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Chapter 7*

PROCESS-WATER SYSTEM

7 1 INTRODUCTION

The process-water system is the primary cooling system of the Materials
Testing Reactor. The system provides a flow of water through the active
lattice and other parts of the reactor that require water cooling. This
chapter discusses *he design and some of the problems encountered in the
design of the process-water system. Although the active lattice and beryllium
reflector form an integral part of the complete system they are discussed
only in a very general way in regard to some of the design problems. Detailed
discussions of these two parts of the reactor are given in previous chapters.

During 1947 a design of the process-water system was conceived and
developed for construction of the MTR at Oak Ridge National Laboratory, In
the middle of 1949 the U. S. Navy Proving Ground in the Snake River P1.*M of
Idaho was chosen as the Reactor Testing Station, With these fundamental data
available, the design was redeveloped to suit the Idaho locality,

7 2 THE SYSTEM IN GENERAL

7.2.1 Genefal Description of the system Figure 7 2.A schematic diagram
of the MTR process-water system, presents an overall picture of all the
vessels, pumps, pipe lines and auxiliary equipment involved in the MTR proc
ess-water system.

Water at 100CF is pumped up to the working reservoir from the 60 000-gal
sump tank by means of two 10,000-gpm 225-ft-head horizontal centrifugal pumps.
Athird pump is available in the event that either of the operating pumps fails
or is shut down for maintenance. The water from the 150 000-gal working
reservoir flows, under a normal head of 170 ft directly to the reactor tank
through a 30 in. stainless steel pipe outside the Reactor Building and a
36-m. stainless steel pipe beneath the Reactor Building, Aflow instrument
strainer, and electric motor-opera ted flow control valve are located between
the working reservoir and the reactor, These three items are blocked off in
* ANL contribution
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a pit by gate valves so that the water may be drained from then and they say
be inspected or repaired, The 36 in. process-water line is split into two
24 in. stainless steel lines below the basement floor. These lines go up
through diagonally opposite corners of the reactor biological shield and
connect to the top section of the reactor tank. The water descends through
the reactor tank sections, the active lattice, and beryllium reflector, and
emerges from the bottom of the reactor tank through two 24-in, lines. The
two exit lines are joined to a 36 in, line at the same location as that where
the inlet line diverges from a 36 in, line into two 24-in, lines. The exit
36-in. line carries the water to the 17,000-gal seal tank in the process-water
building.

The head losses between the working reservoir and the exit of the reactor
tank are due almost entirely to the velocity head and friction losses across
the active and beryllium sections, with relatively small losses contributed by
the conveying pipe line There are block valves and a flow control valve in
the inlet line to the reactor but there are no obstructions inthepipe line
from the reactor to the seal tank.

There is an 8 in, line connected to the 30~in, inlet line at a point
upstream from the valve pits and to the 36-in, line near the reactor. This
8-in, line provides a flow parallel to the main flow stream and contains two
block valves, a flow instrument, a strainer, and a control valve, It can
carry 1000 gpm and is used m the event that the main water line valve is
closed off, thereby assuring a continuous water supply to the reactor at all
times, particularly at shutdown, This same line, which allows 1000 gpm of
process water to by.pass the main stream, can also be used to carry 1000 gpm
of fresh demoralized water during periods of reactor flushing, or 1000 gpm
of seal-tank water for recirculation through the seal tank and the reactor
only.

The pipe tunnel beneath the Reactor Building is about 55 ft below the
centerline of the active section and lies on bed rock. At the low point in
the pipe tunnel there is a single 50-gpm sump pump which pumps out any water
that leaks into the tunnel, This water is pumped to the 3000-gal process
water sump, which is also located beneath the Reactor Building. The two
36-in. lines in the pipe tunnel lie one above the other, the inlet line is on
top,
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Water in the seal tank i-, drawn into the flash evapprators by means of
the partial vacuum existing there. The water, in being flashed at a pressure
that yields 100"F effluent, falls from the flash evaporators into the sump
tank below. From the sump tank the water is once more pumped up to the working
reservoir to complete the process-water copling cycle, The reactor heat,
liberated in the flash evaporators is carried away by the cooling-tower
water circulated through the condenser tubes in the evaporators,

7,2 2 Stand-by and Emergency Features Certain provisions are made to
ensure satisfactory operation of the process-water system under emergency
conditions. The primary requirement in emergencies is that there always be
sqme water flow through the reactor

In addition to the water available in the working reservoir raw water
from the general overhead reservoir is available for cooling the reactor by a
direct 8 in, line to the reactor tank. In the event both overhead tanks are
destroyed, water can be pumped directly to the reactor from the two 500 000-gal
ground level reservoirs by means of two 850-gpm electric motor -driven or a
1000-gpm gasoline enginedriven centrifugal pump, If the motor driven pumps
in the demineralized-water line can be used ,he .eat tor can be supplied
through the two 24 in, inlet process-water lines with water from the 100,000 gal
demoralized water storage tank Y/itbin .10 sec of commercial electrical
power failure, a Diesel elec,n, g,-,-i«, „tor ,,et will provide electric power to
strategic pumps and equipment The reactor can be initially cooled under these
circumstances by the r^eiwe wal.r in th* working reservoir and then by
1000 gpm of process water recirculated by one of the seal-tank pumps of which
one is electric motor drive;, and one i. gasoline engine driven.

The loops in the 24 in. .ate, line, i„ the reactor structure help keep
the active lattice under w.tor ,l ..II ,lni6j This assure* natural convection
water cooling during an emergency shutdown ^d thereby prevents me] tin* of the
fuel assemblies, Should local water boding orcur the localized steam
pressure could conceivably force the wa.er our of the *< tive section and cause
melting. However sufficient pr,«urud water >,,»;:ces are avai]Phl, to
practically ensure some water flow trough the acu.t, lattice. A2 m. line
between the top of the reactor tank and du, water loop 10 provided to prevrm
siphoning of the water from the active latu.c ,r the Fr»r.P,s..wn ter pipe line
should be severed. In ihe et„t of any major emergency du, to electrical
outage, steam failure etc the reactor power will be nulled, and shutdown
cooling will be the only requirement..
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7.2 3 I»tr»e.tatio» a.d ri«» laiance l„ order to maintain a con
tinually balanced water flow thr.»gh the process water system, a scheme has
been established in which water is pumped from the sump tank to the working
reservoir The valve that determines the a.ount of water lifted is governed
by the level of water in the working reservoir The water flow rate from the
working reservoir to the reactor at a given control valve setting and a con
stant head is uniform The water flows from the reactor to the seal tank and
then through the flash evaporators into the sump tank Any overflow from
the seal tank also goes to the sump tank Any shortage of water in the seal
tank is automatically compeasated for by a dec-eased flaw to the flash evapo
rators because the flash evaporators a*« fed water at a rate that is deter
mined by the level of water in the seal tank and the pressure in the flash
evaporators In this manner the water flow through the whole system is kept
in equilibrium Normally the sump tank contains 60 000 gal of water. However,
to accommodate undue surges and accumulations of water during emergencies such
as electrical outages, the capacity of the sump tank is 100,000 gal.

Instrumentation on the flash evaporators provides the maximum possible
vacuum. The flow of water to the flash evaporators is adjusted by means of
valves in the inlet lines The temperature of the water leaving the flash
evaporators determines, by means of a thermal control, the quantity of cooling
water passing through the condensing tubes

The following instrumentation is-related to the working
temperature.indicating controller limits the lowest water temperature in the
working reservoir by allowing steam to flow into a heating coil at the base
of the reservoir. The floating roof of the working reservoir is arranged so
that at water levels exceeding normal a mechanical switch shuts off the main
process-water lift pumps Within the normal operating range, the level in the
working reservoir is maintained by mean* of an instrument which governs the
opening of the main valve controlling the water flow up into the working
reservoir. At lower water levels in the working reservoir the reactor is
abruptly shut down and the main water valve is closed in 30 aec The water
flowing to the reactor passes through • pit in which there are two block gate
valves which are pneumatically operated The purpose of these block valves
is to isolate the pit so that the portion of pipe between the block valves can
be drained and inspected Between the block valves, going downstream, there
are, respectively, a flow recorder, a motor-operated control ralre, and a
strainer Adjacent to the pit are taps for instrument* which make continuous

>g reservoir
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recordings of the water resistivity and pH. Upstream of the first block valve
is a 3-in. tap for water used in cooling the experimental plugs, the full head
due to the height of water in the working reservoir is always available at
this tap. The only valves that control the flow in this line are at the
experimental plugs. An 8-in, by-pass line before the main motorized valve
allows a flow of about 1000 gpm of wate'r to the reactor when the main valve
is shut« This line joins another 8 in. line from the deioinera lined water
supply and an 8»in« lirie from the seal-tank pumps, Each of these three lines
has an on-off remotely controlled pneumatic valve. Immediately after shutdown,
process water goes through the 8-in. line directly to the reactor. Shortly
thereafter demineralized water is used to purge the reactors-seal tank system,
and, finally, seal-tank pumps recirculate the fresh water in this system,
This 8-in. line enters the reactor-cooling, water line at the point where the
two 24-in, lines branch from the main 36 in, water inlet line. It also passes
through the valve pit with the main water line and has two block gate valves.
Going downstream there are; respectively, a flow meter, an 8-in, pneumatic
flow-control valve, and a strainer,

The temperature and pressure of the water entering and leaving the
reactor are recorded. The signal of the temperature difference between entering
and leaving reactor water and that of the water flow are multiplied in a power
recorder. The power of the reactor is also obtained from instruments measuring
the gamma intensity of the water leaving the reactor and the neutron flux.
Instruments are provided to record the temperature rise of the water in going
through each fuel assembly, to record the radiation intensity of the water
emerging from each fuel assembly, and to indicate the amount of flow through
each assembly,

A flow recorder is provided on the water lines from each experimental
plug, and,unless the flow through the plugs is satisfactory, the reactor cannot
be started, A water meter is provided in the line supplying demineraliied
water to the rabbits and experimental plugs so that an inventory may be kept
on the amount of water introduced into the process-water system in this manner.

The water leaving the reactor enters the seal tumk in the Procftss Water
Building. In the seal-tank entrance there is a radiation recorder for de
tecting fission breaks, The seal tank is provided with a demineralized-water
inlet line and meter for supplying and metering make-up water. It also is
provided with a temperature recorder and a level-indicating alarm, All pumps
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in the process-water system are provided with pressure geagea. The flow to
the flash evaporators from the seal tank is controlled by a nl« and ia
indicated by an instrument in the outlet line from tbe flash evaporators.
The flash evaporators are operated at full vacuum potential Instruments aro
provided to indicate the vacuum on each evaporator and to control the amount
of cooling water going to each evaporator condenser. T«« pressure of the
steam going to the vacuum system is recorded and controlled. Toaporaturea in
various points of the inter and after condenser vacuna-cooling system are
indicated. The vapors discharged from the vacuum system or* monitored by a
radiation instrument which detects radiations and givos an alarm if large
amounts of activity are discharged from the Process \ star Building into the
atmosphere. The sump tank is provided with a level-indicating-control alarm
and a temperature recorder. A flow recorder is provided for the purge from
the sump tank.

7 14 tatsreoelee ««»erieent*l PUgs and lakblts In the reactor there
are sevan water-cooled'experimental plugs which require a total of about
125 gpm of cooling water, Water to cool these plugs is tapped, from the main
process-water line upstream of the valve pit, This assures that pressure
sufficient to force the water through the plugs is always available, even
during shutdown periods. The water leaving the experimental pings flows into
the process-water exit line from the reactor, In case it ia not advisable to
return the plug-cooling water to the process-water system,, the water can be
purged directly to the process-water sump, Demineraliied water, which is one
of the service facilities provided at beam holes may also be used for plug
cooling. During electrical outages these experimental plugs most hove cooling
water, and since demineralized-water pressure will fail at this time a

by-pass valve is provided from the process-water system to the demineralized-
water system so aa to maintain cooling of the plugs.

Entering the bottom of the reactor are four hydraulic rabbits used for

experimental purposes. About 5 gpm of demineralized water is provided for

each of these rabbits,

7.2*5 Process Water Building The 20 000 gpm flow of MTR process water

passes through the Process Water Building before entering and after leaving

the reactor. This building contains the equipment for controlling the water

flow, the pumps for lifting the water to the working reservoir, the shutdown

77



and emergency cooling-water pumps, and the flash evaporators for cooling and
degassing the process water. Figures 7.2.B and 7.2.C show Process Water
Building floor plans and building sections, respectively.

The seal tank receiving the water from the reactor section and the sump
tank receiving the procesa water from the flash evaporator, ere enclosed in
this building for shielding and instrument maintenance realms. The equipment
is located on seven main levels so as to obtain building compactness and to
achieve proper hydrostatic balance between the seal-tank level, suction lift
to the flash evaporators, and barometric discharge to the samp tank.

The 30-in. water line from the Reactor Building enters the Process Water
Building through the control valve pit and then discharges into the J7 000-gal
seal tank. From this tank the process water flows successively through the
flash evaporators, sump tank, process-water pumps, and working reservoir, and
then to the reactor through a control valve in the Process Water Building,

All piping and pumps are shielded with about 1 ft of concrete and the
valve control handles are extended through the shielding. All instrumentation
and controls for maintaining proper process-water temperatures and flows are
centralized in the Process Water Building instrument room. Overhead cranes
and removable floor slabs provide accessibility to shielded pipes valves
pumps, etc. Each pump cubicle is shielded from it neighboring cubicle so that
repairs can be made during reactor operation.

7.3 MAJOR COMPONENTS OF THE SYSTEM

7.3.1 sump Tank. The sump tank has a capacity of 100,000 gal. The
primary functions of the sump tank are to receive the process water from the
flash evaporators and to supply it to the process-water pumps. The tank
normally contains a 3-min holdup of about 60,000 gal, This holdup is nec
essary for satisfactory operation of the process-water pumps. The addi
tional 40,000 gal capacity of the tank provides for the accumulation of water
m the event of failure of the process-water pumps. The sump tank also
receives process water via an overflow from the seal tank.

7.3.2 Process Pumps. Three 10,000-gpm 225-ft-head horizontal single-
stage double-suction centrifugal pumps, each driven by . 700-hp motor, are
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provided for lifting the process water up to the working reservoir. The

process pumps are constructed of cast iron since it has been found relatively

satisfactory in use with demineralized water, and since the area of the pumps

that is exposed to the water is quite small compared to the whole water system.

The use of two pumps to supply the 20,000 gpm required, with one stand-by

pump, affords the least amount of moving equipment yet offers reserve in case

of breakdown. Each pump is in a cubicle surrounded by 1 ft of concrete,

This provides personnel radiation protection and permits isolation and repair.

To prevent leakage of radioactive water from around the shafts demineralized

water under pressure can be added at the shaft seal. However, allowing the

active water to leak into drainage to the retention basin is not serious.

7.3 3 Working Reservoir. The purpose of the working reservoir is to

supply water ut a constant head to the reactor active lattice. In the event of

electrical or mechanical failure of the water-pumping system, the reserve

of an overhead water supply is most advantageous, If local boiling would not

occur in the active lattice and/or if a continual full water flow were not

required the pumps could deliver water directly to the reactor as is done at

Hanford,

The height of the working reservoir is based on the allowable internal

pressure for which the aluminum reactor tank is designed, Thus the working

reservoir is 170 ft above a horizontal centerline through the active lattice.

This elevation permits an increase of the process-water flow rate to the

highest value attainable with the present reactor tank and fuel elements.

The size of the working reservoir is based on a full process-water flow

of 20,000 gpm for 7-5 min, The 150 000 gal capacity of the reservoir can

provide this flow. There are several reasons that such a large reserve
capacity is desired. It is conceivable that an emergency condition may not be

recognized or acted upon for several minutes. Also during an electrical

outage the flow does not cease for half a minute and it takes another half-

minute to close the main water valve, In either of these situations an

appreciable quantity of reserve water may be lost In addition the reactor

must be cooled after it is shut down and by allowing a 1000 gpm flow to the

reactor for this purpose, about half the reserve can be lost in an hour.

Protection of personnel against radiation during reactor operation is
provided by a fence around the base of the working reservoir, Since approach
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to the reservoir is limited in this manner, and because of the height of the
reservoir, shielding of the tank is not necessary, Immediately after reactor
shutdown, radiation from the tank and pipes has been calculated (*"5* to be
above tolerance (up to 0.8 r per 8 hr) however they can be approached for
short periods for maintenance of instruments, etc,

7.3.4 Valve Pit„ The valve pit, at which all water flowing to the
reactor is controlled, was appropriately designed as a part of the Process
Water Building, In the pit there are two block gate valves which permit
isolation of the strainers, a flow meter, and a motorized control valve, all
of which are in the water line from the working reservoir to the reactor. This
provides for maintenance of these items, Ahead of the upstream block valve
there is an 8-in, -diameter pipe take-off which ties into an 8 in, demineralized-
water line and an 8-in, seal pump circulatory-water line, Each of these three
feed lines has an open closed motor driven valve. When the 20,000 gpm flow is
cut off by closing the main water-control valve, as after reactor shutdown, a
1000-gpm flow automatically by passes the main water-control valve and flows
to the reactor. The 8-in. line to the reactor also has two block gate valves,
a strainer, flow meter and motorized control valve in the valve pit. In
case of emergency both the main water-control valve and the control valve in
the 8 in, line to the reactor can be operated manually.

7 35 Seal Tank and Pumps, The purpose of the 17,000 gal seal tank is
to maintain a definite water level in the reactor tank by means of the outlet
weir during shutdown periods, and also to serve as a water supply source for
the flash evaporator intakes. During normal shutdown periods cooling is
provided by fresh demineralized water circulated at 1000 gpm through the seal
tank and reactor tank, During electrical outages a gasoline engine-driven
1000-gpm seal-tank pump can be utilized,

736 Flash Evaporators Flash evaporators are used for cooling the MTB
process water because they have been found to be the most efficient and
economical of all types of equipment examined. These stainless steel flash
evaporators, each 25 ft long and 8 ft in diameter containing about 5000 X-in.
cooling tubes, handle the 20 000-gpm flow and the 30,000 kw heat load of the
MTR, The H0°F process water from the reactor is sprayed into the flash
evaporators where the absolute pressure is 1-9 in, Hg>which is the saturation
pressure of 100°F steam. Part of the process water evaporates, thereby
cooling the bulk of the water, which falls, into the sump tank below, The
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evaporated water is condensed outside thewater cooled tubes and then rejoins the
m*in process-water flow. Thus the process water is not only cooled 10 F,
but it is degassed by the low pressure in the flash evaporators. During
start-up the air is removed from the water at a rate of 175 lb/hr and the
hydrogen and oxygen formed in the active lattice during reactor operation are
removed at a rate of 40 lb/hr, The water vapor pressure load under these
conditions is 425 lb/hr or about two third, of the total vapor pressure load.
At l.f.».. Hg about 32 lb of 125 psig steam per pound of gas removed is
required.

It is desirable to remove any gases in the water before returning it to
the reactor since otherwise excessive gas evolution will occur in the active
lattice where the water is heated and where hydrogen and oxygen are formed
by water decomposition due to irradiation

Analysis of gas solubility data for the MTR process water and existing
operating piles show the following

1. If nitrogen from the air is not removed from reactor-cooling
water it will be oxidized to nitrates under irradiation and
increase the reactor-water acidity and therefore the corrosive
aggressiveness on reactor structural materials in contact with
water,

2. The process-water cycle should be closed with floating heads on
storage tanks to prevent air absorption in water. If this is
not done the vacuum degassing system will have to be 35% larger,

3. With no re absorption of air the hydrogen and oxygen evolved
llZ ! oVo'VV r6SUlt °f deco,nP°si^on will almost saturate
water at 212F hence the water must be de-aerated before re
turning to the reactor

Instead of degassing the whole process-water stream, degassing of only a
by pass stream may be adequate However, owing to the present state of
knowledge, a conservative design demands degassing of all the process wa^er
Also^ it appears that if the process water could be completely demineralized
by the recently developed mixed-bed resxn deionization methods, the amount of
induced activity and the amount of hydrogen and oxygen gas produced in the
active lattice would be considerably reduced,
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Other methods considered for cooling the process water are given below,

each with the principal reason for rejection,

1. Outdoor spray cooling This involved dispersion of radioactivity
to the atmosphere and the pick up of dirt particles therefrom,

2. Refrigeration This was too expensive.

3. Heat exchangers These were satisfactory for neat rernqval but
expensive auxiliary degassing equipment would be necessary for
removing gases from the water,

7 3 7 Piping The 30 in. diameter pipe was selected primarily on the

basis of a maximum allowable pressure drop of 25 psi from the working reservoir

to the reactor tank. In the Reactor Building the main water line diameter

is 36 in, to allow for future expansion without any major excavations or

structural changes, The two 24 in diameter watar lines entering and leaving

the reactor tank are primarily to distribute the water flow evenly, Since

the greatest security against pipe rupture is desired in the line from the

working reservoir to the reactor tank, all valves, the flow Sister, and the

strainer are made of stainless stool; in other loontion* cost iron is used,

In the reactor structure the 24 in process-watar pipe is hung from the

structural steel by suspension hangers and ia free of any concrete contacts.

However, it is surrounded by a spiral welded-eteel pipe, and there is Zerolite

fiber packing in the annulus between the two pipes. The exit part of the pipe

is supported on the bottom stainless steel section of the reactor tank,

Stainless steel — clad pipe 20% or at least 1/16 in, thick, is used because it

is more economical than solid stainless steel. The process-water pipe outside

the reactor building lies in the ground whereas in the Reactor Building it is

suspended from spring loaded hangers in the concrete tunnel.

The only possible cause of water hammer in the process—water system would

be an instantaneous closing of the 24-in- main process-water-control valve

If this valve closed in less than 02 sec, the maximum possible increase in

pressure would be 385 psi if the closing time were 16 sec the maximum

pressure would be 4 psi. However since the valve is designed to close in

30 sec, the possibility of water hammer is eliminated. Failure of the pumps

lifting water to the working reservoir will not cause water hammer because the

reverse momentum of the water is quite low.

Pipe with %-in, thick walls is adequate to prevent collapse under vacuum

or bursting due to the internal working pressures. Temperature stresses are

not appreciable-
7 14



7.4 BASES FOR DESIGN

1.4.1 Flow Quantity and Heat Transfer, An over-all picture of the heat
transfer and flow characteristics of the MTR is given in this section. The

details of heat removal and water flow in the active lattice are discussed

thoroughly in Section 2.7.1.

The quantity of water required for cooling the MTR is determined by the
amount of heat liberated in both the active lattice and the beryllium reflector.

Because of the high neutron flux the amount of heat liberated per unit volume

is very large. Clean surfaces and high water velocities are therefore necessary

in order to obtain high heat transfer fluxes. Also, high water velocities
through the active lattice are required to carry away any bubbles of steam or

air that nay be formed. The water velocity provided through the active

lattice is 30 ft/sec.

It became apparent during early investigations with the MTR mock-up that

as much as a third of the total water flow was passing through the beryllium

reflector. Previous to obtaining these data it had been believed that 15000

gpm of process water would b-e sufficient for cooling the reactor. However, because
of the large amount of water passing through the beryllium, the process-water

system is designed for a total flow of 20,000 gpm. Th^s flow is based on

30,000-kw operation of the reactor. However, it is expected that the same

flow will be sufficient for operation at higher power levels.

The temperature of the process water increases about 20°F in passing

through a fuel assembly but the temperature rise of the 20,000 gpm total

water flow is only about 11°F. This is because of the relatively large amount

of water flowing through the beryllium.

Experiments conducted with a single fuel assembly showed that a 40-psi

pressure drop is sufficient to produce a 30-ft/sec water velocity through an

assembly. During the design of the MTB water system, it became apparent that,

if higher water velocities were desired, a higher head of water would be needed

in the working reservoir. Since the aluminum tank around the active section

is designed for a pressure of only 74 psig, and since this is the pressure

produced when the water is at its highest level (170 ft above the center of

the active lattice) in the working reservoir, the greatest theoretical water

velocity obtainable through the fuel assemblies is 42 ft/sec» This possible
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increase in flow velocity could increase the heat transfer film coefficient

only 31%. These two percentages are based on the assumption that the pressure
drop and film coefficient are respectively proportional to the 1„8 and 0.8
powers of the water velocity, Thus the design of the reactor tank limits the
heat transfer film coefficient attainable,

Th,e amount of water flowing through the active lattice also depends on
the fact that the pressure existing in the active section corresponds to a
particular boiling point, and the temperature of the water film adjacent to
the fuel plates must not closely approach this boiling temperature. Localized
hot spots in the active lattice determine how high the temperature of the
water film will be. Operation of the reactor will determine the highest
possible working temperatures of the process water in the active lattice.

7 4 2 Degasification. In the MTR it is necessary to maintain a high
heat transfer from the fuel elements to the passing water. In order to do
this, bubble formation due to dissolved gases in the water must be prevented
in the active section. If the amounts of dissolved gases in the process water
are kept below their saturation values at the active section operating pressures
and temperatures, no gas evolution will occur. The following discussion
describes briefly the degasification of the MTR process water and gives
pertinent data connected therewith,

The water in the process-water system has essentially no contact with
air since the tanks of the system are provided with floating heads. The
dissolved gases in the process water during reactor operation are thus com
posed of the H2 and 02 produced by water decomposition in the active lattice,
the air in the air-saturated demineralized make-up water, and water vapor.
However, when the reactor is started, either initially or after a complete
purge of the prbcess-water system, the system contains air-saturated fresh
demineralized water and functions primarily as a system in contact with air.
Although the demineralized water in contact with air in the demineralized
water storage tank will not come to saturation equilibrium, in order to have
a conservative design it is assumed that it does. Thus the gas load anticipated
during reactor start-up has the following composition: 4 to 8% H2 and 02 that
are produced in the active section 35% N2 and 02 from the air-saturated water,
57 to 61% water vapor, During continued reactor operation the contribution
due to the N2 and 02 from air-saturated water is greatly reduced since only
50 gpm of demineralized water is added as make-up.
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The rates of formation of H2 and 02 in the active section are related to
the quantity of radiated energy that the water absorbs; an approximation is
that one H2 molecule is formed for every 100 ev absorbed, but this may vary
severalfold depending on the purity of the water. The energy absorbed in the
process water of the MTR at 30,000-kw operation is 28.500 kw, or 1.8 x 102S
ev/secA2*' The rates of formation of Ha and 02 are then, respectively,
6.4 and 3,2 liters/sec at NTP.

The following two tabulations summarize the operating conditions in the
active lattice and the solubility of gases at these conditions. The gas
solubilities are calculated for the surface temperature of most of the transfer
areas of the fuel rods.

Active Lattice Operating Conditions

Temperature of entering water

Temperature of leaving water

Temperature of hot metal surface points

Temperature of mo3t me'£al surface points

Absolute pressure

Process-water flow

Reactor power

95°F

11S°F

240°F

212°F

1.5 atm absolute

20,000 gpm

30,000 kw

0 005 molarH,02"2 :oncentration

6as Solubilities at Active Lattice Operating

Conditions 212 F 15 atm

Nitrogen

Oxygen

Hydrogen

SO cc/liter

3 0 cc/liter
5 5 cc/liter

• • ii

13 5 cc/liter

The gas solubilites of the water under the conditions that exist in the

demineralizer tank and upon entering the process-water system are as follows:

Gas solubilities of Demineralized Water 95CF6 1 atm

Nitrogen
Oxygen

Carbon dioxide

7.17

9 4 cc/liter
4 8 cc/liter

0.2 cc/liter
14.,4 cc/liter



The amounts of the gases remaining in the process water when it leaves
the flash evaporator after having been degassed are given ia the following
taonlation. These values are calculated and indicate the approximate amounts
o*pected during operation.

Dissolved eases in negasified water 9*°¥, 18 in Hg

Mitrogea © l© cc/litar

Os'f" t.tS cc/H*»»

Hydrogen OK ec/litar

• 25 cc/liUr

In the following table are summarized the quantities of the various gases
and the total quantity of gases that the vacuum steam jet must remove. It is
necessary to remove the water vapor because it is carried along with the other
gases.

Vscuaa gtoaa Jat Load

Gases formed due to water decomposition

lydregwa 5 jj^
°*W SS In/a."

Gases fram air-saturated water

Nitrogen n0 lk/hr
°*V**a 65 Ityhr

Water vapor 425 H/bz

640 lb/kc

The above table is based on start up conditions, During .continued
operation the gas load from air-saturated water will be negligible.

74.3 Water Quality and Materials of construction. In selecting the
quality of water used for cooling the Materials Testing Reactor, the guiding
principle was to minimize the amount of total dissolved solids in the water so
as to maintain high heat transfer coefficients at the fuel asaaoolies. Any
deposition of material from the water onto the hot surface, of the fuel
assemblies could redaco the heat transfer coefficients to undesirable values.
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Any constituents in the water that would act as catalysts in the corrosion of
aluminum, beryllium, or stainless steel parts of the process-water system would
also be undesirable. For this reason it is necessary to minimize the amounts
of lead, nickel, copper, and chlorides in the water. An additional advantage
of a low mineral content in the water is that the amount of radioactivity
induced in the water is appreciably reduced, thus reducing shielding require-
ments of the system.

In the original heat transfer experiments it became apparent that the
water system should be constructed of stainless steel in order to minimize cor-
rosion and maintain a low mineral content xn the water. Columbium-stabilized
type 347 stainless steel was selected so as to facilitate welding. At a
later point in the heat-transfer experimentation program, it was found fea
sible to construct the MTR process-water system of cast iron. However
because of the limited experimental program and the resulting uncertainties in
the use of cast iron piping, the process-water piping is of stainless steel
while cast iron pump casings are used so as to minimize cost.

In comparing the MTR process-water system with water systems of other
reactors, it is found that the Materials Testing Reactor is the first recycling
natural-water-cooled reactor. The reactors at Hanford utilize coagulated and
filtered Columbia River water on a once-through basis, and thus the amount
of induced activity in this water is small, The heavy water pile at Argonne
and the higher-flux heavy water pile at Chalk River. Canada, have their heavy
water recirculated in a tank surrounding the fuel assemblies. The volume of
natural water in the MTR system is many times the volume ofwater in either the
ChaIk River or Argonne heavy water systems. It is interesting to note that
both heavy water reactors were operated for several years without any water
treatment, and in the course of this time the amount of iron and aluminum
hydroxides increased, The PH values of the water decreased to as low as 4
and the amount of induced radioactivity in the water increased to values that
necessitated removal of the dissolved radioactive solubles. At Argonne
ammonium hydroxide made from heavy hydrogen was added to the water to raise
the pH and thus reduce its corrosive effects on the aluminum parts. However,
thx. deve oped into a vicious cycle ih that owing to ionizing radiations the
mmonium hy roxide appeared to decompose to nitric acid once more reducing

the pH of the water in the system, The addition of more ammonium hydroxide
was required with a consequent build-up of total dissolved solids. The
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problem was solved at Chalk River by redistilling the D,0 and then demorali
zing the recirculating heavy water. This removed the accumulating dissolved
minerals and helped increase the »8 of the water to nearly 7, and at the same
time eliminated any catalytic iona that might have canaod corroaion in the
heavy water system. Provisions have been made ia the Ml* system to $dd fresh
demineralized water and to purge the same quantity of water from the system
so as to maintain a high quality circalating process watsr It is expected
that, when the MTR is in operation, the pnrge can be pat through a deminerali-
lation system and used as make up. With the recent development of mixed-bed
deionizers, the water in the system can be brought to a resistivity of practi
cally pure water, which is apparent fro* the following tabulation:

NeCl <»pm) RESISTIVITY <ofcm>)

1 00 lss.&oe

0 i° < ls*SV,»*o

e °1 II 5« 009

0 00 (para water) 2t.5»? *q*

Ever since the Hanford reactors have been operated, sodium dichromate and
sodium silicate have been added to the single pass water system to minimize
corrosion, and at one time it was believed that additions of similar reagents
should be made to the MTR water system, A few years ago the sodium silicate
addition to the Hanford water was removed and no increased corrosion or
scaling rate was found to occur. Although the additions of oodio. dichromate
have never been stopped, it is believed that they could be without increasing
corrosion or scaling.

The heat transfer experiments conducted at Oak Ridge differed from the
MTR system in that the water asod at Oak Ridge was cycled in an open system
whereby oxygen and nitrogen of the air were readily dis.olved. It is expected
that any gases in the MTR process water will be practically completely removed
by the flash evaporation process and therefore the corrosion rates may be
even less than those determined by the experiments conducted at ORNL.
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7»4»4 InduCOd Activity. Elements and sources which contribute to the
water activity can be listed under the following categories

1. Isotopes of oxygen in pure water itself.

2. Solutes in the water such as mineral impurities or dissolved
gases.

3. Radioactive and nonradioactive elements corroded from structures
in the reactor into the water,

4. Radioactive elements knocked into the water by recoil upon the
instant of neutron capture,

Radioactive isotopes formed from oxygen produce an enormous amount of
activity but lose their controlling influence in about 1 min because of their
short half lives, These isotopes are the primary source of induced radio
activity in the MTR process water. The dissolved impurities in the water form
the main secondary source ofwater activity. During the first minute the radiation
products of oxygen dominate radiation; Al28 (144 sec, 1.8 Mev) and Mg2T
(692 sec, 1,02 Mev) are the principal activities for the next 5 to 10 min.
Thereafter, Na24 (14,8 hr, 1,4 and 2.8 Mev) is the dominating radioactive
isotope for the 15~min MTR water cycle.

The cooling water system of the MTR reactor is a closed recirculating
system with a small percentage of purge and make-up water in order to control
the intensity of long-lived induced activity and the accumulation of corrosion

products.

