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Chapter 7°

o PROCESS-WATER SYSTEM

7.1 INTRODUCTIGN

_Tﬁe'process-water systemis 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 the design and some of the prohléms encounteraa 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
aiscﬁssipna of these two parts of the reactor are given in previous chab&etsf

During 1947 a design of the process—water system was conceived and
déveloped 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 Plains of
Idaho was chosen as the Reactor Testing Station. With these fundamental data
available, the design was redeveloped to suit the Idaho locality.

A

7.2 THE SYSTEM IN GENERAL

' 7.2.1 General 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 asuxiliary equipment involved in the MIR proc-
ess-water system. \ ‘

B Water at 100°F 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 centrifugel pumps..

A third 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

7reservoir flows, under a normel head of 170 ft, directly to the reactor tank

through a 30-in, stainless steel pipe outside the Reactor Building and a
36-in. stainless steel pipe beneath the Reactor Building. A flow instrument,
strainer, and electric motor«operated 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 thes and they may
be inépected or repaired. The.36-in. process-water line is split into two
24-in. stainless steel lines below the bésementijlpox, These lines go up
‘tﬁ:augh diagonally opposite corners of the reactor biological shield and.
connect to the top section of the reacter tank. The water descends thiough
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 wbrking reservoir and the exit of the reactor
tank. are due almost entirely to the velocity head and friction losses across
the aqtiVé,and beryllium sections, with relatiweiy'amall‘lossea contributed by
the conveying éipe'line; There are block valves and a flow control valve in
the inlet line to the reactor, but there are no obstructions inthépipe 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 instruﬁen&,'a strainer, and a control vaive. It can.
carry 1000 gpm and is used in the event that the main water line valve is -
.closed off, thereby assuring a conﬁinudus water supply to the reactor at all
.times, particularly atushutdqwn. This same line, which allows 1000 gpm of
process water to by»péss the mé{n»streamy cah also be used to carry 1000 gpm
of fresh démineralized water during pefidds of reactor -flushing, or 1000 gpm.
of seal-tank water for recirculation through the seal tank and the reactor
only. ' ‘

The pipe_tunhel 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 is. drawn into the fiash evaporatore bv means of
the partial vacnum,exlstlng there. The water, in hexng flashed at a pressure
that yields 100°F effluent, falls from the flash eyvaporators into the sump
tank below. From the sump tank the water is once nore pumped up to the working
reservoir to complete the process-water copling cycle. The reactor heat,
liberated. in the flash évaporators, is carried away by the cooling-tower
water circulated through the condenser tubes in the evaporators. 4

7.2.2 Stand-by and Emergency Features. Certain provisions atre made to
ensure satisfactory operation of the process-water system under emergency
conditions. The primary requirement in emergencies is that there always be

same waters flow through the reactor.

In additioh to the water available in the working reservoir, raw water
from the genmeral overhead reservoir is available for cooling the reactor by a
di;gct 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 500,068-gal
ground-level reservoirs by means of two 850-gpm electric motor-—driven or a
1000-gpm gasoline engine--driven centrifugal pump. If the motor-driven pumps
in the demineralized-water lire can be used, the reactor can be supplied
through the two 24-in. inlet process.water lines with water from the 100,000-gel
demineralized water storage tank. Within 30 sec of commercial electriéal
power failure, a Diesel electric generator set will provide electric'power to
strategic pumps and equipment. The reactor can be initially cooled under these
circumstances by the reserve water in the working reservoir and then by
1000 gpm of process water recirculated by one of the seal-tank pumps, of which

one is electr;c motor driven and one is gasoline engine drxven

The loops in the 24-in. water lines in the reactor structure help keep
the active lattice under water at all times. This assures natural convection
water cooling during an emergency shutdown and thereby prevents melting of the
fuel assemblies. Should local water boiling occur, the locélized steam
pressure could conceivably force the water out of the active section and cause
melting. However, sufficient preésurized water sources are availeble to
practically ensure some water flow through the acti%e fattice, A‘Zuin: line
between.the top of the reactor tank and the water loop is provided to prevent
siphoning of the water from the active lattice if the process-water pipe line
should be severed, In the event of any major emergency due to electrical
outage, 8te5mvfailure etc,, the reactor power will be nulied and shutdown
cooling will be the only requirement.
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1.2.3 Instruentstion and l?lon uaunceo Ia order to. manntun a con-
tinually balanced water flow throagh the process-water sys&sng a acheme has
‘been established in which water is pumped from the suamp - tank to the warknng
reservoir. The valve that determines the amount of water Iifted is governed
by the level of water in the working reservoir.. The ﬁa@ér flow rate from the
wofking reservoir to the reaétor at a given control-valve setminébhnd a con-
stant head is uniform. The water flows from the reactor to the seal tank-and
then throuéh the flash evaporators intoe the sump tank.’ Amy‘ovemfloﬁ from
the seal tank also Qaes:to the sump tank. Any shortage of water in the seal
~tank is automatically compémﬁatéd for by a decreased flow to the flash evapo-
rators because the flash.évapmratowa-ame fed water at a rate that is deter-
mined by the level of water in the seal tamk emd the pressure in the flash
evaporators. ' In thig.mamngi the water flow through the whole system is kept
in equilibrium. Normélly‘thé sump tank contains 60,000 gal of water.  However,
to accommodate undue surges and accumuiations of water'during_emergemcies such

as electrical outages, the capacity of the sump tenk is 100,000 gel.

Instrumentation on the flash evaporetors provides the meximum possxble
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,ﬁeans of a thermal control, the quantiéy of cooling

water passing through the condensing tubes.

The following instrumentation is related to the working reservoir: A
temperature~indicating controller limits the lowest water temperaﬁure 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 serranged so
that at water levels exceeding normal a mechanical switch shuts off the main
process- water 11ft pumps. Within the normal operatimg range, the level in the
working reserv01r is meintained by means of an instrument which governs the
opening of the main valve controlling the water flow up imto the working
reservoir. At lower water levels im the working reservoir the reactor is
abruptly shut down and the main water valve is closed in 30 sec. The water
flowing to the reactor passes through a2 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 hetween the block valves can
be drained and inspected. Between the block valves, going downstream, there
are, reapectively; a flow recorder, & moter- opeuated control valve, ‘and. &
strainer. Adjacent to the pit are t&ps for instruments. which make conmnnuoua
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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.
expefimental plugs. An 8-in. by-pass line before the main motorized valve
allows a flow of about 1000 gpm of water to the reactor whem the main valve
is shut. This line joins another 8 in. line from the dewmineralized water
supply and an 8-in. line from the seal-tank pumps. "Each of these three lines
has an on-off remotely controlled pneumatic valve. Immediately aftéer shutdown,
process water goes through the 8-in. line diréctly to - the reactor. Shortly
thereafter demineralized water is used to purge the reacto;«#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 wherg the
two 24-in. lines branch from the main 36-in., water inlet line. It also passes
throﬁgh'the valve pit with the main water line and haa two block gate valves,
Going downstream there are, regspectively, 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 differemce 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 deminerslized
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 tunk in the Process 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 levalwindicating alarm. A114pumps
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in the proceas-ater syaten are ptovxdod wxmh pzaaanre gaugog, The flow to

‘the flash evaporstors from the seal tank is contrelled by a yalve and is

indicated by an 1n:trument in the ocutlet line from ebo flash eviporators.

The flash evaporators are operated at full vacuun potent:al Instruments are -
‘provided te indicate- the vacuum on each evapototor and to coytvol ‘the amount

of cooling water going te each evaporator condenser. The pressure of the.
steam‘goiqg-to the vacuum system is recorded and conttolled. Temperatures in

various points of the inter and after condenser vdcmmnmeocling system are

indicated. The Vnpors discharged from the vacuum syatem are monitered by a

radiation 1naernnent which detecta radiations and gives ap alarm if large

amounts of activity are discharged from the i'rocess :‘ster Bu;lding»xnco 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. o '

7.8.4 Water-coeled Esperimentsl Piugs and Radbits. In the reactor there
are seven water-cooled ‘experimental plugs which reguire a total'of abont
125 gpm of cooling water. Water to cool these pluga is tapped, from the main
process<water line upstream of the velve pit. Thié asaures that pressure
‘sufficient to force the water through the plugs is always available, even
during shutdown periods. The water leaving the experimental plugs flows into
the process-water exit line from the reactor, In case it is mot advisable to

return the plug-cooling water to the process-water system, the water can be
' purged directly to the process<water sump. Demineralised water, which is one
of the service facilities provided at beam holes, may also be used for plug
cooling. ' During electrical outages these experimental pluge must have cooling
water, and since demineralized-water pressure will fail at this time, a
by-pass valve is prcviagd from the process-water system to the demineralized-
water system so as to maintain cooling of the plugs.

Eptering the bottom of the reactor are four hydraulic rabbits uéed 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 MIR process water
passes Lhrough the Process Water Building before entering and after leaviné
the reactor. This building contains the equipment for cont:olling the water
flow,.the&pumps for ‘lifting the water to the working reservoir, the shutdown
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: and emergency caolxng«water pumps, and the flash evaporators for cooling end
éegassxng the process water. Figures 7.2. B and 7.2.C show Process Water
- Building floor plens ahd building sections, respectxvely,

The seal tank receiving the water from the reactor sé¢ction and the sump
,tank recezvxng the process water from the flash evaporaters ere enclesed in
this building for shielding and instrument maintenance reesens. The equipment
"is located on seven main levels 60 as to obtain building compactmess and to
achie§e proper hydrostatic balance between the seal-tank level, suction lift
to the flash eveporatots, and barometric discharge to the sump tank.

The 30-in. water libe from the Reactor Building enters the Process Water
Building through ﬁhe control valve pit and then discharges into the 17,000-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 Ruilding.

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 méintaining_properAprbcesséwater 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
- repaits can be made during reactor operation,

7:3 MAJOR COMPONENTS OF THE SYSTEM

7-3.1 Ssump 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
in 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 a 700- hp motor, are

1.8



NOT CLASSIFIED
DwsPi0759

B WQV B]r-'
! HEATER*\1 U}ﬂ ” & i oo ;l' *
M = @ o
EARTEI d e
H| ] & .
E " e O
7 MONORAIL HANDRAIL- % 1\5(—,”
Q ® ® o % & \@ ® %2 e :
I i a = &
At H S TYK
\ HIATTICH

6L

. N
SHOWER ®

SULTION SUMP

1
SR

DUCKBOARD

LADDER TO RUOF

INTER & AFTER
CONDENSERS ~ &

|

Sl

e

RCOF

ke 50807

AND SECOND FLOOR PLAN

H ! ELEc:mc { SumP TARK
e Pow E moToR ] |
=10 055“\\00 Y O RERAIR SHOP & STORAGE et 5 ,
< b4 e
s | & GASOLINE
B CONTROL g ENGINE~[ ] HIN A
2COH ] =1 . K i, Rammas; it o
5] te—romrRRTR n CASOLINE TANK o TS50 RET BASIN
FIRST FLOOR PLAN B N X
§ @ 12040
~ < St
i t BASEMENT PLAN

i [ T T e — -
:_:' T _5;30(,555 WATER BLDC
-:m- - FLOOR PLANS
CoaGA T Pl ] . FI6, 7,2,8.L
RETTER LEVS £




ovs

NOT CLASSIFIED
D076
TOLET &
LOCKER RM.
Y T - - ———
\uonoral
LAHANDRAL i ] 4P — o
| B—F—F—"F——f— HF—T1— : I ix
R N — 5 P! TR
wail = _ b
818 MOTOR = A , & .
Q{ \‘% = ELﬁ%‘éﬁ%\L . "“"2 ‘&. TROL
0= = | PMEN ‘ A PANEL
il ' = bl U iy
) Seune’ \ Lo
: XPANSION JOINTS
STRANES uie s Pses SECTION-B |
SHEAR CATE TION-C
MONORAIL OVER EACH - "
EVAPORATON o
A
= o i * EVAPORATORS
AL NOZZLES
3 il )
PSRN ? "
‘ : !
| i L | venr
ﬁ b N i I TovERFLOW WER
5 ;
} }
]
!
n ™ ~1-SEAL TANK
i : .:
% M | 3
i L ADDER .
.
| ® ‘
bl Ly ;
= 4
—— e — =T
SECTION-D s ot L %mw =p WATER BUILDING
e wabe | PRy SECTIONS
Yl e o | | - | Fieue 72.¢]




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 cubicié¢ 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 reéervoif is to
supply water at a constant head to the reactor active latﬁice, 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.
.nThia,elaxaxinn;permitsaanMincrqaaemaprhgmgggggggtzﬁgg; 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 gpn 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~ca1cu1ated{éf§)>t° be
above tolerance (up to 0.8 r per 8 hr); however, they can be apprdached for

short periods for maintenance of instruments, etc.
4

7.3.4 Valve Pit., The valve pit, at which all water flowiné to the
reactor is controlled, wéa appropriately‘designed as a pait 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 B8-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.

7.3.5 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.

7.3.6 Flash Evaporators. Flash evaporators are used for cooling the MTR
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 ¥-in.
cooling tubes, handle the 20,000-gpm flow and the 30,000-kw heat load of the
MTR. The 110°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 cf‘the process water evaporates, thereby
cooling the bulk of the water, which fallg into the sump tank below, The

.
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revaporate&‘watét is condensed outside thewater-cooled: tubes and then rejoins the

main process-water flow. Thus the process water ig not only cooled 10°F,
but it is degassed by the low pressure ifn the flash evaporators., During
start-up the air is removed from the water at a rate of 175 1lb/hr, and the
hydroseh and oxygen formed in the active lattice during reactor operation are
rewoved at a rate of 40 1b/hr. The water vapor pressure load under these

.conditions is 425 lb/hr or about twe-thirds of the to%al vapor pressure load.

At 1.9 in. Hg about 3.2 1b of 125 psig steeam per pound of gas removed is

requxred,

Tt is desirable to remove any gases in the water before returning 1t to
the reactor since otherwise excessive gas evolution will occur in the active

lattice where the water is heated and where hydrogen end oxygen are formed

by water decomp031t10n due to irradiation.

Analyazs of gas solubility data for the MTB process water and exlstlng
operating piles show the following:

1. J¥f mnitrogen from the air is not removed from reactor-cooling
water, it will be oxidized to nitrates uader irrsadiation and
increase the reactor-water acidity and, therefore, the corrosive
aggressiveness on reactor structural mater:als in contact with
water. :

2. The process-water cycle should be closed with floating heads on
storage tanks to prevent air absorption in water. JIf 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
from the water as a result of decomposition will almost saturate
water at 212°F; hence the water must - be de-aerated before re-
turning to the reactor. ‘

 Instead 6f 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 water.

Also, it appears that if the process water could be completely demineralized
by the recently developed mixed-bed resin 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 radiocactivity
‘ to the atmosphere and the pick-up of dirt partigcles therefoom.

2. Refrigeration: This was too expensive.

3. Heat exchangers These were satiafgrtory for deat remgvael, but
expensxve auxiliary degassing equipment wnuid be necassary for
- removxng gases from the water. ,

74307 Piping. Ther30»inendiameter pipe waa~selécted.prim§rily on the
basis of amaximum allowable pressure drop of 25 psi f:bm_the working reservoir
“to the reactor tank. In the HeactqryBuilding.thq ﬁainvwgter line diameter
ig 36 in. to allow for futuvre expansion wi;hont?any major excavations or
"structural changes. The two 24-in. diemeter waeer'liaee<eotering and leaving
the reactor tank are primarily to distribute the weter flow evenly. Since
‘the greatest security against pipe ruptyre is desired in the line from the
.working reservoir to the reactor tank, :all valvdi; §hol!low meter, and the
strainer are made of stainless steel; ih'other lodacionh ebét iron is used.
In the reactor structure the 24-in. proceasmwator pipe is hung from the
atructural steel by suspension hangers. and is free of auy concrete contacts.
. However, it is surrounded by a apiral welded-m:eel pqug “and there is Zerolite
fiber pack:ng in the annulus between the two pxpel. The exit part of the pipe
is supported on the bottom stainless steel section of the reactor tank.
Stainless steel~wclad pipe, 20% or at least 1/16 ins th:ck 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 Reactar Building it is
suspended from spring-loaded hangers in the concrete tunnele

The only possible cause of water hammer 1n the processuwater system would
be an instantaneous closing of the 24-in. mann process-water-control valve.
If this valve closed in less than 0.2 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
lifring 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 burst:ng due to the 1nterna1 working pressures. Temperature stresses are
not apprec;able. '
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7.4 BASES FOR DESIGN

§°4°1 Flow Quantity and Heat Transfer. An over-all picture of the heat
transfer and flow characteristiéa of the MIR is given in this section. The
details of heat removal and water flow in the active lattice are discussed
thorgughly in Section 2.7.1.

"-The gquantity of water required for cooling the MTR is determined by the
amouhtt:fheat liberated in both the active lattice and tbéberyllium reflector..
Because of the high neutron flux the amount of heat liberated per unit volume
is very large. Clean surfaces and ﬁigh water velocities are therefore necessary
in order to obtain Kigh heat transfer fluxes., Also, high water velocities
through the active lattice are required to carry away any bubbles of steam or
gir that may be formed. The water velocity provided through the active
‘lattice is 30 ft/sec. ‘

It bdcama‘upﬁarent‘during early investigations with the MIR 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 bee¢n believed that 15,000
gpm ofproceég water would be sufficient for cooling the reactor. Howeve'_r, because
of the large amount of water passing tbrough'the beryllium, the process-water
system is designed for a total flow of 20,000 8§m.~ This flow is based on
30,000~kw operation of the reactor. However, it is expec¢ted that the same
flow will be sufficient for operation at higher power levels. - ‘

The temperature of the proéess 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 thyough the beryllium.

Experiments conducted with a single fuel assemﬁly showed that a 40-psi
pressure drop is sufficient to produce a 30-ft/sec water velocité through an
assembly., During the design of the MIR 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 greateét<theoretical water
velocity obtainable through the fuel assemblies is 42 ft/sec. This possible
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.40% 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.

The 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. Opération of the reactor will determine the highest

possible working temperatures of the process water in the active lattice,

7.4.2 Degasification. In the MIR 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 operatingpressures
and temperatures, no gas evolution will occur. The following discussion
describes briefly the degasification of the MIR 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 H, and O, 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 process-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 eguilibrium, 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% H, and 0, that
are producedin the active section; 35% N, and O, from the air-saturated water;
57 to 61% water vapor. During continued reactor operation the contribution
due to the N, and 0, 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 H, and O, in the active section are related to
the quantity of radiated energy that the water absorbs; an approximation is
that one H, 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 1028
ev/sec.(24)  The rates of formation of H, and 0, are then, respectively,
6.4 and 3,2 liters/sec st NTP. :

Thée 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 ocfmost of the transfer

areas of the fuel rods.

Active Lattiée Operating Conditions

Temperature of entering water ‘ ' 95°F

Temperature of leaving water 115°F
Temperature of hot metal surface points 240°F
Temperature of most metael surface points 212°F

‘Absolute pressure ‘ . 1.5 atm, absolute
Process-water flow . ' 20,000 gpm =
.Reactér pawer 30,000 kw

H,0, concentration ’ 0,005 molar

Gas Solubilities at Active Lattice Operating
Conditions: 212°F, 1.5 dtm. '

Nitrogen 5.0 ce/liter
Oxygen 8.0 ce/liter
Hydrogen 5.5 ce/liter

—— RS ——

13.5 ce/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 fol lows:
Gas Solubilities of Demineralized Water: 95°F, 1 atm,

Nitrogen 9.4 ep/liter

Oxygen 4.8 ce/liter
Carbon gioxide 0.2 cofliter

148 cc/liter
7.17 '



. : The amounts of the gases remaiming im the procesa'water'whe‘n it leaves
thc'flabh evaporator after 53viﬁa been degassed are given in the following
icbdlntion. These velues are calculated and indicate the appreximate amounts
espacted during operation. RS

Bissolved Gdses in Pegasified uatof: 95°F. 1.8 in. RHg

Co Nitrogen 6,10 cc/lior

Ouggen ( ‘ 8.08 cc/livenr
Bydrogen : 0.1Q cc/lisar

O-35'cc;i§§:;

In the following table are summarized the guamtities of the various gases
and the total quantity of gases that the vacuum steam jet mmst remove. It is

necessary to remove the water vapor because it is carried along with the other

‘gases,
Yocuum Steam Jet Load
. . : Gases formed due to water decempositien
' - Bydroges : ' Ib/br
Ozygen : . 88 ib/hr
Gases from sir-satyrated water '
Nitrogen : » “ ' » 110 Bh/b#
Oxygen ‘ 68 Id/hr
Water vaper 428 15{5&
640 ibjhe

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

7-4.3 .Water quality and Materials of constructlon}' 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 asssmblies. Any
deposition.of material from the water onto the bot swrfaces of the fuel
assemblies could reduce the heat transfer ceefficients to ‘undesirable valuee.
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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, coppér, 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 tominimize cor-
rosion and maintain a low mineral content in 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 MITR 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 MIR 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. Ibe 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 MIR system is many times the volume ofwater in either the
Chalk 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 radioactivit& 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,
this developed into a vicious cycle th that owing to ionizing radiations the
ammonium hydroxide 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 vas ‘solved at Chalk River by radxst;lllng the D,O and then dpmxneralx-
‘azng the recirculating heavy weter. Thls removed the accumulating dissolved
"minerals and helped increase the pH of the water to neerly 7, and at the seme
ftime elxm1nahed any cataiytic ions that might have canaed corrosion in ‘the
heavy water: system. Provisions have teca made ia the MIR syatew to add fresh
dem1nera1xzed water and to purge. the sane quantity of water frop the system
. so as to maintain a high-quality carcn}at1ng proctns}v.tqg.{ It ds expected
that;then the MTR is in operation, she purge can be put through a deminerali-’
_zation 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 pract1~
cally pure: waterv which is appareat from the following tabulatzon

| NeCl (pps) ©  FESISTIVITY (obus)

1.00 ‘ 185,000
o 0.10 ; s 1,850,000
S e 18,500,000
' - . 0.00 (pure weter) 20,500,600

Ever. since the Hanford reacters have béen operated, sodium d1chromate and
sodium silicate have been added to. the sznglevpasa water system to minimize
corrosxon, and at one time it was believed that additions of similar reagents
should be made to the MIR water system. A few years ago the sodium silicate
addition to. the Hanford water was removed, and no increased corrosion or

i"scallng rate was found to occur. Although the additions of sodium dichromate

have hever been stopped, it is believed that they could be without increasing

corrosion or scaling.

