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ABSTRACT

This manual is designed to help Health Physics personnel
familiarize themselves with the Idaho WNuclear Corporation's
operated NRTS areas in which they are training or working. A
general description is given of the specific plants and areas
emphasizing radiation hazards and safety procedures.
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CHAPTER T
THTRODUCTION TC PRINCIFLES OF REACTORS

The purpose of this chapter is to acquaiat the HP with the
general physical concepts of what is required to meke a reactor
work and to indicate some of the ways in which it can be done.

Nuclear reactors liberate and control nuclear energy. FPresently
this process is 1imited to the containment and control of the fis-
sioning of unstable nuclei of high mass numbers.

The nuclei most commonly used are those of U-235; P-239, and
U-233 in that order. Several other isotores have fissionable
nyclei, but they are not commonly used. The reasons for not using
these isotopes are numerous, and they are beyond the scope of this
discugsion.

A, The Fission Process
Following 1s a simplified discussion of the fission proc¢ess.
Certain nuclei upon the absorption of a neutron are more apt to

split into two nuclel of lower mass number than they are to increase
in atomlc weight. That 1s

I R (1)
oceurs more frequently than does

=P 4 nt U236 + oy (2)

Tn equation (l) there is a loss of mass during the transition. The
energy liberated during the fission process can be determined wusing
Einctein's equation

E = m02 (3)
Tt is convenient to express m in a.m.u. (atomic mess units).

E (MeV) = m (a.m.u.) x 931

since 1 a.m,u. is equivalent to 931 MeV.

Consider & possible Tission event:

2 . nt == A e ont Mass of X = ok.9h5 a.m.u.
Mass of 32 = 235.124 a.m.0. Mass of S 138.955 a.m.u.
Mass of nl = 1.009 a.m.u. Mass of Enl = 2,018 a.mn.u.
Total mass = 236.133 a.m.u. Total mass = 235.918 a.m.u.
Difference: 236.133 a.m.u. —— 235,918 a.m.u. = 0.215 a.m-u.

The energy released per fission is, then, (0.215) (931) = 198 MeV.
1



The total average fnergy released per fission is 201 + 6 MeV.
Phisz veloe is experimentally determined. The following table gives
a breakdown of the distribution of this energy.

TABLE I

1
Distribution of Fission Energy[ ]

MeV
Kinetic energy of fission fragments 168 + 5
Instantaneous gamma-ray energy 5+1
Kinetic energy ol fission neutrons E.i 0.5
Beta particles from fission products T+1
Gamme, rays from fission products 6+ 1
Neutrinos ~ 10
Total 201 + 6

The 10 MeV given off as neutrinos are lost from the system,
The amount of energy lost from the system from gamma rays and neutrons
depefgi on the system., The rest of the energy will be expressed as
heat .

Fission at the rate of 3.1 x lOlo fissions per second produces
one watt of power., If 1 1b. of fissionable material is completely
fissioned, it would produce 1.0 x 107 Kw-hr or "The power production
correspond%ng to the fission of 1 gram of waterial per day would be
roughly 10~ watts, i.e., 1 megawatt."[3].. Thig power potential
makes nuclear power desirable, but the nature of the energy released
presents problems unique to reactors.

B. Critical Mass

Note in equation (1) that approximately two neutrons were pro-
duced during fission. The average neutrons per fission produced is
of the order of 2.3 during the fissioning of U-235. To have the
fissioning process self-sustaining in a reactor, an average of at
least one neutron produced by a fissioning nucleus has to cause
another fission. To achieve such a condition, target nuclei have
to be arranged in close proximity to & fissioning nucleus .such that
the probability of at least one of these nuclei being bombarded by
& neutron and fissioning is one. The mass of material necessary to
provide this condition is known as the Critical Mass. Stated in
another way: Critical Mass is the mass of fissionable material
hecessary to sustain a nueclear chain reaction. This entity, the
actual mass of fuel necesgary to arrive at criticality, is generally
determined by five conditions: (1) type of fuel, (U-235, Pu-239, ete.),
(2) percent of fissioning nuclei present, (referred to as enrichment),
(3) geometric configuration, (4) neutron moderation, and (5) neutron
reflection. B
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1. Type of fuel

The average number of neutrons liberated for each fissionable
isotope is different. The probability of fission occurring dif-
ferg with each isotope. And the probability of a neutron being
captured but not causing fission differs with each fissionable
isotope. A1l three of these fuel characterlstics deternine the
number of target nuclei that must be present if a chain reaction
is to be sustained,

2, Percent enrichment

Neutrons are captured by U~238 and other materials which might
be present within the fuel. This capture effectively reduces the
aumber of neutrons available for fission. The presence of these
materials also decreases the density of the fissionable nuclel.

Both conditions demand an over-all increase in the fuel volume if
a chain reaction is to be sustained.

3. Geometric configuration

Neutrons will be lost or lesk out of the external surface of
the fuel, If the ratic of surface area to volume is great, the
ieakage will be large. If the ratio is reduced, so will the leak-
age be reduced. As an example, the surface area per unit volume
ratic for a sphere is much legs than it 1s for a cube. As leakage
ig increased so also must the volume of the material be increased
to achieve a critical mass. Conversely as the leakage is reduced
less volume is needed,

i, Reflection

Materials which seather or "reflect” neutrons back into the
core partially overcome the problem of leakage. Reflector materials
are of low mass number so That elastic collisions with the "rafiector”
nuclei readily occur. Materials having a low neutron capture probabil-
ity have to be chosen to achlieve efficient reflection.

5. Moderation

The probability of neutrons interacting with fissionable
nuclei varies with the energy of the neutron. The fission cross
sections (interaction probabilities) of U-235, U-233, and Pu-z239
are much greater for thermal neutrons than for fast neutrons.
Materials having low atomic numbers and low capture cross sections
are used to moderate or slow down fast neutrons. Every time a
nucleus is hit and scattered, kinetic energy ls transferred from
the neutrons to the scattered nucleus. After a serles of elastic
scatterings, the neutron is in thermal equilibrivm with its sur-
roundings., It ie easily seen that materials which are good modera-
tors are also good reflectors. Neuwtron efficiency 1is increased
using thermal neutrons, so fewer target nuclei of fissionable
material are needed if the percentage of thermal neutrons is in-
creased.
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C. Reactor Power Level

The rate at which fission occcurs determines the power level
of a reactor. As previously stated, 3.1 x 1010 rissions per second
produces one watt of power., A reactor which is just eritical pro-
duces just a few fissions per second. To arrive at some power
level conditions have to be zltered so that, on the average, Jjust
slightly more than one of the neutrons released during each fission
causes another fission, This will effect an inerease in Ffission
rate. When the desired power level is reached, conditions are
changed so that there is just one newtron produced per fission
causing Tission and a steady state power level is maintained. These
reguired conditions can be expressed in terms of the necessary
quantity called the effective multiplication factor, (Kgpe). Kerr
is defined as the ratio of the average number of neutrons causing
fission to the number of neutrons required to sustain a chain
reaction., Therefore one fission produced neutron per fission
causing fission is expressed as Kerpp = L. The number of neutrons
causing fisslon in excess of the number required +to maintain a
nuclear chain is expressed as Ke . This is one of the factors
determining the rate at which power will increase in a reactor.
Neutrons remain a finite time in a reactor if not captured. This
is called "life time". Therefore the life time of & neutron also
determines the effectiveness of that neutron.

Mathematically, the change in the number of neutrons in the
reactor per unit time is

dn/dt = n (KEX/L) (%)
where n = number of neutrons
t = time

= as defined above

[Shie
L = the average neutron life tinme.
or
dn/n = (Kex/L) at. (5)

Integrate both sides and impose the condition that
n=n att=20
o

ny e (K, /1) (62)

then n

The number of neutrons present within the reactor at any one
instant is proportional to the number of fissions ocecurring per unit
time, and is therefore proportional to the reactor power level., In
equation (6a) when Kex = O and n = n,, the reactor power remains
constant, or in other words, the number of neutrons (neutron Flux)
within the reactor remains constant. If Koy is very small in con-
parison to L, reactor power slowly increases. If KeX/L is not
small, 2 rapid power increase can result in an out-gf-control super
critical condition.



‘The average neutron life time (L} per Xy (L/K,,) is called
the reactor pericd. Now equation (6a) becomes

¥=Nel". (6b)

Freguently reactor control 1s expressed in terms of reactor
period. A short reactor period results in a fagt power rise and a
long reactor period results in a slow power rise.

The means of reactor control are the insertion or withdrawal
of zdditional (1) fuel, {(2) poison, (3} reflector or (4) moderator.
These will be discussed in the next section.

Resctor power can be measured by determining the heat output
of the reactor and/or by the measurement of the neutron flux, The
systems used to obtain this information vary with the different
reactors and thelir types.

D. Ceneral Reactor Components and Control

The general components of any reactor can be broken down lato
six categories, (1) fuel, (2) moderator, (3) reflector, (4) control,
(5) coolant, and (6) shie€lding.

1. Fuel

U-235 in varying degrees of enrichment with U-238 is used as
fuel. Many power and Pu-239 production reactors use natural uranium
which contains 0.T1l% U-235 and about 99% U-238. Other reactors use
envichments up to 96% U-235 and 4% U-238. Tesb reactors usually
use this highly enriched fuel Xoad. The fuel elements are usually
clad in aluminum, stainless steel, ceramic, graphite, or zircaloy.
These elements come in various shapes and sizes dictated by the
design and purpose of the reactor in which they are used. Pu~-232
in varying degrees of enrichment with U-238 can be used much as
J-235. U-233 enriched Th-232 can also be used. Thne use of each
fuel type requires different conditions.

2. Moderators

There are four elements which enjoy regal status as modera-
tors. Others can be used with some degree of success but these
have proven to be the best. They are carbon in the form of graphite
or an organic, bevryllium in 1ts metallic or oxide form, hydrogen as
a hydride, organic or water, and its close relative deuterium as a
hydride, organic or water. Deuterlum, due to its high cost and
difficulty in handling, is usually used only in the form of water.
These materisls are also used as reflectors.

3. Reflectors
Tn addition to the shove mentioned materials, other materials

such as aluminum, zirconium, magnesium, silicon, etc. have some
reflection properties.



k. Control

Reactor control is effected by controlling those parameters
asgociated with the determination of a critical mass. That is, the
introduction or removal of fuel, moderator, and/or reflector is
used to control the neutron flux within a reactor. To these three
parameters iz added a fourth parameter, neutron "poisons". Any
combination of these four parameters might be used in reactor
control. A neutron poison is any non-fissionable material such as
x¥enon, cadmium, boron and lithium having high abscrption cross
sections. These materials are "black” to thermal neutrons. Xenon
&s a fission product is a natural damper on a reactor markedly
limiting the steady state power levels of most natural urapnium
reactors. It also reduces the efficiency of all thermal neutron
reactors. Cadmiom is frequently used in control rods. Fine
cantrol can be achieved with its use. Boron is used as a burnable
control mechanism. As fuel is depleted, so is boron. By combining
fuel and boron, control is built into a system.

5. Coolant

Most of the kinetic energy of the emission resulting from
fission reverts to heat in the system. In a power reactor the
heat 1s utilized to produce electricity. In all reactors heat
must be removed from the reactor core and the reactor structure.
There is no limit to the temperatures that a reactor could attain
without cooling if the reactor components could withstand the
temperatures imposed upon them. Reactor cores have been known
to melt down and destroy themselves because of inadequate heat
removal. Transfer of heat from a reactor to some medium which
transfers energy to a heat sink or acts itself as a heat sink is
needed. Gases and liguids, primarily, are used as coolants.
Water and organic liquids make good coolants as well zs modera-
tors. Liquid metals such as sodium, potassium, a combination of
both called NaX, and mercury have been used 4s coolants. ,Many
of the first reactors bullt used air as a coolant. WNitrogen and
helium have also been used extensively. Gases and liquid metals
are primarily coolants since they do not appreciably moderate
neutrons or absorb them,

6. Shielding

A minimum of three types of shielding is necessary for
reactor shielding. These are neutron, gamma, and thermal shielding.

Neutrons and gamma rays are not completely divested of their
kinetic energy within a reactor core., There is extensive leakage
of both from the core. It is necessary to provide protection for
personnel working around the reactor. Shielding is therefore
necessary to provide this protection. The requirements for shield-
ing neutrons differ from those for shielding gamma rays. WNeutrons
are thermalized and then captured by using moderators and neutron
poizsons. Gamma ray shielding requires high density materials such
as iron or lead to attenuate gamma photons. In addition to neutron
and gamma shielding, thermal shielding is necessary, not only for
personnel protection, but also for the protection of surrounding
materials from undue thermal stresses.
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Tn =ddition to personnel protection from these types of radia-
tion, the protection of delicate instrumentatlon from radiation
damage is necessary. A reactor is often surrounded with a large
pumber of instruments which are easily damaged or thelr readouts
distorted by high radiation fields.

E, Specific Problems

As s result of a reactor’s unique system, some of the problems
associated with a reactor are unique. A few of the major problems
will be briefly discussed here.

1, Fission Breaks

A fission break is the result of cladding failure of a fuel
element or rupture of an experimental fuel capsule which introduces
fission products into the cooling system. A severe fission break
can release many curies of activity to the stack and contaminate
the cooling system, A fission break can be detected by several
methods. The methods to be used depend upon the type of reactor,

2. Fission Product Polsoning

The continual production of fission products gradually reduces
the efficiency of a reactor. These fission products usually reduce
the neutron efficiency below the compensating factors of control
long before all of the reactor fuel is purned up. Reactor fuel has
to be reprocessed many times before it can be fully utilized. Xe-135
and Sm-14G are the most devastating of the fission product poisons.

3. Material Changes

Materials are affected by radiation., Neutron bombardment
produces impurities with materials such as

Alz'r . nlA- Alea . 7_}_Si28 P 1)

Camma radiation and thermal radiations change crystal structure and
creste high thermal stresses which distort and change reactor com-

ponents. They also cause the breakdown of some chemical bonds and

the forming of others. Materials thus changed in a reactor are reé-
ferred to as corrosion products.

L, Heat Removal

Normally heat has only to be removed from the source of radia-
tion and its immediaté surroundings in power developing units using
conventional fuels. In a reactor 1t is necessary to remove heat from
the neutron and gamms, shielding as well. In some instanceg this re-
gquires a separate cooling system for reactor shielding.

5, Chemical and Metallurgical
Uses for uncommen metals are frequently found in present day
reactors. Some of these materisls have unusual metallurgical pro-

perties which make them hard to work with. Many of them are highly
pyrophoric., Others are hard to work with chemically, and some are

T
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readily attacked by materials used for moderation and cooling,

Sometimes corrosion products produce chemical difficulties within a
reactor and means have to be provided for their removal. Leakage of
fission products into reactor coolant or moderator can produce radicals
which are damaging to reactor structure. These also have to be removed
to maintain good operation. Ton exchange columns are frequently used to
reduce the amount of undesireble chemicals formed in an operating reactor,

At times the close proximity of materials which are dangercus when
combined is necessary in a reactor. An example of this is the associa-
ticn of water and liquid metals, such as sodium, potassium, or NaX,
these being used for heat transfer and/or moderator. WNo leakage be-
tween systems can be allowed or an explosion will result.

There are many more reactor associated problems of interest
which are beyond the scope of this discussion.

Following is a list of several of the more common materials
found in reactors and their uses, The extent of usage is a func-
tion of a specific reactor design.

MATERIAL USES

Water Moderator, reflector, ccclant, and shielding

Graphite Moderator and reflector

Beryllium Moderator, reflector, and photo-neutron producer

Aluminum Structure, fuel cladding, reflector, and shielding

Iron, Steel Structure, fuel cladding, and shielding

Liguid Metals Coolant

Gases Coolant

Lread Gamma radistion shielding

Concrete Structure, moderator, reflector, shielding

Cadmium, Boron Control (poisoas) neutron shielding in connection
with moderators

Paraffin Neutron shielding, moderator

Plastics Weutron shielding, moderator

Liquid Organics Moderator, reflector, coolant, shielding

Ceramics Fuel cladding

Zircaloy Fuel cladding

Uranium Fuel, shielding

Plutonium Fuel

F. Reactor Types

There are many ways in which individual reactors differ.
Certaln characteristics are common to all reactors and these have
been discussed. Following is a list of four existing general
reactor types and their general characteristics.

Reactor Type General Characteristics
L. Piles a&. Graphite moderated, or Do0 moderated

b. ILarge critical mass (low enrichment
or natural U)

c. Large internal efficiency for thermal neubrons

d. Thermal neutron reactors only

€. Gas, liquid metal, or water cooled
f. Poison controlled

g. Limited in power by size znd xenon
polsoning



Reactor Type

2, THomogeneous Reactors a.
(all others are he-
terogeneocus reactors)

bl
C.

Ea

f.

h.

3. Tank Types A,

L, Swimming Pool ER
Reactors b.

Note:

Ce

General Characteristics

Tgel is ubilized in a liquid solu-
tion, the solvent usually acting
as the moderator

High enrichment

Cooled by coils running through
solution or running parts of the
solution through heat exchangers
Difficulty in cooling Llimits power
Absolutely no system leaks can be
tolerated

Expensive constructlon

Difficult and expensive shielding
it was hoped that fission producis
could be removed continuously to
achieve more efficlent fuel burnup

Watural Uranium or enriched fuels
(enriched fuel being more commonly
usad )

Cooled by water, gas, ligquid metals,
or organics

Versatility of power output
Versatility of avallable neutron
flux or fission production for
experimentation

Comparatively cheap construction

Bnriched fuel elements

Water cooled, moderated and shielded
Zero to low power due to radiation
hazerd and limited cooling

Cheap construction

Usually used for reactivity measure-
ment facilities

Of the four basic struchbural designs mentioned, tank type
resctors are the only kind that lend themselves to fast
neutron reactor development.



CHAPTER IT
MATERTALS TESTING REACTOR
AL The Fundamentsls of MTR Operations

The Materilals Testing Reactor was degigned and constructed for
the express purpose of facilitating the conception and design of
future reactors.

Aside from those highly urgent and immediately practical prob-
lems related to testing reactor components, there were many funda-
mental experimental studies in the high flux regions that were to
be carried out in the MTR. The high density of epithermzl neutrons
in the MIR permitted the extension of the practical range of the
crystal spectirometer to higher neutron energy ranges. The properties
of fissionable isotopes in the lower-resonance energy regions could
be investigated and their nuclear constants more accurately determined,
Reactions of higher order (the capture of two or more neutrons in
succession by the same nucleus} could now produce significant guanti-
ties of rare isotopes, thereby permitting the study of their nuclear
constants.

Production of radioisotopes in amounts and of specific activities
heretofore not readily available was initiated.

The MTR was designed with numerous experimental facilities
which permitted the irradiation of materials used for reactor
components, fuel assemblies, coolants, moderators, and reflectors.
Tests are carried on under simulated operating conditions of
temperature, pressure, and envirommental TFactors.

The MTR is a heterogeneous reactor, light weter cooled and
moderated, which uses beryllium and graphite as a reflector. 'The
fuel assemblies are plate-type and are fabricated from aluminum.

The MIR and its many experiments constitute so complex an
assembly that equipment failures and component malfunctions can
be expecied periodically. Some of these could jeopardize the
reactor or a potentially dangerous experiment; therefore, safety
circuits are incorporated to shut the reactor down.

1. Reactor Building

The reactor bulilding is designed to enclose the reactor
structure and the canal and to furnish space for experimental
facilities on the main floor level and in the basement. In addi-
tion, two balconies above the main flbor incorporate the control
room, a room %o house the electrical eguipment, and Operations?
personnel offices.

The bullding was designed to operate at s positive pressure
of 1-1/2 in, of water to reduce entrance of dust into the building,
but due to building additions and increased usage of ventilating
alr, atmospheric pressure now prevails.
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Building air is drawn through filters into the reactor structure
and used to cool the graphite reflector. The building also incor-
porates pre-cast ilnsulated concrete glabs which are bolted to the
concrete encased structural columns to form the walls. They are
designed to be blown outward in the event of a high pressure surge
in the building. The flat roof is constructed of pre-cast concrete
panels laid on steel purlins covered with foam-glass insulating
blocks and bullt-up roofing.

The main floor of the reactor building is reinforced conecrete
130 ft. sq. The floor area immediately surrounding the reactor
structure is 3 ft. thick; and surrounding this area and extending
to the building wall, the floor is 12 in. thick. The basement
floor is also reinforced concrete, 12 in. thick. The balcony
floors are generally & in. thick reinforced concrete.

Tach corner of the reactor building contains stalrways lead-
ing from the basement. Those on the west side are extended to
serve the balconies also. At the northwest corner of the building,
a pagsenger elevator serves the basement, main floor, first balcony,
and second balcony. On the west side of the building, & freight
elevator serves the reactor building basement, the reactor wing
building basement, the main floor of the reactor building, and the
reactor wing building.

2, Overhead Cranes

o overhead cranes are used in the reactor building. The
largest 1s a compound bridge and trolley type crane with two
hooks of 20 ton and 5 ton capacity, respectively. It is used to
1ift off the reactor top plug with the drives and to move the
heavy casks used to transport radioactive fuel, etc.

The smaller craae is also a bridge and treolley type but of
1000 1b. capacity. It is positioned directly over the reactor
vessel and is used during reactor shutdown for handling tools,
core components, etc.

Heavy tools nsed in the tank are generally handled by means
of a nylon rope and pulley combination which gives a 2 to 1
mechanical advantage, The smaller crane block is raised to a
spot just short of the upper 1imit switch. Then tools can be
inserted or removed by manual manipulation of the rope.

3. Reactor Vessel

The MTR reactor vessel is made up of five individual tanks.
The Five tanks joln together to form the completed vessel about
30 £t. in height.

The "A" tank which is the uppermost tank is fabricated of
stainless steel, has an ID of T in., & height of 11 ft. 7-3/4 in.,
and is permanently set in the concrete biological shield., The top
flange is flush with the top of the shield structure; and the top
fiat head, called the top plug, was originally mounted directly
on this flange.
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Placing reacltor experiments directly in the active lattice
or beryllium reflector, i.e., "in-pile" experiments, called for
significant numbers of nozzles opening directly into the vessel.
This requirement was met by the installation of an extension spool
mounted directly on the top of "A" tank, The reactor top plug is
now mounted on this extension.

The "A" tapk extension is fabricated of stainless steel and
has an ID the same as "A" tank. It is 18 in. in height and in-
corporates thirty-six 2-1/2 in., ID nozzles inclined 50 degrees from
the vertical, egqually spaced around its periphery. Blind flanges
fitted with tube sealing glands allow installation of instrumenta-
tion leads connected to the in-pile experiments,

A clearance is required between the outside diameter of the
reactor top plug and the tank wall for ease of handling. To pre-
vent radiation from streaming through this annulus, a heavy inner
shielding ring rests on the stainless steel ring attached to the
"A" tank wall. A similar ring was installed outside the tank to
reduce streaming in that annular zone.

