate from the

system becomes large., It was felt that the other twe counters, being
placed closer to the sour:e than counter number two, provide count %
rates such that their statistical accuracy would be adequate in the
ten minute count. In any event, the counts obtained from systems one
and three would be such that the statistical accuracy should exceed
410 per cent for these systems,

(6) The fuel spacing grid was lifted out of the water with a
winch assembly and bars placed below it so that there was no possibility
of it accidentally falling back into the core tank. At this time one- |
third of the fuel, or 50 plates, was placed in the fuel spacing assembly
designated for the particular core. Thus, one-third of the fuel was
loaded in the initial loading.

(7) The fuel spacing assembly containing the 50 fuel plates was
slowly lowered into the water-filled tank with constant monitoring
of the instrumentation indicating neutron count rate. It was noted

in the description of the instrumentation that counter one has a count rate

meter which gives a continuous indication of the ncutron count rate.
The lowering of the fuel assembly was such that the fuel would not be |
lowered more than one foot in three time constants of the number one

rate meter. If the count rate meter attached to counter one indicates

that the count rate is higher than a factor of 3 above the initial count
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rate, lowering of the co-e .nould stop until the effective multipli-
catfon constant is determined b, obtaining an accurate count from
detector one. Lowering of the fuel assembly continues until it is
fully submerged or until one or both of the count rate meters indicate
more than three times the count from the previous readings. If sub-
mersion has to be stopped because of high count rate, the assembled
core should be 1ifted out of the water, 20 fuel plates removed from
the core and the remaining lowered into the core following the same
procedure. A multiplication of approximately three was predicted for
this loading.

(8) When the fuel assembly had reached a stable position resting
on the bottom support, a count was obtained from each of the three
detectors of such magnitude that the statistical accuracy was better
than +3 per cent for each. Using these counts, and those obtained
previously with no fuel, a graph was initiated for each of the detectors,
plotting the reciprocal of the system multiplication versus the number
of fuel plates in the assembly. Each of the graphs was extrapolated
to a value of zero for reciprocal multiplication to indicate the number
of plates required to achieve a critical system. A straight line extra-
polation was used eve: though detector placement indicates that a con-
cave or convex curve would be anticipated. That curve indicating the
minimum number of plates necessary for criticality was used for deter-

mining the assembly procedure in the following steps.
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(9) The core assembly system was 1ifted from the water using

the winrch, and additional fuel plates were added to the assembly.
The numier of plates to be added shall not exceed more than half of the
plates required from the lowest prediction of the previous step, or 25

plates, whichever is smaller. The plates added were placed in such a

ﬁ manner in the grid assembly so as to maintain as uniform a loading
‘ across the core as possible.
(10) The core assembly was lowered back into the water at a rate
of less than one foot per three time constants of the number one rate
meter as cxplained previously. Submersion was terminated if the count ‘
rate exceeds 2.5 times that obtained from the previous steady state
measurement. Should the count rate exceed this limit, the core motion
was stopped, an accurate count will be determined and the multiplication
factor estimated from an extrapolation of the previously initiated ~urves
for the cetectors one and three. One half of the plates loaded in step
nine was removed and step ten repeated.
(11) When the fuel spacing assembly containing the fuel plates
was in place and resting on the core supports, count rates were deter-
mined for each of the three detectors. Sufficient counting time was
allowed to make sure that each of the count rates was within 43 per cent
statistical accuracy. From these counts, the multiplication of the
assembly was determined and a point placed on cach of the three graphs
of the reciprocal multiplication versus the number of fuel plates. A

strafght line extrapolotior was again used, using the previous point and
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the point just located to determine the number of fuel plates necessary
to achieve criticality. The lower value of the statistical uncertainty
limit was used in the new point for determining this extrapolation.
(12) Steps nine, ten and eleven, were repeated until all 150

fuel plates have been added to the assembly and lowered into the core
tank or until the muitiplication factor for the system exceeds 0.93.
Since calculations indicate that the effective multiplication factor
with all 150plates in the most reactive (T-1) configuration would not
exceed 0.83, it is assumed that all 150 fuel plates will be in position

following the assembly.

Safety Considerations

While it is anticipated that during the initial assembly of the
ISU subcritical reactor, no safety problems will arise, each of the
participants in the assembly experiment did observe standard safety
precautions, Each person wore a film badge containing a neutron film
and a garma sensitive Film. In addition, each participant wore a
dossimeter sensitive to ganma radiation. A1l dossimeters were read
immediately prior to the experiment and subsequent to the experiment
to determine if any gamma radiation of significance had been received
by any participant. Film badges will be processed by the commercial
film badge supplier for Idaho State University and records kept of the

exposure received by any participant. In addition to the personnel
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monitoring badges and dossimeters worn by the participants, two pori-
able gamma ray monitors were in operation in the assembly room during t
the experiment. There is also a criticality alarm which is permanently
attached to the wall of th> room., These three gamma ray fnstruments,
together with the neutron detection equipment used in the subcritical

experiment, insured the participant that their exposure is below

acceptable values.

