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Chapter 7'" 

'--, PROCESS~WATER SYSTEM 

701 INTRODUCTION 

The process-water system is the primary cooling system of the Materials 

Testing Reactor. The system provtdes a flow of water through ~he active 
lattice and other parts of the reactor that require water co~lin8' This 
chaptei discusses ~he design and some of the problems encountered in the 
de.isn of the progess-water system, Although the active lattice *~d beryllium 
reflector form an integral part of the complete system D they are discuse,ed 

only 'in a very general way in regard to some of the design problems. D~tailed 

~isc~sstons of these two parts of the reactor are given in previous chapters~ 

During 1947 a design of the process-water system was conceived and 
developed for cons traction of the MTR at Oak Ridge National laboratory~ In 
the middle of 1949 the 'Us S. Navy Proving Ground in the Snake River Plaiu of 
Jda~o was chosen as the Reactor Testing Station. With these fundamental 'data 
av·ailable 1 the design was redeveloped to suit the Idaho .locality. 

7,2 THE SYSTEM IN GENERAL 

1,8,1 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 auxiliary equipment involved in the MTR proc

e8.s-water system. 

Water at 100°F .is pumped up to the working reservoir from t.e 60,OOO-gQl 
sump tank by means of two 10, OOO-gpm 225",ft-head horhontai centrifug,l 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,OO'0-gal working 
/",. . '" . . . 
/reservoir flows, under a normal head of 11-0 it, 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 Reacto~ Building, A flow instrument, 
strainer, and electric mo tor ...... opera ted flow con tro 1 val ve are loca ted between 
th·e working reservoir and the reactor. These three items are blocked o.£f in 

• ANL contribution. 
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a pi t, by gate vahes so that the water may be drained from them 'and they may 

be inspected or repaired. The, 36" in~ process-water line is spli t' into, two 

24-ln. stainless steel lines below the basement ~floor. These lines g~ up 
th~ough diagonally oppos i te corners' of the' reae tor ,biological shie Id, and 

conneet to the top section of the'reactor tank. The water descends through 

the reactor tank sections, the active lattice, and beryllium reflector, and 

emerges from the bottom of the reactor tank through two ~'-in. lines. The 
two exit lines are joined to a 36~in. line at the same location a,8 that where 
the inlet line diverges from a 36-in. line into two 24-in. lines. The exit 

36-in.'1Ine carries the water to the 17,OOO~galseal tank,in the process-water 

building. 

,The head losses between the working r~servoir and the exit of the reactor 

tank are idue ~lmost entirely to the velocity head ~nd friction losses actoss 

the active ,and beryllium seetions, with relatiyely small losses eontributed by 
, ; 

the conveying pipe'line.' There are bloek valves and a flow control valve in 

the inlet line to the reactor, but there are no obstructions inthe'pipe line 

from the reac~or to the seal tank. 

There is, an 8-in, line 'connected to the SONin. inlet line at a point 

upstre,am from the valve pits and to the 36 w in. line near the reaetor. This 

8-in. line provides a flow parallel to the main flow stream and contains two 

block valves, a flow instrument, a str~iner. and a control valve. It can 

earry 1000 Rpm and is used in the event that the main water line valve is 

closed off, thereby assuring a continuous water supply to ~he reaetor at all 

,time~, particularly at~hutdown. This same line, which allows 1000 Rpm of . \, .. . 

process water to byupass the mainstream, can also be used to carry 1000 Rpm 

of fresh demineralized water during periods of reactor flushing, or 1000 gpm 

of seal-tank water for recirculation through the ~~al tank and the reactor 
only. 

The pipe tunnel beneath the Reactor Building is about 55ft helow 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-.al process 
water sump, which is also located beneath the Reactor Building. The two 

36·in. lines in the pipe tun~el lie one above the other; the inlet line is on . '. . , . 

top. 

7.3 
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Water in the se~l tank is" drawn into the flash evapprati>r,s by means of 
the parti8~ v~cuumexisting ~here. The water, io hei~g flashed at a pressu~e" 

that yields 100 Q
, effluent» falls from the £lal5jh E:Fyaporatofs into the sump 

tank below. FroUl the sump tank the water is once ~ore pumped up to the working 

reseryoit ~o complete the process.water copHng cycle. the reactor heats 
liberated. in the flash evaporators, is carried away by the cooling-tower 
water circulated thrdugh the condenser tubes in the evapo~ators. 

'J. 2"= " stail(J~by and Emergency Features, Cert.ain provisions are made to 

ensure sati:!lfactory operation of the process-water system under ~mergency 
conditions. The, primary requirement in emergencies is that there always be 

sQme watlilqJlow through the, reactor, 

In addition to the water available in the working r~servoir, raw water 

from the general overhead reservoir is available fop cooling the reactor by a 

direct 8-i~. line to the reactor tank. In the eYe~t both overhead tanks are 

destroyed, \fater cen be pumped directly to the reactor from the two 500,OOQ~ga1 

grobnd-ievel reservoirs by meaps of two 8S0-gpm el~ctric motor-·driven or a 
1000 -gpm gasoline engine ~driven centrifugal i)ump. 'If the rootor~dr,i ven pumps 

in ~h.demineralized_water line can be used, the reactor can be supplied 

through the two 24-in. inlet process .... water lines witb ·water il'om the lOO,OOO-Sel 
demineralized water storage tank. Within 30 sec of co~mercial electrical 

power failure, a Diesel electric generator set w~ll 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 'a,nd then by 

1000 gpm'ofprocess water recirculated by one ~f the seal-tank pumps, of which 

one is electric motor driven snd one is gasoline engine driven, 

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 prev.ents melting of the 

fuel aS$emblies. Should local water boiling occur, the locolized steam 

pressure could conceivably force the water out of the activ~ section and cause 

melting. However, sufficient pressurized water sources are avaiJable to 

practically ensure some water flow through the active lattice. A 2-in, 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 tc electrical 

outage, steam failure, etc" the reactor power will be nulled. and shutdown 
cooling will.be the only requirement, 

7,4 

.-' 



e 

e 

e 

.,,2, 3 Iaatlrll ••• tat1oD .a. Pl •• I&l ... c.o ,In order to maintain a con~ 
. ". , :" . 

tinually balan,ced.ater flow tb:r.Olll'h. the process-water system, a scheme has 

been establ ished in which water is pumped from the sUIip 'tall to the working 

reservoir. The valve that determines the amount of. water IiftttEi is governed 

by the leve I of water in the working te 88r",oir 0 The water n ow rate from the 

working reser~oir to the reactor at a given control~valve setting ~nd a con

stant head is uniform" The wa,ter flows from the reactor to the s,eal tank -and 

then th,rough the flash evaporators into the sump tank.' Any ovell:'flow from 

the seal tank also, goes 'to the .sump tank" Any sholrtBge of water in the seal 

,tank is automatically compell.uiated for by a decl'ea,sed flaw Ito t.he flash evapo

rators because the flash ~vaparatorBare fed watar ata rete that is deter

mined by the. level of water in the seal tank Iilumd 1tbe pre ssure in the flash 

evaporators " In this manner the water flow thlrollgh the whole syst.em is k0pt 

in equilibrium, Normally the sump tank contains 60,000 galo! water, Howe'ler, 

to accommodate undue surges. and accumulations of water during emergencies such 

as I.?lectrical outages, the capacity of the sump tank is 100,000 gel. 

Instrumentation on the flash evaporators provides the maximum possible 

vacuum. The flow of water to the flash evaporators is adj~Bted by means' of 

valves in the inlet lines, The temperature of the water leaving the flash 

evaporators determines,bymeans of a thermal control, the quantity of cooling 

water passing through the condensin~ tubes. 

The following instrumentation is related to the working reservdir: A 

temperature-indicating control16rlimits the lowest water tem~erature in the 

working reservoir by allowing steam to flow into a heating coil at the base 

0.£ the reservoir. The floating roof of the working reservoir is Ilrranged so 

that at water levels exceeding normal Ii mechanical switch shuts off the main 

process-water lift pumps. Within the normal opereti~. range. the l~vel in the 

work ing re.servoir is maintained by means of an instrument which governs the 

opening of the main valve controlling the water flow up iJmto~he working 

reservoir. At lower 'water levels in the workin. reservoir the reactor is 

abrupt ly shut down and the main water val va is closed in 30 aec" The water 
, , 

flowing to the reactor passes throu,h a ,it in which there are two block gate 

valves which are pneumatically op.rated. The purpose of these block valves· 

is to isolate the pit so that the portion of pipe between the block valves can 

,be drained and inspec'ted. Between the block val'les. going downstream, there 

are,respecti:vely, a flow recorder, a motor~opel1'.ied control, .,.lve, 'ilDd. 

strainer. Adjacent to the pl.t are taps for. instruments. which make continuous 

7.5 
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recordings of the water resistivity and pH. Upstream of the first block valTe 
is a 3-in. tap for water used in cooling the experimental plugs, the full head 
due to the height of water in the working reservoir is always available at. 
this tap. The only valves that control the flow in this line are at the 
experimental plugs. ,An 8-in;' by~pa8s line before the main motori~ed valve 

. .,. . 
allows a flow of about 1000 gpm of water to the reactor wh.n the main valye 

is shut" This line joins anot.her 8:in.lin~ from the demineraliaed water 
supply and an 8-in. !ide from the seal~tank pumps. Each of these three lines 
has an oDuoff remotely controlled pneumatic valve. I~mediately after shutdown, 
process water goes through the 8~in. line dir~ctly to the reactor. Shortly 
thereafter demineralized water is used to purge the reactor""':seal tank system a 

and, finally, s~al-tank pumps recirculate the fresh water in this system. 
This 8.,in. line enters the reactor-cooling. water line at the point where the 

two ~4Qin. lines branch from the main 36~in. water inlet line. It also passes 
through' the valve pit wi th the main water line and has two block gate .uhes. 
Going downstream there are. respectively, a flow meter v an 8~in. pneumatic 

flow-control valYe, and a strainer. 

The temperature and pressure of the water entering and leaving the 
reactor are recorded. The signal of the temperature difference between entering 

and leaving reactor water and that of the water flow are multiplied in a power 
recorder. The power of the reactor is also obtained from instruments measuring 

the gamma intensity of the water leaving the reactor and t~ neutron flux. 
lnstrument~ are provjded 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 fl~w through 
each assembly> 

A flow recorder is provided on the water Jines from each experimental 

plug, and/unless the flow through the plugs is satisfactoryv the reactor cannot 
be started. A water meter is provided in the line supplying demieeralised 
water to the rabbits and experimental plugs so that, an inyentory ma, be kept 
on the amount of water introduced into the process-water system in this maDner. 