* The heat transfer experiments conducted at Qak Ridge differed from the
MIR syatem in that the water used et Oek Ridge was cycled in an open syétem
_whereby oxygen and nitrogen of the air were readily dissolved. It is expected
that any gases in the MIR process water will be practica!l?'coapletely removed
by the flash evaporation process, and therefore the corrosion rates may be
even less than those determined by the experiments condqctad‘qc‘ORNL.
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. 7:4.4 Induced Actlvityo Elements and sources which contribute to the
water activity can be listed undér the following categories:

1. 1Isotopes 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 processiwatere The dissolved impuritieé in the water form
the main secondary source ofwater activjty. During the first minute tﬁaradiatiqn
products of oxygen dominate radiation; Al1%% (144 sec, 1.8 Mev) and Mg?7
(692 sec, 1.02 Mev) are the principal activities for the next 5 to 10 min.
Thereafter, Na?* (14.8 hr, 1.4 and 2.8 Mev) is the dominating radioactive
isotope for the 15-min MIR 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 b¢353>

~ “A
nvoN, (1 - e t4)

A(l - Fa)

where

av = neutron flux, neutrons/cm?.sec
o = absorption cross~section, cm?

N, = concentration of target element; atoms/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
-t
e = e ¢
t = cycle time, sec

A = transformation constant, sec”! : '

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

} (nv)oN,(R)AD
4G(1 - a)

P

r

.dis/sec-cc

where

= recoil range, cm

= area of exposed aluminum, cm?

- density of aluminum, g/ce

oD o W
it

= cycle flow rate, g/sec

The constants used in the activity calculation for the MIR reactor are:

Flow rate . 20,000 gpm

‘ﬁurgé rate 50 gpm ‘
System holdup = 350,000 gal (now 320,000 gal) | /
Cycle time . 17.4 min

Irradiation time 0.08 sec

Slow flux o 2 x 10!* neutrons/cm®-sec

Fast flux - 1 x 10%* neutrons/cm?-sec

Exposed aluminum 10%° sq cm
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The desired composition ofthe MIR process water, which is the composition

that is used in the activity calculation, is:

Fe 0.05 ppn ' Ccl 0.25 ppm

Al 0.05 ppm Ca 0.5 ppm
co, 2.0 ppm Mg . 0.5 -ppm
Na 2.0 ppm v A 0.6 ppm
8i0, " . 1.0 ppm '

The results of the activity calcwlations are summarized in Table T.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.

7.4.3% Shielding. The shielding calculations for the MIR process'water
system were based on the induced activities given in the prgvious 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. 754«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
pfocess-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 lﬂwﬁngtconcrete walls are adequate to
reduce radiations from the pipes, valves, etc., to less than 50 mr/br. No
special shielding is required on the wotking 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.

7.4.6 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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from the fission products is given by the empirical equation§?3)

P = 187BFA[t~%"2 . (t + T)=%-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
" L]
"of energy after shutdown;(!2?) 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

T = 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 1290to&400‘kw° .- Depending on the
amount of excess water flow through the béfyilium 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~°%2

« Calculations invelving the varying
film heat transfer coefficient and varying flow show that with a 220°F film
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 berylliuﬁ is
estimated as 3:1, The following table gives the minimum process water flow

required at various times after shutdown (Table 7.4.B).
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TABLE 7.4.8B.

Minimum Process-water Flow After Shutdown

TIME AFTER SHUTDOWN . MININUM. FLOW
Che)o (gpm)
0 360
1 ‘ 267
5 190
10 168
50 126

The shutdown cooling-water flow cen be initially supplied by the reserve
water in the working reservoir and, when the change-over can conven{ently 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 electfic motor driven while the other is gaﬁoline 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 probibitive temperature too
quickly as a result of accumulation of shutdown heat. This hedt is given by
the equation 4

o |
q = j 30,000 x 0.08 [¢79-2 . (¢ + T)"9-2] d¢ ‘kw-sec
[}

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

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 7.4.0 o

Process-water Temperature After gshutdown

TIME. AFTER. q WATER TEMPERATURE
e [+

SHUTDOWN (hr) {Btu x 10°%} 2R

10 7.5 ‘ 110

20 o 12.0 130

30 S 15.8 150

40 18.5 . 164

50 21.5 174
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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 CONTAMINATEB-AIR SYSTEMS

The reactor cooling-air system and the contaminated-air systemare grouped
together because the air ffom both is exhausted tg the atmosphere through the
main stack. However, they serve entirely different purpeses. . The reactor
cooling-air system provides a flow of air through the reactor for coeling
the graphite'reflector; it is a sécondary reactor—cooling system. The éen-
taminated-air system removes radioactive gases from the hoeds and caves of the

1aborator1es.
8.1 BEACTGR COOLING-AIR SXSTEH

8.1.1 Introduction. Immediately surrounding the reactor tank is the
graphite refléctor. This reflector ‘is cemposed of a removable bed of 1-in.-

diameter graphxte balls adjacent to the tank and a section of graphite blecks

.between the balls and the thermal shield. Heatxng due to the abserptlon of

‘gamma radiation makes 1t necessary te cool the graphite reflecter. Because of

relat:vely low heat generahlen, air coollng 1s satisfactory. The ceoling and
design of the graphite reflector are discussed in-other sections. This section
will deal with the flow path and prOCe831ng of the air go1ng through the

reactor cooling-air system.

A schematic diégram of the reactor cooling-air system is shown By Fig.
8.1.A: The déscription 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. ‘ A '

8.1.2 Air Flow pata. The réqctar is designed for normal operation at a
power level of 30,000 kw, The design air flow of 2000 1b/min and pressure

drop of 55 in. of water throeugh the reactor cooling-air system are based on

‘maximum temperatures of 570°F in the graphite pebhle bed and 500°F in the

permanent graphite at 45, 006 ~kw operation of the reacter. The 2000-1b/min

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

Ai:‘f@by through graphite : | 1616 -1b/min
Airbtd cooi‘tOp ther&al shield . » . 250 18/min
Allowed for leaksge 1nward ‘threugh experlmental holes, etc. 149 1b/min

’ Total 2000 lb/min

‘:Subsequent calculations gave the air reqdirements‘és 1526 1b/min te cool
the graphxte Snd experlmental facilities, bnd 174 l1b/min te coel the top
thermal sh1eld ~-for a total air flew of 1700 lb/mln. Also, critical experi-
ments conducted at OBNL indicated that the heat generatlon in the reflector

would be somewhat less than that used for the above calcu}atlons and the air

requ;tements 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 approx1mate pressure drops through the: reactor air system fer a flow
of 2000 lb/mln are summarized in Table 8.1. A. A

TABLE 8.1.A4

'~”Approximaté Pressure Drops in Reactor A ir System

PRESSURE DROP
PART ‘OF SYSTEM (in. H,0)
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-10 pile a; OBNL, the addiﬁional head allowed for exit
filters is abéut 8 in, of watef. 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 systeﬁ 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‘ofvradioactive dust into the Reactor Building
during removal of experimentai hole plugs. To providé adequate cooling of
the reactor after shutdown, a flow of about 135 lb/min is required. The flow
necessary to eﬁsure that radiéactiie dust does not escape into the Reactor
Building is based on an air velocity of 150 ft/min directed 1nward 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 grabhite 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 direttion. 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 c¢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 possibili;y of a complete power failure within a short
time after reactor start-up, in which case there would be essentiglly 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 auxiiiar? fans, Only as a last resort, i.e., in the event of complete

failure of ﬁhe,blowefs 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 f¢

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-
fing in air, such as argon, and partially to dust in the air. Not much can
be done toAreduéé the aqtiﬁitf from the first, but the latter can be reduced

considerably by suitable filtering.

In the first considerations of the radicactivity problem of the MTR
cooling-air system, a filter design similar to that used for the pile at
ORNL‘wés included in the exhaust side of the system. Further consideration
of the problem along with economy measures prompted omission of ghe filters

in the exhaust side of the reactoer coolimg-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 Puilding. The Reactor Fuilding is pressurized to about % in,

of water so that leakage in through windows, doors, etc. will be kept to a
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minimam. The air enterlng the reactor is taken dlrectly from the Reactor
‘Building and is f1ltered 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 MIR cobling-air system
with that 6f 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: V ' '

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 eleﬁents, and
thus fission products from ruptured fuel elements will net enter
" the air stream. » i

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

4. The air flows inairect contact with the thermal shieldb however,
‘the NRX shield is cast iron while the MTR shield is low-carbon
steel.

5. The air is susceptible to pollutlon from accxdents 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 MIR,

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 filterg were
omitted from the MIR 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 Reactor 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 8 ft
"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, in 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 Shleld so :that radiation
outward, both in straight-line paths and in "shine™ through the
ducts, will not be sufficient to bring radiation at any pojnt
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 ddcts must be shielded from the outslde by the equivalent
of 1 ft of ordinary concrete.

5. Arrangementkof 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 esséhtially meets all the

above requirements.

The inlet system conslsts of four sets of fxlters, 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
éet of louvers are six 2-ft-square filters and a 2- 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 a manifold which is continuous around the
top of the thermal shield. A separate channel withaidamper'is provided in each
of the 8-in. ducts whereby a small amount of air is by-péssqd for cooling the
top thermal shield. There is a total of 22 8-in. ducts. FEach duct has one

90° elbow ;nd 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 lified with l.in,

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

The path followed by the axr w1th1n the reactqr 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 dlrectly 1ntozaplenum chamber beneath the graphite
‘while a portion flows between the top and bottom pldates of the bottom thermal
shiéld’bgfore passing into the pléhum:éhamber; The air from the chamber
pasées up through the graphite pebbles and cooling holes in the permanent
graphite and is joined by air entering from ﬁhe'ekperimental facilitigs{

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 O

‘air ducts.

The exit air duct system withiﬁ.the,réaéﬁortconsists of two 30-in,-square
ducts conﬁebted to the thermal shield at diagonally opposite corners of the
top plate and turned downward through the biologicél 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.E.

8:1.5 Exit pucts. The 30-in};square‘ducts-ieéding down through the
reactor connect to a single 48winu~diameterlsteel duct beneath the basement
floor. This duct connects to a plenum chgmbér,oufsidé 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
. chqretevductiissxminimum of 2 ft below grédc-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-system equipment contained inm 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 paralle;;vone<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 1b/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 the units
to operate economically at reduced flows and heads. The positivé 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 supplf 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 1b/min,

Auxiliary Fans. Besides the blowers there are two 400-1b/min fans for
emergency.and normal shutdown operation, each  fan beingimparallel 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 electfical 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 ocutlets 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 inio the reactor

alr 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 operatihg. To
ensure this, limit switches are providéd on both inlet and outlet valves,
These switches require both valves to be open before the blowers can be

started.

8.10



‘Also, because of the use of positive displacement blowers, it was necessary
to provide &4 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 ahd the exit duct leading to the stack. This valve will be

operated manually.

8.1.7 Instrumentation and Comtrol, 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 acress the filters

on one side of the pile.

In the exit duct near the reactor is a pressure indicator to deterwmine
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 Flower 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 Bullding serves as the center for operational information on the reacter
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 RBoom. 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. All 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 wain 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 throlugh the reactor at 60,000-kw
operation. These assumptions give shielding thicknesses which shouid be
adequate for all reactor operating conditions. To correspond to the 60,000ukw
operating level, an average flux of 4 x 10!'? neutrons/cm’~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 N!®, 019, and A*!, which result

from neutron capture by N5, 0'%  and A*°, respectively.
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In Table 8.1.B are summarized the unit source intensities due to the

active atoms, along with other pertinent information.’

* TABLE 8.1.B

Activity of/%eactormcooling Alr

ABUNDANCE IN | ACTIVATION| - UNIT
ORIG- | REACTOR-AIR CROSS ACTIVATION - SOURCE 7
INAL AT 150°F ° .| SECT[ON |  RATE , | ACTIVE | STRENGTH; | ENERGY
ATOM  [(htomax1072%1€)  (cm®)  |(atoms/sec-ft’)| "ATOM | (Mev/sec-ft’) |  (Mev)
N15 0.032 0.02 x 1027 2.56 x 10° N6 | 3.12 x 108 6.5
ol 0.0045 0.2 x 10°%*7} 3.5 x 10° o'? 7.8 x 10° 1.6
A%° 0.049 0.62 x 10724 7,2 x10° | A*' | 4 x10° 1.37

Using the source intensities given in Table 8.1.B the shielding require-
These
are summarized in Table 8.1.C. The shielding thicknesses which are mentioned

ments were determined with the use of standard shielding formulas.
in other sections gererally exceed the values given in Table 8.1.C.

TABLE 8.1.¢C

Shielding Requiréments for the Reactor Air System

" "SHIELDING THICKNESS
ITEM TOLERANCE- CONCRETE STEEL
‘ {r/8 hr) ~(in.) (in.)
Ducts in reactor Huiiding
2.5¢ft square 0.005 11
4aft diameter -0.005 13.5
Ducts outside
4w ft diameter 0.05 6.5
Main blower cells
Outside walls (north and south) 0.005 4 1
Outside walls (east and west) 0.005 8
Intercell walls 0.05 *
Floor above inlet plenum chamber 0.05 3
Floor above outlet duct to stack 0.05 3
Roof above cells 0.1 *
Auxi liary. fan cells
Floor above inlet plenum chamber 0.05 2
Floor above exit duct 05 2 X
All other walls * *

*Structural requirements only must be met.

8.13



‘8.2 CONTAMINATED-AIR SYSTEM

'8§.2.1 1Introduction. The contaminated-air system removes radiocactive
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 pata. 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 cim ub 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 radiocactive gases. The pressure drop thréugh'

the system is approximately 235 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 radiocactivity be removed since

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

Th? scfubbgr 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 faildare of the exhaust fans in the system.
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The caustic-circulating system for the scrfubber 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 puct from Scrubber., The exit duct from the scrubber is an
8-in.-diameter carbon-steel pipe with suitable prdtective‘covering. The duct
leads underground from the'ReattoryBuilding?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. Exhatst Fans. There are two full-
capacity fans in parallel to pro#ide 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 fans 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 ﬁanually 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 lemkage 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 0.0l 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 shieldediby 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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Shielding __Bequiremeﬂts for the Contaminated-air System
: i : ' o

. : i SHIELDING.
ITEM § — TRICKNESS
| TOLERANCE ,
+ (r/8 hr) . MATERIAL (in.)
2-in. pipe 0.3 Steel - 1/16
‘ (at pipe) : ,
6-in. .pipe - B : 0.3 Steel 1/4
. : {(at pipe)
§-in. pipe outside - 0.05 Earth 3
Faﬁ cells
Qutside walls 0.005 Concrete 2.5
0.005 Steel 1
Motor room wall, east-north 0<005V : 'Concréte< 2.5 -
0.005 Concrete . 6
Intercell wall 0.05 ‘Concrete .
Roo f ’ \ 0.1 Concrete *

*S#ructural 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 sectiom

describes the general layout of the building equipment.

The general layout of’the building is shown in Fig. 8.3.A. The building
is asingle:story‘stfuctune and is located several hundred feet east-southeast

of the Reactor Building,

8.3.2 Air pucts 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-pass
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 masonryvbecause 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 prdvided
for use during washdowns of any contaminated equipment within the 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 BSTACK

8.4.1 Introduction. The air from the reactor and contaminated-air
systems contains more rad1oact1v1ty 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 A*! (argon) formed in the
reactor.

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

by
Activation rate = QNGaY

where

® - average flux over volume ¥V, neutrons/cm’ sec

N = number of A*® atoms per ft3

o, = activation cross-section of A*? = 0.62 x 1072* cm?
= volume of region, ft3

The activation rates for the various regions are summarized 1n1hble 8.4.A.
The term ™air in graphite" refers to the air spaces naturally occurrlng in
graphite,
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TABLE 8.4.A

Production of A*' in the MTR

s VOLUME . Rx, . | ACTIVATION RaTE
REGION (££3) {neutron s/cm2— sec) (atoms/sec)
Graphite Ball z'one
Voids , 130 6.75 x 10;; 3.1 xAloi-:
‘Air in graphite 52 6.75 x 10 1.24 x 10
Permanent éraphite zone .
Cooling holes 8.6 2:1 x 10%% 0.06 x 1032
‘Beam Eole annuli 2 1.4 x 10%? 0.01 x 1015
Air in graphite 215 1:4 x 102 136 x 10
Plenum ghambers ,
Top 7 201 1.75 x 10! © 0.12 x 1042
Bottom | : - 175 3.5 x 10t 0.22:x 1012
Total - 6.11 x 10'?

‘The 6.11 X 1<01‘2 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 104
neutrons/cm?~sec at .the center of the reactor, Thié'amounts to a concentration
of about 2.5 x 10°% microcurie/cc at the stack exit. This is 2500 times

the tolerance value.of 1075 ‘microcurie/cc for A*! in the atmosphere.

8.4.3 Stack Height.y 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-
4 cal Eonditionsfenconntered at the MTR site. .Théfstaék’is*iocated near the
southeast corner of the MIR site. Since the winds’atﬁhe.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 O. 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 Suttonqs 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 occursis indepen-
dent of wind velocity. For a 250-ft-high stack this distance is about 3600 ft3
this is well outside the MIR site which lies within a distance of about 1600 ft
from the stack. The maximum concentrations at ground level for the 250-f¢t
stack are calculated to be 1.56 x 10-'%, 0,31 % 10712, and 0.156 x 10-'?
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°'? curie/cc) at ground level on the site is about 0.15 mph.
‘A meteorology report(zl) on the Reactor Teéting Station Area states that winds
of 0 to 3 mphVoccur 15 to 20% of the time. Thus, basgd 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 § 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 presentis 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 radiocactivity 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. Li&ht-
ning arresters are provided at the top of the stack. Aircraft obstruction

warning lights are not provided.
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Testlng Reactor site plan is shown in Fig. 9.1.B.

figures

1.

2.

Chapter 9 *

SITE AND BUILDINGS

" '9.1 SITE PLAN.

artist’s sketch of the MTB site is shown in Fig. 9. 1 A

The Materials
The“layout>shown by these

is based on con31derat10n of the follow:ng major'factors:

'The bulldlng or fac111ty functzon and 1ts relation: to- the re-

~actor and other fac1l1t1es

Acce351b111ty to and from the site and faclllt:es from the
'v1ewp01nt not only of funct1on but also of securxty

”ContamlnaC1on and pollutlon as. they affect other fa0111t1es.

au Wlnd direction.
- b, Deep water direction,
c. Subterranean drainage.

d. Surface drainage. -
Power, railroad,

TopographyAdf«the MTR plot.-

and highway connections.

a.  Flat terrain for the quarter-mile beagm.

b.: Natural drainage for the retention basin.’

c¢.' Overburden.

Securlty,
a. Fire f1ght1ng.
b.: Patrolling.

Future expansion of initial facilities.

Future buildings and facilities.

Most feasible and shortest piping,
.roads, and walks.

air ducts,

wiring, fencing,

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

an area

where the terrain is reasonably level.

*ANL contribution.

The level terrain is necessary


















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 1is
governed entirely by the height necessary to permit hoisting the top plug
over the railing around the reactor top.: The crane capacity 1is 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
ﬁlacing 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

area.’

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 MIR
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 steédily 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:

Stairwvays. 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 1is 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
lgouthwest 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 winé 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 hgavily 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 spaée 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 arbitrafy 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 servicés._ The most frequently used serv1ces are steam,
compressed air, filtered water, and 110-volt single- phase and 220-volt three-
phase current.: Outlets for these services are prov1ded at numerous spots on
the reactor faces and at two locations on each of the north, éast and south
walls of the bulldlng.}Sufflcxent space ‘is available at these outlet locations

for future addltlonsy

Facility holeso‘ S1nce 1t is 1mpract1cal to install all services which.
are desired by the experlmenter, the so-called "fac1lxty holes ére placed in
the first floor at llkely poxnts of use.: By means of these holes.'spec1al
services can be added by running leads from the source of supply along the -
basement celllng and through the hole nearest the user.. This wlll prevenb

clutter1ng the £1rst floor and the reactor faces w1th future plpxng. »

9.2.3 .Second. and Thlrd Floors.  The layout of the second and third
floors is shown in Fxg.‘9 2 C as mentloned in the d1scuss;on of the first
floor; the 1nstrument and control rooms are on the second and thlrd floor:
levels.: These two rooms operate much as a ‘unit w1th the instrument room
having the ampl1f1ers and.- relays and the control. room having the 1nd1cat1ng-
and recording 1nstruments for feactor operatlon.’ The control room~is at the
higher level so that cendults and raceways do not come from an overhead

position,:

The third floor level is at the same elevation'as'the reactor top. J“This
gives a level 4-ft walkway between these two areas.: This walkway prov1des the

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

The second and, third'floor levels extend cémplétely across ﬁhe'building
even though the two prlmary rooms require somewhat less than half the. total
area available. A rest‘roqmt to;let, chart storage room, stairwells, elevator-
shaft, reactor operator’s office, and probable office space for reaqtor~

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,Vadding flexibility'to the deSign;j'These rooms
can be made larger or smaller or additional rooms can be added without up-
setting reactor operations.  The wéll éonstruciion used is completely sal-

vable.:

9.13



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 fagiligy is locatedvon 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
chargé 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 rteactor 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 througﬁ the shim rod
locations. In addition to serving these facilities, the sub-pile room permits

[l

access to the canal and to several reactor components for maintenance, repair,
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or replacement. These include i1tems 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 radiocactive
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 l-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 N 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 radiocactive 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 radiocactive 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 BUYLDING 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 or the 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 vefitilation system represents considerable planning in accordance
with general principles set down for radiocactive 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 1s set below the exhaust fan capacity. With this provision the
excess 1s 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 ﬁot 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 menfs and women’s toilets and change rooms. 1In 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 repéirs 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 1s 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. 1Its location is along an ocutside 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.-
Théiﬁiﬁth'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, éir, and

electricity.-
Metal partitioning is used because of the following characteristics:

Ease of installation or removal without dust problem.

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

- Nonporous surface giving minimum absorption of radiocactivity.

1
9
3
4. Absence of iargé 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,

- - - - 7 - »
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.:
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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'inléts to the room. By this
means, air is constantly entering the room from the corriaors through louvers
in the doors.: The exhaust fans have .a capacity tO’providg a minihum_bf 100
cfm of air through the working openings of two 4-ft hoods.;'When the hoods
are not in use, the same guantity 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 c¢fm.-

Four laboratory modules intended for normal laboratory work permit flbor
loadings of 150 1b/sq ft.. The four modules that permit 250 1b/sq ft fléor
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 wuntil such time as an administration building is

constructed.