Should either of the two portable gamma ray instruments or the
wall-mounted criticality alarm indicate excessive gamma radiation levels,
or should any of the three neutron monitoring instruments indicate ex-
cessive neutron levels, the experiment will be terminated and the room
evacuated. Upon evacuation, the project director shall be responsible
for shutting off the power to the control console. Removal of this
power deactivates the solonoid valves and allows all the water from the
core tank to drain back into the water storage system. Draining of this
water reduces multiplication from the fuel assembly to such an extent ;
that continued criticality would not be possible. The project director
will direct one member of the experimental team to leave through the |
emergency exit of Room 24 so that the automatic alarm in the hallway
of the building will be sounded. The project director himself will
leave through the corridor next to the health physicist's office and
will turn off all building air circulation equipment at the emergency
station there when exiting from the area. The project director shall
take one gamma ray monitoring instrument with him during this exit and

when reaching the hall shall determine whether the radiation level 1is
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safe for continued occupancy. Should the gamma ray level at this point

still exceed acceptable values, the project director will trip the build-
ing fire alarm system on his way up the stairs which will insure evacua-

tion of the entire building. All other members of the critical assembly

team will leave the building as quickly and directly as possible follow-

ing the initiation of this emergency procedure.

If at any tine during this experiment 2ny person feels that an unsafe
condition exists for any reason, he shall contact the project director.
The project director shall order the experiment to be terminated until
investigation has shown that the situation is safe. At no time during
the assembly shall any member present be subjected to excessive radiation
levels as indicated by any of the portable monitoring instruments present

in the assembly room,

Instrumentation

The primary instrumentation for the critical assembly experiment
for the 1SU subcritical assembly will consist of the following three
systems, the locations of which have been previously described.

System One: The detector for system one shall be a Reuter Stokes
proportional counter filled with BF3 gas to 70 cm. of mercury pressure.
The boron in this detector 1s enriched to 93 percent boron 10. The active
dimensions of this detector are approximately thirteen inches long and
two inches in diameter. A Mech-Tronics Corporation Model 253 high voltage
supply with a maximum voltage of 3000 volts will be used to power the

detector. Canberra Industries "odel 806 preamplifier will be used toget-

her with a Harshall Model NA-16 linear amplifier to amplify pulses from
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detector one. A Metronic Nuclear Company scaler Model 709 containing
an integral timer will be used to determine the counts from the counter
number one. A count rate meter will also be used to provide continuous
count rate 41ta from counter nimber one. The entire system nurmber one
will be housed in a "mini-bin" meeting AEC specifications.

System Two: System number two shall consist of a Reuter Stokes
proportional counter filled with BF3 to 40 cm. of mercury with the boron
again being in excess of 93 percent boron 10. The active dimensions of
the counter for system number two are approximately eight inches long
by two inches in diameter. The high voltage cupply for this system will
be a Powar Design Pacific Inc., Model 2K-10, with a maximum voltage of
2000 volts, A Metronic Company preamp with & Canberra Industries linear
amplifier Model 1410 will amplify the pulses from counter number two.

A Canberra time model 1452 coupled to a Metronic Nuclear Model 700
scaler cetermines the count rate., This system will be housed in a
"mini-bin" meeting AEC specifications.

System Three: System three will consist of a Reuter Stokes detector

Model RSN-127A with active dimensions of six inches by one inch in diameter.

This detector will be connected to Ludlum Model 2200 portable scaler-
rate meter with integral high voltage sunply, power supply and timer,
The manner in which the neutron monitor systems one, two and three

are set up are shown respectively in Figures 26, 27 and 28,
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Figure 26: Components of Number 1 System §
|
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Figure 27: Components of Number 2 System
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Figure 28: Comporents of Number 3 System
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Result of the Criticality Approach Experiment

T-1 Core

Calculations have shown thet this T-1 core was the most reactive
core. For this reason this core was used for the first assembly to
insure that no hazards exist in utilizing most of the fuel plates in
the subcritical assembly. Two complete approachs to criticality experi-
ment were performed with this core. The difference between the two runs
was the manner in which the fuel plates were added to the core. During
the first run the initial 49 plates were placed in each slot of tne
triple plate fuel spacing assembly. Subsequent additions of fuel plates
were placed contiguous to the plate of the previous loading. In run
number 2, three plates were inserted at the same time, in each slot of
the triple plate fuel spacing assembly. Thus, the core size was increased
with each loading while a corstant fuel to moderator ratio was maintained
within the core. Consequently, run number 2 gave a more uniform increase
in the values of K-eff. The measured K-eff of .825 was obtained in

both runs.

S-1 Core

The detector number 3 in this experiment was placed inside a water
tight aluminium tubing. This tubing was attached to the top single plate
grid. In doing so, the configuration of the S-1 core had to be modified.
A quasi cylindrical core with a hollow center of 2 x 3 in? was chosen,
Because the pre-erperimertal calculation utilized a cylindrical geometry
there was speculation that the obtained experimental results would better

follow the predictions., The loading configuration for the modified S-1
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core is shown in Figure 32. The location of the detectors 1 and 2 has

not been moved. . The highest K-eff value for this core is .806.

5-2 Core

The S5-2 cere w*s assembled essertially the same as was described
in Chapter III. However, five plates had to be taken out near the middle
of the core and added to one side of the core. The incore space was
used for detector 3 tubing. Also, all 150 plates were used in this
experiment instead of the planned 148 plates. Detectors 1 and 2 have
not beer relocated since the experiment with T-1 core. The highest
measured K-eff of .875 was obtained from detector 3.