When a recirculation system is employed,, regardless of the method used
for purge and make-up,, the number of radioactive atoms (N) at equilibrium when
production equals decay is given by

nvcrNAl - e^*4)
N - •

where

k(l - Fa)

nv - neutron flux, neutrons/cma-aec

a - absorption cross-section, ema

Np » concentration of target element, atoas/cc
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t - time of irradiation (time to pass through active
section), sec

process flow rate
F =

process plus purge flow rate

a - e c

t, - cycle time sec

k - transformation constant, sec"

The recoils from the aluminum in the active section can be calculated by(8'

where

(nv)<rNv(R)AD Jt .
P - dis/sec-cc

4G(1 - a)

R - recoil range, cm

A area of exposed aluminum, cm

D r density of aluminum g/cc

G ~ cycle flow rate, g/sec

The constants used in the activity calculation for the MTR reactor are

Flow rate 20,000 gpm

Purge rate 50 gpm

System holdup 350.000 gal (now 320,000 gal)

Cycle time 17.4 min

Irradiation time 0,08 sec

Slow flux 2 x 1014 neutrons/cm2-sec

Fast flux 1 x 1014 neutrons/cm2 sec

Exposed aluminum 10s sq cm
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The desired composition of the MTR process water, which is the composition
that is used in the activity calculation, is

Fe

Al

co2

Na

SiO„

0 05 ppm

0 05 ppm

2-0 ppm

2 0 ppm

10 ppm

Cl

Ca

Mg

A

025 ppm

0 5 ppm

0.5 ppm

0.6 ppm

The results of the activity calculations are summarized in Table 7.4.A.
The activities of the constituents in the process water and the total activity
for water containing 2 and 8 ppm of Na are given as functions of decay time,

745 Shielding The shielding calculations for the MTR process water
system were based on the induced activities given in the previous section. In
the calculations involving the process water piping it was assumed that the
source was an infinitely long cylindrical source with self-absorption. The
results of the calculations are given in Fig. 74 A which shows the thickness
of concrete shielding as a function of time. Separate curves are given for
water containing 2 ppm of Na and 8 ppm of Na,

The following discussion gives a brief summary of the shielding of the
process-water system The intensity of radiation from the process water
leaving the MTR active lattice requires 5 ft of concrete shielding within the
Reactor Building. Within the reactor this shielding is provided by the
biological shield outside the reactor the pipe tunnel underneath the basement
floor has sufficient concrete cover to meet the requirements. From outside
the Reactor Building to the Process Water Building 5 ft of earth covering bring
the inlet and outlet process water pipes below the local frost line this depth
is sufficient to protect personnel from radiations above tolerance. In the
Process Water Building the 12 to 18 in, concrete walls are adequate to
reduce radiations from the pipes, valves etc, to less than 50 mr/hr. No
special shielding is required on the working reservoir owing to its height
above the ground A fence about the working reservoir base provides adequate
protection by limiting the approach of personnel so that maximum daily toler
ances are not exceeded,

746 Cooling After Shutdown After an operating reactor is shut down,
the total heat liberated due to the absorption of gamma and beta radiation
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016{n,p)N16

o18(n.y)o19

Al27{n,r)Al 28
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»2? 24Al2/(n«a)Na

lfa5SCB,y}MB56
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from the fission products is given by the empirical equation

P ~ !87BFA[t °'2 (t v T)"0'2] Mev/sec

where

B •-- reactor operating level before shutdown, kw

F ~ conversion factor, fissions/sec kw

A - Reduction factor a reasonable value is 0,08, which is
an extrapolation to t •••• 0 from experimental measurements
of energy after shutdown <12> also, since at shutdown
14,7 Mev/fission of beta and gamma heat is released
compared to 187 Mev/fission during operation, the ratio
of the two heat values is 0 08 (i e., 14-7/187)•

t ~ time after shutdown, sec

7" - time of pile operation, sec

From the above it is found that at the instant of shutdown the reactor

heat falls from 30.000 to 2400 kw, of which 400 kw is in the beryllium
reflector. The reactor active lattice heat development at shutdown falls from

full power of 28,800 to 2000 kw or about a 1/15 reduction. Hence, although
the water flow through the active lattice at shutdown can be reduced about
1/15, the water flow through the beryllium reflector can be reduced only 1/3
since its heat generation falls only from 1200 to 400 kw. Depending on the
amount of excess water flow through the beryllium at full power, the total

flow can be reduced from 1/3 to 1/15 at shutdown, At any time t after shut
down, the flow required will vary as t~02. Calculations involving the varying
film heat transfer coefficient and varying flow show that with a 220°F fil

temperature and 90 F entering water, 270 gpm must pass through the active
lattice at the instant of shutdown, This gives a 50°F water temperature

rise. The ratio of flow in the active lattice to that in the beryllium is

estimated as 3 1- The following table gives the minimum process water flow

required at various times after shutdown (Table 7.4-B).

m
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TABLE 74 B

Minimum Process water Plow After Shutdown

TIME AFTER SHUTDOWN MINIMUM FLOW

'.hi) (gP»)

0 360

1 267

5 190

10 168

50 126

The shutdown cooling-water flow can be initially supplied by the reserve

water in the working reservoir and when the change-over can conveniently be
made, by a 1000 gpm pump circulating water through a circuit including only
the reactor and seal tank as major components. There are two 1000-gpm pumps

supplied one is electric motor driven while the other is gasoline engine

driven.

It is of interest to show that the water in the closed seal-tank and

reactor-tank circulating system will not reach a prohibitive temperature too
quickly as a result of accumulation of shutdown heat. This heat is given by
the equa t i on

q - j 30 000 x 0-08 [t ° 2 - (t •'• T)"0'2] dt kw-sec

where 30,000 kw is the operating power level of the MTR.

The water temperatures given in the following table are based on this
equation a pile operating period of 15 days and a 24 000-gal content of the
circulating system.

TABLE 7 4 C

Process water Temperature After Shutdown

TIME AFTER

SHUTDOWN (hi)

10

20

30

40

50

Btu x 10

7.5

12 0

15 5

18 5

21 5

7.27

WATER TEMPERATURE

(°F)

110

130

ISO

164

174



Water from the demineralized-water storage tank can be added to the reactor

seal tank system at any time in order to cool this cycling water.
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Chapter 8*

REACTOR COOLING-AIR AND CONTAMINATED-AIR SYSTEMS

The reactor cooling-air system and the contaminated-air system are grouped
together because the air from both is exhausted to the atmosphere through the
main stack. However, they serve entirely different purposes. , The reactor
cooling-air system provides a flow of air through the reactor for cooling
the graphite reflector; it is a secondary reactor—cooling system. The can-
taminated-air system removes radioactive gases from the hoods and caves af the
laboratories.

8.1 REACTOR COOLING-AIR SYSTEM

8-1.1 Introduction. Immediately surrounding the reactor tank is the

graphite reflector. This reflector is composed of a removable bed of 1-in.-
diameter graphite balls adjacent to the tank and a section of graphite blocks
between the balls and the thermal shield. Heating due to the absorption of
gamma radiation makes it necessary t© cool the graphite reflector. Because of

relatively low heat generation, air caoling is satisfactory. The caoling and
design of the graphite reflector are discussed in other sections. This section

will deal with the flow path and processing of the air going through the
reactor cooling-air system.

A schematic diagram of the reactor cooling-air system is shown by Fig.
8.1.A. The description of the system will in general follow the air flow

path, starting with the inlet air filters at the reactor faces and ending with
the stack.

8.1.2 Air Flow Data. The reactor is designed for normal operation at a
power level of 30,000 kw. The design air flow of 2000 lb/min and pressure
drop of 55 in. of water through the reactor cooling-air system are based on
maximum temperatures of 57Q°F in the graphite pebble bed and 508°F in the

permanent graphite at 45,000-kw operation of the reactor. The 28§0-lb/min

* ANL contribution.
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design flow consists of the following quantities:

Air flow through graphite

Air to cool top thermal shield

Allowed for leakage inward through experimental holes, etc.

Total

1610 lb/nun

250 li/rain

140 Ib/min

2060 lb/min

Subsequent calculations gave the air requirements as 1526 lb/min to cool
the graphite and experimental facilities, and 174 lb/min to coal the top
thermal shield, for a total air flaw of 1700 lb/min. Also', critical experi
ments conducted at ORNL indicated that the heat generation in the reflector

would be somewhat less than that used for the above calculations and the air

requirements would therefore be less. However, the design figures were
maintained at 2000 lb/min flow and 55 in. of water pressure drop since it may

be desirable and possible to operate the reactor at a power level as high as
«

60,000 kw at some time in the future.

The approximate pressure drops through the reactor air system for a flow

of 2000 lb/min are summarized in Table 8.1.A.

TABLE 8.1.A

Approximate Pressure Drops in Reactor A ir System

PART OF SYSTEM
PRESSURE DROP

(in.H20)

Inlet filters and ducts 1.6

Thermal shield 0.4

Graphite reflector 29

Exit ducts and stack 5.4

Total 36.4

The total pressure drop of 36.4 in. of water given above is considerably

lower than the 55 in. of water design value. Two factors enter to account

for the difference. First, the reactor cooling-air system is designed without

any filters on the exit air stream. If it should become necessary to add
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filters in the future, additional head will be required. Based on the filter
system used on the X-lO pile at ORNL, the additional head allowed for exit
filters is about 8 in. of water. Second, to assure that the air system will
be adequate for operation at a power level of 60,000 kw, the design head has
been further increased to 55 in. of water.

The above discussion has been concerned with the air flow through the
reactor air system during operation of the reactor. It is also necessary to
maintain a flow of air through the reactor after it has been shut down. This
flow serves to remove heat from the graphite reflector generated by the
absorption of gammas from fission product decay and from induced activity,
and also to prevent the escape of radioactive dust into the Reactor Building
during removal of experimental hole plugs. To provide adequate cooling of
the reactor after shutdown, a flow of about 135 lb/min is required. The flow
necessary to ensure that radioactive dust does not escape into the Reactor
Building is based on an air velocity of 150 ft/min directed inward along the
annulus between a plug and liner. The air flowing into this annulus flows
through holes at the inward ends of the liners and joins the reactor-cooling
air flowing upward through the graphite pebbles. A satisfactory design of
the experimental hole liners and plugs is obtained when the flow through the
reactor is about 400 lb/min; therefore, this is the design flow through the
reactor during shutdown. This is also the flow desired through the reactor
in the event of an emergency shutdown of the reactor. The pressure drop
through the graphite for a flow of 400 lb/min is about 0.5 in. of water, and
the design pressure drop through the entire system is about 2 in. of water.

Once the reactor has been placed in operation there will always be active
particles within the air passages. To prevent these active particles from
entering the Reactor Building, a basic requirement of the reactor air system
is that there always be a flow of air in the proper direction. Upon failure
of the main exhaust blowers and the auxiliary fans, this flow will be induced

by whatever stack draft is available.

After the reactor has been in operation long enough so that the reactor,

reactor air system, and stack are hot, there is a stack draft of about 0.5 in.
of water available. This is based on air temperatures of 200°F in the stack
and 90°F atmospheric. It is estimated that this draft would produce a flow
of 2000 to 3000 cfm through the reactor in the event of failure of all blowers
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and fans. This flow is sufficient to meet shutdown cooling requirements.

However, because of the possibility of a complete power failure within a short

time after reactor start-up, in which case there would be essentially no stack

draft, and because of the problem of radioactive dust escaping into the Reactor

Building, the reactor cooling-air system does not rely on stack draft to

produce the necessary shutdown air flow. This flow is provided by either of

the auxiliary fans. Only as a last resort, i.e., in the event of complete

failure of the blowers and fans, is the available stack draft utilized,

ADDITIONAL DATA

Air temperatures

Inlet to reactor 75 - 100°F

Outlet from reactor 185 - 210°F

Site elevation 4930 ft

Barometric pressure 12-25 psi

8.1.3 Inlet Air Filters. Air used for cooling a reactor will emerge

radioactive. The activity is due partially to gaseous atoms naturally occur

ring in air, such as argon, and partially to dust in the air. Not much can

be done to reduce the activity from the first, but the latter can be reduced

considerably by suitable filtering.

In the first considerations of the radioactivity problem of the MTR

cooling-air system, a filter design similar to that used for the pile at

ORNL was included in the exhaust side of the system. Further consideration

of the problem along with economy measures prompted omission of the filters

in the exhaust side of the reactor cooling-air system.

The only filters included in the reactor air system are the glass wool

filters at the inlets to the system. A brief description of the processing

the air encounters before entering the reactor is now given,

Normal atmospheric air enters the Reactor Building ventilation system

through coarse-fiber-glass or wire mesh prefilters. The air then goes through

an electrostatic filter of 90% discoloration efficiency before passing into

the Reactor Building, The Reactor Puilding is pressurized to about XA in.

of water so that leakage in through windows, doors, etc. will be kept to a
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minimum. The air entering the reactor is taken directly from the Reactor

Building and is filtered at the inlets by glass wool filters. There is an

additional small amount of air (about 2%) which enters the air system via

experimental holes without passing through the glass wool filters.

The elimination of the exhaust side filters, from the technical stand

point, is justified principally by a comparison of the MTR cooling-air system

with that 6£ the NRX pile at Chalk River, Ontario. The NRX pile has been

operated satisfactorily since about September, 1946, without exhaust air

filters. The air systems of the two reactors are similar in the following
respects:

1. The major portion of air entering the reactor has been filtered
to some degree.

2. The air does not make direct contact with the fuel elements, and
thus fission products from ruptured fuel elements will not enter
the air stream.

3. The air flows in direct contact with the graphite reflector.

4. The air flows in direct contact with the thermal shield; however,
the NRX shield is cast iron while the MTR shield is low-carbon
s teel.

5. The air is susceptible to pollution from accidents occurring
in the experimental facilities.

6. The exhaust air is not filtered,

7. The levels at which the effluent air is ejected into the atmos
phere are 2Q0 ft for the NRX pile and 250 ft for the MTR.

Rather extensive investigations have been conducted at the NRX with the

finding that it is not necessary to add exhaust filters to the NRX air system.

Based on this finding, the above general similarities, a more detailed com

parison of the NRX pile and the MTR, and economics, the exhaust filters were

omitted from the MTR air system. Should it be necessary to add exhaust filters

at some later date, there is sufficient space for them adjacent to the Blower

and Fan House.

The inlet filters are mounted in the inlets in the reactor faces. The

filters are Airmat Type PL-24 units made by American Air Filter Company. Six

units are mounted in a 2- by 12-ft opening in each pile face, giving a total

of twenty-four 2- by 2-ft units. The face velocity of the air entering the
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filters is about 350 ft/min. The pressure drop through the clean filters is
approximately 0.1 in. of water.

8.1.4 System Within Beactor structure. The system of duct work within
the reactor is shown by Fig. 8.1.B, and the schematic flow of air within the
reactor is shown by Fig. 8.1.A. In the design of the system within the
reactor it was necessary to meet the following requirements;

1. The air must enter the pile structure at a level higher than 8ft
above the centerline of the active lattice, and the exit ducts
must loop upward to a level at least that high in order for it
to be possible, m so far as the air system is concerned, to
flood the interior of the thermal shield with water.

2. All ducts must be arranged within the shield so that radiation
outward, both in straight-line paths and in "shine'' through the
ducts will not be sufficient to bring radiation at any point
outside the shield above permissible levels.

3. The air must enter the thermal shield around the outer edge of
its top and pass downward, cooling the inner and outer walls and
possibly the top and bottom of the thermal shield before passing
into a plenum chamber under the graphite. The air then must
flow upward through the graphite to a plenum chamber above the
graphite and out through exit ducts.

4. Exit air ducts must be shielded from the outside by the equivalent
ol 1 it of ordinary concrete.

5. Arrangement of the air ducts within the reactor structure must
not interfere with any experimental facilities.

The design shown in Figs, 8.1.A and 8.1.B essentially meets all the
above requirements.

The inlet system consists of four sets of filters, plenum chambers, ducts
and manifolds, one set in each wall of the reactor structure. The air enters
each set through louvers located near the top of each pile face. Back of each
set of louvers are six 2~ft-square filters and a2- by 2- by 12-ft plenum
chamber. Each plenum chamber is joined to the top edge of the thermal shield
by five or six 8-in,-square ducts and amanifold which is continuous around the
top of the thermal shield. A separate channel with adamper is provided in each
of the 8-in. ducts whereby asmall amount of air is by-passed for cooling the
top thermal shield. There is a total of 22 8-in. ducts. Each duct has one
90° elbow and connects to the plenum chamber and the thermal shield manifold
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at 90° to the principal direction of flow. Thus there are effectively three

90° turns in the inlet air system. The walls of the ducts are lined with 1-in.

steel plate to reduce gamma-ray leakage through the ducts.

The path followed by the air within the reactor proper is shown in

Fig. 8.1.A. The main air stream flows down between the walls of the thermal
shield, and some then passes directly into a plenum chamber beneath the graphite

while a portion flows between the top and bottom plates of the bottom thermal

shield before passing into the plenum chamber. The air from the chamber

passes up through the graphite pebbles and cooling holes in the permanent

graphite and is joined by air entering from the experimental facilities.

The air enters a plenum chamber above the graphite where it is joined by the

air by-passed to cool the top thermal shield. The air then enters the exit

air ducts.

The exit air duct system within the reactor consists of two 30-in.-square

ducts connected to the thermal shield at diagonally opposite corners of the

top plate and turned downward through the biological shield to carry the air

out below the basement floor. There are three 90° bends in each of these ducts,

as shown in Fig. 8.1.P.

8.1.5 Exit Ducts, The 30~in.-square ducts leading down through the

reactor connect to a single 48-in,-diameter steel duct beneath the basement

floor. This duct connects to a plenum chamber outside the Reactor Building.

An underground duct of 48-in.-diameter precast concrete pipe leads from this

plenum chamber to a plenum chamber beneath the Blower and Fan House. The

concrete duct is a minimum of 2 ft below grade so that the earth cover provides

adequate shielding against radiation,

8.1.6 Blowers,, Fans, and Auxiliaries. The blowers and fans of the

reactor air system are housed in the Blower and Fan House, which is described

in a later section, the reactor-air-systern equipment contained in it is

described here.

The blowers and fans for the reactor air system take their air from an

inlet plenum chamber beneath the building and exhaust it to another, also

beneath the building.

Blowers. There are three half-capacity blowers in parallel, one of which

serves as a spare, for cooling during normal operation of the reactor. Each
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blower is capable of delivering 1000 lb/min of 210°F air against a head of
55 in. of water, and is driven by a 250-hp motor.

The blowers are of the positive displacement type,, this type being

selected because of its adaptability to wide ranges of flow rates and pressure

heads. This is important since, while it is desired to have a flow rate
of 2000 lb/min, the pressure drop through the system initially will be con
siderably below the design value of 55 in, of water. Also, since the cooling
requirements may be below design calculations, it is desirable for t'he units
to operate economically at reduced flows and heads. The positive displacement
type of blower offers the most economical operation at the reduced requirements.

The blowers are electric-motor driven and receive power from the normal

commercial electrical supply only. Extra pulleys are provided with the blowers

to provide for the slower speeds at reduced requirements. These pulleys will
adequately cover the range from 700 to 1000 lb/min.

Auxiliary Fans, Besides the blowers there are two 400-lb/min fans for

emergency and normal shutdown operation, each' fan being in par a1le1 with
the three main blowers.. One of the fans is driven by an electric motor and

the other by a gasoline engine. The motor-driven fan receives its power from

the normal commercial electrical supply and from the site emergency power

supply and will be used during normal shutdown periods. The gasoline-driven
fan will be used for emergency shutdowns when both electrical supplies have

failed.

Valves. There are butterfly valves at both inlets and outlets of all

blowers and fans. The valves on the inlet sides are manually operated while

the valves on the exhaust sides are air operated, The valves on the exhaust

sides can seal airtight to permit removal of a blower or fan without outward

leakage of radioactive air. The valves on the inlet sides do not have to be
absolutely airtight since any leakage here will be directed into the reactor

air system.

Since the blowers are of the positive displacement type, it is necessary

to have both the inlet and outlet valves open when the blowers are operating. To

ensure this, limit switches are provided on both inlet and outlet valves.

These switches require both valves to be open before the blowers can be

s tarted,
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Also, because of the use of positive displacement blowers, it was necessary
to provide a by-pass around all the blowers and fans so that the stack draft
will be available to provide a flow of air through the reactor air system. The
by-pass is provided by a valve between the plenum chamber ahead of the fans
and blowers and the exit duct leading to the stack. This valve will be
operated manually,

8.1.7 Instrumentation and Control. In the description of the instru
mentation and control the flow path of the air will again be "followed, starting
with the inlets to the system.

There are four differential pressure indicators to determine the pressure
drop across the glass wool inlet filters. They are mounted locally on the
pile faces. Each indicator determines the pressure drop across the filters
on one side of the pile.

In the exit duct near the reactor is a pressure indicator to determine
the pressure in the air system at that point. The indicator is remotely
mounted in the Reactor Control Room and is equipped with an alarm to notify
the operator when the pressure has risen above a certain predetermined value.

Mounted in the concrete pipe line leading to the Plower and Fan House
is a venturi tube for determining the flow rate through the system. The flow
rate is indicated on a panel in the Blower and Fan House. Since the Blower
and Fan House is an unattended station which will have periodic inspections
only, the information for operation of the reactor air system is transmit
ted to the Process Water Building and the Reactor Control Room. The Process
Water Building serves as the center for operational information on the reactor
air system. The flow rate is therefore recorded at the control panel in
the Process Water Building, and there are low flow rate alarms at both this
panel and the panel in the Reactor Control Room, Besides the above, the
venturi information is transmitted to the reactor control system to automati
cally shut the reactor down on failure of the air system.

In the exit air duct near the Blower and Fan House is a pressure indicator
to measure the pressure in the system at this point. The information is
indicated on a panel in the Blower and Fan House.

The valves on the inlet sides to the blowers and fans are manually
operated, AH of them will normally be open, being closed only if necessary
to repair or remove a blower or fan.
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The main exhaust blowers are started manually within the Blower and Fan

House, To promote safe operation of the reactor air system,both of the

auxiliary fans start automatically on failure on the main blowers, and one may

then be shut down manually. However, in the event of failure of the one left

running, the other will automatically start again. The bearings on the main

blowers and their motors are provided with thermocouples to indicate bearing

temperatures and give an alarm at the panel in the Blower and Fan House. The

high bearing temperature is also indicated on a master alarm at the Process

Water Building panel.

A pressure indicator is provided in the duct on the exhaust side of the

blowers and fans, The pressure is indicated at the panel in the Blower and

Fan House and is for operational information.

There are radiation-measuring instruments in the main duct leading to the

stack. These instruments are located toward the stack from the point where

the line from the contaminated-air system enters this duct. Thus the instru

ments measure the total activities of the gases going up the stack. In general,

the contributions from the contaminated air system will be small or nil and

the measurements are essentially those of the reactor air system. The total

activity of the gases to the stack is determined by an ion chamber, while

that part due to active dust particles is determined by a particulate-activity

meter. The information from both is transmitted to recorders in the radiation-

instrument area of the Blower and Fan House, Alarms to indicate excessive

activity going up the stack are provided at the Blower and Fan House, Process

Water Building, and the Reactor Control Room panels,

8=1.8 Shielding. The shielding requirements of the reactor air system

are based on an air flow of 30,000 cfm throiugh the reactor at 60,000-kw

operation. These assumptions give shielding thicknesses which should be

adequate for all reactor operating conditions. To correspond to the 60,000-kw

operating level, an average flux of 4 x 1012 neutrons/cm2-sec throughout the

volume within the thermal shield was assumed. The volume of air subject to

activation by this flux is approximately 850 cu ft.

An examination of the elements normally occurring in air shows that it is

necessary to consider only the active atoms N16, 019, and A41, which result

from neutron capture by Nls, 018, and A40, respectively,
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In Table 8- LB are summarized the unit source intensities due to the
active atoms, along with other pertinent information.

TABLE 8.IB

Activity of Reactor-cooling Air

ORIG
INAL
ATOM

,15

^18

»40

ABUNDANCE IN
REACTOR AIR

AT 150°F
(aloma-xlO^yft?)

0.032

0.0045

0.049

ACTIVATION
CROSS

SECTION
(cm )

0.02 x 10

0.2 x 10

0.62 x 10"24

-27

•27

ACTIVATION
RATE 3

(ato»s/sec-ft )

2.56 x 10s

3.5 x 105

7,2 x 109

ACTIVE
ATOM

jl6

xl9

»41

UNIT
SOURCE

STRENGTH,
(Mev/sec-ft°)

3.12 x 10s

7.8 x 105

4 x 106

y
ENERGY

(Mev)

6-5

1.6

1.37

Using the source intensities given in Table 8.LB the shielding require
ments were determined with the use of standard shielding formulas. These
are summarized in Table 8.LC The shielding thicknesses which are mentioned
in other sections generally exceed the values given in Table 8.LC.

TABLE 8.1.C

Shielding Requirements for the Reactor Air system

SHIELDING THICKNESS

ITEM

Ducts in reactor building

2.5eft square
4«ft diameter

Ducts outside

4a ft diameter

Main blower cells
Outside walls (north and south)
Outside walls (east and west)
Intercell walls
Floor above inlet plenum chamber
Floor above outlet duct to stack
Roof above cells

Auxiliary fan cells
Floor above inlet plenum chamber
Floor above exit duct
All other walls

*Structural requirements only must be met.

TOLERANCE-
(r/8 hr)

0.005
0.005

0.05

0.005
0.005
0.05
0.05
0.05
0.1

0.05
0.05

8.13

CONCRETE
(in.)

11
13-5

6-5

STEEL
(in.)



8.2 CONTAMINATED-AIR SYSTEM

8.2.1 Introduction. The contaminated-air system removes radioactive

gases and acid vapors from the hoods and caves of the laboratories. This is
supplemental to the normal hood-ventilation system which removes air that is

relatively free from acid vapors and radioactivity. The off-gas openings of

the contaminated-air system provide a relatively high-velocity stream to

remove the active gases and acid vapors. Figure 8.2.A shows a schematic flow

diagram of the contaminated-air system. In general the description of the

system will follow the flow diagram.

8.2»2 Air Flow Data. The system is based on the removal of a minimum of

50 cfm of gases from each hood, with a maximum of 10 hoods in use at any

time. The system is sized for 500 cfm up to and including the scrubber. This

is adequate to provide for a considerable increase over the present number of

15 hoods, since it is expected that normally only about 15% of the total

off-gas openings would be in use at any one time. The capacity of the system

after the scrubber is 1000 cfm; this is to provide for the future disposal of

additional small volumes of radioactive gases. The pressure drop through

the system is approximately 25 in. of water.

8,2-3 System from Hoods to scrubber. The off-gas openings in the hood

are 2 in. in diameter and are provided with quick-opening caps. The lines

leaving the hoods are of 2 in. diameter. They connect to a 6-in. header

leading to the scrubber. All the ducts ahead of the scrubber are of acid-

resistant material. No shielding is provided for the ducts since the activity

contained within them will generally be small unless an appreciable build-up

occurs owing to deposits in the ducts. If the latter occurs, remedial steps

will be neeessary.

8.2.4 Scrubber. The purpose of the scrubber is to remove the acid vapors

from the gases. It is not important that radioactivity be removed since

the gases are ejected to the atmosphere through the main stack.

The scrubber has a packed column of Raschig rings. The removal of the

acid vapors from the gases flowing up through the column is accomplished by

the flow of a caustic solution down through the rings. The contaminated-air

inlet line to the scrubber extends down to below the minimum operating level

in the reservoir to prevent a back flow of vapors or radioactive gases to the

hoods in the event of failure of the exhaust fans in the system.
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The caustic-circulating system for the scrubber has two pumps, one of

which serves as a spare. The caustic solution for the scrubber is supplied
from a caustic mixing tank where the solution is prepared as required to
replace the depleted caustic solution in' the scrubber. To provide for periodic
sampling of the caustic solution a tap is provided at the bottom of the
reservoir.

Since the amount of radioactivity which the scrubber may contain at any
one time is very indefinite, the scrubber is not provided with shielding.
Again, if necessary, this'can be readily provided at a later date.

8.2.5 Exit Duct from Scrubber. The exit duct from the scrubber is an

8-in.-diameter carbon-steel pipe with suitable protective covering. The duct
leads underground from the Reactor Building«wing basement to the Blower and

Fan House, where it connects to the exhaust fans. The earth cover provides
adequate shielding against radioactivity.

8.2.6 Exhaust Fans and Auxiliaries. Exhaust Fans. There are two full-

capacity fans in parallel to provide the flow of gases through the contam
inated-air system. One of these fans serves as a spare. Each fan"is capable
of delivering about 1000 cfm of air against a head of approximately 25 in, of
water. The fails are of a standard centrifugal type and are motor driven.

Motors of both fans are connected to both the normal commercial electrical
supply and the site emergency power supply.

Valves. Butterfly valves are provided at both the inlet and outlet to

each fan, The inlet valves are manually operated while the exhaust valves

are air operated. The exhaust valves can be sealed airtight to permit repair
or removal of the fan without leakage of radioactive air into the Blower and
Fan House. It is not necessary to have the inlet valves seal airtight since
any leakage is into the system.

8»2.7 Instrumentation and Control. The order of the following description
will follow the flow diagram shown in Fig, 8,2,A, starting at the off-gas
openings in the hoods.

There is a locally mounted pressure indicator in the off-gas line near
each hood, This will inform the experimenter that there is or is not suffi
cient static head for him to use the off-gas opening.
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At the scrubber, instrumentation is included to provide the following
operational information:

1. Static pressure head at inlet of air line to the scrubber.

2. Pressure drop in the air passage through the scrubber.

3. Level of the caustic solution in the reservoir.

4. Temperature of the solution in the reservoir, which is desired
during the neutralization of the depleted caustic with sulfuric
acid,

Pressure indicators are provided at the caustic-circulating pumps. These
indicators are locally mounted.

A pressure indicator is provided near the inlets to the exhaust fans.
The indicator is mounted on the panel in the Blower and Fan House.

Radiation-measuring instruments are located in the duct leading from the
exhaust fans. There is an ion chamber to determine the total activity of the
gases from the scrubber and a particulate-activity meter to determine the
radiation due to active particles in the gases. The information from both
instruments is recorded. The recorders are located in the area of the Blower
and Fan House that is designated solely for radiation instrumentation.

8,2.8 Shielding. It was difficult to estimate what the activity of the
gases going through the contaminated-air system would be under actual operating
conditions, The maximum radiation intensities of experiments conducted in
the laboratory hoods and caves will be 1 and 10 curies, respectively. To
arrive at some shielding requirements it was assumed that the activity is
emitted at a rate of 0.01 curie per minute and that the gamma energy is 2 Mev.

The shielding requirements arrived at using standard shielding formulas
and the above assumptions are summarized in Table 8.2.A.

Based on the shielding requirements listed in Table 8.2.A it was decided
to provide no shielding of the contaminated-air system except the cells
for the exhaust fans. The 8 in. pipe from the scrubber to the Blower and
Fan House is shielded by an adequate earth cover, and the calculated radiation
from the lines preceding the scrubber is small enough to make shielding
of them initially unnecessary.
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TABLE 8.2.A

Shielding Requirements for lie Contaminated-air System

ITEM

1

'TOLERANCE
'•• (r/8 hr)

SHIELDING

MATERIAL
THICKNESS

(in.)

2- in. pipe 0.3
(at pipe)

Steel 1/16

6-in. pipe 0.3
(at pipe)

Steel 1/4

8-in. pipe outside 0.05 Earth 3

Fan cells

Outside walls 0.005 Concrete 2.5

0.005 Steel 1

Motor room wall, east-north 0.005 Concrete 2-5

0.005 Concrete 6

Intercell wall 0.05 Concrete *

Roof 0.1 Concrete *

*Stfructural requirements only must be met.

8.3 BLOWER AND FAN HOUSE

8.3.1 Introduction. The Blower and Fan House contains the blowers and

fans for the reactor-cooling- and contaminated-air systems along with their

associated equipment. The equipment, function, and some phases of operation

have already been discussed in Sections 8-1 and 8.2. The present section

describes the general layout of the building equipment.

The general layout of' the building is shown in Fig. 8.3.A. The building

is a single-story structure and is located several hundred feet east-southeast

of the Reactor Building.

8.3.2 Air Ducts and Plenum Chamber. The underground duct of the reactor

cooling-air system enters the building at the north end of the west wall.

This duct connects to a plenum chamber beneath the reactor air system blower
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and fan cells. The plenum chamber extends slightly beyond the full length of
and building. Starting at the west wall of the building, the exhaust plenum
chamber also lies beneath the blower and fan cells and roughly parallels the

inlet plenum chamber. The main exit duct to the stack is essentially an
extension of the exhaust plenum chamber. The top of the duct is approximately

at grade level. The plenum chambers and duct just described are constructed

of poured concrete. Manways to the plenum chambers are provided. The by-pas

valve linking the inlet plenum chamber to the exit duct is located at the east

end of the inlet plenum chamber.

The duct of the contaminated-air system enters the building below grade

at the south end of the east wall. This duct leads to the exhaust fans,

and an exhaust duct leads from the fans, beneath the building floor, to

connect with the main exit duct near the east wall of the building.

8.3.3 Blower and Fan Cells. The blower and fan cells for the reactor

cooling-air system are located along the north wall of the building while those

for the contaminated-air system are at the southwest corner. The inlets and

exhausts to all blowers and fans are through the floors of the cells. The

walls of all cells are of poured concrete construction. Poured concrete is

used instead of masonry because it provides a more uniform and dense shield.

The walls of all cells which form a part of the building external wall and

the external walls of the reactor main blower cells are 1 ft thick. The

remaining cell walls are 6 in. thick. These thicknesses are more than adequate

for shielding requirements.

Each cell has a door which opens to the interior of the building. These

doors are for convenience during periodic inspections and minor servicing. In

an outside wall of each cell is a large double door. These doors provide

access to the cells for installing, replacing, or making major repairs of the

equipment. All doors are of steel and provide adequate shielding.

There is a plugged drain opening in each cell. The drains are provided

for use during washdowns of any contaminated equipment within t'h'e cells.

These drains, along with the one in the main exit duct, drain to a sump

beneath the building floor. The waste is pumped from the sump to the re

tention basin.

8.3.4 Miscellaneous. Besides the blowers, fans, and associated equip

ment, the Blower and Fan House contains the recording instruments for the
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radiation measurements of the activity of both reactor and contaminated-air

systems. The recorders are situated in an area at the east wall of the

building where they are convenient to the exit ducts from both air systems.

8.4 STACK

841 Introduction.. The air from the reactor and contaminated-air

systems contains more radioactivity than can be safely discharged to the

atmosphere at ground level in an inhabited area. Thus it is necessary to eject

this active air through a stack of considerable height. This results in the

diffusion of the activity over a large area, thereby greatly reducing the

hazard presented by the active gases.

8.4-2 Activity of Stack Gases. The activity in the stack gases due to

air from the contaminated-air system will generally be negligible compared to

that due to the air from the reactor. Thus the design of the stack is based

principally on the radioactivity of the reactor-cooling air.

The activity of the reactor-cooling air is due to radioactive particles

and gases. For obvious reasons, the activity due to particles does not lend

itself to calculation. Therefore the activity of the stack gases is considered

to be that due solely to the 110-min half-life A41 (argon) formed in the

reactor.

The rate of activation of the argon in the reactor—cooling air is given

by

Activation rate = (JWVcr y

where

j) = average flux over volume V, neutrons/cm— sec

N = number of A40 atoms per ft3

c - activation cross-section of A = 0.62 x 10"24 cm2

V = volume of region, ft3

The activation rates for the various regions are summarized in Table 8.4.A.

The term "air in graphite"' refers to the air spaces naturally occurring in

graphite.
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TABLE 8.4.A

4 1
Production of A in the MTR

REGION
VOLUME FLUX, $ ACTIVATION RATE

(ft3) (neutrons/cm - sec) (atoms/sec)

Graphite ball z one

Voids 130 6.75 x 1012 3.1 x 10>2
Air in graphite 52 6.75 x 1012 1 24 x 1012

Permanent graphite zone

Cooling h oles 8.6 2.1 x 10J2 0.06 x 10*2
Beam RTole annuli 2 1.4 x 10*2 0.01 x 1012
Air in graphite 275 1.4 x 1012 1-36 x 1012

Plenum ghambers

Top 201 1 75 x 10}1 012 x 10*2
Bo t torn 175 35 x 1011 0.22 x 1012

Total 6.11 x 1012

The 6.11 x 101 atoms/sec activation gives a total activity of about
1500 curies/day for 30,000-kw operation with a thermal flux of 2.5 x 1014

neutrons/cm2-sec at the center of the reactor. This amounts to a concentration
of about 2,5 x 10'3 microcurie/cc at the stack exit. This is 2500 times
the tolerance value of 10"6 microcurie/cc for A41 in the atmosphere,

8.4.3 Stack Height-„ The stack height depends on the amount of dilution

necessary to reduce the concentration of the radioactivity to below tolerance

before it reaches ground level. This involves consideration of the meteorolog-
ical conditions encountered at the MTR site. The stack is located near the
southeast corner of the MTR site. Since the winds at the site are predominantly
southwest or northeast, the exhaust gases from the stack generally pass over
the relatively uninhabited southeast corner of the site. Thus, from the
standpoint of wind direction the stack is well situated.

Calculations of stack height necessary were made using 0, G. Sutton's
diffusion equation and also various other geometrical interpretations. Using
the results from these calculations and experimental information from published
literature, the stack height for the MTR was established at 250 ft. This
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height is believed adequate to ensure that exposure to the radioactive stack
gases will not exceed tolerance anywhere on the site. Also, it is believed
sufficient to prevent a dangerous increase of background activity due to the
deposit of active particles on or off the site.

In order to give some indication of the activity at ground level due to
the stack gases, the results of several calculations using Sutton's equation
are included. Sutton's equation yields a relation which says that the distance

from the stack at which the maximum activity at ground level occurs is indepen

dent of wind velocity. For a 250-ft-high stack this distance is about 3600 ft;
this is well outside the MTR site which lies within adistance of about 1600 ft
from the stack. The maximum concentrations at ground level for the 250-ft
stack are calculated to be 1.56 x 10"12, 0.31 x 10"12, and 0.156 x KT12
curie/cc for wind velocities of 1, 5, and 10 mph, respectively. Also based
on Sutton's equation, the wind velocity necessary to reduce the argon activity
to tolerance (10"12 curie/cc) at ground level on the site is about 0.15 mph.
A meteorology report(2l) on the Reactor Testing Station Area states that winds
of 0 to 3 mph occur 15 to 20% of the time. Thus, based on Sutton's equations,
the activity at ground level should very seldom, if ever, exceed tolerance.