"B" tark is attached to the top face of the bottom flange of
"A" tank and serves, by means of a bellows section, as an expansion
joint between "A" and "E" tanks which are bermanently fixed in the
concrete structure. This tank is made of stainless steel, is about
2 £t. 2 in. in height, has an ID of 5@-1/# in., and is located in
elevation just azbove the top steel thermal shield plates surround-
ing the graphite reflector. "B", "C", and "D" tanks were designed
to be removable through "A" tank in case of gasket failure, tank
failure, or other reasons.

"C" tank is fabricated of aluminum, has an ID of ski1/h in.
and a height of about 51-1/2 in. This tank is in the upper part
of the "pebble" zone of the graphite reflector.

“D" tank surrounds the reactor active lattice and beryllium
reflector. Tt is aluminum and has the same ID as "C" and "B"
tanks. Its height is about & foob. The wall thickness is one
inch except for the middle where it ig l—l/h in. thick in the
vieinity of the HB thimble penetrations of the tank. "D" tank
was designed to provide the strength required to sustain the cool-
ant water pressure and to support the weight of the core assembly.
It was made as thin as possible so that neutron absorption would
be ninimized.

The bottom tank making up the complete reactor vessel is "E"
tenk. This tank is about 6 ft. 4-1/2 in. long and was supported
initially by the structural steel which also supported "A" tark,
Both "A" and "E" tanks were given a coat of tar and embedded in
the conecrete biologizal shield.

L, Graphite Reflector

The function of the graphite reflector surrounding the reactor
and vessel is to thermalize and reflect neutrons back inteo the core
active lattice and %o contain thermalized neutrons in a zone large
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enough to allow the placement of numerous experimental facilities.
The reflector extends vertically from an elevation near the top of
"E" tank, past "D" tank, and covers about the lower two-Thirds of

"o"™ tank, for s total height of 9 ft. 4 in. The horizontal dimen-
sions are 12 ft. north to south by 15 ft. east tTo west.

A graphite pebble zone extends from the reactor wall out to
the inside edge of the permanent graphite. This zone is 7 ft. 4 in.
square and is filled with approxlmately TOO,000 one inch diameter
graphite balls. These balls may be drained through pipes to storage
bins allowing either the replacement of The balls or the replacement
of the "B", "¢", or "D" tapks. Some experimental facility liners
penetrate the ball graphite zone.

Surrounding the graphite ball, or pebple zone, is the so0lid
graphite reflector. This mass is composed primarily of b in, by
L in. graphite bars which extend from the pebble zone cutward to
the inner face of the stesl thermsl shield.

The cooling air enters the graphite reflector from the space
between the lower thermal shield plates, flows vertically upward,
and then out exit air ducts embedded in the concrete shield.

5. Thermal Shield

Heavy steel plates form a thermal shield surrounding the
graphite reflector to reduce the heating of the bicloglcal
shield due to radiation from the core. This shield consists
of two 4 in. thick plates placed on 2ll six sides of the reflector.
Air ducts running from filters located on all four faces of the
biological shield near the reactor sbtructure top Turnish cooling
air Lo the thermal shield. The air flow enters the space between
the side plates, flows downward into the space between the two
bottom plates and turns upward to cool the graphite reflector,
The air is collected in & space below the top shields and above
the graphite and flows into ducts which carry it to an external
stack.

6. Bilological Shields

The biological shield surrounding the reactor vessel and the
graphite reflector is, a5 1ts name implies, a barrier placed between
the high radiation flux surrounding the reactor core and the aresas
to be inhabited by personnel. This high density (approximately 3.2
Specific Gravity) barytes concrete sghield extends from the TLop of
"A" tank to & point below the basement floor.

The external surfaces of the biological shield are formed by
steel plates 1/2 in, thick zbove the first floor and 3/# in. thick
in the basement. The cubicles and face plates of the beam holes
snd other facilities are welded integral with these forms which
supply a convenient and substantial support. The permanent facility
liners extend from the face plate to an inner steel form surrounding
the thermal shield. The experimental facility hole liners extending
through the thermal shield and the graphite reflecior are fabricated
of aluminum and could be replaced.
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7. Top Plug

The top plug of the reactor vessel serves as a top sealing
head and as a base upon which the drive mechanisms for the shim-
safety and regulating rods are mounted. The plug is in the shape
of & built-up flat head about 10-3/L in. thick. The top plate,
2-1/4 in. thick, and the bottom plate, 1/2 in. thick, are separated
by an exterior cylindrical shell and spacers 1 in. thick as well as
by heavy wall tubes through which the drive rods pass. The space
enclosed by these plates is filled with lead shot for bioclogical
shielding purposes. Except for the shot, the top plug is made of
stainless steel. The bottom surface of the top plug flange seats
agalnst a square asbestos rope gasket which is recessed partially
into the top flange of the "A" tank extension. Fifty-two bolts,
l-l/3 in. in diameter, are used in attaching the plug to the vessel.

In addition to the drive rod penetrations, two large manholes,
18-1/2 in. in diameter, are furnished on the east and west sides.
While manhole covers constructed similarly to the top plug were
originally used in these holes, one cover has since been fabricated
and installed on the west side which incorporates a glass viewing
port. The.core can thus be viewed during reactor operation. A
second manhole cover has been provided with an underwater iight to
supply additional light inside the reactor during low power operation.

The top plug incorporates two electric cable Junction boxes
mounted on the drive platform, one on the north and the other on the
south. These boxes include multi-contact receptacles, one for each
shim-safety and regulating rod. When the top plug is 1n place on
the reactor, the electrical connections and signal connections are
breught o the plug on hinged supporting arms called "semaphores”.
For removal of the top plug to dry dock, the cables are disconnected
at the junction boxes and the semaphores are dropped to 2 vertical
position on the sides of the north and south reactor instrument
cubicles. Here they may be connected to cabies which serve the
top plug while in dry dock.

Four bases for the pipe stanchions used to support the drive
mechanism platform are fabricated on the top surface of the top
plug. Similarly, four lugs for connection to the lifting bail are
also included. The building crane 1lifts the top plug by means of
the lifting bail.

Attached to the bottom of the plug are the four stanchions
which support the spider assembly. When the "A" tank extension
was installed on the reactor vessel, this increased the distance
from the top plug to the core. Extensions were added to the shim-
safety rod, drive rods, the regulating rods, and to the spider
support stanchlons. The extension to the stanchions meintained
the distance from the bottom spider to the core as originally
designed- but increased the unsupported length of the drive rods.
This length might have resulted in inereased vibration in the rods
due to the water flow; so an intermediate spider similar to the
original was fabricated and installed at a point between the top
plug and original spider,



8. Bottom Plug

The reactor vessel bottom plug 1s similar to the top plug.
The bottom sheet is 2-1/2 in. thick stainless steel, the top is
1-1/k in. thick, and the total thickness is 20-1/2 in. The in-
tervening space is filled with lead shot for shielding purposes.
The top surface of the plug flange is grooved to fit an alumlinum
ring gasket and bolts on the lower flange of "E" tank.

The shim-safety rod shock absorbers are mounted on the top
surface of the bottom plug. Small diameter plugs are installed
beneath each shock absorber body in the bottom plug and inciude a
tube to flow water conbinuously through the absorber into the
vessel., By measuring the individual flow of the water into the
absorber bodies, the reactor operator can tell 1f the rods are
seated in the absorbers.

Thirty-seven monitor tubes are installed in the boitom plug
and extend vertically upward to a point inside the individual fuel
aesembly lower end boxes. The tubes incorporate: (1) a thermo-
couple to measure the fuel assembly coolant temperature, (2) a
pitot Ttube To measure the coclant flow, and {3) = sample tube,
which is used to draw off samples of the coolant. These samples
are measured for radiocactivity. Any excess activity might indicate
a rupture in that particular fuel assembly fuel plate cladding.
Piping for these monitor tubes runs to the monitor room.

Located below the bottom plug, and mounted to the celling of
the sub-pile room, are two barytes shlelding doors. These doors
were designed to provide the additional shielding required for
personnel access into the sub-pile room during reactor operation.
During reactor shutdown, the doors may be rolled away, il.€., To
the north and south, to expose the bottom of the bottom plug and
its associated piping. The doors are divided on the east-west
centeriine and include slote for passage of hydraulic rabbit
piping, the discharge chute, etc. BSee Figures 1 and 2.

9. Discharge Chute

Another internsl component installed in the reactor vessel is
the discharge chute used to discharge spent fuel assemblies, control
rods, experimental components, or irradiated slugs., This chute is
{astalled below the beryllium reflector on the east side of the core,
and access to it is achieved by removing a large beryllium reflector
piece called the "D" piece. The chute is then exposed and is un-
restricted except for a shielding plug located at the bottom piug
level, This plug serves o shield the hole left in the bottom plug
by the discharge chute and is removed and stored in a rack on the
spider guide ring prior to use of the discharge mechanism. The
discharge chute extends below the bottom plug and is terminated by
a nydranliecally-operated full-opening valve, The discharge mechanism
connects to the discharge chute at this point and allows the transfer
of fuel assemblies, etc., to the canal.
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10, Tank Internal Structures

The basic functions of the reactor vessel internals are to
furnish support to the fuel assemblies and core reflector pieces
and to guide the shim-safety and regulating rods. The downward
Tlow of the cooling water through the core generstes approximately
L0 psig pressure drop. The fuel assemblies and the reflector are
supported by the lower support casting. This component 1Is, in-
turn, supported by a segmented stainless steel ring which 1Is bolt-
ed to the bottom face of "D" tank lower flange. The lower support
casting has small buttons and spacer bars boited to it for the
majority of reflector pieces to rest on and has cirecular holes to
serve as receptacles for the lower erd boxes of the reflector
pieces (commonly called "A" pieces). The active lattice of the
core 1s supported on & lower assembly grid which rests in a recess
in the center of the lower support casting. This casting also
furnishes support for the lower guide grid which is hung from the
casting by the lower cradle. The lower guide grid supports the
roller bearing assemblies which align the shim-safety rods, A1L
of these components, except the bearing assemblies, are made of
a high strength aluminum alloy.

As mentioned before, the beryllium reflector pieces are
close fitting and interlocking and do not require a top align-
ment grid. The only core components requiring top alignment are
those in the active lattice. These are the Ffuel assemblies, the
shim-sa¥fety rods, and the lattice beryllium pieces called "IL"
pieces, These latter items are shaped like fuel assemblies,
including top and bottom end boxes and fill the lattice positions
not occupied by fuel assemblies. These positions are presently
the two southern rows of the 5 by 9 latiice array. The upper
grid assembly holding the top end boxes of the lattice components
1s made easily removable in order that the core may be conveniently
refueled from above when the top plug is removed (see Figure 3).

A means of supporting the upper grid assembly is necessary
since it covers only the area of the 5 by 9 array. Support is
furnished by the upper support casting. The casting aleo gerves
as a2 support for bearing assemblies which guide the regulating
rods. The two regulating rod positions on the south side of the
Iattice have been converted to experimental facilities.

Three sub-assemblies form the upper grid assembly located
ineide the upper support casting "box". The lowest is the upper
assemnbly grid which is positioned just above the lattice Ffuel
assemblies and "L" pieces and contains circular holes to receive
the upper end boxes of these components. The top grid of the
unit, called the upper guide grid, is also fastened to the grid
spacer and supporis the bear-grid assembly {upper assembly grid,
the grid spacer, upper guide grid, and locking mechanism) and is
removed as a unit when work is done in the- active lattice. A
means of locking this assembly in place is provided by a link-
age which is bolted to the norith and south inside faces of the
upper support casting "box".
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Since the shim-safety and regulating rods are driven from the
top plug, a means is required for connecting them to the drive rods
which project into the vessel through the top plug. The top of the
shim-safety rod has an iron armature which couples to an electro-
magnet attached to the bottom of the drive rod, The regulating rod
connection is a simple threaded drawbolt joint.

11. Reactor Core and Reflector

The MTR reactor core and reflector may be visualized as a
vertical right cylinder 54 in. in diameter and 39-3/8 in. high.
These are the dimensions of the beryllium reflector, which radialiy
fills "D" tank. Centered in this reflector is the active lattice
which is the zone that may contain fuel assemblies, control rods
or reflector pieces. This active lattice is dimensioned approxi-
mately 15.7 in. north to south (five fuel assembly widths) by
28.8 in. east to west (nine fuel assembly widths).

The position of the fuel assemblies in the active lattice is
in the three northern rows and consists of 23 assemblies. The
seven shim-safety rod positions are in the second and fourth rows
of the lattice and are separated by one fuel assembly in all
directions in the second row and by beryllium "L pleces in the
fourth row. The three southern shim-safety rods which are sur-
rounded on three sides (the north side excluded) by beryliium
reflector pieces are made with a cadmium poison upper section
and & beryllium lower section which is drawn into the core during
operation. The rods surrounded by fuel have fuel lower sections
which are drawn into the core during operation. Thus, in opera-
tion, the reactor core and reflector are composed of the solid
berylliom reflector with an off center block of fuel assemblies,
This picture is somewhat modified by the addition of experimental
holes and regulating rods in the reflector.

12. Fuel Assembly (See Figure L)

The MTR fuel assembly consists basically of 19 equally
spaced curved fuel plates roll swaged inko aluminum side plaices.
The fuel section assembly is 2.996 in. (from side plate to side
plate) by 3.069 in. (from the bottom of the concave surface of
one outer fuel plate to the top convex surface of the other outer
fuel plate) by 24-5/8 in. long, The side plates and outer fuel
plates extend 2 in. longer on each end for attachment to the
ubper and lower adapters or end boxes. The upper end box is a
holiow aluminum casting with a cireular cross section at the
top and with the bottom shaped like the fuel section assembly
cross section. The lower end box is alsc a hollow aluminum
casting with the top shaped to adapt to the Ffuel section assembly,
but the bottom 1s essentially square in cross section. End boxes
(adapters) control fuel element positioning in the upper and
lower assembly grids. The lower end box incorporates flat pads
and beveled lands which are intended to keep the assembly verti-
cal when the upper assembly grid is not in place and to establish
the vertical elevation of the assembly in the core. The upper
end box is circular in cross section and is Fitted with a com-~
pression spring and collar. This end box fits into the upper
asgembly grid. -The placement of the grid compresses the spring
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slightly, thus holding the assemblies firmly in the lower grid and
eliminating vibration that may be caused by the water flow. The
end boxes are designed for minimum pressure drop and uniform flow
distribution between each fuel plate and between adjacent fuel
assemblies.

Cooling water flows down through the inside of the upper end
box, between the fuel plates, and exits from the Fuel element
through the lower end box. This flow through the fuel elements
constitutes the bulk of the MIR process water reguirements. Water
also flows between fuel assemblies to cool the outgide surfaces
of the outer fuel plates and side plates. The balance of the cool-
ing water is utilized to cool the reflector and reactor experiments.

The fuel plates are fabricated by cladding a core of highly
enriched U-235 aluminum alloy with aluminum.

The fuel plates are roll swaged into the side plates, and
the end boxes welded to the side plates and outer fuel Plates.
The end boxes are then machined to the finished dimension. All
materjal used in the finished assembly is aluminum except for the
stainless steel spring and retaining ring on the upper end box.
The original 140 g elements had insufficient excess reactivity to
keep up with the rapidly increasing experimental load. Therefore,
it became necessary early in the operation of the MTR to redesign
the fuel elements with a higher gram content. This has been done
twlce since operations staited in 1952--once at 168 g, and again
at 200 g. The present fuel elements contein 200 g of U~235.

13. Shim-Safety Rods

The MIR shim-safety control functions are accomplished by
the use of seven shim-safety rods. BEight shim rod positions were
included in the original MIR design. One of these, referred to as
the L-k2 facility, was converted for experimental use in the final
phase of MIR construction.

The three shim-safety rods in the fourth row (fourth row from
the extreme north side of the lattice in positions L-4l, L-46, and
L-48) are cadmium-beryllium shim rods which are used for reactor
startup and shutdown only. The remaining four shim-safety rods are
cadmium-uranium shim rods located in positions L-22, L-2k, L-26, and
L-28 in the second row of the active lattice. The Cd-U shim rods
are used for reactor startup and shutdown, but they are also used
as power level "coarse" controls during the reactor operation. The
seven shim-safety rods can overcome an excess reactivity of about
L0 percent.

The length of the unit is explained by requirements not directly
associated with the functioning of the core, Since the shim rod is
coupled electromagnetically to the vertical drive rod, the shim rod
length requirement is affected by the radiation level that an electro-.-
magnet could tolerate. The shim rod armature is connected, through
a ball and socket joint to allow for minor misalignment, o an approxi-
mately square aluminum tube about 52-1/2 in. long.
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The poison section is about 31—1/2 in. long, is shaped exter-
nally similar to the fuel section agsgembly, and contains cadmium
sheets which are used for neutron absorption. The poison section
is hollow, the inside dimensions conforming to those of the upper
aluminum tube.

The fuel section of the shim-safety rods 1s similar to that
of a fuel assembly, except only 14 internal fuel plates (no outer
fuel plates) are used. Thus, the shim rod fuel section is completely
enclosed by an aluminum section shaped like the fuel assembly.

Attached to the bottom of the fuel section is the lower
section, about four feet in length, which includes a shock absorber
plunger. The over-all length of the shim rod totals 13 It. 7—9/16 in.
While the length of tubing above the poison section was needed to
keep the magnet out of the high radiation flux zone, the tubing
below the fuel section placed the shock absorber section just above
the bottom plug with the rod fully inserted. The bottom plug was
convenient support for the shock absorbers.

The shim-safety rod cooling water enters slots milled in the
tubing just below the magnet armature, flows downward through the
poison and fuel sections, and leaves the rod through the slots in
the tubing just above the shock absorber plunger section.

The poison-beryllium shim-safety rod differs from the poison
fuel rod in that a beryllium block, shaped similarly to the fuel
section, replaces thé fuel section. Cooling water reguiremenis
for this rod are reduced, and the flow is controlled by small
longitudinal holes drilled in the beryllium bleck.

1k, Regulating Rod

While the original design of the reactor core called Tor
four regulating rods, two in the beryllium reflector directly
adjacent to the active lattice on the north and two similarly
on the south, only the two rods on the north are used. The two
positions on the south are used for hydraulic rabbit or other
experimental facllity pogitions. The original MIR regulating
rod has & diemeter of L-1/2 in. and is 11 ft. 7-1/2 in. long.
The rod ie made of aluminum tubing, and the 21-1/k in. cadmium
section is located 38-1/2 in. from the rod lower end.

mro collars are located on the rod. One, used to 1ift
the rod when meking connection to the drive rod, is removable and
is located about four feet above the top of the cadmium section.
The other collar is permanently welded to the rod and is used as &
stop or rod support collar. This collar rests on the top of the
upper support casting when the drive rod and regulating rod have
been disconnected. Because the WNE regulating rod lower bearing
was melfunctioning, & new combination bearing assembly and sleeve
was fabricated and installed., The sleeve takes up a portlon of
the radial space previously used by the regulating rod; therefore,
a new regulating rod was built with a diameter of 1-1/k in. The
4o rod was similarly modified in 1961.
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When the fop plug is to be removed from the reactor, each
regulaving rod is disconanected from its drive rod by means of a
drawbolt which is located inside the drive rod and extends from
top to bottom of that rod,

15, Beryllium Reflector

The beryllium pieces occupying positions in the active lattice
not occupied by fuel assemblies and shim-safety rods are termed "LV
bieces and have an external shape similar to a fuel assembly. BSince
the function of the "L" piece is to extend the reflector to the gouth
boundary of the fuel assembly group, the center portion of these
bieces consists of a berylliium block. End boxes similar to those
used on fuel assemblies are riveted to this block., The beryliium
block is pierced by a number of longitudinal holes for +the flow
of cooling water.

The beryllium reflector surrounding the active lattice is
gsgsembled from a large number of individusl pleces. The majority
of these pieces rest on spacers on the lower support casting,
Only the "A" pieces are fitted with circular lower end boxes to
it into mating holes in that casting.

The key reflector pileces are the four containing the vertical
holes used by the two regulating rods on the north and two hydraulic
rgbbit facilities on the south. These pleces are numbered E-1 through
E-L, Targe pieces are machined to fit around the HB thimbles project-
ing inside "D" tank. These are "N" and "F" series pieces. Forty-
three "A" pieces fill a large portion of the remalnder of the reflector
volume and are azbout 3 in. sg. in cross section. Other wedge-shaped
pieces, "B", "C", "J", "K", and other series, are used to complete
the cylindrical shape and outline the active lattice. One unit,
previously mentioned, is the "D" piece which covers the dischargs
chute placed below the reflector on the east side of the core.

The close tolerance machining of the reflector pieces allows
operation of the reactor without restraining the reflector pieces
by clamps, end boxes, ete. Where requived, external or internal
cooling of the individual pieces is accomplished by means of smsll
diameter holes between outer surfaces or drilled longitudinally
throughout individual pieces.

The reflector pieces that may be removed from the top are
fitted with lifting pins which match special handling tools design-
ed for that purpose. Those pleces moved with the greatest frequen~
cy are the "4a", "B", and "D" pieces, The "L" pieces in the active
lattice are handled with tools used for the fuel assemblies.

16. Shim-Safety Rod Drive

Siance the shim-safety rods in the MTR are made with a poison
upper section and a lower fuel section and were designed for verti-
cal travel, s drive was designed to move these rods at a controlled
(approximately 5 in. per min.) rate of speed., The drive rods are
magnetically coupled to the top of the shim-safety rods during
reactor operation. In the case where the reactor must be shut down
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quickly, the ecurrent to the electromagnet is cut off allowing the
shim-safety rods to fall into the core. Only the drive rod and
electromagnet operate inside of the resctor vessel. All other
components are located above the reactor top plug on the drilve
platform.

The 1-1/2 in. diameter drive rod extending through the reactor
top plug is connected at 1ts upper end o an externally threaded
rod. This threaded rod is moved vertically by & rotating worm
gear which is held in a fixed vertical position in & cast iron
housing and is internally threaded to match the drive rod. 'The
worm gear is, in turn, rotated by an electric motor-driven worm.

The threaded rod thus moves only in a vertical direction carrying
with it the electromegnet and the shim-safety rod.

Other features of the drive mechanism include iimit switches
which are actuated by a projection on the top of the threaded rod
and are mounted in a housing. The entire drive rod is hollow and
carries a multiconductor cable to transmit current to the electro-
magnet. These wires terminate at a fixed terminal mounted on top
of the drive rod. Since the top of the drive rod moves up =nd
down inside of a fixed housing, coiled cords, similar to those
used on telephones, are used to carry the elecktrical connecltions
from the terminal lug to the outside of the drive housing. This
cable emerges st the top of the drive housing and is connected to
junction boxes mounted on the top plug platform.

Two methods are used to indicate shim-safety rod position in
the core. A direct mechanical connection is accomplished by means
of a flexible shaft which is geared o0 the drive motor and 1s con-
nected to a decade counter. This counter is similar to those used
+to indicate mileage on an automobile speedometer and is mounted on
the top plug platform. Another method was necessary to indicate to
the console operator the rod position. An electric selsyn geared
to the drive motor drives a slave selsyn dial and pointer combina-
tion which is moumted on the conbrol congole. This indicator 1s
only & rough indication of level and actual leveling of the rods
ig accomplished by use of the speedometers at the top plug.