9.3.3 Basement.. The building has a full basement which gives adequaté
space for ventilating and air-conditioning equipment for areas 3 and 4,
electrical switch gear for these same areas, the battery room for émergency
use by the reactor operating instruments, and the scrubbing system for the
contaminated air from laboratory hoods. This is illustrated in Fig.j9.3.Bg
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 poiﬁts
of future extension are shgwn in Figs. 9.3.A and B. The orlglnal bulidlng'
layout included extensionstﬁf 72 ft both north and south to give a T-shaped
building:- Budgétary limitations Brbnght 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 offiées.; 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- hyAlﬁi-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 roqm'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.j 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.:

 4.24Fire house. This section has garage space for one pumper truck,
the firemen’s office, and sleeplng quarters for firemen on 24-hr
shlft basis.:

9.4:3 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 whllsq
These two stations can take two lines of persons checking in or out.- In
addition, the north guard station has a deor 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 exchaﬁge is handled in this building. -

9.4.3 Exclusion-area Control Hodse, 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 étorage is located south qf the Re-
actor Building on the main truck road leading out of the’building.j'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 i1s 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 75-ft-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 fldor.j 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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Chapterxgo*
- SUPPORTING FACILITIES AND AUXILARIES

10.1. STEAM PLANT

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

i

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

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

(3) Air compressors, two to supply plant air duringnormal 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 tbhird unit serves as a stand-by., The units are oil-
fired but can readily be ‘converted to be oil-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 gcfm'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 MIR have been designed for high reliability in accord with requirements
peculiar to operation of the project and local conditions. As the principal

means for précludinginterruption 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

factoer, and electrical grounding.

10.2.2 Bources 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*Contro; 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,‘prévide 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 MIR site on ‘the north building
line near the east corner. This location complies with the requirement that

there be a minimum distance of 1600 ft between any electrical system operating

at voltages as high as 150 kv 'and the precise electronic equipment located in
the Beactor 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 ene high.line breaker. Each of the transfsrmeps,'
having a self-cooled rating of 3758 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 te permit some control over voltage variatiens
caused by load factors and ether cenditions. 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

10.2



by either of the traaoforners over ‘the asmsociated section of the loop (when
completed). The aocondary of each trapsformer delivers pover through a
breaker to one of the zéoe»volt bus sections 1n the substation ¢entrol house.
‘These hus sectiona of the 2400—volc dual feeder system are aaeocxated with a
tie breaker to permit 1ndepegéent operation of each section or umitary copera-
tion of the. entxre syatem

Although an operator at the substation control houase a.y have centrol
over all 2400-velt circuits, the incoming bus circuits and the bus tie circuit
may also be controllod by the. BTS area power dispatcher. Control over a number
of motor-driven disconmnects has been made available to the arQa ditpatcher so
that control of high- voltage equipment and the distribution at the site sub-
station may be aeooupllshed with only a single hzgh lzne bmoaker

The laurces of locally available electrical power for ccntinuous use are
power-accunulator ‘aystems which provide uninterrupted power so a number of
important leads. The basic components of each system are a aﬁorago battery
and a conversion device. Buring normsl operation the normsl power system
furnishes power through the conversion device to maintein the battery "floating"
at full cépacity ahd supply the average power required by the load, 'Since'the
arrangement of the battery and conversion device permits the load to be supplied
from either one or both simul taneously, there is no interrzuption to the load

~when an 1nterruptzqn occurs in the principal power system.

A number of relatively small power-accumulator systems are included as
parts of the equlpment to whlch they provide power.. Equipment having these
systems 1ncludesthe automatic dial and conference telephone syatem, the
security and fire-alarm system, radio installations, and engxneuatartihg
systems. o v

Other power-accumulator systems, each auppiying'powox to a number of
different loads, are strategically located in the substatiom comtrol house,
the steam ﬁlhntg and the basement of the Reactor Building wing. The first two
of these s&stems are primarily to provide continuous power for comtrol of -
electrical circuits and emergency lighting. The third ﬁydtem 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 dddit{oh to the cdhéersion'deviées-and battery of the power
‘accumulator, the prznclpal operating components of this system include . two
independent inversion devices. For reasons of precedence in rel1ab111ty, M- Gv
(motorngeherétof) 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 ipdependeht inversion systems
provide'the'control and instrument power. These busses are associated by
circuit breakers so that the control load may be operated airectly'from normal
or emergency power and the instrument 1oa& may be carried by exther one or
both of the inverters.

Locally available power for emergency use only is provided bytxDxesel

- electric stand- by unit located in the steam plant. This unit has a capacity

of 750 kva for the pravzslon of power dur:ng emergency to a limited number of
processes and fac111t1es of the project which must operate during shutdown of
the reactor.- The operation of this emergency unit and part of. the associated
electrical systems is eniirely automatic so that power may be provided to most
of the emergency loads with the least possible delay when normal power is
interfuptéd. 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
Vdefermined primarily on the basis of the auntomatically connected emergency
loads, other loads that ‘may be connected during emergency have been 1dent1f1ed
for dispatch control, Some of these other loads which require large amoqnts
of power are provided with control circuits to the stand-by control,panglyv
; These circuits are controlled byithe dispatcher to permit the connedtionvof
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, contrel, instrument signals, and‘communicétions
péss 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 perimeterhlighting is part of the area lighting system for the site
‘which includes the interior roadway lighting. These éarts of the area lighting
system are similar series circuiﬁs operated in two groups, each from its own
constant-current transfo;mer” One circﬁit provides 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 service 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
pasées 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 in two groups in the
concrete encasement. A large group is provided for power and control cables,
with a small group provided for communication and instrument signals. As
required for installation of the cables, manholes located between sections of
the ducts are provided with a large section for pbwer and a‘sméil.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 by a dpal feeder system,
wherein a feeder is extended from each of the two 2400-volt substation bus
sections to each of a number of site load centers. In addition to breaker
brotection at each end of the feeders, there is a breaker between the feeders
at each load center to prevent circulatory power transmission. This each load
center has in effect a two-section bus, Wherever economy of design and
- division of processes or facilities has permitted, dual power feed is carried
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 throﬁgh the'ﬁndergraund ducts to the automatic switches of the different
emeigéncy 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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10.2.4 Load Power Factor. 'Elect:icalnpbwet'consumptiom in thg project
is prlnclpally by electric motors. . Since the resultant 6vera11 load 1is
predomxnantly 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
.pertlnent to design for a good operating power factor-or low reactive power
demand, the use of synchronous motors was abandoned in favor of other mearns of

correction.

Arrangemeﬂtg have been made for power factor correction at some time in
the future if required. This is simply the provision 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” capacitoi bank at the
substation will in effect correct for the reactive power demand of the numerous

small motors in use throughout the site.

'10.2.5 Electrical @rounding. Adequate protection to personnel and equip-
ment has been p:ovidéd by extensive grounding systems,incluaing approved
methods of grounding throughout the site 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 potentiél surges due to lighktning.
A general grounding system provides appropriate grounding of electrical
'equlpment and metallic structural members of buzldlngs, fences, etc. ,to under-
ground cables extending to the casings of the water wells as zero ground
reference. Additional grounding meens for surge absorption of static or
lightning are prdvided 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 struccures such as the stack, water towera and certain
buildings equipped with 11ghtn1ng rods. - o ’

The radio- frequency greundlng arrangements for precise electronic in-
strumentation to be used within the Reactor Building 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

10.7



"voltages within or near these buiidiﬁgsq The generation of these unwanted
voltages, which is inherent to some degree in many types of ‘electrical equip-
ment, may be aﬁplified_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 groundlng the electroweld reinforcing grids of the precast con-

crete walls and rooi panels to the structural steel.

Even though the electrical equipment associated with dust collections,
commucatidn, and the opening or closing of simple circuits includes design to
prevent the transmission or radiation of extraneous voltages, it ié anticipated
that addxtlonal fxlter1ng and shielding will be des:gned when complete in-
stallat:on test data are available,

' 10.3 WATER

10.3.1 Infrpdﬁétion, The various kinds of water wused 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,
partiallytStheﬁed well water is in general use throughout the MIR site. The
softened water minimizeé scaliné in hot-water systems and facilitates washing.
The water used in the cooling-tower water system is well water wh1ch is acid

_neutralized in order to minimize scaling and corrosion..  All these treatments
are made in the water- treatment hu11d1ng. Raw water is used in the" canal A

flow sheet of the entire water-distribution system is shown in Fig. 10,3.A,

'10.3.2 VWater 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 théy are appropriate.
The designs of the water-treatment. facilities are based on the total flow

requlrements given in this summary.
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TABLE 10.3.A

Total Vater Requirements

‘Demineralized water

Process water make-up . ‘ : . 50 gpn
Boiler ‘ - 20
Bod and pump seals ) . 19
Rabbits : ‘ : Co 30
Laboratory ' H
Experimental purposss and contingencies . . 3§

Total 150 gpm

Sofrensd water ) , o 4

Canteen A . S S gpm
Laboratories : 4 S 10
Experimental facilities ' , o 18
Drinking and ®anitary S .20
Cleaning and flashing . 15
Contingencies T 19

Cooling-tower water

Evaporation ‘ ; g 250 gpm
Purge _ : ‘ ' ' o 50
‘Contipgencies ‘ LT - 100
Total ‘ o : . . 400
Raw water ‘
3
Canal purge ‘ 100 gpm

10.3.3 Water Analysis, The raw water analysis is gﬁr‘ep' in Table 10.3.B.
The analysis was made by the U. S. Department of the Intgrip;; The sample was
obtained from the MIR test wall,
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| . UTABLE 1G»8,B . 3
| . T T Rewmster Analysta

Analysis by the United States Department of the Isterior, Geslagiowl Shrxsys Water Besources Branch

Analytical State'megt .

SW NE ¥ Sec. 14 T3N R29E (Parts per million)
LocaTion: Butte Ca,, Arco, Idsho ~ Dave of cotiection: November ‘30, 1949
. o . UsEs Observ‘at_i.on o - B0, 19
"Source: Well (test) © ‘Temperarture: 55 degrees ‘*Fe{sor) 0.06
' ‘Coiofit Clear . pH: 7.2 - : Cat 52
| AEC MTRLWELL L . SUSPENDED MATYERY Co K MG: 19
DepTH: 588 ft .- . HeRoNESS AS GACOg .. ol NAS 2.7
Diam: 8 in, ID CONGCid 31 Tewals 208 0 1 K 2.2
WaTER LEVEL: 453.9 ft below TC teNiYion Lossi 27 L | €04t 0
Yievo: 80 G.M. pump . © DissoLvep soLtosy 240 HCOq1 216
owngR: AEC, Idaho Falls SPEGIFIC CONDUCTANCE AT 25°C - SO, 20
' ' ' (mitaonnod): 398 o elr 12
o ‘ Fi 0.2
CemisT: W, M, Webster /4 Fr1 0,32 “ B NO4 4.1
Las. No,: 3896 - : *ToTal FE: 0.15 ’ 13 0.1
CotLecTtor:  RWK ‘ Me; 0.0 : . S Sums 238
: ' Lab.. No.. 3896 o HYPOTHETICAL COMPERNDS
rCa 2.595 A Raw Water ' "Hardness (1D8) -‘Alkalinity
rMg  1.562 . ' ' CICQS . CaCO3
rNa 6.117 4.371 Ca(HCOg)g 2.6 epi = 130 ppm 130 130
K 0.056 «4,830 “8(3003)2 1.0 50 - h 42. 50
4,330 0.041 } MgS0, 0.4 20 , . 24
rCO, 8.501 ) M3CJ.2 0.2 o1 -9
rHCOy 3.540 ‘ NeCl 0.1 o 6
£SO,  0.416 KNO, 0.1 L 10
rCl1 0.338 +0,5% error , '
rF 0.011 : A 4.4 - . 221
tNO;  0.066 3% Ne. . : ” g
4.3711 - : $i0y, 19
» 740
DATE coMPLETYED: 12-13-49
Checkeo 8Y: - E; L. Singleton
PROJECT: AEC MTR well
TRANSMITTED! 12-14-49
REMARKS
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Demineralized Water. The degiied deﬁineralized-nger;analyais is given
. in Table 10.3.C. The design of the demineralization systeém is based on obtaiu-
ing water that satisfies this anmalysis. R

TABLE 18, 3.C

Demineral ized-water Analysis

CONSTITUENT ' ‘ ~ MAXIMUM

TS 3 ﬁpm
- Fe 0.05

Al ‘ . ‘ 0.05

Ca g 0,5

Ms 005

Na 2

¢ P 2

8i0, . 1.

Cl o . 0.25

804 _ ’ o , 0.50

Cu, Pb, Ni, Co, B None

- Process water pH 1 » 5.5 to 6,5 . }

. Specific resistance at 18°c . g 300,000 to 500,000 ohms

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 MIR site.

10.3.4 Denmineralization 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 cationresin&egeneration
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 CO, 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

deanionizers.

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.

10.3.5 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 1s 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 Make-up 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 inte a:-50-gal
tank and is propeller-mixed and diluted in a 2500-gal tank. The diluted acid
is fed into the hake-up water 1ineiby means of a flow-controlled proportioning
pump; this pump delivers the dilute acid and well water in the proper pro-

portions.

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 10.3.D.

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 T 2s
Resin bed area (sq ft per bed} 5 20 20
Resin bed diameter (ft) 2.5 5
Number of {eain 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 1.4
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% HZS(?4 50% Na(H
Regenerant capacity (lb/cu ft) 10 2.5 7
Amount of regenerant storage lé6 ton.s 6,000 gal* 4,160 gal*

*This figure includes 2500 gal of HéSOQ needed for neutralizing the make-up water to the cooling tower.,

R
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10.3.8 Instromentation, Laboratery, and Housimg:. Al]l demineralization,

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 superviser’s office, washroom lockers,

énd<1avatory are provided.

Instruments. are furnished to record the productien 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 providedon 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 demineralizedwwater storage tank. BRe-
sistivity of the treated water is also recorded. Sodium and silica break-

tlirough require manual periodic tests.

10,4 EFFLUENT CONTROL

10.4.1 IYntroduction. The pur%bse of the effluent contrel 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.

10.15



10,4, 2 Retention Basino General Descraptgon,, The retenczon ba31n 15 a
<tank for holding flowxng radioactive water for a perlod of tzme chat is long
enough to allow the radxoact1v1t1es ‘of the short lived water componenta to.
decay to colerabie values -The enterzng water must not mlx ‘with the' leav1ng
water, andy.ldeaily? there should be ne mlxxng ‘at any 1ntermedlate p01nts
The iime necessaf? for decay ‘of ‘Na2* rad:oactlv:ty and the ngen effluent flow
are the main factors determ:nang the size of the basin. Effluent waters from
the Procesa Water. Bulldlng and the Reactor Bu11d1ng process sump mix in the
line going. to the retentmon basln. The 1200 dis/ml/sec activity based on-'50
gpm of solution contalnlng 5 ppm of ‘Na?3 plus a recoil equivalent of 1 ppm
requires. a 266,000 gal basin.to. provide the 88+hr holdup necessary for deécay
to a tolerance value of 18.5 d1s/m1/sec In order to have storage space
‘available for 1nterm1ttent flushes, future expans:wny and also for the 320 000
gal of process wdter in case it becomes overly contaminated, there .are two-
- 360,000-gal basins‘prdﬁided Thus, -one of these is large .enough to. store the
. entire contents of the process-water system. . During normal operatlon, one
basin is in service while the other is avallable for the emergency dxscharge
of radxoactlve process water.§ "If the reactor power level is doubled the
load on the retent:on 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 radzatlon directly over it to. less than a tolerance
value of 50 mr/hr : ‘

Effluent FIows * The water flows that the retention basin is requlred to
accommodate are summarlzed in Table 10.4.A. The normal operating flows are
those listed under ﬂContlnuousflqw%" while the "Iﬂtermittent'F16wsﬁé~’con»
~stitute the flows encountered during periodic reactor operations and during

emergencies.

Size and Structure, The retention basin has a capacity of 720w000 gal
and is made wup 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.&rained"
separately and thoroughly, and may be entered for inspection ahd,cleeningo

The underground feature of the basin obviates any algae growths.
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TAELE 10.4.A

Water Flows to Retention Basin

o

CONTINUOYUS FLOWS INTERMITTENT FLOWS
{gpm) RATE (gpm) | DURATION (hr)
Effluent control
Catch tanks* 50 0.5
Reactor Building process sump
Experimental plugs . 90
Contrel rod seal 2
Monitoring tubes 5
Normail sump overflow in water.cooling
building
Process purge ' 50
Steam jet condensate . p
Reactor Building canal sump
Caral flow® 100
Canal flush 400 6
Emergency cverflow from sump tank in o — —
water-~cooling building ]
Fuel éssembly change 200 10
Emergency overflow 2 20,000 ~  0.25

*Normally little or no activity expected here.

Ventilation. The operating level of water in the retention basin is
fixed at roof level by the overflow weir. ‘Thus there is essentiallymno air
over the water. This design eliminates the accumulation of radiocactive 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 wind¢

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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Emergency. 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 desired.

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 Hayn 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 is 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 handlihgof’modérate quantities of "warm"

wastes.

f

Since the bulk of the wastes was increased and the methods of subsequent
waste treatment were made more difficult by neutralization of acid wastes in
thg 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.
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The type of wastes gxpécteé and the' planned disposal of,phgm-éfe discussed
briefly in this paragraph. The "hot" wastes from the reactor area will be
transferred to the Chemical ProceSSing Plant for disposal. ‘Radiocactive
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 aﬂd slightly active wastes ané selvents will be collected in stainless
. steel drums. and, depending on the activity, will be sent either to the Chemical
Processing Plant, pefmanentmstorage tank farm, eor 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
bé radioactive. The description of the system as given in the following
paragraphs refers partiéularly 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 laberatory 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 béing monitored, the companion tank is filling. The
nonradicactive 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 is supplied
with one self-priming 30-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 MIR site is about 600 ft below ihe 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 in 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~£ower water circulating through the
condenser tubes of the flash evaporators. The 200 gpm of flashed process-
watef vapors is condensed and returned to the process-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 up for the quantity

lost by evaporation and drifc 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 neutralizing 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 delignification 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 leaving the tower is saturated with water
vapor at 95°F and the air entering is saturated with water vapor at 72°F, then
66,500 1b of dry air per minute is needed to handle the heat load as follows:

s _ g

TEMPERATURE| H {(Btu per DRY AIR WATER

&

OPERATING CONDITIONS

Ny

(°F) 1b dry air) §§ (b/min) | Ub/min) §  (efm) (eu €o/1b)
95 60.7 | 66,500 2,420  { 1,000,000 14.8
72 5.1 | 66 500 1 1.120 L 920,000 13.8
23 25 6 ) 1300
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Following is a summary of the heat data:

Latent, 1,300 1b of water 1,300,000 Btu/min
Sensible, 1,300 lb of water 15,000
Sensible, 66. 500 1b dry air 382,000

Total 1,697,000 Btu/min

10.35.3 Operation and Description of Cooling Towers and Basins. The
cooling tower operations are based on a 7°F wet-bulb approach to tﬁelhighest
summer wet-bulb temperature (65°F). A medium-height tower of 28 ft requires,
according to accepted practice, about 600 sq ft of ground area per 1000 gpm of
throughput. Thus, five 30. by 40.ft (ground area) towers prévide the 6000 sq
ft needed. Dust conditions require especially deep basins for collecting mud
and silt, while severe winter conditions require ice defrosting by means of
reversible fan gear drives. For a pressure drop of % in. of water across the
fans and a fan efficiency of 60%, the entire fan air load is 115 hp, The fans
have waterproof and dustproof motor drives for outdoor operations. Each cell
has an independently drainable basin section which is 4 ft deep and holds
about 175,000 gal. Make-up is estimated as 0.1% of the circulated flow times
the cooling range, or 210 gpm, The drift losses should be about 0.1 to 0.2%
of the circulating flow and thus are estimated as 10 to 20 gpm. The make . up
requirements are then about 250 gpm during the summer, plus a 50.gpm basin
purge. Normal purge is accomplished by means of an adjustable overflow weir.
With a 300-gpm make-up, and assuming 250 gpm is vaporized, a sixfold increase
in concentration of dissolved solids in the cooling-tower water will occur.

A brief summary of an analysis of the raw water from the wells is given

in the following table:

_MTR Raw Well Water

CATIONS ﬁ(ﬁ“f ANIONS "t’gg:'}r ;‘ARDNESS Aréxégmgw s DS
_ _ A;Caﬁo.é {ppm} AS CaCOy {(ppm {ppm}
Ca 2.6 HCO, 3.6 205 172 239 (19 ppm $i0,}
Mg 1.6 SO 0.4 : : ‘
‘Na 0.1 cl 0.3
K 0.1 NO, 0.1
4, 4.4
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Partly neutralizing with sulfuric acid or 3.0 epm of S0, gives the following
. analysis for the cooling-tower make-up water:

Acid-neutralized Well Water for Cooling Tower

AMOENT ) AMOUNT | HARDNESS ALKALINITY DS
CATIONS | (epm) | ANIONS. | (epm)| AS CaCO; (ppm) | AS CaCO; (ppm) {ppm}
-] _ e =
) hand ‘ il : to . -
Ca 2.6 HCO, 0.6 205 0 | 219 (19 ppm Si0,)
Mg 1.6 80, 3.4 '
Na 0.1 c1 0.3
K. 0.1 NO, 0.1
N P S Ry

The 2.6 epm of CaSO, gives a concentration of about 170 ppm. A sixfold
increase would increase this to about 1000 ppm of CaSO,, which is still far
below 1ts solubility of about 1700 ppm af 0°C. MgSO, 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.

. 10.5.4 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 ventilafing 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 thé four cooling-
water pump motors is proyi&ed 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. Thevadjust@blé weilr overflow
is calibratgd so that the purge flow is indicated visually, At the water-
treatment building, the cooling-tawer circulatory flew and inlet and outlet
water temperatures are recorded. A low water level in the basin ié indicated
by an alarm in the water-treatment building; a dry.wet bulb two-point outdoor
recorder is also located here. When the wéger 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 systemis shut down completely, and the flowof make-up water is automati-
cally stopped Make-up water is also shut off automatically if the general

water reserveir content 1s low.