8.4.4 Stack Diameter. The exit diameter of the stack is 5 ft. This is

based on the exhaust volume of the gases and the desired exit velocity.

The volume of air exhausted from the stack at present is about 41,000 cfm,
of which a minor portion comes from the contaminated-air system. The diameter
of the stack is based on a maximum flow of 80,000 cfm so as to provide for
future additional requirements. It was desired to have the exit velocity
as high as practical so as to minimize "downwash," a term referring to gases
drawn downward in the vortices formed in the lee of a stack With regard to
stack noise and friction losses, a maximum exit velocity of 4,000 fpm can
easily be tolerated The exit velocity for the present flow is then about
2000 fpm. This velocity is sufficient to prevent "downwash" from conveying
the highly active stack gases to the turbulent air around the buildings, a
phenomenon which would give intolerable concentrations of radioactivity near
ground level. The stack diameter of 5 ft provides the 2000-fpm exit velocity.

8,4.5 General Construction. The stack is constructed of reinforced
concrete. There is a ladder extending the entire height of the stack. Light
ning arresters are provided at the top of the stack. Aircraft obstruction
warning lights are not provided.
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Chapter 9

SITE AND BUILDINGS

9.1 SITE PLAN

An artist's sketch of the MTR site is shown in Fig. 9.1.A. The Materials

Testing Reactor site plan is shown in Fig. 9.I.B. The layout shown by these

figures is based on consideration of the following major factors:

1. The building or facility function and its relation to the re
actor and other facilities.

2. Accessibility to and from the site and facilities from the
viewpoint not only of function but also of security.

3. Contamination and pollution as they affect other facilities,

a. Wind direction.

• b. Deep water direction.

c. Subterranean drainage.

d. Surface drainage.

4. Power, railroad, and highway connections.

5. Topography of the MTR plot.

a. Flat terrain for the quarter-mile beam.

b. Natural drainage for the retention basin.

c. Overburden.

6. Security.

a. Fire fighting.

b. Patrolling.

7. Future expansion of initial facilities.

8. Future buildings and facilities.

9. Most feasible and shortest piping, air duct-s, wiring, fencing,
roads, and walks.

The general layout of the site is centered around the Reactor Building in

an area where the terrain is reasonably level. The level terrain is necessary

*ANL contribution.
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since beam experiments may be conducted at distances up to one-quarter of a
mile from the reactor. The location has a minimum of 40 ft of overburden
above the underlying rock strata, thus eliminating costly and time-consuming
rock blasting for the extensive foundations of this building.

The site area is divided into two general areas. A"limited" or "clean"
area containing most of the nonradioactive operations and service functions is
separated by a fence from an "exclusion" or "hot" area containing the reactor
and its closely related radioactive auxiliaries. The exclusion area is
approximately the south half of the plot. Since the subterranean and deep
water flows are to the southeast, this location decreases the possibility
that escaping radioactive water may flow toward the wells located in the north
portion of the limited area. The most prominent wind direction at the site is
from the southwest, and the direction of secondary frequency is from the
northeast. Therefore the stack for the exhaust of reactor-cooling air is near
the southeast corner of the site.

The main entrance to the site is at the west side of the limited area.
This location permits personnel to travel to and from work without going
through the area into which the exhaust reactor-cooling air is generally
swept. With the main entrance on the limited area side, the number of persons
entering the exclusion area can be kept at a minimum. The laboratory facili
ties are housed in the Reactor Building wing adjacent to the west side of the
Reactor Building. This presents the closest approach of these two buildings
to the site main entrance gate. Personnel for both buildings enter through
a single entrance located on the west side of the laboratory wing, thereby
keeping the Reactor Building free of persons not having specific duties there.

The Process Water Building and working reservoir are located east and
slightly north of the Reactor Building. This location effects a reasonably
close approach both to the reactor and the water supplies located in the
limited area. Effluent control, the retention basin, and the effluent pond
are m the southeast corner of the site because of the direction of the
undersurface water flows.

The arrangement of facilities in the limited area has the Services
Building near the main site entrance and the canteen located centrally. The
various water-storage, pump, and treatment buildings lie north of the Process
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Water Building and are arranged approximately in the sequence of flow starting
from the wells near the north fence and going south to the various points of

usage.

In accordance with AEC security regulations all facilities are located a

minimum of 150 ft inside the perimeter fence. The perimeter fence is made of

8-ft-high chain-link fencing topped with three strands of barbed wire angling
outward. The limited and exclusion areas are separated by similar fencing.

A truck trap is provided at the main entrance to allow thorough guard in
spection of vehicles entering or leaving the site. Limited- and exclusion-
area control houses are provided at the entrances to each area. These serve

as guard stations for badge exchange and personnel screening. A patrol road
encircles each subarea and is located within approximately 25 ft of the site

perimeter fence. A stationary lighting system provides continuous lighting
during hours of darkness. Pendant luminaries with refractory lenses designed
so as to direct most of the light in the direction needed are used. A portion

of this lighting circuit is on the emergency power system.

Largely for purposes of fire protection all buildings have a minimum of

50 ft separation from adjacent buildings.

A parking lot for vehicles not used on the site is provided outside the

west perimeter fence near the main entrance.

Sufficient space remains for future additions to the Reactor Building

wing , Process Water Building, Cooling Tower. Water Treatment Building, and

Boiler House. Also, space is provided for future facilities such as an ad

ministration building, reactor service building, cafeteria, and hot laboratory.

The plot plan originally conceived for the Idaho area, was considerably

larger than the one shown in Fig. 9.1.A. The north- south dimension was slightly

longer and the east-west dimension was approximately 900 ft longer. When

economy forced a cut-back of the facilities planned for the reactor, the site

was decreased in size. The sewage treatment plant remains in its original

location, which is now outside the perimeter fence. As this plant is a

potential source of odors, it is isolated as much as is practical.

9.2 REACTOR BUILDING

An artist's sketch ofthe Reactor Building and wing is shown in Fig.9.2.A.

This figure shows the architectural treatment of the two adjoining buildings.
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The wing is in the foreground, and on its west side is the main entrance to

the two buildings.

9.2.1 General Building Details. The height of the main portion of the

building is based on the requirements of the main building crane. The main

hoist of the crane has a capacity of 30 tons. The 30 ton hook is 30 ft above

the reactor top when at its highest position. The upper limit of travel is

governed entirely by the height necessary to permit hoisting the top plug

over the railing around the reactor top. The crane capacity is such that it

can handle the 22-ton coffins for dummy plugs and also heavier coffins for

probable experimental plugs. A 5-ton auxiliary hoist is available on the main

crane, since this load capacity is sufficient for the major portion of crane

work. Since the auxiliary hoist has a higher lifting speed, jobs under 5 tons

can be dispatched in less time than if the relatively slow 30-ton hoist were

the only one available. Each hoist on the main crane has sufficient cable to

provide a 75-ft lift, which length is sufficient for operations involving the

placing of objects into or taking them out of the canal located below basement

floor level. The crane span of 100 ft gives coverage between the control

room balconies and the east outside wall. The bridge can travel along the

full north-south building dimension. This wide working latitude of the crane

permits servicing of the entire operating area of the first floor.

The ventilation requirements of the building are consistent with standard

practice. Six air changes per hour prevail in all areas except the reactor

room, the instrument room, and control room. The six air changes exist in

such areas as the sub-pile room, the vault, and the canal tunnel. As the re

actor room is 75 ft high, only two air changes per hour are provided in this

The entire Reactor Building is pressurized to a minimum of 1/8 in.

water. This promotes air leakage out of rather than into the building and

thereby tends to prevent outside dust particles from contaminating the filtered

building air. This is important since the reactor draws its cooling air

supply from within the building.

The instrument and the control rooms are air-conditioned and humidity

controlled. The actual quantity of air used in these two rooms is governed by

the heat load involved. Seventy-five percent of the air is recirculated.
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These two rooms have a slightly higher static pressure than the remainder of

the building.

9,2.2 First Floor. The building, the layout of which is illustrated in

Figs. 9.2.B, C, and D, is planned around the first floor area. Figure 9.2.B

shows the first floor plan. Survey work among the scientific personnel

interested in conducting experiments on a high-flux reactor such as the MTR

revealed that some experiments required apparatus reaching out 25 ft from a

reactor face. History of experimental work indicates that this distance has

grown rather steadily in the past few years. Assuming that the high flux

available in the MTR would speed up this trend of elongated apparatus, an

additional 15 ft is available. An 8-ft traffic aisle remains when experi

ments require all of the 40 ft allowed. To provide this space for experimental

apparatus the first floor is approximately 130 ft square.

The first floor area is kept as free as possible of permanent equipment

so that few areas are restricted from experimental apparatus. The instrument

and the control rooms are on the second and third floor levels, primarily to

avoid first floor congestion.

The features of the first floor and the reasons for their existence are

as follows:

Stairways Stairways in the northeast and southeast corners are for

traffic between the first floor and basement; stairways in the northwest and

southwest corners are for traffic between all floor levels. This number of

stairways is necessary not only for convenience, but also for safety considera

tions. The stairways are encased to provide fire wall protection. A one-way

escape door is located on the first floor level of each stairwell. The

southwest stairwell contains the main entrance door into the Reactor Building.

A similar setup is provided in the northwest stairwell; however, this door

should be normally locked so that only one screening point is necessary for

personnel entering the Reactor Building.

Truck doors Two truck doors are provided, one in the south wall west of

the north south building centerline and one in the north wall east of the same

centerline. These two are necessary for ease of vehicle movement, particu

larly in the event that the quarter-mile beam experiment is installed. The

doors are made sufficiently large to allow a highway-size tractor-trailer unit
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to be brought into the building. To cut down the amount of dirt carried into

the building, cold drains are available directly inside the truck doors to

allow for hose cleaning of vehicle wheels.

Elevators. For convenience of operators and visitors, a passenger

elevator operates between the basement and control room levels with outlets on

all floors. A 10-ton hydraulically operated freight elevator operates between

the first floor and basement, and has an intermediate stop at the Reactor

Building wing basement level. This freight elevator provides for the normal

movement of supplies and equipment between floors. The elevator has a 10- by

14-ft platform; it is capable of handling a 7000-lb-capacity electric fork-

lift truck with a fully loaded skid on the forks.

Removable floor slabs. The first floor has two 8- by 8-ft removable

floor slabs, one located directly over the canal, and the other over a clear

area of the basement. The first permits heavy coffins to be placed into or

taken from the canal, while the second allows heavily shielded apparatus to be

placed onto or taken from the basement floor.

Top plug storage. To accommodate storage of the top plug during the re

actor loading and unloading operations, a 6-ft-diameter hole is located near

the southeast corner of the building. The hole is placed so that adequate

working space is available on all sides of the plug. The weight of the top

plug is carried on the first floor slab by the plug cover flange. In this

position the magnet end of the plug is at a convenient working height above

the basement floor.

First floor thickness. As protection for personnel working in the base

ment when "hot" experiments are being conducted on the first floor and to

protect personnel on the first floor when the reverse situation is true, the

floor is 3 ft thick in a zone of approximately 25 ft around the reactor. The

thickness is an arbitrary one which gives good shielding and yet is within

practical construction limits. The 25-ft distance is the most likely zone for

"hot"' work.

Floor loading The first floor loading is the result of studies of

probable loads resulting from lead shielding walls and plug coffins. The

floor designed for these concentrated loads allows 900 lb per square foot of

uniform load. Concentrated loads in excess of 4000 lb per square foot can be
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sustained.

First floor services. The most frequently used services are steam,

compressed air, filtered water, and 110-volt single-phase and 220-volt three-

phase current. Outlets for these services are provided at numerous spots on

the reactor faces and at two locations on each of the north, east, and south

walls of the building. Sufficient space is available at these outlet locations

for future additions.

Facility holes. Since it is impractical to install all services which

are desired by the experimenter, the so-called "facility holes" are placed in

the first floor at likely points of use. By means of these holes, special

services can be added by running leads from the source of supply along the

basement ceiling and through the hole nearest the user. This will prevent

cluttering the first floor and the reactor faces with future piping.

9.2.3 Second and Third Floors. The layout of the second and third

floors is shown in Fig. 9.2.C, as mentioned in the discussion of the first

floor: the instrument and control rooms are on the second and third floor

levels. These two rooms operate much as a unit with the instrument room

having the amplifiers and relays and the control room having the indicating

and recording instruments for reactor operation. The control room is at the

higher level so that conduits and raceways do not come from an overhead

position.

The third floor level is at the same elevation as the reactor top. This

gives a level 4-ft walkway between these two areas. This walkway provides the

main access path to the mechanisms located on the reactor top.

The second and third floor levels extend completely across the building

even though the two primary rooms require somewhat less than half the total

area available. A rest room, toilet, chart storage room, stairwells, elevator

shaft, reactor operator's office, and probable office space for reactor

operating or technical personnel occupy the remainder of the space.

Standard metal partitioning is used for the wall construction around the

instrument and control rooms, adding flexibility to the design. These rooms

can be made larger or smaller or additional rooms can be added without up

setting reactor operations. The wall construction used is completely sal-

vable.
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The instrument room is restricted to all but instrument maintenance and

repair personnel. For the convenience of these technicians, a special stair
way between the instrument and control rooms is provided.

Other features of these floor levels are the following:

Balconies. There are corridors on the reactor side of this section of

the building. A railing along the reactor side of these corridors allows
them to be used as observation balconies.

Toilet and rest room. This facility is located on the third floor for
the convenience of the reactor operators.

Reactor operator's office. This office is for the reactor shift supervi
sors and the operators themselves. It is placed adjacent to the control room
for their convenience.

Assistant Superintendent's office. The Assistant Superintendent is
defined on the tentative organization chart as being the man directly in
charge of reactor operations. For this reason his office is on the third
floor at the end nearest the passenger elevator. The office has a window
overlooking the reactor and the first floor.

Additional floor area. The remaining area on these floors is not sub
divided. The operating contractor can subdivide to suit his organizational
setup.

9.2.4 Basement. The Reactor Building basement has the same outside
dimensions as the first floor. The floor elevation corresponds to that of the
sub-pile room. The general layout is shown in Fig. 9.2.D.

The sub-pile room is directly below the reactor and is a shielded room
allowing access to several experimental facilities and reactor components.
The experimental facilities include two VG holes which originate at the top
of the reactor and terminate in the sub-pile room, the two standard hydraulic
rabbit tubes which extend up alongside the active lattice, possible hydraulic
rabbit tubes to be inserted into the shim or control rod locations, and
possible VT holes extending from the top of the reactor through the shim rod
locations. In addition to serving these facilities, the sub-pile room permits
access to the canal and to several reactor components for maintenance, repair.
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or replacement. These include items such as the reactor bottom plug, neutron

curtain, and unloading machine. Heavy lead shielding doors are available on

each of the two sub-pile room entrances to provide protection for personnel

outside the room during reactor unloading operations. Service connections for

compressed air, demineralized water, warm drain, electricity, telephone, and

hot exhaust are located in this room for the benefit of those conducting

experiments.

The remaining facilities of the basement and their functions are as

follows:

Canal. This is designed for the handling and storage of radioactive

materials in general and spent fuel elements in particular. The canal and its

facilities are discussed fully in Chap. 6.

Storage vault. This vault is designed in accordance with security

regulations. Walls and ceiling are of 1-ft-thick reinforced concrete. The

entrance door is a Merchandise Vault Door, Class D, The vault is primarily a

storage place for nonactive fissionable material.

Monitoring room. This shielded room contains the instruments and other

equipment used in the continual monitoring of reactor cooling-water temperature

and flow and to detect fission breaks in the fuel elements. In addition,

instrumentation for the log JV measurements is located in this room.

Sumps. Three sumps are located below the basement floor; each one is

set at an elevation that provides gravity flow toward it. The canal sump is

provided as the pumping point for the canal cooling-water overflow and for the

water resulting from draining the canal or sections of the canal. The process-

water sump collects water which might possibly, but not probably, pick up

some radioactive contamination. The sump is both a retention and a monitoring

station. The effluent sump contains a collecting tank where water that has

a higher degree of radioactive contamination can be collected and held if

necessary.

Piping and conduits. Process piping and duct work are installed in

tunnels under the basement floor. This is necessary not only to properly
shield them but also to keep them from occupying basement space. The bulk of

the electrical conduits, excluding reactor control and instrument circuits, are
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also placed under the floor since there appears to be little need for mainte

nance or repairs on such lines. Service piping and reactor conduits are

suspended from ceiling hangers, for it is anticipated that changes and repairs

on these lines will be necessary from time to time. Groupings of service

outlets are set along the outside basement wall in a fashion similar to

those on the first floor.

Experimental area Much of the remaining open space in the basement is

available for various "hot" experiments. Experiments involving the circulation

of liquids into an active zone of the reactor are to have their auxiliary

apparatus located in the basement. Piping from beam-hole experiments to their

auxiliary apparatus is taken through the facility holes. This keeps the major

portion of "dirty" work in the basement area.

9.3 REACTOR BUILDING WING

9.3.1 General Building Details. The architectural treatment is consist

ent with that used for the Reactor Building. While these two buildings appear

to be one, they are separate facilities. They have no structural dependence

on each other in order to avoid transmission of vibrations from one building

to the other.

The wing building is a single-story structure whose internal layout is

determined primarily by the laboratories and their auxiliary facilities. This

laboratory building has a flexibility such that offices can be readily con

verted to laboratories orthe reverse. A modular plan is the means of achieving

this flexibility.

The windows are provided to utilize daylight and to eliminate blank wall

space. Owing to the dust problem and the severity of the winters, these

windows are sealed in. double-glazed sash.

The ventilation system represents considerable planning in accordance

with general principles set down for radioactive work in laboratories. In

general, six air changes per hour are supplied. The air flow pattern is such

that the flow within the building is from "subnormal" to "normal" to "above

normal" areas. This procedure is based on proved project experience and re

quires that 100% fresh air be brought into the single "subnormal" area, the
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counting room. The air exhausted from this room is used for any remaining

areas. "Normal" facilities, such as offices and shops, exhaust their air into

the corridors for reuse in the laboratories. The "above normal" facilities,

the laboratories, completely exhaust their air supply to the atmosphere. To

make certain that no laboratory air enters the corridor, the fresh air supply-

to the room is set below the exhaust fan capacity. With this provision the

excess is taken into the room from the corridors through louvers in the doors.

These elaborations on normal building ventilation are made in order to avoid

spread of contamination in the event of spills involving radioactive materials.

Basement ventilation is set at one air change per hour and is based on

the entire basement volume. The total air supply is provided through one

register. As the need arises for subdivision of the basement area into rooms,

ventilation ducts can be connected to this outlet.

9,3.2 First Floor. The plan of the first floor of the Reactor Building

wing is such that the facilities having a permanent operating function as

their initial function could have fixed partitions. Those not falling into

this classification follow a modular plan with partitions of a type readily

removed or set in place.

The facilities in the former class are the machine shop, staff shop,

instrument shop, glass shop, stores, shipping and receiving rooms, counting

room, and men's and women's toilets and change rooms. In the latter classifi

cation are the offices and laboratories. Although the laboratories are in no

sense temporary, some are smaller than desired because of the necessity of

providing temporary office space in this building. The first floor layout is

illustrated in Fig. 9.3.A.

Machine shop. The prime purpose of this shop is to provide maintenance

and repair facilities for reactor components. It is located as shown in the

figure chiefly in order to be convenient to the Reactor Building. The floor

is capable of taking a uniform load of 250 lb/sq ft, which permits fabrica

tion of or repairs to light-to-moderately heavy coffins. Layouts of several

possibilities of machine tools are available which prove the feasibility of

placing a variety of light-and medium-capacity machines. Specifying the size,

number, and brand of this equipment is left to the operating contractor. As

opinions vary widely on the relative merits of machine tools, it appears that

the shop superintendent should choose those in which he has most confidence.
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Staff shop This shop is adjacent to the machine shop, convenient to the
supply point, and centrally located to the possible users. It is provided to
serve the experimenter who wishes to do some of his own machine work. It also
contains the light power tools necessary for instrument shop work.

Instrument shop. This shop is primarily for maintenance and repair of
the electronic instruments used for reactor operations. The shop size is such
that it also permits some maintenance of electronic instruments used for
experiments. Construction of new instruments is beyond the intent or facili
ties of this shop. As with the other shops, equipment and its layout are
placed within the operating contractor's jurisdiction.

Glass shop This small shop is intended to be a service function for the
experimenter. The room itself is relatively small but should be adequate for
the initial testing program.

Counting room This room is next to the corridor separating the reactor

and the wing buildings. This represents a somewhat central location to
facilities in both buildings. Its location is along an outside wall, rather
than in the center of the building, in order to aid in eliminating the trans

mittal of machine vibrations into the room. Although present philosophy

states that the counting instruments rather than the room proper should be
shielded, 2-ft-thick concrete walls and ceiling are provided. The reasons for
adhering to the older practice are (1) the unknown factors connected with the
stray radiations from a high-intensity reactor located approximately 60 ft
away and (2) the increase of cosmic radiations due to the relatively high
altitude of the site. Beta and gamma counting are done here, but alpha

counting is done in the laboratories. The foundations for this room are
separate from the remainder of the building, which is an additional precaution
in the elimination of transmitted machine vibrations. Services into this

room are low-pressure air, hot and cold water, and 110-volt regulated current.

The room is air-conditioned and the humidity is controlled to 40% R. H. ± 10%.

The air supplied is 100% fresh air. Air exhausted from this room is reused as
a portion of the ventilating supply in the remainder of the building.

Stores, shipping. and receiving rooms. Although these are labeled as

somewhat separate areas, they represent a single integrated unit. The only
barriers necessary are a counter or possibly a wire mesh partition. The

functions of these facilities are defined adequately by the title.
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Laboratories. All remaining facilities are designed for use as labora

tories. To achieve a flexibility for enlarging or subdividing laboratories,

a modular plan is used. The module selected is 12 ft wide and 28 ft deep.

The width is one which has had some degree of general acceptance in laboratory

design. The depth provides 20 ft for bench space for test work, and 8 ft for
desk, storage cabinets, and locker. The first 8 ft in from the corridor wall

is for this office-storage function. If any laboratory experiment should in

volve considerable amounts of alpha work, this 8-ft space can be readily

partitioned off from the remainder of the laboratory. This would form some
what of an air lock to prevent spread of air-borne contamination. The re

maining 20 ft of laboratory is used for work bench service. A 4 ft sub module

is used for determining the sizes of equipment such as benches and cabinets

and for setting the locations of service outlets such as gas, water, air, and

electricity.

Metal partitioning is used because of the following characteristics:

1. Ease of installation or removal without dust problem.

2 Factory baked-on finish, easily cleaned or decontaminated.

3. Nonporous surface giving minimum absorption of radioactivity.

4. Absence of large cracks for accumulation of dusts; the fine
cracks between panels are sealed with a putty or a plastic tape.

The ceilings are perforated metal pans with insulation placed in the

pans. These are effective, both as sound deadeners and heat insulators.

Lighting is by means of fluorescent strip lights set flush with the ceiling.

The floor covering is vinyl sheet flooring. This is used because of its

resistance to most reagents and many of the common organic solvents. Also,

this material requires less maintenance than other available floor coverings.

The services or utilities available in the laboratories are steam, low

pressure air, gas, hot and cold soft water, 110-volt single phase and 220-volt

three phase power, demineralized water, and telephone All but the last two

have connection outlets at 8-ft intervals along a bench. Demineralized water

and telephones are provided on the basis of one outlet per laboratory, regard

less of whether the laboratory is a 12- or 24- ft wide room. All services are

brought into the room from the supply headers located in the basement. Floor

slots for these pipes are centered on the 12-ft module separation lines.

9.20



Ventilating-air supply is through anemostats. Exhaust is to the atmos

phere through fans, of which one is provided for each module. These exhaust

fans have a capacity higher than the supply inlets to the room. By this

means, air is constantly entering the room from the corridors through louvers

in the doors. The exhaust fans have a capacity to provide a minimum of 100

cfm of air through the working openings of two 4-ft hoods. When the hoods

are not in use, the same quantity of air is drawn into a dampered by-pass in

the hood duct work.

An opening leading to the contaminated-air system is provided in each

hood. These off-gas openings are for use with dry-box work and experiments

which may give off radioactive or acidic vapors. Each off-gas opening provides

an exhaust flow of about 50 cfm.

Four laboratory modules intended for normal laboratory wort permit floor

loadings of 150 lb/sq ft. The four modules that permit 250 lb/sq ft floor
loadings are forwork involving moderate activity requiring light lead shields.

The six modules that permit floor loadings of 700 lb/sq ft can take one cave

per double module. Such a cave could have a 4- by 6-ft working area and be

shielded by 30- to 36-in. concrete walls 6 to 7 ft high. A cave of this type

could handle up to 10 curies of activity.

Owing to lack of office space on the site, laboratory furnishings for

most of the laboratories along the west wall are not provided. This space

will be used for offices until such time as an administration building is

constructed.

9.3.3 Basement. The building has a full basement which gives adequate

space for ventilating and air-conditioning equipment for areas 3 and 4,

electrical switch gear for these same areas, the battery room for emergency

use by the reactor operating instruments, and the scrubbing system for the

contaminated air from laboratory hoods. This is illustrated in Fig. 9.3.B.

The massive foundation work for the counting room forms a fireproof record

room. Of the total basement area, all space is fairly well occupied except

the first bay starting at the west wall and extending the full north-south

dimension of the building. This can be used for placing future equipment or

for subdividing into storage rooms such as a parts storage room for the in

strument shop.
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9.3.4 Future Additions. This building is so designed that 70-ft-wide

wings can be added both north and south of the present structure. The points

of future extension are shown in Figs.. 9. 3. A and B. The original building

layout included extensions of 72 ft both north and south to give a T-shaped

building. Budgetary limitations brought about a cut-back of twenty-four 12-

by 28-ft laboratory modules, and thus eliminated facilities such as a library,

drafting room, and technical staff offices. These are necessary functions for

a long-period operation of the reactor, and for this reason will probably be

added shortly after reactor operation begins.

9.4 SERVICE BUILDINGS AND AREAS

9.4.1 Service Building, Area 14. This single-story 42- by 102-ft

building combines four separate service functions into one structure:

1. First aid. This section has a two-bed infirmary, waiting room,
first aid room which can be used for physical examinations,
toilet rooms, and assorted closets for storage of medical and
janitorial supplies.

2. Guards' section. This portion is subdivided into two rooms.
One room has locker, shower, and toilet facilities for a total
of 50 guards with a maximum of 20 per shift. The second room is
the guards' ready room.

3. Communications. This section is also a two-room portion of the
building. One room houses the dial telephone exchange equipment;
the other has the radio apparatus required by Security.

4. Fire house. This section has garage space for one pumper truck,
the firemen's office, and sleeping quarters for firemen on 24-hr
shift basis.

9.4.2 Limited-area Control House, Area 20. This 22- by 42-ft single-

story building is located at the main entrance gate and is the screening point

for all personnel and vehicles entering or leaving the site. Guard stations

are provided along the central portion of both the north and south walls.

These two stations can take two lines of persons checking in or out. In

addition, the north guard station has a door leading into the truck trap

located directly outside the building, which constitutes the screening point
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for vehicles. Both the east and west ends of the building are small lobby

sections which can accommodate the back-up of employees during heavy periods

of personnel movement. All badge exchange is handled in this building.

9.4.3 Exclusion-area Control House, Area 21. This is a single-story

12- by 12-ft building which acts as a second screening point for persons

entering the exclusion area. The building is subdivided north and south into

two portions, one the guard station and the other a corridor section through

which personnel pass on their way to or from the exclusion area.

9.4.4 Canteen, Area 16. The canteen is a portion of one of the temporary

metal buildings erected for the construction firm. Cafeteria style service is

provided. The food is prepared at AEC Central Facilities. Seating capacity

is relatively small so that three or four seatings may be required to serve
all those purchasing their lunch.

9.4.5 Plug Storage, Area 11. Plug storage is located south of the Re

actor Building on the main truck road leading out of the building. This is an

earth-filled structure with a concrete charging face on the east side. Steel

liners used for the holes are held level by means of the concrete charging
face and a supporting wall located 13 ft into the earth-filled section.

Fourteen holes, ranging in size from 19 by 15 in. to 5% in. inside diameter,
are located at a convenient height above the roadway for charging plugs into
the holes. A minimum of 8 ft of earth shielding is used on top, sides, and
ends of all these 20-ft long tubes.

9.4.6 Reactor Service Building. This building is not a part of the

initial construction. However, planning has progressed to a point where the

building layout and facilities have been fairly well established. The building
has four prime functions: (1) plug storage. (2) machine shop, (3) warehouse,
and (4) operations testing. The four facilities require approximately the

same square footage of floor area, 6000 sq ft each, so that a 160 -ft-square

building is used. The overall building height is 30 ft with 22 ft clearance
under the roof trusses.

Plug-storage equipment consists of a concrete block 75 ft long by 10 ft

high by 21 ft deep. One of the 10- by 75-ft faces is the charging face for

placing the plugs into coffins or into storage. A 20-ton 75ft-span crane
operates over this area. The crane can handle the plugs and coffins or the
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storage of shielded pots on top of the plug-storage block. The remainder of

the room area in front of the storage block is required for vehicle movement,

for storage of vehicles and coffins, and for the erection of cave structures

for dismantling "hot" plugs.

The machine shop is adjacent to the plug storage room so that the plug-
handling crane can be utilized by the shop. The shop provides for machine

tool work, lead burning, welding, and sheet metal and pipe work. All these

functions are designed specifically for exclusion-area work.

The warehouse section is a two-floor area. The lower floor is designed
for storage of heavy materials such as lead bricks or steel shielding plates.
The space, in general, is to store items needed for exclusion-area work. Some

office space is also available on this floor. The upper floor is designed for
lighter storage and/or offices.

The operations testing area is designed for the setup of mock-up or
functional test apparatus. A 10- by 50- by 10-ft-deep pit is located in one
corner to allow for vertical apparatus height approaching 40 ft. Service

outlets are provided in the pit and along the outer walls for the benefit of
the experimenter.

There will be a definite need for such a building on the site. Although
it has not been constructed as a part of the initial program, it should be
actively considered within the first year of operation.

9.4.7 Other Buildings and Areas. The remaining buildings and areas as
defined by the Site Plan (Fig. 9.1.B) are directly or indirectly associated
with other major sections of the handbook and are discussed therein.
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Chapter JO*

SUPPORTING FACILITIES AND AUXILARIES

10.1. STEAM PLANT

The steam plant is a 66- by 110-ft building located approximately in the
center of the northern half of the MTR site. This building contains the
following equipment:

(1) Steam-generating facilities to supply process and heating steam
requirements

(2) Diesel-electric generator to supply emergency power requirements

(3) Air compressors, two to supply plant air during normal operation
and one to supply instrument air during emergencies

The steam-generating facilities consist of three package-type steam-
generator units with fire-tube boilers and their associated equipment. Each
unit has a maximum capacity of 16,500 lb/hr at a design pressure of 150 psig.
Two of the units are adequate to supply the maximum process and heating steam
requirements, while the third unit serves as a stand-by. The units are oil-

fired but can readily be converted to be oi1-gas -fired at any time. The
operation of the units is fully automatic.

In the event of commercial power failure the Diesel-electric generator,
which is rated at 750 kva, can supply power to processes requiring electricity
for emergency operation. Each of the two plant air compressors can supply 300
scfm of air at 150 psig. Only one of these is in operation normally, the
second serving as a spare. The third compressor can supply 60 scfm of air at
125 psig to instruments during commercial power outages.

10.2 ELECTRICAL SYSTEMS

10.2.1 Introduction. The electrical systems incident to the operation

of the MTR have been designed for high reliability in accord with requirements
peculiar to operation of the project and local conditions. As the principal
means for precluding interruption or failure of these electrical systems, dual

*ANL contribution.
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feeder arrangements are used as a basis of design wherever practical. The

systems providing power within the MTR site for all uses are discussed with

regard to sources of electrical power, distribution systems, load power

factor, and electrical grounding.

10,2.2 Sources of Electrical Power. Since the requirements of processes

and facilities of the MTR project vary as to the permissible duration of

interruptions in electrical power, it has been necessary to provide other

sources of electrical power in addition to the normal power from the public

utilities. These other sources of electrical power have been made locally

available within the site for continuous and emergency use.

The normal electrical power is provided to the MTR site substation through
the RTS (Reactor Testing Station) Central Facilities Control Station over a

high-line operating at 132 kv, This high-line comprises part of the ultimate

RTS distribution system which initially provides only a single power feeder to

the MTR and other sites. When the present plan for distribution of power at
132 kv within the RTS area is complete, this feeder will be extended through
the area and back to the Central Facilities Control Station to provide a loop
transmission system. The loop system will, in effect, provide two feeders to

each of the sites so that power transmission to any site may be over either

one or both sections of the loop associated with the site.

The MTR substation is located within the MTR site on the north building
line near the east corner. This location complies with the requirement that

there be a minimum distance of 1080 ft between any electrical system operating

at voltages as high as 150 kv and the precise electronic equipment located in

the Reactor Building,, The location is also desirable with regard to future
site considerations and minimizes the problems of interference associated with

the entrance and exit of the high-line feeder circuit.

The principal high-voltage equipment at the site substation includes two

high-line transformers and one high»line breaker. Each of the transformers,

having a self-cooled rating ef 375D kva and forced air cooling to permit a

maximum capacity of 4687 kva, is equipped with automatic tap changing equip

ment which operates under load to permit seme control over voltage variations

caused by load factors and other conditions. The primaries of these trans

formers are connected to the high-line circuit with the high-line breaker

between them so that opening of this breaker may permit power to be received
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by either of the transformers ever the associated section of the loop (when
completed) The secondary of each trapsformer delivers power through a
breaker to one of the 24©# volt bus section's in the substation eontrol house.