A packing gland seals the drive rod housing to eliminate
contamination of the process water by the lubricating oil in the
threaded worm gesr housing. The gland 1s mounted just above the
top surface on the top plug, leaving the drive rod exposed below
that point. The drive rod in turn passes through a seal in the
reactor top plug. Slight legkage of contaminated process water
through this seal is eliminated by the addition of an auxiliary
upper seal and the introduction of pure demineralized water into
the zone between the two seals. This water is a pressure glightly
greater than that of the reactor vessel; so any water leakage out
of the upper geal is drained by suitable piping.

The original electromagnet used in reactor operation was a
conventional bipolar type designed to 1ift a 500 1b. load with
100 ma current and to drop a 600 lb. load held with 140 ma current
in 15 milliseconds or less. In 1957, the magnet was redesigned
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utilizing a cylindrical shape. The housing body is made of magnet
quality iron as is the central core piece. Filling the annular
gpace is the wire coil. This housing is sealed by a threaded top
cap and a single O=-ring. This magnet design has been very success-
ful in greatly reducing reactor down time due o magnet maintenance.
The magnet housing is insulated from the drive rod and forms & part
of ap electrical circuit used to indicate contact with the shim-
safety rod.

Whiie the shim-safety rod is used to control the reactor
power level on a "coarse" scale, a regulating rod is used to pro-
vide rapid "fine" control. The drive mechanism for the regulating
rods must move a much smaller combined weight of rod and drive rod
+than that of a shim-safety rod, but at a much higher rate of speed.

17. Regulating Rod Drive

The regulating rod is connected to its drive rod by a draw-
bolt that passes through the drive mechanism and the drive rod.
The end of this bolt screws into a 1/P-in. female thread on the
top of the regulating rod. The drive rod passes vertically up-
ward through a reactor top plug seal similar to those used on the
shim-safety drive rods.

The drive rod makes connection on its top end with a rack
which is driven by a gear. The gear is connected to turnm, through
a single reduction gear, to a one horse-powsr direct current
motor. This motor is controlled automatically by the reactor
control circuits.

Like the shim-safety rod drives, a regulating rod position
indicator is ineluded st the console. A selsyn, geared to the rod
drive, transmits to a selsyn mounted on the control console, This
ig connected to a dial-pointer type position indicator similar to
the shim-safety rod indicators.

18. Reactor Instruments
a, Introduction

Fossil fuel fired furnaces rely on instrumentation to reveal
what is going on inside. Instruments are provided for stack gas
analysis, stack gas pressures, fuel oll temperature and pressure,
structure temperature, etc, Nuclear reactors, with no means for
visual observation, must rely even more on instruments to indicate
what is teking place within them. Being totally different from
other furnaces, nuclear reactors must use 2 greater variety of
instrument applications to convey internal information to the
operators. In the MTR there are three groups of instruments
furnishing informstion to the operator and the control system:

(1) the reactor instruments measuring neutron flux or power
level, (2) the rod position and motion indicators, and (3)

the instruments for the auxiliasry facilities. Reactor instru-
ments will be understood to include radiaticn instruments mea-
suring gamma and neutron levels in the reactor and radioactivity
in the water, temperature instruments measuring distribution of
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exit water temperature across the active lattice and temperatures
in the thermal and biological shields, and pitot tubes measuring
distribution of water flow across the bottom of the active lattice.

b. Reactor Contreol Instrumentation, Rods, and Drives

The MIR control rods are of two types, the shim-safety rods
for coarse neutron level control and the regulating rods for fine
control, Both types of control rods lower the reactivity of the
reactor when they are inserted; and when all are resting in their
lowest possible position, they overcome an excess reactivity of
more than 40 percent. Since normai fresh loads contain 13 to 15
percent excess, this provides an adequate margin of safety. For
purposes of reactor operation, suffice it to say that reactivity
is overcome by means of neutron absorption. This iz gecomplished
by cadmium built into the control rods. Cadmivm has the high
capture cross section of 27,000 barns.

(1) Shim Rod System

The shim rod system is the means provided for the operator
to control the reactor. With this system it is brought to
criticality, manual control is exercised, and shutdowng are
initiated. Pulling the shim rods upward (withdrawal) gives an
increase in reactivity. Conversely, the reactor may be shut
down by running the shim rods in (insertion) or by shutting off
current to the electromagnets and allowing the rods to drop
("scram") by the force of gravity and water flow. When the rods
rest in their lowest position, the cadmium is in the lattice, and
as the rods are withdrawn, the cadmium in the lattice 1s replaced
by fuel or beryllium, as the case may be.

The shim rods are connected to their drive mechanisms by
electromagnets (clutches). Two magnet amplifiers in parallel
supply the current for each magnet; and if one amplifier fails,
the other automatically takes over the full load. Two ways of
stopping magnet current to produce & seram are provided. The
first of these, called a fast scram because of its fast response
time, is electronic in action., The output current of the magnet
amplifiers is conlrolled by the highest signal from the sigma
amplifiers. If the reactor neutron level reaches 1.5 Np, the
sigma amplifiers affected will raise the voltage of the sigma
bus, reducing megnet current by amplifier action, and thus cause
one or more shim rods to drop. All %this can take place in less
than 30 milliseconds.

The second method of producing a scram is through mechanical
relays. Either of the two "SCRAM" switches on the console may be
thrown or amy of the scram combacts in the recorders or experiments
may be tripped. All these activate the same relays producing the
mechanical {slow) scram. All rods drop, as current is interrupted
to all magnets, within 100 milliseconds after the initiating scram
signal.

For a clear understanding of the operation of the shim rods,
it is Imperative that the reader distidguish between the shim-safety
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control rod and the shim-safety rod drive assembly. The shim rod
drive mechanisms are an integral part of the top plug and are driven
by 1/6 bp, reversible, three-phase, induetion motors with worm
gears., The advantage of the induction motor is that no accident

can make it run in excess of synchroncus speed; therefore, the
danger of overspeed withdrawal of the shim-safety rods is elimina-
ted. No brake is required since the worm and screw drive is self-
locking.

The shim rod motors are remotely controlled from the console
by a variety and combination of switches,

(2) Servo System

The servo mechanism is the antomatic reactor control for the
power range Np to NF. The operator selects the desired power level
by means of the Motor Operated Rheostat (MOR); and if the flux level
of the reactor as seen by the servo ionization chamber is different
from the MOR setpoint, the system will adjust to the correct flux
by moving the regulating rod in or ont of the core. Since the regu-
lating rod reactivity is small, the operator must move the shim rod
periodiecally to keep within range of the servo system.

The regulating rods are designed to provide continuous Tine

_control of the reactor neutron level., Four possible locatlons for

regulating rods are provided in the beryllium reflector adjacent
+o the active lattice. Normally, only one regulating rod is used
for control of the reactor with one rod available as a standby.
The remaining two locations are ueed as experimental facilitles.

mhe following reactor radiation {netruments are used for
meaguring the neutron flux or power level. For detailed descrip-
tions of these instruments, refer to the Reactor Tanshrument section
of "Fundamentals in the Operation of INuclear Test Reactors'.

REACTOR RADIATION INSTRUMENTS

Instrument Use

Fiseion chamber (12 ft. travel) Count rate meter

Compensated lon chambers 2 log N's and perlod slignals,
galvanometer signal

Parallel circular plate ion chambers 3 neutron safeties and 2
gervo systems

Boron thermopiles Yeutron flux in graphite

Air wall ion chambers Nl6 in cooling water

Water ion chamber Water sample monitor
(3) Todine Monitor

Tf a fuel element should rupture, the fission products releaged
to the process water would contain several isotopes of ilodine. These
can be collected in an anion absorbing regin and counted. Since &
rise in iodine gamma activity is indicative of a uranium fission pro-
duct leak, the system is important in discovering fission breaks.

29



The filters iIn this system must be changed weekly. Health
Fhysics must monitor this change, then mount the filter on a card-
board mounting card, and deliver it to the Counting Room.

19, Sub-Pile Room

The bottom of the reactor bottom plug is accessible from the
sub~pile room. This room is divided by the canal passing through
its center in an east-west direction. The Tloor of the sub-pile
room is at the same elevation as the basement floor, and access to
this room is through two heavy shielding doors. One door is located
on the north side; the other is on the south. Gratings over the
canal parapet in the sub-pile room allow personnel to reach either
side of the room for maintenance work. During the first few years
of reactor operation, personnel could enter the sub-pile room during
periods when the reactor was at power. In later years radiation
emanating from the experiments which penetrate the sub-pile room
has prohibited access except during shutdowns.

During shutdown it is usually necegsary to enter the sub-pile
room to inspect or repair the unloader mechanism or to do mainten-
ance work on the hydraulic rabbit facilities or on one of the in-
plle experimental lines.

Any majintenance work requires a safe work permit; and since
this area is highly contaminated with wet spots on the floor, para-
ret, and metal grid from either brocessg water or water from the
primary systems of the inpile experiments, Anti-C coveralls, a
head cover, latex boots, and rubber boots are required.

If a primary water line or inpile experiment line is being
opened, respiratory equipment with a full face mask should be
used. Prior to entry, a constant air wonitor sniffer hose should
test the activity, and during the work, the hose should be placed
near the working area to warn of any gaseous releases when lines
are broken.

Due to the potential radiation hazards in the sub-pile room,
rigid precautions are required to assure personnel safety. Health
Physics' responsibility is to recommend +he protective systems and

the precautionary measures to be faollowed when it is necessary to
enter and work in this area,

a. Protective Systems

(1) The outer sub-pile room doors are equipped with a dual
lock system. One lock requires a standard ares key which must be
obtained from the duty Shift Supervisor. This provides supervisory
control of any sub-pile room entry. The second lock requires the
Discharge Mechanism-sub-pile room interlock key. This prevents
inadvertent discharge mechanism operation while the sub-pile room
1s open.

(2) Visual alarms (flashing red lights) located on the reac-

tor top, at the rabbit canal, and at the discharge mechanism control
panel indicate that the sub-pile room shielding doors are open.
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(3) Audio and visual alarms are also installed to indicate
the discharge mechanism receiver positions. If the receiver is not
in the horizontal position, the following alarms wlll actuate.

(a) A continuous bell in the sub-pile room provides the audio
signal,

(b) TFlashing red lights located sbove the sub-pile room doors
provide the visual warning.

Tn the event either of these systems actuates, the sub-plie
room and immediate viclnity should be evacuated until the alarm is
cleared and a Health Physics survey indicates that the area is safe
for re-entry.

b. Restrictlons

Adequate radiation monitoring instrumentation must be available
and in use whenever the sub-pile room shielding doors &are opened.
Except in extreme emergency, as directed by the shift Supervisor,

a health physicist must be present. The HP will provide & pre-entry
survey and comtinuous monitoring while the sub-pile room 1s Open.

After the initial entry the HP should check the remote monitor-
ing head to be certain it is functioning properly. A check should
be made with the HP office to have the alarm point set close to the
actual reading and also to be certain the alarms (visual and audio)
in the sub-pile room and the HP office are working. Then, during
prolonged periods of maintenance work, any change in the radiation
level will immediately be detected.

c. Rules to Follow

When it is necessary to proceed with reactor in-tank work
while personnel are in the sub-pile room, the following minimom
reguirements must be satisfied:

(1) The lead discharge chute piug and "D" plece (or dwmmy)
must be in place.

(2) Normal water levels must be established in those ilnpile
tubes (such as KAPL-L-L2 and WAPD-VH-3) that penetrate the bottom
head, and tube closures must be in place,

(3) The hydraulic rabbit tubes must be empty (no samples )
and the facilities locked.

(4) Wnen special jobs are performed that require concurrent
effort by personnel on the reactor top and in the sub-pile room (such
as KAPL-L-42 inpile tube changeout, or monitor tube replacement),
other in-tank jobs will be suspended, During this time, the
provisions of (2) sbove will apply.

Tue to the fact that an electrical power failure can result
in hydraulic rabbits passing through the sub~pile room, the follow-
ing procedures regarding entry into the sub-pile room will be follow-
ed during periods of reactor operation.
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(2) No entry into the sub-pile room mzy be made while the
hydraulic rabbit facilities (VH-1, 2, 4) are in use.

(b) 1If entry into the sub-pile room is required for maintenance
or inspection while the hydraulic facilities are in operation, all
rabbits and spacers must be removed and counted prior tec such entry.
Prior approval of the Shift Supervisor will be required for this
procedure.

20. Canal

The use of water as g shielding medium allows direct vigual
contact with radiocactive components and also allows the use of
simple tools in the handling of these pieces. It is for this reason
that the canal located in the reactor building basement is consider-
ed an integral part of the over-all facility design.

The canal contains the equipment for the handling of assemblies
discharged from the reactor and provides space for the storage of
spent fuel assemblies, irradiated materials, and internal parts of
the reactor. Water over these materials protects the operating
personnel from the hazards of radiation.

The main section of the canal is 8 ft. wide and extends easgt-
ward from the east face of the reactor., The canal section termed
"rabbit canal"”, that lies partially beneath the reactor west wall,
is & ft. wide. A T ft. wide canal connects these sections and
extends through the reactor sub-pile room. The width of this
section provides ample space for the canal unloading mechanism,

The parapet around the canal is 10 in. thick at the bottom and
projects outward at the top to a width of 13 inches. This projection
provides toe space and also gives the operator better stability when
working over +the rarapet. The top of the parapet is 3 £t. above
floor level.

The bottom of the hydraulic rabbit canal is 6 Pt. below the
basement floor level and that of the main canal is 16 ft. below the
basement-fioor level. The water level in the canal is maintained
2 £t above the basement Tloor level, providing depths of water in
the rabbit canal and main canal of 8 ft. and 18 ft, respectively.

The depth of water in the canal is sufficient to shield
adequately against the fission product gammas from the stored reactor
fuel assemblies. The main canal water depth of 18 ft. limits the
radlation levels to 0.1 roentgen per 8 hr. at the water surface over
the fuel storage area,

Outside of the reactor building, the canal has a £ ft. working
space on each side and at the east end. This working space is en-
closed by a tunnel or canal envelope 13 f£t. 8 in. high and 21 f%.
wide, The tuanel extends 87 ft. 6 in. beyond the reactor building
east wall.

The canal walls were originally covered with 8 by 16 in. white
glazed structural tile & in. thick, and the bottom was Ilined with
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4 in. of white concrete. Excessive leskage made it necessary to
ingtall a stainless steel liner.

A flow of 20 gpm of demineralized water is maintained through
the canal to avoid an excessive build-up of radicactivity and turbid-
ity. As originally installed, water from the canal overflowed a
weir in the east end of the canal and flowed through a discharge
pipe to the canal sump. An overflow pipe was installed west of the
old RMF canal isolation gate, and use of the overflow welr was
discontinued,

Provisions are included for the insiallation of two removable
watertight bulkheads which permit isolation of any canal section,
except the rabbit canal, for cleaning and maintenance. Each section,
except the rabblit canal, is also provided with a drain and a water
1ine connection., The drains are interconnected in such a way that
any section can be isolated and flushed. There are three adjustable
over-flow standpipes in the sub-pile room and rabbit canal section.
A continuous over~flow to the reactor building sump is maintained
through these in order %o prevent scum formation.

Good underwater lighting is necessary because the handling of
assemblies in the canal is & manual operation carried on under 10
to 18 ft. of water. Tais lighting is supplied primarily by portable
watertight light fixtures.

A manually-operated bridge crane with 2 2 ton electric holst
and manually-operated trolley is provided for the handling of heavy
materials in the main canal. The highest hook position is 9 't.

9 in. above the reactor building basement floor. This provides a
clearance of more than 6 ft. between the hook and the top of the
parapet. The maximum 1ift of the hoist iz 25 L. 9 in.

Besides Operations work on the regctor top Guring shutdown
there is considerable work at the canal; this reguires the constant
monitoring of an HP. The HP should also be sure the monitoring
instruments relied upon are working properly. During the decap-
suling of experiments, he should be alert for bubbles releasing
radioactive gases or for light materials which could float and
cause high radiation fields. The working table used to identify
capsules should be deep enough under waber to prevenl excessive
exposure to working personnel. The gspread of contamination is a
constant hazard during canal work, and the HP should recognize
conditions which can possibly cause this and take steps to pre-
vent it. The HP taking over a jJob around the cenal sghould be made
aware of any hazardous conditions which exist.

a., Canal Procedure

A1l objects raised to the surface of the canal or the rabbit
canal should be monitored as they are being raised. This will
prevent personnel Lrom recelving Overexposures wnen mistakes are
made in the estimated activity of objects being raised to the
canzl surface.
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Personnel working in the canal areas should be cautioned to
prevent objects with very high activity from approaching the surface
of the canal. An example which illustrates how a serious personnel
€xposure could have been received follows.

Men unloading spent fuel from the reactor were hanging fuel
elements, fastened to a handling tool, from the cansl bridge and
were pushing the bridge down the canal *o the fuel racks. The
bridge was being pushed down the canal so fast that the fuel ele-
ment came up fer enough in the water to set off the alarm on the
Beckman canal monitor. A very serious exposure could have been
obtained by these men if the fuel element had risen a few more
inches toward the canal surface.

The maximum radiation exposure level which will be tolerated
in dry loading of samples from the canal is, generally, 1 rem/hr
at 5 ft, in air and up to 10 rem/hr at 5 ft. in air with specific
authorization of the Superintendent in charge of Operations.

The HP should always be sure that the workman who is raising
the object being monitored from the canal is aware that he should
quickly lower the object back into the canal water whenever the HP
monitor orders him to "take it down.

As the objeet is being raised through water toward the top cof
the canal, the survey instrument (preferably a cutie pie or juno)
should be held over the canal at a distance of approximately 4 Pt,
from the spot where the object will break the surface of the water.
The object should be raised until the radiation level approaches
1 rem/hr. If the remaining water shilelding is over 6 in. it will
be useless to try to bring the sample out into the air,

Just before the radiocactive sample breaks the surface of
the water, the monitoring instrument should be moved back to §
ft. from the point where it will break the surface; the radiation
level being recorded by the instrument should be watched very
closely. The instant there is any indication that the radiation
level at 5 ft. from the cbject, in air, will be greater than
1 rem/hr, the operator should be order to “take it down”.

Any questions as to the advisability of bringing the object
out into air if it reads more than 1 rem/hr at 5 ft. should be
referred to the Superintendent of MIR Operations.

In order to insure that a eritical array of fuel will not
be inadvertently assembled in the reactor canal, the following
practices must be strictly observed.

(l) If space ig available, always store Ffuel elements in
gpproved storage racks or grids. These storage grids are lined
with at least 20 mils of cadmium sheet,

(2) If all storage grids are full, fuel may be temporarily
gtored in the gamma grid.

3h



(3) In the event all storage and gamma grids are full, line
the elements along the canal wall in a single row end to end.

(L) Under no circumstances 1s & fuel element to be stored in
a working grid.

(5) Never store Be pleces with fuel elements.

Although the responsibility of hapdling these fuel pleces
1ies with Operations, the HPs should be aware of a possible critical-
ity; and if any deviation from this procedure is cbserved, Uhey
should take the necessary steps to see that the situation is corrected.

L. Canal Trash

A1l fuel and boxes, bent X-baskets, capsule containers, and
other useless articles from the canal are placed in metal trash
cans and are shipped to the burial ground for disposal. Because
of the high radiation levels from these piesces, extreme care should
he used in this shipment. The trash cans are placed in a lead cask
in the canal by the overhead crane and then loaded on the low boy
truck. If the radiation fields 1 meter from the edge of the truck
exceed 500 mr /lr, an HP escort must accompany the shipment to the
burial ground.

c. Discharge Mechanisn

A device which remotely connects to the discharge tube Located
on the reactor vessel bottom plug and transports components from
the reactor vessel to the canal ig called the "ecanal discharge
mechsnism”. This mechanism consists of a long cylinder pivoted at
its lower end and contains & piston which 1is moved by water pressure.
The cylinder has a sealing device at its upper end which mates with
the lower end of the fixed discharge tube. Redioactive components
are lowered from the reactor core into the discharge chute, past a
full-opening valve, and into the discharge mechanism cylinder where
they rest on the movable piston. The valve Is cloged; the mechanism
breaks connection with the discharge chute, and the cylinder then
pivots to the east, coming to regt in a horizontal position. The
piston then is moved to eject the component onto roller platforms
where it may be handled or moved by handling tools.

d. Underwater Baw

gince the life of a fuel assembly or shim-safetly rod in the
resctor core is not long enough %o purn more than 25 percent of its
total uranium content, the unused pranium is reclaimed by & chemical
dissolving and separation Drocess. As the end boxes in the case of
the fuel assemblies or the poison section, etc., in the case of the
shim-safety rods contaln no fuel, they are removed vefore the fuel
sections are transported to the chemical processing plant. They
are removed by a8 hack-saw operating under water in the canal.

e, ‘The Snake Pit

Access to the snake pit 1s through a hatch south of the canal
near the east reactor wall, This access leads to the process water
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inlet and outlet lines where two thermocouples are placed. Instru-
ment maintenance must repair these instruments accasionally.

Access to the pipe tunnel is also gained through this hatch.
This area iIs damp and highly contaminated from water spills from
the primary system. Because the cansl is overhead, an HP should
make certain all fuel elements are removed from this canal seetion
before entry is made. High radiation is also possible from float-
ing sources in the primary system, A CAM sniffer should be used to
check the air in the pit before entry is made.

f. Canal Sump Pit

The canal sump hatch is located south of the canal and east
of the hatech to the snake pit. As the water level in the sump
rise€s, two 100 gpm pumps driven by 5 horsepower-1750 rpm motors
automatically transfer the canal water to the Retention Basin
inlet.

The sump pit is highly contaminated and has damp surfaces.
High radiation readings can be found at the base of the pumps.
Entry into this pit is usually for pump inspection or repair.,
A CAM sniffer hose should be lowered into the pit before entry.
Anti-C clothing, head cover, latex boots, and rubber gloves should
be worn.

21, Plug Storage Facility and Cask Procedures

The MTR plug storage facility provides a low-cost shielded
facility for the dry storage of radioactive beam hole plugs. These
plugs may be the dummy plugs which were original equipment installed
in the reactor, or plugs incorporating a specific experiment;,

In 1957, a new enclosed facility was constructed on the reactor
building north side. The new plug storage facility is connected to
the reactor building by an existing truck door and to the plant by
8 new roll-type truck door.

The plugs are ejected from the universal coffin into pipes or
reccangular tubes at elevations approximating those of the beam
holes in the reactor structure., The tubes extend 29 £%. beyond a
concrete facing wall. The tubes are embedded in gravel to obtain
the necessary shielding, and the gravel is retained by concrete
wall on the other three sides. The top of the gravel is exposed
to the weather; any water entering the top of the fill is drained
by perforated drain piping.

Twenty-one tubes are made of 10 in. schedule 50 carbon steel
pipe. These may contain the beam hole plugs which are cireular in
Ccross section. In addition, one tube about 15 by 21 in. is used
for the HG-9 plug storage and another sbout 15 in. sg. is used for
the VG-9, T2Vl, or ToV2 plugs., Two tubes, 5 in sq., may be used
for storage of the HT-1 plugs. The tubes are capped by welded
plates on the ends embedded in the gravel and by gasketed and
bolted plates on the exposed or charging ends.