10.3.7 Designh Data. Following is a summary of the design data:

Heat load N 1,700,000 Btu/min_of 30,000 kv

. Maximum wet-bulb temperature 65°F
Approach temperature - 71°F - .
Altitude | 5,000 ft above seéflevélg 25:in, Hg. 28 ft water
Water flow ' c : 9,000 gpm, 100 ft{wgter;.}20 hp each pump
V High temperature 95°F - ‘
- Basin temperature » <72°F . “
 Aidr fiow o ' 66,500 1b/min, ¥ in;iwg@ef{l}lO'hp total
Dust Moderaéevto»strong“dust devils”
Winds Modetatentoustrong;'sw Qnd‘NE prevailing 2:1
' ARCO TEMPEFATURES (°F)(®).. - (

1948 Jan Feb Mar Apr May June July ' Aug Septx~ Gét 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 4 32 19 41

Average min. 10 16 24 31 39 45 52 49 40 *31 23 13 1
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. POCATELLO RELATIVE HUMIDITY (%)%’

D . 1948 Jan Feb Mar Apr May . June July Aag Sept Oct Nov Dec’ Annual
8 AM. 80 79 73 69 671 60 55 54 59 68 73 79 68
Noon 71 67 56 45 38 31 27 29 32 ° 41 60 70 48
8 P.M. 73 67 - 54 . 42 31 30 24 25 30 45 60 72 41T

[

ABSOLUTE HUMIDITY (grains water/1b dry air)

8.5 10 13 20 20 20 - 26 27 20 - 22 23 20

10.6 PROCESS RADIATION INSTRUNENTATION AND AREA HONITORING

16.6.1 Process nadiation Instrumentation. In detectlng the rad10act1v1ty
of the air and water syétems some commercxally ava;lable instruments are
appl;cable. For those installations 'in.which such instruments prove ;n~’
adequate, modifications of curfently used instruments pr‘én;irely new designs

are required.

The methods used in detect1ng radlatxon glve only relative values
Radiochemical analyses are to be used ‘when accurate quantltatlve determina-

tions are necessary.

Cooling-air and Contamtnated air Systems In the reactor coollng ~air
system the. 1nstrumentatxon ‘18- set up prlmarlly to measure the argon activity
.and the particulate: act1v1tyof the air before it is discharged into the atmos-
phere The mon1tor1ng system extracts air from the main air duct, passes it
first through a partlculate monitoring device, then through a gas-monitoring

chamher, and f1na11y dlscharges»1t back 1nto the main alrvstream.

To detect the. pamncuhuﬁ actlvxty, a modification of the continuous room-
mon1tor1ng system used aF Brookhaven Natlonal Laboratory is used The in-
strument consists ofa strip of filter paper movxng across a series of openings
through which air is pumped. The papér, after collectlng the dust, passes in

front of a mica end-window Gelger counber, 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 an airtight

container.

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 radiocactive 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, radiocactive 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-water System. In the water system the annular type ionization
chamber is used. By-pass valves and conduits allow the radiocactive 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 radiocactive water from the reactor. The back-up
of radiocactive water may occur through the leakage of valves or the failure of

check valves.

Calibration tests performed on the annular type ionization chamber, using
radicactive Na’? in an aqueous solution, yielded a sensitivity of 1.55 x .10?

curies/cc-amp and 1.12 X 10? curies/cc-amp for gas pressures of 29.9 atm and
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20.75 atm, respectively. Similar tests for the (activated) Co®° agueous
solution yielded a sensitivity of 2.22 x 102 curies/cc-amp at a gas pressure
of 20.1 atm. Since Na?? will be the main radiocactive constituent of the exit
process water, the sensitivity of the actual installation should be essentially

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 oh the amount of activity.

These measurements are also made with the annular type ionization chamber.

Retention Basin. The radiation emitted by the radiocactive 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 wherever ihe
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 mmomﬂng to

their respective functions as follows:

CLASSIFICATION FUNCTION . RADIATION INSTRUMENT
T e e ———————
a Health physics, personnel monitoring] Gamma Hand and foot
' o counters
Beta
Alpha
b Survey {portable) Gamma Zeus ,
Gamma Zeus with probe,
Cutie Pie
i :
¢ | Area monitoring (stationary) Gamma Beckman MX3A or
f equivalent
} Alpha Air wonitoring ~
§ air particle
: Beta or gamma
d Monitoring of experiments Fast neutron Cheng and Eng
Slow neutron Neut
! Alpha and betaL Zeuto
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In Table 19 6.A are listed the- numhers of each type . of 1nstrument to be
used in each of the. four generai areas - requlrlng monitoring. It will be noted

that the greatest number of 1natrnmenta 1s requxred for the Reactor Building
and wing. : s :

«

?ABLE 10 8 A

Area %ﬂiaum mm:gmc Iastruments

TYPE

Hand and foot

Health ﬁhﬁafﬁs.

Zeus Survey'

{1
Zeus with probe Survey
Cheng and Eng Experxmea%al

Air paf&icle

{,

b

Air monntur:ng

Siow neutron Monitro Expetnmental (3
BeRs .

Gamma Detector for | Area monitoiing ; 1
staticnary. inw I .
stallation ' B e

Alpha -4 . 4

LD NN B SRS RN .

The only instruments to’ﬁhiéh definite lpcations in the various buildings

A aboven

can be ass1gned are the areas monltcr1ng 1nsur thents, classificacion
The locations selected for theeé 1nstxumen&s have been arb1trarlly chosen,
and actual survey when the . reactorls in Opemaﬁnon may resultin these lo»atxona'

being changed. ] . gfi "
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(1)
(2)

(3)

(4)
(5)

(6)
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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

.3150m12~3 Retention Basin, Pldan 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 Tgwerznui?ump House - Cooling Tower Layout
3150-92-5 : Flow Diagram - Cooling Tower '
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CR}TICALITY STUBIES om mmcm ummnmnmw
 WATER. SYSTEMS (1)

L Al.1 EEPERLADNFAL ARRANGEMENT

The design'and constructien of the apparatus for these experiments were
carried out by members of the Technical Diviaion (of Clinton Laboratories).
The reactor was a vertical welded stainless steel cylindrical tank 140 cm in
diameter and built to be filled to a depth of 144 cm with heavy water. The
top of the tank was eovered by a perforated stainless steel tube sheet which
was bolted and gasketed on the rim of the tank proper (Fig. Al.A). "Fuel
tubes™ containing U225 could be lowered through the tube sheet into the heavy
watér, and thus a lattice could be built up by adding fuel tubes until the
sssembly became critical. The perforations in the tube sheet‘ané the amount
of U235 in the fuel tubes were srranged so that if contiguous holes were
filled, the mean cemncentration of U235 ip the region of the lettice se built
up in the heuvy water moderator was 10.35 g/liter. Specifically, the heoles
were in a square lattice of 8.4 cm spacing, and the fuel tubes, containing
45.45 g of U285 in the form of a heavy water solution of uranium oxyfluoride
(UO,F,), were filled to a depth of 61.79 ¢m. Because neutrons have such a
large mean free path for diffusion in heavy water, the lattice arrangement can
be treated as a homegeneous distributien of Uzsgswithcut large error provided
the foreign material in the fuel:tubes is considered as well. By omitting
alternate holes, it would be ﬁoééible to obtain a lattice spacing of 16.8 cm
or a mean concentratien of 2;58’g/1iter»using tbe sume fuel tubes and tube
sheet, and, by using the square lattice-at 45° to the _ feregeimg, the mean
concentration of 5.17 g/liter could be easily achieved. '

Five vertical contrel and safety rods penetrated the active lattice region
throungh the tube sheet. Each was composed of a sleeve of cadmium in an-other-
wise empty aluminum thimble which ran down through the heevy water to the-
bottem of the active'region of the lattice. The thimbles and rods could be
moved individually as desired. The cadmium rods were supported by electro-
magnets hung from piano wireé, which in turn passed over pulleygtnxthe ceiling

to counterweighted controls in a control room, Electrical safety circuits

Al.1
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were so arranged that if either of two Monitrons® near the reactor were to
trip, the electromagnets would become deactivated and the cadmium rods would

drop into their thimbles upen 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 holée con-
tained a fuel tube with a full complement of U235, viz., 45.45 g for sélution
depth of 61.8 cm or 73.57 g for a ‘depth of 100 cm. Fractional fuel tubes were
also made up in order to permit close bracketing of the critical mass in an
assembly. One phase of the experimentation called for the calibratiom ef the
control rod»poéition against known amounts of poison distfibutgd in the

lattice.

e

Besides the reactor tank, an elaborate stainless steel Qfgtem‘was pro-
vided for handling the heavy water. The. entire experiméhbal arrangemént
occup1ed a two- level concrete cell enclosure so that the heavy water could
be raised from a reservoir tank on the lower level into- the reactor tank on
the upper level by means of dried compressed‘a;r, The heavy water could be
dropped quickly,.if necessary, to stop a chain reaction. Side holes in the
reactor tank -made possible the insertion of foils to be activated bf_thé
neutron flux for flux distribution measurements on a horizontal'line through
the reactor, and vertical flux measurements weteiconveniently made in an empty
fuel tube holé. Typical horizontal and vertical flux distributions are given
in Fxgs. Al C and D. V '

Dur:ng changes in the lattice arrangement, boron tr1f1uor1de counters and
Geiger counters with registering circuits and audlble signals kept operators
informéd on reactor activity levels. The progress of the critical reactor

was -observed by means of an Esterline-Angus recorder driven by the Monitron.

Al.2 CRITICAL HASS EXPERIMENfS

‘The main purpose of these measurements was to ascertain the amounts of -

U2?3% required for criticality as a function of average concentration. The

* A Monitron is an ionization chamber and amplifier device which trips a relay when the ionizing rad1«
ation falling upon it exceeds a predetermnned level.

Al.3
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initial approach to criticality was made by adding successive fuel tubes to
the heavy Qater tank, meanwhile following the neuiron multiplication of a
polonium-beryllium source quantitatively By plotting the reciprocal activity,
as measured by several detectors, against fissionable mass present. When
expérience 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 pperation and retract the control rod a
little mere to get the critical condition; The amount of U235 was then
adjusted so that the reactor was just critical when the cadmium was all out.
Table A1.A gives a concise summary of the ecritical mass data as they were
obtained. A general summary of the dimensions and censtants of the experiments

is given in Table Al.B.
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‘TABLE Al.A

Amounts of U235 Required for Criticality im Varieus 920'Systems

8-1v

D,0 REFLECTOR. 5 I
| MEAN 'HEIGHT OF THICKNESS (em) | MEAN'LATTICE| LATTICE CRITICAL .| LATTICE
ITEM | CONCENTRATION| LATTICE hy | TEMPERATURE |- RADIUS, R  VOLUME, V |yAss of y43% A8 IN
(g/iter) {cm) (°C) BEIOW |ABOVE |[LATERAL|  (cm} (Iiters) |77 (g) | ~FIGURE
1 -1 sentrel red thimble at » = 0; 4 control rod thimbles at + = 18.8 om; 1 control rod thimble at r = 30.3 saf] 24 ine-Q.D. zadial
: tube through reflector;l 14-in.-0.D. radial tube to axis ) .
10.35 61.8 - 20 20 62 47.9 23.1 104 1078 Sa
2 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 tubes as in Jtem }
10.35 61.8 20 20 62 | 48.2 22.8 ‘ 101 - 1046 5b
3 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 ‘ 91.5 1009 Sc
4 2 control rod thimbles at r = 18.8 em: 1 thimble at r = 30.3 em; 2 radial tubes as in Item 1
10.35 61.8 20 20 62 49.2 21.8 92.7 959 5d
5 - 1 control rod thimble at r = 18.8 em; 1 thimble at r = 30.3‘cm; 2 radial tubes as in Jtem 1
10.35 61.8 20 20 62 49.6 21.4 89.3 924 6a
6 1 control rod thimble at r = 18.8 cm; 2 radial tubes as in Jtem 1
10.35 61.8 20 20 62 49.7 21.3 87.8 909 6b
7 . 1 control rod ﬁhirﬁble at r = 18.8 cm. .
10.35 61.8 ' 20 20 62 49.8 21.2 87.3 904 6¢c
8 No-hole extrapolation A . l .
10.35 61.8 20 20 62 50.2 20.8 84.0 " B6S 5
9 1 control rod thimble at r = 18.8 cm; no other holes of consequence . .
5.17 61.8 | 20.8 20 | 62 |a40.1 30.9 185 954.5 - 6d
10 No-hole extrapolation (estimated)
5.17 61.8 20.8 20 62 |(40.86) (30.4) (180) (930)
11 2 control rod thimbles at r = 18.8 cm
2.58 I 100 { 22.7 20 24 29.0 42.0 552 1425 Ta




TABLE A1.A (Cont’d)

D,0 REFLECTOR

CRITICAL

61V

- MEAN HEIGHT OF | . . THICKNESS (cm) . |MEAN:LATTICE|  LATTICE o 738 | LATTICE
ITEM |CONCENTRATION | LATTICE,h, | TEMPERATURE : RADIUS, R .| VOLUME, v |MASS OF U AS IN
{g/liter) (em) © (0 BELOW | ABCVE| LATERAL] . "{cm) {liters) (g) FIGURE

12 1 com;ml rod thimble at r = 18.8 cm . :

*2.58 V 100 22.7 20 C 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 thigmble at r = 30.3 cm ‘

10.35 100 23.5 20 24 52: 4 18.6. 169 1126 Te
15 2 control rod thimblesatr = 18.8 cm

5.17 100 23.5 20 24 ] 45. 26:0 212 1098 1d
16 2 control rod thimbles at r = 18.8 cm; circle pf iron at r = §1.9

5.17 100 21.6. 20 | 24 | 416 29.4 272 1404 Ba
17 1 control rod thimble at r = 18.8 em ‘

2.86 61.8 21.2 20 62 20.7 491 1405 8b

50.3




TABLE A1.B

Collected Dimensions and Constants of the Experiments

8235

Mean concentration. of y23s

Constants of theory

Fuel tubes

Control reod thimbles
Control reds

UO,F P Dz(} solutiem

Reactor tank

Tube inserts

Poison rods

Square lattice specing

Iron rods simulating thorium

s

Thorium insert in iron rod

"Armco iron; diameter 3.65cm; length overall = 139.7 cm;- spaced

Average isotopic concentration = 95.4% U’ms
Average iaoa;upic copcentration = 99.7% D

(6) 2.58 g of U**% per liter
(b) 5.17 g of U?*® per liter
(¢) 10.35 g of U35 per liter

f=0.963; L? = 90.42 cn®; &k = 2.09

0.D. = 1.500 in.; 25 aluminum; wall thickness = 0.035 in.;
bo;tom thickness = 1/8 in.; length below top of tube sheet =
4 £t 9% in.; thermal-neutron cross-section =0.89 c¢m?2 per tube
for solution depth of 61.8 cm ‘

25 aluminum; 2-3/8 in. 0.D.; 1/8-in. wall; 1/8-in. bottod;
thermal-neutron cross-section = 4.62 cm?

0.D. = 1¥ in.; type 304 stainless. steel No. 16 BWG; length
6% in. overall; 0.020-in. Cd sleeve cemented inside

Height in fu;el,rodé (e¢) 61.8 cm, {b) 100 cm; amount of fuel
per tube {(a) 45.45 g, (b) 73.57 g; thermal-neutron cross—sec~
tion = 74.5 cm? per tube for 61.8 cm solution height

142 cm I.D.; ¥-in. wall; type 304 stainless steel

1.25-in. 0.D.; wall thickness = 0.035 in.; 245T aluminum; bet.
tom thickness = 1/8 in.; overall length = 10 in.; about 9 in.
filled with D,0

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 cm? per gram,.giving for 61.8 cadepth, 2.58° cm?
and 4.58 cm? per rod for 3/16- and 1/4-in. rods, respectively,
:ﬂd 4%8 em? and 7.41 em? for 100 cm depth, respectively, for
e rods *

2.59 g/liter 5.17 g/liter 10.35 g/liter

’16-86 cm 11.92 em : 8.43 cm

¥

14.8 cm, center to center on circle 51.9 c¢m 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) 0.63 cm?
Radial experimental tube (Al) 2.61 co?
Control rod thimble (Al) 4.62 cm®
Fuel Tubes (Al), each . 0.89 cn?
Solution, per fuel tube 74.53 cm®

Al.10



'TABLE A1.B (Cont’d)

Th&im insert in iren rod {c ont'd) (-2) For dgpzix of 100 cm:

. _ Vertical experimental tubes - 1.02 cmz
' Yertical experimental tubes, small '0.08 cm?
: ) large 1.64 cu?
Contrel rod thimble o 7.48 cm? |
Fusl tubes, each . 1.44 cn®
2

" Splution, per fuel tube - 12!}6,!11

Al.3 REFERENCE REPORT

(1) Snell, A. H., Critical Studies on Enrlched Uranium—Heavy Water Studies,
MORP 454, December 15, 1947.
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Appendix ‘2

WORK ON CRITICAL EXPERIMENTS, JULY 1946 TO DECEMBER 1948

AZ.1 CRITICAL EXPERIMENTS WITH Al + H,0 HODERATOR AND HEAVY VATER,
" LIGHT WATER, AND BERYLLIUM REFLECToas(1)

The experiments with Al + H,0 as a moderator and heavy water, D,0, as
reflector werea direct continuationof those initially undertaken and described
in Appendix 1 relevant to the "heterogeneous™ reactor design, p.AQ,). ‘While
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. Conéequently a broad expe}imental 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 ina beryllium reflector for the MIR.

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.

A2.1,1 Experimental Facilities; Some extensive cﬁanges were made in
the physical arrangement of the equipment described in Appendix 1 which in-
creased safety, ease of operation, and contral of the critical assemﬁly. The
general arrangement is sketched in Fig. A2.A. Not shown is an exit frem
the cdntroi 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 wete in operatio@'at all
times and all were connected to the control rod safety system. Thg time
constants of the safety circuits were about 0.2 to 0,5 sec. Esterliné-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 agd neutron, were in use wi;h mechanical recorders

for counting rate purposes and loud speakers for continuous auditory monitoring.

A2.1
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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 comsiderable quanfity
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 élates, 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 iﬁ which the concentration of U23% 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 ﬁhg reactor, and (2) the dependénce of cfitical mass, fast flux to
slow flux ratio, and neﬁtron "age™ on the Al/ﬂ20 ratio is of both theoretical
and practical interest. The Al/HéO 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

U%3% in the form of

aluminum tubes, each of which contained about 20.3 g of
UO,F, 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 D,0 reflector experiment were as

follows:

Concentration of U?3% = 35.6 g per liter of reactor volume
Height of active portion = 70 c¢m ‘

Size of individual fuel tube = 2.54 by 2,54 by 90 cm

U235 Content of fuel tube = 20.3 g per tube

Al/Hzo velume ratios attﬁinable = (.88, 0.76, 0.65, 0.303

The actual pile geometry utilized was cylindrical with no reflection
above and below the core but D,0 reflection on the cylindrical side. For this
purpose a concentric inner tank was built into the D,0 tank described in

Appendix 1, p. Al.1. The final arrangement is given in Fig. A2.B.

The procedure during assembly.ﬁas as follows: (1) the reactor tank has

-a full complement of tubes at all times; (2) some tubes initially are fuel

A2°3
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tubes and the rest are D,0; and (3) the.éaps.hétwéen the square tubes and the
cylindrical tank are filled by D,0 introduced into the core tank for this
purpose, i.e., to prevent a gap between.core and refleétor, 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 D,0 experiment applf equally
well to the arrangement and procedure used in the case of the H;O reflector.
The experiments in which H,0 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 both the mo&efator and thé'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 te do away,With
the irregular region between réacter and reflecter. ,This will be evident from
Fig. A2.C. 1I¢ 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 losking down en the beryllium assembly.

A2.1,3 Results and Discussioen., Experiments were performed with D,0,
beryllium, and H,0 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 E,C were used. These experiments served .as a check on
the theoretical calculations of critical masses under the same c¢onditions.
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 ceontains both experimental and theoretical radial distributions. These

distributions were measured at a height of 35 c¢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 calcnlgpion. 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%.

A2.5
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AZ.2.2 Experimental Results. Bare Pile. While waiting fer the arrival
of sufficient beryllium to continue the studies for the higthlux pile, it was
decided to try to obtain a figure for the bare cpitica1>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 efféct of nearby
objects, and, although criticality was not finally reached, a multiplication
ef 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'éorrecting for the presence of:holgs>fbr contrel
- rods, it was estimated that the bare critical mass was 5.3 t 0;; kg, The
Al/Hzoﬂvolqge ratio in this case was 0,65, the height of the cqre:was 66 cm,
the maximum-loading.attainqdvwas 48 by 43 cm in area, approximating square

geometry.

Beryllium-reflected Reactors, 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 éf the critical mass of a square assembly having
an A1/H,0 volume ratio in the core of 0.65. In this experiment the geometry
of sources and BF, counters was apparently very good since the counting rate
versus mass plots turned out to be approximately straight lines, sha&ing no
‘tendency to either turn downward or curve upward near the critical mass; as
happens in many cases. Two Pe-Be sources were used, one (107 .neutrons per
secend) located directly beneath the lower surface of the reactor below the
center of the core, and another (16° neutrons per second) susbended in an
empty tube at the core reflector boundary at mid-height of the reactor.. Two
BF, 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 iarge 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 highervthan the top,surface
of the assembly.

It was found that the square assembly became critical just three fuel

tubes short of an 8- by 8-tube array. In order to complete the square geometry,

A2.13
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it was necessary to add,atsmal}'agount of}?oison {about 60 cm?) in the form
of thirty-one 0.030—in.-diameter gold,Wires,7nni£ormly distributed throughout
'phe'core. The resulting reactor them has a core 22,5 by 22.5 cm in cross-

U235 at a fuel concen-

section and 66 cm in height and containing 1.21 kg of
tration of 38-.g of uraniui per liter of reacter velume. The Al/HzOlratio 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 ne reflector
on the top or bottem. When corrections were made. for the presence of centrel
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 te be 1,07 kg.

The second clean beryllium-reflected pile to be built was a thin-slab
assembly. It wa§'desifed'to find the critical mass of a rectangular geometry
having'afiéng£h¥to~width ratio of approximately 5. The'width selected for the
dore of the pile was four fuel tuhes, or 11 cm, and the assembly became

critical at a length of 19 fuel tubes. (51 cm) with 30 cm?

U235

of excess poison in
the core. The_masé of iz zhis case was 1,35 kg, and when corrections were
made for excess poison and centrol rod ports, the minimum critical mass for
this thin-slab geometry was 1.28 kg. The height of the reactor, reflector
thickness, fuel concentrat:en, and the Al/H O volume ratlo in the core were the

same in this case as fer the sgquare assembly.

The plot of the reciprocal counting rate versus fuel aboard, shown in
Fig., A2.1 , indicates the l1near1ty of results that can be obtained with

reasonably good source. and counter geometry.

Spatial di;gributions of thermal and epithermal neutron flux were measured
inrbbth,the’sqﬁafé reactor and the thin-slab reactor. 'The measurements were
made with indium~foils, used alternately bare and cadmiﬁm covered, Figure
A2.J ‘shows the distributions of thermal and epithermal neutron flux along a
perpendicular bisector of the side of the square reactor. Figure A2.K shows
the same distributions aleng a diagenal of the square assemhly; 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

Relatlons Between Thermal Flux at Certain Locations in the Reacter
and That at Center of Core

DISTANCE TO FALL TO !
| ¢.p (peald b, (edge) CENTER VALUE (cm) i
ASSEMBLY NO. - — FROM CENTER FROM EDGE |
: . ¢th (center) ¢th (center) ] OF CORE OF (I)RE 3
. - o _“
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

assembly will provide for experlmental purposes.