These bus sections of the 2400-volt dual feeder system are associated with a

tie breaker to permit independent operation of each section or unitary opera

tion of the entire system

Although an operator at the substation control house pay have control
over all 2408 volt circuits the incoming bus circuits and the bas tie circuit

may also be controlled by the RTS axea power dispatcher Control over a number
of motor-driven disconnects has been made available to the aroa dispatcher so

that control of high voltage equipment and the distribution at tha site sub-
statian may be accomplished with only a single high line breaker

The sources of locally available electrical power for continuous use are

power-accumulator ayateas which pr.ovide uninterrupted power to a number of
important loads, Tha basic components of each system are a storage battery
and a conversion device During normal operation the normal power system

furnishes power throagh the conversion device to maintain th« battery "floating"
at full capacity and ««pply the average power required by the load. Since the
arrangement of the battery and conversion device permits the load toba supplied
from either one or both simultaneously,, there is no interruption to the load

when an interruption occurs in the principal power system

A number of relatively small power-accumulator systems are included as

parts of the equipment to which they provide power Equipment having these
systems includes the automatic dial and conference telephone system, the
security and fire-alarm system, radio installations and engine starting

systems

Other pewer accumulator systems, each supplying power to a number of
different loads, are strategically located in the substation control house,
the steam plant, and the basement of the Reactor Building wing The first two
of these systems are primarily to provide continuous power for control of
electrical circuits and emergency lighting The third system primarily

serves the power system for control and instrumentation of the reactor

The power system for operation of reactor controls and instrumentation is
provided to ensure these loads continuous a c power free of interruptions
exceeding 2 cycles duration with voltage dips during this time not greater
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than 30%. In addition to the conversion devices and battery of the power

accumulator, the principal operating components of this system include two

independent inversion devices For reasons of precedence in reliability, M G

(motor generator) sets are used for both conversion and inversion Each of

the M-G inversion sets operates continuously from the power accumulator to

provide a-c power to its respective bus with very close regulation of the

voltage and frequency One of the M G conversion sets is a spare while the

other one operates continuously to maintain a balance of power through the
reactor power system The busses of the two independent inversion systems

provide the control and instrument power These busses are associated by
circuit breakers so that the control load may be operated directly from normal

or emergency power and the instrument load may be carried by either one or

both of the inverters

Locally available power for emergency use only is provided by aDiesel

electric stand by unit located in the steam plant This unit has a capacity
of 750 kva for the provision of power during emergency to a limited number of

processes and facilities of the project which must operate during shutdown of

the reactor The operation of this emergency unit and part of the associated
electrical systems i3 entirely automatic so that power may be provided to most
of the emergency loads with the least possible delay when normal power is
interrupted A very fast starting system for the Diesel engine is arranged
with a "fail safe" control circuit associated with the 2400 volt bus sections

of the substation The control circuit initiates starting any time that both
busses are de energized Since the sizing of this emergency unit has been

determined primarily on the basis of the automatically connected emergency
loads, other loads that may be connected during emergency ha/e been identified

for dispatch control Some of these other loads which require large amounts
of power are provided with control circuits to the stand by control panel

These circuits are controlled by the dispatcher to permit the connection of

the loads only at times when the generator has sufficient reserve capacity to
maintain voltage regulation

10,2 3 Distribution Systems The systems for the distribution of all

electrical services for the operation of processes and facilities are in

stalled underground throughout the MTR site as indicated by Fig 10 2 A With

the exception of the perimeter lighting circuits the electrical conductors

for the transmission of power control, instrument signals and communications

pass from one part of the site to another through underground concrete encased

fiber ductsat a depth below the frost line
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The perimeter lighting is part of the area lighting system for the site
which includes the interior roadway lighting These parts of the area lighting
system are similar series circuits operated in two groups each from its own

constant current transformer One circuit pro/ides power to every second light

along the site boundary fence and roadway while the other circuit includes

all other area lights Since there are no overhead sernce installations

within the site the feeders from the transformers to each of the lighting
circuits pass through underground ducts Each of the series lighting circuits
passes underground from light to light except around the perimeter where over-
head service is carried by the poles that support the lights

The underground system of fiber ducts is arranged m two groups in the
concrete encasement A la-ge group is provided for power and control cables,
with a small group provided for communi eat;. on and instrument signals As
required for installation of the cables manholes located between sections of

the ducts are provided with a large section for power and a small section for

communications Each section of the combination manhole is accessible from
above through a top cover plate

The transmission of normal electric power is b> a dual feeder system,
wherein a feeder is extended from each of the two 2400 volt substation bus

sections to each of a numbe- of site load centers In addition to breaker

protection at each end of the feeder; there is a breaker between the feeders

at each load center to prevent circulatory power transmission Thus each load

center has in effect a two section bus Where.er economy of design and
division of processes or facilities has permitted dual power feed is earned
onto the load so that faulting of one part of the distribution system affects
only part of a given load

The emergency power generated by the stand by unit, in the steam plant is
transmitted by single feeders operating at 2400 or 440 volts These feeders

pass through the underground ducts to the automatic switches of the different

emergency load centers The automatic switches operate in interlocked sequence
to transfer their associated loads from normal power circuits to the emergency
feeders only when there is an interruption of normal power and when emergency
power is available The transfer switching arrangement precludes any necessity
for synchronizing since the load is removed from one power circuit before
connecting to the other With the return of normal power these switches must

be returned to the normal position by manual control before the emergency
stand-by unit can be shut down
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II 2 4 Load Power Factor, Electrical power consumption in the project

is principally by electric motors Since the resultant overall load is

predominantly inductive power factor correction has been studied with regard

to the effects on voltage regulation and penalty costs for excessive amounts of

reactive power In the absence of power contract data and other information

pertinent to design for a good operating power factor or low reactive power

demand the use of synchronous motors was abandoned in favor of other means of

correction

Arrangements have been made for power factor correction at some time in

the future if required This is simply the pro/ision of available space for

the addition of capacitor banks to the operating circuits of the large motors

and to the main substation bus The ''bus correcting" capacitor bank at the

substation will in effect correct for the reactive power demand of the numerous

small motors in use throughout the site

11.2.5 Electrical Grounding Adequate protection to personnel and equip

ment has been provided by extensive grounding systems, including approved

methods of grounding throughout the sits to prevent electrical hazards

Additional provisions have been made for establishing a constant radio

frequency ground reference for electronic instrumentation within the Reactor

Building and Reactor Building wing

The electrical hazard grounding arrangements are provided for all electri

cal services static discharge and high potential surges due to lightning.

A general grounding system provides appropriate grounding of electrical

equipment and metallic structural members of buildings fences etc to under

ground cables extending to the casings of the water wells as zero ground

reference Additional grounding means for surge absorption of static or

lightning are provided in the form of underground grids These grids composed

of buried mats or driven arrays of grounding rods cabled directly to the zero

ground reference are located in the immediate vicinities of the electrical

substation and elevated structures such as the stack water towers and certain

buildings equipped with lightning rods

The radio frequency grounding arrangement* for precise electronic in

strumentation to be used within the Reactor Bu-lding and Reactor Building wing

are designed to maintain instrument background interference at a very low

level by restricting the generation transmission and radiation of extraneous
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voltages within or near these buildings. The generation of these unwanted
voltages, which is inherent to some degree in many types of electrical equip
ment, may be amplified by varying potential gradients in partially grounded
structural members. These electrical resistance variations between closely

adjacent metallic members in the structure of the buildings and within the
buildings have been eliminated by isolating or bonding these members, Radia
tion of disturbances into the buildings is reduced by a Faraday cage effect

obtained by grounding the electroweld reinforcing grids of the precast con
crete walls and roof panels to the structural steel.

Even though the electrical equipment associated with dust collections;

commutation, and the opening or closing of simple circuits includes design to
prevent the transmission or radiation of extraneous voltages, it is anticipated
hat additional filtering and shielding will be designed when complete in

stallation test data are available.

t-

10.3 WATER

10.3.1 Introduction. The various kinds of water used at the MTR site

are classified according to their treatment and use. Demineralized water is
used in the MTR process-water system and for experimental purposes A blended,
partially softened well water is in general use throughout the MTR site The
softened water minimizes scaling in hot water systems and facilitates washing.
The water used in the cooling-tower water system is well water which is acid
neutralized in order to minimize scaling and corrosion. All these treatments

are made in the water-treatment building. Raw water is used in the canal A

flow sheet of the entire water-distribution system is shown in Fig. 10 3 A

19.3.2 Water Requirements, The water-flow requirements of the several

different kinds of water used on the MTR site are summarized below Break
downs of the uses of each kind of water are given where they are appropriate

The designs of the water-treatment facilities are based on the total flow
requirements given in this summary.
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Demineralized water

TABLE It.3.A

Total Water Requirements

Process water make-up $a gpm
Boiler 20
Rod and purap seals 10
Rabbits 30
Laboratory 5
Experimental purposes and contingencies 35

Tetal p<.^ ISO gpm

Softeaed water

Caateaa 5 gpm
Laboratories 10
Experimental facilities IS
Drinking and Sanitary 20
Cleaning and flashing IS
Contingencies 16

Total • &*$*•• •~~W9p*

Cooling-tower water

Evaporation 2S0 gpm
Purge 50
Centiagencies 100

Total 400

Raw water

Canal purge 100 gpm

10.3.3 Water Analysis. The raw water analysis is given in Table 10.3.B.
The analysis was made by the U. S. Department of the Interior, The sample was
obtained from the MTR test wall.
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TABLE 10*3,B

Raw-Hater Analyst*

Analysis by the United States Department of the Interior, Geological Survey, Water Resources Branch

Analytical Statement

SW NE % Sec 14 T3N R29E (Parts per million)

Location; Butte Co,, Arco, Idaho Date o# collection; November 30, 1949
Use: Observation

Source: Well (test) Temperatures 55 degrees
Color: Clear pHt 7.2

AEC.alTKtlEM. Suspended matter*

Depth: 588 ft Haroness as QaCOj
Diam: 8 in. ID n.C.i 31 Total* 208
Water level: 453.9 ft below TC Ignition lossi 27

Yield: 80 G.ij)I. pump Dissolved solids: 240
Owner: AEC, Idaho Falls Specific conductance at 25°C

(mie»<m*oi)> 398

T/a ft: 0.32

•Total Fe: 0.15

M*i 0.0

Chemist: f. M. Webster

Lab. No,: 3896

Collector: RWK

WOj 19

•Fe(sol ) 0.06

Ca: 52

Me: 19

NA! 2.7

K: 2.2

co3, 0

HCOgl 216

S04: 20

Ct: 12

Fi 0.2

N03 4.1

Bt 0.1

Sums 238

Lab. No. 3896 HYPOTHETICAL COMPOUNDS

rCa 2-S95 Raw Water Hardness (IDS) Alkalinity
rM6* 1-562 CaCOg CaCO,
rNa 0.117 4.371 Ca(HC03)2 2.6 epm 130 ppm 130 130
rK 0.056 -4.330 Mg(HC03)2 1.0 50 42 50

4.330 0.041 MgS04 0.4 20
rC03 8.701 MgCl2 0.2 10
rHC03 3.540 NaCl 0.1
rS04 0.416 KNOj 0.1
rCl 0.338 +0.5% error "

rF 0-011 4.4 210 221
rNO, 0.066 3% Na

SiOj 19

Date completed: 12-13-49

Checked by: E. L. Singleton

Project: AEC MTR well

Transmitted: 12-14*49

Remarks:
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Demineralized Water. The desired demineralized-water analysis is given

in Table 10.3.C. The design of the deaiaeralization system is based on obtain

ing water that satisfies this analysis.

TABLE 1B.3.C

Desiaeralized-water Analysis

CONSTITUENT

TDS

Fe

AI

Ca

Mg

Na

co2
sio2
CI

so4
Cu, Pb, Ni, Co, B

Process water pH

Specific resistance at 18°C

nuiAimu

3

m

ppm

o.ps
o.ps
0,5

0.5

2

2

1., .
O.J25
0.50

None

5.5 to 6,5

,000 to 500,000 phras

Soft Water. The soft water has the same analysis as the raw water except

that all the Ca and Mg are replaced by sodium. This completely softened

water is blended with raw water to give the blended partially softened water

of 50 ppm hardness that is used throughout the MTR site.

10.3.4 Demlneralization System. Cation Exchangers, Acid Tanks, and

Pumps. Sufficient cation capacity must be available to continually process

150 gpm of well water. Two cation exchanger units are provided for this

purpose; each is 5% ft in diameter and 9 ft high. Each has about 2 ft of
height available for Anthrafilt base, about 3 ft of head room for resin ex

pansion during backwash, and 4,5 ft of resin. The units are regenerated about

every 12 hr. A 60-day supply of 98% sulfuric acid for cation resin regeneration

is stored out of doors in two 10,000-gal steel storage tanks. The acid is

pumped from these storage tanks to a dilution or mixing tank in the water-

treatment building where it is prepared for cation regenerative use.
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Degasser and Sump. In order to remove the C02 from the decationized
water the water is sprayed down over wooden slats in a wooden tank and falls
into a lined sump below. The water is pumped from the sump through the
dean ionizers.

Anion Exchangers, Caustic Tanks, and Pumps. Sufficient anion capacity
must be available to process the 150 gpm of decationized and degassed well
water. Two deanionizers of about the same physical size as the decationizers
are provided. However, only about half the depth of resin is required A 60-
day supply of 50% NaOH liquid caustic for anion resin regeneration is stored
out of doors in two 12,000-gal steel storage tanks: its temperature is thermo
statically controlled and it is heated by steam. The caustic is pumped from
these tanks to a dilution or mixing tank where it is prepared for anion
regenerative use The units are regenerated at about 24-hr intervals,

Demineralized-water-Storage Tank and Pumps. After demineralization the
water is stored at ground level in a 100,000 gal storage tank. All linings in
the demineralized-water system are of stainless steel or inert organic base so
as to contribute no minerals to the water This consequently helps to reduce
scale formation on the reactor fuel assemblies in the process water system.
Either of two 75-psig 160-gpm centrifugal pumps continually supplies deminera
lized water for general use while the other pump serves as a spare A 75«psig
1000 gpm centrifugal pump supplies reactor flush water during shutdown while a
second identical pump serves as a spare.

10c3.5 Softeners. Sufficient zeolite resin capacity must be available
to continually process 75 gpm of softened, blended water. Two zeolite beds
about 2.5 ft in diameter and with a 3-ft resin depth are provided for this
purpose. These units are regenerated automatically every 12 hr. A 60 day
supply of salt (16 tons) is maintained in a brine pit leached with water.
Pumps deliver the saturated brine to the dilution -regeneration tank

The softened water is blended with raw water to yield a blended water of
about 50 ppm hardness It is stored in a 10,000 gal lined steel ground tank
so that about a 3-hr supply is available It is chlorinated before being sent
to its points of use. Two pumps are available to keep the blended water line
under continual pressure; one of these pumps serves as a spare,
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10.3.6 Acid-neutralization System for Cooling tower Makeup Water= Well

water is partly neutralized and mixed with dilute sulfuric acid before being

sent to the cooling towers, where scaling is controlled in accordance with pH

records and Langelier saturation indexes. Chlorine is added occasionally to

eliminate growth of algae. The chlorine is stored in cylinders in a separate

room inside the building. The 98% acid is measured manually into a 50-gal

tank and is propeller-mixed and diluted in a 2500-gal tank. The diluted acid

is fed into the make-up water line by means of a flow-controlled proportioning

pump; this pump delivers the dilute acid and well water in the proper pro •

port ions.

10.3.7 Design and Operating Data Summary. The pertinent design and

operating data for the softening, decationizing and deanionizing units are

summarized in Table 10.3D.

TABLE 10 3 D

Water System Design and Operating Data

SOFTENING DECATIONIZING DEANIONIZING

Resin capacity (grains/cu ft) 20.000 10,000 7 000

Resin bed height (ft) 3 5 2 5

Resin bed area (sq ft per bed) 5 20 20

Resin bed diameter (ft) 2, 5 5 5

Number of resin beds 2 2 2

Design resin bed volume (cu ft per bed) 15 100 50

Calculated resin bed volume (cu ft per bed) 13.3 92 8 49 4

Resin bed design safety factor (%) 12 8 7 8 14

Flow rate (gpm/sq ft) 6 5 5

Throughput/unit for two units (gpm) 30 100 100

Hardness, cations + anions (ppm) 210 219 41

Time between regenerations (hr) 12 12 24

Amount of water treated (gpd) 86.400 288.000 288,000

Regenerant used NaCl 93% H2S04 50% NaOH

Regenerant capacity (lb/eu ft) 10 2 5 7

Amount of regenerant storage 16 tons 6,000 gal* 4,160 gal*

'This figure includes 2500 gal of H.SO. needed for neutralizing the make up water to the cooling tower.
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10,3.8 Instrumentation. Laboratory, and Housing. All demoralization,
softening, and water-neutralization processes are carried out in the water-
treatment building, and all related storage tanks are just outside. A water-
analysis laboratory, as well as a water supervisors office. washroom, lockers,
and lavatory are provided.

Instruments are furnished to record the production flow of (1) make up
water to the cooling towers, and (2) blended and demineralized water to the
storage tanks.

Level indicators and alarms are provided on the blended-water and deminer
alized-water tanks The acid tank has a level indicator, but the caustic tank
does not. Normal flow through the cation and anion exchangers, backwash flow,
and rinse flow are indicated, and the total flow is recorded As quality
checks on FMA (Free Mineral Acidity) break through, the pH values of the water
leaving the cation units are recorded. A final check is provided by recording
the pH of the water passing to the demineralized-water storage tank Re
sistivity of the treated water is also recorded Sodium and silica break
through require manual periodic tests

10.4 EFFLUENT CONTROL

10.4.1 Introduction. The purpose of the effluent control system is to
collect, hold, and dispose of both process and nonprocess radioactive fluid
wastes. The radioactive fluid wastes expected from the MTR site are generally
classified and disposed of as follows

1, The 50-gpm purge from the process-water system is sent direct to
the retention basin for a holdup period of about 90 hr. This
holdup time reduces the activity which is due primarily to
Na , from 1200 dis/ml/sec to about 20 dis/ml/sec The discharge
from the retention basin flows to the effluent pond, where it
percolates into the earth

2, Mildly active experimental and laboratory fluid wastes are
drained to underground holdup tanks, When the tanks are full,
the activity and decay trends of the contents are evaluated
According to the activity the contents are then sent to the
effluent pond, retention basin or the underground permanent
storage tanks

3, "Hot" fluid wastes are collected locally in shielded containers
The contents are either sent to the underground permanent-storage
tanks or to the Chemical Processing Plant for disposal
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10.4.2 Betention Basin. General Description, The retention basin is a

tank for holding flowing radioactive water for a period of time that is long
enough to allow the radioactivities of the short lived water components to
decay to tolerable values. The entering water must not mix with the leaving
water, and, ideally, there should be no mixing at any intermediate points
The time necessary for decay of Na24 radioactivity and the given effluent flow
are the main factors determining the size of the basin Effluent waters from
the Process Water Building and the Reactor Building process sump mix in the
line going to the retention basin The 1200 dis/ml/sec activity based on 50
gpm of solution containing 5 ppm of Na23 plus a recoil equivalent of 1 ppm
requires a 266,000 gal basin to provide the 88-hr holdup necessary for decay
to a tolerance value of 18 5 dis/ml/sec In order to have storage space
available for intermittent flushes future expansion and also for the 320,000
gal of process water in case it becomes overly contaminated, there are two
360,000 gal basins provided. Thus, one of these is large enough to store the
entire contents of the process water system. During normal operation, one
basin is in service while the other is available for the emergency discharge
of radioactive process water.* If the reactor power level is doubled, the
load on the retention basin will not appreciably increase and the two 360,000
gal basins will easily accommodate the effluent flow

Shielding. The roof over the basin is concrete with several feet of earth
covering. This reduces radiation directly over it to less than a tolerance
value of 50 mr/hr.

Effluent Flows. The water flows that the retention basin is required to
accommodate are summarized in Table 10 4,A The normal operating flows are
those listed under "Continuous Flows," while the "Intermittent Flows " con
stitute the flows encountered during periodic reactor operations and during
emergencies.

Size and Structure. The retention basin has a capacity of 720 000 gal
and is made up of two 360,000 gal sections, each about 125 by 20 by 20 ft
deep, placed side by side. An inlet trough with adjustable sluice gates
distributes the water entering the basin. Outlet weirs measure the discharge
into the exit trough Each of the two sections of the basin can be drained
separately and thoroughly, and may be entered for inspection and cleaning.
The underground feature of the basin obviates any algae growths
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TABLE 10 4 A

Water Flows to Retention Basin

Effluent control

Catch tanks*

Reactor Building process sump

Experimental plugs
Control rod seal

Monitoring tubes

Normal sump over-flow in wate:: • coxing
bailding

Process purge

Steam jet condensate

Rea ctor B.uiidmg canal sump

Canal flow*

Canal flush

Emergency overflow frcm sump T-ink in
water-cooling building

Fuel assembly change

Emergency overflow

CONTINUOUS FLOWS

vgpm)

50

2

INTERMITTENT FLOWS

RATE (gpm) DURATION (hr)

-

50 j 0 5
i

90

•

100

400 6

200 10

20 000

- • ..i

0 25

*Normally little or no act:, "ity expected here

Ventilation. The operating level of water in the retention basin is

fixed at roof level by the overflow weir Thus there is essentially no air

over the water This design eliminates the accumulation of radioactive argon,

and/or an explosive mixture of hydrogen and oxygen The basin effluent inlet

must be ventilated to remove any A activity This is done by means of windt

induced turret vanes on 20 ft high stacks

Instrumentation. The activity of incoming and outgoing effluents is

monitored continuously The activity is measured by a gamma radiation recorder

a few feet above water level at the entrance and exit of the basin The exit

water flow is measured at the discharge weir and recorded
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Ernergency. In the event of a fission break or high radioactive con

tamination in the cycling 320,000 gal process water system the entire contents

of the system can be emptied into the retention basin for decay and holdup

until disposal action can be taken. The 130 000 gal contents of the canal

can be handled similarly if so desire.d

10.4.3 Effluent Pond. Since there are no rivers available for water

disposal near the MTR site it is necessary to dispose of the water from the

retention basin by allowing it to percolate through the ground sand and

gravel until it reaches the water table below A percolation rate of 0 3 cu

ft per square foot per day was determined by laboratory tests of ground cores

obtained at the MTR site This figure is exceedingly low and a field test was

later made in which the percolation rate was found to be 100 cu ft per square

foot per day Since the higher figure was so different from the smaller

one, it was decided from the experimental data that a rate of 1 cu ft per

square foot per day would be realistic and conservative for design purposes

Based on this percolation rate and a continuous discharge flow of 179 gpm an

effluent pond 130 by 240 ft, giving an area of approximately 30 000 sq ft, is

provided The sides of the effluent pond basin are sloped at about a 45°

angle This basin is deepest at the water inlet and from there the bottom

slopes upward in all directions The highest point of the basin floor is 4 ft

above the water inlets The water inlets are at the low point of the basin

in order to eliminate freezing at the inlets The basin is enclosed by

a fence to prevent animals or unauthorized persons from entering the area

Although little activity i3 expected to accumulate in the pond the barriers

are furnished as a safety precaution

10.4.4 Nonprocess Active Effluents In addition to process wastes the

effluent control system must handle nonprocess liquid wastes originating from

experimental work or accidental spills in the Reactor Building and laboratory

wing Large quantities of very "hot" wastes are not anticipated and there

fore provisions are only made for the handling of moderate quantities of "warm"

wastes.

Since the bulk of the wastes was increased and the methods of subsequent

aste treatment were made more difficult by neutralization of acid wastes in

the past, the wastes at the MTR site are not neutralized Thus the storage

tanks and handling systems are such that they can withstand acidities of pH 2

w
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The type of wastes expected and the planned disposal of them are discussed

briefly in this paragraph. The "hot" wastes from the reactor area will be

transferred to the Chemical Processing Plant for disposal Radioactive

material from experimental equipment will be collected in shielded pots and

according to whether it is "hot" or "warm," will be sent to the Chemical

Processing Plant or to the permanent-storage tank farm Alpha particle

wastes and slightly active wastes and solvents will be collected in stainless

steel drums and, depending on the activity will be sent either to the Chemical

Processing Plant permanent storage tank farm or the underground holdup

tanks. It is expected that the largest volumes of wastes will come from

accidental spills and laboratory sinks, and that only about 5% of these will

be radioactive The description of the system as given in the following

paragraphs refers particularly to this large volume of wastes from spills and
laboratory sinks

The wastes are accumulated in four 1000 gal underground holdup tanks

located near the Reactor Building and laboratory wing Two of these tanks re

ceive effluent from the basement and main floor drains of the Reactor Building

via a Reactor Building sump tank and pump the other two tanks receive radio

active effluent from the sinks in the laboratories While the contents of one

tank of each pair are being monitored, the companion tank is filling The

nonradioactive effluents caught in these tanks are sent direct to the effluent

pond The highly radioactive wastes are pumped to the permanent-storage tank

farm The tank farm, based on a one year capacity initially consists of two

10,000 gal underground storage tanks

Each holdup tank is constructed on a concrete pad that drains to a dry

well so that monitoring for leaks is possible, Each pair of tanks 1.3 supplied

with one self-priming 50 gpm pump located above it so that leakage from the

pump drains back to the tanks The pump and tank piping is such that (1)

the tank can be stirred by recirculation (2) a sample can be taken or (3)

the contents can be delivered to the retention basin the effluent pond or

the 10,000 gal permanent storage tanks The tanks in each pair have overflow

lines to each other. Each tank is provided with a level gauge and a high
level alarm

The water table at the MTR site is about 600 ft below the surface It is

estimated that it takes 150 years for water to percolate through the lava beds

under the Snake River Plains back to the Snake River If this is true the

activity of wastes that leak from the effluent system and reach the Snake

River will be greatly reduced
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10.5 COOLING TOWERS

10.5.1 General Description. A water cooling tower indirectly dissipates
most of the reactor heat load to the atmosphere The 30 000 kw or 1 700 000
Btu/min, developed m the reactor active section passes directly to the
process water and raises its temperature from 100 to 110=F The process water
yields this acquired heat to the cooling tower water circulating through the
condenser tubes of the flash evaporators The 200 gpm of flashed process
water vapors is condensed and returned to the pro-ess water stream The

cooling tower water passes through the cooling towers collects in the cooling
tower basin, and is again pumped through the flash evaporator condensers to
complete its cycle Water is provided to the basin to make ap for the quantity
lost by evaporation and drift and to dilute the concentrating water solids so
as to prevent scaling Provision is made to add chlorine solution inter
mittently to the circulating cooling tower water to inhibit algae growth
Dilute acid solution is mixed with the make up water so as to stabilize the
water by neutralising part of the well water alkalinity Up to 100 gpm of the
cooling-tower make up water comes from the canal purge Strict control of the
Langelier saturation index is kept on the circulating cooling tower water to
minimize corrosion scaling and delignifnation of the wood Particular
design consideration was given to operation of the cooling towers during
icing weather and under heavy dusting conditions

10 5 2 Heat Load. If the air leading the tower is saturated with water
vapor at 95 F and the, air catering is saturated with water vapor at 72°F then
66 500 lb of dry air per minute is needed to handle the heat load as follows

TEMPERATURE

(°F)

95

72

23

ess

H vBtu per

lb dry air)

60 ;•

35 1

25 6

DRY AIR

(Ib/mjx)
•as

66 500

66 500

WATER

'.ib/min/

2 420

1 120

1 300

10.20

OPERATING CONDITIONS

(cfm)

1 000 000

920 000

tctii ft/lb)

14
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Following is a summary of the heat dats

Latent 1 300 lb of water

Sensible 1 300 ib of water

Sensible 66 500 lb drv air

Total

1 300 000 Btu/min

15 000

382 000

I 69? 000 Btu/min

MTR Raw Well Water

CATIONS

C.i

Mg

Na

K

AMOUNT

iepm^

2 6

1 6

0 1

0 1

4 4

ANIONS

HC03
SO.

C..L

NO,

\M0UNI HARDNESS
'i,t pin.

3 t

0 4

0 :i

0 x

4 A

Ai> C CO.j .ppm:

20S

10.21

ALKALINITY

AS C.sC03 4ppm.

17 2

IDS

;ppm/

239 \l9 ppm Sj.O,



Partly neutralizing with sulfuric acid or 3.0 epm of SO, gives the following
analysis for the cooling-tower make-up water;

Acid neutralized Well Water for Cooling Tower

AMOUNT AMOUNT ' HARDNESS ALKALINITY IDS
CATIONS (epm) ANIONS (epm) AS CaC03 (ppm) AS CaCOj (ppm) (ppm)

•«*.
IV •

Ca 2.6 HC03 0.6 205 0 219 (19 ppm Si02)
Mg 1.6 S04 3.4

Na o.i ! Ci 0.3

K ! o.i •<
.. ....

N03 O.'i

i
4.4 ! 4 4

The 2.6 epm of CaS04 gives a concentration of about 170 ppm, A sixfold
increase would increase this to about 1000 ppm of CaS04„ which is still far
below its solubility of about 1700 ppm a£0°C. MgS04 is very water soluble
and thus it offers no problem with regard to crystallizing out of solution A
sixfold increase in concentration would also give about 1400 ppm of TDS

10 54 Pumping Station, The pump house is some distance from the cooling
towers so as to facilitate air circulation and minimize the amount of water
spraying the pumping station Acidulation and chlorination control of the
cooling-tower make-up water are performed in a mixing chamber in the water-
treatment building. Four vertical flooded turbine type pumps, each of 3300
gpm at about a 100-ft head are used.. Three pumps are in continual operation,
while one is held as a spare or alternate. It is recommended that the pump-
house and cooling-tower area equipment be inspected hourly, but that no one be
stationed there permanently. The inlet ventilating air is filtered and the
building is pressurized so as to prevent the infiltration of dust and thereby
protect electrical and other equipment

10.5.5 Instrumentation. At the pump house each of the four cooling
water pump motors is provided with an ammeter A voltmeter is provided across
the power supply feeder to these motors A two-point pH recorder in the water
treatment building helps the operator guide the acid neutralization dosage by
recording the pH of the entering acidulated make-up water and the circulatory
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water streams. Each pump has a pressure gauge. The adjustable weir overflow

is calibrated so that the purge flow is indicated visually, At the water

treatment building, the cooling-tower circulatory flow and inlet and outlet

water temperatures are recorded. A low water level in the basin is indicated

by an alarm in the water treatment building, a dry wet bulb two point outdoor
recorder is also located here. When the water level in the basin is adequate,
the make up from the general water reservoir is shut off but the make up from
the canal continues.

10.5.6 Emergency Operation. In the event of power failure the cooling
tower system is shut down completely, and the flow of make-up water is automati

cally stopped Make up water is also shut off automatically if the general
water reservoir content is low.

10.5.7 Design Data, Following is a summary of the design data:

Heat load 1,706,000 Btu/min or 30,000 kw

Maximum wet-bulb temperature 65°F

Approach temperature 7°F

Altitude 5,009 ft above sea level 25 in. Hg. 28 ft water

Water flow 9,009 gpm, 100 ft water, 120 hp each pump

High temperature 95°F

Basin temperature 72°F

Air flow 66,500 lb/min, % in water, 110 hp total

Dust Moderate-to strong ;idust devils*

Winds Moderate to strong, SW and NE prevailing 2:1

ARCO TEMPERATURES (°F)<6)

1948 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Annual

Average max. 28 34 43 57 66 73 84 83 73 60 45 31 56

Average 14 20 31 43 51 56 66 64 55 44 32 19 41

Average min. 10 16 24 31 39 45 52 49 40 31 23 13 31
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POCATELLO RELATIVE HUMIDITY (%)(6)

1948 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Annual

8 AM, 80 79 73 69 67 60 55 54 59 68 73 79 68

Noon 71 67 56 45 38 31 21 29 32 47 60 70 48

8 P M 73 67 54 42 37 30 24 25 30 45 60 72 47

ABSOLUTE HUMIDITY (grains water/lb dry air)

85 10 13 20 20 20 26 27 20 22 23 20

10.8 PROCESS RABIATION INSTROMBNfATION AND AREA MONITORING

10.6.1 Process Radiation Iaatrmentation. In detecting the radioactivity

of the air and water systems some commercially available instruments are

applicable, For those installations in which such instruments prove in
adequate, modifications of currently used instruments or entirely new designs
are required.

The methods used in detecting radiation give only relative values
Radiochemical analyses are to be used when accurate quantitative determina
tions are necessary

Cooling-air and Contaminated-air Systems, In the reactor cooling-air
system the instrumentation is set up primarily to measure the argon activity
and the particulate activity of the air before it is discharged into the atmos
phere. The monitoring system extracts air from the main air duct passes it
first through a particulate monitoring device, then through a gas monitoring
chamber, and finally discharges it back into the main air stream

To detect tlie particulate activity, a modification of the continuous room

monitoring system used at Brookhaven National Laboratory is used The in

strument consists of a strip of filter paper moving across a series of openings

through which air is pumped The paper, after collecting the dust, passes in
front of a mica end window Geiger counter, where the counts are transmitted
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through a scaler into a recording system The major alterations of the

Brookhaven design are (1) elimination of the alpha scintillation counter (2)
addition of an air inlet tube that leads directly to the filter paper strip
from the main air duct, and (3) the encasement of the unit in

conta ine r.

an airtight

The air, after passing the dust monitoring device is passed through a
C.W.S filter and then into the annular type ionization chamber The purpose
of the second filter is to further ensure dust free air The annular type
chamber consists of two concentric cylinders and utilizes maximum geometry by
allowing the radioactive air or gas to pass through the innermost cylinder
while the outer chamber is filled with argon gas at a pressure of 20 atm

Normally, radioactive gases and particles will be vented through the off
gas system and discharged to the stack To detect and measure this activity,
a similar arrangement as described above for the reactor air system is used

Process-mate-'- System. In the water system the annular type ionization
chamber is used By pass valves and conduits allow the radioactive water or

gas to pass through the chamber Activities are measured by this method at

the seal tank, liquid vent seal and in the demineralized water system.

The measurement of the water activity at the seal tank tends to serve a

dual purpose First it records the total water activity for the process
water system at approximately 60 sec flow time from the active lattice,

secondly, the reading is used as a check on the background activity for the
scanning unit which is to detect a fuel plate rupture

The liquid vent seal evicts gases such as argon, oxygen neon and
fluorine, which are present or formed in the process water These gases are
radioactive and a measurement of the radiation is required before venting to
the atmosphere to serve as a check on the release of activity

Ionization chambers are placed on the demineralized-water system to
detect a possible back up of radioactive water from the reactor The back up
of radioactive water may occur through the leakage of valves or the failure of
check valves

Calibration tests performed on the annular type ionization chamber using
radioactive Na in an aqueous solution yielded a sensitivity of 1 55 x 102
curies/cc-amp and 1.12 x 102 curies/cc amp for gas pressures of 29.9 atm and
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20.75 atm respectively Similar tests for the (activated) Co60 aqueous
solution yielded a sensitivity of 2 22 * 102 curies/cc amp at a ga3 pressure
of 20 1 atm Since Na24 will be the main radioactive constituent of the exit

process water the sensitivity of the actual installation shouId be essentia 1ly
that indicated above

Canal The water in the canal may become contaminated with minute radio

active particles from the fuel and beryllium assemblies that are handled and

stored in the canal and possibly from fission products in the event of a fuel

assembly rupture When this water is not contaminated it is pumped to the

cooling-tower make up water If the water becomes contaminated it is directed

to either the sewer or the retention basin depending on the amount ofactivity
These measurements are also made with the annular type ionization chamber

Retention Basin The radiation emitted by the radioactive water in the

retention basin is measured by placing G E air-wall type chambers above the
inlet and outlet troughs

10 6.2 Area Monitoring Area monitoring will be required whereyer the

radiation might exceed levels considered to be safe for personnel In general
monitoring will be required in the following areas (1) Reactor Building wing
(2) Reactor Building (3) Process Water Building and (4) Fan House A variety
of types of instruments for area monitoring can be classified according to
their respective functions as follows

CLASSIFICATION FUNCTION RADIATION INSTRUMENT

Health physics personnel monitoring Gamma

Be .a
Ai-pha

Hand and foot
counters

Survey (portable) Gamma Zeus

Ga mm a Zeus with probe
Cu 11e Pie

Area monitoring (stationary) Gamma Beckman MX3A or
equivalent

Alpha Ai.r monitoring
air particle

Beta or gamma

Monitoring of experiments Fast neutron Cheng and Eng
Slow neutron Neut

Alpha and beta Zeuco
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la Table 18,6.A are listed tke aanberS of each type of instrument to be
used in each of the faur general areas requiring monitoring It will be noted

that the greatest number of iastrumeats is required for the Reactor Building
and wing.

TYPE

Hand and foot

Zeua

Zeua */:.th probe

Cheng and Eng

A.It pairtisle

Slow ntfit'fon Monition
aent

Gamma Detector for
stationary in
stallation

Alpha

TABLE 18 6 A

Area toSiatloa Boalte%iog iastmaeBts

Health physics

Survey

Survey

Experimental

Air .monitoring

Expe-riaemtal

Area moaito.ring

Experimental•

5

4

4

4

6

NU«CI BPflilSED.
1

2

2

'iHWHSlifWi 'i I

MtMMaail*

mm.
HOUSE TOTAL

2

19

6

4

5

6

4

5Y

The only instruments to which definite locations in the various buildings

can be assigned are the area-monitoring ins^rfment:;, classification v?: " abo/e.