Afier monitoring for the transfer of a dummy plug or an experi-
mental plug To this storage facility, the HP should carefully check
the area Tor contamination and alsoc determine that ro high radiation
beams are coming from the hole. Shielding should be placed in the
hole to lower any fields around it to permissible levels. This is
also an ares which should receive careful attentlon during the
hazardous area check.

op,  Cask Procedure

All casks used for shipping fuel, capsules, or other pleces
from the canal are lowered by the overhead crane through an open
hetch in the first floor to the canal. A structural steel pad
digtributes the load to the piers supporting the canal floor.

An HP must be present any time & cask is brought out of the
canal. All casks which are brought out of the canal must be
smesred and should not be moved until contamination levels are
satisfactory.

a. MIR Carrier (See Figure 6)

This carrier is used to shield the cut fuel assembly and shim-
safety rod fuel sections when they are fransported from the MIR
canal to the MIR gamma building or the Chemical Processing Plant
(cPP). Tt is fabricated of stainless steel and is lead filled.
About 1h in. of lead surround the center cavity on the sides and
top, and about 17 1in. is used on the bottom. Thls carrier weighs
approximately 25,300 pounds.

The carrier can hold four cut fuel sections. It is loaded
underwater in the canal, a plug is ingerted in its top, and it is
1ifted to the main floor using the reactor building 30-ton crane.
The straddle carrier picks up the carrier and transports 1t to its
destlnation.

When the fuel carrier is loaded there is a danger of boiling
the water if there is a time delay in moving it out. If this
carrier ig out of the canal longer than 35 minutes, water mugt be
added to the cask. When ceveral shipments are made with fuel
elements having little cooling time out of the reactor, the cask
must be cooled between loads. This is accomplished by letting the
cask, without top, etand in the reactor canal for approximately
1 1/2 hours.

b. Universal Coffin

The rvemoval of the various weam hole Facility plugs, either
startup or experimental, and their transport to a plug storage
facility requires the use of & shielded coffipn. The coffin used
for this purpose consists pasically of a steel pipe which is
jacketed with about 10 in. of lead and is large enough to contaln
the largest beam hole plug. Removable inner liners are provided
to adapt the coffin for use with smaller plugs. The lead jacketing
is thickest in the arca surrounding the plug tip which should be
+the most radicactive section of the plug. This coffin is moved
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horizontally on a dolly and is leveled and adjusted to match the
ecenterlines of a beam hole facility. Horizontal and vertical beam
hoie centerlines have been painted on the reactor structure and

the reactor building first floor to aid in sligning the coffin.

The coffin is fitbed with a heavy radiation door to close off the

end near the plug tip. It must be rotated 180 degrees to mateh

come beam holes. The basic coffip consists of three sections.

The tip sectlon is heavily shielded and has 2 motor-operated radia-
tion door mounted at its outhoard end., The second sectlon is heavily
shielded at its point of attachment to the first gection but tapers
to provide spproximately it in. of lead shielding equivalent at the
other end. The third section consists of a length of 10 in. pipe
with flanges on both ends. These three sections are approximately
17-1/2 £t. long and weigh spproximately 32,000 pounds. One additional
section is also provided for use sith the HT-1 plug which has an
extra long radiocactive section. This froant section bolts on the

face of the tip section, 1s 5> It. 3 in. long, and welghs 9000 pounds.

B. MTR Cycle
1. An Overview

A reactor cycle has been set for a three week period consist-
ing of about 3 1/2 days of shutdown and the balance of the time
devoted to operating the reactor at 40 MW. This 1s a fixed cycle
to allow experimenters To plan their experiments in advance.

Operations strives to opersite the reactor as continuously as
possible with the shortest periods of down-time possible. However,
the prime purpose for operating this installation is to provide
experimenters with the best service possible with & reasonable
margin of safety o operating personnel.

A cycle begins with & reactor shutdown. mhe shubdown pericd
is a time of radiation and contamination hazards. The top plug is
removed, the reactor i3 refusled, experiments are changed out, and
capsules are removed from many of the facilities, Any change in
experimental loops or in-tank piping is done at this time, Any
msintenance work completed during shutdown on a loop experiment
requires a written procedure prepared in advance to prevent damage
to the experiment or unforeseen hazards to the personnel. A work
schedule is given to the Health Fhysics foreman pricr to the shut-
down, and during the shutdown the jobs are discussed at a daily
shutdown meeting with Malntenance and Operations supervision. &
work order is written for each maintenance job to be accomplished;
and & Safe Work Permit, if 2 potential hazard exists, must accompatly
each work order. Prior to the commencement of worl, all Work
Requests and Safe Work Permits must be carefully considered and
signed by the shift supervisor. Constant Health Physics monitoring
is required on the reachor top while men are on the top with the
top plug removed.

When shutdown work 1s completed the upper grid is prought from
the canal and lowered into position with the 5.ton crane, Then the
top plug is placed in position and bolted securely. All necessary
connections are made, and & check is made by Operations on all
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experiments and routine reactor brocedures. When everything is in
order for the reactor startup, approval will be given by the Shift
Supervisor; and he will order the congole operator to start up.
The reactor is taken to power slowly under the direction of the
senior reactor engineer. Power is raised in 5 MW steps to 30 MW
and 2-1/2 MW steps from 30 MW to kO MW. Checks are made by Opera-
tions personnel on the reactor, the experiments, and radiation
fields as power increases. Health physics technicians meke checks
on all experiments during this power increase to insure that shield-
ing around the experiments ig adequate and no dangerous fields or
beams of radiation are present and there are no gaseous leaks from
experiments.

2. DFission Breaks

In any operating reactor, the possibility of a fission brezk
is always present. It can be the result of mishandling fuel bear-
ing pieces .or damaging the thin cladding over the fuel, Overheat-
ing (hot spots) can also end in a fission break by melting or
causing & rupture of the cladding. Improper metal-to-metal bonding
of fuel bearing pieces, at the time of manufacture, will sometimes
result in fission bresks.

Because of an inherent likelihood of fission breaks, the MTR
has built into it a routine monitoring system that is ready to
detect most fission breaks. Regularly scheduled water samples are
taken tc the health Physicist for counting. Wormal cooling water
activity is around 20 to 40 thousand counts per minute per milli-
liter as measured in the MTR Deepwell Counter after two hours of
decay, This will be about 2 to 4 mr/hr per milliliter. The reactor
is shutdown when the activity of the water reaches approximately
100 thousand counts (approximately 10 nr/hr) per milliliter.

As cooling water activity rises, the "VENT SEAL" annunciator
in the process water building will sound. This informs the opera-
tor that radioactive gases are being released at the evaporators.
The control room "STACK ACTIVITY" annuncistor will probably sound
next and alert the console operator that radiocactive gases are
being discharged from the stack. A "FUEL ELEMENT ACTTVITY"
anmuncidator will sound and an activity recorder will indicatc
which fuel element hag the breek, if a fuel element is involved;
otherwise, all points on the recorder will rise with the activity
of the water system. The "FISSTON BREAX" annunciator in the con-
trol room will sound as the brocess water activity increases in
the seal tank. Finally, the iodine monitor will show an increase
confirming fission product release into the cooling water.

There are two N-16 monitoring instruments in the control
room which measure the amount of N-15 present in the exit water
lines. On several occasions of severe lead or capsule ruptures
these Instruments have been the Ffirst to detect a fission break.

At the direction of supervision, the reactor will be shut
down, flushed, and the offending piece discharged,

During a fission break, lines on the face of the reactor
and process water lines exposed are possible high radiation sources.
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Because defective experimental Fuel plates and capsules are occasion-
ally deliberately placed in the reactor to be tested,; a potentially
nazardous condition exists during each cycle. Although safety
circuits are built into the reactor to "seram” the reactor when
capsules or fuel elements are ruptured, often a large release of
activity is made instantaneously, resulting in high level ailr
activity or high radiation fields which cannot be avoided. There-—
fore, it is necessary for personnel. to be trained to evacuate
immediately when health physics instruments alarm and leave further
investigation to Health Physics. Complete evacuation of the Reactor
Building is normally the decision of the shift supervisor unless

he cannot be contacted; and then if conditions warrant 1t, the
evacnation switch can be pushed by the chief health physicisi on
duty.

3., MTR Shutdown Procedures

There are procedures and hazards involved in a regular reactor
shutdown for refueling and experimental relcading. The shutdown at
0030 on a Monday morning is usually accomplished by a reverse or
setback and a scram via the relays, thus checking out one of the
reactor safety circuits.

Prior to shutdown, a 1 gal. bottle of Process Water is obtained
for chemical analysis, a check-out 1s made on all ‘tank tools and un-
loading equipment, and final information on experiments is taker.

An inventory of all contaminated liquid storage tanks is also made.

Removal and insertion of fuel elements and experiments in the
reactor core requires the use of long tools which are intermittently
ingserted into and withdrawn from the reactor. The tools are wiped
with clean rags when one of them has been used and withdrawn from
the tank. Since it would take too much time for the reactor techni-
ciang to dry each one completely as it ig removed, it is expected
that drops of radiocactive water will be spilled onto the working
platform and spread away from it. For this reason, the reactor top
is routinely prepared for shutdown work by having Health Physics
igolate the necessary work area. Operationsg personnel cover it
with blotting paper in the hope that there will not be much
difficulty in cleaning the area when the in-tank work is done.

The use of Anti-C clothing and sometimes respiratory protection is
reguired in this area.

a. Removal of the Top Flug

After the HP has determined that no gases are being released
intc the building during the removal of the manhole cover, Operations
proceeds to remove the top plug. This is sccomplished by the 3C-ton
overhead crane. An HP must be present to monitor as the top plug
ig raised from the tank and taken into dry dock, He should also
make a check to see that the shim rods have been released. Deminer-
alized water is used to wash down the drive rods and magnets as
they are pulled from the tank, and a drop pan is installed to pre-
vent dripping as the top plug 1is moved to dry dock. The exposed
areas of the tank are also thoroughly hosed down at this time to
lower radiation levels, Health Physics technicians are to provide
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constant monitoring for work performed on the reactor top any time
the top cover is not in nofmal operating pédsition.

b. Working Platform

A working platform is placed over the tark for convenience
and safety of working personnel. T& has 1/4 in. of Iead benesath
the working deck to reduce the working radiation fields. A CAM
sniffer should be placed above the tank inside the working plat-
form to detect any gaseous releases during shutdown work. Care
should be taken to secure the hose sc it cannot fall into the
reactor water. Two Tracerlab heads are blaced on the working
platform on instrument racks built for them. Tt is important that
the recorder on the CAMs be timed accurately in case of an inci-
dent when the correct time must be checked.

It should be kept in mind that anything which has been in
the reactor an unknown iength of time is potentially very radio-
active. With the exception of tools, nothing should be removed
without being monitored by a health physicist,

¢. Upper Grid Removal

Operations then makes preparations for the removal of the
Upper Grid to the canal. Thig is one of the most hazardous Jjobs
accomplished during shutdown because of the high radiation fields
encountered. This trapsfer requires that all personnel except
those actually involved in the transfer must be moved from the
area, so the HP monitoring the reactor should have at leasgt one
HP stationed on the main floor and be sure the HP at the canal
is aware that this operation is about to begin., If necessary
the operations should be held up until the HPs are at their
stations before starting this transfer., While the upper grid is
being raised in the tank a visval inspection is made to be certain
no capsules or fuel pieces are hanging from it. Operations will
a2lso be checking for this. The small crane (one ton) is used to
raise the grid above the shim rods, and then it is transferred to
the 5 ton crane which completes the transfer to the canal.
Announcement of the upper grid transfer will be made by Operations
over the Reactor Building intercom system.

d. Unloader Operation

The mechanism used for discharging radioactive material

from the reactor tank has its "ON~-OFF" switch and position indi-
cator lights on the reactor top, but it is operated from the canal.
If the remotely operated valve in the sub-pile room were to mal-
function and stay open when +the discharge tube was not in place,
the water level in the tank eould fall to a dangerous level in a
few minutes. Interlocks are provided to insure safety, but good
practice is to assume malfunction could occur.,

Before the unloader can be used, the discharge chute must be

cleared by the removal of the "D" Plece and the steel plug. The
latter is in the bottom plug. This has a special storage holder



on the tank side. The beryllium "D" piece, however, is stored on
the reflector to keep it deep under water during "man 1n tank"
operations.

The handling of buckets and long extension tools, which are
used in conjunction with discharges, is best learned by actual
experience, so it will not be described here.

e. Lattice Work
Work in the lattice begins as soon as the upper grid is removed.
(1) Fuel Elements

Depending on scheduling, the fuel elements can be discharged
and new ones loaded. The element must be placed in a handling
bucket to protect it while it is discharged.

(2} sShim Rods

Movement of these rods requires speclal care. First, they
are heavy and are best handled by the special tool which has fingers
that fit into the milled upper cooling openings. Second, they may
present a hazard due to the large smount of reactivity polson
{cadmium) which is removed when one 1s withdrawn.

f. Reactor Instrument Removal

The reactor instrument group occasionally finds it necessary
to remove some of their neutron detection instrument heads for
repair or replacement during shutdown. The HP on the reactor top
should monitor as these are pulled from access holes from levels
near the flux zone. In some cases the insulation and dust on the
wires connected to these heads is highly contaminated, and pre-
cautions must be taken, These heads are often reading quite high,
and a shielded container should be ready for their disposal to
avoid unnecessary personnel exposure.

g. Special Shutdown Items
(1) Man in "A" Tank

Occasionally a man is lowered via bosun's chair into the top
tank section to tighten bolts, assist in experiment removal or
insertion, or perhaps to do some welding. Refore entry he should
have removed all personal clothing, put on the necessary protective
clothing, protective breathing eguipment, and a palr of fisherman'®s
waders. 1In addition, a lineman's safety harness must be worn with
a rope attached. While the man 1s in the tank, the rope must be
held by someone capable of supporting the man manually should the
chair become disconnected from the crane or should the man other-
wise get into trouble while in the tank. The constant atbendance
of a health physicist ig required to monltor the man while in the
Tank. The water level is lowered for entry by opening the remotely
air-operated valve located in the process water discharge line to
the seal tank, The valve bypasses the level limits imposed by the
seal tank weir and permits a maximum lowering of 9 ft. The air
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control regulator for the bypass valve is located on the south reactor
lastrument cubicle and its key is Kept in the supervisor's safe. Tt
may not be used without his asthorization. An HP survey should be
made prior to lowering the man into the tank. In case of welding

in the tank, an airline respirvator is required and the fumee and

smoke rising from the tank are exhausted by the stack suction line
("Willie the Worm") and checked with the CAM sniffer hose.

It has been and will continue to be & standard practice for
Operations Branch to conduct routine work in and on the reactor
tank without processing a Safe Work Permit (SWP) for each job.
Such work normally consiste of refueling the reactor, handling
experimental capsules, leads, and related equipment.

This practice iIn no way negates the requirements for continuous
surveillance by responsible Health and Safety personnel as condi-
tions warrant.

Special jobs performed in the tank by other than Operations
personnel require an approved SWP. It should be noted that no one
outside the Operations organization is permitted to do any work
affecting the reactors or their associated facilities without first
securing the approval of the responsible Operations supervisor.

(2) Communications

During periods of reactor shutdown, good communications
between the different operating areas such as the canal and the
reactor top, crane operator and reactor top, supervisor and top
plug, supervisor and canal, etc., are vital to smooth, safe
operation. Either telephones or an intercommunication system are
available between these areas.

h, Upper Grid Replacement

One of the most difficult shutdown operations is the replacing
of the upper grid. Before the grid is brought back from the canal,
the area must be cleared of personnel and health physicists must
be present. With the working platform extension doors open, the
crane operator will lower the grid part way into the tank withont
undue exposure to engineers or technieians. It can then be trans-~
ferred to the one-ton crane and lowered slowly into place. There
are two grids which are used alternately during cycles., The "cold"”
grid should always be returned.

With the grid in place, each shim rod is raised a few inches
with a2 hook ftool and allowed to drop back into its seat to see
that it falls freely. Each shim rod should only be pulled a
maximum of 6 in. and only one rod at a time may be checked. Any
deviation from this procedure will require prior approval.

i. Top Plug Replacement
Replacing the top plug should be done with extreme caution.

As the plug is lowered, all experiment leads should be watched
closely to iasure that the magnets or guide supports do not touch
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them. After the regulating rods are connected and the manhole
covers replaced, the top is ready for bolt-down. Following this,
the seal water and electrical connections can be made and stariup
checks can begin.

j. VG Plug Replacement

Whenever the reactor goes to power, all plugs for the VG
holes should be in place. Before a plug is removed, a healih
physicist must be present to monitor the beam being emitted.

If the plug must remain out for a time, the area should be rib-
boned off and properly tagged. A plug should never remain out
longer than necessary.

c. Experimental Facilities and Associated Health Physics Hazards
1. Introduction
There are various experimental facilities included in the MIR
ranging from relatively large high flux beam holes placed directly

adjacent to the reactor active lattice to both large and small
facilities placed in the graphite reflector. Specialized facilities

.include those for pneumatic rabbits, etc. The demand for expevrl-

mental space in the highest flux avalilable initiated the modifi-
cation of the active lattice and reflector areas inside the reactor
vegsel.

All of the experimental holeg are potentially hazardous areas.
The responsibility of seeing that proper shields are in the holes
when the reactor comes up to power belongs to Operations. However,
should Health Physics be called to monitor an experimental hole
while the shielding ies being changed, the HP must be sure to check
the holes for all types of radiation, i.e., beta-gamma and neutrons
{both thermal and fast), ‘These radiation fields can be very direc-
tional (collimated), and careful surveys must be made go that minute
beams are not overlooked. Care must be exercised in setting radia-
tion tolerance distances and working times, so that changes 1n pow-
er level or external shielding do not appreciably increase radia-
tion exposures to personnel.

811 experiments pulled from the experimental holes should be
monitored as they are removed from the reactor. Radiation levels
ususally differ from the calculated activities due to impurities
which have not been taken ilnto consideration. Special care should
be taken so that dust from the experimental holes is not spread
away from the reactor causing a serious contamination problem. A
ribbon area should be placed around the shielded carrier receiving
the experiment to prevent the spread of contamination. This alsc
applies when dummy plugs or graphite siringers are removed from
‘the reactor.

2. Horizontal Beam Holes (HB) (See Figure T)
&. Introduction

Experimental holes 6 in. in diameter placed directly adjacent
to the active lattice are furnished by the horizontal beam hole
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facilities, labeled HB-1 through qB-6. These holes penetrate "DV
tank wall and the beryllium reflector and are isolated from the
coolant water by aluminum thimbles welded intoc the vesgsel. Aluminum
liners extend from the vessel wall through the graphite and thermal
shields. High temperature cact steel liners (meehanite) extend

from the outer face of the inside form plate to the cubicles reces-
sed in the face of the reactor structure. These liners are wound
with coolant water tubing to carry off radiation heat induced in
these heavy castings.

Dummy plugs fill thesge holes during reactor operation when
they do not contaln experiments., Plug and liners are stepped to
eliminate radiation streaming through the necessary clearance
annuli between the plugs and liners. Construction meterials of
the dummy plugs approximate those materials used in the various
sones through which the plugs pass. The plug tips are made of
beryliium which 1is aluminum jacketed and water cooled.

The meehanite liner is eniarged in diameter for a distance
inside the biological shield outer face. Instzlled in this section
are three plugs or doors. Located just outslde the outer end of
the plug i1s an additional 8 in. thick solid steel outer shielding
plug with a diameter to mabch the enlarged liner. Located inside
of thig outer shielding plug are two other components, the outer
one a concrete-filled shielding plug, fixed in position, with a
hole throusgh which the beam hole plug passes. Located inside of
it, and filling the remsinder of the enlarged section, is a lead-
filied steel radiation door. Tais door also incorperates an off -
center hole to accommodate the plug, and the door may be rotated
when the plug 18 removed to shut off radiation effectively from
the empty beam hole. The reactor is, of necessity, shut down
during plug removal or insertion operation.

Air flow in the liner spaces 1s into the graphite reflector
where it ig carried along with the main coolant air flow.

While the primery use of the horizontal beam hole was for
srradiation of components iocated in the plug tips, these facill-
tieg have use as neutron beam sources.

sssociated with several of the experiments are experimental
cubicles located in the basement.

b. Experimental Cubicles
The locp cubicles are closed during reactor operation. They
will be entered only in emergencies while the reactor is running,

and then cnly after the proper precautions have been taken.

Entrance into cubicles is hazardous both in safety as well
as radiclogical considerations.

(1} Ko malntenance work should be done on any part of a locop
under pressure and temperature, particularly inside =& cubicle.

(2) If it becomes necessary to do some minor job outside the
cubiclie, such as in a sampie house, that part of the loop should be
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isclated. This should be done with a blind in the line or a double
block and bleeder. This type of job requires a Safe Work Permit.
Most maintenance work 1g scheduled during shutdowng.

(3) It is seldom hecessary for personnel to enter cubicles
when loops are at temperature and bressure except for emergencies
and special observations. However, in accordance with the Standard
Practice Manual (SEM), entry requires that an insulated coat, =
face shield, gloves, and boots be worn., They are located in g
special cabinet on the north wall of the MTR basement. The pro-
tective clothing provides momentary protection against a shower
of steam. A second man dressed in protective clothing must stand
by in case of an accident.

(%) Rediation sources witil usually be found in piping and
tanks inside the cubicles. To comply with a Maintenance Supervision
request, following shutdowns, when the cubicles are opened ang sur-
veyed, color coded survey sheets are placed at the doorway of each
cubicle to show the different levels of radiation.

The color code to be used is as follows:
Uncolored  0-30 mr/hr
Green 30-100 mr/hr

Red > 100 mr/hr with spots heavily colored to
indicate sources of unusually high radiation.

Survey sheets are placed in plastic covers ang clamped to the
door or wall. Colors on the sheets are changed to correspond to
any changes in radiation levels that are observed as the shutdown
work progresses. The sheets are collected when the reactors go
to power and replaced by new ones each shutdown.

Loop BIX (before ion exchange) samples are taken each shift
for gross radiation readings. In addition, special samples for
loop chemistry are required from time to time as requested by the
sponsor. It is recommended that these two samples be coordinated
0 that one serves both burposes.

¢. HB-L

HB-1 is occupied by an experiment that uses the facility for
irradiation of components located in the plug tip. This experiment
is coupled with supporting equipment located in +the basement of
MIR in an experimental cubicle,

d. HB-4 Crystal Spectrometer

The crystal spectrometer is an apparatus for broducing a
monoenergetic beam of neutrons. The neutron has wave broperties,
and the atoms in a crystal are arranged in an orderly array thus
making such a device possible. When a neutron beam strikes the
Crystal, the atoms of the crystal act as scattering centers, The
scattered waves interfere with one another, reinforcing or can-
celling each other according to their relative phases.
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Pecause high radiation fields are present in the crystal spec-
trometer cubicle, an HP survey 1s necessary before personnel enter.
After modifications are made in the cublcle, both gamma and neutron
surveys are made in the surrounding area when the specirometer starts
operating. Contamination checks in the cubicle are made when the
reactor 1s down.

e. HB-6 - Fast Chopper

The MTR fast chopper was constructed to utilize the high
peutron flux available in the MTR for the determination of the
various crosgs sections of numerous isotcopes of elements.