The water leaving the reactor 'enters theses1 taekin tbe Procil88 Water 
Building. In the seal-tank ent~ance tbere is a radiation record~r for de
tecting fission breaks. The seal tank is provided with 8 demineralized-water 
tnlet line and meter for su~plying and metering makeaup water. It also is 

provided with a temperature recorder and a level-indicatins alarm. All pumps 

7"6 
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in theproce._ .. ater _"~tea are predded' with plt'lI •• ure '.a.... The flow to 
. the fl •• h. ~".;or'tera. trOll die aeal tan" is contrellecila, , vd"~ aad is 

indicated b, •• in.trum~n~in the outlet line fro a the fla.h e,,~poratora. 
The nash e".poratou ,are operated at fuU v,CUUD potential. lastrullenu all" 

. . , 
pro'fided to indicate' the "acuall on each evapora.tor and to c~tll'ol the allouat 
of coolin, .ater ,oinl t. each e"aporator condenaer. ". pro.,are of the. 
s teallgoin,g to the "acuum system is recorded and cont,roUed. temperatures in 
varioua point. of the inter and after condenser v.cu~.-cooliD' .ystem are 
indicat.ed. The vapors discharged from the vacuum ,.y.t •• aft _citol'8d by a 

• 
radia,tionin.tru.ent which deteeta radiations and Si" •• ,n .1,11'. if lar,e 
amount. of acti"ity are disch.r,ed from thp Proce.s Yater auildin, into the' 
a tlDoaphere. Theeamp tank is provided with a level-iDdicedD,-control ~alar.m 
and a te.pera.ture recorder. A flow recorder io' provided for the pur,e from 
the SUlDp tank. 

'0.0. • .•. rue ... l.d •••• rlce ••• l Pi .... u ....... 1 •• , In the reactor there 
are eeVen •• t.r~eooledDexperimeDt.l plu,s which re~uire • tatal of ,baut 
125 Ipm of coolin! water. Water to cool these pluls is tapped, from the main 
proces.~.at~r line upstream of the valve pit. ~bi~ as.ure. that pressure 

. . 
sufficient to force the water throulh the plug. is alway •• ,,·ai l.ble, even 
during shutdo.n periods. The water les"ing the experimental pla,8 flows into 
the.process-water exit line from the reactor. In case it i. Dot advisable to 
return tbe plug-cooling water to the procesS-Inter syatell~ the "ater can be 
purged directly to tbe process_water sum". Demineralhed "atel', which is one 
of the service facilities provided at beam boles, may alao be used for plUI 
coolin, •. During electrical outages these experimental plUBs 111118t have cooling 
~ater, and eince demineralized-water p~essure will fail at this Jime, a 
by-pass valve is provided from the process-waterlJystem to the demineralized
water system so 8S to maintain cooling of the plugs. 

Entering the bottom of the reactor are four hydraulic rabbits used for 
experimental purposes. About 5 8pm of deminetalized .~ter ia provid~d for 
each of these rabbits, 

'.IAI Proc ••• later Bul1diolo The 20vOOO~8pm flow of MTR p~ocess water 
passes t~roulh the Process Water Buildin~ before entering ant after leaving 
~he reactor. This building contains the equipment for co~trolling the water 
flow,. the, pumps for ,lifting the water to the working reservoir, the shutdown 
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and emetgencycoolins-water pumps, and the' flash evaporators for cooling.nel 

derassing the p.-ocese water .• Fiaures 7.2.B and 7.~.C show Process Water 
Building floor plans and building se~ti()ns, respecti vely. 

The seal tank receiving the wate.ftom the reactor 8'C~'OJl ... ad tlte sump 
tank recei "'ing ~he process water from the flash evaporat .... ere elae Josed in 

. this building for shielding andinstrume8.t maintenance ra.,ons. The equipment 
'. is located on seven main levels 80 as .to obtain buildins cQmpeettless and to 

achieve proper hydros tatic balance, between the seal-taok level, !;luction Ii It 
. ' '. . 

to the flash evaporators, and barometdcdiacbarae to the e_p tank. 

The 30":in. water libe from the Reactor Building enters the Process Water 

Building through the can trol vahe pit end then discharees into the ~7 OOO-gal 
se~l tank •. From this ta~k th~ process water flows suc~essively through the 
flash evaporators, sump t~nk, process-water pumps, and working reservoir., and 

then to the reactor through a control valve in the Process Water Building. 

All piping and pumps are shielded with about I ft of concrete, and the 
valie control handles are extended thrdugh the shielding, All instru~entation 

. ~nd tontrols for maintaining proper pr~cess-water temperatures and flows are 
centralized in the Process Water Building instrument room. Overhead cranes 
and removable floor slabs provide accessibility to shielded pipes, valves, 
pumpsp etc. Each pump cubicle is shielded from it neighboring cubicle so that 
repai~s can be made during reactor operation. 

7.3 MAJOR COMPONENTS OF THE SYSTEM 

1.301 sump Tank. The sump tank has a capacity of 100,000 gal. The 

primary functions of the sump tank are to receive the process water from the 

flash evaporators and to supply it to the process-water pumps. The tank 
. normally contains a 3-min holdup of about 60.000 gal, This holdup is nec~ 
essary for satisfactory operation of the process-water pumps. Theaddi
tiona! 40,000 gal capacity of the tank provides for the accumulation of water 
in the event of failure of the process-water pumps. The s~mp tank also 
receives. process water via an overflow from the seal tank. 

1.3.2 process PUmps. Three 10,000·8pm 225-ft-head horizontal single
stage double-suction centrifugal pump., each driven by a 700-hp motor, are 

7.8 
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provided for lifting the process water up to the working ~eservoir. 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 9 000 gpm required~ with one stand~by 

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

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

This provides personnel radiation protection and permits isolation and repair. 

To pre~ent 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 reservoi~ is to 

supply water at a constant, head to the, reactor active lattice. IIi 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/o~ 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. 

," T.h.is.. ~e.le:v:a_ti.o.ll_.per mits' -an.~i.n.c.re:aa.e.~,.o.f,.t,h_e,,,,_p.!.oc,e~s-w a te r flow ra te to the 
highes t value at tainab Ie wi th the present r,eacto'r~~'nk and-'i~~"]"~ l-;;~~~t~. 

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

of 20,000 gp~ for 7.5 min. The 150,OOO-gal capacity of the reservoir can 

provide this flow. There are sev~ral 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-ipm 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 ap~roach 
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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 heen calculated(f·~) to be 

above tolerance (up to 0.8 r per 8 hr); however, they can be approached for 

short periods for maintenance of instruments, etc. 

7.3.4 Valve Pit. The valve pit, a~which all water flowing to the 

reactor is controlled, was appropriately designed as a part of the Process 

Water B1.dlding. In the pit there are ,two block gate valves which permit 

isolation ~f the strainers, a flow meter, and a motorized control valve, all 

of which are in the water line from the working reservoir to the reactor. This 

provides for maintenance of these items, Ahead of the upstream block valve 

there is an 8-in, -diameter pipe take-off which ties into an 8.,in. demineralized

water line and an 8 in, seal pump circulatory-water line, Each of these three 

feed lines has an open~closed motor-driv~n 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 re~ctor also has two block gate valves, 

a strainer, flow meter, and motorized control val~e in th~ 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 demineraliied water, circulated at 1000 gpm through the seal 

tank and reactor tank~ During electrical outages a gasoline engine--driven 

IOOO-gpm seal-tank pump can. be utilized 

1.3.8 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 it in diameter, containing about 5000 "=in. 

cooling tubes, handle the 20,OOO~gpm flow and the 30 p OOO u kw heat load of the 

MTR. The HO°F process water from the reactor is sprayed into the 'flash 

evaporators where the absolute pressure is 1.9 in. 'HLwhich is the ~aturation 

pressure of 100°F steam. Part of ,the process water evaporates, thereby 

cooling the bulk of the wate~ which fall, into the sump tank below. The 

<l 
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e'fapot'atedwat,er i8.~J1)nden8ed out-.ide t~&".lter-eOoled\ tubes' and then ilejaina the 

m.i~ process.water flow. Thus the process w~ter i. not only cooled 10°F, 

but it is degassed by the low pre88u~e in tbe tlaah evaporators. During 

start-up the air is removed from the water at a re.t~ cd: 115 lb/hr, and the 

hydrogen end oxygen formed in the active lattice during reactor operation are 

rem~yed at a rate of 40 lb/ht. The water vapo'l' pressure load under these 
,cond~ti~)lls is 425 Ih/hr or about tw.~third. ef tile tctal vapor pressure load. 

Atl~"in. Hg,about 3.2 Ib of 125 psig steam t>erpound of gas removed is 

,required. 

Itis desirable to remove any gas~s in the water before returning it to 

the'reactor since otherwise excessive gas $volutid~ will occu~ in t~e active 

lattice where the water is heated and where bydrogen'and oxygen are formed 

by water decomposition due to irradiation, 

Analysis of gas solubility data for the MrR process water and existing 

ope,r&ting piles show the following: 

1. If nitrogen from the air is not removed hom reector-cooling 
water, it will he oxidized to nitrate., u~der irradietion snd 
increase the reactor-water acidity and, tI'erefore, the corroai ve 
aggressiveness on reactor structural materials in contact with 
wa tel'. 

2. The process-water cycle should be cl08e4 with floating heads on 
storage tanks to prevent air absorption in water. If this is 
not done, the vacuum degassing system will have tobe,35% larger, 

3. With no re-absorption of air, the hY4l'Qgen and oxygen evolved 
from the water as a result of decompo~ition will almost saturate 
water at 212°F; hence the water must be de~aerated before re~ 
turning to the reactor, 

,Instead 6£ degassing the whole process-watep stre~m, degassing ol only a 

by-pass ~tream may be adequate. However p owing to e.e 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 deionizatlon metbods u 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. Ou tdoor spray cooling: This invol ved dispersion of radioacti vi ty 
to the atmosphere and the pick~up of dirt parti~les theref~om. 

2. Refrigeration: This was too expensive. 

3. Heat exchangers: These'we,e 8.ti.s,fG¢J;oI', for _at l'eIDQ •• l, bq.t 
expensi ve auxiliary degasJ:i\ng equipIDCl/at would ~ necessary for 
removing gases from the wat~r, 

. . 
'7,3, '7 Piping. The 30- in, Qdiameter pipe was se lectedprimari lyon the 

basis of a maximum allowaple. pressure drop of 25 psi from the working -reservoir 

. to the reactor tank. In the ReaciQrBuilding the ~ain wstet line diameter . \ .. 
is 36 in. to ,llow for future expans~on without'any m~jor excavations or 
structural changes. The two 24~iQ. diameter water Ibeseoterin8 and leaving 
the reEtctor tank are primarily to distribute tbe, •.• ter 110w .ven 1,. Since 
thegr~istestsecurity against pipe ruptlJre is d&ai'red itl the line from the 

.working reservoir to the reactor 1:eoku 'all val"."~th. flow ~eterl and the 
. '. . 

stJ':ainer are made of stainless steel; iJlotb .. lo.ati •••. east iron is used. 
, , . ' 

In the reactor structure the 24 y ie. ,:Iroce&s .. wat •. i: pipe is bUDS from the 

structural steel by suspension hangers, and i. fre~ of •• , co.~ .. ete contacts. 