From the experiments it was evident that detector-location is the
most critical factor. This phenomena can be explained by the small
subcritical multiplication of the subcritical assembly core. Also,
calculations have predicted that T-1 core was the most reactive of the
cores. However, experimental results contradict the calculations by
showing a K-eff of 0.875 for the S-2 core, 0.805 for the modified S-1
core, and 0.82 for the T-1 core. This contradiction can be explained
by difference in the detector location in the three experiments. In
the T-1 experiment the detector was located outside of the core while
in the S-2 and S-1 experiments the same detector was in or very close
to the center of the core. By placing the detector inside the core more
fission neutrons are detected. As a result, a hicher subcritical multi-
plication is observed. It is therefore, very difficult to conclude which
of the cores is the most reactive. However, the experiments have demonstrated

|
! that criticality cannot be achieved by the T-1, $-2 and modified S-1 core.
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VII. EXPERIMENTAL PROCEDURE FOR THE 1JSE OF THE IDAHO STATE
UNIVERS ™Y SUBCRITICAL ASSEMBLY ‘

Introducting ‘
The Idaho State University subcritical assembly consists of an
aluminium core tank 36 in. in diameter and 39.0 in., high. The core
tank is nlace2d on tep of a grephite thermal column of 4.0 ft. square
and 32 in. high. The subcritical assembly fuel consists of 150 alum-
infum c¢lad uranium-aluminium plates. These fuel plates are 3.0 in.
wide, .08 in. thick and 26 in. long. The fuel bearing portion of the
plates is 2.75 in. wide, .04 in. thick and 24.0 in. lcng containing
10 gm. of U235, These fuel plates may be assembled in a variety of
geometric configuratiors to form the core of the subcritical assembly.
Several different grid arrangements are available for maintaining
proper spacing of the fuel plates in the core tank,
Moderator and reflector is provided by water which is pumped
into the core tank from storage containers located nearby. The operat-
ing level of the core tank has been set at 33 in. of water. The con-
stant operating level is maintained by the valve and overflow line.
Figure 20 shows a schematic view of ihe core tank, the thermal column,
the pumping assembly and th2 water storage contziner, Figure 2ishows

a8 schematic diagram of the shut down mechanism associated with the

water handling system,




Safety Rules

It has been shown by both caliculations and initial assembly

experiments that no danger is present in the operation of the sub-

critical assemhly, Irweyse, seme prezautions ave fmnosed to percons
involved with the operation of the subcritical assembly in order to
minimize the accidental possibilities and ensure personal protection

during an accident. These rules are:

1. The following materials are not to be taken into the
subcritical ascembly area without the permission of
Professor A, E. Wilson, Permission may be granted for
only one material at a time and cannot exceed the
limitation stated: Graphite 8 1bs., Beryllium 2 lbs.,
Beryllium Oxide 4 1bs., Heavy Water 2 1bs., Fissionable
Isotopes (U-235, U-233, Pu239) 3 gm of any one or
combination. This limitation applies to other chomical
forms or mixture containing the above material, detailed
plans of the experiments to be conducted must be sub-
mitted before approval will be granted. Under no con-
ditions are larger quantities of these materials to be
carried into the subcritical assembly area.

Hand1ing of fuel plates and foils should be performed with
vater-proof gloves or other appropriate hand covering.

Neutron source should be handled with source holder or
tongs with a minimum length of 1 m,

A minimum of two persons must be present in the room while
the assembly is in operation. One of the two persons must
be anauthorized operator.

Personnel inside Room 23 during the operation must carry
on person a personal monitoring instrument either a pocket
dossimeter or y -neutron sensitive film badae. The dosage
received by persons wearing the dossimeter should be re-
cordad and kept in file.
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Chemicals or materials which could cause a class B fire
should not be stored unattended in Room 23.

No beverage or food should be taken inside Room 23.

In the evant 0 an emercency wtheve evacuation of persanrel
is needed the procedure below will be observed under the
direction of the person responsible for the assembly at
that particular time. either the faculty member present
at such time or the student receiving permission to use
the facility.

A1l power to the pump and solenoid drain valve will be
cut off. (This step should already be performed by the
criticality alarm signal.) For added precaution the drain
valve and the pump power switch will be turned off. The
switch is located on a console between the exit door and
the assenbly tank.

The portable gamma survey meter will be taken out of
Room 23 if it is felt that no danger will result from
carrying out this action.

After evacuation, the door of Room 23 will be closed and
the alarm attached to the emergency exit door of Room 24
activated, If radiation level in the immediate outside
area is above normal, the building fire alarm will be
activated to evacuate the entire building. Also, the
building ventilation system will be deactivated. This
action can be achieved by pushing the “Penthouse Pover
Emergency Trip" switch. This switch is located on the
wall facing the health physicist's office.

The person in charge will be responsible for the evacua-
tion of all parsonnel persent in the basemznt or the
building if the entire building must be evacuated. He
will find a safe location for the personnel to stay
during the emergency. No one will be allowed to reenter
the dangerous area.