The locations selected for these instruments have been arbitrarily :ho;ea3

and actual survey when the reactor is in operation may resulcin these loiatioin

being changed.
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10.8 REFERENCE DRAWINGS

(Blaw-Knox Construction Company Drawings)

DWG. NO. TITLE

3150-9-1 Layout of Boiler House

3150-9-2 Boiler House - Sections

3150-9 3 Mezzanine Plan and Sections

3150-902-1 Electrical, Underground Distribution System

3150-902-5 Electrical, 2300 Volt - One Line

3150-902-20 Electrical. Road and Fence Lighting

3150-92-2 Flow Diagram Filtered Water System

3150-92-3 Flow Diagram. Water Treating System

3150-92-3A Flow Diagram, Water System Demineralizer and
Water System

3150-12-3 Retention Basin. Plan and Section

3150-13-3 Effluent, Control Plan and Sections

3150-92-11 Water Retention System Flow Diagram

3150-92-12 Effluent Control Flow Diagram

3150-7 1 Cooling Tower and Pump House - Pump House Layout

3150 7-2 Cooling Tower and Pump House Cooling Tower Layout

3150 -92 5 Flow Diagram - Cooling Tower
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CRITICAXITY STUDIES ON) ENRICHES URANIUM^ HEAVY
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Al 1 gSftBIUMTJIL ARRANGEMENT

design and construction of the apparatus for these experiments were
<»ut by members of the Technical Division (of Clinton Laboratories).
or was a vertical welded stainless steel cylindrical tank 140 cm in

and built to be filled to a depth of 144 cm with heavy water. The

e tank was covered by a perforated stainless steel tube sheet which
and gasketed on the rim of the tank proper (Fig. Al.A). "Fuel

taining U23S could be lowered through the tube sheet into the heavy
d thus a lattice could be built up by adding fuel tubes until the

became critical. The perforations in the tube sheet and the amount
in the fuel tabes were arranged so tkat if contiguous holes were

tke mean concentration of Ua3S in the region of the lattice so built

heavy water moderator was 10.35 g/liter. Specifically, the holaa
square lattice of 8.4 cm spacing, and the fuel tubes, containing
f U2,s in the form of a heavy water solution of uranium oxyfluoride

were filled to a depth of 61.79 cm. Because neutrons have such a
free path for diffusion in heavy water., the lattice arrangement can

as a homogeneous distribution of U23* without large error provided
ign material in the fuel tubes is considered as well. By omitting
holes, it would be possible to obtain a lattice spacing of 16.8 cm

n concentration of 2.58 g/liter using the same fuel tubes and tube

nd, by using the square lattice at 45° to the foMfmiag, the mean

tion of 5.17 g/liter could be easily achieved.

Ited

cm

a i

the

Fiv£

through

wise emp
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moved i

magnets

to coun

an

ted

t'S

nd

te

vertical control and safety rods penetrated the active lattice region

the tube sheet. Each was composed ©f a sleeve of cadmium in another-
ty aluminum thimble which ran down through the heavy water to the•
f the active region of the lattice. The thimbles and rods could be
ividually as desired. The cadmium rods were supported by electro-

mng from piano wires, which in turn passed over pulleys on the ceiling
rweighted controls in a control room. Electrical safety circuits
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Bes

vided fo

occupied

be raise

the uppe:

dropped

reactor

neutron :

the reac

fuel tube

in Figs.

were so arranged that if either of two Monitrons* near the reactor were to

trip, ths electromagnets would become deactivated and the cadmium rods would

drop intp their thimbles upon shock absorbers,

A typical tube sheet lattice arrangement is given in Fig. Al.B. A

blacked-in spot on the position of a tube sheet hole means that the hole con

tained a fuel tube with a full complement of U235, viz., 45.45 g for solution
depth of 61.8 cm or 73.57 g for a depth of 100 cm. Fractional fuel tubes were

also mads up in order to permit close bracketing of the critical mass in an

assembly One phase of the experimentation called for the calibration of the

control rod position against known amounts of poison distributed in the
lattice

ides the reactor tank, an elaborate stainless steel system was pro-

r handling the heavy water. The entire experimental arrangement

a two-level concrete cell enclosure so that the heavy water could

from a reservoir tank on the lower level into the reactor tank on

level by means of dried compressed air. The heavy water could be

uickly if necessary, to stop a chain reaction,. Side holes in the

tank made possible the insertion of foils to be activated by the
lux for flux distribution measurements on a horizontal line through

, and vertical flux measurements were conveniently made in an empty

hole. Typical horizontal and vertical flux distributions are given
Al.C and D„

tor

U235

The

requ

During changes in the lattice arrangement, boron trifluoride counters and

Geiger counters with registering circuits and audible signals kept operators
informed on reactor activity levels. The progress of the critical reactor

was observed by means of an Esterline Angus recorder driven by the Monitron..

Al„g CRITICAL MASS EXPERIMENTS

main purpose of these measurements was to ascertain the amounts of

ired for criticality as a function of average concentration. The

* A Monitron
ation fall

is an ionization chamber and amplifier device which trips a relay when the ionizing radi-
ng upon it exceeds a predetermined level.
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initial approach to criticality was made by adding successive fuel tubes to

the heavy water tank, meanwhile following the neutron multiplication of a
polonium-beryllium source quantitatively by plotting the reciprocal activity,

as measured by several detectors, against fissionable mass present. When

experience had been gained, it was sufficient to look for a certain amount of

multiplication of the source as indicated on the Monitrons. and then to remove

the source while the apparatus was in operation and retract the control rod a

little more to get the critical condition. The amount of U23S was then

adjusted so that the reactor was just critical when the cadmium was all out,

Table Al.A gives a concise summary of the critical mass data as they were
obtained, A general summary of the dimensions and constants ef the experiments
is given in Table Al.B.
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CO-

ITEM

10

11

' MEAN
CONCENTRATION

lg/liter)

TABLE Al.A

Amounts of U23S Required for Criticality 1b Variaus D2e Systems

HEIGHT OF
LATTICE, h0

{cm)
TEMPERATURE

(°C)

D20 REFLECTOR
THICKNESS (am) mean lattice

radius; r
BELOW ABOVE LATERAL (cm)

LATTICE
VOLUME, V

(liters )

CRITICAL

MASS OF IT35
(ft

LATTICE
AS IN

PIOJHE

}nv!?*U* u ihimble rtr = Of 4 control rod thimbles at r - 18.8 cm; 1 control rod thimble at r = 30.3 mA 2^iny.Q D radialtube through ref lector;! !&•:in. -O.D radial tube to axis •» .s^». <*-"w*w.u. raaiai

10,35 61.8 20 20 I 62 47.9 23.1 104 1078 5a

1 control rod thimble at r = 0; 3 control rod thimbles at r = 18. 8 cm; 1 thimble at r = 30. 3 cm; 2 radial tube
10 35 61.8

s as in Item 1

5b20 20 62 48 2 22 8 101 1046

1 control rod thimble at r =0; 2 control rod thimbles at r = 18. 8 cm; 1 thimble at r = 30.3 cm, 2 radial tubes as in Item 1
10.35 61 8 20 20 62 48 6 22 4 97 5

2 control rod thimbles at r = 18 8 cm. 1 thimble at r = 30 3 cm; 2 radial tubes as in Item 1
10.35 61 8 20 20 62 49. 2 21 8 92.7

1 control rod thimble at r = 18 8 cm, 1 thimble at r = 30.3 cm; 2 radial tubes as in Item 1
10 35 61 8 20 20 62 49 6

1 control rod thimble at r = 18 8 cm; 2 radial tubes as in Item 1
10.35 61.8 20 20 62 49 7

1 control rod thimble at r = 18. 8 en

10 35 61- 8 20 20 62 49.8

Mo-hole extrapolation
10.35 61.8 20 20 62 50 2

1 control rod thimble at r = 18 8 cm, no other holes of

20 62

20 62

20 24

consequence

5.17 61.8 20.8 401

No-hole extrapolation (estimated)
5.17 61.8 20. 8 (40.6)

2 control rod thimbles at r = 18.8 cm

2.51; 100 22.7 29 0

21 4 893

21 3 87.8

21 2 87.3

20 8 84-0

30. 9 185

(30,4) (180)

42 0 552

1009 5c

959 5d

924 6a

909 6b

904 6c

869

954.5 6d

(930)

1425 7a
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TABLE Al.A (Comt tS)

ITEM
MEAN

CONCENTRATION
(g/liter)

HEIGHT OF
LATTICE,ha

(cm)
TEMPERATURE

(°C)

D20 REFLECTOR
THICKNESS (cm) MEAN LATTICE

RADIUS, R
(cm)

LATTICE
VOLUME, V
(liters)

CRITICAL

MASS OF U23S
(g)

LATTICE
AS IN

FIGUREBELOW ABCVE LATERAL

12 1 control rod thimble at r = 18 8 cm

:2.58 100 22 7 20 24 29.8 41.2 532 1374 7b

13 No-hole extrapolation

2.58 100 22.7 20 24 30.6 40. 4 512 1323

14 2 control rod thimbles at r = 18.8 cm; 1 control rod thimble at r = 30.3 cm ,

10. 35 100 23.5 20 24 52. 4 18.6 109 1126 Tc

15 2 control rod thimbles at r = 18. 8 cm

5 17 100 23. 5 20 24 45.0 26.0 212 1098 7d

16 2 control rod thimbles at r = 18.8 cm; circle of iron at r = 51 9 cm

5.17 100 21.6 20 24 41 6 29.4 272 1404 8a

17 1 control rod thimble at r = 18-8 cm

2.86 61.8 21-2 20 62 20. 7 50. 3 491 1405 8b



TABLE ALB

Collected Oinensions and Constants of the Experiments

,,235

DaO

435
Average isotopic concentration = 954% U

Average isotopic concentration = 99.7% D

235 (a) 2.58 g of U235 per liter
(6) 5.17 g of U23S per liter
(c) 10.35 g of U23S per liter

/ = 0-963; L2 = 90.42 cm2; k =2.09

0-D. = 1-500 in.; 2S aluminum; wall thickness = 0-035 in.;
bottom thickness = 1/8 in.; length below top of tube sheet =
4 ft 9X in ; thermal-neutron cross-section =0.89 cm2 per tube
for solution depth of 61.8 cm

2S aluminum; 2-3/8 in O.D.; 1/8-in. wall; 1/8-in. bottom5;
thermal-neutron cross-section = 4.62 cm2

O.D. = 1% in.; .type 304 stainless steel No. 16 BWG; length
654 in. overall; 0.020-in. Cd sleeve cemented inside

Height in fuel rods (o) 61.8 cm, (&) 100 cm; amount of fuel
per tube (a) 45.45 g, (6) 73.57 g; thermal-neutron cross-sec
tion = 74.5 cm2 per tube for 61.8 cm solution height

142 cm I.D.; }£-in. wall; type 304 stainless steel

1.25-in. O.D.; wall thickness = 0.035 in.; 24ST aluminum; bat-
torn thickness = 1/8 in.; overall length = 10 in.; about 9 in.
filled with D20

Length below top of tube sheets = 4 ft 8% in.; type 304stain-
less steel; diameters = 3/16 and 1/4 in.; thermal-neutron cross-
section = 0.0273 cm2 per gram, gixing-for 61.8 cadqpth* 2.58 cm2
and 4.58 cm* per rod for 3/16- and 1/4-in. rods, respectively,
and 4.18 cm2 and 7-41 cm2 for 100 cm depth, respectively, for
the rods

Mean concentration of U

Constants of theory

Fuel tubes

Control rad thimbles

Control rad*

U02F2 + D20 salutian

Reactor tank

Tube inserts

Poisoa rails

Square lattice spacing

Iron rods simulating thorium

Thorium insert in iron rod

2-59 g/liter 5.17 g/liter 10.35 g/liter

16.86 cm 11.92 cm 8.43 cm

Armco iron; diameter 3.65 cm; length overall = 139.7 cm; spaced
14.8 cm, center to center on circle 51.9 cm in radius

Diameter 4 00 cm; length 7% in; centrally located in iron rod

Total neutron absorption cross-section of materials in active
volume of assembly

(1) For depth of 61. 8 cm;

Vertical experimental tube (Al)

Radial experimental tube (Al)

Control rod thimble (Al)

Fuel Tubes (Al), each

Solution, per fuel tube

ALIO

0.63 car

2.61 cm2
4.62 cm2
0.89 cm2

74.53 cm2



TABLE Al-B (Cont'd)

Thorium insert in iren rod (cont'd) (2) For depth of 100 cm:

Vertical experimental tubes 1.02 cm

' Vertical experimental tubes, small 0.08 cm

large 1.64 cm
Control rod thimble 7.48 cm2
Fuel tubes, each 1.44 cm

Solution* per fuel tube 120.6 cm2

Al 3 REFERENCE REPORT

(1) Snell, A. H., Critical Studies on Enriched Uranium—Heavy Water Studies,
MpnP-454, December 15, 1947.
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Appendix 2

WORK ON CRITICAL EXPERIMENTS, JULY 1946 TO DECEMBER 1948

A2.1 CRITICAL EXPERIMENTS WITH Al + HgO MODERATOR AND HEAVY WATER,
LIGHT WATER, AND BERYLLIUM REFLECTORS(l)

The experiments with Al + H20 as a moderator and heavy water, DaO, as
reflector were a direct continuation of those initially undertaken and described

in Appendix 1 relevant to the "heterogeneous" reactor design, p. A2.J. Wh^ile
the decision for a beryllium reflector had been made, a sufficient quantity

could not be available soon enough to justify the removal of the heavy water

system. Consequently a broad experimental program on enriched small reactors

was initiated to include reflectors of ordinary water, heavy water, pure

beryllium, and beryllium plus a small percentage of ordinary water. The last

case was in anticipation of cooling water in a beryllium reflector for the MTR.

The first group of experiments in the enriched reactor program, beginning
in the summer of 1946, involved the heavy water reflector, and it is these

which are now to be described.

A2,ltl Experimental Facilities. Some extensive changes were made in

the physical arrangement of the equipment described in Appendix 1 which in

creased safety, ease of operation, and control of the critical assembly. The

general arrangement is sketched in Fig. A2.A. Not shown is an exit fram

the control room to the outside as an emergency exit and security gate.

With respect to instrumentation, new and faster Monitrons (ion chambers

and associated circuits) were added so that three were in operation at all

times and all were connected to the control rod safety system. The time

constants of the safety circuits were about 0.2 to 0,5 sec. Esterline-Angus

recorders installed in the control room were driven by two of the Monitrons

so that visual monitoring of the pile was provided. In addition, the usual

array of counters, gamma ray and neutron, were in use with mechanical recorders

for counting rate purposes and loud speakers for continuous auditory monitoring.
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A2..1.2 Pile Geometry and Design, In the design of the high-flux reactor

going on during 1946 and 1947 the core would contain a considerable quantity
of aluminum in alloy with uranium or otherwise in structural form. It there

fore became desirable to study, in the critical experiments, the effect of

various volume ratios of aluminum to light water on the fluxes and critical

masses. The new high-flux reactor design called for such a close spacing of

fuel plates, that, to a very good approximation, the reactor core could be

treated as a homogeneous mixture of uranium, aluminum, and water. Consequently,

experiments were undertaken in which the concentration of U235 was held

constant while the volume ratio of aluminum to water was varied for the

reasons that (1) engineering design depended upon the allowable quantities of

aluminum in the reactor, and (2) the dependence of critical mass, fast flux to

slow flux ratio, and neutron "age" on the A1/H20 ratio is of both theoretical
and practical interest. The Al/H20 ratios studied were 0.88, 0.76, 0.65, and
0.303.

The problem of constructing and assembling a reactor that was essentially

homogeneous in reasonably small integral parts was solved by the use of square

aluminum tubes, each of which contained about 20.3 g of U23S in the form of
U02F2 in light water solution. A square tube satisfies the requirement of

close packing and approximation to homogeneity, and a reasonable size was

available, namely 1 by 1 in. with 1/16 in. wall thickness.

The pertinent physical data for the D20 reflector experiment were as
follows:

Concentration of U23s = 35.6 g per liter of reactor volume
Height of active portion = 70 cm

Size of individual fuel tube = 2.54 by 2,54 by 90 cm

U235 Content of fuel tube = 20.3 g per tube

A1/H20 volume ratios attainable = 0.883 0.76, 0.65, 0.303

The actual pile geometry utilized was cylindrical with no reflection

above and below the core but D20 reflection on the cylindrical side. For this

purpose a concentric inner tank was built into the D20 tank described in

Appendix 1, p. Al.l. The final arrangement is given in Fig. A2.B.

The procedure during assembly was as follows: (1) the reactor tank has

a full complement of tubes at all times; (2) some tubes initially are fuel
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tubes and the rest are D20; and (3) the gaps between the square tubes and the
cylindrical tank are filled by D20 introduced into the core tank for this
purpose, i.e., to prevent a gap between core and reflector. However, the

rather large percentage of aluminum in the reflector region near the core tank
essentially required a three-region theoretical treatment of the experiment.

All the above statements relating to the D20 experiment apply equally
well to the arrangement and procedure used in the case of the H20 reflector.
The experiments in which H20 was employed as reflector were carried out for
two reasons: (1) the results would provide information regarding the effect
of the water that would be present on top and bottom of the high-flux pile,
and (2) the study of a pile in which loth the moderator and the reflector are
of the same substance is of considerable interest to theoreticians.

When beryllium was used for the reflector the experiment was somewhat
cleaner" with a square arrangement in that it was possible to do away with

the irregular region between reactor and reflector, This will be evident from

Fig. A2.C. It turned'out that the beryllium reflected pile became critical
just four fuel tubes short of a nine-tube square, and the reactor was built
out to completely fill this square geometry,, the excess k being taken up by
poison. Figure A2.D is a photograph looking down on the beryllium assembly.

A2.U3 Results and Discussion. Experiments were performed with D20,
beryllium, and H20 reflectors to find (1) critical mass, (2) neutron distri
butions, and (3) values of control rods, cavities,, etc, in terms of fuel.
Various ratios of Al to r'20 were used. These experiments served as a check on
the theoretical calculations of critical masses under the same conditions.
The values for the critical mass found in both theory and experiment are
compared in Table A2.A.

The situation in spatial neutron distribution is shown in Fig, A2.E,
which contains both experimental and theoretical radial distributions. These
distributions were measured at a height of 35 cm above the bottom of the pile.

It will be noted that in general the observed densities of both thermal

and epithermal neutrons in the reflector are somewhat greater than expected
from a two-group calculation. The rise in thermal neutron density just
outside the reactor is quite pronounced, the maximum experimental value being
40% higher than the minimum, whereas the rise for a two group picture is 15%,

A2e5



>

Square Tank

Control Rod Port Tubes

Marked B

PLAN

DWG.NO. 4426

Removable Block Case

56 I.D. Reactor Tank

Beryllium Blocks

SECTION A-A

FIG.A2.C

ASSEMBLY FOR

BERYLLIUM REFLECTOR



'•



>
ro

35

30

25

09 "?0 201-

<

15

10

SECRET

FIG.A2.E

RADIAL NEUTRON DISTRIBUTIONS

BERYLLIUM REFLECTOR

^ BEFLECTOR. JEACTOR.

DWG.NO. 4428

JEFLECTOR ^

THERMAL
NEUTRONS

3 GROUP THEORY

J Ui
40 36 32 28 24 20 16 12 8 4 4 8 12 16 20 24 28 32 36 40



TA1LE A2,A

235Critical Masses ip Kilsgrsas of tJ'

VOLUME RATIO

OBSERVED CALCULATED, 2-GROUP

COWWCTED FOR EMPTY

REFLECTOR A1/H20 GROSS CONTROL ROD PORTS, ETC. 2-REGION 3-REGION

D20 0.88 2.48 2.40 2.10 2.64

D20 6.76 2.23 2.15 2.43

Be 9.76 1.54 1.42 1.54*

H20 0.76 3.29 3.22 3.34

H20 0.66 2,82 2.72 3.04

"Where critical K = 0.918 x i of pile without poison.

One mi^ht be temptec. to conclude that berylliun exhibits advantages as

a reflector which were unsuspected, but it seems probable that the experiment

merely emphasizes known shortcomings of a two-group theory. A three-group

calculation is shown in Fig. A2.E. The source of the remaining discrepancy

between theory and experiment was not yet clear. Age measurements in beryllium

were in progress at Argonne.

Vertical neutron distributions were studied also; typical results will

be found in Fig. A2.F. It will be recalled that no reflector was present

at top or bottom of the experimental piles and the solid lines are cosine

curves fitted to points near the center by a least-squares method. The slight

lateral shift of the data frem center is apparently due to the presence of a

portion of a control rad in the top of the pile. It is clear that the extra

polation distances for thermal and epithermal neutrons are the same, within

the experimental limits.

A few rough measurements of the values of control rods were made. In the

beryllium case, the rod near center was found equal to 160 g of U and a

cavity (empty tube) approximately halfway from the center to the periphery

was equal to 18 g. On this basis the center cavity equal 35 g*
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AS, 2 FU1T1EI CIITICAL UPEfillENfS til IMICUI UACTtIS llfl

Al +H2t MBEBATCt ANB SM.lt BSMLLIMI lEFLECltl**>

With the termination of the experiments dealing with liquid reflectors

and in preparation for a series of experiments on reactors having solid
reflectors, it was decided that it would be worth while to make certain major

changes in the experimental arrangement in the-criticality cell in order to
provide for greater flexibility and greater convenience in stacking solid
reflectors, the entire liquid storage and piping system was removed from the

cells, and in place of the tank assemblies which had been used for Da0 and
K20 reflectors, a low platform framework of stfeel was erected. A k-in. plate
of 2S aluminum was placed over the steel framework to serve as a floor on

which to build critical assemblies. The center portion of the plate was cut

out, and flanges were provided to hold a center plate»of K-in. aluminum,
through which was drilled a rectangular array of holes accurately spaced .to
position the lower ends of the fuel tubes for A1/K20 ratios equal to or

greater than 0.65. Thus the bottom of the reactor was relatively clean, the
core and a considerable portion of the reflector having only the J£-in. perfo

rated aluminum plate immediately under them.

A2.2,l Experinental Facilities. Figure A2.G shows a core of aquajre

cross-section with the beryllium reflector assembled on the platform. The

level of the fuel was at the same height as the top of the reflector in these

assemblies, the remaining upper portion of the fuel tubes being empty up to

the rubber stoppers

Practically all the radiation detection and monitoring instruments were

replaced by improved circuits of more recent design. In particular, it was
found that the vibrating-reed Monitrons, two of which can be seen in Fig.

A2.G, are a decided improvement over the older designs in stability, sensi

tivity, and response time.

The operation of the control rod system was improved by replacing the

hand-operated control rod counterweights and clamps by small gear boxes (one
for each control and safety rod), which were designed to limit the maximum

rate of withdrawal of the rods. While the operation of the rods was still

basically manual, the use of the gear boxes ensured a reasonably slow and con

stant rate of withdrawal of the rod and also facilitated changing the control

rod position in small increments with accuracy.
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A2.2.2 Experinental Results. Bare Pile. While waiting for the arrival

of sufficient beryllium to continue the studies for the high-flux pile, it was
decided to try to obtain a figure for the bare critical size as a check on the

fundamental characteristics of this reactor. A bare assembly was built with
cadmium sheets around the sides of the reactor to reduce the effect of nearby
objects, and, although criticality was not finally reached, a multiplication
of about 11.6 was obtained at a load of 5050 g. The extrapolation of the
reciprocal counting rate versus mass curve (Fig. A2.H) indicates a critical
mass of about 5.5 kg. After correcting for the presence of holes for control
rods, it was estimated that the bare critical mass was 5.3 ± 0.1 kg. The
A1/H20 volume ratio in this case was 0,65, the height of the core was 66 cm,
the maximum loading attained was 48 by 43 cm in area, approximating square
geometry.

Beryllium-reflected Remctors. The description will be limited to a
discussion of the experiments which have been done on relatively "clean"
beryllium assemblies, i.e., assemblies which have simple, calculable geometries.

The first experiment in this series on beryllium-reflected reactors
was that on the measurement of the critical mass of a square assembly having
an A1/H20 volume ratio in the core of 0.65. In this experiment the geometry
of sources and BF3 counters was apparently very good since the counting rate
versus mass plots turned out to be approximately straight lines, showing no
tendency to either turn downward or curve upward near the critical mass, as
happens in many cases. Two Po-Be sources were used, one (107 neutrons per
second) located directly beneath the lower surface of the reactor below the
center of the core, and another (1©S neutrons per second) suspended in an
empty tube at the core reflector boundary at mid-height of the reactor.. Two
BF3 proportional counters were used to observe the multiplication of the
reactor during the build-up to criticality. These counters were located in

such a manner that a large portion of the core lay between the sources and the
counters, i.e., the counters must "look through" the multiplying medium to
"see" the sources. One counter was placed on the top surface of the reflector
in the immediate vicinity of the core (Fig. A2.G), the other was placed about
15 ft from the pile at an elevation about 4 ft higher than the top surface
of the assembly.

It was found that the square assembly became critical just three fuel
tubes short of an 8-by8-tube array. In order to complete the square geometry,
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it was necessary to add a small amount of poison (about 60 cm ) in the form

of thirty-one 0„030-in.-diameter gold wires, uniformly distributed throughout

the core. The resulting reactor then has a core 22.5 by 22.5 cm in cross-

section and 66 cm in height and containing 1.21 kg of U23s at a fuel concen
tration of 38 g of uranium per liter of reactor volume. The A1/H20 ratio in

the core was 0.65. The core was reflected on all sides, the reflector con

sisting of more than 30 cm thickness of beryllium, but there was no reflector

on the top or bottom. When corrections were made for the presence of control

rod ports (air holes) and for distributed gold wires in the core^ the minimum

critical mass of a square reactor of this type turned out to be 1.07 kg.

The second clean beryllium-reflected pile to be built was a thin-slab

assembly. It was desired to find the critical mass of a rectangular geometry

having a length-to-width ratio of approximately 5. The width selected for the

core of the pile was four fuel tubes, or 11 cm, and the assembly became

critical at a length of 19 fuel tubes (51 cm) with 30 cm2 of excess poison in

the core. The mass of U235 i- ;his case was 1.35 kgs and when corrections were

made for excess poison and control rod ports, the minimum critical mass for

this thin-slab geometry was 1.28 kg„ The height of the reactor, reflector

thickness, fuel concentration, and the A1/H20 volume ratio in the core were the

same in this case as for the square assembly.

The plot of the reciprocal counting rate versus fuel aboard, shown in

Fig. A2.I, indicates the linearity of results that can be obtained with

reasonably good source and counter geometry.

Spatial distributions of thermal and epithermal neutron flux were measured

in both the square reactor and the thin—slab reactor. The measurements were

made with indium foils, used alternately bare and cadmium covered. Figure

A2.J shows the distributions of thermal and epitherraal neutron flux along a

perpendicular bisector of the side of the square reactor. Figure A2.K show*

the same distributions along a diagonal of the square assembly. All these

foil measurements were taken at mid-heights of the assemblies.

The ratio of the thermal-neutron flux at certain points in the pile to

that at the center of the core is of interest; these data are presented in

Table A2.B.
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TABLE A2.B

Relations Between Theraal Flux at Certain Locations in the Reactor

and That at Center of Core

DISTANCE TO FALL TO

4),.^ (peak) 4>f^ (edge) CENTER VALUE (cm)

ASSEMBLY NO. FROM CENTER j FROM EDGE
4>,r^ (cscfcer) <£*l (center) OF CORE j OF CORE !

1 (lateral) 1.32 1.19 26.5 15

1 (diagonal) 1.16 1.13 25 9

2 (lateral) 1.42 1.24 22 16.5
*

2 (longitudinal) 0.90 0.85

The ratio of the peak thermal flux to the thermal flux at the center is

an indication of the maximum slow flux, for a given operating level, which the

assembly will provide for experimental purposes. The ratio of a thermal flux

at the edge of the core to that at the center is a measure of the maximum heat

production per unit volume to be expected in the core. The extent to which

the thermal flux holds up in the reflector is of interest in planning experi

ments which will make use of this flux,

A few preliminary experiments were 'carried out which yield an estimate of

fast-neutron flux in these reactors. A threshold type fission chamber^3) was

constructed using 145 mg of uranium from K-25 which was depleted in U23s con

tent to approximately 1 part in 100,000.

The fission chamber was first placed in a graphite column containing an

Sb-Be source at a position where the thermal-neutron flux and the Cd ratio

were known from standard indium foil measurements. By exposing the chamber

alternately bare and Cd covered, it was determined that 93% of the fissions in

U23S were caused by neutrons of energy below the Cd cutoff at a position in
the graphite column approximately 10 cm from the Sb-Be source where the Cd

ratio was 3.7.
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The chamber was then placed at the center of the active lattice of the

thin-slab pile where the counting rate, when corrected for thermal fissions in

U , indicated that the flux of neutrons having energies above the U238
threshold (>1 Mev) is 0.50 (nv)tfc. This result is in reasonably good agree
ment with the calculated virgin flux in this core, 0.60 (nv)(fc (see MonP-272).
The correction for thermal fissions in U23S in this case amounts to only 2% of
the total counting rate.
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Appendix 3

CRITICAL EXPERIMENTS ON SIMULATED MTR STRUCTURE1 u

In particular, the third set of critical experiments was designed to study

the following:

1. The critical mass (or, more directly, the excess of Afe/fe) of
slab reactors as a function of the length-to-width ratio of the
core.

2. The effect of holes on the k of the reactor,

3. The heat load in the reflector arising from gamma^ray absorp
tion.

4. Spatial distributions of thermal, indium resonance, and fast
(2? > 1 Mev) neutron flux in the core and in the reflector,
particularly the distributions of thermal and indium resonance
neutrons in the experimental holes,

5. The effectiveness of control rods of various materials and of
various sizes in terms of Afe/fc.

A3.1 THE EXCESS REACTIVITY OF U-Al-HjO REACTORS, WITH Be
REFLECTOR, AS A FUNCTION OF GEOMETRY AND REFLECTOR COMPOSITION

The starting point for these experiments was the small clean-slab reactor

which is described in Appendix 2, p.A2.J5 The core was 51 by 11 cm in cross-

section and 66 cm high. It had a 30-cm beryllium reflector on each face except

the top and bottom. The volume ratio of Al to H„0 was 0.65,and the fuel con

centration in the core was 37.1 g of U per liter of core.

The size of the reactor was increased in a series of discrete steps, the

final objective being a core of dimensions 71 by 22.5 by 66 cm, with a re

flector on all sides (except top and bottom) consisting of 30 em pf beryllium,

diluted with about 2% water (imitated by plexiglas), , This final assembly

approximated very closely the dimensions and composition of one of the probable

configurations of the high-flux reactor.
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The major steps in building up the small slab to final size were the

following:

1. Increase in length of the slab from 51 to 71 cm and addition of
a 30-cm graphite layer to one side (long side of the beryllium
reflector).

2. Increase in thickness of the slab from 11 to 17 cm.

3. Increase in thickness of the slab from 17 to 22.5 cm.

4. Completion of a simulated high^flux reactor, putting 30 cm of
graphite on each side of the beryllium reflector and introducing
the seven large experimental holes in the reflector. The final
assembly has been shown in Fig* A3,A,

As the size of the reactor was increased oyer that of the small clean

slab, it was necessary to add uniformly distributed poison in the core to hold

k-effective to a value close to unity. The poison used in these experiments

was type 347 stainless steel in the form of strips 1/8 by 15/16 by 126 in.

These were inserted in place of aluminum strips of the same dimensions which

were uses to attain the desired A1/H20 volume ratio in the core. Although

this substitution changed the A1/H20 ratio to some extent, the magnitude of
the change was small and the effect OH the neutron age was also small*

Beginning with the 51- by 11* by 66»<Sm reactor^ containing 1,35 kg of

fuel, both poison and fuel were added in appropriate increments until a length

of 71 cm was reached. At this stage the reactor contained 1.94' kg of fuel,
and the excess 0*59 kjf (over the clean critical mass o£ 1,35 kg) required 266
cm2 of uniformly distributed poison to hold the excess reactivity to zero with

all control rods removed. Table A3„A shows the excess reactivity^ repre

sented by poison content, for each of the assemblies studied. The excess

Afe/fe is obtained by computing the k for each assembly from k = a"25/crtotal wnere

CTtotal =^25 +°A1 +aH20 + poison- then Afe/fe = (*« " ki^ki> where ko refers
to the clean,,unpbisoned core and k^ to the poisoned assembly.

When the reactivity is changed by a means which does not alter the total

amount of fuel in the core or the concentration of fuel, it can easily be shown

that the fractional change in fe is given simply by Afe/fe = A2/S, where AS is
the amount of uniform poison added or removed from the core and 2 = Na is the

total cross-section of the reactor having the smaller amount of poison. For

example, when graphite is added to one side of tjhe beryllium reflector of

assembly 3 (Table A3.A), 37 cm2 of additional poison is required to offset
the increased reactivity, and the effect t>f the graphite layer is given by
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37/4384 = ASA = Afc/fc = 0,9%

Table A3.A swanarizes the pertinent criticality data for each of the

beryllium-reflected reactors in this series. Column 3 indicates the amount of

U 3S required to fill the core having the dimensions shown in Column 2 at a
fuel concentration of 37.1 g per liter of core. Column 4 shows the amount of

uniformly distributed poison required to hold the excess k of the assembly to

zero, i.e., to hold the reactor just at criticality with all control rods

withdrawn. For each assembly, the Zpije =^25 +ZA1 +^TLO is Siv«n in Column 5,
the experimental k is shown in Column 6, and in Column 7 is shown the excess

Afe/ft which can be made available by the removal of distributed poisMt.

TABLE A3,A

Critical Mass and Poison Content (Excess k) of U«Al-H2f Reactors
with Me Reflector

(Al/H2© valua* ratio = 0.65; Me thickness = 30 en; reactor bare top and
hottest kg - 1.6167 for clean core)

ASSEMBLY NO.

1

DIMENSIONS

L x W x H

I MASS
> (kg)

PMS8N

(am2)*
PILE

*

At/fe
EXCESS

22 X 22 X 66 1.21 66 2591* 1,5626 3.5
•

2 51 X 11 X 66 1.35 30 2«82»" i,5«4« 2»s

3a 71 X 11 X 66 1.94 266 4118 1.5184 6,5

3k (3ft co graphite 71 x'11 X 66 1.94 303 4118 1»5057 7,4

; as one side)

4 (30 cb graphite 71 x 14 x 66 2.44 640 5179 1.4388 12.4

Oh one side)

5 (30 cm graphite 71 X 17 X 66 2.94 1140 6240 1.3670 18.3

on one side)

6 (30 ca graphite 71 x 22.5 X 66 3.95 1848 8384 1.3247 22.0

on one side; 2%

Water i> Be)

7 (30 en graphite on 71 X 22.'5 X 66 3,95 15*0 8384 1.3603 18,8
all sides of Bej

seven 6-in„h»l«o

I in reflector) 2%
1 water in Be)

i
These rnnt>in Iractiaaal fuel tabes.
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A3.2 EFFECTS OF TIE EXPEBIIEHTAL BttLKS THROUGH THE REFLECTOR

The research facilities of the high-flux reactor as conceived in 1948

included seven large experimental holes, four of which began at the core

reflector. The other three holes began IS cm out in the beryllium and extended

through the remainder of the reflector. In connection with these irregularities

in the reflector a number of experiments were of interest: (1) the cost of

the holes in terms of &k/k, or in terms of additional fuel, (2) the effect on

the reactivity of the core of filling any one or all of the holes with water,

and (3) the effect of various absorbers, such as experimental apparatus, at
various positions in the holes. Item 2 is of interest from tho standpoint of

safety since it is conceivable that an accident might occar in which the wall

of the hole would collapse or otherwise fail, causing the hole to fill with

water and thereby increasing the reactivity. Furthermore, it is likely that

water cooling will be desired for experimental apparatus in one or more of the

holes on certain occasions, and the data obtained here will indicate the

maximum effect of water cooling on Afe/fe.

The location of the holes in the critical experiments is shown in Fig.

A3.A, and also in Fig. A3[.B which is a sketch of the assembly 3b of Table A3.A,

The so-called 6-in. hole is made up of a hollow aluminum tube of square cross-

section, having %-in. wall thickness and measuring 6 in. overall along the

edge. The 8-in. hole is of similar construction and measures 8 in. along the

outer edge.