However, it is surrounded by a spiral welded-6t.elpip~p· and there is Zerolite 
fiber packing in the annu Ius be tween the two pipe.. . The exi ~ part of the pipe 
is supported' on the bottom stainless steel sectioD ~f de reactor tank, 
Stainless steel-clad pipe, 20% or at least 1/16 in~' thick, is used because it 
is more economical than solid stainless steel. The process-water pipe outside 
the reactor building lies in the ground, whereas in the ~eactQr ~uilding it is 
suspended from spring-loaded h~ngers in the concrete tunnel. 

The only possible cause of wat~lt' hammer in the proc'ess-watersystem would 
be an instantaneous closing of the 24.1n.m~in pr~c~s~-water-control valve. 

If this valve closed in less than 0.2 sec, the maiimum possible increase in . . . 

pressure would be 385 psi: if the closing time were 16 see~ the maximum 
pressure would be 4 psi. However. since tb~ v.1ve is designed to close in 
30 sec, the possibility of water hemmer is eliminated~ Failure of the pumps 
lifting water to the working reservoir will not cause water hammer because the 
re Terse momen tum 0 f the Wa ter is qui te low" 

Pipe with ~-in,.thiek walls is adequate to prevent collapse under vacuum 
or bursting due to the internal working pressures,. Temperature stresses are 
not' appreciable. 
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7.4 BASES FOR DESIGN 

1..4.1 Flow Quantity and Heat Transfer. An over·all picture of the heat, 

transfer and flow characteristics of'the MTR is given in this section. The 

details of heat re~oyal and water flow in the .~tive lattice are discussed 

thoroughly in Section 2.7.1. 

The quantity of water required for cooling the MTR is determined by the 

amount of heat liberated in both the active lattice and the beryllium reflector. 

Beeauee of the hiah neutron flux the amount of heat . liberated per uni t vo Inme 

ia .ery larae. Clean surfaces and high w.ater .velocities ..• rether·efore necessary 

in order to ob.tain Ki8h heat transfer fluxes. Also, high water velocities 

throu,h the activo lattice are required to carry away any bubbles of steam or 

air that may fteformed. The water velocity provided through the active 

lattice is 30 ft/aec. 

It Mcame apparent dur,ing early inveati gations with the MTR mock·uD that 

as much as a third! of the total water. flow was passing thrott~h the beryllium 

reflector. Previous to obtaining these data it had be$n believed that 15,000 

gpm ofproce8~ water would be sufficient for cooling ~he reactor. However J because 

of the large amount of water passing through the beryllium~ the process-water 

system is designed for a total flow of 20,000 spa" TIt~s flow is based on 

30.000-kw opera tion of the reactor. 'Bowever, it is' expected that the same 

flow will be sufficient for operation at higher power . levels •. 

The temperature of the proce~s water increases abciut 20°F in passing 

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

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

of water flowing through the beryllium. 

Experiment. conducted with a aiDgl~ fuel assembly showed that a 40~psi 

pressure drop is 8ufficient; to, 'produce a 30-ft/sec water velocity through an 

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

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

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

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

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

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

velocity obtainable throu~h 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%. The~e 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 ~erition 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~ Op~ration of the reactor will determine the highest 

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

7,4.2 DegastficatioDo In the MTR it is necessary to maintain a high 

heat transfer from the fuel elements to the passing water. In order to do 

this, bubble formation due tb dissolved gases in the water must be prevented 

in the active section. If the am09n~s of dissolved gases in the process water 
, , 

are kept below their saturation values at the active-section operating pressures 

and temperature~, no gas evolution will occur. The following discussion 

describes briefly the degasification of the MTR process water and gives 

pertinent data connected therewith. 

The water in the process-wmter sis tern has essentially no contact with 

air since the tanks of the system are provided with floating heads. The 

dissolved gases in the pro~ess water ~uring reactor operation are thua com

posed of the H2 and 02 produced by water decomposition in the active lattice, 

the air in the air~saturated demineralized make~up water, and water ~ap&r. 

However, when the reactor is started, either i~itially or after a complete 

purge of the' prbcess-water system, the system contains air~saturated fresh 

demineralized water and functions primarily as a system in contact with air. 

Although the demineralized water in contact with air in the demineralized 

water storage tank will not come to saturation equilib~ium, in order to have 

a conservative design it is assumed that it does. Thus the gas load anticipated 

during rleactor start-up has the following composition: 4. to 8% Hi and 02 that 

are produced in the active section 35% N2 and 02 from the air-saturated water; 

57 to 61% water vapor. During continued reactor operation the contribution 

due to the N2 and 02 from air-saturated water is greatly reduced since only 
50 gpm of demineralized wate'r is added as make-up. 
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The rates of formation of H2 and 02 in the ",ctive section are related to 

the quantity of radiated energy that the water absorbs; an approximation is 

tha tone H2 mp lecule is formed for every 100 ev absorbed. bu t tllis may vary 
sever~lfold depending on the purity of the water. The energy absorbed in the 

process water of the MTR at 30,QOO-kw operation is 28,,500 kw,a or 1.8 x 1025 

ev/sec.(24) The rates of formation of "2 and 02 are then, respectively, 

'.4 and 3 .• 2 Ii ters/sec ~t NTP. 

The following'two tabulations summarize the operating conditions in the 
ac~ive lattice, and the solubility of gases at these eonditions~ Th. gas 

solubi Ii ties are calculated for the surface temperature 0 f mcrst of the transfer 

areas 0 f the fuel rods. 

Active Lattice Operating Conditions 

Temperature of entering water 

Temperature o·f leaving "'ate1l' 

Temperature of hot ~tal suwfac~ points 

Temperature of most metal surfa~e points 

. Absolute pressure 

Process-water flow 

Reactor powei' 

H20 2 concentration 

95°, 
USoF 

2,0°' 

212°F 

1.5 atm, absolute 

20 j 000 gpm 

30,000 .kw 

0.005 molar 

Gas Solubilities at Act.ive Lattice Operating. 

Conditions; 212°" 1.5 .t~. 

Nitrosen 
Oxyssn 
Hydrogen 

5 .0 cc/li.ter 
3.0 cc/Uter 
5. S cc/liul' 

• • 
18.5 celli ter 

The gas solubilites of the water under th~ cond~tion8that exist in the 

demineralizer tank and up~n entering the process-water system are as follows: 

Gas solubilities of Demineralized later: 95aF~ 1 atmc 

Nitrogen 
Oxygen 
Carbon dioxide 

7,17 

9.' e-=/liter 
'.8 ee/liter 
0.2 ec/lit er 

14.4 ce~litel' 

o 



,5', 

! 

e 

e 

e 

The amounts of the gases remauung in the process water' when it lea.es 

t;hef.lash eT~porator after having been degassed are given in the lollo.i.g 

t;.hl,tion. Thfilse values are calculated aDd indicou: tile app .. _hoate all101Jnts 

.apeeted durift8 operat;ioa. 

Dissolved .... s fa Delas1fied later: 96°',1,8t&, Hg 

lIit:,opa 

0., .. . 

B~o .. . 

0 4 18 ICc/lhel' 

e .• ' ce/U"/I 
0,10 ce/U .... " 

..l5co'I~C; 

In the following table are summarized the quead ties of the. various gases 

and the total quantity of gases that the vacuum steam jetmuslt remove. It is 

necessary to remOTe the water vapor because it is carried al,ong with the other 

gases. 

Vae ••• at ... I.t .... , 

Gases fOll'lIlecl he t.o waiteit' clecO\DPoahion 

.ydlro ... 

o.v .. a 

G •• es from aill'-a.t~~.ted .atelt' 

lu'tlr0p1lll 

Ox, ... 
Wa tell' TapOll' 

., UVbll' 
as i'llall' 

no llt/hlr 
66 Jl'I'lf 

425 n/h!1 
• 

640 ilVlllf 

The abaTe table is based on .tart~up condition.,' DQ~ial _ontinued 

operation the gas load fro. air ... saturated watell!' will be ".gli,ib1e. 

'I,t,3,ater tl.aUt, aad latertals of construction. In selecting the 

quality of water used'for, coolins the Materials Testing Reactor, the guiding 

principle was to minimize the amount of total dissolved solids in the water so 

as to maintain high he.at traDsfer coefficients at, tbe fuel a •••• U •• , Any 
deposition,of materi.l from the ... ter, onto th. It., •••••••• of. tile f •• l 
assemblies could redace the he.t t •••• I ...... lllci .. t •• • ..... ir.a.l ••• 1uI, 

! ' , . 
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Any constituents in the water that would act as catalysts in the corrosion of 

aluminum, beryllium, or stainless steel parts of the process-water system would 

also be undesirable. For this reason it is necessary to minimize the amounts 

of lead, nickel, copper, and chlorides in the water. An additional advantage 

of a low mineral content in the water is that the amount of radioactivity 

induced in the water is appreciably reduced, thus reducing shielding require

ments of the system, 

In the original heat transfer experiments it became apparent that the 

water system should be constructed of stainless steel in order to minimize cor

rosion and maintain a low mineral content in the water. Columbium-stabilized 

type 347 stainless steel was .eleceed so as to facilitate weldi~g. At a 

later point in the heat-transfer experimentation program, it was found fea

sible to construct the MTR process-water system of cast iron. However, 

because of the limited experimental program and the resulting uncertainties in 

the use of cast iron piping, the process-water piping is of stainless steel 

while cast iron pump casings are used s~ as to minimize cost. 

In comparing the MTR process-water system with water systems of other 

reactors, itis found that the Materials Testing Reactor is the first recycling 

natural-water--cooled reactor. The reactors at Hanford utilize coagulated and ... 
filtered 60lumbia River water on a once-through basis, and thus the amount 

of induced activity in this water is small. The heavy water pile at Argonne 

and the higher-flux heavy water pile at Chalk River, Canada, have their heavy 

water recirculated in a tank surrounding the fuel assemblies.' The volume of 

natural water in the MTR system is many times the volume of water 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 amouni of iron and aluminum 

hydroxides increased. The pH values of the water decreased to as low as 4, 

and the amount' of induced radioactivity in the water increased to values that 

necessitated removal of the dissolved radioactive solubles. At Argonne 

ammonium hydroxide made from heavy hydrogen was added to the water to raise 

the pH and thus reduce its corrosive effects on the al~minum parts. However v , 
this developed into a vicious cycle ih 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 W'UBohed at Chalk Hi.er b, redistipiDgthe Da O and then d~minerali

zin.g the rechculatingheavy wotere 'Ibis removed tbe aecQlulatiosdissolved 
, ' 

· lIinerals and helped illere •• e ,'he p80f to.e water to aearly 7 ~ •• d at the same 

tiBle eliminated any catal,dc ione ,t"' might havee.a.ed corrosion in 'the 

he~vy water ',system. ProvisioAS hev. 'e8a lIede iii theM'IR, .,ete. , •• dd fresh 

demineralized water and 'to purge the same ~u.ntl:ty of flattU' f .... tne system 

so. as to maintain a high~qua]i ty eircnJadng proc ••• ,".'er., It .. expected 

that; whel\ the MTR is in oper.tliOD p aile p.rp cen be put lhroogh a d.eminerali-

· ~ation system ~nd used as make-up. With the recent development of mixed-bed 

deionizers, the water in the system call be brought to a resistivity of practi~ 

cally pure water, which is appal''!at b .. ttle following tabulation:· 

"NIiCi(ppa) " 

1.00 

0.10 

f). 01 

0.00 (pup •• !WIII') 

BSISTlVl 'fl{ (olu.) 