.were known from standard indium foil measurements.

The ratio of the peak thermal flux to the thermal flux at the center is
an indication of the maximum slow flux, for a giéeﬁ operating level, “which the
The ratlo 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 expgnt 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 prclimihary 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 U235 con-

tent to approximately 1 part in 100, 000.

The fission chamber was first placed in a graphlte column containing an
Sb-Be source at a position where the thermal-neutron flux and the Cd ratio
By exposing the chamber
alternately bare and Cd covered, it was determined that 93% of the fissions in
U235 were caused by neutrons of energy below the Cd cutoff at a p081t1on 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 lattlce of the

thin-slab pile where the counting rate, when corrected for thermal fissions in

UQSS’

indicated that the flux of neutrons having. energies above the U338

threshold (*1 Mev) is 0.50. (“V)th' ‘This result is in reasonably good agree-
ment with the calculated virgin flux 1n this. core, 0.60 (nv),, (see MonP- 272).

The correctzon ‘for thermal f1sslons in U%35 in thxs case amounts to only 2% of

;the total count1ng rate

(1)

(2)

(3)
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Appendix 3

CRITICAL EXPERIMENTS ON SIMULATED MTR STRUCTURE'!)

In partlcular the thlrd set of crltlcal experiments wasg deszgned to study

the following:

1. The critical mass (or, more directly; the excess of Ak/k) of
' slabreac:crsasa function of the length-to-width ratlo of the
core. . : :

2.  The effect of holes on the k£ of the reactor.

‘3. The heat load in the reflector arising from gammarray absorp-
tion.

4. Spatial distributions of thermal, indium resonance, and fast

' (E > 1 Mev) neutron flux in the core and in the reflector,
partlcularly the distributions of thermal and ;ndnum tesonapce
neutrons in the experimental holes,

5. The effectiveness of control rods of various mater;als and of
various sizes in terms of Dk/k.

-A3.1 THE EXCESS REACTIVITY OF U~A1°B20 REACTORS, WITH Be
REFLECTOR, AS A FUNCTION OF GEOMETRY AND REFLECTOR. COMPOSITION

The starting‘point for theqé experiments was the small clednwslab'reactor
which is described in Appendix 2; p-A2.¥5. The core was 51 by 11 cm in cross-
section and 66 cm high. It hada'30-cm beryllium reflector on each face except
the top and bottom, The volume’ratio of Al to Hy0 was 0.65, and the fuel con-

U235

centration in the core was 37.1 g of 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 om of beryllium,
diluted with about 2% water (i@itéhed by plexiglas)... This final assembly -
approximated very closely the dimensions and composition of one of the probable

configuratipns of the high-flux reactor,




The majer steps in building up the small slab tO'finél sizéEwere the

following:

1. Increase in length of the slab from 51 to 71 cm and addltxon of
".a 30-cm graphite layer to one side (long side of the berylllum
reflector). :

2. Increase in thickness of the slab from 11 to 17 ém.
3. Increas¢ in thickness of the slab from 17 to 22. 5 cm.

4. Completlon of a simulated high~flux reacter, putting 30 cm of
graphite on each side of the beryllium reflector and 1ntrodu01ng
the seven large experimental holes in the reflector. The final
assembly has been shown in Fig. A3.A, L

‘As the size of the reactor was increased over that of theAémaIl cléan
slab, i1t was necessary to add unifarmlyldigtributed poison in the core to hold
k-effective te a value close to -unity. The pois&n used ‘in these experiments
was type 347 stainless steel in the form ef strips 1/8 by 15/16 by 126 in.
These were inserted in place of aluminum strips of the same dimensions which
were used te attain the desired AI/HZO velume rat:o in the core. Although
this substitutien changed the Al/H O rativ to seme cxtent, the magnitude of

the change was small and the effect on thg neutren age was also small,

Beginning with the Sl+ by 1l by 66s¢m reactor, containing 1.35 kg of
fuel, beth poison and fuel were added in apprepriate increm&nts until a length
of 71 c¢m was reached. At this stage the reacter contained 1.94 kg of fuel,
and the excess 0.5% hg (over the clean critical mass of 1.35 kg) requlred 266
em?® of uniformly distributed poison to hold the excess reactivity to zere with
all contrel rods removed. Table A3,A shows the excess reactivity, repre«
sented by poisen content, for each of the assemblies studied., The excess
Ak/k is obtained by computing the k for'egch'assembly.from k= Uzs/thml where
Teoral = 25 T oy + “H,0 * Ooison’ th¢n>Akfk = (kg = k;)fk,;, where k, refers
to the clean,,unpoisoned 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 ﬁhe concentration bf fuel, it can easily be shewn
that the fractional change in k is given simply by Ak/k = AS/S,.where AZ is
the amount of uniferm poison added or removed from the core and £ = No is the
total cross-section of the reactor having the smaller amount of poison. For
example, when graphite is added to one side of the beryllium reflector of
assembly 3 (Table A3.A), 37 cm® of additional peison is required to offset
‘the increased reactivity, and the effect &f the graphite layer is given by
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37}4334; B3/5 = Ak/k = 0,9%

Tablevh3.ﬁfsdnnarizés thefﬁertinent criticality data for each of the
beryllium-reflected reacters in this series. Calumn 3 indicates the amount of
U?35 required to fill the core havimg the dimensiens shown in Column 2 at a

: fuelfédnientravipn of 37.1 g per liter of cere. Column 4 shows the amount of
uniformly distributed peison required te held the excess k of the assembly te
zero, i.e., to hold the reactor just at eriticality with all centrol rods

" withdrawn. For each assembly, the Eplle FZast 2y 2%0 is given in Colummn 5,
the exper1menta1 k is shown in Celumn 6, -and in Celumn 7 is ahol'n the excess
Ak/k whxch can be made available by the removal of distributed yossan°

TABLE A3, A

Critical ﬁass and Paisen Content (Excess k) of Uv-Al- n,o I\aaotors ‘
, . with Be Reflecter .

'(Al/ﬂzexvolnnc ratio = 0,65; Be thickness = 30 ém; reactor bare top and .
bottem; kg = 1.6167 for clean core) :

- o g
‘|  DIMENSIONS MASS POISEN PILE ' EXeRSS
ASSEMBLY.NO. L xWx# _ (kz) (am’)? by k %)
22 X 22 X 66 . Lal 66 25910 | 1,5626] 35
12 ’ 51.x 11 x 66. | 1,35 3e 2882°" { 1,5649] 2.9
|3e x11xe6 | 1ie4 266 4118 1,5184] . 6,5
35 (30 cm graphite | 71 X 11 X 66 - 1,94 303 A118 11,5057 7,4
't em ene side) o
14 (30 cm graphite 71 X 14 X 66 - 2.44 | 640 5179 1.4388 | 12,4
{ oh one side) ) '
§ (30 cm graphite 71 X 17 X 66 2,94 1140 6240 1.3670 | 1843
.on one side) .
6 .(30 cm graphite 71 X 22.5 X 66 3.95 1848 8384 | 1.3247| 22,0

. on one side; 2%

. water in Be) ) ‘

7 (30 °cm graphite on| 71 x 22,5 X 66 3,95 1589 8384 1.3603} 18,8

all sides of Bej ' '

seven 6-in,heles

.in reflecter; 2%
water: in Be)

® These contain fractiomal fuel tubes, -

= P

- N ¥ v
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A3.2 EFFECYS OF TAE EXPERINENTAL BOLES THROUGH m;.iigyp‘ggzgn

The research fac;l;txes of the high-flux reactor as conceived in 1948
included seven large experxmental holes, four‘of.whxph began at the core
reflector. The other three holes began 1% cm’out in»iﬁetberyllium and extended
through the remaander of the refle&tor. In conneéction wzthchesexrregular1t1es
_in the reflector a number of ' experlments were of interest: (1) the cost of
the holes in terms of Ak/k or in terms of additional fuel, (2) the efféct on
the reactivity of the core of filling any one or all of the holes w1th water,
and (3) the effect.of various absorbers, such as experimental eppasnt&a. ‘8t
various p031txons in the holes. Item 2 is of interest from the atandpoxqt of
safety since it is conceivable that an accident might eccur in which the wall
of the hole wonld 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 épparétﬁs in one or more of the
holes on certain occasiohé, and the data obtained here will indicate the
maximum effect of water cooling on Ak/k. A

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 maaSuningv6~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 -
w1th no holes in the reflectcr was used. A portion of the graphite and
beryllium in the reg:on'of the hole to be studied was removed, a sguare
aluminum shell was inserted at the proper place, andithereflectdr was re-
stacked arcund it. In order to offaet’ﬁhe leakage chiéughfche 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 Ak/k = AS/S, Before inserting a close-fitting‘baraffin
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 adjuéted until the
reactor was just critical and the react1v1ty change due to the 1ntroduct10n of

paraffin was determined as. befere.
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" Holes extending to reactor,

Table A3.B presents ‘the results of the experiments just described for

“,aséeaﬁiihmﬁﬁ; 5, and 6 of Table A3.A. -&eaaurenenta 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, butvmeésurements made on individual holes and on various

combinations of two or more holes indicated that the effects were approximately

.additive,

TARBLE A3.B

Effect of Experinental Holes in the Bigh-flux iicacftér Cr(iticil'isséiﬁltes

Assembiy No. 3 5 Y - s
Reactor dimensions (ca) 71 x 11 X 66 71X 17 x 66 | 71 X 22.5.X 66
Critical mass (kg) . 1.94 2.94 395
Pile (cm?) ‘ 4,118 6,240 - . 8,384
Poison (ca?) 303 ‘ 1,140 | neas

Total:(em?) - 4,421 9,380 , 10,232

Effec; of the Holes im Ak/k (%) Where & Is the 2 of the ﬁéaeﬁe&-Qith>36&dd~ﬂﬁflector

‘Holes extending $o reactor-
reflector interface

6-in. hole on edge 1.17 0,75 0.49

6-in., hole ip cemter 2.20 0.86
‘ B«in, hole in cemter , £.868 » . .2.84 1.71

Holes beginning 1§ cu from-

rsector - , ,

6-in, hele on edge - 0.17 ‘ 0.12 ‘ . 0.08

6-in, hole in cemter ‘ 0.34 ' 0,13

8~in. hole im cemter - ' 0.68 0. 40 0.22

water filled

6-in, hole on edge 0.90 6.65 0.42

6+in, hole in center . o ‘ 0.84
B+in. hole in center 3.88 ‘ 2.45 1.53

Holes beginning 15 c¢m_from
reactor, water filled

6-in. hole on edge 0.08 " 0.06

“6-in. hole in center 0.24 o 0.06

8-in. hole in center | 0,37 0.23 0.11
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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 Ak/k for two alter-
nate provisions for experimental holes. This table shows the change in Ak/k
thet 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 AM/M = 4.5 Ak/k. However, this
relation leads to a reasonably accurate result only in the case of fuel A
added to the periphery of a cylindrical core. In the case of a rectangular
geometry, the cost in critical mass (AM).corresponding to éxgiven Ak 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 Ak/k i; a reasonable

approximation only for positions of average statistical weight.

TABLE A3.¢C

Summary of Total Effect of Experimental Holes

Assembl:{ Ne. . . 3 - 5 6 .
Reactor dimensions {cm) 71 x 11 X 66 71 X 17 x 66 71 x R2.5 x.66
Mass (kg) _ 1,94 2,94 3.95
' Cost in Dk/k of two 8-in. holes B '
plus five 6-in. holes (%) 9,33 5.73 3.56
Cost in Mk/k of seven 6ein, holes (%) 6.39 4,23 2.62

Effect in Ak/k of water filling zwo
8-in. holes and five 6-in.holes .
(%3 2,14 0.94 0,54

Effect in Ok/k of water filling sever|
6-in, holes (%) 1.41 0.66 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 k 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 k required to offset the effect of experimental
apparatus in the holes is 1.5%.
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Finally 't‘.he' excess k of the 3.95-kg mock-up of the high-flux reactor was
messured. The characteristics of this chkwup‘iﬁélude: (1) » core of di-
mensions 71 by 22.5 by 66 cm, containing 3,95 kg of U*3® in water solution at
2 concentration of 37.1 g uranium per liter of pile volume, (2) A1/H,0 velume
‘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 reflectbr top or bottem, (5) lucite
distributed throughout the berylllum to simulate 2% in cooling water, and (6)
seven 6-in. .experimental holes through the reflector as prescr1bed in the
design of the high-flux reactor. The excess k of this mock~up assembly is
feund to be 18.8%. ' When -allowsnce is made for the top and‘bottom water
reflectors of -the hlgh»flux machlneP the total available excess k is increased
to about 20% for this loadlng ' Therafore it appears that a comfortable margin
exists over the: total k requlrements, which are estimated (see Chapter 4) te

be as follows:

Xenon .- : . 9. 6%

Depletion ‘ B ' 3.5%
‘Temperature coefficient - © 0,5%
Experimentél apparatus in holes 1.5%
Total Ak/k required - ‘ 15.1%

5 .
S

A3.3 NEUTRON DISTRIBUTIONS

The spatial distributions of thermal and epithermal neutron flux in the
2,9%4-kg pile, the 3.95<kg pile, and in the various experimental holes of
the mock-up assemhly,as indicated 'in the listing below, were measured. These
measurements were made with indium foils, used wlternately bare and cadmium
covered, as described previously. A calibration of>foils in the standard
(sigma)reactor indicated that the absolute flux (nv) is obtaihed from the
measured saturated activities, A, shown in the attached figures by the follow=-
ing relations: ‘ '

(nv) = 6,504

thermal thermal

| (nv) = 1,664

epithermal epathermal
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Sevetal of the nentron dlstt;butxons were measured as follows

1. ?Flgure A3 D: A lateral traverse across the 2,94- kg!@mctor(alung
the short axis of the slab at mid-height).

‘2. Figure A3.E: A series of measurements along the centérFine 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 beglnnlng 15 cm ont 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 hlgh flux reactor. These measurements were made w;th all

: seve? 6-in. holes (or equivalent) in the reflector. -

4. Figure ABQI:, The fast-neutron flux (E > 1 Mev) and.thp‘indiﬁm
" resonance flux, measured along a line midway between two of the
large experimental holes‘that.extend through the reflector.

The U238 fission chamber used to measure the flux of fast neutrons has
been descrzbed in previous ORNL reports.(2:3)

The,results of these experimen%s indicate that the,(nv)ﬁ;thea; thembéntét-f
of the 3.95-kg assembly is 40% of the (nv), ..~

with the calcglated.value of (nv}ﬁrgn 60% of (nv), ..
MonP-272. ’ '

in reasonably good agreement -

gi#en'ithhe#repoxty

A3.4 GAMNA HEAT PRODUCTION IN THE REFLECTOQ'

In,khe.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 grarhite was desired to substantiate
theoretical calculations. In the reflector, heat production is primarily from
absorption of gamma ra?su Most of these come from the core of thevreactor,

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 'kthe 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 outrpo the edge of the graphite portion of
the reflector. In order to minimiie 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, COz, and helium.

The lower solid-line curve in Fig. A3.J represents the -total heat pro-
duction in the reflector calculated from theeretical 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
unifofmly.distributed poison in the core is reduced until the assembly is just
crit_icai° When the experiment involves no change in the amount or concen-
tration of:Iuel in the core; the percentage change in k, i.e., Ak/k; is given
simply by AS/S 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 femoval of fuel and the insertion of a control
rod, the k of the clean core, k;, is calculated, the k of the active portion
of the core after insertion of the rod, k,, is calculated, and Ak/k is then

given dirégtly by (ky - k,)/k,,

The Cd 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 cyliﬁders of
square, 3% by 3% in., cross-section and 26 in. long and were filled with water
to dﬁplicate the conditions that will be obtained in the case of the high-flux

reactor.
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The thorium rods for the high-flux resctor are des:gned to be made up of
several plates; they are stacked in a sandwich-like a-semhly, with spaces
between plates for the passage of cooling water. Iron was used instead of
thorium for reasons of aveilability ‘and ease of fabrication, the amount of iren
‘heing adjusted to give the same totsl thermal cross-section as .that provided
by the thorium rods. The test rod then consisted of a rectangular sandwich
of 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 0 De/e (%)
cd 7.3
cd 20.7
Th 4.2
Th 9.0

iﬁvﬁéé 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 9031t10n

ammmted to wvbo\it 3%.

A3.6 REFERENCE REPORTS

(1) Martin, A, B, .and Mann, M, M,, Critical Experiments for the H&gh Flux .
. Reactor, ORNL-167, October 22 1948,

(2) IQéqrtprly Report of the Physics Division for March, April and May, 1948,
ORNL-51, July I5, 1948,

(3) Mann, M, M, and Martin, A, B,, Further Critical Experiments on a Small
Reactor of Enriched U-235/A1-H,0 Moderator and Be Reflector, ORNL-79,
September 16, 1948,

4

X

A3.20



"Agpendix 4
[ .MOCK - UP,
INTRODUCTION ..

Tn 1947 when the design of the MTR’s predeéessor? the High Flux Pile,
was nearing completlon 1t was recognized that many features of the reactor
would require- thorough testlng before the design could be considered final.
It appeared logical,. economically and experimentally, to assemble a full-scale
model w1th which many studies could be made rather than to construct separate
equxpment for each experzment It was planned to fabricate major parts
(e.g., top plug, aluminum tank, grids, caétings) with the intention of ﬁsing
‘them later, if proved satisfactory, in the actual reactor. The reflector, an
‘item of major importance for hydraulie¢ testing, was to be fabricated of
aluminum because beryllism production was still in the development stage.

Two genéral groupsof experiments were made. Studies ofanmchanicalinature
included assemﬁiy and alignment technigues, stress-strain investigation of
major structural parts, performance of the safety and regulatipg rodﬂsystems,,‘
gndlthe develdpménc.of‘toois for refueling and remote disassembly of all parts.

Hydraullc studies were made to 1nvest1gate the adequacy of cooling in the
reflector, safety rods, and fuel pleces. '

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 sucbaskcritical mass determination, neutrons
and gamma-flux measuremenié, 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.td 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 at;ruct;uré9 illustrated in Fig. A4.A, consists of
four main steel columns to support ﬁhe reactor tank and a 10-ton traveling
crane. The working level at the tob of the tank, 22 ft above grade level,

is floored. A 12-ft deep "sub- plle room," 15 by 15 ft, is provided underneath
the reactor tank. '

A4l
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The water-circulating system was greatly simplified as compared to the
MTR. 1Its enly purpose was to provide a maximum flow of 15,000 gpm, and it
consisted of two 7500-gpm 100-psishead 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 puﬁpsg The entire circulating system with the
exception of the aluminum section of the reactor tank was constructed of mild

steel and coated with Amercoat, & plastic material for corroesion protection.

The reactor tank from'top plug to bottom plug was identical to the

- actual reacteor design(’} of that date except for the substitution of Amercoat-

covered mild steel for stainless steei‘at tank sections A, B, E}Aand F. The
top plug was equipped with two safety rods and one regulating-réd drive. All
bearings, grids, etc. were supplied for the aluminum tank Section. The
reflector was made of aluminum, as«already,meétioned, and the "fuel" was

fabricated as uranium-aluminum alloya

A detailed description of all parts of ‘the Mock- Up may be found in the
Mock-up Design Report. (2) Information concérning the assembly andverectlon of
the system is presented in Procedure for Eregﬁion of thée 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 MIR cén-

ditions at very low power levels. A detailed account of the alterations made

" at that time appear in ORNL CF-50-5-140. (5)  The alterations consisted essen-

tially in provzdlng the following necessities:

1. Fuel in the form of standard MTR assemﬁlies;r,

2. A beryllium reflector built wzth small beryllium brlcks to
approximate MTR dimensions on two faces' of the lattice with
Class II reflector pieces ("L"™ piécesn, Be in lattice) on the
other two faces.

3. A graphite reflector consisting of 300 000 graphite pebbles and
50 tons of block graphite arranged in three gquadrants of the
reactor tank.

4. A 4-ft-thick shleld 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  HERCEANICAL EXPERINENYS

The mechanxcal .and hydraulzc 1nvestlgatlons were begun in May, 1949 and
consxsted of the followxng ‘ ' :

1. Streas-straln measurementse

2,“1Meehanical test af the control systema

3. Bevelopmeue of remote handhng teols.

a. Bydraul:c measurements in lattice and reflect.orc

A4. 2 1 Stress strain Meaeurementsa The complexxty of tank scructure D
with respech to- stress analysxs made it desirable to obtazn measurements at‘f
queatxenable po1nts in the Mock-Up. The - ‘required nnfarmabaen was ‘obtained from

Baldwan Southwork strain gauges attached directly to che var:aus cempanents :
" of the tanka The resuits of &hese meaanrements are: raported in GBNL 472e(4)

. The electric resistance wxre elemeﬁta were attached accozdzng to the
fcllow1ng plan:

" NO. OF

swmm
Tank section D; outside surface 7
Skirt pla%cea. 4
Upper assembly grid. 2
Upper support casiing‘ 5.
Lover aup;part casting - » 5

Roﬁghly half of the strain gauvges were éingle elements which were éﬁpld?éd
at locations where the direction of the stress could be eesily predicted.
‘Where the direction was unknown, a triangular'arrangemeht‘of three elements
_was used so that both the magnxtude and the dxrect:on of ‘the stress could be
’determxnedo ' :

Meaaurements were made early in the experxmental program and before: the
full pressure drop across - “the. lattice was applied, However, the magn;tude of
the stresses calculated from the strain measnrements were low enough in all
cases to provxde assurance thac no component wes. in dcngar of baing overscressed
" even at much higher preasure driops . '

.
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Maximum stresses for the components during operation at about 30 psi AF

\

were:
LOCATION STRESS (psi)
Tank section D, 6 in. below upper floznge 1920 {tension)
Skirt plate, center 1850 {tension)
Upper assembly grid, center 950 {(compression}
Upper support casting, cen%er bottom 1300 (compression)
Lower support casting (side, ren%er of grad 2020 {compression}

opening}

The 356-T7A aluwinum alloy with which the castings were made has avyield
strength of 25,000 psi at 0:2% set. Tank section D was fabricated of 38F
aluminum with a t%nsile 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
shoula 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 equipﬁed with the necessary electrical eguipment for testing

H

system performance.