The health physicist and the Chairman of the Departument
will be informed immediately. Their names and phone
numbers are written on the door of Room 23 and on the
health physicist's door.
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An operating y monitoring instrument must be placed on the
graphite pedestal during any experiment performed with Lhe
subcritical assembiy.

At the end of each experiment the neutron source must be
stored in the paraffin filled storage container inside the
storace vault of Ronm ?2. The fuel plate may be <tored in
the lockad corc tre¥ with €312n04d valy deenergized or
stored in the locked fuel container in Room 23. It is the
responsibility of the person in charge of the experiment to
check that all fuel plates and neutron sources are securely
locked in their appropriate places.

Procedure for Qyoration

1. A1l the fuel plates which will be used in the experiment are
loaded in the desired fuel spacing assembly. This loading should be
performed with the fuel spacing assembly properiy supported by core
support devices, Inside th2 core tank brackets on the side of the
tank and a ho.ov-2imd structure at the bottom of the tank are used
to sunport the core. Also, the fuel may be loaded with the fuel space

ing assembly above the tank. If this loading manner is preferred the

fuel spacing assembly should be secured to the core lifting device and

resting positively on iron bars placed across the core tank. Upon
completion of loading, the core is lowered into the core tank such
that the core rests on the core supnort devices.

2. At this point the neutron souce can be brought into Room 22,
and placed at the desired location for the experiment. The neutron
source can be placed in scveral locations inside the thermal column
as well 2s inside the core itself. The paraffin filled source storage
container is mounted on wheels. Therefore, it is recommended that the

source container be brought into the room before the source is removed

from the
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3. At this point the gamma survey meter is turned on in the
appropriate range and placed on the thermal column.

4, The power to the solenoid valve and pump is restored. This
is accrrrliched by pushing the"valve and pumn nower recet” switch,
Then the manual pump switch is turned on., Approximately 25 minutes
is required to fill the assembly tank with 33 in. of water.

5. If, durino the course of the experiment, the gcmma survey
meter or the criticality alarm meter indicated a gamma field of 20.0

Mr/hr, the assembly should be shut down and evacuation procedure is

observed.
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APPENDIX A
DOSE CALCULATIONS

Ratpd Poyprn
K-eff = 874

source neutrens = 2.1 x 10 n/sec

M (subcritical multiplications) = 1 = 7.94

e ——

1-K-eff
Neutron Population rate = Source neutrons x M

= 2.1 x10°n_ x7.94 =1,67 x 107 n/sec
sec

Fission Neutron population rate =

1.67 x 107 e A% B B 1.46 x 107 n_

sec sec sec

Fission Rate = 1.46 x 107 n/sec . 5.90 x 10® Fission
2.47 n/fission sec

Rated Power = 5.9 x 106 fission/sec 19 x 10-3 watts.

3.1 x 10'9 fission
watt-sec

Fast Nevtron Dose Rate Calculation

In this calculation, bulk shielding facility data will be used.

This data is published in ANL 5800 as Figures 7 - 11 on page 464.
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At 30 cm. (or 12 in.) from the core surface a number of 15 ergs/gm-hr-watt

is reported for fast neutrons. Conversion of this number in Rad yield
hr-watt

1.5 x 10-1 Rad  or 1.5 Rem with fast neutrons RBE (Relative
hr-watt hr-watt
Piolozizal Effectiveness).of 10.

Therefore

DR(f) 1.5 Rem x 1.9 x 107" watts (rated power) = .285 MREM

Thermal Neutron Dose Rate Calculaticn

Again, BSF data will be used. At 30 cm. from the core surface

2 number of 2.5 x 10° n (thermal) is obtained from BSF data.
cmé-sec-vatt

85 x 0% o x 1.9 x 10°% watts = 47.5 n

cmé-sec-watt cmé-sec
A conversion 8.6 x 10°% Mr/hr is given in ANL 5800 page 466,
n(.0725 ev
em?-sec
OR (th) = 47.5_n _  » §.6 x 1C* Mr/hr
8, Mr/hr = ,0408 ) ,
cm?-sec n{.075 ev) —

cmé-soc




y_Photon Dose Rate Calculation

BSF data gives 1.3 x 103 ERGS
gm-hr-watts

1.3 x 103

ERG

gm-hr-watt

If a Conversion of

1RAD
G

gn

DR(Y) « 2.56 x 1071

gm-nr

Source Neutron Dose Rate

2.56 MRAD
-

at 30 cm from the core surface

X 1.9 x 10°% watts = 2,56 x 10-! _ERGS
gm-hr

= 2.56 MREM
hr

Assuming that 2.1 x 106 n/sec PuBe neutron source is located

in the renter of the core tank,

tank will be:

The flux at the surface of the core

X geometric attenuation x water shielding

S35 0% a

sec

=(L3.63_1L_
cm?-sec

where geometric attenuation =

and water shielding = e~gaR (core/tank) = 4,75 x 10°°

Ia * Macroscopic neutron cross section for 4.5 Mev

117 em=1,  ANL 5800 page 466 gives a conversion factor of .11

for 5 Mev neutrons.