185,000 

L8SO~"O 

11,SOG,I)Oe 

2',S",sqO 

. Ever since the Hanford .reaetol'S have been operaJ:ed, sodium dichromate and 

sodiu~ silicate have been added to the singleupass water system to minimize 
. , 

corrosion, and at one time it wa. believed that additions of simi lar reagents 

should be made to the MTR water systell. A few years a80 the sodium silicate 

addition to,the Hanford.ater was " ..... ed, and no increased corrosion or 

· scaling rate was found to occur. ;\ 1 though theaddi tiona of 80di.lldiehroma te 

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

corrosion or scaling. 

The heat transfer experiments conducted at Oak Ridge differed from the 

MfR system in that the water used et O.k ftid~e was cycled in an open system 

. wbe~eby oxygen and pitrogee of the air were re~dily dissolved. It is expected 

that any , •• es in the MTR process water will be practically completely removed 

~y the flash evaporation process, and therefore the corrosion rates may be 

e.,en 1e88 than those determined by~he experiments co.ducted' "t C1aNL. 
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1~4.4 InduC.d ActtvitJ. Elements and sources which contribute to the 
water activity can be listed under the following categories: 

1. Isotopes bf oxygen in pure water itself. 

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

S. Radioactiv$ 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 h~lf-lives. These isotopes are the primary source of induced radiaN 
acd vi ty in the MTR process .water. The dissolved impurt ties in the, water form 
the main secondary source of water acti vi,ty.l)uring the first minute the;radia tion 
products of oxygen dominate radiation; AlaI (144 sec, 1.8 Mev) and Mga? 
(692 sec, 1.02 Mev) are the principal activities for the next 5 to 10 min. 
Thereafter, Na 34 '(14,8 hr. 1.4 and 2.8 Mev) is the dominating radioactive 
isotope for the IS-min MTR water cycle. 

The cooling water system of the MfR reactor is a closed recirculating 
system with a small percentage of purge and make-up water in order to control 
the in tensi ty of lot)g .. li ved induced aethi ty and the accumulation of corrosion 
products. 

When a recirculation system is employed, regardles8 of the method used 
for purge and make-up~ the number of radioactiye atoms (N) at equilibrium when 
prodUction equals decay is given bt lS ) 

where 

N '" llwoN. (l .. e wAt 4) 

AU - Fa) 

II., t:I neutron flux,' neutrons/cllt"lec 

<T II absorption cro88-sectio~ ella 

N~ IIil concentration of target element e at;ou/cc 
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where 

It 

e 
( 

t . 
• & 

time of irradiation (time to pass through active 
section), sec 

process flow rate 
F 

process plus purge flow rate 

-At 
a '" e C 

t c cycle time, sec 

A transformation constant, see- 1 

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

PI' 
(nv )CTN'O (R )AD 

4oGO - a) 
dis/see-cc 

R recoil range, em 

A area of exposed aluminum. em:! 

D ~ density of aluminum~ glee 

G ~ cycle flow rate, g/sec 

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

Flow ra te 
Purge rate 

System holdup ~ 

Cycle .time 

IrradiatioD.time 

Slow flux 

Fast flux 

Exposed aluminum 

20,000 gpm 

50 gpm 

350.000 gal (now 320,000 gal) 
17,4 min 

0.08 sec 
2 x IOi. neutrons/cma~8ec 
1 x lO~4 neutrons/c~2~sec 

lOG' sq em 
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The desired composition of the MTR process water, which is the composition 

that is used in the activity calculation, is: 

Fe 0.05 ppm Cl 0.25 ppm 

Al 0.05 ppm Ce 0.5 ppm 

CO2 2.0 ppm MS , 0.5 . ppm 

Na 2.0 ppm A '0.6 ppm 

Si02 1,0 ppm 

The results of the activity calcwlations are summarized in Table 7.4.A. 
The activities of the constituents in the process water and the total ·activity 

for water containing '2 and B ppm of Na are given as functions of decay time. 

1.4.~ Shielding" The shielding calculations for the MTR process water 

system were based on the induced activities given in the pr~~ious 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. 7.4.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 th. 

process-water system. The intensity of radiation from the process water 
leaving the MTR active lattice requires 5 ft of concrete shielding within the 

Reactor Building. Within the reactor this shielding is provided by the 

biological shield; outside the reactor the pipe tunnel underneath the basement 

floor has sufficient concte~e cover to meet the requirements~ From outside 

the Reac tor Building to the Process Water Building J 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 la-in.' concrete walls are adequ~te to 

redute radiations from,the pipes, valv~s, etc.~ to les8 than 50 mr/hr. No 

special shielding is required on the wo~king 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. 

1,4.8 Cooling After Shutdowll, After an operatin8 reacl~or is shut down, 

the total heat liberated due to the absorption of 8amma and beta radiation 
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REACTION 

016(n.p)N16 

018(n,'Y)019 

A121 (n,'Y)A1 28 

Al 21 (ni~p) Mg21l 

A1 2 '1(il;Y)A128 

Nau (n" .,..}Na24 

AI27 (Il,a)Na24 

lfn&5(8~'Y)MnS6 

" 

Totel ,. pplll Na) 

..... Na) 

.'" BALF~ 
LIFE 

'l.4s 

29.48 

2.3m 
--
10~2m 

2,3m 

.2 Ho8h 

14"Oh 

2.6h 

e 

'f.UE ,.'. 4.-"\ , 

ActiVit. oCilla P-neess ~Wa,ter 

CROSS- B£Q)n. RANG! 
SECTION TYPE (om), ' O,eec 

, DECAY 

0,04 mb' t '~3' x: 1.0' , 
} 

O~44 mb 5$620 
i 

0,21 b Slow 
i 

loot) 3,040 

2.8 mb Fast ; lO~4 1.320 

O,4mh Fast 10°4 S'UI 

0.5 h 406 

0.6 b Fast lO~4 163 

13 b Slow 10~1 145 

'~8 11 ifIJ 
.. 

.... xla- . 

, 

e 

' ACI'IVI1YtdiS/oc-'~ec) 
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from"the fission products is given by the empirical equation(23) 

where 

p 187BFA[rO~2 .. (t + T)-O~2] Mev/sec 

B = reactor operating level before shutdown$ kw 

F ~ conversion factor, fissions/sec-kw 

A Reduction factor; a reasonable value is 0.08, which is 
an extrapolation to t ~ 0 from experimental measurements 
of energy after shutdown;(12) also, since at shutdownO 
14.7 Mev/fission of beta and gamma heat is released 
compared to 187 Mev/fission during operation, ~he ~atio 
~1 the two hett 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 df shutdown the reactor 
\ 

heat falls from 30,000 to .2400 kw, of which 400 kw is in the beryllium 

reflector. T~e reactor active ~attice heat development at shutdown falls from 

f~ll power of 28,800 to 2000 kw oi about a 1/15 reduction. Hence, although 

the water flow through the active lattice at shutdown can be reduced about 

1/15, the water flow through the beryllium reflector can be reduced only 1/3 
since its heat generation falls only from 1200 to 400 'k... Depending on the , 
amount of excess water. flow through the be'ryflium at full power, t..he total 

flow can be reduced from 1/3 to 1/15 at shutdown. At any time t after shut~ 

down, the flow !equir~d will vary as t- O• 2 , Calculations involving the varying 

film heat transfer coefficient and ,varying flow show that wi,th a 220°F film 

temperature and 90°F enteiing water, 270 gpm must pass through t~e 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 berylliu~ is 

estimated as 3:1. The following ~able gives the minimum process water flow 
required at various times after shut~own (Table 7.4,B). 
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TABLE 1,408, 

Minimum Process-water Flow After shutdown 

TIME A~SHUTDOWN . MINIMUM.'WI 
~hll:') \ ( ·8PII) 

0 360 

1 267 

5 190 

10 168 

50 126 

The shutdown coolingpwater flow can be initially supplied by th~ reserve 

water in the working reservoir and, when the change-over can conven{en~ly be 

made, by a lOOO-gpm pump circulating water through a circuit including only 

the reactor and seal tank as major components, There are two lOOO-gpm pumps 

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

driven. 

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

reactor-tank circulating system will not r~ach a prohibitive temperature too 
quickly as a result·of accumulation of shutdown heat. This he~t is given by 
the equation 

J
't 

q ::: 3 0,000 x 0.08 (t~ 0,,2 •. (t + T) - 0 • 2] d t 
o 

• kw-sec 

where 30,000 kw is the operating power level of the MTR. 
The water temperatures:.iven in the 'following table, are based on tbis , 

equation a pile operating period of 15 days, and a 24,000-881 content of the 
y . 

circulating system, 

TABLB T,,4.p 

Process'· water Temperature After Sbutdown 

TIME AFTER q WATER TEMPERAnJRE 
SHUTDOWN (hr) (Bt.u x 10- 6

) 
( or) 

j 

10 7.5 110 
, 

20 12.0 130 
30 15.5 150 
40 18.S 164 

I 50 U.S 114 

7.27 
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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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.C"apter SII! 

REACTOR COOLING-AIR .AND CONtAMINATED-AIR SYSTEMS . . 

The reactor cooling-ai.f syst~m ;:Ind the contaminated-air system are group~d 

together because the air from both is exhausted to the atmosphere through the 

main stack. However, they serve entirely differen~ purp(o)s~s. The reactor 

cooling-air syste~ provides a flow of air through the reactor for c~oling 

the graphite reflector; it is. a secondary reactor-cooling system. The cell

taminated-air system remOves radioactive gases from the ho()as and caves IIf the . . 

laboratories. 

8.1 IEACTOR CooLING·AIB SYSTEM 

8.1.1 Introduction. Immediately surrounding the reactor tank is the 

graphi~e refle~tor. This reflector is composed of a ~emova~le be~ 9f l·in.-. . 

diameter graphite balls adjacent to the tank~and a section of graphite ~l~cks 

.between ~he balls and the thermal.shield. Heating due to the absorption of 

gamma radiation makes it necessary to cool the graphite reflecter. Because of 

r~latively low heat generatien; air c.oling 'is satisfactory. The ·c.oling ,and 

design of the graphite reflector are discussed in other sections. This sec~ion 

will deal with the flow path ane pro'cessing of the air going through the 

reactor cooling-air system. 