Two shubters are provided for controlling the reactor bean,
The first consists of 3 £t. of steel which can be placed in the
peam path by = horizontal movement of the tapered ateel radiatlion
door section. The second shutter is a 13 ft, tank which 1s filled
with helium to allow the beam to emerge or which 1s filled with
water to shut the beam off completely. The steel radiation door
offers sufficient protection to allow personnel to work during
reactor operation in the vicinity of the chopper for short periods
of time.

The entrance stator autometic sample changer on the fast
chopper was designed to handle redioactive samples. Since its
installation it has proved satisfactory, and radicactive samples
are handled in the system at perlodic intervels. To help assure
that & radioactive sample will not be removed by mistake, a log
book has been provided at the chopper green shield for logging
the samples in and out. Locks are provided on the sample casgk,
shielding door, and sample loading drive mechanism. The one key,
marked "Past chopper," located in the HP office will fit all
three locks, Whenever a sample is transferred from the sample
charger, an HP should monltor the radiation field to assure that
personnel receive no excess rediation. ALL sample blocks removed
from the sample charger should be handied as copntaminated until
they have been checked.

3. Horizontal Through Hole (HT-1)

The HT-1 facility extends horizontaliy through the reactor
tank. The plug center section is aluminum-clad beryllium and is
water cooled., Radiation doors and shielding plugs similar to
those in the HB facilities are used.

The interior of HP-1 is highly contaminated from previous
experiments, and care must be exercised when the hole is opened
to prevent contamination from spreading.

The Solid State Section, Nuclear Physics Branch, MTR Techni-
eal, uses the HT-1 hole as a source of neutrons in inelastic
pneutron scattering experiments. The prineipal of thege experiments
igs to produce bursts of monoenergetic neutrons; scatter these
negtrons from samples; and measure, by time-of-flight methods,
the neutron energy change produced by the sample. The velocity
gelector, which consists of four +hermal neutron choppers spinning
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in phase at 5000 rpm, is located under the shielding between the
reactor and the center of the scattering chamber. The sample and
counters are inside the circular shielded scattering room. The
time analyzer and other electronic equipment are located in the
racks near the north reactor building wall.

b, Horizontal Graphite (HG) Holes

The HG-1 through HG-I holes extend horizontally through the
permanent graphite reflector in a north-south direction. They are
not fitted with shielding plugs, radiation doors, etc., due to the
low radiation level that would emit from them.

HG~5 and HG-6 are horizontal beam hole facilities on the
cast face of the reactor and extend to the reactor tank wall.
The plugs, liners, radiation doors, etc., are similar to the HB
facilities.

An experiment assembled at the HG-5 beam hole is called
the MIR cold neutron facility. This equipment is used to make
inelastic neutron scattering measurements using an initial beam
of beryllium filtered neutrons. The beam of neutrons from the
reactor is filtered through two beryllium filters each 16 in.
long, which allow 62 percent of the neutrons below the 0.005 eV
to pass, while allowing only one in about 10° of the neutrons
with energies above this value to pass. TFor the beryllium to act
as such an efficient filter, it must be kept at 1iquid nitrogen
temperature {-196° C)., Both beryllium filters are contained in
triple-walled containers such that the beryllium is surrounded
by liquid nitrogen, and the liquid nitrogen is separated from the
outer wall by a vacuum. One filter is located 3 ft. inside the
reactor shielding, and the secand filter is located 2 ft. ocutside
the reactor shielding., This allows the HG-5 radiation door to be
used to stop the beam when experimental changes are needed,

The radlation fields arcund this facility should be checked
by health physics each time the shielding is rearranged.

5. Horizontal Pneumatic Rabbit Holes (HR) - Neutron Flux
Facility

A general purpose neutron beam facility has been installed
into the HR-4 beam port of the MTR. The plug which Tits into the
HR-b liner has a 3 in. diameter hole leading up to the reactor
tank., The radiation door, located at the reactor shielding face,
is a revolving, cylindrical, boral clad, lead and steel shield,

1 ft. thick, through which are 1/ in., 1/2 in., 1 in., 2 in., and
3 in. dlameter holes. Neutron beams of these sizes may be obtained
by revolving the door so that the appropriate hole lines up with
the axis of the 3 in. diameter holes. Shielding walls of asteel-
encased borated paraffin enclose a volume about the exit port of
about 6 ft. along the beam by 10 ft. by 7 ft. high. The neutron
beam exits this shielding cubicle through a 1 ft. diameter hole

in the back shielding wall and enters a beam catcher containing
lead, lithium carbonate, and a cadmium-lined water bath of lithium
aitrate. A gamma-ray-attenuating plug is placed inside the liner
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against the reactor tank. This plug 1s & water-cooled cylinder of
bismuth metal which afferds effective gamma attenuastion with a mini-
mum loss of neutron Intensity.

The facility is equipped with a "high-intensity, low resolu-
tion," crystal spectrometer installed in the shield cubicle. This
spectrometer produces a neytron beam of known energy contalning
little gamma flux for experimental purposes.

The experimental program designed for this facility includes
studies of the Tission process in heavy nuclei, studies of nuclear
structure by measurements of the gamma spectrum emitted following
neutron capbure in various nuclides, and development of special
nuclear particle detectors for reactor control and health physics
application.

The door to this cubicle is locked and the key is kept in
the Operations Shift Supervisor's office. No eniry should he made
with the reactor operating, and at all other times an HP must moni-
tor eptry into the cublcle.

6. Down Beam Holes (DB)

Tocated directiy above the HB holes and the reactor first
level balconies are six down beam hole facilities designed similar
to the EB facilities. The liners are designed similar to the HG
facilities and include radiation doors and inner and outer shield-
ing plugs.

The relatively large expense of design and fabricaticn of
experiments to be placed in these facilities, coupled with the
demand for irradiation space with higher floxes, has resulted in
slight use of the DB holes. The hazards connected with these

facilitles would be the same as for the horizontal beam holes.
7. Vertical Graphite Holes (VG)

As +the term VG implies, these facllity holes are positioned
vertically in the graphite reflector and extend to the reactor top.
The holes pass through the concrete biological shield where they
are Titted with stepped steel liners and extend into either the
solid graphite reflector or the pebble zone. The VG plugs, used
to fill the holes in the absence of experiments, are made with &
high=-density concrete-filled steel upper section and graphite
lower sections. Air lezkage, if any, flows from the reactor 10D,
between the upper section plug and the steel liner, and into the
plenum above the graphite reflector,

When these VG shield plugs are pulled, an HP should be pre-
sent to monitor the radiation fields. If they are pulled when the
reactor is operating, a high gamma and neutron beam will be encountered.

The capsules used in the various experimental facilities are
termed "rabbits". Some VG holes are adapted for rabbit irradiation
facilities, and it is necessary to monitor as they are received in
the catcher.
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8. Other External Hole Facilities

The HR-3 and HR-4 facilities are horizontal beam holes termi-
nating at "D" tank wall and are located on the west face of the
reactor stiructure.

Two holes, used Ffor resctor control Instruments, are the
HI-2 apd HI~3 facilities which extend Through the permanent graphite.
These holes are used for the reactor control system.

Penetrations in the top of the reactor structure extend o
6 in. pipe thimbles welded into the two ok in. exit water lines,
GI-1 serves the southwest exit water line and GT-2 serves the north-
east line. Tt was anticipated that these would be used for experi-
ments requiring a pure gamma fieid. Liners in the concrete, placed
adjacent to the 2k in. pipes and the QT thimbles, are termed M-I
and GM-2. These facilities are used for the measurement of gamma
radiation emitted from the N-16 in the process water after it
leaves the reactor vesgel.

Instrument holes extending from the top of the reactor
structure to the pebble zone are labeled V-1 through VN-6, These
have an inside diameter of 3 in. and may contain an ion chamber
used in reactor control. (see figure 8).

A thermal column facility, encompassing a large number of
individual holes with neutron and gamma radiation levels lower
than those existing in the bermanent graphite reflector, ig in-
stalled on the east face of the reactor structure. It is composed
of a & ft. sq. column of graphite extending from the cuber face
of the biological shield to the outer face of the outer thermal
shield plate.

A 3-in, thick lead plate, placed between the permanent graphite
reflector and thermal column, reduces the gamma radiation emanating
from the permanent reflector. This plate (called a "neutron window")
1s positioned in an opening cut in the outer steel thermal shields.
located between the thermal shield plates is a 1/4 in. thick boral
curtaln which may be raised or lowered into position and which cap-
tures neutrons emanating from the graphite reflector. This is the
"newbron curtain. Normally, it is left down and out of the Way.

The HG-9 facility is a large stepped, rectangular hole, 10 in,
horizontally by 16 in. vertically at the inner end extending from
the east face of the reactor structure through the thermal column
and graphite reflector to the reactor vessel wall, The entire plug
is made of graphite. A perforated aluminum 1liner bridges the pebble
zone between the permanent graphite and "™D" tank wall on the HG-Q
facility.

T2H-6 is the most commonly used hole in the thermal column.
Fission chambers are inserted into the hole, irradiated, and check-
ed for activity.

Contamination and radiation will be encountered in the procegs
of calibration, necessitating an HP ribbon arcund the area. o one
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should be allowed to walk through the neutron beaam streaming from
the hole. WNeutron dosimeters and film badges with neutron film
should be worn by everyone working around the facility. An HP

is to provide continuous monitoring while this work is being
performed.

Other facilities in the thermal column, which extend horizon-
tally to the thermal shield face or downward +o the thermal column
from the top of the reactor structure, vary in size from L4 in. to
12 in. square. TFor a complete list of all irradiation facilities
see Taeble § of report IDO-16871-2.

9. Hydraulic Rabbit Facility

A device for loading, insertion, and removal of small samples
into and out of the reactor with the reactor operating is termed
the "hydraulic rabbit facility”. This facility is located in the
rabbit canal, an 8 ft. deep extension of the main canal on the west
side of the reactor structure in the basement. Four tubes, two of
which have a bore of about 1 in. and the other two a bore of about
1-5/16 in., extend from a loading station in the rabbit canal hori-
zontally east and then turn up and penetrate the bottom plug, VH-1
and VH-2 are the two smaller facilities and are located in the
beryllium reflector on the east side of the active lattice. The
other two are termed VH-3 and VH-4 and extend into the reflector
holes in the south side of the active lattice that were originally
Intended for the two south regulating rods. The VH-3, or south-
west hole, has been converted to an in-pile experimental facility.

These facilities utilize the process water Pressure from the
Experimental Cooling Loops to force the capsule into the reflector
and utilize reactor tank water pressure to eject them back to the
rabblt canal., The capsules are termed "rabbits" and are about
3 inches long.

Constant monitoring is necessary at the rabbit canal when the
rabbit is to be discharged and also at the main canal for decapsuling.
As the rabbits are discharged into the rabbit canal, they should be
visually inspected for air bubbles which could cause high level air
activity.

Rabbits transferred by shuttle tube to the main canal and de-
capsuled require constant health physics monitoring until they have
been placed into a shielded holder or left in the canal for storage.
The HP is to keep in mind the possibility of a "floater" and be sare
a catcher is ready to hold it under the water antil the radiation
Tield can be determined by raising it slowly toward the surface.

10. ©Pneumatic Rabbit Facilities

A Tacility similar in intent to the hydraulic rabbit facilities,
but operated by compressed air or vacuwm, is the pueumatic rabbit
facility. There are two tubes which pass through the beryllium
reflector in 2 north-south direction on the east side of the active
lattice. The size of the tubes limits the diameter of the capsule
to about 1 in. with a length of 3 iaches. Due to the high flux
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heating of these samples and the relative inefficiency of air
cooling, the sample weights and capsule weights have to be re-
stricted to a total gross weight of 25 g. While it was originally
intended that the facility tubes be extended tc laboratories loca-
ted in the wing, the high cost, possibility of contamination, and
shielding problems associated with the design and use of such
facilities have not allowed this expansion.

A facility has been installed in the decontamination room to
utilize the pneumatic rabbit facilities. The controls and the catcher
are in a shielded, negative pressure glove box with a Tracerlab
monitoring head mounted in the glove box to monitor the irradiated
capsules.

Due to the foreign material in the piping, contamination will
likely be a problem, reguiring a survey before the experiments or
materials used in the glove box are removed from the area. An alr
filter system has been provided in the piping system and is located
by the north side of the reactor on the main floor.

11. In-Tank Facilities
a. Active Iattice Facilities

Special "L" pieces made of beryllium and resembling a fuel
element oceupy the "L'" and "5" rows in the lattice and are some-
times modified to hold experiments. Others have been replaced
with aluminom pieces that are drilled to hold capsules. These .
consist of three types: a single 5/8 in. center hole, an X-basket
hole in each quedrant, and = single X-basket in a center hole.

b. Capsules

Capsules are placed in X-baskets and then inserted into holes
in the "A" pieces, which are beryilium sections that occupy the
outer edge of the beryllium reflector. The X-baskets are removed
and replaced with a hook tool, After lrradiation, the capsules
are sent to the canal in a discharge bucket through the loading
chute.

c. Lead Experiments

This type of experiment 1s an ilnstrumented capsule with thermo-
couples, heater leads, and possibly, gas pressure supplied. The
capsule portion is inserted into a hole in the "A" pieces with the
lead extending out of the tank through a spool piece port,

(1} B-k4

The B-l in-tank piping, is located in the B-lt beryllium
piece in the northwest section of the reactor tank. The piping
extends up and out through the spool piece on the north side,
across the floor and down through the reactor shielding to the
cubicle. Formed, lead shielding is placed over this piping where
it crosses the floor.
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(2) GEH-B3

This experiment is loecated in the northeast section of the
reactor tamk. The piping extends down through the B-3 beryllium
piece and out of the tank through the tank spool piece on the
northeast side and goes through the VG-4 hole to the sub-pile
room, into the canal and out to the pumps south of the canal,

To be discharged to the canal these experiments have to be
raised and placed in special discharge buckets. High radiation
fields will be encountered as any of these experiments are trans-
ferred to the discharge bucket, especially B~lk. The HP should
make sure these experiments are raised no higher than necessary,
that they are transferred as quickly as possible, and that a
minimum nuamber of personnel are present.

(3) L-ko

The southwest shim-gsafety rod, termed L-42 position, has
been removed, and this hole is used for in-pile experiments. L-L42
experiment is a re-entrant type with leads and cooling medium
access below the reactor bottom. The piping then goes intoc a
cubicle.

(&) VH-3

This experiment occupies the southwest spare regulating rod
space and 1s an in-pile experiment. It is a high pressure system
with the coolant water flowing around the experiment and circula-
ting through the system.

D. MIR Process Water (see Figure 9)
l. Process System

The MIR is cooled and moderated with demineralirzed light water
contained in a nearly cloged system. When the reactor is being opera-
ted, the water is forced through the core at a flow rate of 20,000 gpm.
The heat picked up in the core is then transferred o a secondary
cooling system from which it is dumped to the atmosphere.

In order to trace the system through, let us begin arbitrarily
at the bottom of the reactor tank where the water exits through two
2k in. diameter pipes. These head into a single 36 in, diameter
pipe at the lower end of a pipe tunnel colloquially known as the
“snake pit". Within the snske pit the 36 in. diameter line runs
north risging as it goes to = point outside the reactor building
line where it is reduced to & diameter of 30 inches. The 30 in.
line contlnues northward for a short distance then turns to run
eastward through a pipe tunnel which continues into the Process
Water Building.

From the pipe tunnel it emerges into the seal tank room occupy-
ing the northeast corner of the Process Water Building and enters
the 17,000 gallon seal tank. The seal tank functions as a flow
divider. Four lines exit from the seal tank: (1) a 36 in. diameter
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overflow to the 100,000 gallon sump tank and (2) three 30 in. diam-
eter lines through which water is drawn into the three flash evapora-
tors in the top room of the Process Water Building. A system of
steam ejectors maintains a vacuum of approximately 23 in. of mercury
in the evaporators. This i1Is enough to draw water from the seal tank,
provided there is at least 8.7 feet of waber in i%t, and out through
spray nozzles into the low pressure region cf the evaporators. The
vapors formed due to the low temperature, low pressure boiling are
condensed in the upper part of the evaporators. The resulting heat
is transferred through the condenser coils to the secondary cooling
system. See Figures 10, 11, and 12. Part of the water contained

in this secondary system is then evaporated to the atmosphere through
a cooling tower.
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Figure 10

MTIR Process Water Building
Second Floor Location Plan

As the water flashes to vapor in the evaporators, radiocactive
gases present in the water come out of solution and are subsequently
removed through the ejectors to a four inch line leading o the
MTR stack (a three inch vent line from the seal tank also ties
into this line),.

The condensate collects in the three 24 in. diameter drain
lines leading down to the sump tank. Although the water levels are
maintained about 26 feet above the sump tank water level by the

vacuum in the evaporators, there is a net transfer of water to the
sump tank.
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Figure 11

Bxterior View of amn MTR Process
Water Flash Evaporator

The inlet header and its digtribution arms enter the side,
Vacuum lines leading to the sjector leave the top. Cooling
tower water lines and the wvent through the roof can be seen
on the far end.

From the sump tank there are three outlets. One line leads
to an overflow weir, and from there a 30 in, diameter line runs
directly to the retention basins. During normal operatlon about
100 gpm of fresh demineralized water is being added continuously
to the system, and that much process water 1s displaced through a
second line out ol the sump tank through a flow meter and out to
the retention basin, The third is & 36 in. diameter line leading
to the inputs of the three TOO hp main sump pumps which elevate the
main flow to the 160,000 gallon overhead working reservoir. TFrom
the overhead reservoir the water returns in a 36 in., diameter line
under the seal tank room, through the pipe tunnel, back into the
reactor building snake pit where it goes first into a 36 in. diam-
eter pipe and then into two 24 in., diameter pipes which enter oppo-
site one another near the top of the reactor tank. This completes
the cycle for normal operation.
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Figure 12

Interior View of an MTR Procesas
Water Flash Evaporator

One inlet header and distribution lines with spray nozzles
can be seen., Cooling pipes on which flashed vapor recon-
densess are seen in the upper section.

When the reactor is shutdown for fuel change or to change out
experiments, the process water is flushed out and replaced by de-
mineralized water, The fresh water is introduced at the Process
Weter Building into an 8 in. by-pass or triline. The %riline
parallels the main process lines to the snake pit where it is
connected into the 36 in. diameter inlet line. The sump tank,
the overhead reservoir, and the flash evaporators are effectively
isolated; and the flush involves only the triline, the reactor
vessel, the 36 in. to 30 in. ocutlet line and the seal tank. The
flush operation normally requires about 70O minutes of time and
50,000 gallons of demineralized water. When it is complete, the
fresh water continues to be circulated through the by-pass system
at a flow rate of 500~T0C gpm.

There are three auxiliary systems associated with the process

water system, the by-pass resin bed, the experimental cooling facil-
1ty, and the process water to experimental facilities.
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a, The By-Pass Resin Bed

An adjunet to the main flow system which is used during some
cycles 1s the by-pass resin bed. This contains both cation and
anion resins for the purpose of removing fission and corrosion
product activities from the process water. During reactor opera-
tion, the input for the resin bed is normally tapped off just down
stream from the main sump pumps, and the ouwtput is divided between
the Experimental Cocling Loop (ECL) and a 6 in. line returning to
the main flow gystem just upstream from the adjustable welr before
the seal tank, When the reactor 1s shutdown and it is desired to
keep the resin bed in operation, the output is routed entirely
through the ECL.

b. The Experimental Cooling Loop

It is necessary to maintaln coolant flow to some of the pumps
and heat exchanges in the reactor basement loop cubiecles. A I in.
diameter supply line has been provided for this purpose. Input to
the ECL may come either from the resin bed effluent when 1t is being
operated, from the seal tank drain, or from the dowastream side of
the main sump pumps.

c. The Process Water to Experimental Facllities

This is a 4 in. supply line which takes process water from a
point upstream of the upstream block valve and makes it available
for flow through the plug experiments. This water is returned to
the 36 in., dismeter process wabter outlet in the snake pit, At
shutdown this system mey also teake its supply from the seal tank
and be flusghed out with that part of the main system.

2. Radiation Monitors

There are four radiation monitors associated with the MIR
process water systems. Although they are intended primarily for
use by Operations, the informstlon produced by them is also valua-
ble to health physiclists in assessing the hazards which may be
associsted with abnormal activity in the process water.

a. The Seal Tank Monitor

A sample of process water iIs drawn from the 30 in., diameter
inlet line in the seal tank room at the level of the adjustable
weir, Tt is passed through the center of an ionization chamber
located against the north wall of the room and dumped back into
the down-comer from the adjustable weir, This sehsor cannot be
calibrated effectively because it is located where background
variations affect it, The information from it is conveyed %o a
recorder in the Process Water Building control room and to a
slave recorder in the reactor control room, A high radiation
signal from it may indicate gross contamination of the process
water, iIf the reading is continuous, or that hot particles are
cireulating through the system. The latter condition will be
indicated by spikes on the recorders.
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b. Vent Seal Radiation Monitor

A continuous sample of the steam ejector off-gas is taken Just
downstream of the guick opening valve between the ejector and the
vent seal. This sample is taken through the ion chamber, the re-
sulting information being presented to a recorder in the processg
water control room and a slave recorder in the reactor control room,
A high reading on this monitor may be the first indication of a
fresh fission bregk in the reactor. An increase in stack gas
activity may be regarded as confirmatory evidence.

c. The Demineralized Water Backup Monitors

Although the 8 in. line from the Demineralizer Building can
be isolated from the process water lines by the "demineralized
water to building” block valve, there is a make-up flow of de-
mineralized water to the system, as mentioned previously, and the
line must remein partially open. If, for any reason, the demin-
eralizer pumps fail to maintain adequate pressure, process water
may back up into the demineralized water system. For this reason,
a sample from the upstream side of the block valve is passed
through the center of an ion chamber which makes information for
a recorder located in the process water comtrol room. The block
valve 1s, in fact, normally closed during reactor operation; and
the 100 gpm purge is routed entirely through the chamber, which
is mounted on the north wall of the Process Water Building.

A similar monitor is mounted in the reactor wing basement.
It is located on the south wall of the library vault and takes its
sample from a 3 in. line carrying demineralized water eastward
into the reactor basement. Some systems such as the hydraulic
rabbit facilities and the unloader are normally supplied by de-
mineralized water but may use process water when necessary. Again
1f the demineralized water pumps fail to maintain enough pressure
in that system, there is a possibility of getting radioactive water
in the demineralized water lines. This is true even though there
are what are normally considered adequate valves and check wvalves
where the two systems tie together.