Therefore,

AT R? (core tank)

= 3,76 x 10°5 em~2

neutrons =

mrem/hr
n/cmé-sec
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DR (Source) = .363 n X .11_MRem/hr
cme-sec n/cm?-sec

= .04 MREM

?‘v‘

DRt = ,285 MREM + ,0408 MREM + 2.56 MREM + ,04 MREM

i
;
:
|
i
!
t Total Dose Rate
} hr o “hr B

DRt = 2.9258 MREM = 3 MREM
hr HP.
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SECTION 1. INTRODUCTION

This emergency plan shall be used as a plan of action to
follow in the event of a nuclear incident at the nuclear facility
located at Idaho State University, Pocatello, Idaho.

It shall be used in conjunction with the State of Idaho
Radiation Emergency Response Plan for all events involving a
radiation accident, i.e., any release of radioactivity which may
injure or contaminate a person. The Idaho plan delineates the
actions to be taken by the Idaho State Police, Department of Health
and Welfare, and the agreements with the local hospitals and the
fire department in the event of a radiation accident. Those events
which do not involve a radiation accident shall be the
responsibility of the local operating staff and the administration
of Idaho State University.

The nuclear facility consist of an AGN-201 nuclear reactor
manufactured by Aerojet General Nucleonics in 1956. It is owned by
Idaho State University and is operated under License Number R~110.
The maximum power it is licensed to operate at is 5 watts. The
fuel consists of uranium enriched to 19.88% uranium 235.

The AGN-201 reactor system consists of two basic units, the
reactor and the control console. The reactor unit includes the
core consisting of uranium dioxide dispersed in polyethylene, a
graphite reflector, and the lead and water shielding. Fuel loaded
control and safety rods are installed vertically from the bottom of
the reactor unit, passing by the instruments which measure the

power level. The rods are inserted by control mechanisms which
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provide safe and efficient operation of the reactor. The weight of

the reactor unit, with the water shield, is 20,000 pounds; the
weight of the console unit is 800 pounds.

The AGN-201 is located in the basement of the Lillibridge
Engineering Labcratory at Idaho State University. Refer to

Appendix 1 for the floor plans of the laboratory.




SECTION 2. DEFINITIONS

Emergency planning zcne - Roons 2%, 19, 32 2 23, and 24 on the

first level of the Lillibridge Engineering Laboratory.

Nuclear incident - Any unusual circumstances or occurrence that

could lead to or cause damage to the reactor and/or sub-critical

facility nuclear fuel or nuclear fuel cladding.

- The area inside room #20 and #23.

ident - Any release of radiocactivity which may injure

or contaminate a person.

1dar The walls, ceilings, and doors of rooms
Y

Nuclear facility - Consists of a AGN-201 nuclear reactor and

sub-critical assembly area.

NRC licensed operators and health

energency - Any emergency which combines a radiation

accident with any nuclear incident.




SECTION 3. ORGANIZATION AND RESPONSIBILITIES

Table 1 is a diagram of the local operating organization and
shows the relationship to the State of Idaho radiation emergency
response organization. The Idaho plan contains the
responsibilities and duties of the auxiliary organizations who are
committed to respond to a radiation accident, i.e. Idaho State
Police, Department of Health and Welfare, the local f lre department
and hospitals.

The Idaho State University personnel who will respond to
nuclear incident are the Reactor Adminisirator, Reactor Supervisor,
Radiation Safety Officer, and Campus Security. 'hey will be
advised by the School of Engineering faculty. 'here are no other
local support organizations directly committed tc respond to a
nuclear incident other than the normal response provided by the
local fire and police departments.

In order for the emergency plan to function as intended, it is

ssential that all coordinating personnel at Idaho State University

be aware of their areas of responsibility and assure that their

facilities and equipment are available and operational. The
] t }

following is a list of University personnel and thei ) Of
responsibility:
1. The Reactor Administrator and/or Feactor
responsible for
a. Operatior at Idaho State U
incident occur.

Netification of




Health and Welfare in the event of a radiation accident.
G Requests for medical assistance or notification of ar

applicable hospital to prepare for patient care.

d. Safety regulations and practice within the nuclear
facility.

e. Internal operations and assignments.

£ Routine checking of safety equipment and safety within

the facility and assuring that employees are
knowledgeable in equipment operation.

g. Requests for additional fire fighting assistance, and
instructing the fire marshall concerning the hazards of
the nuclear facility.

h. Evacuation plans and assembly areas.

i. . Maintaining up-to-date notification roster of appropriate
personnel and agencies.

P Personnel accountability procedures at the Lillibridge
Engineering Laboratory.

k. In their absence the Radiation Safety Officer shall

assume their duties.

2. The Radiation Safety Officer is responsible for:
a. Health physics assistance at Idaho State University.
b. Authorizing volunteer emergency workers to incur

radiation exposure in excess of normal occupational

limits.
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-8 Manning check points or control points for surveying

personnel and eguipment.

d. Health physics at Lillibridge Engineering Laboratory and
scheduling of personnel and working times in radiation
areas.

e. Monitoring teams and environmental sampling at 1Idaho

State University, analysis of samples, and maintenance of

records.
£ Decontamination procedures and control.
g. Health physics for contaminated personnel until they are

attended to by the proper medical personnel.

h. insuring that all necessary health physics information is
communicated to the appropriate agencies.