A schematic diagram of the reactor cooling-air system is shown by Fig. 

8.1.A~ The description of the system will in general follow the air flow 

pat~. st~rting with the inlet airtilters at the reactor faces and ending with 

the stack. 

8.1.2 Air Flow Data. The reactor is de~igned for normal operation at a 

power level of 30,000 kw. The design air flow of 2000 lh/min and pressure 

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

maximum temperatures of 570 G F in the graphite peb~le bed and 500°F in the 

permanent graphite at 45.006-kw operation of the rJacter. The28@O-lb/min 

* ANL contribu tion. 
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design flow consists of the. f(Hlowing quantities: 

i 

Air f'low: through graphite 

A~r.tO fO\lltop ther.mal shield 

Allowed for leakage inward ~hr9ugh experimental holes. et~. 

TGt'el 

1610 lb/min 

250' lJl/min 

ue lbjmin 

2600 lb/min 

. Subsequent calculatiens gave the air reqJirem~nt~ ~s 1526 Ib/min to cool 

the graphiteilnd experimental facilities., ~nd 114'lb/min t@ coal the top 

thermalshi-:ld, fora telItal air flew of l70@ a/min; Also·, criti~8l experi. 

ments conduct.ed at ORNL inlllicate61 that the heat cenerati,,;n in the reflector 

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

requ~rements would therefore be less. 

maintained at 2000 Ib/min flow and 55 in. 

be desirable and possible to operate the 
• 60.0QO kw at some time in the future. 

H@wever, tfle des ign fi curell we ra 

of water pressure drop since it may 

reacfor at a power level as high as 

The approxi~ate pressure drops through there~ctorair system for a flow 
. . 

of 2000 Ib/min are ~u~marized in Table 8,l.A. 

TAQLE 8.1.A 

APproximate Pressure Drops in Reactor Air System 

PRESSURE DROP 
PART OF SYSTEM (in. H,O) 

Inlet filters and ducts 1.6 

Thermal shield 0.4 

Graphite reflector 29 

Exi t ducts and stack 5.4 

'fa tal 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 

8.3 
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filters in the future, additional head will be required. Based on the filter 

system used on theX-lO pile atORNL, ~he addi tional head allowed for exit 

filters is about 8 in. of water •. Second, to assure that the air system will 

be adequate for operation at a: power level of 60,000 kw, the design head has 

been further increased to 55 in. 'of water. 

The above. discussion has been concerned with the air flow through the 

reactor air system during operation of the reactor. It is also neces~ary to 

maintain a flow of air through the reactor after it has been shut down. This 

flow serves to ~emove heat from the graphite reflector generated by the 

absorption of gammas from fission product decay and from induced activity, 

and also to prevent the esca~e of radioactive dust into the Reactor Building 

during removal of experimental hole plugs. To provide adequate cooling of 

the reactor after shutdow~ a flow of about 135 lb/min is required. The flow 

necessary to ensure that radioactive dust does not escape into the ·Reactor 

Building is based on an air velocity of 150 ft/min directed inward along the 

annulus between a plug and liner. The air flowing into this annulu~ flows 

through.holes at the in~ard ends of the liners and joins the reactor-cooling 

air flowing upward thrbugh the graphite pebbles. A satisfactory design of 

the experimental hole liners and plugs is ~btained 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 th~ reactor 

inth~ event of an emergency shutdown of the reactor. The pressure drop 

through the graphi te for a flow of 400 lb/min is about 0.5 in. of wa ter> and 

the design pressure drop through the entire system is about 2 in. of water. 

Ofice the reactor has been placed in operation there will always be active 

particles within th. air passages. To prevent these active particles from 

entering the R:eactor B.uilding, a basic requirement of the reactor air system 

1S 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 abo.u,t 0.5 in. 

of water available. This is based on air temperatures of 200°F in the stack 

and 90°F atmospheric. It is estimated that this draft would produce a flow 

of 2000 to 3000 cfm through the reactor in the event of failure of all blowers 
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and fans. This flow is .ufficien~ to meet shutdown cooling requirements. 

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

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

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

Building, the reac~or cooling-air system does not rely ori stack draft to 

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

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

failure of the blowe~s and fans, is the available stack draft utilized. 

ADDITI(lII'AL DATA 

Air temperatur~s 

Inlet to reactor 

Outlet from reactor 

Site elevation 

Baromet~ic pressure 

75 - 100°F 

185 - 210°F 

4930 ft 

12.25 psi 

8.1.3 Inlet Air Filters. Air used for co~ling a reactor will emerge 

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

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

be done to redu~e the activity from the first, hut the latter can be reduced 

considerably by suitable filtering. 

In the first considerations of the radioactivity problem of the MTR 

cooling-~ir -system, a filter design similar to that used for the pile a~ 

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

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

1n the exhaust side of the reactor cooling-air system. 

The only filters included in the reactor air systema~e 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 ven. 

Normal atmospheric air enters the Reactor Building ventilation system 

through coars~-fiber-glass or wire-mesh prefilteis. The air then goes through 

an electrostatic filter of 90% discoloration efficiency before passing into 

the Reactor Building. The Reactor Puilding is pressurized to about Yz in~ 

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

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

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

experimental holes without passing through the glass wool filters. 

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

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

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

operated satisfactorily since about September, 1946,withaut exhanst air. 

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

respects: 

1. The major portion of air entering the reaator has been filt~red 
to some degree. 

2. The air does not make direct contact with the fuel elements, and 
thus fission products from rupt~red fuel elements will not enter 
the ~~r stream. t 

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

4. The air flows indirec.t contact with the thermal shield; however, 
the NRX shield is cast iron while the MTR shield is low-carbon 
steel. . 

5. The air is suscep'tib'leto po'll ution from acd dents 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 2QO ft for· the NRX pile and 250 ft for the Mm. 

Rather extensive investigations have been conducted at the NRX with the 

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

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

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

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

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

and Fan House. 
4 

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, '~i~ing 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 350ft/min. The pressure drop through the clean filter~ is 

approximately 0.1 in. of water. 

8.1.4 system Within Reactor strllcture. The system of duct work wh.hin 

the reacto~ is shown by Fig. 8.l.B, and the schematic flow of air withi~ the 

reactor is show~ by Fig. S.l.A. In the design of the sys~em within the 

reactor it was necessary to meet 'the following requirements1 

1. The air must enter the pile structure at a level higher than 8 ft 
,abov~ the centerline of the active lattice, and the ex~t duc~s 
must loop upward to a'level at least that hig~in,ordef 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 shield so that radia,-tion 
outward, both in straight-line paths and inttshine'!' th~ough the 
ducts, will not be sufficient to bring radiation at any po~nt 
outside the shield above permissible levels. 

3. The air must enter the thermal shield around the o~teredge of 
its top and pass downward, cooling the inner and outer walls and 
possibly the top and bottom of the thermal shield before ~assing 
into a plenum chamber under the graphite. The air then must 
flow upwar'd through the graphi te to a ple,num chamber aboye the 
graphite and '~ut through exit ducts. 

4. Exit air duct,s must be shielded from the out~ideby the equivalent 
of 1 ft of ordinary con~rete. 

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

The design shown in Figs. 8.I.A and 8.1.B ess~ntially meets all the 

above requirements. 

The inlet system consists of four sets of filters, plenum chambers, ducts 

and manifolds, one se~ in each wall of the reactor structure. The air enters 

each set thr9ugh louvers tocated near the top of each pile face. Back of each 

.et of louve~s 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 with a' damper' is provided in each 

of the 8-in. ducts whereby a small amount of air is by-passed for cooling the 

top thermal shield. There i~ a total of 22 8-in. duc~s. Each duct has one 
f 

90° elbow and connects to the plenum chamber and the thermal ,shield manifold 
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at 90° to the principal direction of flow. Thus there are effectively three 

90° turns in the in Ie t air sys tem. Tlie'walls·'of(t.he· ductS! ;'81"e lined wi th l .. in t 

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

The path followed by the air within, the reactQr proper is shown in 

Fig. 8tl.A. The main air stream flows down between the walls of the thermal 

shield, and some then passes directly into a pienum chamber beneath the graphite 

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

shieldb~fore passing into the plenum chamber; The air from the chamber 

passes u~ through the graphite pebbles and cooling holes in the permanent 

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

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

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

a1r ducts. 

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

ducts conne~ted to the thermal shield at diagonally opposite corners of the 

top plate and turned downward through the biological shield to carry the a1r 

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

as shown in Fig.B.I.E. 

8.1.5 Exit Ducts. The 30.in,-sqtiareducts leading down through the 

reactor connect to a single 48-in.-diametersteel duct beneath the basement 

floor. This ~~ct ~onnects to a plenum chamb~r,outside the Rearitor Building. 

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

plenum chamber to a plenum chamber bene~th the Blower and Fan House. The 

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

adequate shielding against radiation. 

8.1.6 Blowers, Fans. and Auxiliaries. The blowers and fans ~f the 

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

in a later section; the reactor-air-system equipment contained in it is 

described here. 

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

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

beneath the building. 

Blowers. There are three half-capacity blowers in paralleJ~~on~of which 

serves as a spare, for. cooling during normal operation of the reactor. Each 
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blower is capabie of delivering 1000 Ib/min of 210°F air against a head of 

55 in. of water, and is driven by a 2S0-hp motor. 

The blowers are of the positive displacement typ.~. 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 hav'e a flow rate 

of 2000 Ib/min, the pl'e'ssure drop through the system initially will be con. 

siderably below the design value of 55 in. of water. Also, since the cooling 

requirement's may be below design calculations, it is desirable for tiieunits 

to operate e'conomically at reduced flows and heads. The positive displacement 

type of blower' offers the most economical operation'at the reduced requirements. 

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

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

to provide for the slower speeds at reduced requirements. These pulleys will 

adequately cover the range from 700 to 1000 Ib/min. 

Auxiliary Fans. Besides the blowers there are two400-lh/min fans for 

emergency and normal shutdown operation. eac~ fan beingi~para]lel with 

the three main blowerso, One of the fans is driven by an electric motor and 

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

the normal commercial electrical supply and from the site ~mergency power 

supply and will be used during normal shutdown periods. The gasoline-driven 

fan will be used for emergency shutdowns when both electrical suppl~es have 

failed. 

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

blowers and fans. The valves on the inlet sides are manually opetated 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 sid~s do not have to be 

absolutely airtight since any leakage here will be directed into the reactor 

a1r system. 

Since the blowers are of the positive displacement type, it 1S necessary 

to have both the inlet ana outlet valves openwhen'the biowersare operating. To 

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

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

started, 
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Also~because of the use of pos1t1ve displacement blowers. itwas necessary 

to provide a by-pass around all the blowers and fans so that the stack draft 

will be available to provide a flow of air through the reactor air system. The 

by-pass is provided by a valve between the plenum chamber ahead of the fans 

and blowers and the exit duct leading to the stack. This valve will be 

operated manually. 