The effects of the various holes were measured by the following pro

cedure: A reactor which was just critical with a given amount of poison and

with no holes in the reflector was used. A portion of the graphite and

beryllium in the region of the hole to be studied was removed, a square

aluminum shell was inserted at the proper place, and the reflector was re-

stacked around it. In order to offset the leakage through the hole and bring

the reactor back to the point of criticality, an amount of distributed poison

must be removed from the core. The effect of the hole on the reactivity of

the reactor is given by Afe/fe = A£/£. Before inserting a close-fitting paraffin

block into the aluminum shell to simulate water filling, the core was poisoned

excessively to offset the expected increase in reactivity. When the hole was

filled with paraffin, the distributed poison was again adjusted until the

reactor was just critical and the reactivity change due to the introduction of

paraffin was determined as before.
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Table A3.B presents the resnlts of the experiments just described for

• ssewMie^3, 5, and 6 of Table A3.A. Measurements were taken, for 6-in.

holes at the edge positions and for both 6- and 8*in. holes at the center

position. It was thought at one time that some interaction between the holes

might take place, but measurements made on individual holes and on various

combinations of two or more holes indicated that the effects were approximately

additive.

TABLE A3 B

Effect of Experimental Holes in tke Bigb-flax Reactor Critical Assemblies

Assembly No.

Reactor dimensions (cm)

Critical mass (kg)

Pile (cm2)
2

Poison (en )
<\

Total (cm )

71 X 11 x 66

1.94

4,118

303

4,421

71 X 17 X 66

2.94

6,240 -

1,140

7,380

71 X 22.5 X

3.95

»,384

1,848

10,232

Effect of the Holes in Ak/fe (%) .Where fc Is the * of the Reactor with Solid Reflector

Holes extending $o reactor-
reflector interface

6-in. hole on edge

6-in. hole in center

8-in. hole in center

Holes beginning IS issj ts<sm
reactor

6-in. hole on edge

6-in. hole in center

8-in. hole in center

Holes extending to reactor,
water filled

6-in. hole on edge

6-in. hole in center

8-in. hole in center

Holes beginning 15 cm from
reactor, water filled

6-in. hole on edge

'6-in. hole in center

8-in. hole in center

A3.7

0.75 0.49

0.86

2.84 1.71

0.12 0.08

0.13

0.40 0.22

0.65 0.42

0.84

2.45 1.53

0.08 0.06

0.06

0.23 0.11



It is interesting to note that the effect of the holes decreases per

centagewise as the thickness of the slab is increased. This was expected on

theoretical grounds.

Table A3.C contains a summary of the total cost in Afe/fe for two alter

nate provisions for experimental holes. This table shows the change in Afc/fc
that would be expected if the holes in these two cases should be filled with
water. An estimate of the cost of the holes in terms of critical mass can be

obtained by use of the empirical relation Nt/M =4.5 Afe/fe. However, this
relation leads to a reasonably accurate result only in the case of fuel All
added to the periphery of a cylindrical core. In the case of a rectangular
geometry, the cost in critical mass (AM) corresponding to a given Afe will
depend strongly on the statistical weight of the position at which the addi
tional fuel is added, and the figure obtained from 4.5 Afe/fe is a reasonable

approximation only for positions of average statistical weight.

TABLE A3.C

Summary of Total Effect of Experimental Holes

Assembly No.

Reactor dimensions (cm)

Ma3s (kg)

Cost in Afe/fe ef two 8-in. holes
pics five 6-in, holes (%)

Cn.st in Afe/fe of seven 6»in. holes {%}

Effect in Afe/fe of water filling two
8=in. holes and five 6»in.holes

(%)

Effect in Afe/fe of wace;r filling aeves

6-in. holes (%)

71 X 11 X 66

1,94

9.33

6.39

2.14

1.41

71 X 17 X 66

2.94

5.73

4.23

0.94

0.66

71 x 22.5 x 66

3.95

3.56

2.62

0.54

0.34

The effect of possible absorbers (experimental apparatus) in the holes on
the excess k of the pile was studied by taking the extreme case of a cubical
Cd box (0.020 in. of Cd, 10 cm along an edge). The effect of this relatively
large absorber on the fe of the pile when it was placed at various positions in
the holes is shown in Fig. A3.C. From these measurements it is estimated
that the maximum excess fe required to offset the effect of experimental
apparatus in the holes is 1.5%.
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Finally the excess fe of the 3.95-kg mock-up of the high-flux reactor was

measured. The characteristics of this mock-up include: (\) a core of di«

mensions 71 by 22.5 by 66 cm, containing 3»95 kg of U33S in water solution at

a concentration of 37,1 g uranium per liter of pile volume, (2) Al/HaO volume
ratio in the core = 0.65, (3) a reflector on all sides consisting of 30 cm of

beryllium plus 30 cm of graphite, (4) no reflector top or bottom, (5) Incite

distributed throughout the beryllium to simulate 2% in cooling water, and (6)

seven 6-in. experimental holes through the reflector as prescribed in the

design of the high-flux reactor. The excess fe of this mock-up assembly is

found to be 18.8%, Whe-n allowance is made for the top and bottom water

reflectors of the high««-flux machine, the total available excess fe is increased

to about 20% for this loading. Therefore it appears that a comfortable margin

exists over the total fe requirements, which are estimated (see Chapter 4) to

be as follows:

Xenon 9» 6%

Depletion 3.5%

Temperature coefficient 0.5%

Experimental apparatus in holes 1.5%

Total Afe/fe required 15,1%

A3.3 NEUTRON DISTRIBUTIONS

The spatial distributions of thermal and epithermal neutron flux in the

2.94-kg pile, the 3,95=kg pile, and in the various experimental holes of

the r.iock»up assembly, as indicated in the listing below, were measured. These

measurements were made with indium foils, used alternately bare and cadmium

covered, as described previously. A calibration of foils in the standard

(sigma)reactor indicated that the absolute flux (nv) is obtained from the

measured saturated activities, Aj shown in the attached figures by the follow

ing relations.:

(nv) thermal = 6° 5Mthermal

(nv^ epithermal = 1•66/i epithermal
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Several of the neutron distributions were measured as follows:

1. Figure A3.D: A lateral traverse across the 2.94-kg reactor (along
the short axis of the slab, at mid-height).

2. Figure A3.E: A series of measurements along the cen terline of
the 6-in. hole which is located at the edge of the long side of
the core: (a) with solid reflector in place, (b) with hole
extending to the core-reflector interface, and (c) with the
hole beginning 15 cm out from the edge of the core. These curves
show the depressions in the "solid reflector" neutron distri
butions caused by the presence of a single 6-in. hole in the
reflector.

3. Figures A3.F, G, H: These show the neutron distributions along
the axes of the various experimental holes which were planned
for the high-fluxreactoy. These measurements were made with all
seven 6-in. holes (or equivalent) in the reflector.

4. Figure A3.I: The fast-neutron flux (E > 1 Mev) and the indium
resonance flux, measured along a line midway between two of the
large experimental holes that extend through the reflector.

The Ua38 fission chamber used to measure the flux of fast neutrons has

been described in previous ORNL reports.*a"3*

The results of these experiments indicate that the (nv)fast.near the center

of the 3.95-kg assembly is 40% of the (nv\hermal» in reasonably good agreement
with the calculated value of (nv)vir.= 60% °f ("^thermal 8iven in tne rePort
MonP-272.

A3.4 SAHBA HEAT PRODUCTION IN THE REFLECTOR'

In the high-flux reactor the beryllium is water cooled and there is no

concern regarding the possibility of excessive heating in this portion of the

reflector. The graphite, however, is cooled only by air, and empirical in

formation on the heat production in graphite was desired to substantiate

theoretical calculations. In the reflector, heat production is primarily from

absorption of gamma rays.- Most of these come from the core of the reactor,

but some arise from neutron capture in beryllium and in graphite.

The gamma-ray absorption measurements were made in the rectangular

assembly having core dimensions 71 by 17 by 66 cm and loaded to 2.94 kg of

fuel. Measurements were made in the core and in the reflector along a line
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perpendicular to the long dimension of the reactor. Three graphite ion

chambers having volumes of approximately 1, 10, and 200 cc were used to cover

the range of gamma flux encountered in going from the interior of the core

through the beryllium reflector and out to the edge of the graphite portion of

the reflector. In order to minimize the possibility of measuring ionization

due to unforeseen neutron reactions in the gas of the ion chamber, the measure

ments were taken with each of four filling gases: air, argon, C02, and helium.

The lower solid-line curve in Fig. A3.J represents the total heat pro

duction in the reflector calculated from theoretical considerations. This

calculation was based on the neutron distribution for a thinner slab pile

(70 by 11 by 60 cm) where the heat load in the reflector is somewhat heavier

than in the case of the assembly in which our measurements were made (71 by 17

by 66 cm). The measured spatial thermal-neutron distribution in this assembly

is shown as a dotted curve.

A3.5 control rod experiments

A number of experiments were carried out to study the effectiveness of

control rods of various sizes in the 4-kg mock-up of the high-flux reactor.

The experiments are performed in the following way: the uniform poison in

the "clean" core (before the control rod is inserted) is adjusted until the

assembly is just critical. The control rod is inserted and the amount of

uniformly distributed poison in the core is reduced until the assembly is just

critical. When the experiment involves no change in the amount or concen

tration of fuel in the core, the percentage change in fe, i.e., Afe/fe, is given

simply by AS/£ where AS is the change in uniform poison and 2 is the total

cross-section of the active portion of the core after the rod is inserted. In

experiments which entail the removal of fuel and the insertion of a control

rod, the k of the clean core, klt is calculated, the fe of the active portion

of the core after insertion of the rod, fe2, is calculated, and Afe/fe is then

given directly by (fej - fe2)/fe2„

The Gd control rods tested in these experiments were essentially replicas

of those designed for the high-flux reactor in so far as dimensions and

composition are concerned. They were in the form of hollow cylinders of

square, 3% by 3M in., cross-section and 26 in. long and were filled with water

to duplicate the conditions that will be obtained in the case of the high-flux

reactor.
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The thorium rods for the high-flax reactor are designed to be nude up of
several plates; they are stacked in a sandwich-like assembly, with spaces
between plates for the passage of cooling water. Iron was used instead of

thorium for reasons of availability and ease of fabrication, the amount of iron
being adjusted to give the same total thermal cross-section as that provided
by the thorium rods. The test rod then consisted of a rectangular sandwich
bf iron and lucite plates having the same dimensions as the Cd rods described
above.

For use in the high-flux reactor it was planned for these rods to be
attached at one end to fuel assemblies so that as a rod is withdrawn fuel is

inserted in its place and vice versa. Therefore the measurement of interest

was the effect of the rod versus fuel in the same position. The percentage
changes in reactivity of the active portion of the core, when these rods were
inserted in place of fuel, were as follows:

ROD Afe/t (%)

Cd 7.3

Cd 20.7

Th 4.2

Th 9.0

It was also observed that the reactivity change due to the removal of

180 g of fuel (nine tubes or a 3%- by 3%-in. section) from a central position
amounted to «bout 3%.
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Appendix 4

MOCK-UP

INTRODUCTION

In 1947 when the design of the MTB's predecessor the High Flux Pile
was nearing completion it was recognized that many features of the reactor
would require thorough testing before the design could be considered final.
It appeared logical, economically and experimentally, to assemble a full-scale
model with which many studies could be made rather than to construct separate
equipment for each experiment. It was planned to fabricate major parts
(e.g., top plug, aluminum tank, grids, castings) with the intention of using
them later, if proved satisfactory, in the actual reactor. The reflector an
item of major importance for hydraulic testing, was to be fabricated of
aluminum because beryllium production was still in the development stage.

Two general groans of experiments were Wade. Studies of a mechanical nature
included assembly and alignment techniques, stress-strain investigation of
major structural parts, performance of the safety and regulating rod systems,
and the development of tools for refueling and remote disassembly of all parts.

Hydraulic studies were made to investigate the adequacy of cooling in the
reflector, safety rods, and fuel pieces.

After completion of this "mechanical" program in September, 1949 it
appeared that much could be learned by converting the Mock-Up into equipment
for low power nuclear experiments such as critical mass determination, neutron

and gamma flux measurements, and operation of the control system, These studies
occupied the period from February, 1950 to September, 1950.

A4 1 DESCRIPTION OF FACILITY

In an effort to keep the cost of the project at a minimum, the Mock-Up
structure was designed for outdoor operation with the enclosed space limited
to the control room. The structure, illustrated in Fig, A4.A, consists of
four main steel columns to support the reactor tank and a 10-ton traveling
crane The working level at the top of the tank 22 ft above grade level
is floored. A 12-ft deep "sub pile room," 15 by 15 ft is provided underneath
the reactor tank.
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FIG.A4.A

DIAGRAM Of PILE TANK

A4.2



The water-circulating system was greatly simplified as compared to the

MTR. Its only purpose was to provide a maximum flow of 15 000 gpm and it

consisted of two 7500 gpm 100-psi-head pumps which fed the reactor tank

through 20 in, diameter pipe lines, The discharge from the base of the

reactor flowed to a 6000 gal capacity surge tank and thence back to the pumps,

Six small shell-and-tube heat exchangers were supplied to remove the energy

input (about 350 kw) of the pumps- The entire circulating system with the

exception of the aluminum section of the reactor tank was constructed of mild

steel and coated with Amercoat, a plastic material for corrosion protection

The reactor tank from top plug to bottom plug was identical to the

actual reactor design'1-' of that date except for the substitution of Amercoat
covered mild steel for stainless steel at tank sections A B E and F, The

top plug was equipped with two safety rods and one regulating rod drive All

bearings, grids, etc, were supplied for the aluminum tank section The

reflector was made of aluminum as already mentioned and the "fuel" was

fabricated as uranium aluminum alloy

A detailed description of all parts of the Mock Up may be found in the

Mock-up Design Report ^2' Information concerning the assembly and erection of
the system is presented in Procedure for Erection of the MTR Mock Up ^3'

After approximately six months of study on the dummy reactor changes were

made to allow operation as a nuclear machine intended to duplicate MTR con

ditions at very low power levels- A detailed account of the alterations made

at that time appear in ORNL CF 50 5 140 's^ Tfte alterations consisted essen
tially in providing the following necessities

1, Fuel in the form of standard MTR assemfelies

2 A beryllium reflector built with small beryllium bricks to
approximate MTR dimensions on two faces of the lattice with
Class II reflector pieces ("L"' pieces Be in lattice) on the
other two face s

3 A graphite reflector consisting of 300 00Q graphite pebbles and
50 tons of block graphite arranged in three quadrants of the
reactor tank

4, A 4 ft thick shield of concrete block unmortared surrounding
the graphite.

5, Instrumentation equivalent to two MTR safety channels and other
necessary operating circuits-

These details are shown in Figs, A4 B and C,
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A4 2 RECIANICAL EXPttlRNTS

The mechanical and hydraulic investigations were begun in May, 1949 and

consisted of the following

1. Stress-strain measurements.

2. Mechanical test of the control system.

3. Development of remote-handling tools

4. Hydraulic measurements in lattice and reflector,

A4 2 1 Stress Strain MeasorewoatSo The complexity of tank structure D

with respect to stress analysis made it desirable to obtain measurements at

questionable points in the Mock Up The required information was obtained from

Baldwin-Southwork strain gauges attached directly to the various components

of the tank. The results of these measurements are reported in CRNL 472,^ •

The electric resistance wire elements were attached according to the

following plan

no. or

ELBflWTS

Tank oectioa D, outside surface 14

Skirt places 4

Upper assembly grid 2

Upper support catting S

Lower support casting 5

Roughly half of the strain gauges were single elements which were employed

at locations where the direction of the stress could be easily predicted.

Where the direction was unknown a triangular arrangement of three elements

was used so that both the magnitude and the direction of the stress could be

determined.

Measurements were made early in the experimental program and before the
full pressure drop across the lattice was applied. However,, the magnitude of

the stresses calculated from the strain measurements were low enough in all

cases to provide assurance that no component was in danger of being overstressed

even at much higher pressure drops.
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Maximum stresses for the components during operation at about 30 psi Ai3

were

LOCATION STRESS (psi)

Tank section D, 6 in below upper flange 1920 (tension)

Skirt plate, center 1850 (tension)

Upper assembly grid center 950 (compression)

Upper support casting, center bottom 1300 (compression)

Lower suppor* casting (side -en*e" cf g--id 2020 (compression)
'ipar.ing)

The 356 T7A aluminum alloy with which the castings were made has a yield

strength of 25,000 psi at 0-2% set Tank section D was fabricated of 3SF

aluminum with a tensile strength of 17 850 psi and a minimum yield strength
of 6 000 psi

A4 2.2 Control System Except for the control system which includes both

shim-safety and regulating rods the reactor has practically no moving parts-
Because this system is roughly the brain and nervous system of the reactor and

should operate for its lifetime it was important that the control mechanics

be tested very thoroughly.

For these reasons the Mock Up was provided with two complete shim safety

rod channels and one regulating rod channel The control room contained the

operating console which served as the study model for the MTR desk and a

relay panel, both equipped with the necessary electrical equipment for testing
system performance

Console The console for the Mock Up was little different from that

planned for the MTR A few switches were relocated and the functions of one

or two were changed The wings to the right and left of the operator were

moved inward to br ing them within easier reach Except for these minor changes

the design was considered adequate and was approved for the MTR.

Shim SafetyRods and Drive Mechanisms ^6 ^ The shim safety rods and
drive mechanisms constituting the original Mock Up controls were considerably

different from the elements currently designed for the MTR- A brief history

of the evolution of the present MTR shim safety assemblies will be given for
each part of the assembly
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(a) Shim-Safety Rods., Originally the rods consisted of five separate
sections which were, from top to bottom armature section, upper stainless

steel sections cadmium (or thorium) section, fuel (or beryllium) section, and

lower stainless steel section. These rods were expensive (about S3 000 each)

to manufacture considering their estimated life (one month). In the course of

testing the rods several possible refinements to the original design became
apparent ,

In the armature section the cadmium plating was not sufficient protection
to prevent rusting of the 1010 steel. Nickel plating was substituted for

better corrosion protection. The nickel plating, being magnetic had the

additional advantage of reducing the magnet to armature air gap allowing a

gain of about 25 lb in magnet holding force The original sharp edged corners
of the armature made it difficult to position the upper assembly of grids over

the rods, and as a result the corners were beveled to make this operation
easier,

The upper section of the rod serves three purposes- (1) as bearinr
surface for the guide bearings, (2) as inlet port for cooling water ant1
(3) as a "ispacer"i to keep electromagnets outside the intense neutron - flux
region. Being necessarily long this stainless steel section was also heavy

(about 50 lb). fass at this point and in the absorber section below is

undesirable because of the large force exerted on the comparatively weak
uranium aluminum section during deceleration of the rod, In fact after

repeated drops the aluminum was found to be deformed at its joints and the
machine screws holding these joints were loosened. It was apparent that the
upper sections of the rod should be made of lighter material and an aluminum

extrusion with a cadmium box insert was designed to replace the upper stainless
steel and cadmium sections

Although this weight reduction was desirable from the standpoint of
damage to the fuel section and joint strength it was considered necessary to

keep the total weight of the rod above 100 lb for the situation requiring a
scram with no water flow Experiments showed that buoyancy and bearing friction
forces were great enough to keep a rod weighing less than 70 lb from falling
if the 350 lb driving force due to water pressure were absent ^s' To eliminate
this danger lead was added to the lower stainless steel section, and guide
bearings were redesigned to minimize friction.
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Velocity measurements on the original rods showed a peak speed of 16 ft/sec

with full water flow (see Fig, A4.D), An acceleration of about 4g is indi

cated, and these data should hold for present MTR rods.

The Mock Up was equipped with safety rod shock absorbers with bellows-

sealed plungers at the base to indicate the presence of the rod The indi

eating function is unrelated to the primary purpose of the shock absorber

that of decelerating the falling rod but is important from the standpoint of

control, The plunger type indicator gave constant trouble by water leakage

to the limit switches underneath and from galling. Hydraulic actuators were

designed for the MTR but could not be tested in the Mock Up because of limited

time ,

The operation of the dash pots as decelerators is illustrated by the

curve of Fig. A4 E which shows a terminal rod velocity of 3 ft/sec Maximum

pressures were measured for various entrance velocities and found to be 200 psi

for the 16 ft/sec velocity resulting from a 10 -psi pressure drop across the

reactor tank.

The bearings which serve to guide the upper and lower ends of the rods

originally contained spring loaded graphite pads as the bearing surfaces, The

graphite scored easily and was found to offer a resistance of approximately

40 lb to the fall of the rods- Stainless steel rollers with graphite inserts

have been designed to replace the graphite and have proved adequate during

several months of usage•

(6) Electromagnets The initial design of the electromagnets was based

on the requirement that they operate under a water pressure of 50 psi support

1000 lb load at 200 mamp current and release this load in less than 30 msec

(the minimum period of which the reactor is capable in a start up accident).

After test units had been constructed it was found that the release times

were about double those expected and that the watertight seals were inadequate.

The release time deficiency was traced to shorted turns in the coils-

Subsequent coils were redesigned and manufactured by the Westinghouse Electric

Corporation, In the course of the investigation the coils were tested on

core materials of Permandure and Hypersil alloys in addition to the 1010 steel

chosen for the final design. With properly manufactured coils on the 1010

steel cores release times of considerably less than 30 msec were measured,
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In fact if one minimizes the ratio of holding force to force actually held

by varying the current, the armature -1o pole -face air gap; or the load sup

ported the release time can be reduced to 2 or 3 msec. The net result of

much experimentation with these factors was to specify a current of 100 mamp

and an air gap of about 0 010 in, which can be adjusted to give a holding

force of 600 lb For the case of full water flow the total load on the

magnets is about 500 lb and a release time of about 10 msec can be expected

With no water flowing and only the dead weight of the rod (about 100 lb)

supported, the release time is 30 to 40 msec The holding force curie for a

typical magnet is presented in Fig A.4.F. In Fig A4 G are the records of two

release time measurements

The failure of the gasketed water seals on the pole pieces of the initial

design led to a complete enclosure of the core with a stainless steel can

This change necessitated removal of amicroswitch and a bellows sealed actuator

which were contained inside the old can for the purpose of indicating physical

contact with the shim safety rod The indicator currently in use takes

advantage of the fact that the rods are at ground potential electrically and

the demineralized water has a high resistance. By insulating the magnets from

the drive shafts and applying a 6 volt potential the current which flows when

the magnet face contacts the rods is sufficient to trip a relay which indicates

contact and energizes the magnets

The magnets installed at the Mock Up were fastened to the drive shafts

by six % in bolts Calculations indicated that the magnets would be con

siderably above tolerance radiation after long time operation at MTR levels

To simplify the replacement of faulty magnets a quick release mechanism has

been adopted for MTP magnets

The requirement for an insulating and shielding liquid with which magnets

and drive shafts could be filled is that the liquid not suffer radiation

damage (i .. e loss of insulating qualities or severe degassing) that it be

heavier than water (so that leakage water will not accumulate above the

magnets) and that it not attack the magnet construction materials The

liquid now used is the only insulator of many tested which adequately fills

these requirements

The flexible connections now incorporated in the shim safety rod design

were previously a section of the drive shafts, immediately above the magnets
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Their purpose is to correct misalignment and to allow approximately 3/8 in.

overtravel of the drive motors after current cnt-off. The original design

allowed excessive movement of the magnets under full water flow and gave

considerable difficulty through abrasion of the magnet leads. The simpler

joint now at the top of the safety rod appears to be adequate.

(c) Drive Mechanisms. The worm gear—acme thread speed reduction units

were studied with respect to measurement of backlash, overtravel, wear, actual

speed reduction, and time of reversal. Total backlash from motor shaft to

magnet drive shaft was less than 0.010 in. Overtravel was 0 10 in upward and

0.17 in. downward. The actual speed of rod withdrawal was 5 0 in./min. and

time of reversal was less than 0.1 sec. All measurements were made with shafts

loaded to 600 lb. After approximately 400 hr of operation the total backlash
*

had not increased, and it was assumed that no serious wear had resulted

Regulating Rod and Brive MechanismA9' The MTR regulating rod and drive
mechanism assembly are very similar to the originals installed in the Meek Up

The Mock-Up rod was thoroughly tested from standpoints of general operability

mechanical design, and reactor control.

Some difficulty was experienced with the sleeve guide bearing located in

the upper and lower support castings Because of grit particles the rod and

bearings galled severely, necessitating removal and refiaiahing The bearings

were redesigned as spring loaded stainless steel rollers which eliminated the

galling trouble. However, during the low-power nuclear experiments with full

water flow it was learned that the bearings permitted lateral movement of the

rods, which affected neutron detection instruments as would a minor instability

of the reactor. The low power experiments were completed before stronger

springs could be tested.

Another difficulty with the original design was the method of attaching

the rod to its drive shaft. The coupling was designed as a screw joint to be

actuated by a 20-ft-long bolt after removal of the upper shock absorber

Rotation of the rod during the coupling operation was prevented by a horizontal

pin through the rod which mated with a slot in the upper bearing Awkward

features were eliminated by a redesign including a new upper shock absorber

which need not be removed to accomplish attachment or detachment of the rod

a ball and-socket joint replaced the threaded joints and the necessity for a

pin and slot were thus eliminated

A4.15



The lower shock absorber of the drive mechanism exhibited an annoying
quirk of not returning to its rest position after compression. This trouble
was corrected by insertion of a stronger spring and by attachment of a small
check valve at the oil-fill port

Before the regulating rod was used with its servo mechanism as a control
device, experiments were devised to measure its response time The test
consisted in unbalancing the electronic system with an applied voltage (instead
of an ion chamber signal) and measuring the time required for rebalancing
The response time for the maximum unbalance was found to be about 0.1 sec and
is considered adequate for control of known MTR instabilities

Full-scale test of the servo mechanism as an automatic control device
was accomplished during the low-power nuclear experiments described in Section
A4.5-7. The system performed satisfactorily for several months at power levels
from 100 watts to 175 kilowatts

A43 HYDRAULIC EXPERIMENTS

The high power density (about 300 kw/liter) at which the MTR operates
imposes rather stringent requirements for heat removal. Cooling-water veloc
ities of 30 ft/sec and heat fluxes as high as 500,000 Btu/sq ft-hr.are
necessary for the realization ©f design performance

The desire for more complete knowledge of the complex hydraulic charac
teristics of the MTR was an important reason for construction of the full
scale Mock Up.

Early design calculations indicated that the following conditions could
be expected in the reflector an* fuel lattice

LOCATION

(1) 1/8-in -diameter holes in reflector pieces

(2) 0.118 in slot between fuel elements

(3) Fuel elements with 0 118 in caps

(4) Shia-safety rods (Th U)

(5) Across upper assembly grid

(6) Across lower assembly grid

(7) Across lower support casting
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VELOCITY
(ft/sec)

19

25

30

36

PRESSURE DROP
(psi)

6

17

42 (including
end boxes)

42

12

13

36



Water requirements for 42 psi pressure drop were

ELEMENT

23 fuel pieces (slab loading)

8 shim safety rods

Ref lee * or.

Latt'.-.e in'ersr-i res and Be in. la-'"l,.:«.

Total »a'.er -eqij'.'cmeii'' 16. 200

The Mock Up problem assignment was to determine whether the calculated pressure

drops and flow rates actually existed

The experimental work was divided into two groups (1) flow in the

reflector, and (2) flow inside the fuel lattice

44 31 Via* in Reflector OBtside the Fuel Lattice The reactor is

designed in a manner such that the beryllium reflector occupies the space

(15 by 30 in.) between the rectangular lattice area at the center and the wall

of the 54 in diameter aluminum tank At the time the Mock Up was built the

reflector consisted of approximately two hundred separate pieces each roughly

3 by 3 by 40 in high In general each separate piece was provided with

several 1/8 in diameter cooling holes extending through the piece from top

to bottom A few pieces of odd sizes and shapes, such as those above and

below the experimental thimbles, had larger or different cooling passages The
general aim in the design of the reflector cooling passages was to provide

sufficient water to remove approximately 6 000 kw of heat produced by 7 ray

and neutron energy from the fuel lattice

The problem of measuring the various velocities and pressures was ap

proached by selecting a typical quadrant of the reflector for detailed study

A few pieces were chosen in other quadrants as check points and others where
special situations arose Figures A4 H and I show these selections One

cooling channel in each reflector piece was provided with two static pressure

taps and calibrated for flow versus pressure drop before installation

After positioning a particular piece in the Mock Up reflector small

stainless steel tubing leads from the pressure points were attached to Cannon
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Fig. A 4. H

LOCATION OF PRESSURE TAPS ABOVE THIMBLES

(References Dwg TD-500)

AU.18

Drawing #76^1



Fig. A A. I

LOCATION OF PRESSURE TAPS BELOW THIMBLES

(lefereneet Bwg TD-502)

Ah.19

Drawing 76^2



type connectors in the reactor tank wall and then run directly to a manometer

board in the control room Approximately 120 lines were connected from inside

the reactor tank to manifolds and thence to mercury and oil filled Merriam

manometers

Nine experimental determinations of velocities were made in the 56

reflector pieces selected for study at pressure drops ranging from 17 5 to

33.7 psi After two runs it was seen that flow in the reflector was con

siderably in excess of that anticipated An unsuccessful attempt was made to

reduce the flow by plugging weep holes in the lower support casting and filling

some open area at the "A"1 piece end box sockets. Mean velocities in various

types of channels for a typical test at 33 6 psi after reducing the open area

in the lower support casting are shown in Table A4 A.

TABLE A4 A

Water Velocities in Various Reflector Channels

CHANNEL VELOCITY

. (ft/sev)

A pieces (1/8 in holes) 18 7

5/16 in holes abo-re thimbles 9 0

5/16 in holes below thimbles 8 9

1/8 in. holes abo-re thisnblsr. 10 9

1/8 in holes below thimbles 3 8

1/8 in holes abce % in horizontal tubes 15 2

Using these velocities as a .basis, the total flow rate through the re
flee tor was computed asj.follows

A section was taken above the thimbles and just below the top surface of
the reflector. Counting the numbers of various types of holes and using

measured dimensions flow rates in gallons per minute for each foot per second

measured velocity were derived These are shown in Table A4 B
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TABLE A4 B

Flow Rates for Various Reflector Holes

TYPE OF CHANNEL

NO. 0P

HOLES

CROSS=

SECTION

FLOW RATE

AT 1 ft/<-e:

1/8 '.n h:>les above thimbles

FaU length 1/8 '-n ha!*s

1/8---r. he las ifcrt %--r. h •••>:.• 'or.-al -::i>es

1/8-i.n holes ab.r.-'e i \r, h.:r id'.-.a! -.ib?s.

320

86

?44

208

44

•54

0 0129

0.101

0 0129

0.0129

0 0129

0.01.29

12 9

27 1

30 0

8 4

1 8

2 6

Flow through gaps between reflector components was estimated asafunctio.:

of gap thickness Assuming that the velocities vary as the 2/3 power of the

equivalent diameters, and that the equivalent diameter of a wide thin slot

is approximately twice the thickness T

1 ?'

3 1'-D,\

[2t:^-:"

The 0 127 in hole designated as pressure tap 41 (Fig A4 D) is suitable as a

standard Then

r i 2 /3
2V y ] i IT \2/ 3

2 I |q j27 I
2 / 3(T,)a/3 6 30 V2(T2)2'

Values of flow rates in gallons per minute at 1 ft/sec measured velocity at

pressure tap 4] are thus derived for the gaps between reflector pieces These

values are shown in Table A4 C
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CLEARANCE T„

0 017

0 0435

0.060

0 080

0 1065

0 0625 (at tank wall)

Total

TABLE A4 C

Flow Rates at Pressure Tap 41

NO OF GAPS

228

6

20

12

2

1

(T,
2 3

0 065

0 122

0 153

0 185

0 225

0 158

CROSS

SECTION

(sq in. )

0 051

0 130

0 180

0 240

0 320

10 6

FLOW RATE

(gp-n)

AT 1 ft/sec

14 9

1 9

10 9

10 5

2 8

33 0

74 0

Components of the reflector flow rate are computed in Table A4 D using
the factors derived above and the measured velocities in Table A4 A

TABLE A4 D

Flow Rates in Reflector

FLOW RATE

{gpm;

TOTAL FLOW (gpm)

AT 1 ft/se- TEST 6 TEST 7 TEST 8 TEST 9

AP33 5 psi AP 33.5psi AP33 V psi AP 33 6 psi

Components o£ flow i*a'"e

~ -•

1/8 in. hr-les abo'/e thimbles 12 9 138 140 138 141
5/16-in holes above thimble:; 2> 1 244 264 255 244

Full length 1/8 in hsle? 30 0 362 362 362 372
1/8-in holes in - A' pieces 8 4 .54 152 152 149

1/8-in holes abo-re Yr -m
horizontal tubes 1 8 25 28 30 27

1/8 'in holes abo''e 1 in
h-onzcrtal tubes 2 6 33 34 30 30

Subtotal 956 980 967 963

Clfta-: -r :.e thannelr. 74 0 898 898 898 920

Total reflector flow 1854 1878 1865 1883
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During these experiments measurements were also made of total flow and

velocities through fuel elements (see Section A4.3.2, Lattice Measurements)... A
typical flow balance at 33-5 psi pressure drop was as follows

Total flow, by calibrated orifice (gpm) 14 900

Component flow, by calibrated pressure taps ( gprn)

1 19 fuel elements (27.5 ft/sec velocity; 8,300

2 Shim reds ar.d substitutes 2 890

3. Berylijum lattice pieces 70

4 Lattice interstices 2 577

5 Open 1 in rabbit tube s 220

Total flow,, by components except reflector (gpm) 13 057

Flov ..hiough reflector by difference (gpm) 1 843

This excellent agreement of two independent measures indicates accuracy better
than the ±1% which more probably existe •'•

On the basis of these t'pta ant1 simultaneous lattice measurements (Section
A4-3 2) which indicate:- that a pressure drop of approximately 40 psi would
be require' to realize a 30 ft/sec velocity through the fuel reflector re

quirements at 40 psi were estimate-:1 as approximately 2000 gptn • This figure
was rough!v double the amount of water originally allowed for the reflector

area For this and for other perhaps more important reasons a redesign of
the reflector was undertaken-

A432 Flow and Pressure Drops inside Fuel Lattice. Velocity measure

ments were taken inside fuel elements and shim-safety rods and in the inter

stices between fuel elements. Pressure drops were studied wherever significant
reductions in static pressure were thought to occur, The points selected for

measurement are shown in Fig- A4•J• An analysis of these data is presented
in ORNL CF-50-6 -102•(»°)

Flow Through Fuel Elements, A group of six fuel elements was selected

for calibration. Two static pressure taps were installed in each of the.se

assemblies and used to measure pressure drop as a function of velocity through

the fuel plates. Calibrations were obtained in a separate experiment before
the fuel pieces were installed in the reactor lattice. Figure A4.K is a plot
of the calibration of these assemblies. Also shown are data from a previous
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calibration of a single assembly reported in ORNI>50,„ The pressure drops were
measured over the length of the fuel plates and the agreement of the two
independent calibrations is good.

The overall pressure drop which includes losses in both upper and lower
end boxes (reported in ORNL- 50) indicated that the desired velocity of
30 ft/sec past the plates woulc' be realized at a total pressure drop of 30 to
35 psi. This value was taken as the basis for design of the hydraulic system
for the MTR- However full scale measurements in the Mock Up indicated that
an overall pressure drop of about 40 psi was required to attain the 30-ft/sec
veloci ty.

This diagreement of 5 to 10 Psi was the subject of an investigation which
resulted in an explanation of the difference in the two cases It was found
that the upper end box of the fuel piece used in the experiments described in
ORNL 50 had an inside diameter 1/8 in, longer than the end boxes of more
recent design used in the Mock Up A calculation of the two cases confirmed
a loss of about 4 psi for the smaller Mock Up end boxes, An additional loss
of 3 psi was measured across the upper support casting through which the
water must pass before it reaches the fuel Thus the total design pressure
drop for the reactor tank was increased to 40 psi, which may be broken down
as follows

RESISTANCE

PRESSURE DROP

(psi)

Upper support ard gTid spacer castings 3

Uppei end box 13

Fuel plates

Lower end box

18

6

f

Total pressure loss in tank section D 40

Flow Through Interstices Between Fuel Elements, In order for cooling
water to flow between adjacent fuel elements it must move past the upper
assembly grid down past the outer fuel plates and discharge through the
lower assembly grid. It was desired to maintain a velocity of 25 ft/sec in
the spaces between fuel elements, but the Mock Up measurements indicated
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velocities of roughly 15 ft/sec Jt was four.' that the pressure drop across

the upper assembly grid was about 10 psi and across the lower assembly grid

was 18 psi. Subsequently the open area in the lower grid was increased and

its pressure drop reduced to 10 psi to give che correct velocity through the

interstices

Flow Through Safety Rods The shim safety rods also require a cooling

velocity of 30 ft/sec through the fuel section. Measurements in a previous

experiment1- ; indicated a pressure drop of 40 psi for this velocity- Call

bration of the Mock Up rods agreed with this figure The curve of velocity

versus pressure drop is presented in Fig- -\4 1.