Console. The console for the Mock Up was little different from that
planned for the MTH. A few switches were relocated and the functions of one
or two were changed The wingsito the right and left of the .operator were
moved inward tobring them within easier reach. Except for these minor changes,

the design was considered adequate and was approved for the MTR.

Shim-SafetyRods and Orive Mechanisms (5 ") The shim-safety rods and
~drive meqhanisms‘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 astemblies will be given for

each part of the assembly.
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{a) Shim-Safety Rods. Originally the rods consisted of five separate
sectiohs which were, from top to bottom: armature Sectipn: uppeér stainless
steel section, cadmium (or thorium) section, fuel (or beryllium) section, and
lower stainless steel section. These rods were expensive (about $3,000 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 secticn 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 »
gain of about 25 lb in magnet holding force. The original sharp-edged corners
of the armature made it difficult to pésition 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 sefves three purposes: (1) as bearing
surface .for the guide bearings, (2) as inlet port for cdoling water, and
(3) as a "spacer™ to keep electromagnets outside the intense neutron-flux
region. Being necessarily long, this stainless steel section was also heavy
(about 50 lb). Nass at this point and in the absorber section below 1is
undesirable betause of the large force exertéd on the comparétivély weak
uranium-aluminum section during deceleration of the rod. 1In fact, after
repeated drops the aluminum was found to be deformed aé 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 1b for the situation requiring a
scram with no water flow. Experiménts showed that buoyancy and bearing-friction
forces were great enough to keep a rod weighing less than 70 1b from falling
if the 350-1b driving force due to water pressure were absent.(8) To eliminate
this danger lead was added to the lower stainless steel section, and guide

bearings were redesigned to uminimize friction.
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Velocity measurements on ;he%original rQHS"Showed'apeak apeed<:f16 ft/sec
with fnil‘water flow (see Fig. A4.D). An acceleration of about 4g is indi-
cated, and these data should hold for present MIR 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-
cating function is unfélaced'to:the primary purpese .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 undernééth:and from galling. Hydraulic actuators were
designéﬂ‘fgr the MTR but could not be tested in the Mock-Up because of limited

time.

The operation of the dash pots as deceleracdrs 1s 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 veloéities and found to be 200 psi
for the 16-ft/sec velocity resulting from a 10-psi pre$surg drop across the
reactor tank, o

The bearings which serve to guide the upper and lower ends of the rods
originally contained spring-loaded graphite péds as the bearing surfaces. The
graphite scored easily and was found to offer a resistance of approximateiy
40 1b to the fall of the rods. Stainless steel.pollers with graphite inserts
bave been designed‘to replace the graphite:énd have proved adequate during

several months of usage.

(b) Ele?tromagnetsa The initial desigﬂ of the electromagnets was based
on the requirement that they operate under a Waﬁer pressure of 50 psi, support
1000. 1b  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 releése time deficiency was traced to -shorted turns in the coils.
Subsequent coils were redesigned and manufactured by the Westinghouse Electric
Corporation. In ghe 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 ceils 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 éd force actually held
by varying the currept, the armature-to-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 experlmentatlon with these factors was to spe01fy a current of 180 mamp
and an air gap of about 0.010 in, which can be adjusted to glVP a holding
force of 600 1lb.. 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 100flb)
supported, the release time is 30 to 40 msec. The holding-force curve for a
typical magnet is presented in Fig. £4.F. 1In Fig. A4.G are the records of t@p

release-time measurements.

"The failure of the gasketed water seals on the pole pieces of t;h'eAi‘nitia'l'~
design led to a complete enclosure of the core with a stainless steel can.
This change nece531tated removal of amicroswitch and a bellows sealed actuatorJ
which were contaxned 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 hagnet face contacts the rods is sufficient to trip arelay 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-
siderabl? above tolerance radiation after long time operation at MTR levels.
To simplify the feplaceﬁent of faulty magnets a quick-release mechanism has

been -adopted for MTP magnets.

The requirement for an insulating and shieldiﬁg ligquid 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 degagsing), 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. Thg
liquid now used is the only insulator of mauy 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 cut-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 atV;ha top of the safetyhrod appeafs to be adequate.

(c) Drive Mechanisms. The worm gear--acme thread speed reductien 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 revefsgl 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 ihat no serious wear had resulted.

Beéulating Rod and Drive Mechanism.(9) The MIR regnléﬁing rod and drive
" mechanism assembly are very szmxlar to the originals 1nstallad in the Mock- -Up.
The Mock-Up rod was thoroughly tested from standpo1nts of general operabllxtyg

mechanical de51gn, and reactor control.

Soﬁé.&if&iculty was experienced with the sleeve guide bearing located in
the upper and lower support castings. Because of grit part;cles the rod and‘
bearings galled severely, necessitating removal and reflniahxngu The bearings
were redesignhed as spring-loaded stainless steel rollers which eliminated the
galling trouble. However, during the lowwpowér nuclear eﬁpefiments 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 experiménts were completed before stronger
springs could be tested.

Another difficulty with the originel 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'ahorzzontal
pin through the rod which mated with a slot in the upper HE??}“B Awkward
features were eliminated by a redesign including a new upper shock absorber
which need not be removed to accomplish attachment or &etachment ‘of the rod;”
a ball-and-socket joint replaced the threaded joint, and the nééessity for a
pin and slot were thus eliminated. ' S o '
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The lower shock absorber of the drive mechanism exhibited an annoying
qulrk of not returning to its rest position after compression. This trouble
was corrected by 1nsert10nlof 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 qnbélance'was found to be about 0.1 sec and

is considered adequate for control of known MIR ‘instabilities.

- Full-scale test of the servo mechanism as an automatic control device
was accomplished during the low-power’nuciear experiments described in Section
A4.5.7. The system performed satisfactorily for several months at{pbwer levels
from 100 watts to 175 kilowatts. ‘ ' o

A4.3 HYDRAULIC EXPERIMENTS

The high-power density (about 300 kw/liter) at which the MIR operates
imposes rather stringent requirements for heat femoval Cooling-water veloc-
ities of 30 ft/sec and heat fluxes as high as 500,000 Btu/sq fta»hr care

‘neceqsary for the realization of design performance

The &esire for more complete kno&ledge of the complex hydraulic charac-
teristics of the MTR was ean important reason for constructlon of the full-

scale Mock- Up

Early design calculations indicated that the following conditions could

be expected in the reflector and fuél lattice:

LOCATION " VELOCITY  PRESSURE DROP
) - (ft/sec) . {pai)
(1) 1/8-in.-diemeter holes in reflector pieces i lé B
(2)' 0.118~in.'siot between fuel elements, 25 - ’ 17
(3} Fuel elements with 0.118-in. gaps ‘ 30 ' 42 (13r~ludmg
. . - -end boxes)
(4) Shim-safety rods (Th-U) ‘ 30 52
(5) Across upper assembly grid » - : ‘19
(6} Aérpss lower assembly grid , ‘ £13

(7). ‘Across lower support casting o ' 13
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Water reguirements for 42 psi pressuré drop were:

ELEMENT - _ ‘ .~ FLOW OF
: ‘ ' - WATER(gpm)

23 fuel pieces (slab loading) » 0 10,500
8 shim-safety rods : 3,200

Reflector ' 1,000

Lattice intersticgs and Be in lattice : 1, 500

. :
Total water requifement 16,200

The Mock-Up problem assignment was todetermine 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.

A4.3.1 Flow in Reflector gutside the Fuel Lattice. Thg reactor is
designed in a manner such that the beryllium reflector occupies the space
(iS_by 30 in.) between the rectangular lattice area at the center and the wall
of the S54-in.-diameter aluminum tank, At the time the Mock -Up was built the

" reflector consisted of appfoximateiy 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 thoge above and
below the experimental thimblés,had larger or different cooling passages. The
general aim in the design of the reflector cooling passageés was to provide
sufficient water to remove approx:mately 6,000 kw of heat produced by v- ray
and neutron energy from the fuel lattice.

. i s }
The problem of measuring the various velocities and pressures was ap-

. proached by selecting a typical quadrent_of‘the‘reflgctor-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 celibrated 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

A
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_ Drawing #7641

Fig. A 4. H
LOCATION OF PRESSURE TAPS ABOVE THIMBLES

(References Dwg TD=500)
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Plg. A 4. T
LOGATION OF PRESSURE TAPS BELOW THIMBLES

(Refoerenses Dwg TD=-502)
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type connectors in the reactor tank wall and then run directly to a manometer
board in the control room. Approximately 120 lines were comnnected 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™ 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 casﬁings are shown in Table A4.A,

TABLE A4.A

Water Velocities inm Various Reflector Chanmnels

’ CHANNEL VELOCITY
. V(ft/sac)
" “A" pieces (1/8-in. holes) . = 18“7,
.5/16-in. holes above thimbles . | 9.0
5/16-in. holes below thimbles 8.9
1/8-in! holes above thmb;wa ' 10.9
1/8-in. holes below thimbles A 3.8
1/8-in. heles shove %-in. horizontal tubes 15.2

‘ Using these velocities as a basis, the total flow rate through the.re-
flector was computed aszfollows:

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 tqr Various Reflector ﬁoles

CROSS- | FLOW BATE
NO. OF SECTION (gpm)

TYPE OF CHANNEL HOLES (sg im.) | AT 1 ft/sec
1/8-in. holes above thimbles 320 0.0129 i 12.9
5/16-in. holes above Zhimbies 86 9.301 i 27.1
Full length 1/8-in. holes . ) 744 - 0.0129 30.0
1/8-in. holes in “A” pieces 208 0.0129 | - 8.4
1/8-in. holéa above ¥-in.. horizontal Subes .44 ' 0.0129 . 1.8
1/8-in. holes above 1-im. horizontal tubes 64 0.0129 . 2.6

3

Flow through. gaps between reflecto: components was estimated as a function
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,

Dg]:/s rzfzdzxa
V. = V. |l— N 720 D

2. 1 1

'D:zj | D1

The 0.127-in. hole designated as pressure tap 41 (Fig.. A4.D) is suitable as a
standard. Then :

{' 9 2/3
vV, = V*LﬁfiE?} (T,)%/3 = 6.30 ¥ (T,)%/?

Values of flow rates in gallons per minute at 1 ft/sec measured velocity at
pressure tap 41 are thus derived for the gaps between reflector pieces. These

values are shown in Table £4.C.
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TABLE A4.C

Flow Rates at Pressure Tap 41

CROSS- FLOW RATE
SECTION {gom}

CLEARANCE, T, NO. OF GAPS | (T,3%* (sq in.) |AT 1 ft/sec
0.017 228 0. 065 0.051 14.9
0.0435 1 6 0.122 C0.130 1.9
0.060 ' B 20 I o153 0.180 " 109
0.080 ‘ 12 0.185 - 0.240 10.5
0.1065 - , 2 0.225 0.320 2.8
0.0625 (at tenk wall) 1 0.158 10.6 33.0

Total ’ 4.0

Components of the reflector flow rate are computed in Table A4.D, using

the factors derived above and the measured velocities in Tabie Ad.A.

TABLE A4.D

Flow Rates in Reflector

N

FLOW RATE TOTAL FLOW.KBPN)
~{gpm) ' 4 .
AT 1 ft/sec TEST 6 TEST 7 TEST 8 - TEST ¢
) B : AP 33.5 psi{AP 33.5psi|AP33.7 psi | AP 33.6 psi
Components of flow rate o
1/8-in. holes above thimbles 12.9 138 140 138 ‘ 141
5/16~in. holes above thimbles - 21 244 1 264 255 244
Full length 1/8-in. holes 30.0 362 362 362 _ 372
1/8-in. holes in “A™ pieces 8.4 154 152 152 T 149
1/8-in. holes abdve Y%-in.’ .
herizontal tubes 1.8 25 28 30 27
1/8-in. holes above l-in. ’
horizontal tubes : 2.6 33 34 30 o 30
Subtotal . ' 956 980 ‘ 967 . 963
Clearance channels 4.0 898 898 898 920
Total feflector flow 1854 1878 1865 ' 1883
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Puring these experlments measurements were also made of total flow and
veloc1t1es through fuel elements {see Section A4.3.2, Lattice Meamuemmnx) A

typlcal flow balance at 33.5 psi pressure drop was as follows:

Total flow, by calibrated o;ifice { gpm} 14,900

Component flow, by calibrated pressure taps (gpm)

1. 19 fuel elements (27.5 fr/sec velocity) . 8,300
9. Shim rods and substitutes ' 2.890
3. “Beryllium” lattice pieces ’ ' 70
4. Lattice interstices . . 1,577
5. Open 1.in. rabbit tubes ‘ , 220
Tota; flow, by components except reflector {gpm) ’ 13,057

Flow “hvough reflector, by difference {gpm) ' 1.843

This excellent agreement of two independent measures indicates accuracy better
than the $1% which more probably existes,

On the basis of these “ate anc simultaneous Iattlc° measurements (Section
Ad.3.2). whkich 1ndlcatec that a pressure drop of annrox;matp]y 40 psi would
be .required to realize e 30-ft/sec velocity through the fuel, reflector re-
guirements at 40 psi were estimated as approximately 2000 gpw., This figure
was roughly double the amounf‘éf water originé]ly allowed for the reflector’
area. For this and for other perhaps more important reasons. a redesign of

the reflector was undertaken.

"A4.3.2 Flow and Pressure Drops Inside Fuel Lattice. Velocity measure-
ments were taken inside fuel elements and shimesafety 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.(2°)

Flow Through Fuel Eiementsu A group of six fuel elements was selected
for calibration. Two static pressure taps were 1nstalled in each of these
assemblies and used to measure pressure drop as a function of velocity throuel
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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7

calibration of a single assembly reported in ORNL%50. The pressure drops were
measured over the length of the fuel plates and the agreemént of the two

independent calibrations 1is 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 would 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

velocity.

This diagreement of 5 to 10 psi was the subject of an investigation which'
resulted in an explanatién of the difference in the two cases. Tt Qas found
that the upper end box of the fuel piece used in the experiments described in
OBNL-50 had an inside diameter 1/8 in. ianger 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 Meckap'eﬁd 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:

- _ ‘ PRESSURE DROP
RESISTANCE : {psi)
Upper support and grid spacer‘cas:ings 3
Upper end box ' 13
Fuel plates’ ) 18
Lower end bo;; &
Total pressure loss in tank section p » , “ZS—‘

Flow Through Interstices Between Fuel Elements. In order for cooling
water to flow between adjecent fuel elements, it must move past the upper
assembly grid, down past the outer fuel plates, and discharge through the
lower assembly grid. Tt 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. . Tt was found 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 the 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
experiment(ll) indicated a pressure drop of 40 psi for this velocity. Cali-
bration of the Mock-Up rods agreed with this figure. The curve of velocity

versus pressure drop is presented in Fig. A4.L.

On the basis of the Mock-Up measurements, the pressure drops and flow

rates through tank section I} are summarized in Table A4.E.

TABLE A4.E

Pressure props and Flow Rates Through Tank Section D

~ FLOW (gpm}
PRESSURE COMPONENTS COMPONENTS
LOCATION DROP (psi} PARALLFL NONPARALLEL
Upper support casting 3 17,670
Upper assembly grid 10 2;{5{)0
Fuel assemblies {23 required) 37 :1’0,, 9.25
Lattice beryllium pieces {I4s§63:;§éd) 37 35
Gaps in lattice 17 2, 500
Shim rods, cadmium (4 re fired) 40 1,725
Shim rods, berylliw?’fi;equired) .40 10
Reflector (Mock_;ﬂi: design} 9 2,000
Lower ;ﬁuppg&t‘cgasting 31 2,000
Lower iggénbly grid 10 2,500
By-ggég 415
/(~"‘§‘ozal flow required {with 4 cadmium shim .  '
1 rods) . 17,610
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Ad4.4  HANDLING TOOLS

Normal and frequent operations such as fuel replacement and adjustment
of reactor and reflector geometry for experiments requi:é special tools and
appurtenances for remote handling. It will be recalled, furthermore, that
one of the basic design requiremenfs of the MTR is that any part of the reactor
proper be ;epléceablez Because many parts will be intensely radioactive
after extendéd*operationg remote handling 1is required. Working models for
most of the operations noted have been tested in the Mock-Up; Figs. A4.M 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 asséciated with the nuclear charétteristi@s of the operating
‘Teactor 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 tim§ available, it was impossible
to refine the experiments as desired. However{ from the MIR 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. Determ1nat1on of critical mass for a slab type loadlng=
2. Calibration of regulatlng 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 outsxde the tank and in the
thermal shield.

A4.5.1 Critical Mass Determination. Several extraordinary safety pre-
cautions were taken for the initial fuel loadingl. 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 eath fuel piece

was inserted.

Another precaution was the installation of separate neutron-level and
period indicators at the loading platfqrm 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.Q.

_ The critical mass determination was begun after recording backgrounds of
all the neutron detectors with the addition of four fﬁel piécesicontaining
a total of 560 g of U235, The control rods were thénw§iphdrawn compigtély and
the new counting rates were measured with pulse counters. The gsual'plot of
reciprocal counting rate against mass of U23§ was made upon éddition of each
additional fuel element (140 g of U235), As the critical~point:Wasiapp?oached,
smaller quantities of uranjum in the form of partial fuei_eléments_wére added.

Criticality was attained with approximately 2000 g of U235,

A4.5.2 Regulating-rod Calibration. The regulating rod is a 1A ~in, -
diameter alumlnum rod w1th a 20-in. -long cadmium tube 1nserted at its center*
it is located in:the permanént berylllum at the edge of the: lattice. "The
total reactivity of the rod, expressed as Ok/k, is 1ntended to be less than
the delayed neutron fraction to prevent sudden completeAremoval from maklng
the reactor "prompt-eritical.™ For safety, therefore, it was necessary bo “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 wiﬁh-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,
(Bk/R) , ;s waswobta@hed from the usual infhohrfre}atiqnf(‘Z}. Curves of

sensitivity and total reactivity are présented in Figs. A4.P and Q.

Cons1der1ng ‘the accuracy of: the determ1natzon (aboutv&%), it is seen

that the original rod was p0351b1y worth as much as 0.7% in \(Ak/k3eff=
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As a result, the ﬁoﬁalvmovement of the cadmium section of the rod was reduced
bz, 4 in. with a resultant reduction in equimalent:reactivity to abbut'OQGS%, I
is expected that the regulating rod in the MTR will contain less than 0.65% in
(Ak/k)eff because the MIR 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 foliowing way! The reactor was made critical
at the ambient bulk water temperature (usually 20 to ZS?C), and positions of

,thg 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 tehperature of the circulating water a sufficient
amount (5 or 10°C). At the new temperature, the pumps were stopped and the
reactor was again brought to some low power levél.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 (&&/’iﬂz)e'H 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 k of about 1.58.

TABLE A4.F

Experimental Values for Temperature Coefficient

TEMPERATURE { °C) PERCENT (Ak/k),,, PER °C
36.1 ' <0.013
37 | “0.012
a3 ~0.012
45 C 00012 ‘
46.5 - =0.014
48 o =0.012
53 4 ~0.014
54 , <0.013
-0.013 (avg.)
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A4.5.4 Effect of an Empty Experimental Beam Hole. The effect on re-
activity of rémdving’a beryllium plug from #he f-in.-diameter northwest
experimental thimble (seé Fig. A4.C) extending to the lattice face was deter-
mined by comparlson with changes in the position of the regulatlng rod. For
the Mock-Up core the effect was a 0.6% reduction in (&k/k) ¢¢+ Filling the
empty hole with a paraffin plug resulted in a (Ak/k), ;¢ increase of 0.3%.
Although the effect of an empty hole measured heré is considerably greater
than thatxobsér&ed in the critical experiments, the difference in core size
and asymmefry Qf?rgfleptor are probably responsible, and it is expected that

the MIR will exhibit effecés more similar to those of the critical experiments.

A4.5. 5 Effect Df ‘Water Flow. It has been specu]ated that high-velocity
water flow in the fuel assemblles might result in sufflclent movement to be
detectable as small fluctuations in reactivity, and an experiment was conducted
to investigate thls p0351b111ty, The upper fuel'p951t10n1ng,gr;d was removed
so that fuel elements would be unconfined at. théir’upper ends. A Qater
veloc1ty 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 reactlylty changes. Several measurements‘wepe made bpth.wzth and
without water fiqu bpt'no difference was detectable. It Wag therefore con-
cluded that water flow had no significant effect on ;he'stability of the
reactor, Furthermore, since many small air bubbles were visible in the
circulating waﬁer,.it was concluded that, as expec&ed,vunifdrmly distributed

air bubbles would not cause Treactivity fluctuations.

A4.5.6 Performance of control and Safety Circuits. The two instruments
in which most interest has been evidenced are the pefiod-indicaﬁor and the
servo mechanisml. '

The per1od meter is a direct 1nd1cator of rate of increase or decrease
of reactor levelb Its scale i1s calibrated in seconds so that the period, i.e.,
the tinme requlred for the power 1evel to change by a factor of 2.7, can be

read dlrectlyui This 1nstrument proved extremely valuable in starte ~ups and was

also useful for mak1ng changes in power level when®the reactor was being:

controlled manually,

The sérvq 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 bperabor,"The-response of the circuit to large
4disturbances was meaéurg& as approximately 0.1 sec by applying an electrical
pulse equivalent to a (Ak/k)eff step of about 0.6%.  During operation, steps
as high as 0. 3% (Ak/k}eff were added 1in approxlmately 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 thp MTIR control arrangement is the safety circuits
which protect against higher-than-normal power levels. Unsafe levels cause
a reduction in current,pﬁ.the electromagnets and subseguent release of the
control rads. The time‘féquiréd-for‘rgleasevof the rods had been measured as
approk&mately 15 ﬁsgc“hefare installation in the Mock-Up. During operation
‘the time interval between the “scrém”esignal and shutdown of the reactor was

observed to be bpproximately SO’msecf

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 perf§rmance in the Mock-Up was very satisfactory.

A4.5.7 Measurement of Neutron Fluxes. The data presented below have
been analyzed and éompa;ed with previous qaiculatipns,(13°’4) Neutron flux
‘distributions were measured by determining ;Hé saturated actfvity {As) induced
in bare and cadmium- covered metal foils. The measurements can be divided into
three series of experlmentsy basea on the axparlmantal conditions and the

.information sought in each series.