801.7 Instrumentation and cootrol. In the description of the instru~ 

mentation and control the flow path of the air will again be followed, starting 

with the inlets to the system. 

There are four differential pressure indicators to determine the pressure 

drop across the glass wool inlet filters. They are mounted locally on the 

pile faces, Each indicator determines the pressure drop across the filters 

on one side of the pile, 

In the exit duct near the reactor is a pressure indicator to determine 

the pressure in the air system at that point. The indicator is remotely 

mounted in the ReactorCo~trol Room and is equipped with an alarm to notify 

the operator when the pressure has risen ahove a certain predetermined value •. 

Mounted in the concrete pipe line leading to the Plower anq Fan House 

1S 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 ~he Reactor Control Room. The Process 

Water Building serves as the cent~r for operational information on the reactor 

air system. The flow rate is therefore recorded at the control panel in 

the Process Water Building, and there are low flow rate alarms at both thii 

panel and the pane~ in the Reactor Control Room. Besides the above, the 

venturi information is transmitted to the reactor 6ontrol 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 alaFm at the panel in the Blower and Fan House. The 

high bearirtg temperature is also indicated on a master alarm ~t 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 opera tional information. 

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

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

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

ments measure the total activities of the gases going up the stack. In genera~ 

the contributions from the contaminated-air system will be small or ni~ and 

the measurements are essentially tbose 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 ind~cate 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 a~ air flow of 30,000 cfm thro~gh the reactor at 60,OOO-kw 

operation. These assumptions give shielding thicknesses which should be 

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

operating level, an average flux of 4 x 10 12 neutrons/cm 2-sec throughout the 

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

activation by this flux is approximately 850 cu ft. 

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

necessary to consider only the active atoms N16, Oi9, and A41 , which result 

from neutron capture by N15, 01B, and A40 , respectively. 
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In Table 8.l.B are summarized the unit source intensities due to the 

active atoms, along with other pertinent iriformaiion. 

TABLE 8.1.B 

Activity of/aeactor .. coOling Air 

ABUNDANCE·· IN ACTIVATION UNIT 
ORIG· REACIOR· AIR CROSS ACTIVATION SOURCE . 'Y 
INAL AT 150o~ SEC:!]<fi . RATE 3 ACTIVE STRENG1lI 3 ENERGY 
ATOM ( Iltoma'X 10'" 3/ft3) (cm ) (atCIms/sec-ft ) A10M (Mev/sec-ft ) (Mev) 

NIS 0.032 0.02 x 10.27 2.56 x 105 N16 3.12 x lOS 6.5 

0 18 0.0045 0.2 x 10w27 3.5 x 105 0 19 7.8 x 105 1.6 

A40 0.049 0.62 x 10. 24 7,2 x 109 A41 4 x 106 1.37 
-----.. - '----- -- --

Using the source intensities given in Table S.l.B the shielding require

ments were determined with the use 6£ standard shielding formulas. These 

are summarized in Table S.l.C. The shielding thicknesses which are mentioned 

in other sections gerierally exceed the values given in Table S.l.C. 

TABLE 8.1. C 

Shielding Requirements for the Reactor Air system 

. SHIElDING· WI<XNESS 
ITEM TOLERANCE' OONCRETE STEEL 

(r/8 hr) (in. ) (in. ) 

Ducts in reactor building 
2.5pft square 0.005 11 
440ft diameter 0.005 13.5 

Ducts oueside 
4"'ft diameter 0.05 6.5 

Main blower cells 
Outside walls (north and south) 0.005 4 I 
Outside walls (east and west) 0.005 8 
In tercell 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. .. 

Aun liary fan cells 
Floor above inlet plenum chamber 0.05 2 
Floor above exit duct 0.05 2 
All other walls • • 

·Structural requirements only must be met. 
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8.2 CONTAMINATED-AIR SYSTEM 

8.2.1 Introduction. The contaminated-air system removes radioactive 

gases and acid vapors from the hoods and caves of the laboratories. This 1S 

supplemental to the normal hood-ventilation system which removes air that 1S 

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 foJlow the flow diagram. 

8.2.2 Air Flow Data. The system is based on the removal of a minimum of 

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

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

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

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

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

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

additional small volumes of radioactive gases. The pressure drop through' 

the system is approximately 25 in. of water. 

8.2.3 system from Boods to scrubber. The off-gas openings in the hood 

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

le~ving the hoods are of 2 in. diameter. They connect to a 6-in. header 

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

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

contained within them will generally be s~all unlessaa appreciable build-up 

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

will be necessary. 

8.2.' scrubber. The purpose of the scrubber is to remove the acid vapors 

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

the gases are ejected to the atmosphere through the main &tack. 

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

acid vap:ors from the gases flowing up through the column is accomplished by 

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

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

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

hoods in the event of failure of the exhaust fans in the system. 
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The caustic-circul~ting system for the sciubber has two ~umps. one·of 

which serves as a spare. The caustic solution for the scrubber is supplied 

from a ~austic 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 

reservo1.r. 

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, thi~ can be re~dily. provided at a later date. 

8.2.5 Exit Duct from Scrubber. The exit duct from the scrubber 1.S an 

8-in. -diameter carbon-steel pipe with suitable protective' covering. The duct 

leads underground from t~e Reactor~Buildingrwing basement to the Blower and 

Fan House, where it connects to the exhaust fans. The earth cover provides 

adequate shielding against radioactivity. 

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

capacity fans in parallel to provide the flow of gases through the contam

inated-air system. One of these fan~ serves as a spare. Each 'fan'is capaBle 

of delivering about 1000 cfm of air against a head of aPPfoximately 25 in. of 

water. The faQs are of a stannard'centrifugal type and are motor driven. 

Motors of both fans are ~onnected to both the normal commer~ial electrical 

supply and the si~e ~mergency power supply, 

Valves. Butterfly valves ate provid~d at both the inlet and outlet to 

each fan. The inlet valves are manually operated while th~ 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 Slnce 

any le~kage is into the system. 

8.2.7 .JnstrumentatioD 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 p'assage 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-a~tivity 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 safely for radiation instrumentation. 

8.2.8 Shielding, It was difficult to estimate what ~he activity of the 

gases going through the contaminated-air system wouldbeunder actual operating 

conditions. Th~ maximum radiationintensitie. of experiments conducted in 

the laboratory hoods and caves will be 1 and 10 curies, respectively. To 

arrive at some shielding requirements it was assumed that the activity IS 

emitted at a rate of 0.01 curie per minute and that the gamma energy is 2 Mev. 

The shielding requirements arrived at using standard s~ielding 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 a-in. pipe from the scrubber to the Blower and 

Fan House is shielded by an adequate earth cover, and the calculated radiation 

from the lines preceding the scrubber is small enough to make shielding 

of them initially unnecessary. 
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Shielding Requirements 
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~ 
~ SffiELDING. i! 

ITEM '1\ TOLERANCE THIO<NESS 
Yf (r/8 hr) MA'IERIAL (in. ) 

2- in. pipe 0.3 Steel 1/16 
(at pipe) 

6- in. pipe 0.3 Steel 1/4 
(at pipe) 

8-in. pipe outside 0.05 Earth 3 

Fan cells 

Outside walls 0.005 Concrete 2.5 

0.005 Steel 1 

Motor room wall, east-north 0.005 Concrete· 2.5 

0.005 Concrete 6 

Intercell wall 0.05 Concrete * 

Roof 0.1 Concrete • 
,. 

*Sttructural 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 contaminat~d-air sy~tems along with their 

associated equipment. The equipment, function, and some phases.-o.foperation 

have already been discussed in Sections 8.1 and 8.2. The prese~t sectio~ 

describes the general layout of the building equipment. 

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

is a single-story structux;e and is located severalhundted ·feet eas.t-.southeast . ' . 
of the ffi~actor Building. 

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

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

This duct connects to a plenum chamber beneath the reactor air system blower 
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and fan cells. The plenum chamber extends slightly beyond the full length o~ 

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 i~approximately 

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

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 masonryvb~cause it provides. a more uniform and dense s~~ld. 

The walls of all cells which form a part of the building externalwali 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 la~ge double door. These doors provide~ 

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

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

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

for use during washdowns of any contaminated equipment within tth'e cells~, 

These drain~, 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 Miscellaneouo. 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.~he recorders are situated in an area at the east wall of the 

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

8.4 STACK 

8.4.1 Introductio&. The air from the reactor and 'contaminated-air 

systems contains more radioactivity than can be safely discharged to the 

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

this:active air through a stac~ 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 he negligible compared to 

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

principally on ~he radioactivity of the reactor-cooling ai~ 

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. The~ . .efore the activit'y of the stack gl'!-ses is considered 

to be chat due solely.to the lID-min half-life A41 {ar£on) formed in the 

reactor. 

by 

where 

The rate of activation of the argon in the reactor-cooling a1r 1S g1ven 

Activation rate INo- y . a 

I average flux over volume V, neutrons/cm2_sec 

N number of A40 atoms per ft 3 

CT a activation cross-section of A40 0.62 X 10- 24 cm 2 

V vol ume 0 f region, ft 3 

The activation rates -for the various regions are summarized inTable 8.4.A. 

The term It'air in graphite tl , refers to the air spaces naturally occurring in 

graphite. 
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TABLE 8.4.A 

~~oduction of A41 in tbe MTB 

VOLUME FLUX, ,i·. ACTIVATION RATE 
REGION (ft3 ) 

2 . 
(neutrons/em - sec) (atoms/ sec) 

Graphi te ball ~:one 

Voids 130 6.75 x 10
12 3.1 X 10~2 

Air in ~raphite 52 6.75 x 10 12 1. 24 x 1012 

Permanen t ~ raphi te zone 

Cooling holes 8.6 2.1 x 10~2 0.06 x 10~2 

. Beam fiio1,e annuli 2 1.4 x 1012 0.01 x lOP 

Ai r in grapH te 275 1;4 x 1012 1;36 x 10 12 

Plenum G:hambers 

Top 201 i.75 x lOP 0.12 x 10~2 
,Bottom 175 3.5 x 1011 0.22 'x 10 12 

Total 6.11 x 10 12 

The 6.11 x 10(2 atoms/sec activation gives a total activity of about 

1500 curies/day for 30,OOO-kw operation with ather~al flux of 2.5 x 10 14 

neutrons/cm 2-sec at .the center of the reactor. This amount~ to a concentration 

of about 2.5 x 10~3 micr~curie/cc at the stack exit. This is 2500 times 

the tolerance value of 10-6microcurie/~c for A4i in t~e atmosphere. 