- ) 3 T Ed . e
With some freguency somecne will corry o calibration source

near the ion chamber., When this happens, a horn sounds at the west
end of’ the reactor wing. An annunciator is actuated in the reactor
control room where a ratemeter is also located., Although a large
percentage of the alarms from this monitor can be traced toc external
sources carried past it, the Health Physics technician should always
investigate their causes. The wash basin near the reactor csnal is
supplied from demineralized water, and on one occasion the canal
operator quite innocently washed his hands in process water.

3. Process Water Building Facilities
The Process Water Building is located east of the reactor
building. The office area is maintained as a clean eating area

for working personnel and has a separate air system in case of
high air activity in the rest of the building.
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a. Pump Pits

High concentrations of alr zoetivity will be encountered in pits
containing pumps, which circulate primary cooling water, while the
reactor is at full power snd immediately followlng shutdovmn. Normally
#he hatch covers are raised about six or seven hours after shutdown
to check the air activity.

The air activity is usually dispersed by this time, and workers
can enter the pits after the pits have been monitored by the HP and
instructions given to the maintenance personnel as 1o the work re-
strictions. Special precautions should be teken if the pumps are
to be opened as the inside will be highly contaminated.

Blotting paper should be laid down around the hatch openings
to prevent the spread of contamination, and the areas will be rib-
boned off.

Another pit is the by-pass piping tunnel where a stralner is
located in the line. This strainer is periodically checked and
cleaned by the maintenance people. The same rules apply as in the
primary pump pits.

The clean up resin bed and the experiment cooling loop (ECL)
pumps are located in the basement of the Process Water Bullding.
The reactor resin bed (cation) ecan have & 300 gpm stream flowing
through it which will remove most of the radioactive fission pro-
ducts from the process water.

High radiation fields are generally encountered around this
system piping and should be monitored. When the resin reaches a
point where the clean-up from circulation is no longer effective,
it is pumped through a hatch on the main floor and into the tank
that is used to haul the hot waste storage water. During this
process, coastant monltoring is required, and occasional checks
should be made to assure containment of contamination.

The BCL system provides process water to the reactor basement
where experiments draw from it for heat exchange and pump cooling,

b. Evaporator and Seal Tank Rooms

Tt has been found that very high air activity can be present
in these rooms. No particular reason or time for the activities
to be present has been identified, except that high air activity
mey exist when the reactor is up to full power. Checks on air
activity should always be made before work 1s begun in these rooms.
When the air activity in the rooms is high, pergonal contamination
can be expected; therefore, no personal clothing should be worn,
even under Anti-C clothing.

High activity sources in the process water system may lodge
in the PW lines, so constant monitoring should be maintalned when
anyone is in the seal tank or evaporator rooms. A monitron in the
evaporator room may serve as a constant monitor. The moaltor should
be adjusted each time it ls to be used for congtant monitoring, and
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care should be taken to see that it is switched %o warm-up and the
alarm shut off whenever each monitoring job is completed.

c. Overhead Working Reservoir
The reservoir is a 160,000 gallon tank that serves two purposes:

(1) To pressurize the primary water system to approximately
60 pounds psi.

(2} To provide emergency cooling for the reactor in case of
primary pump failure.

The inside of the reservoir is highly contaminated. A high
pércentage of the contamination is low energy beta which will not
penetrate the self-reading dosimeter. There may be sources of high
radiation circulating in the primary cooling system which can be-
come lodged in the reservoir. These sources may be detected through
the tank wall while climbing the ladder or walking around the cat-
walk. They become more evident if the water level is lowered in
the reservoir.

If entry is made into the reservoir during shutdown, workers
should wear double Anti-C's, rubber boots, gloves, and a safety
belt, Pull face canister type masks should be woran for respira-
tory and visual protection. Each person should be equipped with
a high range dosimeter, The HP monitoring the Job should have
two meters in case one fails and should watch the exposure time
of each individual closely. In addition to the HP monitor, there
should be a second HP con stand-by at the bottom of the ladder.

The Maintenance crews should place all contaminated equipment
in new plastic bags before lowering it from the reservoir.

Two facilities connected with the reservoir and inside the
reservoir fenced area are the reservoir water level instrument
pit and the pit that allows access to the primary water lines at
the base of the structure. Both of thege facilities must be
monitored by the HP before entry by the workman is authorized.
Both are sources of radiation and loose radiocactivity.

E. MTR Exhaust System
1. MIR Plant Exhausts

There are three active exhaust systems connected to the MTR
Fan House and discharging through the MTR stack, These systems
are the Process Water Building vent, the vent scrubber exhaust,
and the reactor exhaust. In addition, a fourth system is coanect~
€d to the Fan House, but it is no longer in use, Since this
latter system was designed specifically for the Aircraft Nuclear
Propulsion (ANP) experiments, it most likely will not be used again.

a. Process Water: Flash Evaporators

The MTR fuel assembly is cooled by demineralized water passing
directly through the reactor core and between the fuel element plates.
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This contaminated cooling water is processed continuously at the Process
Water Building. Duaring the process, a portion of the water is passed

to the flash evaporators where it vaporizes and causes any gases that
may be present to come out of solution. The gases are removed through
gteam ejectors and pass to the MTR Fan House through a large venting
duct. In addition, a vent line from the seal tank ties into this duct.
A slight hazard exists if radloactive particles enter the atmosphere
from this system.

b. Vent Scrubber

The vent serubber is a system of Raschig rings and a caustic
scrubbing solution. Contaminated air is passed into the scrubber
tank, up through the rings and solution, and is discharged to the
vent scrubber blower in the Fan House, and ouf the stack. The vents
that are connected to the scrubber are those from glove boxes and the
alpha hot cell in the Reactor Bullding wing 1sboratories and a secon-
dary vent from the Hot Cell Building. The wing labs also contaln
hoods for experimental work. These hoods are vented through fiber-
glass filters to the fan loft of the Reactor Building wing and then
through high efficiency filters to the atmosphere through a stack
attached to the west side of the Reactor Building. Because of the
filtering of the hood vents and the type of work done in the hoods,
no hazard is expected from radioactive particles from this system.

The vent from the Hot Cell Building through the vent scrubber
system is a secondary venting line, For normal operation, the vent-
ed air from the hot cell is rough filtered and thea exhausted through
an absolute Filter to the atmosphere, For speclal operatlons with
unusual sources of contamination, the vacuum line from +the vent scrub-
ber is also used. This line contains a small absolute filter preceding
the scrubber system. The vent scrubber exhaust is continuously moni-
tored at the Fan House for particulate and gaseous activity.

¢. Reactor Structure

In addition to the water cooling of the reactor core, the thermal
shields and graphite zones of the reactor are cooled by an alr siream.
Air is taken directly from the Reactor Building, filtered, passed down
through the thermal shield of the reactor top and sides, up through
the bottom thermal shield, through the permanent graphite blocks and
the graphite pebbles, and is exhausted to the reactor alr exhaust
pleanum. From the plenum, the air is exhausted to blowers in the Fan
House and out. The air constituents and dust could potentially be a
hazard. The prefiltering reduces the amount of dust, and the major
activity in the effluent air gases is the inert argon-40.

d. Loop Cubicles

Connected to the reactor air exhaust plenum, thal ls positioned
just outside the Reactor Building basement, is the exhaust from the
experimental cubicles. Fach of the cubicles can be highly contaminated
so that each is maintained under & negative differential pressure. The
exhaust from this system and from the reactor air cooling system ig not
£iltered before passing to the MTR stack. The reactor exhaust is mori-
tored continuously at the Stack Monitor Buillding for particulate and
gaseous activity.
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2. Experiment Cubicle Exhausts

The experiment cubicles at MIR are contaminated., This condition
is a result of failures, changeovers, modifications, and maintenance
of the experiments. In addition, some cubicles are contaminatéed from
experiment coolant vents and drains. Sampling stations are also gen-
erally contamirated. The cubicles and sampling stations are normally
kept under a slight vacuum to reduce the possibility of contamination
spread.

The MTR cubicle exhaust system was added as cubicles were added.
This system is presently being evaluated, but it is estimated to
provide /I inch of H20 vacuum to the cubicles and sampling boxes.
Alr Tflow through the exhaust ducts is about 2000 to 4000 cfm. The
exhausts are generally located overhead in the cubicles and sample
stations.

The cubicle exhausts do not contribute much radioactivity to
the plant effluent unless a high pressure steam leak occurs and causes
radiocactivity to be sprayed into the cubicle atmosphere.

3. TFan House Operation (see Figure 13)

Positive displacement blowers are located in the Fan House which
draw cooling air through the reactor graphite and discharge it up the
stack at 1800 1bs. per minute. When these shut down, small units
(k0O 1b/min) start automatically to maintain a minimum flow and pre-
vent reverse air flow out of the reactor. TLoss of the main blowers
(air flow or reactor vacuunm) would initiate a reactor setback. Also,
within this Fan House are exhaust blowers for the MTR wing laboratory
hood vent scrubber system and radiation monitor recorders for exhaust
alr and plant waste waters.

While the resctor is operating, high levels of air contamination
are found in the fan rooms. The fans are contaminated internally
and are sources of radiation, When the reactor is shut down and
entry is reguired for maintenance work, the HP should monitor the rooms
Tor alr activity and radiation before anyone enters.

If the CAM in the Fan Housge ind

—— Pa= - G LS SRS I -1

f i . cates o high level of air activity,
and after determining if it is caused by an inversion, the HP should
check around the fan room doors with the CAM sniffer hose. The doors

do not provide an air tight seal and air will leak out. Normally the
door is taped to prevent this.

4. Procedure for Reporting Reactor Airborne Effluent Alert

Because of the dangers of effluent release to other installations
caused by fission breaks and other unplanned releases, the U.S. Atomic
Energy Commission, Idaho Operations Office (IDO)} Health Physics has
requested that they be alerted when the MTR gaseous release activity
exceeds 20 times normal output. Therefore, the stack gas monitor has
a set point adjusted to sound an anmunciator in the control room when
this output is exceeded, Whenever effluent release rate decreases to
a value below 20 times normal, Operations will call IDO and call off
the effluent alert.
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F. Radioactive Liquid Handling System
1. MTR Liguid Waste Sources

The MTR contains three separate drain systems besides the sanitary
sewer system. Bach of the three contribute water to the effluent waste
system at a different point of entry.

a. The Warm Drain System (see Figure 1k)

The warm drain system is made to accept a continuous flow of waters
intended to remain guite low in specific activity. A major source is
the system of overflow drains along the canal parapet. For others, see
the referenced drawing.

The low point of this system is the process sump. Water for it
is pumped directly to the retention basin without sampling. The
canal water is normally sampled once each week and counted for gross
gamma and gross alphs activity.

b, The Hot Drain System (see Figure 15)

The hot drain system includes the floor drains throughout the
Reactor Building. This is normally a low volume system, the lowest
point of which is the hot drain tank under the basement floor on the
west side., When filled, the conbtents of this tank are pumped to
catch tank # or #2.

The hot drains from the MTR Wing are routed to cateh tanks
#3 and . Those from MTR 661, the new alpha laboratory, are
routed directly to the hot storage tanks.

c. The Hot Experiment Drain (H.E,D.) System (see Figure 16)

Certain drains within the experimental loop cubicles are included
in a new system leading to a tank located under the southeast stair-
well. When this tank is full, its contents are pumped directly to one
of the hot storage tanks.

d. ETR Wastes

There are two drain systems at the ETR, the warm and the hot.
Effluent from the warm drain system is pumped to the retention basin.

That from the hot drain tank is pumped to one of the MIR Hot Storage
Tanks.

2. MTR Radioactive Liquid Handling System (see Figure 1T)

The yard system for liquid waste handling at the MIR is shown
on the reference drawing. It consists of four 1500 galleon catch tanks,
two 7500 gallon and two 2000 gallon hot storage tanks and two 320,000
gallon concrete retention basins.

a. MIR Catch Tanks

Water accumulates in a given catch tank until it is full. The
process water operator then diverts the input to another tank and
brings & bottle of water representative of that in the full tank tao
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the MTR HP Shift Office. The HP on duty counts a one milliliter wet
sample in the well counter and a dry 10 ml sample in the alpha counter,
The results of these snalyses are then used to determine whether the
contents of the catch tank may be pumped directly to the retention
basin or whether they must be put into the hot storage tanks. Present
practice permits dumping to the retention basin where activity levels
are less than 20,000 c/m/ml beta-gamma and less than 16 ¢/m/ml alpha.

b. MIR Hot Storage Tanks

Water sent to the hot storage tanks will normally contain high
specific activity but short half-life fission products. It is only
necessary to store it long enough to allow the specific activity to
decrease to a level making it permissible to pump it to one of the
retention basins. This is determined by periodic sample analysis
while the water is in storage. DPresent dumping levels are less than
1000 c/m/mi beta-gamms and less than 1.6 ¢/m/ml alpha.

If analysis results indicate the effluent contains long half
life beta or alpha emitters, the contents of the tank may be trans-
ferred to a tank truck and hauled to the Chemical Processing Plant (CPP),

c. Retention Basins (see Figure 1T)

e retention basins represent the last places at which the efflusent
can be held up and possibly reduced in activity before being discharged
to the leaching pond outside the fence., At nine Toot intervals through-
out the length of the tank, there are baffles to assure the longest
possible time delay for the water passing through. This also encourages
fine particulate or flocculent material to settle and remaln at the
bottom of the basin.

There are at present five inputs to the head end of the retention
basins. These include waters from the catch tanks or hot storage tanks,
ETR warm drains, BTR primary system drain, MIR canal sump and Reactor
Building process sump, and the Procegs Water Building and working reservolr.

The retention basin overflow goes to the retention basin sump where
two pumps are actuated by floats which pump this water to the leaching
ponds, Cooling tower purge water is also drained intc the retention
basin dump adding its volume to the total which now flows directly out
to the leaching pond outside the fence,

Water from all cold process drains throughout the area also dumps
in here. Two pumps are provided to empty the sump intermittently into
the leaching pond.

d., The MTR Effluent Water Monitor

The MTR effluent water monitor is located in a pit just south of
the retention basing. It consists of a sampling system, a radiation
monitoring system and a data integration and recording system.

The samplers are two minipumps. Each minipump operates 1n parallel

with one of the retention basin sump pumps to deliver a proportional
sample of the water discharged by it.
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Both of the minipumps discharge to a common header. The water
goes through a rotameter and a flask to a catch tank in the southwest
corner of the pit.

The flask is mounted within a lead shleld, and its contents are
monitored for gamma radiation by a thallium activated Nal crystal and
photomultiplier tube. The output of this detector is fed through an
A1D preamplifier and amplifier to a linear ratemeter. The ratemeter
output is fed to a recorder in the MIR Fan House.

Also mounted within the Fan House is the integrating circuit.
The details of it need not be described here. It accepts data on
flow rate of the two sump pumps and the data on activity from the
radiation monitor. It then puts out a signal through a wati-hour
meter, which lg the product of the effluent water flow rate and the
radiation count rate. The health physicist must determine its mean-
ing by calibration of the flow rate measuring devices in terms of
volume per unit time and by calibration of the radiation rate in curies
per unit volume. Then the final readout can be made to represent an
activity discharge rate in terms of curies per unit time. At present,
the instrument has been calibrated so that 0.10 of the increase in
watt hour meter reading per day equals the curie output, i.e., Ci = 0.10
(Who-Why ).

G. Supplemental PFacilities at the MIR

In order for the MTR and ETR to operate, they must be supplied
with facilities and services not directly involved in the nuclear
reactions. Steam must be supplied to heat the bulldings; water of!
various refinements must be supplied for a multitude of services in-
cluding reactor cooling; air must be supplied for removal of reactor
heat, to provide negative pressures in contaminated areas (cubicles,
glove boxes, ete.); electricity must be supplied for light, power, and
electronic devices., In addition to these facilities and services,
there are alsc some small experimental and research groups that require
MTR HP coverage. The following is a description of such services and
facilities.

1. Service Facilities
a. Demineralizer Area
(1) Rew Water Production and Pumping Facilities

Raw water may be drawn from the subterranean water table (450-
500 ft.) by any of three wells having a combined capacity of 8900 gpm.
Tt is then stored in three 500,000 gallon, ground level storage tanks
where pumps can draw from them for site usage. Some distribution
pumps supply the 12 in. fire mains; others send water to the Deminerali-
zer Building via an overhead storage tank., BStill others supply the
reactor cooling water evaporative losses. A supply of raw water is
vital to the operation of the reactors.

(2) Demineralizer

Ton-exchange resin beds purify the water destined for canals,
reactor cooling, and experimental usage. Raw water contains far too
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many foreign materials to permit 1ts indiscriminate use in nuclear cores.
The impurities would become radioactive and make work on the system un-
necepsarily difficult or impossible. Accordingly, both cations and anions
are removed in separate resin beds so that water of purity approaching

1 part per million is produced. Maximum continuous production at 325 gpm
is possible. For short periods, 40O gpm can be attained. Wlth the addi-
tion of ATR, production capacity will be increased. Associated with

this production facility are the necessary chemicals for regenerating

the depleted beds and controlling the pH and conductivity of 200,000 gal.
of stored demineralized water. Pumps send the water to the reactors and
canals as necessary and o numerous experiments for both mske-up and
cooling. Temporary loss of demineralized water pressure could cause an
MTR power reduction and prolonged loss would seriously affect operations.

(3) MTR Cooling Tower

Here the 40 million watts of heat generated in the reactor is
dumped to the atmosphere, Since reactor water itself must not leave
the "exclusion area,"” nor be exposed to contaminating windborn dust,
it cannot be cycled directly through the cooling tower. Heat exchanges
in the process building transfer reactor heat to the secondary cooling
water which then circulates over spray baffles for evaporative cooling
in a redwood tower. The water is treated with corrosion inhibitor
which gives it an identifying yellowish cast. Loss or malfunction of
the cooling tower and equipment would guickly necessitate an MTR shui-
down. The cooling tower pump house, located west of the cooling tower,
houses the secondary pumping system and controls for the large cooling
Tans.

These three areas are "clean" areas and no Anti-C clothing should
be worn when doing maintenance work., The Demineralizer Building itself
ig smeared on a routine basis and a CAM 1ls located in the building.

b. Steam Plant Area

Fuel oil (No. 6 Bunker oil) for the boilers and diesel oil for
various engines and burners are stored in tanks at the northern edge
of the site. A small pumphouse located there can transfer these fuels
to the areas where their greatest usage occurs. Diesel oil, for the
emergency power generators at the MIR and ETR and for the oil-fired air
heaters at the BETR, is pumped automatically on demand by float-operated
switches in the "day tanks" at the use locations.

Steam has its greatest use in the heating of buildings, aithough
a considerable guantity is used in the MTR Process Water Building for
drawing & vacuum in the flash evaporators. The steam is generated in
three 17,500 lb/hr boilers which automwstically adjust to the load and
hold steam line pressure near 125 peig. If this pressure should fall
to less than 100 psig, the drop in wvacuum in the MTR process evaporators
would result in rapid overheating of the reactor coolant; and this, in
turn, would necegsitate a reactor shutdown.

At present, alir for the plant compliex is supplied at 125 psig
from a bank of four compressors located in a portion of the Steam
Plant Building. A1l together, they can furnish 1100 cubic ft. per
minute, The smaller compressor (200 cfm) can be driven by the emer-
gency power generator in case of total failure of incoming voltage.
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The air is eventually used in precision pneumatic instruments; therefore,
it is passed through silica gel driers to reduce its dewpoint to LOOF
below zero. From the storage tanks, the air system divides into two
parts. One, the plant air line at 135 psig, goes to almost every build-
ing for what might be called industrial use: air motors, blowdown, etec.
The second line is called instrument air and is the preferential system.
If the compressors should fail and air pressure in the receivers drops

to 115 psig, & control valve will close, reserving all remaining air in
the system for the instrument line., This is done so that pneumatic
instruments in the plant building, reactor control rooms, and experimental
complexes will heve signal air for proper indication and response during
the initial part of an emergency pericd. Failure of the air system could
quickly jeopardize the operation of both reactors due to instrument mal-
funetion.

Also located in the compressor room at the steam plant is a 750 KVA,
2400 volt emergency generator driven by an 880 hp diesel engine. Associ-
ated with this automatic device is the necessary switchgear for distribu-
ting its power to locations in the MTR plant where emergency electricity
is reguired during commercial outages. Lights in the buildings and
along the fences are on this system; so are vital pumps such as fuel oil,
condensate, and important water, elevators, and parts of experiments such
as heaters, pumps, and some relay power. Since it takes the diesel about
15 sec. to-.come up to speed, power is interrupted to these loads for
that time interval whenever commercial power fails. Commercial power
failure for one second will scram the reactor.

These areas are considered the same as the demineralizer area
with regards to health physics practices.

c. Hot Storage Facilities

The hot storage area i1s located north of the TRA, It is used for
storage of contaminated and radicactive items that are used in conjunc-
tion with the reactors and experimental facilities. Contaminated arti-
cles that are stored outside of the building are boxed or covered with
plastic. Usually pieces which are to be used again in the near future
are stored unpackaged in the building.

Tl o
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the TRA Main Gaichouse aud Is check-
ed out by an HP when entrance to the area is requested. The HP should
accompany the requestor to survey any items to be removed. A record of
all items removed or placed in the area is kept in the MTIR HP Field Office.
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d. Hydraulic Facilitles

A special facility for pressure testing fuel assemblies and shim
rods is located in a building east of the main Reactor Building, Al-
though only new fuel assemblies and shim rods are tested in this
facility, there is a safety hazard as well as a potential low level
contamination problem.

2. Experimental Facilities
a. Gamma Facility

The Gamma Facility 1s located south of the main gate at MTR.
Here spent fuel assemblies from the reactors are used as gamma ray
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gources for commercial irradiations. It is considered a hot working
area due to the handling of fuel assemblies in the canal. Everything
that has been in the canal is checked even though the matérial is lower-
ed into a fresh water column to be irradiated. A routine check is

made of the area to make certain that no contamination is spread

around. A CAM is located in the facility and a radiation detection
head is directly over the north canal parapet. This is not a security
area.,

b. Cold Metallurgical Iab

The Cold Metailurgical Lab is the first building to the left
after entering the main gate, This facility is deslgned to fabri-
cate Tuel pieces of uranium and thorium using different metals and
then to study their cross-sections after they have been irradiated
in a reactor core. Two of the greatest hazards involved in the fuel
fabrication are the spread of alpha contamination and the spread of
beryliium dust.

A new addition to the Cold Metallurgical ILab now under construc-
tion will house a group operating an electron microscope and probe
studying burn-up characteristics of fuels. Irradiated samples will be
made from fuel sections prepared in the Hot Cell., Such small cross=~
sections will be used that the semples will read as low as L R/hr.

¢, EIRC

Tn the easgt corner of the MTR Service Wing is the ETR critical
facility. This facility is a small swimming pool iype reactor study-~
ing flux measurements at different core configurations. Tracerlab
monitoring instruments located in the building alarm in the HP office
when radiation iimits are exceeded. A CAM is located in the buillding
and operates independent of the MIR system. HP coverage 1ls unecessary
whenever any "hot" pieces are removed from the reactor pool in this
building.

d, ARMF

The Advanced Reactivity Measurement Facility is located In
Building 660 east of the MIR Reactor Building, Tt operates two
small reactors in a common pool. Since all reactivity measure-
ments are made at a low power level, contamination is generally
very low level. The Tracerlab radiation monitoring system is tled
into this building with an alarm and print-out in the HP office.