I Persoanel monitoring, personnel radiation records, and
for scheduling of personnel for the operations team.

In his/her absence the Reactor Supervisor or the Reactor

Administrator will assume these duties.

Idaho State University Campus Security will be responsible
for:
a. Establishing area control and manning of check points.

b. Traffic control and traffic counting.

- Assistance in communications and information dispersal.
d. Assisting State Police in the event of a radiation
accident.
EP, Rev. S
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Refer to Appendix 2 for a list of organizations who have
indicated they can provide assistance upon request either via the
State of Idaho Radiation Emergency Response Plan or as normal duty

of their organization.
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SECTION 4. EMERGENCY PROCEDURES

Table 2 shows the emergency classification system for
potential emergency situations which may occur in order of

increasing severity.

Emergency Class IXE;.QI Purpose
Incident
1. Unusual incident Civil Disturbance To secure the area.
Bomb Threat Investigate the
Theft of SNM situation. Alert
the police.

2. Personal injury Fire or Explosion Same as 1 plus alert
firemen and minimize
damage.

3. Personal injury Nuclear Emergency Same as 2 plus

with contamination activate the State
Radiation Emergency
Plan.

The emergency planning zone, EPZ, Rooms 14, 19, 20, 22, 23, 24
on the first level of the Lillibridge Engineering Laboratory, see
figures 1 through 4. This emergercy plan shall apply to the EPZ.
There are no postulated accidents for the AGN-201 Reactor which
would result in exposure of 1 rem whole body or 5 rem thyroid
beyond the operations boundary.

In the event of an incident which requires evacuation of the
building, i.e., fire or explosion, all personnel within the EPZ
shall proceed to the shop area near the double doors to be

accounted for and 1f radioactive contamination is suspected the
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potentially contaminated personnel will be separated from all
others. 1In the event of a radiation accident the State of Idaho
Emergency Radiation Response Plan will be initiated.

The emergency exposure guidelines are the same as the
radiation dose standards for individuals in restricted areas as
specified in 10 CFR 20.101. These guidelines are sufficient when
the size and postulated radiation accidents are considered for the
nuclear facility at Idaho State University.

The facility will maintain emergency procedures for dealing
with various emergencies including nuclear emergencies, bomb
threats, fires or explosions, theft or attempted theft of special
nuclear material, and civil disorder.

The response procedures describe the type of response to be
accomplished, the duties and responsibilities of the security
organization and the management involved in the response. An up-
to-date notification roster will be maintained in the Reactor
Supervisor’s office, in the School of Engineering administrative
office, and the Campus Security office. The notification roster
indicates the names and telephone numbers of those who will be
notified immediately of any emergency and also the names and
telephones numbers of those who may be called upon to assist.
Refer to Appendix 2 for the notification roster.

A numher of radiation monitoring devices are maintained at the
Radiation Safety Office. The Radiation Safety Officer will
determine wnich devices are to be used. A Geiger Counter will be

the standard device for monitoring dose rates and contamination
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levels around the facility. Radiation monitoring devices are also
maintained in the Chemistry and Physics buildings in the event that
the Radiation Safety Office is not accessible. These devices
include pencil dosimeters, hand held Geiger Muller counters,
scintillation counters, and thermoluminescent dosimeters. All
personnel entering a radiation area or a suspected radiation area
shall have some method of determining the radiation field and
personal dose. No person shall enter a suspected radiation area
unless under the direction of the Radiation Safety Officer. The
exception shall be for the police and the fire departments. If it
is necessary that the police or firemen enter a radiation area
without personal radiation monitoring devices the Radiation Safety
Officer shall be informed immediately and will then survey the
affected person for contamination and arrange for a whole body

assay if necesc-ry.
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A nuclear emergency shall be any emergency which combines a

radiation accident with any other nuclear incident Any emergency
which includes a radiation accident is a sufficient condition to
initiate the State of Idaho Radiation Emergency Response Plan by
calling the Idaho State Police, Region V. Evacuation of the
Lillibridge Engineering Laboratory may or may not be required for
a nuclear emergency. If the emergency is strictly a radiation
accident and not combined with fire or explosion, building
evacuation will be ordered if the radiation levels are above 10
mR/hr ouvtside the operations boundary or if there are airborne
radioactive materials.

In the improbable event that the nuclear reacto:- laboratory
must be evacuated two exits are accessible from the reactor
laboratory itself. These are: (1) through the double doors to the
reactor laboratory and (2) an emergency escape hatch located in the
roof. Two sets of stairs and an elevator lead to the ground level
floor from which three exit points are available; one to the
Southeast and two to either side of the display foyer. A ladder
leads to an escape hatch in the ceiling of the reactor laboratory
openad only from the inside.