8.4.3 stack Heigbt. o The stack height depends on the 'amount of dilution 

necessary to reduce the concentration of the radioactivity to b~low tolerarice 

before it reaches ground leve L This invo I ves consideration of the meteorolog

ical conditioD$encountered at the'MTR site. ,The'stackis located near the 

southeast corner of the MTR site, Since the winds at the site are predominantly 

southwest or northeast, the exhaust gases from 'the stack generally pass over 

the relatively uninhabited southeast corner of the site. Thus, from the 

standpoint of wind direction the stack is well situated. 

Calculations of stack height necessary were made using O. G. Sutton's 

diffusion equation and also various other geometrical interpret~tions. 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 :~o 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 l~vel due to 

the stack gases, the results of several calculations using Sutton1 s equation 

are included. Sutton's equation yields a relation which says that the distance 

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

dent of wind velocity, For a 250-ft-high stack this distance is about 3600 ft~ 

this is weil outside the M'IR site which lies within a distance of about 1600 it 

from the stack. The maximum concentrations at ground level for the 250-ft 

stack are calculated to be 1.56 x 10- 12 , 0.31 x'10:- i2 , and 0.156 x 10- 12 

curie/cc for wind velocities of 1, 5, and 10 mph, respectively. Also based 

on Sutton's equation, the wind velocity necessary to reduce the argon activity 

to tolerance (10- 12 curie/ec) .at ground level on the site is about 0.15 mph. 

A meteorology report(21) on the Reactor Testing Station Area states that winds 

of 0 to 3 mph occur 15 to 20% of the time. Thus, based on Sutton's equations, 

the activity at ground level should very seldom, if ever, exceed tolerance. 

8.4.4 Stack Diameter. The exit diameter of the stack is 5 ft. This 1S 

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

The volume of air exhausted from the stack at present is about 41,000 cfm, 

of which a minor portion comes from the contaminateq-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 

~OOO fpm. This velocity is sufficient to prevent "downwash" from conveying 

the highly active stack gases to the turhulent air around the buildings, a 

phenomenon which would give intolerable concentrations of radioactivity near 

ground level. The stack diameter of 5 ft provides the 2000-ipm exit velocity. 

8.4.5 General Construction. The stack is .constructed of reinforced 

concrete. There is a ladder extending the entire height of the stack. Light-,. 
ning arresters are provided at the top of the stack. Aircraft obstruction 

warning lights are not provided. 
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Chapter 9 * 

S.ITE AND BUILDINGS 

9~1 SITE PLAN 

.An· artist's sketch of the MTR site is shown in Fig •. 9. l.A. The Material~ 
Testing Reactor site plan is shown in Fig. 9. LB. The layout shown by these 

figures is based on consideration of the following major factors: 

1. The building o'r facility function and its relation to the re-
actor and other facilities. . 

2. Accessibility "to and from the site and facilitjes from the 
viewpoint ~ot only of fun~tion but also of securi~yi 

. 3. Coritamiriatio~ andpollutionastheyaffect"other facilities. 

a.. Wind directi~n. 

b. Deep water direction. 

c.Subterranean draihage. 

d. Surface drainage. 

4. Power, railroad, and highway connections. 

5.· Topography of the MTR plot. 

a. 

b. 

Flat terrain for the quarter-mile be~m~ 

Natural drainage Io,r the retention basin. 
~',: 

c. Overburden. 

6. Security. 

a. Fire fighting. 

?. Patrolling. 

7. Future expansion of initial facilities. 

8. Future buildings and facilities. 

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

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

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

*ANL contribution. 
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Since beam experiments may be conducted at distances up to one-quarter of a 

mile from the reactor. The location has a minimum of 40 ft of overburden 

above the underlying rock strata, thus eliminating costly and time-consuming 

rock blasting for the extensive foundations of this building. 

The site area is divided into two general areas. A "limited" or "clean" 

area containing most of the nonradioactive operations and service functions is 

separated by a fence from an " 'exclusion" or "hot" area containing the reactor 

and its closely related radioactive auxiliaries. The exclusion area is 

approximately the south half of the plot. Since the subterranean and deep 

water flows are to the southeast, this location decreases the possibility 

that escaping radioactive water may flow toward the wells located in the north 

portion of the limited area. The most prominent wind direction at the site is 

from the southwest, and the direction of secondary frequency is from the 

northeast. : Therefore the stack for the exhaust of reactor-cooling air is near 

the southeast corner of the site. 

The main entrance to the site is at the west side of the limited area. 

This location permits personnel to travel to and from work without going 

through the area into which the exhaust reactor-cooling air is generally 

swept. : With the main entrance on the limited area side , the number of persons e entering the exclusion area can be kept at a minimum. The laboratory facili

ties are housed in the Reactor Building wing adjacent to the west side of the 

Reactor Building. This presents the closest approach of these two buildings 

to the site main entrance gate. : Personnel for both buildings enter through 

a single entrance located on the west side of the laboratory wing, thereby 

keeping the Reactor Building free of persons not having specific duties there. 

e 

Th~ Process Water Building and working reservoir are located east and 

slightly north of the Reactor Building. This location effects a reasonably 

close approach both to the reactor and the water supplies located in the 

limited area. Effluent control, the retention basin, and the effluent pond 

are in the southeast corner of the site because of the direction of the 

undersurface water flows. 

The arrangement of facilities in the limited area has the Services 

Building near the main site entrance and the canteen located centrally. The 

various water - storage . pump, and treatment buildings lie north of the Process 
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Water Building and are arranged approximately in the sequence of flow starting 

from the wells near the north fence and going south to the various points of 

usage. 

In accordance with AEC security regulations all facilities are located a 

m1n1mum of 150 ft inside the perimeter fence. The perimeter fence is made of 

8-ft-high chain-link fencing topped with three strands of barbed wire angling 

outward. The limited and exclusion areas are separated by similar fencing. 

A truck trap is provided at the main entrance to allow thorough guard in-

spection of vehicles entering or leaving the site. Limited - and exclusion-

area control houses are provided at the entrances to each area. These serve 

as guard stations for badge exchange and personnel screening. A patrol road 

encircles each subarea and is located within approximately 25 ft of the site 

perimeter fence. · A stationary lighting system provides continuous lighting 

during hours of darkness. Pendant luminaries with refractory lenses designed 

so as to direct most of the light in the direction needed are used. _ A portion 

of this lighting circuit is on the emergency power system. 

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

50 ft separation from adjacent buildings. 

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

west perimeter fence near the main entrance. 

Sufficient space remains for future additions to the Reactor Building 

w1ng , Process Water Building , Cooling Tower. Water Treatment Building, and 

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

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

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

larger than the one shown in Fi~ 9. I . A. The north-south dimension was slightly 

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

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

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

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

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

9.2 REACTOR BUILDING 

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

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

the two buildings. 

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

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

hoist of th~ crane has a capacity of 30 tons.' The 3D-ton hook is 30 ft above 

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

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

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

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

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

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

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

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

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

provide a 7S-ft lift, which length is sufficient for operations involving the 

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

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

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

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

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

The ventilation requirements of the building are consistent with standard 

practice. Six air changes per hour prevail in all areas e~cept 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 1n.' 

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 recirc~lated. 
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These two rooms have a slightly higher static pr~ssu;fe","than the remainder of 

the building. 

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

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

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

interested in conducting experiments on a high-flux reactor such as the MTR 
revealed that some experiments required apparatus reaching out 25 ft from a 

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

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

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

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

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

apparatus the first floor is approximately 130 ft square.: 

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

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

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

avoid first floor congestion.: 

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

as follows: 

S~airways." Stairways in the northeast and southeast corners are for 

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

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

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

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

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

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

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

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

personnel entering the Reactor Building. 

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

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

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

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

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

the building, cold drains are av~ilable directly inside the truck doors to 

allow for hose cleaning of vehicle wheels. 

Elevators For convenience of operators and visitors, a passenger 

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

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

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

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

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

14-f£ platform; it is capable of handling a 70aO-Ib-capacity electric fork

lift truck with a fully loaded skid on the forks. 

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

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

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

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

placed onto or taken from the.b~sement floor. 

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

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

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

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

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

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

the basement floor. 

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

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

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

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

thickness is an a~bitraty 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 Ib per square foot of 

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

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

compressed air, filtered water, and 110~~olt single-~h;.e a~d ~20~volt three

phase current.: 'O~tlets 'for these services are provided .at numerous spots on 

the reactor faces and at t~o locations on each of the riorth~'ea.t, and south 

walls of the building~: Sufficient space is available at these outlet, locations 

for future additions.: 

Facility holes .. Since it is imp~actical to install all services which. 

are desired by the experim~nter, the sp-£alled "facility holes" are placed in 

the first floor at likely points of use., By meensof thesehol'es, special 

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

basement ceilin/! and through t~e hole ,nearest the user.' This will prevent 

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

9.2. 3Second,aad'l'blt4 ~loors~' The Jayout of the second and third', 

floors is shown in Fig.' 9;2.C, asm'entioned in the discussion of the first 

floor; ,the instrume~t eandcontro'! ro~m~ 'areo,n the second and third floor 

levels.: These two rooms opera~:e m'uch as a unit w:lth the instrument ,room 
~.' ' " . 

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

and recording instrul1lell.t~ for .reactorope;ation.: The contr()l room,c-is'a-~" the 

higher level so th~~ ~ondu'i~sand raceways ito not comefr:om an overh~ad 
posi tion. : 

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

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

main access path to them~~hanisms located on the' reactor top. 

The second and third ~loor levels exten~ co~pletely across the building 

even though the two,primar~ro6ms require somewhat less than half the tbtal 

area available. A rest roo~,t~ilet; ~hart storagero?m, stairwell~, elevator 

shaft, reactor oper~tor's office, and probable office spa~e ftir ~e~ctor' 

operating or technical personneloccopy therema~rtder of the space. 

Standard metal partitioning is used for the wall construction around the 

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

can be made larger or smaller or addition~l rooms can b~ adaed without up

setting reactor operation~. The wall ~onstruction used is completely sal

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

repair personnel. For the convenience of these technicians, a special stair

way between the instrument and control rooms is provided. 

Other features of these floor levels are the foTlowing: 

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 b.lconies.: 

Toilet and rest room. This facility is located on the .third floor for 

the convenience of the reactor operators. 

Reactor operator's office., This office is for the reactor shift supervi

sors and the opeTator. themselves. It is placed adjacent to the control room 

for their cortvenience. 

Assistant Superint.ndent's office. Th~ Assistant Superintendent 1S 

defined on the tentative organizaiion chart as being the man directly 1n 

charge of reactor operations.· For this reason his office is on the third 

floor at the end nearest tbe passenger elevator.: The office has a window 

overlooking the 'reactor and the first floor.· 

Additional floor area., The remaining area on these floo~s is not sub

divided~ The operating contractor can subdivide to suit his orgariizational 

setup. 

9.2.4 BasemeD~ 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 in~o the shim or control rod locations, and 

possibleVT holes extending from the top of the reactor through the shim rod 

locations. In addition to serving these facilities, the sub-pile room permits 

access to the canal and to several reactor components for maintenance, repair, 
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or replacement. These include items such as the reactor bottom plug. neutron 

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

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

outside the room during reactor unloading operations. Service connections for 

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

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

experiments. 