The CAM is not tied into the MTIR system but operates separately.
Any “"hot” material removed from the pool must be monitored by an EP.

3. Fuel and Experiment Handling Facilities

3. Hot Celil

The Hot Cell Building is located south of the MIR Reactor
Building. It consists of three heavily shilelded cells, two of
which can be divided into two individual sections. An area north

of the cells ig used for office space and working ares for the
manipulation of the remote handling devices for handling of
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materials inside the cellis. Access to the cells is gained through
heavily shielded doors on the south side. Adeguate tool and storage
area is provided on that side. Large doors are provided to allow
trucks to transport casks to and from the access area. An overhead
crane is also included. A change room is located between cells 1
and 2.

The purpose of the hot cells is to determine how the irradia-
ted materials in the test reactors are affecled by intense neuitron
and gamma irradiation. This is accomplished by performing standard
engineering tests on samples of the materials. For protection %o
personnel during the tests, the cell walls are concrete, four feet
thick with leaded glass viewing windows the same thickness in the
front working areas. A separate air system inside the cells pro-
vides enough suction to prevent light particles or gaseous activity
from egcaping to the rest of the building.

The samples are kept in shielded containers until they are
actually in the cells and are generally removed in the same container.
In some cases, this 1is done by unlecading or reloading the casks
within the cell, In others there are ports in the cell walls
through which the samples must be pushed to or from a specially
designed cask to meke the transfer.

When in use, the cells are locked, and hot cell supervision
must authorize entrance with an HP escort. A4t completion of a
test, the material is remotely loaded back intoc the cask; hot
waste material not reloaded 1s placed in a trash cack. The work-
ing area is then vacuumed wilth the aid of remote manipulators
using a vacuun cleaner located inside the cell,

The initial entry into the cell should be approached with
caution since air contamination and high radiation fields can be
encountered. A CAM sniffer hose should be used to check the air
when the doors are first opened and then be placed at the open-
ing during entry. Anti-C clothing should be worn in the area
immediately behind the cell. The area inside the cell is highly
contaminated, and protective breathing equipment, latex and cloth
shoe covers, and full protective clothing are required.

Finally, the clean-up of the cell should be carefully handled
to prevent the spread of contamination ocutside the ribboned areas
and to prevent any untagged contaminated or high radlation sources
from leaving the ribboned area. If a hazard exists at the close of
& shift, it should be properly tagged and supervision should be
made aware of it. A careful check should be made by the HP at the
start of a shift.

A standard procedure for all Hot Cell personnel is set down
in the directive "M-E-ATR Hot Cell Exposure and Contamination Con-
trol Procedure” KRH-51-63A-M. This directive can be obtained from
the HP foreman and shculd be reviewed by HPs before monitoring in
this area.
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k., MTR Chemistry Laboratories and Counting Rooms

At the MTR there are two sets of chemical laboratories. The
sets differ according to the kinds of radicactivities predominating
in each.

a. Labs 109-112

Taboratories 109 through 112 are devoted to such things as the
necessary radiochemical analyses of the primary coolant systems and
experimental loops in both reactors. The predominating radioactivitles
handled in these laboratories are fission and corrosion product beta
activities.

All of these radioactivities are contained in bottles or cap-
gules until it is time for the chemistry to be performed on sources
to be prepared. Much of the work with them is done on open benches
which are protected with blotting paper. .Any operations, such as
the evaporation of agueous samples, which may give off fumes are
done in fume hoods. The hoods are swept by alr entering the front
and exhausted through a high efficiency filter in the MIR Hood
Exhaust System.

k. Alpha Wing

Tn a new south extension to the MTR Wing are laboratory facili-
ties designed for the safe handling of hazardous alphs emiitters.
Such radioisctopes as U-~233, Pu-239, Am-241, and other transuranic
elements are routinely handled there,

The radiocisotopes arrive in sealed vegsels packed in cans at
the point of origin ({usually ORNL). These cans are usually opened
in one of the fume hoods, and the inner container is placed in a
clean beaker, The besker containing the sealed radiocisotope is
then placed in an appropriate dry box where the container may final-
1y be unsealed,

The dry boxes are of two general types. For handling small
quantities of radicisotopes which do not emit very much gamms radisa-~
tion, glove boxes ars provided. The chemist mey perform most of
his operations manually through glove ports in the face of the box.
For handling radiocisotopes emitting gemma radiations in large quanti-
ties, a large cave facility is provided into which two dry boxes may
be ingerted. The handling must then be done with the use of mechani-
cal manipulators.

These boxes are each connected through a high efficiency fil-
ter to the MR Vent Scrubber System. The pressure within the systen
is shout 2 inches of mercury lower than atmospheric. Thus, minor
openings in the dry boxes have air flowing into them from the labora-
tory. A differential pressure monitoring system has been installed
with alarm signals in each laboratory which are actuated 1f the
vacuum goes below 1 inch of mercury. The alarms congist of red
lights and buzzers.
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Most of the chemical processing involving these alpha emitters
is performed within the boxes; but materials such as waste, dirty
glassware, and end-product samples must be removed intermitiently.
Clean containers are introduced through an air lock on the end of
the box. Materials to be removed are placed in them and then re-
moved through the alr lock.

There are occasions when the chemists remove samples of low
specific activity either to the open bench or to a fume hood.
Containment 1s breached only when the consequences of = spill are
considered small,

The wing is provided with health physics radiation monitors,
an alpha hand and foot counter, a beta-gamma hand and foot counter,
2 beta-gamma portal monitor, and alpha-beta CAMs., The laboratories
are surveyed routinely for beta and alpha contamination. Both smeer
and survey meter checks should be made in any area which could be
alpha contaminated. These smears should be counted immediately
for alpha radioactivity. BSurvey instruments to be used are a hand-
carried instrument for checking bench, hood, and dry box exterior
surfaces and a carriage mounted instrument used for moritoring the
floor. ©Specizl health physics surveillance services are provided
upon request.

c. Counting Rooms

Room #1253 located in the Reactor Building West Wing is a count-
ing room contalning various counting instruments used by trained
personnel to determine specific activity and half life of warious
samples, Since some of these samples are hazardous, HPs should
carefully check this area on routine contamination checks and
hazardous area checks, The HP ghould be familiar with the instru-
ments and their operation, especially the 512 channel crystal
spectrometer and the thyrold counter used in connection with the
spectrometer. A second counting room is located in the MIR wing .
basement. It is used for flux monitoring and other special count-

ing purposes.

5. Personnel Facilities

These areas are normally considered cold areas where no Anti-C
clothing is allowed, and frequent close checks are necessary to main-
tain them as such.

a. Gate House

The Gate House and front gate are entrances into the area
through which all personnel and vehicles must pass. All persommel
not driving vehicles must pass through friskers when they enter or
leave the area; and if any contamination is suspected, they are
held until health physics determines the nature and extent of the
contamination. All materials not of a personal nature are checked
and must have a health physics green tag signifying approval for
removal before they can be removed. Security works closely with
health physics in enforcing this procedure. Personnel metering
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equipment and lLdentification badges are also issued here. Emergency
eguipment is stored at the Gate House for use if and when the Test
Reactor Area (TRA) must be evacuated.

b. Dispensary

The TRA Dispensary is located approximately 200 ft. northeast
of the area Gate House. An areca contractor (Idahc Nuclear Corpora-
tion)} employed nurse is on duty during the regular week days. When.
ever a anurse is on duty, all injuries and requests for medical assis-
tance should be referred to her. This is maintained as a clean area,
and special decontamination equipment and facilities are located
here in case of an emergency.

c. Cafeteria

This building is located north of the main Reactor Building

and provides services for the TRA. A frisker is maintained at the
entrance to check personnel as they enter. Special care should be
taken during routine contamination checks to insure that this area
remains a cold area. Whenever personnel are entering the cafeteria
and the frisker alarms, any HP in the building has the responsibility
of checking the cause of the alarm and maeking certain a contaminated
individual is sent to the HP office for decontamination before eating.

6. -Other Facilities
a. Fuel Storage

Two locations are used at MIR for storage of fuel assmeblieg
and shim rods containing fuel. They are the storage cage in the
reactor wing basement and fuel wvault in the southwest corner of
the reactor basement. There should be no more than 2 fuel racks
out of the vault at one time. If 2 are out, they should be placed
10 feet apart. Cadmium-lined shelves are used for the storage
racks; and, 1f proper procedures are followed, the storage is in
a safe configuration. TFlooding the fuel vault could possibly
canse a criticality; therefore, no water should be used in Ffight-
ing a fire in either storage area.

b. X-Ray Cubicle

A special cubicle for radiography has been built in the south-
east corner of the south reactor wing. A check must be made after
each radiograph before entry can be made into the cubicle. Health
phygics should work closely with the personnel operating this equip-
ment to insure that no unnecessary exposures occur. Cobalt-60 and
Tridium-192 sources and one X-ray instrument are used by this group.
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CHAPTER ITT
ENGINEERTNG TEST REACTOR
A. Engineering Description of the Engineering Test Reactor
1. Philosophy and Design Summary

The Engineering Test Reactor (ETR) was designed and constructed
to perform engineering tests of fuel elements and components of
nuclear plants. In order that these tests be made under conditions
simulating the actual proposed application certain reguirements had
to be met. These are as follows: (1) the reactor would have o
generate very high thermal and fast flux in the core holes, (2)
provision had to be made in the core (high flux zone) for test
facilities ranging in size from 3 in. x 3 in. x 36 in. to 9 in. x
9 in. x 36 in., (3) a reasonably uniform flux from top to bottom
of the core had to be maintained, and (&) the reactor would be
designed to contain closed-loop type facilities for circulating
any coolant fluid.

The above conditions led to & reactor design quite different
from that of the Materials Testing Reactor (MTR). The foremost
differences are: (1) all experimental facilities in the ETR are
vertical and are placed inside the reactor vessel, and (2) the
reactor control rod drives are mounted below the reactor bottom
head where they are least affected by the experimental facilities.
(See Figure 18.) The latter is dependent on the first, since the
designers foresaw that the upper vessel area would be too congested
with experimental facility tubes, hangers, etc., to permit the use
of control drives extending downward from the top head.

The wvessel top was established near floor level because of
the large clear height needed to remove experimental trains and
facility tubes., The depth of the vessel, position of the core,
glze of the biological shield, etec., were governed by allowable
radiation levels and biological considerations.

The building size was determined by the number of experimental
facilities and the instrumentation and equipment spaces required for
each.

2. Description of Reactor

a, Genersal

The ETR Facility is a complete nuclear engineering test facility
located scuth of and adjacent to the MTR., As such, it includes its
own compressor building, heat exchanger or process water building,
electrical bullding, and office building. The above are independently
functioning buildings built with common dividing walls.

b. Reactor and Components

The reactor is light-water cooled and moderated and has a ther-

mal rating of 175 MW. It is housed in a 3 floor-level gastight building.
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The reactor vessel consists of & multidiameter wvessel, a removable
elliptical dome with flat top flange, a flat bottom head, a discharge
chute, an inlet water flow distribulor, experimental hanger supports,
experimental access nozzles, and the process water inlet and outlet
line conpections.

The internal parts of the vessel are the inner tank, the internal
thermal shields, the reactor core, the core support structure, and
the experiment upper support ring (see Figure 19).

The reactor core comsists of a 30V.4 in. x 30.5L in. square array
of 52 fuel elements, 12 shim control rods, 4 safety control rods,
L corner filler pieces, and 9 experimental facilities (see Figure 20).

The fuel elements are an assembly of aluminum clad, eariched
fuel, plates. The plates run vertically the length of the assembly
and are spaced far enough spart to allow the proper coolant flow.

The control rods are similar to the fuel elements but consist
of two sections, a fuel section and a poison section.

The inside reflector is a 4-1/2 in. thick layer of beryllium
extending completely around the core.

Aluminum reflector pieces extend from the beryllium reflector
out to the inner tank walls.

The core filler piece is a solid piece of aluminum penetrated
vertically by twenty-eight 1/4 in., cooling holes. It is used for
replacing fuel elements in the core during shutdown.

The experimental holders (4-x pieces) are approximately the
same dimensions as the fuel elements or the aluminum reflector
pieces and have Lt experimental holes running vertically. These
pieces are used within the core or reflector to receive the alumi-
num experimental baskets (x-baskets), which actually contain the
slug and capsule iype experimentis.

The reactor vessel is enclosed and supported by a high density
concrete bioclogical shield extending from the first floor to the
basement ceiling., The 25 ft, outside dlameter of the shield 1s
covered with a 3/4 in. steel plate.

3. Reactor Building
&, Reactor Building Main Floor

The reactor building is 136 ft. in the east-west direction
and 112 f+. in the north-south direction. It extends 58 ft. above
the grade and 38 ft. below grade to the basement filoor.

The high bay area above the first floor has a clear height
of 4T ft. to the bottom of the roof truss structure. The first
floor is at the same floor elevation as the MTR mzin floor. Tae
first floor is designed for three intensities of loading. That
part of the first floor between column centerlines E 24 - E 25
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from the ncrth truck door to and includiang the pipe tunnel, the
eastward extension of the pipe tunnel, and the remaining floor
arsa north to the edge of the stair well enclosure is rated at
1000 psf. The central floor ares in the viecinity of the reactor
is limited to 750 psf. This area extends 22 f£t. south, 29 ft.

2 in. west, 27 ft. north, and 27 ft. 6 in. east of the reactor
centerline (except where this area overlaps the 1000 pst axrea
described above). The balance of the first floor area is limited
to 350 psf. The bounds of these floor areas are painted on the
floor for quick reference, The first floor slabs are 10 in.
thick except for the 1000 psf area where it is 12 in. thick.

The working canal extends westward from the reactor structure,
and the process water pipe tunnel extends eastward from the reactor
structure under the first floor.

b. Console Floor

The console floor, approximately 22 ft. below the main floor,
serves the dual purpcse of a shlelding roof for experimental cubi-
cles at basement ievel and a working level for experimental consoles
and equipment, The walls of the pipe tunnel, the biologlcal shield,
and the canal walls extending from the first floor to the console
floor divide the conscle area into halves connected only at the
west end by & 9 ft. 6 in. wide corridor. The entire console floor
is rated at 350 psf. The part of the flcor directly over the base-
ment cublcle area is constructed of 3 ft. thick ordinary concrete;
the balance of the floor is 1 £t. thick.

A 30 ft. x 80 ft. balcony has been added on the south side of
the console area in order to obtain additicnal floor space for ex-
perimental instrumentation and control eguipment. The balcony is
degigned for a load of 200 psf.

¢. Reactor Basement

The basement floor is approximately 38 ft. below the main
floor. It rests on a compact £ill and is designed for a 900 psf
load.

d. Intra-Building Access

Personnel access between floors is by means of two circular
stairways located north and south of the working canal, an enclosed
stairwell in the southeast corner of the reactor building, a stair-
well and passenger elevator in the northeast corner of the reactor
building, & stairwell from the south console floor to the first
floor level in the electrical building, and a stairway from the
north console floor to the maln floor level of the office building.

Equipment access between floors is by a 10 £ft. x 1 ft., 10-
ton capacity freight elevator located near the north truck door in
the northeast corner of the reactor bullding or by two hatchways
north and southeast from the reacior centerline.
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e. Sub=Pile Room

The area directly under the reactor is known as the sub-pile
room. It is separated from the basement area by a 4 f£t. thick high
density concrete circular wall. This room is 20 ft. in diameter.
The floor elevation is the same as the basement floor., The walls
of the sub-pile room act as shielding, and also as a support for
the reactor and bioclogical shield, Access is by means of a shield-
ing door opening to the basement on the east side.

The sub-pile room is the area.in which experimental in-pile
tubes connect with experimental piping, and this piping is routed
to the experimental cubicles via access heoles in the wall. Fission
and corrosion products sometimes lodge within this piping and with-
in the rod drives and can cause extremely high radjation fields,
Any work within the sub-pile room must be accomplished during reactor
shutdown and be done under Health Physies surveillance. While the
reactor is operating, the door is kept locked,

f. Control Rod Access Room

The control rod access room is located directly below the
sub-pile room. This room is reached by a stairway extending west-
ward from the basement floor level. As the name implies, it houses
and provides access to the control rod, regulating rod, and control
chamber drive mechanisms.

Entry into the rod access room during reactor operation or the
first access allowed at the start of shutdown operation requires
a Health Physlcs survey to ascertain that no hazards exist from
beams belng emitted from the core through the bottom shielding
plug. These radiation fields can be very directional (collimated)
and careful surveys must be made so that high intensity beams with
small diameiers are not overloocked. Continuois Health Faysics
surveillance is also required during control rod removal operations
during reactor shutdowns. The upper ends of the rod drive mechanism
are usuvally highly contaminated. Care should be exercised in re-
moving these mechanisms from the rod access room to avoid over-
exposure to men and to prevent dropping "hot" particles while carry-
ing them up the stairs. A high level radiation monitor ls locateéd
in this area but is useful only in detecting scattered radiation or
radiation from rod removal operations,

B. Brief Description of an ETR Cycle

A reactor cycle has been designated as a six-week periocd con-
sisting of approximately two weeks of shutdown with the balance of
time devoted to maintaining the reactor at 175 MW. The shutdown
times are fixed and the dates distributed to interested parties
which allows them to coordinate their experimental scheduling
properly. Due to the multitude of experiments, the varied ex-
perimental operating parameters, and individual experimenters!
requests, 2 reactor cycle may be extended or shortened. A cyele
begins with a reactor shutdown.
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A shutdown period is a time of great potential radiation hazard.
During shutdown, repsirs and alteraticng are made to experimental
and plant facilities. Shutdown work may consist of over 100 work
orders, The majority of these work orders will require a special
work permit and health physics monitoring. Fach work order musth
be scheduled, and each system or item of egquipment must be in a
safe condition before any work is done. For this reason, all work
reguests and special work permits must be carefully considered and
signed by the Operations Shift Supervisor prior to the commencement
of work.

When the shutdown work 1s completed, the reactor dome is bolt-
ed in place, the primary system is filled and pressurized, and nor-
mal flow is started. Startup check sheets are completed on the pri-
mery coolant system, the reactor control system, and all associated
facilities.

A reactor startup is usuvally an orderly process, but offers
certain dangers due Lo the lack of sensitivity of instruments at
extremely low power levels. The four black safety control rods are
withdrawn first, then the grey rods are withdrawn according to a
prescribed rod program. The rod withdrawal program is designed to
prevent flux peaking in the reactor core and possible experiment
over-heating. At each step in power, all experiments must be check-
ed for any off-normal points and for any potentisl dangers. Full
power must be approached cautiously to prevent any high experiment
sample temperatures. Alsco, at hlgh power levels the secondary
coolant system cannct absorb rapid temperature changes.

The optimum power run would be to reach full power four to
8ix hours after startup and maintain full power until the core is
depleted or until the end of the cycle., There are & great many
things that can cause reactor "down time,"” so an optimum run seldom
occurs, Experimental and plant failures such as heat exchanger
leaks, thermocouple failure, instrument failure, and breakdowns
of plant equipment can occur. Operational mistakes such as closing
an incorrect breaker or switch, opening or cloging the wrong valves,
or failing to recognize a malfunctlon before it causes trouble can
algso cause reactor "down time". Each equipment failure or opera-
tional mistake requires an upgrade in that particular piece of
eguipment, a change 1n operational procedure, or an addition to
personnel training to prevent a similar occurrence.

A nuclear test reactor designed to test nuclear fuel samples
at extreme conditions presents certain perils not assoclated with
a plant of more conventional objectives. Certaln calculated risks
must be accepted to conduct a full experimental program, However,
81l rigks must be minimized and backups provided to prevent inci-
dents. Test reactors provide a small margin for error, and a min-
or situation can rapidly deteriorate and cause an incident; there-
fore, an operating philosophy must be developed in which safety of
personnel and plant is of paramount importance, Incldents, reactor
shutdowns, and serious equipment failures can be minimized and often
prevented by a well-trained, alert operating force. Vibrations,
off noises, and any unknown situation should be immediately investi-
gated and reported to the responsible persons.
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The over-all objectives of test reactor operation are some-
what mixed. A Jarge yearly MW-day record is some measure of opera-
ting efficiency, but this could easily be reached with capsule
irradiations and no irradiation in engineered loops. To utilize
the experimental facilities fully, a working program level has been
established in which all effort is directed toward a maximum pover
output consistent with safe operating practice and total sponsor
requirements.

C. Reactor Tank Operations
1. Introduction

Shutdown work in the reactor tank is generally performed by
Operations personnel. Tank work consists of refueling of the core
and shim rods, discharge and insertion of experimental capsules,
leads, pieces, and the transfer of items within the reactor. Con-
siderable damage to the reactor and experiments could result from
placing an experiment or plece in the wrong position, so each item
is carefully identified and its location recordéd by Operations
personnel.

An HP is required to be on the reactor top (or in the immediate
vicinity) anytime anyone is working there. His responsibility is to
monitor the radiation fields and air activity levels and insure that
safe procedures are followed. The HP should take care of his own
doties and leave the tank work to Operations and Maintenance.

2. BSafety in Tank Operatioas
a. Bottom Head Penetration Work

During penetration work on the bottom head for insertion and
removal of experimental tubes and shim and regulating rod drives,
extreme care must be taken to prevent loss of reactor water. When-
even bottom head penetration work is being done, the discharge chute
cover should be off to provide an additional reservoir of water.

In the event a mejor leak should occur in the bottom head, immediate
steps should be taken to keep water over the reactor core. This can
be done by adding demineralized water into the primary system, or
fire water with a fire hose, or through the emergency fire line into
the primary water system.

b. Handling of Radioactive Materials

When radicactive materials are being transferred to the canal,
moved within the reactor, or removéd from the reactor in any way,
there should be constant Health Physics monitoring. All items
coming out of the reactor are highly contaminated and should be
stored in the canal underwater or wrapped in polyethylene. Care
should be taken while discharging fuel elements or other irradiated
material to the canal to see that they are lifted only high enough
to clear the discharge chute. When a job is to be done that could
result in exposure to personnel, it should be thoroughly planned and
monitored.



c. Reactivity Consideration

Whenever any work is done in the reactor that could cause an
increase in reachbivity, the count rate meter sghould be diligently
observed. There is & slave count rate meter for use at the reactor
top. This should be on and the alarm setpolint set or the count rate
meters in the control room watched. Shim rods should be replaced
before the rest of the fuel elements. Only one rod should be changed
out at a time,

d. Entry into the Reactor Tank

Whenever there is 2 reason for a man to enter the reactor
tank to do shutdown work, there must be an HP present at all times,
The man will be reguired to wear protective equipment, such as two
pair of Anti-C coveralls, a full-face or air supplylng respirator,
cap, gloves, boots, and eye protection. For further protection, a
safety line attached securely %to the man ls required.

e. Operations Surveillance of Work in the Reactor

Any work done in or over the reactor tank must be with attend-
ance of the responsible Operations personnel designated by the Shift
Supervisor. This insures that the proper procedures are followed %o
prevent demage to the reactor and associated equipment and also that
the workers cbey Safety and Health Physics rules. Proper precautlons,
such as taping down film badges and other loose objects, should be
taken against dropping items into the reactor tamk. I by chance
something is dropped into the tank, it should be reported immediately
to Operations and retrieved promptly.