The emergency exit sequence shall be: (1) Personnel in
adjacent laboratory spaces shall be warned by operators to initiate
evacuat.ion; (2) The first person to reach the Emergency Ventilation
Cut Out Switch (Located on the south wall, across from the health

physicist’s office shown in figure 1 will trip all ventilation off
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the line in the building preventing any further air exchange; (3)
If time permits, radiological monitoring equipment will be taken
from the reactor laboratory. If this is not possible other
monitoring equipment has been stored at the Physical Science
Building for emergencies; (4) The building fire alarm will be
svunded to evacuate the entire building. The locations of the
local fire alarms are at the bottom of the staircase on the south
side (or on the way to the staircase on the north side) of the
building; (5) The last person leaving the reactor laboratory area
will shut all doors. All persons leaving the EPZ area shall
proceed immediately to the northeast corner of the building near
the large overhead door of the machine shop to be accounted for and
be checked for radioactive contamination; (6) Staff personnel shall
proceed to the Fire Department Emergency Command Center (if
established) and provide information and assistance to the on scene
commander; (7) The University Administration will be notified as
soon as is practicable. The Reactor Administrator and the Reactor
Supervisor will be notified immediately. They will, in turn,
determine which State and Federal agencies shall be notified. The
Radiation Safety Officer will be responsible for thorough radiation
monitoring. The nuclear reactor laboratory will be reentered as
radiological levels permit and then only by authorization of the
Reactor Supervisor or his designated representative. The reactor
system will be checked for damage. Refer to Appendix 3, Emergency

Evacuation Plan.
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The person receiving the threat should obtain as

information as possible. Ask the following questions:
a. Where is the bomb?

b. What kind of bomb is it?

. What time will it go off?

d. Why are you doing this?

Notify:
a. Idaho State University Campus Security
b. Pocatello Police Department

The security officer, upon being notified of the threat

proceed immediately and notify the following offices:

a. Chief of Campus Security
b. Pocatello Police Department
e. University Administration

a. Reactor Administrator

e. Reaccor Supervisor

Shut down the reactor.

The security officer will record the name and location

person receiving the threat.

EP, Rev. 5
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The removal or transfer of any radioactive material will be
the responsibility of the Reactor Administrator and/or the

Reactor Supervisor.

Scheool of Engineering staff will assist with any subsequent

searches of the Lillibridge Engineering Laboratory.
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Scram the reactor by pushing the power off button and check
that the rods have scrammed by any of the following methods:
a. Rods engaged lights out.

b. Decreasing current trace on channel 2 and 3 strip charts.

e. Period meter pegged low.

As soon as the scram is verified evacuate the building.

Notify the Pocatello Police Department by the guickest

available means, i.e., radio, fire alarm, telephone.

The Fire Department will:
a. Proceed to the area.
b. Notify Pocatello Police Department and Idaho State

University Campus Security for traffic control.

ISU Campus Security will notify the campus maintenance
department. The maintenance department will provide a person
to secure or activate building systems and alarms as

necessary.

Notify the Reactor Administrator and/or Reactor Supervisor who
will in turn notify:

a. Idaho State University Radiation Safety Officer.

EP, Rev. 5
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b. Idaho State Radiation Control Section.

c. U.S. Nuclear Regulatory Commission Region 1IV.

Theft or Attempted Theft of Special Nuclear Material

| B I1f an indication of a theft or an attempted theft exists in or
around Rooms 20 or 23 of the Lillibridge Engineering
Laboratory, immediately notify the Campus Security who will in

turn notify:

a. Chief of Campus Security
b. Pocatello Police Department
"~ Reactor Administrator
d. Reactor Supervisor
- The Reactor Administrator and/or the Reactor Supervisor will

proceed immediately to the Lab and inspect and inventory all
special nuclear material. If a theft or attempted 'heft of
special nuclear material has occurred, the following will be

notified immediately:

a. U.S. Nuclear Regulatory Commission Region 1IV.

b. Idaho State Radiation Control Section.
civil Disorder
|
|
| - 85 Notify the Chief of Campus Security.

2. Campus Security will post guards in the basement of the lab.
EP, Rev. 5
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3. Notify the Pocatello Police Department for riot and incident

control.
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SECTION 5. EMERGENCY FACILITIES AND EQUIPMENT

The emergency support center will be in the northeast corner
of the machine shop near the large overhead door, Figure
Emergency control directions will be given from this area.

An ambulance shall be called for any person who may be
injured. If that person is also contaminated with radioactive
materials, the State of Idaho Emergency Radiation Response Plan
shall be initiated by calling the Idahc State Police, Region V, and
the receiving hospital shall be informed the Lnjured person
potentially contaminated.

If a person is not injured but contaminated with radioactive
materials, the State Plan will be initiated and decontamination
procedures will begin under the direction of the Idaho State
University Radiation Safety Officer in accordance with the State
Plan.

The only emergency communications system in addition to the

normal telephones are the hand-held radios which are used by campus

security. Emergency communications will have to be by word of

mouth if the telephone system is lnoperable or the radios used

Campus Security are unavailable.
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SECTION 6. MAINTAINING EMERGENCY PREPAREDNESS

The Reactor Administrator and the Reactor Supervisor are
responsible to ensure the proper execution of the Emergency
Preparedness Plan.

The training of University personnel who are responsible to
act under this emergency plan is the responsibility of the Reactor
Administrator and the Reactor Supervisor with the assistance of the
Technical Safety Office in the area of radiological control. For
those personnel and agencies not a part of Idaho State University,
training is a responsibility of the Department of Health and
Welfare, State of Idaho.