On the basis of the Mock Up measurements the pressure drops and flow

rates through tank section D are summarized in Table A4•E•

TABLE A4.E

Pressure Drops and Flow Kates Through Tank Section D

PRESSURE

FLOW i gpra:

COMPONENTS COMPONENTS

LOCATION DROP .pat; PARALLEL NONPARALLEL

Upper support -catting 3 l/,6/0

Upper assembly g~<d 10 2, 500

Fuel asst-rablses ,23 t.quvcd, 37 10,925

Lar.ti.--.fi bf-.; -•/11 •< »m p..e:es vi4 requi^d) 37 35

Gaps in lattice ,.,-•"' 17 2,500

Shim rods -.adnuuir (4 regriired) - 40 1,725

Shim rods beryllium (4 reqm:.ed) 40 10

Reflector vMock^Up design, 9 2 000

Lower support casting 31 2 000

Lower assembly grid 10 2 , bOO

By-pass

, Total flow required l with 4 cadmium shim
rods)

475

11 670
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A4 4 HANDLING TOOLS

Normal and frequent operations such as fuel replacement and adjustment
of reactor and reflector geometry for experiments require special tools and

appurtenances for remote handling. It will be recalled, furthermore, that

one of the basic design requirements of the MTR is that any part of the reactor
proper be replaceable-, Because many parts will be intensely radioactive
after extended operation, remote handling is required, Working models for
most of the operations noted have been tested in the Mock Up, Figs. A4 !Vi and
N are shown as typical of this work.

The results of Mock Up experience have been incorporated in the MTR
handling tools mentioned in Section 2-9.

A4 5 NUCLEAR EXPERIMENTS

Problems associated with the nuclear characteristics of the operating
reactor were studied for a period of seven months (starting in February; 1950)

using the assembly illustrated in Figs. A4,B and C. As is often the case when

a heavy program is undertaken with limited time available, it was impossible
to refine the experiments as desired. However, from the MTR design standpoint
little could have been gained by greater precision because MTR experimental
conditions could not be exactly duplicated- The principal topics of study
were the following

1. Determination of critical mass for a slab type loading.

2. Calibration of regulating rod-

3. Measurements of temperature coefficient.

4. Measurements of reactivity changes caused by water flow, air
bubbles and open beam holes.

5- Performance of the control and safety systems.

6- Measurements of neutron and gamma fluxes inside and above the
fuel, in the graphite reflector outside the tank, and in the
thermal shield.

A4.5-1 Critical ilass Determination.. Several extraordinary safety pre

cautions were taken for the initial fuel loading. For instance, a standard

safety rod was rebuilt with a beryllium section in place of the fuel section
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for use as a "cocked" safety during loading. The cadmium section of this rod

was kept suspended above the lattice by an electromagnet while each fuel piece

was inserted,

Another precaution was the installation of separate neutron-level and

period indicators at the loading platform which was 30 ft above the control

room. Also, a boron fluoride neutron detector was used in addition to the

slow fission chamber and three other neutron chambers. The relative locations

of source, fuel and detectors is shown in Fig. A4 0.

The critical mass determination was begun after recording backgrounds of

all the neutron detectors with the addition of four fuel pieces containing

a total of 560 g of U235. The control rods were then withdrawn completely and

the new counting rates were measured with pulse counters. The usual plot of

reciprocal counting rate against mass of U23S was made upon addition of each

additional fuel element (140 g of U235)- As the critical point was approached,

smaller quantities of uranium in the form of partial fuel elements were added.

Criticality was attained with approximately 2000 g of U23S.

A4»5o2 Regulating-rod Calibration. The regulating rod is a VA in,-

diameter aluminum rod with a 20 in. long cadmium tube inserted at its center

it is located in the permanent beryllium at the edge of the lattice. The

total reactivity of the rod expressed as Afe/fe., is intended to be less than

the delayed neutron fraction to prevent sudden complete removal from making

the reactor "prompt-critical."1 For safety, there fore, it was necessary to be

certain of the total reactivity change possible from the regulating rod.

Furthermore, for control purposes it was desirable to determine a curve of

sensitivity as a function of rod position.

The method of calibration was as follows Beginning with the rod com

pletely inserted and the reactor level (infinite period), the rod was with

drawn a short distance manually and the resultant period was measured as the

slope of the logarithmic plot of neutron level. After complete withdrawal of

the rod,, similar points were obtained by stepwise insertion. The reactivity

(Afe/fe)eft„ was obtained from the usual in hour-relation. ^l2' Curves of
sensitivity and total reactivity are presented in Figs, A4<P and Q.,

Considering the accuracy of the determination (about«6$), it is seen

that the original rod was possibly worth as much as 0,7% in (Afe/fe)e{f<
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As a result, the total movement of the cadmium section of the rod was reduced

by 4 in, with aresultant reduction in equivalent reactivity to about 0.65%. It

is expected that the regulating rod in the MTR will contain less than 0„65% in

(Afe/fe)eff because the MTR core will be larger than that in the Mock-Up.

A4 5 3 Temperature Coefficient. The measurement of the Mock-Up tempera

ture coefficient was made in the following way." The reactor was made critical

at the ambient bulk water temperature (usually 20 to 25°C), and positions of

the shim and regulating rods were carefully recorded, After the reactor was

shut down, the water pumps were operated until the pump input energy (about

350 kw) had increased the temperature of the circulating water a sufficient

amount (5 or 10CC)< At the new temperature, the pumps were stopped and the

reactor was again brought to some low power level with the shim rods set

exactly at their previous locations, corrected for rod expansion at the in

creased temperature, and the new position of the regulating rod was recorded,

From the rod calibration curve the change in reactivity for that particular

temperature increment was read, This change in (Afe/fe)eff was checked later by

measuring the reactor period resulting from the same movement of the regulating

rod.

Measurements made in this manner are listed in Table A4.F. The average

of 0.013 is in fairly good agreement with the calculated value of 0,017% per

degree centigrade for the Mock-Up core with a fe of about 1.58.

TABLE A4=F

Experimental Values for Temperature Coefficient

:r;-
TEMPERATURE v C) PERCENT i&k/k)ett PER °C

36 I •0.013

37 -0.012

43 -0.012

45 -0.012

46.5 -0.014

48 -0.012

53 -0,014

54 -0.013

-0.013 (a--Tg.)
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A4.5.4 Effect of an Empty Experimental Beam Hole The effect on re

activity of removing a beryllium plug from the 6-in. -diameter northwest

experimental thimble (see Fig, A4C) extending to the lattice face was deter

mined by comparison with changes in the position of the regulating rod. For
the Mock-Up core the effect was a 0.6% reduction in (Afe/fe) Filling the
empty hole with a paraffin plug resulted in a (Afe/fe)e,f increase of 0.3%.
Although the effect of an emoty hole measured here is considerably greater
than that observed in the critical experiments, the difference in core size

and asymmetry of reflector are probably responsible and it is expected that
the MTR will exhibit effects more similar to those of the critical experiments-

A4 5 5 Effect of Water Flow It has been speculated that high velocity

water flow in the fuel assemblies might result in sufficient movement to be

detectable as small fluctuations in reactivity and an experiment was conducted

to investigate this possibility, The upper fuel positioning grid was removed

so that fuel elements would be unconfined at their upper ends. A water
velocity of 30 ft/sec was maintained through the cooling clearances. The
ion chamber which normally fed the servo control mechanism was used as the

detector of reactivity changes. Several measurements were made both with and

without water flow but no difference was detectable. It was therefore con

cluded that water flow had no significant effect on the stability of the

reactor. Furthermore, since many small air bubbles were visible in the

circulating water, it was concluded that, as expected, uniformly distributed
air bubbles would not cause reactivity fluctuations,

A4.5.6 Performance of Control and Safety Circuits, The two instruments

in which most interest has been evidenced are the period indicator and the
servo mechanism.

The period meter 1.3 a direct indicator of rate of increase or decrease

of reactor level. Its scale is calibrated in seconds so that the period, i.e.,

the time required for the power level to change by a factor of 2-7 can be

read directly. This instrument proved extremely valuable in start-ups and was

also useful for making changes in power level when the reactor was being
controlled manually,

The servo mechanism performed exceptionally well. With this device any
desired power level in the operating range could be maintained for hours with
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only minor attention from the operator. The response of the circuit to large
disturbances was measured as approximately 0,1 sec by applying an electrical
pulse equivalent to a (A*/*).ff step of about 0-6%. During operation steps
as high as 0.3% (Afe/fe)eff were added in approximately 1 sec by injecting
compressed air at the center of the fuel lattice. The servo mechanism easily
followed these disturbances without losing control of the reactor.

Another feature of the MTR control arrangement is the safety circuits
which protect against higher-than normal power levels. Unsafe levels cause
a reduction in current to the electromagnets and subsequent release of the
control rods. The time required for release of the rods had been measured as
approximately 15 msec before installation in the Mock-Up. During operation
the time interval between the "scram" signal and shutdown of the reactor was
observed to be approximately 30 msec.

Although a number of minor changes in the control instrumentation were
deemed desirable before construction of the final MTR instruments it can
be said that their performance in the Mock Up was very satisfactory

A4 5 7 Measurement of Neutron Fluxes The data presented below have
been analyzed and compared with previous calculations,^13*4) Neutron flux
distributions were measured by determining the saturated activity (A J induced
in bare and cadmium-covered metal foils. The measurements can be divided into
three series of experiments based on the experimental conditions and the
information sought in each series-

In the first group of experiments the northwest thimble was left op
Fluxes were measured in the fuel lattice the northwest quadrant of th
graphite reflector and at other miscellaneous points in the structure.

In the second series the northwest thimble hole was closed, as described
later, and additional foil exposures were made at many of the locations
mentioned above. Neutron attenuations in the water above the lattice up to
the elevation of the shim rod electromagnets were measured also

The third series included attenuation in concrete blocks and in paraffin
stacked behind a portion of the steel thermal shield outside the graphite
s tack.

Gold foils (1 cm square 0-005 in, thick) were used for exposures in the
graphite. The foils were spaced 6 in. apart on 1/16 in.- thick aluminum strips
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for exposures in the fuel lattice and in the 1 in. diameter holes which
extended vertically through the graphite reflector- Measurements of very low
fluxes (e.g., in the water above the fuel) were made with large indium foils
(25 cm square 0.005 in, thick) which were held on lucite strips during
exposure. Correction for the activity induced by resonance and fast neutrons
was made by exposing foils covered with cadmium. The cadmium covers were
0,020 in. thick and were coated with lacquer to
foiIs .

prevent contamination of the

Mica window Geiger tubes were used to count the 1-cm foils, and the glass
tubes were used with the large indium foils. The small foils were placed on
a flat aluminum plate beneath the mica window tubes the large foils were
enclosed in a brass cylinder and slipped over the glass tubes. Only the side
of the foil which had faced the reactor was counted, and this side
placed nearest the counting tube

The foils and counters we

of known

was always

re calibrated by irradiating foils in positions
flux in a standard graphite pile,'16'

In almost all instances exposure time and start up time were comparable
consequently a start up correction has been applied to the foil data-(l6) The
power levels for the many foil activations varied from 10 watts to 2kilowatts.

First Series Experimental conditions for the first series were

1. Lattice arrangements as shown in Fig, A4-C-

2. No thermal shield

3. Experimental holes filled as follows

(a) Southwest thimble - filled solidly with graphite from edge
of the lattice to outer edge of graphite-

(6) Center west thimble ~ filled with an 18 in, long by 6 in-
diameter cylinder of beryllium beginning 1 in. from the edge
of the lattice: the differential chamber and one safety
chamber occupied the otherwise empty space behind the be
ry11ium plug

(c) Northwest thimble - empty except for the U235 fission
chamber and one safety chamber.

(d) Southeast and center east thimbles •»• filled with paraffin-
(e) Northeast thimble - filled, with graphite backed by a con

crete plug
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4. Regulating rod removed,

5. Shim rod No, 1 completely withdrawn, shim rod No, 2 withdrawn 80%.

6. Graphite reflector arranged as indicated in Fig, A4,C with 1-in,
diameter holes extending from top to bottom in the numbered
positions,

7. Reactor tank filled with demineralized, deaerated water,

All measurements in this series were normalized by comparing gold foils
activated in graphite hole 44 during each run,

Figures A4.R and S show the data for the mid-plaae and top plane of the
active lattice. Typical curves showing vertical distribution of neutron fluxes
in several holes in the graphite reflector are presented ia Figs, A4,T U, and
V- Table A4.G lists the therrna 1-neutron flux values at various mid-plane
positions in the graphite reflector with the cadmium ratio at the points where
it was measured.

TABLE A4.S

Neutron Plux in Mid*plane

First series: Ifoutth^st Thimble Open

RQLJB **Jt

44

45

46

13

•m'ifsSimmi}*

12j|| x 10 *3

107''*.:

27"'%
19

15 13:#

16 5P

34 0.3

38 ;/ia$3:
12*»«

0 92

16 1,1

34 0 24

37 0 65

£aC>MIUM !\ATIO«

"'1»'

100

44

140

230

•Normalized to nv (thermal) of 10 neutron/cm2-sec at cehMr of lattice
**Corrected for absorption of resonance neutrons in cadmium.

**"Outer surface of graphite behind hole.
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FIG.A4.S

Thermal Neutron Flux in Top Plane of Active Lattice
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Second Series, The significant changes from the experimental conditions

in the first series were

1. The beryllium cylinder in the center west thimble was moved to

the northwest thimble the space behind the beryllium was filled
with graphite.

2« The regulating rod was put into operation.

3. Both shim rods withdrawn to the same height (approximately
26 in.),

4- Center west thimbie empty except for ion chamber-

5. Southwest thimbde empty except for ion chamber

6- A partial thermal shield 4 ft by 4 ft by 4 in- thick was placed
temporarily behind hole 17 at the edge of the graphite for the
measurements reported in Table A4 :I•

Table A4.H lists the flux at mid-plane in most of the holes in the north

west quadrant of the graphite reflector and the cadmium ratio in the positions

where it was measured- Table A4<I shows the measurements taken on the top and

bottom of the graphite reflector. Traverses on the west face of the graphite

behind hole 17 with and without the partial steel thermal shield section in

place are presented in Table A4-J.

Figure A4•W is a plot of the neutron flux along the vertical centerline

of the active lattice starting at the bottom of the lattice and continuing up

to the shim rod electromagnets- The flux at the magnets is seen to be too low

to give good counting statistics. To check this measurement the neutron

attenuation curve from the X 10 reactor lid tank was normalized and plotted

with the curve from the Mock-Up, considering the top of the Mock Up lattice to

he the source plate-

Third Series This series includes two sets of measurements taken behind

a 4-ft-square section of the steel thermal shield.

For the first measurements barytes concrete blocks were stacked behind

the steel thermal shield and covered with a boron-tygon sheet and paraffin,

Other experimental conditions were as described for the Second Series except

that the center west thimble was filled with paraffin backedwith graphite .

Fluxes were measured in the concrete blocks using small indium foiis ( 1 cm

square) which gave activities too low for accurate counting,
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TA1LE A4 H

Neutron Flux in Mid plane

Second Series: Northwest Thimble Closed; Center Thimble Open

HOLE NO.

44

45

46

13

19

20

21

12

15

18

26

27

28

29

11

16

17

25

34

35

36

37

38
1 ua*

1 £* »*

\y<t**

25***

34**"

35***

36***

37**4

38***

nv {thermal)*

126

61

82

31

12

28

54"

12

8;

4.

2.

4.

8c

12

3.

2.

1.

0.

x 10"

5

9

0

4

5

1

0

2

54

0,18

0.49

0.87

1.6

0

1

55

36

22

19

29

0.46

0.65

0.85

CADMIUM RATIO*

40

80

60

600

160

900

1600

2100

2200

1309

800

1800

1600

1050

1300

•Normalized to nv (thermal) of 0.1 neutron/cm2-sec at center
of lattice.

♦"Corrected for absorption of resonance neutrons in cadmium.

*"Outer surface of graphite behind hole.
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TABLE A4.I

Horizontal Traverse

DISTANCE FROM TANK WALL nv (thermal)*
( in. )

On Bottom Plane of Graphite on North=South Centerline of Reactor

6 1.20 X 10°3

18 0.56

24 0.45

30 0.32

On Bottom Plane of Graphite from Tank Wall Toward Mole No. 17

6

18

24

30

47

59

62

On Top Plane of Graphite from Tank Wall Toward Hole No. 17

6 0.14 X 10"3

18 0.22

24 0.21

30 0.24

47 0.071

59 0.049

62 0.047

0 .47 x lO"3

0 69

0 73

0 44

0..10

0,.050

0. 045

*Normalized to 1 neutron/cm -sec at the center of the lattice.
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TABLE A4.J

Traverses Behind Hole No. 17 on Surface of Graphite

POSITION

Vertical

Top

Centerline

Bottom

Horizontal

North

Centerline

South

DISTANCE BETWEEN

ADJACENT FOILS

(in.)

10

12

12

10

10

12

12

10

n* (thermal)* NEGLECTING

EPI-CABMIUM FLlg

WITHOUT STEEL WITH 4-in. STEEL

0.34 X 10"3

0 32

0.32

0-30

0 27

035 X 10-3

0.38

0.19

0.24

0.32

0.43

0.52

0.42

0 33

023

0.14

0.24

0.41

0.53

0.73

♦Normalized to 1 neutron/cm -sec at the center of the lattice.
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After this unsuccessful attempt to measure fluxes in the concrete, the
barytes blocks were removed and the space behind the steeliwas filled wi th ablock

of paraffin, 4 ft by 4 ft by 20 in thick (Fig A4.X), containing horizontal
and vertical slots for the exposure of large indium foils (25 sq cm). The
paraffin cube was surrounded by sheets of boron tygon plastic and had addi

tional paraffin (left after the concrete experiment) on the north face and
underneath.

Figure A4.Y is a centerline traverse perpendicular to the steel thermal

shield through 18 in. of paraffin. It shows that leakage from the concrete
biological shield behind the paraffin distorts the attenuation curve as far

as the middle of the paraffin.

In Figs. A4 Z and /A horizontal and vertical traverses taken behind

various thicknesses of paraffin show the centerline traverse to be relatively
unaffected by leakage from the top and sides of the block making Fig A4 Y
useful through the first half of the curve Many of the cadmium-covered foils

exposed in the paraffin showed essentially no activity above background and
are not plotted

A4.5=8 Heat Production in Graphite Thermal Shield, and Concrete. One

of the most important MTR design problems has been the determination of the

cooling requirements of the graphite thermal shield and concrete portions
of the reactor structure. It was felt therefore that measurements of the

heat generation in these media in the Mock-Up were of particular importance
because once the reactor has been constructed major changes in the structure
will be impossible

Measurements of this kind have been made for the beryllium reflector in

the critical experiments '18) For this purpose small thimble type ion
chambers were used this method also was employed in the present experiments

The chambers used were of three sizes 10 50, and 95 cm3. Figure A4JBB

shows a typical design k six- channel vacuum tube electrometer circuit^39-1

was used with the chambers making it possible to minimize the time required

for the necessarily large number of measurements.

The chambers were calibrated by two independent methods (1) against

radium and cobalt sources (in air) and (2) against asensitive liquid-nitrogen
calorimeter by comparison of heat generated in a graphite block inserted in

the ORNL graphite reactor with that calculated from ion chamber measurements

in a similar block '20)
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AS SEEN FACING NORTH

FIG. A.4.X

ARRANGEMENT OF PARAFFIN AND
STEEL THERMAL SHIELD SHOWING
FOIL EXPOSURE SLOTS
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DWG, 88

F16.A4.Y

NEUTRON ATTENUATION IN PARAFFIN BEHIND THE THERMAL SHIELD

Points are As vs Thickness of Paraffin behind 8 in. of steel
Foils are Indium, 25 cm sq. 0.005 in. thick

Reactor Power "» 2 KW
= As(th) X 0.13

6 9 12
Paraffin Thickness (inches) A4.53



FIG. A4.Z

HORIZONTAL TRAVERSE BETWEEN PARAFFIN AND STEEL

Points are saturated activity vs distance from the
south end of a block of paraffin placed behind
eight inches of steel.

Foils are Indium, 25 cm sq , 0.005 in. thick,

Reactor Power ^ 2 KW

NV(th) = As(th) X 0.13

12 18 24 30
Distance from south edge of paraffin (inches)

8 9

36 42
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FI6.A4.AA

VERTICAL TRAVERSE BETWEEN PARAFFIN AND STEEL

Points are saturated activity vs distance below
the top of a block of paraffin placed behind

eight inches of steel.

Foils are Indium, 25 cm sq, 0 005 in. thick.

Reactor Power ^ 2 KW

NV(th) = As(th) X 0.13

12 18 24
Distance below top of paraffin (inches)

Dwg. 9790

A4.55



-Cable Amphenol
RJ-7/U

-Hrgh fa/tage
Conductor Cable

DWG. *I0807
NOT CLASSIFIED

Center Condocfor of
C<sb/e Soldered to Part 5

No. 60 dri// holes

I. End Corer
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6. Cable Clamp

7 Chamber Cap
8. A/c/t
9. Mot

FIG. A.4. BB

IOcmJ GRAPHITE IONIZATION CHAMBER
USED IN MTR MOCK-UP HEAT

PRODUCTION MEASUREMENTS
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Calibrations were made with air, CC"2, argon, and helium, but C02 was
used for the measurements, making it unnecessary to correct for ionization

by protons from the nitrogen (n,p) reaction, Constant flow of gas through the

chambers was supplied through the coaxial cables and connectors

The method of measurement consisted simply of insertion of ion chambe

in the various holes provided in the graphite for this purpose (see Fig A4 C)

and observation of the ion current with the reactor operating at a constant

power level. For the purpose of normalization ion chambers in two holes

(8 and 13) were checked carefully against neutron (foil) measurements in the

core and thereafter all measurements were referred to chambers in these holes.

In computation of the heat production the ion chamber measurements have

been referred to aneutron flux of 1 neutron/cm2 sec at the center of the core

Two major groups of measurements were made at various points in the

graphite reflector In the first experiments the arrangement of the experi

mental holes and tank thimbles was that of the first series of neutron-flux

measurements. The second series of ion chamber measurements corresponds to

the second series of neutron experiments. Tables A4.K and L and Figs A4CC,

DD, EE and FF contain the results These data have been analyzed in ORNL

CF-50~7-86?

Measurements were also made in sections of baryte-= concrete which were

placed behind the simulated thermal shield For this purpose a special chamber

with a polystyrene wall of 0.010 in,, thickness was constructed, This modifi

cation produced, in effect, an air-wall chamber, and it is believed therefore

that the measurements in concrete are probably correct within about 25%.

Typical results are shown in Fig. A4 GG

A4.5«9 Attenuation of *Rays Inside Reactor Tank. The top plug of the

:'v!TR tank is designed so that it can be filled with lead to a maximum thickness

of 1,0 in, although the exact thickness required for shielding at 60,000 kw

was thought to be less than 10 in, An estimation of this thickness has been

obtained from measurements of 7 ray attenuation in the Mock Up tank with the

active lattice operating at approximately 270 watts

Attenuation measurements were made with sensitive watertight ion chambers

along two vertical lines above the active lattice Data are plotted in

Fig, A4 HH and indicate a factor of e reduction in 29 5 cm The discontinuity
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TABLE A4 K

Heat Prciactisn in Mia plane, Graphite Reflector

HEAT PRODUCTION (watts/cm /unit neutron flux in core)

NORTHWEST THIMBLE CLOSED, NORTHWEST THIMBLE OPEN,
HOLE NO. CENTER THIMBLE OPEN CENTER THIMBLE CLOSED

11 2 4 X 10 '8 2.8 X 10~1*

12 8 2 7.5

13 36.3

15 6 1*

16 2-3* 3.8

17 19* (0 7) ., 4.2

11 2 95* (3 35) 6-0

19 (••»)* (8.5) 11.6

20 32 29 i

21 74 5 TO.5

22 68 0 71

25 0 85* (0 4) 0.75

26 1 07 1.3

| 27 2 3

! 28 5 0

: 29 7 55

30 i 53

34
j

0 23 0 36

i 35 0 31

36 0 52

37 0.96

38 1 1

44 445

45 155 185

46 380

•Steel section*, simulating thermal shield behind graphite; parentheses
indicate no steel behind graphite
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TABLE A4.L

Measured Heat production in Top and Bottom

Planes of Graphite Reflector

HOLE NO.

HEAT PRODUCTION (watts/cm3/unit neutron flux in core)
TOP PLANE 6 in. BELOW BOTTOM PLANE 6 in. ABOVE

TOP GRAPHITE BOTTOM GRAPHITE

11 0.5 x 10"18 0.6 x 10"18

12 1.0 1.5

13

15 0.7 1.5

16 0 5 1.0

17 0.4 0.4

18 1.2 1.0

19 0.8 3.0

20 6.0 7.0

21 14 8.65

22 1
1

25 0.2
i

0.2 ;
26 0 2

i
0.5

27 0 3 0.8

28 0.5 1.14

29 0.4 1.4

30

34 0.2 0.3

35 0.3 0.3

36 0.3 0.3

37 0.2 0.3

38 0.2 0.3

44 1.9 15

45 2.0 10.5

46 1.6
!
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of the curves, beginning at approximately 70 in. above the fuel, was studied

further with three horizontal traverses, plotted in Fig. A4.II. Traverse No. 1

clearly imdi«***4 *n additional y-ray source on the north side of the tank.

This source is explained by the construction of the graphite reflector and the

concrete shield as shown in Fig. A4.JJ The graphite and the air space above

permit a high thermal flux to exist up to the 111-in, elevation. The capture

of these neutrons by the steel tank sections provides the additional y-ray
source which disrupts the attenuation curves of Fig. A4.HH

With these measurements it was possible to extrapolate the attenuation

lines to the top plug (elevation 234 in.). Normalization of this point to
60,000 kw indicated approximately 500 mr/hrs requiring a 6-in. thickness of

lead shot in the top plug for adequate protection.

Complete details of this work are reported in ORNL CF-50-8-85.^2*)
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Appendix 5

BERYLLIUM

A5.1 CHEMICAL AND MECHANICAL TESTS

When it became evident in 1947 that the beryllium supply was to be
adequate, immediate tests were started to determine its corrosion resistance
and mechanical properties. The first beryllium* to become available was
extruded material, and most of the initial corrosion testing was done on this.
The corrosion-test procedures and preliminary results are fully described in
ORNL-298.(I) This and later- reports emphasize that the corrosion of beryllium
in simulated cooling water can be controlled to a large extent by:

1. Controlling the. amounts of impurities present in the metal
through improved processing techniques. Corrosion-test data
indicate that, these impurities are a very important factor in
determining the corrosion resistance of this metal.

2. Controlling the quality of the de'mineralized water used as a
cooling medium. A water of high sp-ecific resistance is desired
as well as one relatively free from such detrimental ions as
chlorides, sulfates, copper, and iron.

In general, however, data presented in ORNL-298 and in ORNL-733(2)
indicate that the corrosion resistance of either extruded or hot-pressed
beryllium is such that no serious corrosion problems are to be expected. As a
result of the data in ORNL-733, the decision was made to use hot-pressed
beryllium for the MTR rather than extruded material because:

1. The hot-pressed method allowed the manufacture of large odd-
shaped pieces and hence reduced the stacking problem in the MTR.

2. Hot-pressed beryllium appeared then to have a somewhat better
corrosion resistance. It is now known that there is very little
difference between the two in this respect.

*The following types of beryllium-are mentioned in various reports:

1. Extruded beryllium.
2. Q.M.: Normal high-purity beryllium used to produce powder for hot pressing into required shapes.
3 0 R M.- Recast from previous pressings of Q.M.
4 0MV• High-purity beryllium cast by avacuum method into billets which are then Pul™r^ *nto

powder for hot pressing. This method reduces the oxygen content and therefore reduces the beryllium
oxide. All the MTR beryllium is Q.M.V. metal.
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A final report on the corrosion tests on beryllium is now in composition
nd will be issued sometime after March, 1951 as an ORNL report.

The mechanical tests on beryllium involved both machining tests and
calculation and experimental work on thermal stresses, An example of the
machining tests is given in ORNL CF-50-4 110,<3> which is a report on deep-
hole drilling in beryllium As of Jan. 1, 1951 the machining of the MTR
beryllium had been 95% completed by the Y 12 Beryllium Shop with no major
difficulties encountered.

Some concern was felt that the temperature differentials in the berylliu
ould be sufficient to set up stresses large enough to crack the metal blocks.

Calculations were made for blocks containing various sizes of cooling holes.
The results for the 3- by 3 in. beryllium bars with 3/16-in. axial cooling
holes (pieces labeled "A" in Fig 2.2.A) are given in ORNL CF-50-6-9.<4>
These calculations showed that for MTR operation at 30 megawatts the maximum
thermal stresses occurring are 12,000 psi at the surface of the bar and 4700
psi at the surface of the axial hole, well within the tensile strength of
beryllium.

To check these calculations, experiments'5' were performed in which
thermal stresses were set up in beryllium bars using the same basis of cal
culation as above. It was found experimentally that the minimum stress at
failure for the hot pressed beryllium was 28,200 psi, well above the value
obtained in MTR operation.

a

m

w

A5.2 MANUFACTURE AND SPECIFICATIONS OF MTR BERYLLIUM

Since a full report on the method of manufacture and chemical analysis of
each piece of MTR beryllium is being prepared (Gregg, J. L., Beryllium for
the MTR, to be issued as an ORNL report), only a brief summary and an example
of the chemical analyses will be given here

All the beryllium for the MTR is being made by hot pressing of the powder
obtained from pulverizing vacuum-cast billets, The raw metal is refined and
then is melted and cast in vacuum The castings are cut on a lathe, rolled,
and pulverized to produce particles that will pass through a 200-mesh screen,
This fine powder is put into dies and placed in a vacuum furnace at approxi
mately 1050°C and 100 psi pressure for 20 to 30 hr„ When these pressings are
removed from the furnace, they are cut into rough shapes and shipped to Y-12
for final machining.
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The specifications set up for the rough sections of beryllium are given
in detail in ORNL CF- 50 -3-114 (6 } These include chemical, corrosion, and

physical requirements and test procedures. Since the chemical specifications
may be useful in future checking, they are given below.

The chemical composition of the beryllium shall be such that the
total danger summation (see Section AS,3) does not exceed 15 for all
impurities or elements other than boron, and the boron content shall
be below that which increases the total danger summation by 15 In
addition, the chemical composition shall be within the following
limits

Free beryllium metal assay 98.0% min.

Total carbon reported as Be2C 0.25% max.
Aluminum 1500 ppm max.

Cobalt 2 ppm max.

Copper 500 ppm max,,
Iron 2000 ppm max.

Lithium 3 ppm max.

Magnesium 3000 ppm max.

Manganese 250 ppm max.

Nickel 200 ppm max.

Silicon 700 ppm max.

Silver 5 ppm max.

2inc 150 ppm max,

An example of how well the metal is meeting these specifications is
given in Table A5 A, which is an excerpt from the Beryllium Control Record
for one pressing of the MTR metal from which were obtained five "A" pieces

(see Fig. 2,4.A).
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TABLE A5.A

SINTERED PRODUCT

DATE OF

PRESSING

DIMENSIONS OF

BLOCK (in,)

WEIGHT OF

BLOCK (lb) FURNACE

COMPACTING

PRESSURE (psi)

SINTERING

RADIOGRAPH

NO. DENSITY

TEMPERA

TURE (°C)
TIME

(hr) ATMOSPHERE

PRESSURE

(M Hg)

7-14-50 41 x 21 x 3.6 211.6 Horizontal 125 1050 30% Vacuum 100 1.855

ANALYSIS
—

( percent) (parts per million) TDS

Excl

B

TDS

Incl.

BAssay BeO Be2C Ag Al B Ca Cd Co Cr Cu Fe Li Mg Mn Ni Si Zn

Brush

N B

99.45 1.03 0.20 -1

~1

700

290

0.4

0,9

-10

-20

-0.2

ND

-1

~1

73

180

80

27

900

980

-0.3

-1

50

~15

88

100

85

~100

380

1500

-30

~20

8.21

9 33

10.59

14.69

Remarks Si over limit based on New Brunswick analysis.

AUTOCLAVE

PIECE

NO,

, WEIGHT

(lb)

PRESSURE

(psi)

TEMPERATURE

<°C)

TIME

(hr)

AUTOCLAVE

NO. PLACE GRADING COMMENTS DISPOSITION

A-14

A-15

A-16

A-17

A-18

A-19

26 03

26,08

25,86

26,02

25.90

26,09

550 ± 30

550 ± 30

550 ± 30

550 ± 30

550 ± 30

550 ± 30

250 ± 5

250 ± 5

250 ± 5

250 ± 5

250 ± 5

250 ± 5

96

96

96

96

96

96

1

1

1

1

1

1

Cleveland

Cleveland

Cleveland

Cleveland

Cleveland

Cleveland

Excellent

Excellent

Excellent

Excellent

Excellent

Excellent

No visible
attack noticed

Same

Same

Same

Same

Same

All pieces shipped on
7-31-50 to Oak Ridge
on IRC No. 1346B
BG/LNo. AT-85193;

total weight 155.98 lb



A5.3 DANGER COEFFICIENT AND TOTAL DANGER SUM (TDS)

AS APPLIED TO BERYLLIUM

The definition of danger coefficient is given in the Project Handbook

(CL 697, Chap, IV,, p, 17) as follows: "The danger coefficient of a sub

stance is a measure of the ability of that substance to absorb thermal neu

trons compared with the ability of some reference substance to absorb thermal

neutrons or

where

S,

S, N0a-S/As as * Ai

danger coefficient with respect to reference or standard
substance (usually natural uranium).

effective area presented to neutrons by 1gof impurity (cm2/g)

5s - effective area presented to neutrons by 1 g of reference sub-
s tance (cm /g)„

N - number of atoms in one mole of any substance (6.03 x 1023
a toms/mo1e)„

Ar ~ atomic weight of impurity (g/mole)„

A„ - atomic weight of reference substance (g/mole).

cj , '•- atomic cross-section of impurity for absorption of thermal
neutrons (cm /atom),,

o', ::: atomic cross-section of reference substance for absorption
of thermal neutrons (cm /atom),"

The total danger sum (TDS) is defined as the value which is equal to the

sum of the products of the concentration of each impurity in a substance and

the danger coefficient for that impurity. It is used to determine whether the

total number of thermal neutrons absorbed by the material exceeds the al

lowable absorption For example, the MTR beryllium specifications call for a

maximum TDS of 30, which means that the increase in absorption of thermal

neutrons due to impurities in beryllium metal shall not be greater than 30%

A5-. 5



of the absorption due to beryllium alone. Since the cross-section of beryl
lium is 0.01 barn, the allowable cross - section due to impurities cannot be

greater than 0.003 barn, giving a total absorption cross-section of no greater

than 0 013 barn.

The following example shows the calculation of danger coefficient and

TDS for boron in beryllium.(7)

Using formula (1) above,

a. x A
KM) =-i

o\ x A .
S l

For boron in beryllium,

705 x 9.02
K (B) = — = 58,800
Be .0.01 x 10.82

for the concentration of boron in beryllium expressed in percent, or 5.88 for

concentration in parts per million.