3. Preparing the Reactor Tfor Shutdown Work
a. Degassing and Flushing

Tmmediately after reactor shutdown, the system 1ls degassed
for a period of two hours. This minimizes the release of radio-
active gases when the reactor dome is removed. Following this two
hour period of degassing, the reactor is filushed with fresh de-
mineralized water at a rate of 1500 gpm for a total flush of 60,000
gallons. This operation reduces the level of radiocactivity in the
process water.

b. BShielding Removal

Removal of the concrete bioclogical shielding rings surround-
ing the reactor top is necessary to gain access to the reactor top
dome. This is done with the overhead 30-ton crane.

c. Lowering of the Tank Waiter Level

The water in the reactor wvessel must be lowered below the
top vessel flange before the top dome is removed. A b_in. upper
drain line is provided for this purpose. A plug valve in this
line is operated by an extension handle at the northwest corner
of the reactor shielding. While lowering the tark level, air
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must be vented into the reactor from a vent valve on the top head.
Attention should be given to the warm sump tank level indicator to
prevent overflowing.¥*

d. Contamination Control

During shutdown the open reactor tank i1s an ever present source
of contamination. Fission and corrosion products present in the
tank water settle and plate out onto the metal surfaces of the tank,
the experiments, the handling tools, and other equipment. As these
items are exposed to the aimosphere, tThe radioactive materials have
a tendency to oxidize and fleke off and be carried and spread by
the air currents and on the clothing and bodies of careless personnel.
Hence, prior to the removal of the dome, necessary contamination
control measures should be taken.

The areas to the north and south of the reactor are usually
ribboned off and designated as hot working and hot storage areas,
respectively. The highly trafficked portion of the floor space of
these areas is completely covered with blotting paper and a contain-
ment apron of plastic is run along the ribbon to help minimize the
spread of radiocactivity.

e. Top Dome Removal

An HP must be present whenever the top is removed to insure
adequate personnel protection.

In order to remove the reactor top head, it must first be
mbolted from the reactor tank; and any experimental piping penetrat-
ing the top dome must be stripped and the gland seal packing loosened.
The cap is removed from one of the top head penetration holes to
accommodate the small "dragon.” With the dragon hooked up and exhaust-
ing the dome, the dome is lifted with the 30~ton crane to a height
of about 3 inches and held in this peosition for approximately 10 min-
utes, This is usnally sufficient time for any radioactive gases
which might have been trapped to be swept from the dome and expelled
to the cubicle exhaust.

Tnis dome is then 1lifted slowly, and 1f no sharp increase in
air activity is noted**, the dragon is disconnected and the dome is

* When lowering water level in the reactor or while purging the
canal, if caution is not used, it is possible to exceed the capacity
of the sump pumps. If the sump tank high level annunciator goes un-
heeded, water backs up into the drain lines flooding the rod access
room with contaminated water accompanied by high level air activity.
Water will also back up into the cubicle exbhaust line. This stops
the air flow and allows alr activity to be emitted from all open
drain lines such as the canal drains on the main floor. If the water
backs up high enough, it will be siphoned into the basement cubicle
exhaust header and then leak out onto the basement floor from the
open butterfly wvalves.

% To prevent the contamination of the ventilating system in the
event there is a release of alr activity, it is very worthwhile to
open the truck door, turn off the supply fan, and close the recircula-
tion damper before removing the dome.
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stored south of the working canal. The refueling platform 1s then
placed over the reactor and the large dragon connected to the adapter
of the platform. With the dragon drawing alr down through the
“keyhole” and into the cubicle exhaust, any radicactive gases or
particulates coming from the inner surfaces of the reactor, the
experiments or the reactor water will be carried away to the stack,
Thus, only a minimum of radicactivity will be allowed to escape 1nto
the atmosphere of the reactor building.

This minimum of radiocactivity which escapes, however, contains
enough radioactive iodine for the first few hours to necessitate the
wearing of an organic respirator by those who are working directly
over the reactor tank.

f. Discharge Chute Cover

Before removing the discharge chute cover, the water level in
the reactor tank and in the canal must be equal. When the reactor
tank level is at the upper drain and the canal level at the over-
flow height, the level will be correct. The discharge chute hold-
down lugs are then loosened and the highly contaminated cover is
removed from the reactor with the 2~ton crane, using a large hook
tool, and stored on the shielding under a cover to prevent the
gpread of contamination.

b, Mank Operations
a. Control Rod Change-Out

As & precaution to prevent the possibility of a criticality,
the control rods (poison) are always changed before the standard
core fuel assemblies are changed out; and only cne coatrol rod is
removed Trom the core at any one time. If more than one rod must
be removed at the same time, the surrounding fuel elements must
first be removed,

To remove the control rod, the control rod drive must be
raised a few inches to release the coupling balls from the shock
tube.

To remove the polson section, the handling tool is lowered
into the top of the guide tube until the square cross section of
the tool matches up with the upper adapter of the polson section.
The lugs of the tool are then engaged in the cut-outs in the poison
section, and the entire assembly is raised until the polson section
clears the top of the guide tube. Then by rotating clock-wise, the
latching springs of the poison section are disengaged allowing the
fuel section and the shock section to fall back into the guide tube,

The control fuel section is removed in the same manner as the
poison section. The shock section can also then be removed from
the guide tube.

b, Guide Tube Removal

There are two common methods of removing the gulde tubes. I
their path iz not obstructed by experimental piping, they can be
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discharged through the discharge chute into the canal. Because of
the length of the guide tube (15 ft.) the canal pit cover and the
transfer tube assembly must be removed to allow the gulde tubs Lo
be lowered sufficiently to clear the bottom of the discharge chute.

Before the canal pit cover is removed, the sub-pile room should
be evacuated and the door locked. ‘This will eliminate the possibility
of someone belng in the sub-pile room and recelving a dangerously
high radiation exposure, The 8-1/2 in. steel plate which serves both
as the floor of the canal pit and the roof of the sub-pile room would
hardly provide sufficient shielding if a fuel element reading approxi-
mately 10T R/hr were accidently dropped into the pit.

Due to the increase of experimental piping in the reactor tank,
the removal of some of the guide tubes through the reactor to the
.discharge chute is impossible. Consequently they must be lifted by
means of the 2-1/2 ton crane and a block and tackle up and over the
top of the reactor and the working platform and lowered into the
canal.

The section of the guide tube which has been in the active
lattice will always be highly radicactive. The activity level
will depend on how long it has been in the core, and how soon
after shutdown it is removed.

It is possible for the irradiated section of these guide tubes
to read in excess of 1000 R/hr at contact. For this reason it is
desirable to perform the removal on an off shift. With problenms
such as this, it is alwdys wise to discuss carefully the details
beforehand with both Operations and Health Physics supervision
and then proceed with caution using the principles of distance,
shielding, and time to keep the exposures of personnel involved
to a minimum.

To replace the shock section, the control rod drive must
again be raised a few inches. The shock section can then be lower-
ed into position. It must be oriented with its spring latches in
the east-west direction.

To insert the control rod fuel element, it i1s latched to the
handling tool and lowered into position, orienting the fuel plates
in the east-west direction.

The poison seciion i1s inserted in the same manner with the
spring lateches in the east-west direction.

The latching of the rod is then checked by running the control
rod down to its lower limit. This resets the balls and couples the
drive to the shock section. If the rod is properly latched, it can-
not be lifted with a tool.

¢, Removal of Contrcl Rod Drive
In order to perform maintenance work on a control rod drive,

it must be removed from the bottom head, and generaliy, from the
rod access room.
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As a preliminary step in the vemoval of a control rod drive,
the control rod and the guide tube must be removed. After removal
of the contreol rod, the drive should be lowered to its lower limit
so nothing protrudes above the bottom head. The hole in the bottom
head above the rod drive is then plngged, using the Kaiser M-889
plugging tool. The electrical connections to the rod drive are
then removed, the motor uncoupled, and the seat switch remowved., The
shock section of the drive is then unbolted from the bottom head
and the drive removed carefully checking for excessive water leakage.

Heglth physics surveillance 1s required during rod drive removal
operations. Not only is there danger from collimated beams from the
reactor core through the bottom shielding plug, but also the bottom
ends of these rod drive mechanisms are uswvally highly contaminated.
Care should be exercised in removing these mechanisms from the rod
accegs room to avoid over-exposure to personnel and to prevent drop-
ping "hot" particlies while carrying them up the stairs. A high
level monitron is located in this area but is useless in detecting
the collimated beams.

After the rod drive has been replaced, the plugging tool is
removed by tilting the head vertically and going through the guide
tube penetrations diagonally. The tool is lifted with the tope
tackle rather than the crane to prevent tool or core damage.

d. TFuel Element and Filler Piece Changes

A C-=hook 1s used to transfer the depleted fuel elements and
the filler pieces to the discharge chute. Care must be taken to
insure that the fuel element 1s not raised any higher than necessary,
thus reducing the shielding afforded by the water.

New fuel elements are brought from the MTR fuel storage vault
in specially constructed racks (12 elements per rack). To prevent
a critiecality these racks will be located such that a minimum of
five feet of clear space remains on all sides of the rack. Also,
not more than two fuel elements shall be removed from the rack to
the reactor refueling platform at any one time.

The fuel element plates are oriented east and west while in
the core. The core filler piece ball must be placed east and west
in the core.

€. Reflector and Experimental Piece Changes

The aluminum reflector and experimental pieces are provided
with a knobbed lifting pin. The pleces are lifted and transferred
in the same manner as fuel elements. The experimental 4-X pieces
have one top corner milled down, This is usually oriented to the
northeast.

f. Lead Experiment Insertion
A lead experiment is generally a capsule-type experiment with

instrumentation leads for connection ouitside the reactor. These
leads are ehncased in an aluminum or stainless steel tube that is

95



attached to the capsule and which extend out through the access
nozzles at the top of the reactor tank section.

The lead tubeg are made in two sections Jolined by an in-tank
connector. The upper and lower sections are positioned in the
reazctor and then the in-tank connector is made up. After the ex-
periment is in position, it is clamped to the tank wall with remotely
operated clamps. A special flange is then placed over the lead tube
and is sealed at the nozzle agalnst loss of reactor water. The lead
connections are then made up and the experiment pressure-tested.

g. Insertion of Experimental Tubes

There are 15 bottom head penetrations provided for experimental
in-pile tubes. There will be specific insertion procedures for each
experiment that is installed, but the general procedures for inser-
tion will be similar. As a safety precaution to prevent a critical-
ity, four fuel elements must be removed from the core before any
experimental changes are made. Also, there should never be more
than one in-pile tube removed at a time. TFor the insertion of some
tubes, 1t may be necessary to remove pileces and control rods ad-
joining the facility.

A hydraulic jack is placed under the bottom head seal plug
and the seal plug retaining ring removed. A seal plug adapter
piece is attached to the lower end of the experimental tube to
mate with the top of the seal plug. The experimental tube is then
carefully lowered into the reactor vessel, through the grid plate
and the support plate, until the adapter piece is mated with the
seal plug. With constant communication between the reactor top
and the sub-plle room, the seal plug is then jacked up siightly
to be sure the plug and the adapter are together. While the sezl
plug and the experimental tube are being lowered, frequent stops
are made to insure that the tube and the seal plug are still in
contact. This is continued until the experimental tube is through
the bottom head.

The in-pile tube is then positioned and attached to supporis
inside the reactor tamk. The piping in the sub-pile rcom and the
reactor tank may now be welded to the in-pile tube.

5. Preparing Reactor Tank for Startup
a. Tank Inventory and Inspection

When the reactor shutdown work is completed, an inventory is
taken by Operations of all reactor positions containing experiments.
The purpose of this is to check the shutdown work to make sure that
all experiments are in their correct position and that no capsules
have been lost or misplaced, The vertical positioning of the experi-
ments is verified with the inventory tocl. It is lowered onto the
basket or hole and the inner plunger rod is lowered until it comes
in contact with the capsules. The reading 1s then taken, recorded,
and checked against master loading sheets.
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The tank is then visuwally inspected for any foreign matter,
tools or parts of toocls that may have been dropped into the tank,
and to see that all pogitions are full, and that all pieces and
experiments are properly seated., Any lrregularities are corrected.

b. Guide Tube Support Arms

The guide tube support arms are now lowered into place. The
long arms are lowered Ffirst, insuring that the latching pin on the
west end of the arms has latched. The short arms are then lowered
onto the long arms and latched into place.

¢. Discharge Chute Cover

The discharge chute cover is now put in position. Before
lowering into the tank the "O" rings are checked and the latching
dogs are extended to eliminate binding on the discharge chute.
The cover is then lowered carefully onto the discharge chute and
is latched in place.

d. Dragon

The dragon is removed and stored and the damper in the cubicle
exhaust vent is turned to exhaust air from the nozzle trench area,

e. Top Dome

Before the top dome 1s replaced, the refueling platiorm is
removed and the reactor "O" ring is replaced. The dome is then
lowered taking care that the experimentsl tubes are not damaged
and that the dome is centered properly before setting it on the
reactor. The top dome is then bolted down.,

., Fill and Leak Check

When the top is bolted down and the experimental tube packings
are made up, the tank isg ready to be filled. The upper reactor drain
line is closed and a hose with a quick disconnect fitting is placed
on the vent valve of the top dome and bled to the canai, The reactor
tank is then filled with demineralized water through the primary
water system until water 1s obtained from the vent line. The vent
is then closed snd the reactor pressured to 180 1lbs. The top dome
seal and all packing and flange geals are checked for water lesks,

g. Shielding

Before the reactor can go to power, the concrete biological
shielding rings must be replaced around the reactor top. After
thie is done, thermocouples and pressure leads to experiments
penetrating the top dome are connected and tested.

&. HP Check List for Reactor Top Work

The following is an HP check list guide for reactor top work:

{1} obtain portable instrument of adequate range and check its
calibration; (2) on the off shift check and, if necessary, replenish
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the supply of shoe covers, gloves, glasses, face respirators, etc.;
(3) have Amyl acetate on hand to check respirator face fit; (L) make
sure thai radiation monitrons are functioning properly; (5) check to
see that the dragon 1s connected and the damper lever properly set
so that air is being exhausted from the reactor tank; and (6) make
certain that both CAMs are working and that their "sniffers” are
taking representative samples of the working area atmosphere.

D, The ETR Canal
1, Description of Canal

The canal is T-shaped and consists of two sections, the work-
ing canal which is 37 ft. long and 8 ft. wide, which connects with
the reactor vessel, and the 060 ft. long and 12 ft. wide storage
section. Except for the pit underneath the reactor discharge chute,
the water depth is 20 ft. throughout, which gives a 1 ft. freeboard.
The canal floor is rated at 200 psf plus the water load, The work-
ing canal can be isolated from the storage section by the insertion
of a bulkhead at the junction. Also a portion of the working canal
near the reactor can be isolated by means of a second bulkhead. This
facilitates draining for the repairing of various sections of the
canal.

4. The Working Canal
(1) Use and Equipment Location

The working canal provides sufficient working room for the
removal of experiments from the reactor tamk to the cansl. In
order to remove experimental equipment of lengths up to 15-1/2 ft.,
a pit is located in the canal floor below the normal position of
the unloading mechanism. Fuel elements and experimental sections
are transferred from the reactor into the working canal through the
discharge chute in the reactor vessel transition piece. This is
accomplished by lowering the fuel element into a transfer tube lo-
cated in the canal uander the discharge chute. The transfer tube,
which is hydraulically operated, is pivoted to permit an operator
to secure the element by a hook tool from the canal., (See Figure 18.)
The operator then "walks" the element to the storage racks. Fuel
elements have a tendency to float when transferred through the
water with any speed, which presents an additicnal radistion hazard.

The canal working platform is permanently attached to the east
end of the canal parapet and permits accesg to the working area of
the canal immediately over the reactor transfer tube. The platform
is constructed in two sections on either side of the canal with aa
open working area in between the sections. Bach section is served
with a stairway from the first floor level.

An underwater saw is located on the south wall of the working
canal to cut off fuel element end-boxes and to cut in-pile piping
into disposable lengths. Alsoc by the south canal wall is a capsule
reloading tray, flux wire storage grid, and a Kéllmorgan underwater
periscope used for capsule inspection.
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Along the bottom of the canal are the 8 and T grids, each made
up of & 9 in. x 7 in. grid of 4 in. aluminum piping for storage of
capsule experiments and several trash cans for storage of low level
radioactive scraps for later removal to the burial grounds.

{2) Fissionable Material Control

To prevent the lnadvertent assembling of a critlical array of
fissionable material during canal operations, the following will be
observed.

{(2) TFissionable material on the capsule tray or periscope
tray is limited to 300 grams.

(b) Baskets containing fissionable material will be stored
in rows 1 and 7 only of the S and T grids.

{c) The concentration of fissionable materials in the § and
T grids will be no more than 100 grams per foot per position.

b. Storage Canal
(1) Tocation and Use of Equipment

The storage canal has additional storage space for Llrradiated
fuel slugs, experimental egulipment, fuel elements, and reactor core
companents., The north half of the storage canal has been designated
for storage of non-Tissionable core components in the P and R grids
and storage of fuel assemblies in cadmium-lined storage grids A, B,
¢, D, E, ¥, G, and X, Y, Z. ‘The X, ¥, and Z grids are short grids
for the storage of cut fuel elements and control elements. Number-
ed and lettered stainless steel buckets have been provided for
irradiated capsule storage. Spent fuel elements are stored in the
36-hole, cadmium-lined storage grids to "cool” before being cut
and shipped to either the CGamma Facility or the Chemical Processing
Plant, The south half of the canal storage area is used for storing
long in-pile loop experimental samples and other bulky items such
ag the ORNL-505 Water Column.

(2) Fissionable Materizl Control

Specially constructed cadmium-lined storage grids are pro=-
vided for safe storage of spent Tuel. They are designed to pre-
vent the inadvertent assembling of a critical array of fuel during
canal operations. Under no clrcumstances are fuel elements to be
stored outside the storage grids except as follows: if all grids
are full, the excegs fuel elements may be lined up end to end in
a single row along both the west and east walls of the storage
canai,

Other sefety precautions regarding fissionable materials are
as follows: (a) fissionable material stored in buckets i~ limited
to 300 grams per bucket; (b) &t least 1 foot clearance murt be
maintained between loaded buckets and other fissiomabls material;
and {c) 1 foot clearance must be maintained around each iln-pile
loop sample.
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2. ORNL - 505 Water Column

This column is located in the southeast corner of the storage
canal. Tt ubilizes depleted fuel elements as a source for gamma
irradiating various materials for experimental purposes. The follow-
ing safety restrictions must be cbserved:

(1) No fuel element is to be loaded in the circular center
hole of the 12 element array.

(2) At least a six inch spacing must be maintained between
the periphery of the array and any other extraneous fuel agsemblies
being stored or moved within the canal.

(3) Only MTR and ETR fuel elements are to be used, and they
should not exceed 430 grams of U-235 per element,

3. Shipping

All irradiated capsules, experiments, and depleted fuel elements
are transferred from the canal in shielded containers. The experi-
menters provide thelr own casks to ship capsules and experiments.

The casks are 1lifted with the 30-ton crane, lowered into the canal,
and loaded with the experiment. After loading, the cask 1s raised

out of the water under HP surveillance¥, wiped dry, and checked for
direct radiation and contamination.

Standard fuel assemblies and control assemblies discharged
from the reactor are usually stored from one to four months in
the canal prior to shipment to the Chemical Processging Plant.

Standard fuel assemblies are shipped to the Gamme Facility a
day or two after being discharged from the reactor. Due to the
excessive heat generated by these elements, the assemblies are
shipped a few at a tTime.

L, Transfer Cask

The fuel element ftransfer cask is designed for use ag a shield
in transporting cut fuel elements from the ETR Reactor Building to

the MTR Gamma Building or the Chemical Processing Plant. TUp Lo

eight fuel elements may be moved at one time, depending on the cool-
period out of the reactor. The inside dimensions are 15 in. in
diameter by 40 in. high. The lead thickness is approximately 11 inches.
The outside diemeter is 38 in., and the over-all height is 5 ft.

10-3/4 inches. The weight of this cask is approximately 24,800

pounds. The bottom end of the cask is rectangular with shoulders

on two opposite sides to fit the straddle carriers. The lead is
encased inside and out with stainless clad carbon steel or solid
stainless steel plate. At the lower end, the inside shape is

changed to an 11 in. square clear area to conform to the shape of

the transfer basket. In the itransfer operation, the fuel elements

* Health physics survelllaance is necessary whenever any object
is removed from the canal whether it is in a cask or not.
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are lowered into the cask and are placed in the transfer basket
which acts as a support or divider. The transfer basket is remova-
ble and resembles the fuel storage racks in many respects, including
the cadmium lining around all eight positions.

5. Canal Piping

The canal is supplied with demineralized water from the MIR
storage tanks. For "quick~fill," a L in. stainless steel pipe is
used with the water entering the working canal north wall at 12-ft,
water level. For canal purging, & 3 in. stainless steel pipe is
provided. The purge is supplied at two locations in the storage
canal and two locations in the working caral. The rate of purge
is controlled by a manual valve at each location, adjustable from
0-100 gpm per valve and operated from the first floor along the
canal parapet wall. Normally, the purge system will operate at a
fraction of its capacity which will be sufficient to keep the
activity in the canal to a permissible level under normal operating
conditions. The rate of purge is determined by the rate of activiiy
from spent fuel elements and experiments and is sufficient to main-
tain the canal water temperature below 90°F.

The original adjustable overflows with 3-in. pipe connections
were found to be useless and were removed, and fixed level overflows
were installed. Each overflow has a capacity of about 120 gpm, and
drains into 2 & in. canal drain terminating in the 5000 gal, "warm"
sump tank., Tn addition to the overflow, there are three drain sumps
containing 6 in. valves in the canal floor; one is located in the
storage caral and cone within each bulkhead compartment in the work-
ing canal.

One danger everyone should be aware of is the possibility of
flooding the basement. If the canal purge is left on and all power
to the bullding is off or if the warm sump pumps malfunction, water
will back up the warm sump tank vent system into the rod access
room.

&. Canal Shielding

The planned 20 ft. water depth of the canal will allow 15-1/2 ft.
of water above the active sectlon of fuel elements stored in the canal
and will reduce the radiation above the canal to 1/35 tolerance if
£5 fuel elements were placed in the canal 2.5 hrs, after shutdown.

There would be about 3 ft. of water between a group of 65 spent
elements apd the canal wall if a single row of storage racks were
placed mldway between the canal walls. In order to reduce the radial
gamma, radiaticn to l/lO tolerance, the lower gections of the canal
wall are & ft. of ordinary concrete, The upper section is tapered
to about 2 feet.

In the region of spent element storage, the walls are 7 ft.
thick, Space limitations make 1t necessary to place storage racks
of irradiated fuel elements against the canal walls, The fuel
elements in the canal will have 1L-1/2 ft. of 