In the first group of experlments the northwest thimble was left open.
Fluxes were measured in the fuel lattice, .the northwest gquadrant of the

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 iﬁcluded attenuation in concrete blocks and in paraffin
stacked behind a portion of the steel thermal shield outside the graphite
stack. ‘ “

Gold foils (1 cm squafé,r05605 in. thick) were used for expdsures in the

graphite. The foils were spaced 6 in. apart on 1/16-in.-thick aluminum strips



for exposﬁres in the fuél,la;piceVéhd in the l»inafdiameter holes which
extended verticélly_through“thé'graphite reflector. Measurements of very low
fluxes (e.g., in the water above the fuel) were made with large indium foils
(25 cm séuare, 0.005 iﬁ..thick) which were held on .lucite strips during
exposure., Correction for the act1v1ty induced by resonance and fast neutrons

was made by exp051ng f01ls covered with cadmium. ‘The cadmium covers were
0.020 in. thick and were coa?e@ with lacquer to_prexéqt ?ontaminapiqn of the

foils.

Mica-window G61ger tubes were used to count the 1 ~cm folls, and the glass
tubes were used with the large 1nd1um foils. The small foils were placed on
a flat alumlnum plate beneath the mica-window ' tubes, the large -foils were
enclosed in a brass cyllnder and slipped over. the glass ‘tubes. Only the side
of the foil which had faced the reactor was counted ~and this sideAwas always

placed nearest the countlng tube.

The foils and counters were callbrated by irradiating foils in’ positions

{16}

of known flux in a standard graphxte pile.

In almost all 1nstances exposure time and start -up time were comparabley
consequently a start-up correctlon has’ been applied to the foil data,(16)  The

power levels for the many. f011 actlvatlons varled from 10 watts to 2 kilowatts-
First Series. Exper;mentalkqondat1ons for the flrst‘serles were:

1h¢'Latticé ;rrangé@gnts;§5'éhown in Fig. A4.C.~
2. No thermal shield. ,
3. Experimental holes fllled as follows:
(a) Southwest thimble = filled solldly with graphxte from edge

of the lattice to outer edge of graphite.

(b) Center west thimble — filled with an 18- 1n.=long by 6-in. -
" diameter cyl1nderqofberylllum beglnnlng 1 in. from the edge
of-the lattice; sthe- differential: chamber and one safety
chamber occupzed the otherwxse empty space behind the be-
ryllium plug. ‘ o
(¢) Northwest thlmble-wm empty. exqqpt for the U??S fission
~ chamber and onevsafety. chamber. ) .

(d) Southeast and center east thlmbles.-ﬁ£111ed with paraff:n,

(e) Northeast thlmble — f111ed w1th graphlte backed by a con-
crete plug.
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4. Regulating rod removed.
5. Shim réd No. IcompletplyAwithdrawng shim rod No. 2 withdrawn 80%.

6. Graphlte reflector arranged as 1nd1cated:xing. A4.C with 1-in.-

}3051 tions.

7. Beactor tank filled with demineralized, deaerated water.

All measurements in th1s series were normallzed by comparlng gold foils

activated in graphite hule 44 durlng each run.

Fxgures A4.R and S shcw the data for the mid- plane -and top plane of the
Cactive lattice.. Typlcal curves showing vertlcal dlstrlbutlon of neutron fluxes
~in several holes in the graphite reflector are presented in Flgsn A4.T, U, and
V. Table A4.G lists the thermal neutron flux, values au ‘various mid-plane
‘positions fn the graphlte reflector wzth the cadmlum ratlo at the p01nts where

it was measured.

' TABLE M G A
Nentron Flux in Midaplane

First serggsg Ncnuhwest Thumble Open

 HOLE: NQL* nmmtmma}* e ,CAD&IUM RATIO“
44 X 10“3 ST
45 . ‘ v ﬁ}ﬂf?ig
g 45‘ ) ?‘j
13 ‘i;'
Bt 100
15 e
16 5.0 140,
: 34 [ - 230
8 | spiogd ‘ '
1%ss | 0,92
16 . 11
34 C0.24 |
37 | q.va‘s o

» ; .
*Normalized to nv (thermal) of 1.0 neutron/cm -sec at center “of lattxce.
**Corrected for absorption of tesonance neutrons in cadmlum
_ #**+0uter surface of graphxte behxnd hole.’
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FIG.A4.S
Thermal Neutron Flux in Top Plane of Active Lattice
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Second Series. The sxgn1f1can& changes from the experlmental condltlons

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 1in.).

4, Center west thimble empty except for ion chamber.
5. Southwest thimbdé empty except for ion chamber°

6. A partial thermal shield 4 ft by 4 ft by 4 in. thick was placed
temporatily behind ‘holé 17 at thé edge of the .graphite for the
measurements reported in Table A4.1. :

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 A4.1 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 flux4along the vertical centerline
of the active lattice, starting at the bottom of tBe'lattice and continuing up
to the shim rod electromagnets. The flux at the magnets is seen to -bhe 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
be 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 borone 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 foils ( 1 cm

square) which gave activities too low for accurate counting.
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TABLE A4.H
Neutron Flux in Mid-plane

Second Series: Northwest Thimble Closed; Center Thimble Open

HOLE NO, nv ‘(thermal)® CADMIUM RATIO**
44 126 x 10°° 40
45 61 . ' 80
46 ~ 82 60
13 31 ' :

© 19 12" 600
20 28 160
21 54% .
12 12 - 900
15 8:5 V
18 4.9 1600
26 2.0 2100
27 4.4 2200
28 8.5 1369’
29 12 .

11 3.1° ,

.16 2.0 .800
17 1.2. 1800
25 0.54 1600
“34 018 1050

.35 0.49 :

36 0.87

37 1.6

38 2.0 1300
11%es 1.1

16*#* 0.55

C17%0s 0.36
2500s 0.22
3498 0.19
35eee 0.29
3g%ee 0.46

" gqese 0.65

. 3geer 0.85

"Normalizeg to nv (thermal) of 0.1 neutron/cmzwsec at center
cof lattice.:

**Corrected for absorption of resonance neutrens in cadmium,

***Quter surface of graphite behind hole.
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TABLE A4.I

Horizontal Traverse

DISTANCE FROM TANK WALL nv {thermal)®

(in.)

v . ,
On Bottom Plane of Graphite on North-South Centerline of Reactor

6 1,20 x 107%.
18 0.56

24 0.45

30

0.32

On Pottom ?lane;éf Grabhite'irom"Tahk»Wall'Toiaidwﬁqle»No;“lé

6 C0.47 x 10°°
18 0.69
24 0.73
130 0.44
47 0.10
59 0.050
62 0.045

On Top Plane of Graphite from Tank Wall Toward Hole No. 17

6 0,14 x 10°% -
18 0.22
24 0.21
30 . 0.24
47 0.071
59 0.049
62

0.047

*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 surfaée of Graphite

4

LSTANGE e - nv (thermal)* NEGLECTING
POSITION ©ADiAGENT poILs | == o EPTCAMRBN R
(in.) WITHOUT STEEL { WITH 4-in. STEEL
: Verﬁical 4 . 4
Top 3 10 0.34°x 107 | 0.35 x 1073
12 C0.32 ¢ 0.3
Centatline: BT 032 0.42
10 0.30 | 0.33
Bottom - ; C0.27 o 0.23
Horizontal
North ' 10 0.19 0.14
12 0.24 0.24
Centerline 12 0.32 0.41
10 ' 0.43 0.53.
South 0.52 - -0.73

*Normalized to 1 neuaron/cmg-aec 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 with 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§£ygon plastié and had addi-
tional para?fih (left after the concrete experiment) on the north face and

underneath.

Figure A4.Y is a cenﬁerline traverse perpendicular to the steel thermal
shield throughle in. of paraffin. Jt 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. A4.7Z and AA horizontal and vertical traverses taken behind
various thicknesses of paraffin show the centerline traverse to be relaCRVely
unaffected by leakage from the top and sides .of the block, making FigaAA4{Y‘
useful -through the first half of the curve. Many of the cadmium-covered foils
exposed ip 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 porﬂions
of the reactor structure. It was felt therefore that measurements .of the
heat generation in these media in the Mock«Up were of parﬁicular importgncé
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 experimentSQ-'

* The chambers used were of three sizes, 10, 50, and 95 cm®. Figure A4.BB
shows a typical design. A six-channel vacuum-tube electrometer circuit(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.(29) '
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©FIG. AdX
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i
FIG.A4Y

NEUTRON ATTENUATION IN PARAFFIN BEHIND THE THERMAL SHIELD

Points are As vs Thickness of Paraffin behind 8 in, of steel
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FIG.A4.2
HORIZONTAL TRAVERSE BETWEEN PARAFFIN AND STEEL

Points are saturated activity vs distance from the
south end of a block of paroffin placed behind
eight inches of steel.

Foils are indium, 25 cm sq, 0.005 in. thick,
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| FIG.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 ore Indium, 25 cm sq, 0005 in. thick.
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Calibrations were made with air, CO,, argon, and helium, but CO, was
used for the measurements, making 1t 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 chambers
in the various holes provided in the graphite for this purpose (see Fig. A4.C)
and obﬁervation of the ion current with the'reactor‘operating at a constant
power level., For the purpose of normalizationq‘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/cm’?-sec at the center of the core.

Two mejor groups of measurements were madeﬁgt 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.X .and L and Figs. A4.CC,
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 barytes 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 prbduced9 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.

A4.3.9 Attenuation of =Rays .Inside Reactor 'Ta-nk*o The top plug of the
MIR tank is designed so that it can be filled with lead to.a maximum thickness
of 10 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 Y-ray actenuatiﬁhgiﬂ.ﬁhe'chk~Up tank with the

active lattice operating at approximately 270 watis¢~

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

Reat Preduction in ¥Wid-plane, Graphite Reflector

HEAT PROPUCTION (watts/cm®/unit neutrom flux in core)

NORTHWEST THIMBLE CLOSED,

NORTHWEST THIMBLE OPEN,

HOLE NO, CENTER THIMBLE OPEN CENTER THIMBLE CLOSED
11 2.4 x 1078 2.8 x 107"
12 8.2 1.5
13 36.3
15 6.1%

16 2.3+ 3.8
17 1.9% (0.7) 8.2
18 2:95* (3.35) 6.0
19 (8-9)° (8.5) 11.6°
20 32 29
21 4.8 0.5
22 68.0 n
25 0.85% (0.4) 0.75
26 1.07 1.3
27 2.3

28 5.0

29 7.55

30 53
34 0.23 0.36
35 0.31 '
36 0.52.

37 0.96

38 1.1

44 445

45 155 185
46 380

*Steel sectiény, simulating thermal shi;eld, behind graphite; parenthesks
indicate no steel behind graphite.




TABLE A4.L

Measured Heat Production in Top and Bottom
Planes of Graphite Reflector

HEAT PRODUCTION (watts/cmsfunit-n,éutrbn flux in core)

HOLE NO. 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 1.4 8.65
22
25 0.2 0.2
26 0.2 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 9.5

A4.65




of the curves, hegihhing»at approximately 70 in. above the fuel, was studied
further with three'horizoncélqtfaverses, plotted in Fig. A4.I1. Traverse No. 1
clearly indiﬁcmé"iﬁ‘éddi“{:ional" y-ray source on the north side of the tank.
This'squrce 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 11ll-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/hr, 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.(21)
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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
OBNL-298.¢1) 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 demineralized water used as a
cooling medium. A water of high. specific 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¢(?)
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 thaq 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 beryilium are mentioned in various reports:

Fxtruded beryllium.
C.M.: Normal high-purity beryllium used to produce powder for hot pressing into requlred shapes.

Q.R.M.: Recast from previous pressings of Q.M.

Q.M.V.: High-purity beryllium cast by a vacuum method into billets which are then pulverized into
powder for hot pressing. This method reduces_ the oxygen content and therefore reduces the beryllium
oxide. All the MIR beryllium is Q.M.V. metal.

W R,
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A final report on the corrosion tests on beryllium is now in composition

and 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,¢®) which is a report on deep-
hole drilling in beryllium. As of Jan. 1, 1951 the machining of the MTR
berylllum 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 beryllium
would 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.¢%)
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
p51 at the surface of the axial hole, well within the tensile strength of
berylllum

(%) were performed in which

To check these calculations, experiments
‘thermal stresses were set up in.beryllium bars u81ng the same basis of cal-
culation as above. It was found exper1mentally that the minimum stress at
-failure for the hot-pressed beryllium was 28,200 psi, well above the value

cbtained in MTR operation.

A3.2 MANUFACTURE AND SPECIFICATIONS OF MTR BERYLLIUM

Since a full report on the method of manufacpuré and chemical analysis of
each piece of MTR beryllium 1s 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 MIR 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 léthe, 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.¢®) 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 A5.3) 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 Be,C 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.
_..i_-w_ - Silver 5 ppm max,
Zinc : ' 150 ppm max.

An example of how well the metal is meeting these specifications is
given in Table A5.A, which i1s an excerpt from the Beryllium Control Record

for one pressing of the MIR metal from which were obtained five "A" pieces
(see Fig. 2.4.A).
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TABLE A5.A

SINTERED PRODUCT

. SINTERING
DATE OF | DIMENSIONS OF | WEIGHT OF COMPACTING | TEMPERA- TIME | PRESSURE | RADIOGRAPH \
PRESSING | BLOCK {(in.) |BLOCK (lb)| FURNACE | PRESSURE (psi){TURE (°C)| (hr) |ATMOSPHERE| - (x Hg) NO. DENSITY
7-14-50 41 x 21 x 3.6 211.6 Horizontal 125 1050 30X Vacuum 100 " 1.855
ANALYSIS
(percent) (parts per million) S ms
: : ‘ Excl. Inecl.
Assay | BeO |Be,C|Ag |Al | B| Ca | Cd |Co|Cr (Cu| Fe| Li| Mg | Mn| Ni Si in B B
Brush| 99.45 | 1.03(0.20| -1 |700 (0.4] -10 |-0.2| -1} 73 |80 900} -0.3] 50 | 88 85 380 -30 8.21 10.59%
N.B, ~1 1290 |16.9].-20 | ND |~1 180 |27 | 980 -1 | ~15 {100|~100 1500 ~ 20 9.33 14.69
Remarks: Si over -limit based on New Brunswick analysis.
-AUTOCLAVE
N . - 1

PIECE|. WEIGHT | PRESSURE | TEMPERATURE | TIME | AUTOCLAVE

NO. {1b) (psi) {°C) (hr) NO. PLACE GRADING COMMENTS DISPOSITION

A-14 26.03 550 +.30 250t 5 96 1 Cleveland Excellent | No visible All pieces shipped on’

. -attack noticed| 7-31-50 to Oak Ridge

A-15 | 26.08 |550+30 | 250+5 |96 1 Cleveland | Excellent | Saine B Ne Cariasea,

A-16 25.86 550 + 30 250 £ 5. ] 96 1 Cleveland Excellent | Same total weight 155.98 1b

A-17 | 26.02 | 550 + 30 250 5 | 96 1 Cleveland | Excellent | Same

A-18 25,90 550 + 30 250 + § 96 1 - Cleveland . | Excellent | Same

A-19 | 26.09 | 550 + 30 250 £+ 5 | 96 1 Cleveland | Excellent | Same:




-

A5.3 DANGER COEFFICIENT AND TOTAL DANGER SUM (TDS)
AS APPLIED TG 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 ébility of some reference substance to absorb thermal

neutrons, or

K (i) =
s -
S, ‘Nods/ﬁs o, x A;
where
K, = danger coefficient with respect to reference or standard
substance (usually natural uranium).
S, = effective area presented to neutrons by 1lgof impurity (cm?/g).
Ss = effective area presented to neutrons by 1 g of reference sub-
stance {cm®/g).
‘N, = number of atoms in one mole of any substance (6.03 X 1023
atoms/mole). '
A, = atomic weight of impurity (g/mole).
A, = atomic weight of reference substance (g/mole).
o, ® 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 MIR 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%
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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,

K (i) = o, x A,
st A zi
For boron in>beryllium, :
v 705 x 9.02
K, (B) = ——es = '§8 800
zo (B) .0.01 x10.82

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 DS is 58,800 X 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 MIR, 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(i) and later at
ORNL, ¢(?) it was shown that uranium-aluminum alleys 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. 1In the reduction method,
some compound of uranium — UF,, U;0,, or U0, — 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(sd because it was fast and produced a smaller volume of contéminated

wastes.

For cladding,(*) 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 redﬁ;tion of 50%. The resulting

laminate usually developed lafge 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(®) 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 A6. A

Fuel Assembly Flates

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.) 23% + X4

Width (in.)  2.55 + 0.01

Thickness {in.) 0.021 + 0.001
Compositioﬁ

Total uranium in U-Al alloy (%) 14.1 (approx.)

U*3% enrichment (%) 93.2 (approx.)

U%?3% content per plate (g) 7.70 t 1%
Quality

Blister free
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hot rolled 50% prior to cladding. It was also shown(®) that there was a
direct relationship between absolute humidity and blistering.: During periods
of high humidity, about 8 X 10-4 1b/ft? H,0, 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¢77) to

escape.’

The fuel subassembly went through three shape changes before the present
design was. frozen.' The first deéign conception was that of a spiral, about
3 in, in 0.D. by about 30 in. long, made from a 0.060- by 27- by 30-in.
plate.: An annulus of 0.}20*in.;between turns provided space for cooling
water. . Since flow tests showed this type of assembly to be mechanically un-
stable, it was discardéd.; 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 wich\coﬁling 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,(®) 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 ldll% 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 alumipum, 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 28 aluminumvcover sheets 1/8 by
4 by 13 ini which are scratch-brushed and bent into a U 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 UAl, 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
% 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. -

A6.3 . 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 siae plates are prepared by gang milling sheets of 28 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 place@ 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% HNO,), (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 ﬁlace, the
jig is closed to put the side plates into correct position.: The whole assembly
ig then dried and charged into a box type electric furnace for preheatiné-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 nsed to mill the assembly body ends to
5%-in.-radius flush with the surface of the top plate.: This
operation trims theside 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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. Top adapter.. The assembly is aligned in a special machining

fixture,.using the top and bottom plate centerline surfaces as
references.: The sequence is:
Machining of cylindrical surface.

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.:
Cutting away of excess metal at end.

e. Drilling of a 3/8-in. hole d1ametr1cally to prov1de a
grip for the assembly -handling tools.

. . Bottom adapter.: Using the same fixture as a guide, the various
bosses are milled to specificatien.:
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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 -
M L2 T ol An*
(cm'l) (cm2)~ (cm2) (g/ce) (cm)
Lead 0.45 ) 11.1
Iron 0.235 1.7 7.85 .9
Water, 0.025 : S 1.0 ’
Barytes concrete 0}10 350 3.5 8.2

*Asymptotic relaxation length for fission neutrens.

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 OBNL-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 probability for energy absorption in Coﬁpton 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 materials of particular
interest,

- R ~ ..

*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 =

cross-section for a scattering collision; orR
tion collision.

average cosine of the scattering angle relative to the initial direction; "O'T = total microscopic cross-section for collisien; og = microscopic

= microscopic.cross-section for a transport collision; o4 = microscopic cross-section for an absorp-

. . ) o ' 222 [
Cross-sections for hydrogen and deuterium are for H and D atoms in combination with O (H,0 and D,0). The density given for gefn s for liquid radon.

_The atomic weights and densities are from “Handbook of Themistry and Physics” {Chemical Rabber Publishing Co., Cleveland) .
sections, mean free paths,.slowing-dowp- powers, '

| ' g :+The macroscopic cross
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, (NL-BBV, 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. Heines, Tablés of neutron cross-sections, MonP-405, 10/28/47 (supplement issued 4/20/48).
5. H. H. Goldsmith, H. W. Ibser, Neutron cross-sections of the elements, MUC-HHG-T7, 12f5[45. '
- e L U O .
. Nuggg Name CR‘:’;;‘;:I g&(/f:g. I}f‘éi[z; (1-b) Agﬁérgg (o) in barns Sect;,igng, 2 =oN cm Séx;ng Mogiztiagmg
Wezght 760231:1(:va (x lg'“) L§SS oy os | om o, Zr ZS E,m 'ZA Ay ‘)\s &TR. KA N?z:?r (og/og) x &
1 H |1.008 .00008 1.00005 .3329 1.0 - 146 46 15 0.32 2 140
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 L5 | L2 .008 . : , S &%
3 Li | 6.940 53¢ |.0463  |.9031 . 2643 66.5 | 1.5 1.4 |65 3.1 {.0v |.07 |3.0 33|14 |15 33 .018 . 006
4 Be |9.02 1.84 1229 . 9255 L2078 6.1 6.1 5.6 .0085 |.75 15 69 .00, 113 1.3 } 15 950 .156 150
5 B ]10.82 2.535 L1411 L9379 1756 719 3.8 3.6 |715 100 .54 s 100 '} .01 1.9 2.0 0.01 .094 .001
6 c j1z.01 1.67 .0838 9440 (1589 - 4.8 |4.8 4.5 .00451.40 .40 .38 0004 2.5 12.5. 2.6 2600 . 064 170
7 N |14.008 T .00116 {.00005 9520 .1373 1.7 |10 9.5 1.7 A ’ . i , .81
8 0 116.000 00133 1.00005 .9580 . 1209 4.1 4.1 3.9 .001 500
9 F [19.00 00158 1.00005 .9646 |. 1025 14 4 4 Jo0.01 41
10 Ne |20.183 .00084 |.000025 |.9667 | .0967 2.8
11 Na |22.997 L9712 1.0254 9708 0852 4.5 4 4 0.45 1.11 10 10 011 8.8 |9.8 | 9.8 88 . 009 .76
12 Mg |24.32 1741 . 0431 L9724 L0807 3.0 2.7 2.6 0.3 .13 .12 .11 013 ] 7.8 8.6 8.9 ki . 009 .73
13 Al |26.97 2.699 . 0603 .9751 0730 1.6 1.4 1.4 10.22 {.097 .084 } .084 |.013 10 12 12 ki .006 AT
14 - Si ] 28.06 2.42 . 0519 9160 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 - 0435 .9783 .0637 4.4 4.1 4.0 |0.3 .20 .19 1.18 014 5.0 54 | 5.5 73 012 .87
16 S -1 32.06 2.0 L0376 9790 . 0616 1.4 |1 1 0.4 053 .038 |.038 |.015 15 27 27 67 .002 .15
217 Cl | 35.457 -.00295 |.00005 . 9810 .0558 55 20 20 35 - .032
18 A 39.94 .00166 [.000025 |.9832 { .0497 |3 2 2 1 . .099
19 K ]3%.09% 87 0134 . 9828 -0507 4.0 1.5 1.5 |25 054 020 | .020 | .034 19 50 50 | 30 001 .030
20 Ca | 40.08 1.54 0231 .9832 . 0495 4 3.5 3.4 10.5 .092 .081 | .079 |.012 11 12 13 86 004 .35
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TABLE -A7.B: (Cont’d)