If we assume 0.0002% boron in beryllium, then the TDS is 58,800 * 0.0002

" 11,76, Similarly expressed as 2 ppm, 5.88 x 2 = 11.76.
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Appendix 6

FUEL ELEMENTS

A6.1 DEVELOPMENT

The active ingredient of the MTR, 93.5% enriched uranium, is introduced

as an aluminum alloy, 14% by weight, rolled to sheet form and clad on the

edges and faces with 2S aluminum. The finished core dimension is to be 0.020

by 23.75 by 2.55 in. and is to be centered with respect to edges, ends, and

faces. Dimensional details are given in Table A6.A. Eighteen of these fuel

plates are then furnace brazed to grooved aluminum side plates to form sub

assemblies. A cross-section of such an assembly is shown in Chap. 2, Fig.

2.2. A.

In preliminary work at Battelle Memorial Institute(1) and later at

ORNL,^2) it was shown that uranium-aluminum alloys containing up to 30%

uranium by weight could be cast and rolled without too much difficulty. Two

methods of alloying were studied. The direct method consisted in melting a

mixture of metallic uranium and metallic aluminum. In the reduction method,

some compound of uranium — UF4, U308, or U02 — was added to a bath of

melted aluminum, together with a flux (cryolite), where it was reduced by

excess aluminum. While the reduction method was used in fabrication of plates

for the MTR critical experiment, the direct method was the one finally adopt-

ed^3) because it was fast and produced a smaller volume of contaminated

wastes.

For cladding,(4) the alloy was at first enclosed in an aluminum "picture

frame,"' another sheet of aluminum was wrapped over both frame and core, and

the assembly was hot rolled for a total reduction of 50%. The resulting

laminate usually developed large blisters at the trailing end of the sheet

(when tested by annealing for 1 hr at 900°F). This was considered to be the

result of a poor fit between core and frame; air entrapped in voids at the

core-frame interface became compressed during rolling. Frames for these first

rollings were made with hand tools and consequently were quite crude.

Later work at ORNL^s* showed that entrapment of air could be avoided if

the core and frame were blanked out with a punch and die, assembled, and then
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TABLE A6A

Fuel Assembly Plates

Overall dimensions

Length, internal plates (in.) 24-5/8 ± 1/64

Length, external plates (in.) 28-5/8 ± 1/64

Width, before curving (in.) 2.845 ± 0.001

Thickness (in.) 0.060 ± 0.001

Core dimensions

Length (in.) 23M ± %

Width (in.) 2.55 + 0.01

Thickness (in.) 0.021 ± 0.001

Composition

Total uranium in U-Al alloy (%) 14.1 (approx.)

U235 enrichment (%) 93.2 (approx.)

U235 content per plate (g) 7.70 ± 1%

Quality

Blister free

A6.2



hot rolled 50% prior to cladding. It was also shown(6) that there was a

direct relationship between absolute humidity and blistering. During periods

of high humidity, about 8 * 10"4 lb/ft3 H20, very low yields of blister-free
plates were obtained. In addition to the obvious cure of air-conditioning the
working area, two solutions to this problem were found. Either vacuum an

nealing of the clad plates or heating them, while coated with a slurry of
brazing flux, to 1100°F allowed the blister-forming gas (hydrogen(7>) to
escape.

The fuel subassembly went through three shape changes before the present
design was frozen. The first design conception was that of a spiral, about
3 in. in O.D. by about 30 in. long, made from a 0.060- by 27- by 30-in.

plate. An annulus of 0.120 in. between turns provided space for cooling
water. Since flow tests showed this type of assembly to be mechanically un
stable, it was discarded. The second type consisted of a plate which was
folded back and forth with annuli of 0.120 in. between folds. This design was
discarded for two reasons: (1) The cladding became too thin on the outside of

the 180° bends, and (2) there was mechanical instability during flow testing.

The third and final design consisted of narrow 3-in. curved plates brazed
to aluminum side plates with cooling annuli between the active plates. A
complete list of drawings concerned with the fuel assembly is given at the end
of this appendix.

A6.2 CONSTRUCTION OF PLATES

A full report on the fabrication of the active plates and assemblies is

being prepared.(8> but, since this type of element is still new to the reactor
business, a brief summary of these operations is given here.

The flow sheet shown in Fig. A6.A shows that operations of melting,
rolling, punching, cladding, hydrogen removal, shearing, machining, and
forming take place in sequence. The ingots of 14.1% U-Al alloy are made in
batches containing 800 g of uranium, each batch making two ingots. After
being melted and thoroughly rinsed, the charge (usually aluminum, virgin
uranium,recycled U-Al alloy, and reject clad plates) is cast into two graphite
molds, forming ingots of about 4.5 by 8 by 1% in. usable size.
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After preheating, the ingots are rolled to a thickness of 0.250 in, and
width of 5 in. Using a double-acting punch and die, rectangular cores 2 by

2.35 in. with 1/8-in.- radius corners are blanked from the alloy slab. About

thirty cores are produced per ingot. Using the same punch and die, two holes

4 by 8 in. are punched in 0.245-in. aluminum, forming two picture frames into

which two cores are pressed. This assembly is preheated and rolled to 0.125

in. thickness and then cut to allow individual handling of each core. Each

core and frame is then clad by insertion into 2S aluminum cover sheets 1/8 by

4 by 13 in. which are scratch-brushed and bent into aU shape with the scratch
ed surface inside. The sandwich is then pressed flat and rolled.

In periods of high absolute humidity a considerable amount of hydrogen is

absorbed by the U-Al alloy during melting and hot rolling. When this is

present in sufficient quantities, it tends to collect at bond interfaces and

around UA14 particles and cause blistering. To avoid this, it is necessary to
coat each plate with an alcohol slurry of brazing flux and heat to 1100°F for

lA hr. The dissolution of the oxide layer on the surface apparently allows the

hydrogen to escape.

After cold rolling, the exact location of the core in each plate is found

by fluoroscopic examination and the plate is then marked and sheared to rough

plate dimensions. After being sheared, the plates are milled to finish dimen

sions and again checked by X ray so that any plates with exposed cores can be

discarded. Finally, the milled plates are formed to a 5.5-in.; radius in a

25- ton press. ;

Before further assembly, each plate is checked for longitudinal straight

ness and correctness of lateral curvature. This is, of course, exceedingly

important because of the small clearance between the plates in the final as

sembly.

A63 FABRICATION OF THE FUEL ELEMENTS

As shown in the flow diagram (Fig. A6.A), fabrication of fuel elements is

a complex series of operations involving machining, furnace brazing, and arc

welding. A finished fuel subassembly has already been shown in Fig. 2.2. B; a

summary of the construction details follows.
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The grooved side plates are prepared by gang milling sheets of 2S alumi

num of proper thickness. The inside ends of these side plates are milled to

provide proper fit for the end boxes, which are plug brazed into position.

Combs milled from Alcoa No. 12 braze-clad aluminum sheet are placed at each

end of the fuel assembly to aid in alignment and reinforcement at the center-

line.

Before final assembly, all parts except the fuel plates are carefully

cleaned by processing, as follows: (1) vapor degreasing, (2) air drying for

1 hr at 300°F, (3) acid dipping (10% HN03), (4) water rinsing, and (5) air

drying as above. The fuel plates are degreased only.

In final assembly braze strips (silicon-aluminum alloy) are fastened to

the edges of the fuel plates by bending over the ends. The brazing strip is

then fluxed, and the fuel plate is inserted between the side plates, which are

held in a jig.; After all plates are inserted and the combs are in place, the

jig is closed to put the side plates into correct position. The whole assembly

is then dried and charged into a box type electric furnace for preheating to

800°C. After being preheated, the assembly is placed in another furnace at

1100°C to accomplish final brazing.

After cooling, the assembly is carefully inspected for spacing, plate

curvature, overall dimensions and properly brazed joints. If the assembly

passes this inspection, the end adapters are inserted, aligned, and plug

welded into place ready for final machining.

The final machining determines the position of the fuel assembly bodies

relative to each other in the reactor core according to the bottom and top

supporting grids. The sequence of operations is as follows:

1. Sides. The plug welds are milled flush.

2. Top. A shaped cutter is used to mill the assembly body end-s to
5K- in.- radius flush with the surface of the top plate. This
operation trims the side plates and removes excess plug material.
About 2-in. from the end of the assembly body the cutter is
raised gradually and continues along the assembly length, provid
ing a curved side plate edge.

3. Bottom. The bottom is prepared similarly by a second shaped
cutter.
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4. Top adapter. The assembly is aligned in a special machining
fixture, using the top and bottom plate centerline surfaces as
references. The sequence is:

a. Machining of cylindrical surface.

b. Machining of slot to fit a retaining ring for the
helical spring and beveled ring which will be fitted
later.

c. Machining of the inside to the required diameter.

d. Cutting away of excess metal at end.

e. Drilling of a 3/8-in. hole diametrically to provide a
grip for the assembly handling tools.

5. Bottom adapter. Using the same fixture as a guide, the various
bosses are milled to specification.
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Appendix 7

PROPERTIES OF SHIELDING MATERIALS

During the analysis of the MTR shield, the values shown in Table A7.A

were employed for the pertinent material properties:

TABLE A7.A

(cm'1) (cm )

Lead 0.45

Iron 0.235 1.7

Water. 0.025

Barytes concrete oJ 10

( cm 2)

350

%l
P-
cc )

11..1

7. 85

1. 0

3 5

k *
n

( cm)

8.2

♦Asymptotic relaxation length for fission neutrons.

Some other useful information has been compiled in the balance of this

appendix. Two sets of curves entitled "Mass Absorption Coefficients"' are

included, both of which are taken from ORNL-421. Figures A7.A and B, com

prising Supplement 1 to this report, give the macroscopic total cross-section

divided by density. Figures A7.C and D, which form Supplement 2, present

the macroscopic absorption cross-section divided by density. In the latter

case, an averaged probabi1ity for energy absorption in Compton interaction has

been added to the photoelectric and pair cross - sections.

Table A7.B, a convenient summary of some declassified nuclear data, is

taken from "Thermal Neutron Cross Sections and Related Data"' by H. R. Kroeger*

and is used with permission.

Figure A7.E presents the energy dependence of the same linear absorption

coefficients, based on the total cross-sections of some materia Is of particular
interest.

*Nucleonics, Vol. 5, No. 4, pp. 51-54, October, 1949.
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TABLE A7.8

Symbols which are undefined in the table are,

b - average cosine of the scattering angle relative to the initial direction; cr„ = total microscopic cross-section for collision; ctq - microscopic
cross-section for a scattering collision, cr™ = microscopic cross-section for a transport collision; <r^ = microscopic cross-section for an absorp
tion collision.

Cross-sections for hydrogen and deuterium are for H and D atoms in combination with 0 (HjO and DjO). The density given for 8gj
222

Rn is for liquid radon.

The atomic weights and densities are from "Handbook of 'Cnemistry and Physics" (Chemical Rubber Publishing Co., Cleveland). The macroscopic cross
sections, mean free paths, slowing-dowjt- powers, and moderating powers are based on thermal neutron cross-section data gathered from the following sources:

1. K. Way, G- Haines, Thermal neutron cross sections for elements and isotopes, CNL 33, 2/29/48.
2. E. Melkonian, L. J. Rainwater, W. W. Havens, Neutron beam spectrometer studies of oxygen, M 2554-
3. R. G. Nucholls, The total scattering cross-sections of deuterium and oxygen for fast neutrons, MDDC 37, 6/17/46.
4. K. Way, G. Haines Tables of neutron cross-sections, MonP-405, 10/28/47 (supplement issued 4/20/48)
5. H. II. Goldsmith, H. W. Ibser. Neutron cross-sections of the elements, MUC HHG 7; 12/5/45.

Thermal (0.025 ev) Thermal (0.025 ev) Th ermal (0.025 ev)

Atomic
Number Vlame

Chemical
Atomic
Weight

A

Density
(P)

gm/cc.
20°C

760 mm Hg

Nil c ] e i
per cc

(x 10-24)
N

(lb)
Avg. Log-

Energy
Loss

Neut:ron Cross-Sections
cr) in barns

MacroscopicC ross-
Sections, z. = oN

Wean F ree Path
cm

Slowing
Down

Moderating
Ratio

Z
CTT °~S °TR °A \ 2^ STO \ \ ^S TR \

Power
<V"A> X *

1 H 1.008 ,00008 .00005 3329 10 46 46 15 0 32 140

1 D 2.0147 00017 .00005 6662 .7261 5 3 5.3 3.5 0

2 He 4.003 .00016 .000025 .8320 4281 1 5 1.5 12 008 80

3 Li 6.940 .534 .0463 9031 .2643 66.5 1.5 1.4 65 3.1 07 .07 3.0 33 14 15 .33 ,018 .006

4 Be 9.02 1.84 .1229 .9255 .2078 6.1 6.1 5.6 .0085 • 75 75 69 .001 1.3 1.3 1.5 950 .156 150

5 B 10.82 2.535 .1411 .9379 .1756 719 3.8 3.6 715 100 54 -51 100 01 1.9 2.0 0 01 .094 001

6 C 12.01 1.67 .0838 .9440 .1589 4 8 4 8 4.5 .0045 .40 40 38 .0004 2 5 2.5 2.6 2600 .064 170

7 N 14.008 .00116 .00005 .9520 .1373 11 7 10 9.5 1.7 .81

8 0 16.000 .00133 .00005 .9580 .1209 4.1 4.1 3.9 .001 500

9 F 19.00 .00158 .00005 .9646 1025 4 4 4 0 01 41

10 Ne 20.183 .00084 .000025 9667 .0967 2,8

11 Na 22. 997 ,9712 .0254 • 9708 .0852 4 5 4 4 0 45 11 10 .10 .011 8 8 9 8 9.8 88 .009 .76

12 Mg 24 32 1.741 .0431 .9724 0807 3 0 2 7 2 6 0 3 13 12 11 .013 7.8 86 8.9 77 .009 73

13 Al 26 97 2 699 0603 9751 0730 1.6 1.4 1 4 0.22 097 084 .084 .013 10 12 12 77 .006 .47

14 Si 28,06 2,42 . 0519 9760 .0702 2.5 2 3 2 2 0 2 .13 12 .11 .010 7.7 8.4 8.8 96 .008 .81

15 P 30.98 2 34 .0455 9783 0637 4.4 41 4,0 0 3 20 .19 .18 014 5 0 5,4 5 5 73 ,012 .87

16 s 32,06 2 0 .0376 9790 0616 14 1 1 0.4 .053 .038 038 .015 19 27 27 67 .002 15

17 CI 35.457 00295 00005 9810 , 0558 55 20 20 35 032

18 A 39 944 00166 000025 9832 0497 3 2 2 1 -099

19 K 39 096 87 0134 9828 0507 4 0 15 15 2 5 054 020 020 034 19 50 50 30 001 ,030

20 Ca 40 08 1 54 0231 | 9832 0495
!

4 3 5 3 4 0 5 092 081 079 012 11 12 13 86 ,004 ,35
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TAB!LE A7.

1

ions j

Bf (Cont (i)

) i

Atomic
Number

Z

Name
Chemical

Atomic
Weight

A

Density
(P)

gm/cc,
20 °C

760 mm Hg

Nuclei
per cc
(x 10 24)

N

(lb)
Avg. Log

Energy
Loss

Thermal (0025 e
Neutron Cross Sect

(a) in barns

Thermal (0.025 ev
Macroscopic Cross
Sections, 2 = oN

Thermal (0.025 ev)
Mean Free Path

cm

Slowing I
Down I
Power
Nascf

Moderating
Ratio

(c-,./o-A)x f

°T aS ^TR a 2T 2S
i

! • - — • 1

A. „ i
s l

A. TR ^A

87 Fr 223 9970 ,0090

i

i

88 Ra 226 05 5 .0133 9970 .0089

89 Ac 227 9970 .0089

90 Th 232 12 115 .0298 .9971 0087

91 Pa 230 9 9971 0087

92 U 238 07 18 7 .0473 9972 0084

93 Np 237 9972 • 0085

94 Pu 239 9972 0084

95 Am 241 ,9972 0083

>
-4

96 On 242 9972 .0083

I

J J



Appendix 8

SHIELDING CALCULATION AIDS

The data in Figs. A8-A through F are included with the expectation that

they may be of service in reading Section 4.6-3 as well as in connection

with the solution of other problems. The nor.enc lature employed in the figures

is presented in the following tabulation.

The shield is presumed to consist of one or more slabs of thickness t ,

t2, t3, ... The source elements are assumed to be isotropic emitters.

The following symbols are used:

<Pv •- undirected energy flux (Mev/cm -sec)

E - energy of the primary y rays (Mev)

B - build-up factor to correct for multiple scattering

Q0 - source strength of a point source (y rays/sec)

Q, - source strength of a line source (y rays/cm-sec)

QA - source strength of a plane source (y rays/cm2-sec)

Qy - source strength of a volume source {y rays/cm -sec)

/J-R' fis' /Xj, /J-2 = absorption coefficients of receptor; sour ce; shie Id (cm"1)

b2 -= b1 + ^sz

b3 " 61 + ^sh

Z - effective seIf-absorption distance (cm)

C = radius of disk or cylindrical source (cm)

I , a,, h, a = dimensions as indicated (cm)

F0(b) =

6

dy

A8.1



F,(6) = b Note: FAQ) = 1

F(<p,b) - e" b sec 4> d<p Note; F(0,O) = 0 (in radians)

A8.2
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Appendix 9*

PNEUMATIC RABBITS

A9.1 GENERAL DESCRIPTION OF PROPOSED RE-ENTRY SHUTTLE SYSTEM

The layout of the re-entry shuttle system is shown in Figs. A9.A and B.
The equipment provides for the introduction of the shuttles into the system in
the basement and provides a means of propelling them to the inner end of the
rabbit tube. After a predetermined irradiation time in the reactor, they are
expelled either to the laboratories or to an unloading station in the basement.
The major components of the system are a loading terminal, ashock absorber, a
transfer unit, a laboratory selector, and unloading terminals. An electric
circuit provides timing and operation of the solenoid operated valves that
control the flow of air and motion of the shuttle through the system.

The loading terminal provides the means for insertion of the loaded
shuttle into the system. Two "S" bends in the section within the reactor
structure reduce the streaming of radiation outward through the tube. The
shuttle is stopped at the active lattice by a pneumatic shock absorber. After
irradiation the shuttle is propelled out of the reactor to the transfer unit,
from which it is sent either to the unloading terminal in the basement or to
the laboratory selector. If sent to the laboratory selector, it is then
directed to the unloading terminal in any one of the four laboratories provided
with this facility.

s

A9.2 PROPOSED EQUIPMENT ANB FACILITIES FOR RE-ENTRY SHUTTLE SYSTEM

The following items are included in the design of the re-entry shuttle:

1. Rabbit tube HR-2.

2 Remotely operated solenoid valves to control direction of air flow
in pressure and vacuum lines.

3. Electric air-controlled gate valve to permit passage of shuttle
and to isolate the laboratory system from the reactor propelling
pressure system.

*ANL contribution.
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4. Loading terminal.

5. Shuttle transfer unit.

6. Laboratory selector.

7. Shock absorber to position re-entry shuttle.

8. Electric timing device.

9 Monitoring device to determine flux at center of shuttle tube.

The more important items in this list are discussed in the following paragraphs.

A9.2.1 Rabbit Tube. The proposed layout of the pneumatic shuttle system

is shown in Fig A9.A The shuttle tube begins at an inlet air valve on the

west wall of the reactor in the basement, continues around the south wall,

passes up through the first floor of the Reactor Building, and enters the

reactor face approximately 1 ft 10 in. east of the reactor north-south center-

line at an elevation of approximaeely 98 ft 10 in. In the concrete shield it

makes an offset bend and passes through the graphite and reactor tank approxi

mately 1 ft 3 in. east of the reactor north-south centerline at an elevation

of approximately 99 ft. Beyond the graphite, the tube again makes an offset

bend to emerge from the north wall of the reactor in a location similar to its

entry point in the south wall. From here it bends down through the floor and

continues along the basement ceiling to the other inlet valve at the west wall.

In the recesses in the north and south reactor faces at the first floor level,

the curved sections of tubing are equippied with quick-lock couplings to

facilitate their removal. The quick-lock couplings provide a ready means for

disassembling the shuttle tube when it is desired to insert the shock absorber

into the reactor or withdraw it into a coffin. The shuttle tube through the

reactor tank and the thermal shield is constructed of aluminum. Beyond the

reactor structure the section that is utilized by the shuttle is stainless

steel, but the other sections are constructed of copper tubing.

A9.2.2 Electric Air-controlled Gate Valve. An electrically operated air-

controlled gate valve, located between the shuttle transfer unit and the

laboratory selector, separates the system into two sections and stops the flow

of air into the laboratory while the shuttle is propelled into the reactor,

irradiated, and expelled.

The laboratory section consists of the laboratory selector and the four

tubes that terminate in separate laboratories, At each unloading terminal a

A9.4



line to the contaminated-air system withdraws any air that is discharged from
the shuttle tube during the delivery or unloading of a shuttle. This is a

precaution to prevent escape of contaminated air into the laboratory building.

A9.2.3 Shuttle Transfer. The shuttle transfer design is illustrated in

Fig. A9 C The transfer unit consists of a housing that encloses the transfer

tube, indexing gear, and guide disk, Four tie rods unite these parts into a
single unit. Both the section of the tube connected to the laboratory selector
and the section of tube leading from the loading station fasten to the gear
end of the housing At the other end a single tube leads to the reactor

The shuttle transfer unit and the indexing mechanism, connected by means
of an arrangement of bevel gears and shafting, provide for the indexing of the
shuttle tube One third of a revolution of the indexing handle rotates the
transfer unit through an angle of 180°

A9.2.4 Laboratory Selector. No drawings have been prepared for the

laboratory selector unit as its construction will be very similar to the

shuttle transfer unit. It differs only in the arrangement and number of tubes

required for servicing the laboratories. The selector can be located close to

the transfer unit or it can be set up at some convenient location in the
laboratory building

A9.2.5 Shock Absorber. Experiments which require that the shuttle be

delivered in a very short time, Vz sec or less, need a special shock absorber

to stop the shuttle. A suitable design, illustrated in Fig A9.D, has been

engineered from the standpoint of high speed, adequate cooling, and ease of
insertion and withdrawal. It consists of a series of alternate sections of

bellows and straight tubes, approximately 12 ft long and fastened to the shock

absorber body, to provide the means for insertion and location of the shock

absorber in the shuttle tube. Three openings formed between the shock absorber

and the inside diameter of the shuttle tube provide the space for the passage
of cooling air when the shuttle rests against the shock absorber They also
form the small orifices that restrict the flow of air when the large orifice
is closed during the slowing down of the shuttle, The large orifice is' formed

by the seat and the beveled surface of the valve When the valve is open the
larger portion of the air flows through the valve opening and then out the

portholes to mix with the air flowing through the small orifices The air

continues to flow in the annulus formed between the body diameter and the

A9 5
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inside surface of the shuttle tube Three holes located in the body in front
of the bellows permit the air to divide into two streams, one flowing inside
and the other outside the bellows A spring enclosed in a sealed chamber in
the shock absorber body holds the valve open until the pressure of the air in
front of the shuttle overcomes the spring force After the valve closes a
greater pressure is required to force the air displaced by the shuttle through
the small orifices This increase in pressure acts as a retarding force to
slow down and stop the shuttle, When the shuttle depresses a spring backed
button secured in the valve head an electrical circuit for controlling the
shuttle timing device is completed. The wires for the timing device enter
through connections at the removable section of the shuttle tube One wire is
grounded to the flexible tubing and the other continues through the bellows
and terminates at the electrical terminal mounted in an insulation bobbin that
is pressed into the shock absorber body The electrical circuit is completed
by means of a spring, a plunger, and a rod that is secured in an insulation
bushing mounted in the valve

The parts that comprise the shock absorber should be made as light as
possible in order to minimize the heat generated by gamma absorption A
continuous flow of air at the rate of 0.04 lb/sec is required to cool the

shuttle and shock absorber,

A9.2.6 Delivery Stations and Delivery-station Shock Absorbers, Speed

of delivery of the shuttle to the laboratory may be of prime importance; hence
the delivery velocities may be high and adequate shock absorbing means must be
provided at the delivery stations For this purpose conventional pneumatic
dash-pot delivery stations can be used, since heating due to nuclear reaction-,
is not involved. In general these consist merely of a 3 ft blind length of
tubing beyond the exit for the propelling air, Suitable doors are provided to
remove the shuttles after delivery, The doors should not be opened until the
delivery air has been shut off (by automatic timing of the delivery cycle)
thereby placing the delivery stations under a slight vacuum

A9„2.7 Pneumatic Driving System. The incoming air from the plant air

compressor is cleaned, filtered and dehumidified before it enters the
accumulator tank A relief valve controls the maximum pressure in the tank
A pressure regulator controls the pressure of the air prior to its entry into
the pneumatic shuttle system through the solenoid- opera ted valves that govern

A9 8



the direction of air flow. A secondary solenoid valve controls the flow of

air after the shuttle transfer has been rotated and also when it is desired to

transfer a shuttle to a laboratory. Solenoid valves at the extremities of the

shuttle tube control the direction of the air after it has passed through the

reactor and prior to its entering theireactor cooling-air exhaust duct. These two

valves remain open except during a charging operation. A relief valve governs

the maximum pressure allowed in the exhaust line during charging of a shuttle.

A solenoid valve permits the escape of gas when the shuttle transfer tube has

been rotated to the laboratory position

A9,2o8. VftcaUB Systea. Both ends of the shuttle tube are connected,

through solenoid-operated valves, to a single pipe which terminates at the

reactor cooling-air exhaust duct. Since the exhaust duct is under vacuum and

the valves are normally open, one or both ends of the shuttle tube are always

under a vacuum. This tends to clear the shuttle tube of dust particles and

simplifies the periodic purge required to clear the lines, Vacuum leak lines,

continually open to the exhaust line that leads to the reactor cooling-air

exhaust duct, place the loading terminal and the shuttle transfer unit under a

continuous negative pressure and provide against leakage of contaminated air

into the Reactor Building.

Vacuum exhaust connections for the through shuttles are provided at the

face of the realtor for the convenience of experimenters in setting up their

equipment. These are part of the experimental services normally provided at

all beam hole facilities.

A9.3 OPERATION OF RE ENTRY SHUTTLE SYSTEM

Prior to delivery of a shuttle to the reactor, the pneumatic shuttle

system is under a slight vacuum since the solenoid valves at the ends of the

shuttle tube are open to the reactor cooling-air exhaust system. The sequence

of operations that take place during the delivery of a shuttle can be better

understood by reference to Fig. A9.B.

Shuttles prepared for delivery to the reactor are introduced into the

system at the loading terminal. After the cover is secured, the operator

presses a switch which automatically closes all valves in the vacuum lines and

A9.9



opens the solenoid valve in the pressure line to admit the air that propels

the shuttle, The incoming air, metered through an orifice, increases the

pressure in the section of pipe between the shuttle and the orifice, and drives

the shuttle against the shock absorber at the center of the reactor. The air

in front of the shuttle is compressed since it is not permitted to escape.

The pressure continues to build up and eventually overcomes the spring force

that normally holds the shock absorber valve open. With closure of the valve

the flow area at the body section is reduced to that of the three small

openings formed between the shock absorber body and the inside of the shuttle

tube. This decrease in orifice area increases the pressure required to dis

charge the air displaced by the shuttle. The volume of air displaced is a

function of the pressure and the velocity of the shuttle, In an effort to

reach a state of equilibrium, the pressure acts as a retarding force on the

shuttle, The maximum pressure build up in the low pressure section of the

line is limited by a relief valve. When the shuttle contacts the shock

absorber, an electrical circuit is completed which simultaneously operates an

electric timing device and opens the solenoid valve that permits the gas to

escape into the reactor cooling-air exhaust system. The steady flow of air

through the tube cools the shock absorber and shuttle.

If the shuttle is to be sent to the laboratory, the shuttle transfer

tube is rotated to the laboratory position during the time interval in which

the shuttle is irradiated Rotation of the shuttle transfer tube automatically

closes the solenoid valve that has been supplying the air to propel and cool

the shuttle and, after a fraction of a second delay, opens the solenoid valve

in the air-supply line that by passes the shuttle transfer unit, This now

provides the air necessary to cool the shuttle* and the shock absorber.

At the end of a preset exposure time for the shuttle, the electric circuit

in the timing device is broken This automatically reverses the solenoid

valves that control the direction of air flow thereby expelling the shuttle.

At the same time, the solenoid valve on the vacuum side of the transfer unit

opens to permit the air in front of the shuttle to discharge into the reactor

cooling-air exhaust system. After a delay period, to ensure that the shuttle

is beyond the transfer unit, the valve in the vacuum line closes and the

shuttle transfer by pass air~supply valve opens to drive the shuttle to the

unloading terminal in the laboratory. After a suitable time delay to ensure

delivery of the shuttle and to purge the system, the valves in the vacuum line

open automatically. The unloading terminal cover can then be opened and the

shuttle removed. The air-supply valve can still be open to permit a flow of

air to cool the shock absorber
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A9„3o1 Pressure Drop. When the shuttle is positioned at the center of

the reactor by the shock absorber an approximate pressure drop of 38 lb/sq

in. is required to force 0.04 lb of air per second through the shuttle tube.

This is equivalent to 31.8 cfm of air at 70°F and atmospheric pressure of 14.7

lb/sq in.

A9.3.2 Anticipated Operating Curves. The curves shown in Fig. A9.E are

not to be construed as the actual representation of the air pressures in the

tube and the velocities of the shuttle They merely indicate a trend and are

helpful in understanding some of the problems in designing the mechanism for

propelling and slowing down the shuttle in the pneumatic system.

The propelling force starts at the pressure produced by the vacuum in the

reactor cooling air system A constant supply of air into the chamber in

creases the pressure behind the shuttle and drives it to the center of the

reactor, The maximum pressure is reached when the shuttle velocity and the

speed of the incoming air in the tube are equal Maximum acceleration also

occurs at this point A decrease in the propelling pressure occurs when the

shuttle travels faster than the air velocity in the tube. This is due to the

volume behind the shuttle increasing at a greater rate than the build-up in

pressure.

During the driving of the shuttle, no air is permitted to escape through

the exhaust valves, The travel of the shuttle compresses the volume in front

of the shuttle and thereby increases the back-pressure. The difference between

the propel1ing pressure and the back-pressure is the unbalanced pressure that de

creases the acceleration. This continues until the two pressures are equalized,,

at which time the acceleration becomes zero and the velocity becomes a maximum.

Further increase in back-pressure results in deceleration of the shuttle.

When the pressure in front of the shuttle overcomes a spring force in the

shock absorber, the valve closes.

After the valve closes, a greater pressure is required to force the air,

displaced by the shuttle, through the small orifices between the shock absorber

body and shuttle tube. This accounts for the sharp rise in the back-pressure

curve., the increase in deceleration, and the decrease in shuttle velocity.

It should be noted that the velocity is practically zero when the shuttle is

approximately 8 in. from its stop. The shuttle continues to stall until the

propelling and back-pressure are again equal, at which time the shuttle is
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forced against the shock absorber valve head. The pressure in back of the

shuttle then increases until the steady flow required to cool the shuttle and

shock absorber is attained*

A9.3.3 Shuttle Material. Some of the characteristics of an ideal shuttle

material are (1) low-activation cross section, (2) low density, (3) high

thermal conductivity, (4) stability to radiation, and (5) structural strength.

The first property is desirable to prevent the carrier's becoming active

enough to require shielding during the unloading operation. Materials that
satisfy this requirement are electrolytic iron, beryllium, zirconium, carbon,

polystyrene, and bakelite.

Of the preceding materials, iron is attractive with respect to thermal

conductivity, stability to radiation, and structural strength, but, because of

its density, it has a high rate of gamma heat generation that introduces cooling

difficulties. However, the cooling problem can be minimized by limiting the

weight of the carrier to approximately 12 g. For a 3-in. long shuttle, the

maximum wall thickness would then be 0.01 in. An additional restriction on

the use of iron is that in order to limit the induced activity to tolerable

values it must not contain appreciable quantities of manganese.

The use of beryllium or zirconium would permit a larger wall thickness

for a given weight carrier. The activity of these elements is controlled by

the impurities aluminum and hafnium.

Some of the plastics are promising, but the inherent low thermal con

ductivity makes cooling of the sample difficult. Information on the effects

of radiation on plastics is rather incomplete at this time. However, from

experiments made with low neutron fluxes, it appears feasible to use bakelite

and polystyrene as shuttle materials.

A9.3.4 Cooling of the Shuttle. The cooling required by the loaded

carrier is a function of the total mass and the desired maximum temperature.

Since it may become necessary to irradiate samples that have a low decomposition

temperature, such as hydrocarbons, the cooling system should be capable of

limiting the maximum sample temperature to approximately 300°F In addition,

the use of a plastic carrier would limit the temperature to a similar maximum.

It is estimated that the upper limit on the mass of a loaded shuttle will be

25 g. To cool this shuttle and the shock absorber with air, a flow of 0.04
lb/sec is required This value is based on a heat transfer area of 9.6 sq in.

with a 3-in.-long carrier.
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A9.3.5 Shielding. The exposure hazards in the shuttle system will be

from activation of the propellant gas or the sample and carrier. Computations
indicate that no permanent shielding will be required to satisfy health physics
requirements, and temporary shielding will be adequate when needed to provide
instrument background.

The air used as a propellant will contain active argon, nitrogen, and
oxygen. To prevent the escape of active air it is necessary for the parts of
the system that operate at a positive pressure to be leakproof.

A9.3.6 Use of Air vs. C02 fQr Propellant. Air is used as a medium to
drive the pneumatic shuttle in and out of the reactor. It was selected because
it is economical to use as a cooling medium for the sample and shock absorber.
A comparison of C02 and air made on the basis of cost and radiation hazard
indicates that air is preferable. The inherent disadvantage of air is the
formation of 110-min argon. However, the exhaust lines in the proposed shuttle
system will operate at a negative pressure so that the escape of active argon

is not likely.

The exposure at the surface of a 1-in. shtittle tube containing active
exhaust air is calculated to be 0.02 r per 8 hr. At short decay periods no
decrease in exposure can be realized through the use of C02 because the
significant fast flux at the shuttle tube gives appreciable 016(n,p)N
activity.
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Appendix 10

KlYDfiAULIC RABBITS

The hydraulic rabbit system for the MTR consists of two l-in,-I.D,

vertical tubes through the east end of the beryllium reflector (see Beryllium

Layout, Figs. 2.4.A and b) and a 1„310-in.- I,D. tube through each of the

regulating rod holes not in use,

The following description of the system is a tentative proposal for the

design. The final design of the system may vary somewhat from this pre

sentation, but the overall principles will be the same.

The proposed system is shown in Fig. A10.A. Shuttles from the laboratory,

after being sealed, are lowered into the loading chute and pushed through

valve C into the loading chamber. Valve C is then rotated into the insertion

position and valve B is opened, permitting the rabbit shuttle to be driven to

the top of the reflector where an orifice acts as a stop. (The shuttle can be

stopped lower than this by insertion of appropriate dummies ahead of it.,/

When the irradiation is finished, the deminera1ized-water flow is decreased

until the shuttle falls into the canal. This occurs when the deminera1ized-

water flow into the reactor is so low that resistance of the shuttle to cl

flow is not sufficient to overcome gravity. With valve A closed, •

possible to discharge the shuttle into a bucket type coffin in the canal

without letting any great volume of active water get into the canal. Since

valve A is normally an open solenoid valve, it will not trap the shuttle in

case of power failure but will allow it to fall into the canal.

Vertical holes in the upper support casting, in line with the rabbit

tubes, permit the use of a long rod for pushing any shuttle which might stick

above the canal.

The actual design of the shuttle is, of course, best done by the MTR

operator or tv>e experimenter, If a shuttle design similar to that of the

hydraulic rabbit system of the X-10 reactor is used, the tubes should have a

minimum radius of curvature of 48 in. The rabbit tube positions at the east

end of the reflector will accommodate 1. 190--in.-0.D. tubes, and the regulating

rod holes will accommodate 1.500-in.-0.D. tubes. The inside diameters of

these tubes have been set at 1.000 in. and 1.310 in., respectively.
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Demineralized water at,75 psi will be available at the rabbit canal, and

approximately 5 gal of water per minute past the shuttle will be necessary for

cooling. No shock absorbers- are provided, but speed of insertion can be

easily regulated by the deminera1ized-water flow.
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