The Idaho State University Reactor Administrator and the
Reactor Supervisor will provide a training program at least once a
year to train other University personnel who may be called upon to
assist in the improbable event of a nuclear incident.

University personnel who would be involved in a nuclear
incident will be tested by annual drills. This will be
accomplizshed by the unannounced initiation of a drill by the
Reactor Administrator or by the Reactor Supervisor with written
permission from the Reactor Administrator. Outside agencies will
be contacted in advance and informed of the drill. University
personnel will carry through with this action as though it were an
actual emergency. Records of these drills will be entered into the
facility operating records by the Reactor Supervisor or a licensed
Senior Reactor Operator or Reactor Operator.

The Emerga2ncy Preparedness Plan shall be audited under the
cognizance of the Reactor Safety Committee at least once every two

years. They shall evaluate the effectiveness of the plan and note
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the results of the evaluation in their minutes. They shall also
approve any changes which may be made to the plan.
Emergency equipment used for fire fighting, radiation

detection and air sampling shall normally be checked for proper

operation annually, but in no case shall the check be greater than

16 months. Batteries in portable equipment shall be checked prior
to each use and annually unless previous experience dictates a more
frequent check 1is required. A complete stock of replacement
batteries shall be available for all battery powered emergency

equipment. Emergency equipment will be inventoried annually.




APPENDIX 1.
FLOOR PLAN

LILLIBRIDGE ENGINEERING LABORATORY
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APPENDIX 2

NOTIFICATION ROSTER

REACTOR ADMINISTRATOR

REACTOR SUPERVISOR

RADIATION SAFETY OFFICER

ISU CAMPUS SECURITY
POCATELLO POLICE DEPARTMENT

POCATELLO FIRE DEPARTMENT

J. BENNION

T. GANSAUGE

T. GESELL

HOME :
WORK :

HOME :
WORK :

HOME :
WORK :

SUPPORT NOTIFICATION ROSTER

IDAHO STATE POLICE

BANNOCK REGIONAL MEDICAL CENTER

POCATELLO REGIONAL MEDICAL CENTER

ISU ADMINISTRATION

NUCLEAR REGULATORY COMMISSION

208-233-3239
208-236-3351

208-234-0862
208-236-3637

208-237-1076
208-236-3669

208-236-2515
911
911

208-236-6066
208-239-1800
208-234-0777
208-236-3440
301-816-5100

upDATED. 3 /6/98
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APPENDIX 3.

EMERGENCY EVACUATION PLAN

TO BE FOLLOWED IN THE EVENT OF A NUCLEAR EMERGENCY

WHICH HAS POTENTIAL OF CAUSING INJURY

The licensed reactor operator is cognizant of the detailed

emergency plan. HE/SHE WILL BE IN CHARGE OF EVACUATION.

Use the normal room exit and building exits if possible. The
escape hatch located in the roof is to be used only if normal
exits are blocked by fire or radiation. Make sure exits to

lab are closed after all persons are out.

The radiological monitoring instrument on the reactor console
and the reactor leg book will be brought from the laboratory

room by the reactor operator.

If the radiation levels are above 10 mR/hr outside the
operations area of the Nuclear Reactor Laboratory, the reactor

operator will order building evacuation.

The first person to reach the Emergency Ventilation Cutout
Switch (located on the south wall, across from the health

physicist’s office) will trip all ventilation off the line.
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The reactor operator shall initiate building evacuation by
tripping one of the building fire alarms located at the bottom
of the staircase on the south side (or on the way to the

staircase on the north side) of the building.

The reactor operator shall notify the Reactor Supervisor

and/or the Reactor Administrator immediately.

The Reactor Supervisor and/or the Reactor Administrator shall

be in charge of all building reentry.
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FROPRIETARY INFORMATION
NOT FOR PUBLIC DISCLOSURE

CONTAINS 10 CRF 2.790 (D)
INFORMATION WITHHELD FROM
PUBLIC DISCLOSURE

EMERGENCY PROCEDURES ({continued)

e. Reactor Administrator Work: 208-524-0905
Home: 208-~-526-4907

Reactor Supervisor Work: 208-236-3637
Home: 208-233-1173

The security officer will record the name and locatic. or
the person receiving the threat.

The removal or transfer of any radicactive material will
be the responsibility of the Reactor Administrator and/or
the Reactor Supervisor.

Engineering Department Staff will assist with any
subsequent searches of the Lillibridge Engineering
Laboratory.

or Explosion at the Lillibridge Engineering Laboratory

Notify the Pocatello Fire Department by the quickest
available means, i.e., radio, fire alarm, telephone 911,

The Fire Department will:

a. Proceed to the area, but be sure that the fire
fighters are wearing protective clothing and
breathing devices.

D. Notify Pocatello Police Department, Bannock County
Sheriff, and/or ldaho State University Security to
post guards around the area, and to keep out any
unauthorized vehicles and persons.

REVISION 3
FEBRUARY 23, 1990
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Enclosure A4
Figure Al. Locations of ISU Accelerator Cente: sites rolative to the Nuclear

Facility.
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Enclosure A5
Figure A2. Map of the Pocatello area surrounding the ISU campus.



» bl |‘| |

_
=3 I = ' v T ‘

Figure A2. Map of the Pocatello area surrounding the ISU campus