Density Thermal (0.025 ev) Thermal (0.025 ev) Thermal (0.025 ev) :
tomis Chemizal (o) Nuclei Avg. Log | Neutron Cross Sections Macroscopic_Cross Mean Free Path Slowing | Moderating
Nuzber Name %’E?n}tf ggégé, !pelro 324) {1-b} ‘E?;:rgy (U)v in barns Sections, "= oN om l[))o:nm Ratio
iy 760 mn Hg TN £ or | % T 9mR| % Se| Zs | Sr | Za | M| As|Am| Aa NS—T:;L (ogfop)x¢
21 = 145,10 2.5 .0334 .9851 | .0441 , 22 . .74 1.4
22 Ti [47.90 4.5 . 0566 .9860° | 0415 11 6 6 5 .62 .34 | .32 |.28 1.6 .| 2.9 2.9 3.5 .014 .050
23 Y 50.95 5.96 - 0705 1.9868 0391 12 i i 4.5 |].85 49 | .49 .32 1.2 2.0 2.0 3.2 .019 .061
24 Cr [52.01 6.92 .0801 L9871 .0383 6.5 4 4 2.5 1.52 .32 .32 .20 1.9 3.1 3.1 1 5.0 012 061
25 Mn | 54.93 7.2 . 0789 .9878 .0363 15.3 2.3 2.3 13 1.2 .18 .18 1.0 .83 5.5 5.5 .95 007 .006
26 Fe |55.85 7.85 .0847 .9880 | 0357 13.5 | 11 11 25 |1 |93 .93 .21 .88 | L1 |11 4.7 .033 .16
27 Co 158.94 8.71 0890 |~9886 .0338 41 5. 5 36 3.7 .45 .45 13.2 27 2.3 2.3 .31 .015 .005
28 Ni [58.69 8.9 .0913 . 9885 . 0340 22 . 17 17 4.5 |2.0 1.6 16 .41 .50 .65 .65 2.4 -053 13
29 e }63.57 B8:89 - 0842 . 9894 L0314 10.2 7.2 7.1 3 , 86 .61 60 |.25 1.2 1.7 1.7 4.0 L0198 075
30 Zn ]65.38* | 7.19 L0662 -9897 0305 4.5 3.6 3.6 0.9 |.30 .24 .24 .060 3.4 4.2 4.2 17 007 12
31 Ga [69.72 59 . 0510 . 9904 . 0287 18 | 16 16 2.2 |.92° .82 .82 -11 1.1 1.2 1.2 ‘8.9 .023 .21
32 Ge |72.60 5.46 . 0453 9907 L0275 9 6 6 - 2.8 | .41 27 .27 .13 2.5 3.7 3.7 7.9 007 .059
33 As 174.91 5.73 0461 .9910 . 0267 8.8 4.5 | 4.5 4.3 |.41 .21 .21 |.20 2.5 | 4.8 4.8 5.1 .D06. .028
34 Se |78.96 4.5 .0343 L9915 L0253 28 13 13 15 .96 .45 -{..45 .52 1.0 2.2 2.2 1.9 011 022
35 Br ]79.916 3.12 0235 .9916 0250 11.5 5 5 6.5 |.27 .12 12 .15 3.7 | 85 |85 6.5 .003 .019
36 Kr |83.7 .00348 000025 1.9920 | :.0239 27 27 27 0.05 . : g 13
‘37 Rb |85.48 1.532 . 0108 .9921 .0234 12.6 12 12 0.6 |.14 .13 .13 .006 7.4 1.1 7.1 156 .003 A7
38 Sr 187.63 2.6 L0179 .9923 .0228 11.3 9.5 9.4 1.8 .20 17 17 .032 5.0 5.9 5.9 31 .004 .12
39 Y 88.92 3.8 0257 .9924 L0225 4.2 3 13 L2 .11 08 .08 .031 9.3 13 13 33 .002 .057
40 Zr 191.22 6.44 0425 L9926 | -.0220 . | 8.4 8 8 0.4 ].36 .34 .34 017 2.8 2.9 12.9 59 007 44
41 Cbhb 192.91 8.4 .0545 .9928 .0216 8.2 7 7 ‘1.2 1.45 .38 .38 065 2.2 |.2.6 2.6 15 .008 .13
42 Mo | 95.95 10.2 . 0640 .9930 . 0209 9.6 7 7 2.6 ].61 .45 .45 17 1.6 | 2.2 2.2 6.0 .009 056
B8 | T |9 9932 | L0202 | . '
44 Bu | 101.7 12.2 0723 L9934 .0197 9 6 6 3 .65 .43 43 ».22’ 1.5 2.3 2.3 4.6 -. 009 .039
45 Bh |102.91 12.5 L0732 .9935 | .0195 ° | 155. 6 6 149 111 44 44 11 .088 | 2.3 2.3 .092 .009 -.001
46 pd | 106.7 12.16 . 0686 L9937 | ..0188 10.5 4.5 4.5 6 12 .31 .31 .41 1.4 3.2 3.2 2.4 006 014
47 Ag | 107.880 | 10.5 . 0586 .9938 -0186 66 6 6 60 3.9 .35 .35 3.5 .26 2.8 2.8 .28 007 .002
48 cd | 112.41 8.65 L0463 . 9940 .0178 2500 6 6 2500 | 120 .28 .28 120 .009 | 3.6 3.6 .009 .005 0
49 In |114.76 |7.28 0382 |.o9a1| .omrs w2 | 2 2 190 |7.3 | .08 |,08 |[7.3 | .14 |13 |13 .14 .001 0
50 Sn | 118.7 7.3 L0370 .9943 | .0169 .|4.6 4 4 0.6 |.17 .15 .15 022 | 5.9 6.8 6.8 46 .003 A1
51 Sb |121.76 6.691 .0331 .9945 .0165 9 4 4 5 .30 .13 .13 ¥ 3.4 7.6 1.6 6.0 .002 013
52 Te |127.61 6.25 . 0295 L9947 | -.0157 9 5 5 4 .27 .15 .15 12 3.8 6.8 6.8 8.5 | .002 020
53 I 126.92 4.94 0234 . 9947 .0158 10 3 3 7 .23 07 .07 .16 4.3 14 14 6.1 .001 007
54 Xe 1131.3 . 00546 000025 ].9949 0153 ~, 37 :




TABLE AZ.B (Cont’d)
Density Thermal (0.025 ev) Thermal (0.025 ev) Thermal (0.025 ev)
Atomic Chemical {7} Nuclei Avg. log Neutron Cross Sections Macroszopiz Cross Mean Free Path Slowing | Moderating
Nugber Name %;gmﬁg gtzéo‘:gc, {f?é-ii) (1-b) Eix;rgy {o} in barns Sections, 2 = oN -cm go:n Ratio
A lom Hg [N : x|l og Lom | oa | x| Zs | 21wl Za [ Mr| As|Awm| Ma Ng-s? log/og) x&
55 Cs | 132.01 | 1.873 .0085 | .9949 L0151 | 50 24 24 26 .43 | .20 .20 22 124 |49 4.9 14.5 .003 014
56 Ba | 137.36 | 3.78 -0166. | .9951 0146 19.3 |8 8 1.3 .15 .13 .13 022 16.5 | 7.5 7.5 |46 .022 0%
57 la | 138.92 6.15 . 0267 L9952, 0145 28 20 20 8 © .75 .53 .53 .21 1.3 1.9 1.9 4.7 -008 .036
58 Ce | 140.13 6.9 .0297 . 9952 L0143 29 23 23 6 .86 .68 .68 518 1.2 1.5 1.5 5.6 .010 .055
59 Pr | 140.92 6.475 0277 .9952 .0142 15 ‘5 5 10 .42 | ..14 .14 .28 2.4 7.2 7.2 3.6 .002 .07
60 Nd |144.27 | 6.96 .0291 .9953 .0139 {100 2.9 , .34
61 Pn | 147 " .9954 0137 ' 60
62 Sn | 150.43 | 1.7 L0308 | (9955 | -.0134 | 8900 8900 | 270 270 | .004 004
63 Eu |152.0 5.24 .0208 | .995% | .0132 | 6000 6000 | 120 120 ] .008 .008 -
64 Gd | 156.9 7.94 .0305 | .9957 .0128 40000 40000 | 1200 1200 | .001 .001
65 T | 159.2 8.33 03315 | .9958 | . .0126 10 | 32 3.2
66 Dy |162.46 | 8.5 .0317 - 9959 L0124 | 1200 . 1200 | 38 . 38 .02 026
67 Ho | 164.94 | 8.76 0320 | .9959 0122 165 |5 5 60 2.1 | .16 .16 119 | .48 [ 6.3 6.3 .52 002 .001
68 Er | 167.2 9.16 .0330 . 9960 L0120 ] 200 6.6 . .15
69 T | 169.4 9.34 .0332 | .9960 L0119 | 120 {20 20 100 4.0 | .66 .66 | 3.3 |.25 | 1.5 1.5 1.3 . 008 .002
70 Yb | 173.04 7.01 .0244 . 9961 .0116 60 1.5 .69
71 In | 174.99 9.74 -0335 . 9962 0115 170 30 30 140 5.7 1.0 1.0 4.7 .18 1.0 1.0 .21 012 .002
12 Hf | 178.6 11.4 .0384 . 9962 ,0113 5 |20 20 105 4.8 17 LTT 4.0 .21 i-3 1.3 .25 .009 002
13 Ta | 180.88 16.6 0553 .9963 L0111 25 5 5 20 1.4 .28 .28 1.1 13 3.6 3.6 .90 .003 .003
T4 W | 183.92 19.3 L0632 { .9963 .0109 | 23 5 5 18 1.5 .32 .32 [ L1 | .69 | 3.2 3.2 .88 .003 .003
75 Re |186.31 20 .0647 . 9964 .0108 98 a3 13 85 6.3 .84 -84 | 5. 5 .16 1.2 1.2 .18 .009 .002
76 Os |190.2 | 22.48 0712 | L9965 .0106 | 32 15 15 17 2.3 | 1.1 11 |12 | .4 |94 .94 .83 .011 .009
ki Ir [193.1 22.42 .0699 | .9965 0104 464 |14 14 450 32 .98 .98 | 31 031 1.0 1.0 }.032 010 0
78 Pr |195.23 | 21.37 .0659 9966 L0103 | 18 10 10 8 1.2 | .66 .66 .53 | .84 | 1.5 L5 1.9 .007 .013
79 Au | 197.2 19.3 0589 966 0102 | 102 |6.5 6.5 |95 6.0 38 .38 |56 | .17 | 2.6 2.6 .18 .004 001
80 Hg |200.61 | 13.546 0407 | 9966 0100 1415 |15 © | 15 |- 400 17 -61 61 | 16 059 | 1.6 1.6 061 .006 0
81 T1 | 204.39 | 11.86 .0349 | .9967 0098 |12 9 9 3 42 | .31 -31 | .11 (2.4 | 3.2 3.2 |95 .003 .029
82 Pb | 207.21 | 11.347 .0330 | .9968 0097 |8 8 8 0.2. .26 | .26 .26 .007 { 3.8 | 3.8 3.8 |150 .003 .39
83 Bi | 209.00 5.8 .0282 . 9968 0096 | 6.5 6.5 6.5 0.0151 .18 |..18 .18 .0004] 5.5 .| 5:5 5.5 2400 .002 4.2
84 Po | 2i0 . 9968 L0096
85 At | 211 . 9968 0095
86 Bn | 222 4.4 0119 -9970 .0091




TABLE A7.B, . (Cont’d)
-y SR
. | Density Thermal (0.025 ev) Thermal (0.025 ev) | Thermal (0.025 ev)

Atomic Chemical (o) Nuclei Avg. Log | Neutron Cross Sections Macroscopic Cross i Mean Free Path
Number {Name| Atomic gm/ce, | per cc {(1-b) | Energy (¢) in barns Sections, 3 = ! . T cm

AR Weight | 20°C | (x 10-24) Loss. - - = ,

. A {760 mm Hg N £ op o Lo | 94 ET Zs Xm 'ZA )\.r }\S }\TR

87 Fr | 223 _ L9970 1 . 0090

88 Ra | 226.05 5 .0133 L9970 | . 0089

89 Ac | 227 9970 | -. 0089

90 Th ] 232.12 11.5 .0298 L9971 | .0087

91 Pa | 230.9 L9971 . 0087

92 U 238.07 18.7 .0473 9972 | 0084

93 Np | 237 .9972 | ©.0085

94 Pu 239 9972 | .0084

95 Am 1 241 . 9972 | .0083
9% |Cn | 242 .9972 | .0083

i

Slowing

Down
Power

Nogé

Moderating
Ratio

(US/"'A)X 3




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 nomenclature employed in the figures

is presented in the following tabulation.

The shield is presumed to consist of one or more slabs of thickness ¢t ,

37 The source elements are assumed to be isotropic emitters..

The following symbols are used:
Pg =‘undirected'energy flﬁx (Mev/cm?-sec)
E = energy of the primary ¥ rays (Mev)
B = build-up factor to correct for multiple scattering
Qo = source étrength of a point source (¥ rays/sec)'
QL m’sourt::ést,rengt;h of a line source (¥ rays/cm-sec)
Q, = source strength of a plane source (¥ rays/cm?-sec)
Qy = source strength of a volume sourc; @y fays/cms-sec)
Mps Mgi Hy, H, = absorption coefficients of receptor; soutée;shield (cm'l)
by = p,t, + Aztz +
by = b, + nZ
b, = b, + u h

3 1 s

I
H

Z = effective self-absorption distance (cm)
C = radius of disk or cylinarical source {(cm)

l, a, h, d = dimensions. as indicated (cm)

. ? ey dy
Fo(b) = [ e’

Y
b
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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, a shock absorber, a
transfer unit, a laboratory selector, and unloading terminals. An electric
circult provides timing and opsration 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 insertiom 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. '

A9.2 PROPOSED EQUIPMENT ANP FACILITIES FOR RE-ENTRY SHUTTLE SYSTEM

The following items are included in the design of the re-entry shuttle:

‘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 laboratery system from the reactor propelling
pressure system. ‘

*ANL contribution.

A9.1
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. Loading terminal.

. Shuttle transfer unit.

. Shock absorber to position re-entry shuttle.

4

5

6. Laboratory selector.

7

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,
paéses 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 cenﬁerline_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 locaﬁion 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 valveaﬁ the west wall,
In the recesses in the north and south reactor faces at the first floor level,
the curved sections of tubing are equipped with quick-lock couplings to
facilitate their removal. The quick-lock couplings providela.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
laborator& seiector, 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 shuttie‘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 'Shgttle Transfer, The shuttle transfer désignkis illustrated in
Fig. A9:C., The transfer unit consists of a housing that encloses the transfer
tube, ihdexing gear, and guide disk. Four tie rpdé 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, % 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,uand 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 meané 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 céoling'air when the shuttle rests against the shock absorber. They also
form the small orifices that restrict the flow of air when tge 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 rétarding force to
slow down and stop the shuttle, When the shuttle depfesses 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 abseorber.

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 uéed7 since heating due to.nuclear._reactions
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, filtevred, 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-operated 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 1t is desxred 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 1t,s entering the: reactor cooling-air exhaust duct. These ‘two
valves remain open’ except durlng a. charglng operation. - A relief valve governs
the maximum pressure allowed 1n the exhausb line during charging of a shuttle.
A solenond valve permits the escape of gas when the shuttle transfer tube has

‘been rotated to - the laboratory position.

AS. 2 8. Vlcunu Systaaa ‘Both ends of the shuttle tube are connected,
through soleno:d»operated valves, to a single pipe which terminates at the
reactor coollng -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 periodié purge required ito clear the lines. Vacuum leak lines,
continuélly open to the exhaust line that leads to the reactor cooling-air
exhaust ducﬁ; 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 shuttlea are provided at the
face of the reactor for the convenience of ‘experimenters in setting up their
equipment. These ave part of the experlmental services normally prov1ded 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'reactof.coolingﬁair exhaust system. The seguence
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 loadlng terminal.  After the cover is secured, the operator

_presses a sw1tch which automatlcally closes all valves in the vacuum lines and

A9. 8



opens the: soleno1d valve 1n the pressure line . to adm1t the air that propels
the shuttleo The 1ncom1ng alry ‘metered through an orifice, increases the
pressure in the sect1on of p1pe ‘between’ the shuttle and the orifice, and drives
‘the shuttle aga1nst the shock absorber at the center of the reactor, The .dir
in front of the shuttleis compressed since it ‘is not permltted to escape°
The pressure contlnues to bulld up and eventually overcomes ‘the sprlng force
that normally holds the shock absorber valve openo,,W1th 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 or1f1ce area’ lncreases the pressure’ requlred to dlSm
'charge the air’ d1splaced by the shuttle ' The»volume of air displaced is a
function of ‘the pressure and the ve1001ty of the shuttle. 1In an effort to
reach a state‘of equlllbrlum”‘the.pressure acts as a retarding force on .the
shuttle. The méximum pressure'builduupkjn‘the low-pressure section of the
line is limited by a relief valveoi When the'shuttlé contacts the shock
absorberJ an electrical circuit is completed whlch 51multaneously operates an
‘electric timing dev1ce and opens the soleno1d valve that permits the gas to
escape into the reactor ooollng air exhaust syotem, The steady flow of air

through the tube cools the shock absorber and . shuttle

If the shuttle is to be sent to- the laboratoryl‘the shuttle trunsfer
tube is rotated to the laboratory p051tlon_dur1ng:the,p1me 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 propei and cool
the shuttle and, after a fraction of a second delay, Open§ 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 expooure time for the shuttler the electric circuit
in the timing device 1is broken. This automatically reverses the §olenoid.
valves that control the direction of air flow, thereby expelling>the shutﬁle
At the same time, the solen01d valve on the vacuum side of’ the transfer unlt
opens to permit the air in front of the shuttle to d1scharge into the reactor.
cooling-air exhaust system. After a delay perlod 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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A9.3.1 Pressure Brop. 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 1b 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
1b/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 veloc1t1es 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 propelling pressure- and the back-pressure is the unbalancedpremnweﬁmat de-~
creases the acceleration. This continues until the two pressures are equalized,
at which time the accelerat1on becomes zero and the velocity becomes a maximum.
Further increase in back- pressure results in deceleration of -the shuttle.
When the préssure 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

A9.11



PNEUMATIC SHUTTLE SYSTEM

NOT CLASSIFIED
Dwg * 10738

SPACE VS. TIME
PRESSURE VS. TIME

10
n
<@
\ ?
N
]
b=
L
("1}
[
2
F @ "
g g e.
E
S
2 3 s
[ \ o~
-
b 4
) N\
<
o
\ ! ;
[+
] N
> real
= j ]
[+
S N o
2 o
- /
o« ©
v D =
L3
Ow
\ 23
i .RMU»
<
= K =
- 83
2 F3
4
o.
o
z g
2 >
2 R
o e
i
QO
Q
-3
// 'k
///,/ %
\ < 3
/ N, o
/ o
%2 03 & O § 0°
gNI ¥3d "S87-37LLNHS 4O LNOMJ NI 3¥NSSI¥d !
%2 08 & O & o
eN ¥3d "S87 -3TLLAHS IAIMG OL IUNSSIUd |
or os oz o 0
‘Ld = AVLLINKHS 40 TIAVEL |
00€ ©L2 082 §23 003 94! 0% 31 001 SL 0% €3 n_u

‘038 ¥d3d Ld -~ IJTLINHS 30 ALIDOT3IA
opog 0003 0col [} 0001 0002 000
.o..omm H3d 'Ld~-3TLLINHS 40 NOILVYHINAOOV

A9.12

TIME ~ SEGONDS

FIGASE
ANTICIPATED OPERATING CURVES

MTR-G~144



forced against the shock absorber valve ‘head. The pressure in back-of the
_shuttle then increases until the steady flow requ1red to cool the shuttle and

shock absorber is atta1ned

_'A9.3.3”Shqttle'ﬂateriolo‘ Some of the characteristics of an ideal shuttle
‘material are (l) low-activation'oross"section, (2) low density, (3) high

:thermal.condoctivityb (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 precedlng materlals, iron 1is attractive with\respect to thermal
conductivity, stability to radiation, and structural strength, but, because of
its density,rit'hasa 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 0.0l 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 inherentilow thermal con-’
ductivity makes cooling of the samﬁle 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 approximatel& 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 Sﬁielding ‘The exposnre hazards in the shuttle system will be‘

-ifrom actlvac1on of the propellant gas or the" sample and carrler. Computatlons
'11nd;cate that no permanent sh1e1d1ng wxllbe requlred to satlsfy health phyaxcs'
'requ1rements, and temporary shxeld:ng w111 be adequabe when needed to prov1dg

,1nstrument background

The air used as a propellant wlll contain actlve argon, nxtrogan, and
oxygen To prevent the escape of act;ve a1r it -is necessary for the parts of.

the aystem that operate at a positive pressure to be leakproof

59‘3‘6' ‘Use of Air Vs, coz for Propellant._ Air is used as a mﬁdium7to

" drive the pneumatic ahuttle in and out of the reactor. It was selected because‘

it is economical to- use as a cooling medlum for the aample and shock absorber.

A comparison of C02 and air made on the bg31s of cost and rad1atlon hazard
“indicates that air is preferable The - inherent dxsadvantage of air is the
’}formatlon of 110 -min argon “Hoxever, the exhaust lxnea 1n the proposed shuttle’
’system will operate at a negatlve preasure so chat the escape of acbxve argon

is not llkely

The exposuie at the sufigce‘éf'all—iﬁv_éhﬁttle.tuﬁé cddtainiﬁg”éctive -
exhaust air is"caléuléted to be 0.02 r per 8 hr. At short decay. perlods no

‘3 .decrease in exposure can be reallzed through the use of Co, because the
- significant fast flux at the shuttle tube gives appreciable Ola(n p)N16
”act1v1ty : .
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Appendix 10

HYDRAULIC RABBITS

The hydraulic rabbit system for the MIR consists of two 1-in.-I1.D.
vertical tubes through the east end of the beryllium reflector (see Beryllium
Layout, Figs. 2.4.A and B) and a1%310-in.-I.D. tube through each of the

regulating rod holes not 1in 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. AlUnA.‘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 1is obened, 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 demineralized-water flow is decreased
until the shuttle falls into the canal. This occurs when the demineralized-
water flow into the reactor is so low that resistance of the shuttle to the
flow 1s not sufficient to overcome gravity. With valve A closed, 1t is
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 isnormally 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 MTIR
operator or the experimenter., If a shuttle.design similar to that of the
hydraulic rabbit system of the X-10 raacg;r is used, the tubes should have a
minimum radius of curvature of 48 in. The rabbit tube positions at the east
end of thke 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 bhave been set at 1.000 in. and 1.310 in., respectively.
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‘ ‘ V Demineralized water at 75 psi will be available at the rabb1t canal, and
approxxmately ‘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 demineralized-water flow.
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