The remaining facilities of the basement and their functions are as 

follows: 

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

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

facilities are discussed fully in Chap.: 6. 

Storage vault. This vaul~ is designed in accordance with security 

regulations. Walls and ceiling are of I-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 inthe 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 ~umps are located below the basement floor; each one is 

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

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

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

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

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

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

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

necessary. ' 

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

tunnels under the basement floor.: This is necessary not only to properly 

shield them but also to keep them from o'ccupying 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 

~ortion of "dirty~' work in the basement area.: 

9.3 REACTOR BUILDING WING 

9.:3.1 General Building Details. The architectural treatment is consist

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

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

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

to the other.' 

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

determined, primarily by the laboratories and their auxiliary facilities.: This 

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

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

this flexibility.: 

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

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

windows are sealed~in, double azed sash. 

The vehtilation system represents considerable planning in accordance 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

regi~ter.: As the need arises for subdivision of the basement area into rooms, 

ventilation ducts can he connected to this outlet. 

9.~.2 First Floor. The plan of the first floor of the React~r Building 

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

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

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

removed or set in place. 

The fa~ilities in the former class are the machine shop. staff shop. 

instrume~t shop, glass shop, stores, shipping and receiving rooms, counting 

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

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

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

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

illustrated in Fig. 9. A. 

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

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

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

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

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

possibilities of machine tools are available which prove the feasibility of 

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

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

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

the shop superintendent should choose those in which he has most confidence. 
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Staff shop. This shop is adjacent to the machine shop, convenient to the 

supply point, and centrally located to the possible users. It is provided to 

serve the experimenter who wishes to do some of his own machine work. It also 

contains the light power tools necessary for instrument shop work. 

Instrument shop., This shop is primarily for maintenance and repair of 

the electronic instruments used for reactor operations. The shop size is such 

that it also permits some maintenance of electronic instruments used for 

experiments. Construction of new instruments is beyond the intent or facili

ties of this shop. As with the other shops, equipment and its layout are 

placed within the operating contractor's jurisdiction. 

G.lass shop .. This small shop is intended to be a-service function for the 

experimenter.: The room itself is relatively small but shoul.cf be adequate for 

the initial testing program. 

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

and the wing buildings. This represents a somewhat central location to 

facilities in both buildings. Its location is along an outside wall, rather 

than in the center 01 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 lID-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 .. 

S1ores. 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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L.aboratories, _ All remaining facilities are designed for Use as labora

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

~~~d~r~r plan is used. The module selected is 12 ft ~ide and 28 ft deep. 

The-i.v:i<i'th 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

ma1n1ng 20 ft of laboratory is used for work bench service. A 4-ft sub-module 

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

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

electricity. : 

pans. 

Metal partitioning is used because of the following characterist 

1. Ease of installation or removal without dust problem. 

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

3.- Nonporous surface giving minimum absorption of radioactivity. 

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

The ceilings are perforated metal pans with insulation placed in the 

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

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

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

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

this material requires less maintenance than other available floor coverings. 

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

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

three-phase power, demineral ized water, and telephone.: All but the I as t 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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Venti lating-air supply is through anemos tats.. Exhaus t is to the atmo~

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

fans have a capacity higher than the supply inlets to the ~oom. By ~his 

means, a1r is constantly entering the room from the corridors through louvers 

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

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

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

the hood duct work. 

An opening leading to the contaminated-air system isprovid~d 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 openihg provides 

an exhaust flow of about 50 efm. 

Four laboratory modules intended for normal laboratory W'oriipermit floor 

loadings of 150 lb/sq ft.: The four modules that permit 250 lb/sq It fl~or 

loadings are forwork involving moderate activity requi~ing light lead shields~: 

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

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

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

could handle up to 10 curies of activity.: 

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

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

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

constructed. 

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

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

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

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

contaminated air from laboratory hoods. This is illustr~ted in Fig.: 9.3.B. 

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

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

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

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

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

strument shop. 
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9.3.4 Future Additions. This building is so designe~ that 7g~It-~ide 

wings can be added both north. an,d southQf the present structure.:' The points 

of future .extension are show;" in Fig&.9.:3.A and B. The original building· 

layout included extensions~f 72 ft .both ri~rth and south to give aT-shaped 

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

by 28-ft laboratory modules, and thus ~liminated facilities such as a libraiy, 

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

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

added shortly after reactor operation begins.: 

9.4 SIl!RVlCE BVILDINGSAND AR{!:AS 

9.4.1 Service BuildiDI. Are~ 14 .. This single-story' 42- by lQ2-ft 

building combines four separate service funct~ons into on~ structure: 

1.: First aid.: This section has a two-bed infirmary, wa1t1ng room, 
first aid room which can be used fat physical examinations, 
toilet roo~s~ and assorted closets for storage of, medical and 
Janitorial supplies.· 

2.' Guards' section~· This portion is subdivid~d into two rooms.: 
One room has locker, showei, and toilet facilities for a total 
of 50 gua~ds with a maximum of 20 per shift.: The second room is 
the guards' ready room.: 

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

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

9.4~~ Limited-area control HOQse. 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 s0uth walls. 

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

additiori, the north guard station has a door leading into the truck tra~ 

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

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

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

9.4.3 Exclusion~area control House. Area 21. This is a single-story 

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

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

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

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

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

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

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

is relatively small so that three or f~ur seatings may be required to serve 

all those purchasing their lunch.-

9 .•• 5 Plug storage. Area 11. Plug storage is locat~dsouth of the Re

actor Building on the main truck road leading out of the building.' This 1S 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 13ft 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 abo~e 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-Iong 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 ~ell established., The building 

has four prime functions: (1) plug storage, (2) machine shop, (3) warehouse, 

and (4) operations testing. The four facilities require approximately th~ 

same square fo~tage of floor area, 6000 sq ft each, so that a 160-ft-square 

building is used. The overall building height is 30 ft with 22 It 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 

operat~s 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 dismantl ing "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 ma~hine 

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 tpis floor .• The upper floor is designed for 

lighter storage and/or offices. 

The operations testing area is designed for the setup of mock-up or 

functional test apparatus. A lO~ by 50- by lO-ft-deep pit is located in one 

corner to allow for vertical apparatus height approaching 40 ft. Service 

o~tlets 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. 9.1.8) are directly or indirectly associated 

with other major sections of the handbook and are discussed therein. 
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3150-3-5, Rev •• 3 

3150-3-6, Rev. 3 

3150 - 3- 7, Rev .• 2 

3150-4-1 
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3150-4-2, Rev. 1 

3150-4-3 

3150- 11-1 

3150-14-1, Rev .• 1 
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3150- 21- 1, Re v.' 1 

3150- 9 1- 5. Re v.. 1 
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9.6 REFERENCE DRAWINGS 

(Blaw Knox Construction Company Drawings) 

TITLE 

Reactor Building - Basement Plan 

Reactor Building - First Floor Plan 

Reactor Building - Second and Third Floor Plans 

Reactor Building - Longitudinal Section 

Reactor Building - Transverse Section 

Reactor Building - Facilities Below Basement 

Reactor Building Wing- Basement Plan 

Reactor Building Wing - First Floor 

Reactor Building Wing - First Floor 

Reactor Building Wing - Elevations and Section 

Reactor Service Building 

Safety and Security Building 

Control House - Limited Area 

Control House - Exclusion Area 

Plot Plan Study 

Plot Plan 

Mechanical Design - Subpile Room 
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Ch.apter ,~O* 

SUPPORTING 'FACILITIES AND AUXILARIES 

10.1. STEAM PLANT 

The steam plant is a 66- by l~O-ft building loc~ted approximately in the 

center of the northern half of the MTR site. This building contains the 

following equipment: 

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

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

(3) Air compressors, two to supply plant air during normal operation 
~nd one to supply insttument air during emergencies 

The steam-generating facilities consist of three package-type steam

generator units with fire-tube boilers and thei~ associated equipmen~ Each 

unit has a maximum capacity of 16,500 lb/hr at a design pressure of 150 psig. 

Two of the units' are adequate to 'supply the maximum process and heating steam 

requirements, while .the third unit serves as a stand-by. The uriits 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 sefm of air at 

125psig to instruments during commercial power outages. 

10,2 ELECTRICAL SYSTEMS 

10.2.1 Introduction. The electrical systems incident to the operation 

of the MTR have been designed for high reliability in accord with requirements 

peculiar to operation of the project and local conditions. As the principal 

means for precluding interruption or failure of these electrical systems, dual 

·ANL·contributi~n. 
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feeder arrangements are used a,s.li ,basis of design where·ver pr,actical, The 

systems providing power within the MTR site for all uses are discussed with 

regard'to sources of electrical power, distribution systems, load power 

factor, and electrical grounding. 

10.2.2 Sources of Electrical Power, Since the requirements of processes 

and facilities of the MTR project vary as to the permissible duration of 

interruptions in electrical power, it has been necessary to provide ,other 

sources of electrical power in addition to the normal power from the public 

utilities. These other sources of el~ctrical power hav~ ~een made loeally 

available within the site for continuous and emergency use,' 

The normal electrical power is provided to the MTR site substation through 

tl1e fiTS. (Reactor Testing Station) Central Facili tiesContro,l Sta tion over a 

high-line operating at 132 kvo This high·,line comprises part of the ultimate 

fiTS distribution system which initially provides only a s~ingle power feeder to 

the MTR and other sites, When the present plan far distrihution of power at 

132 kv within the RTS area is complete! .this feeder will be extended through 

the area and hack to the Ceqtr~l Faciliti~s Control Station to provide a loop 

transmission system, The loop system will, in effect, provide two feeders to 

each of the sites so that pow~r ,transmission to an~ site ~ay be over either 

one or both sections of the loop associated with the site, 

The MTR substation is located within the, MTR site on ·the north building 

line near the east corner. This location com'plies with the requirement that 

there be a minimum distance of 1000 ft between' ,any eJec,tric'al system operating 

at voltages as high as 150 kv' and the precise electronic' equipment located: in 

the Reactor Building, The location is also desirable with regard to futu~e 
site considerations and minimizes the problems of inte~ference associated with 

the entrance and exit of the high-line feeder circuit, 

The principal high-vol tage equipment at the si te substation includes' two 

high~lin~ transformers and ane high~line breaker, Each of the transforme~s,' 

having a self-cooled rating of 3759 kva and forced air cooling to permit a 

maximum capacity of 4687 kva, is equipped with automatic tap changing equip

ment w~ich operates under load to permit somecontr&l over voltage variatians 

caused by load factors and other 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 he received 
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J.y either.f the tJ:'a ... foraers over 'the a •• oeiated section afthe loop (when 
e •• pleted) ,The a.collclaryof each tra".former deli vel's ~o.er through a 
Jneaker to one ofth~ 240e~volt bus section's 1'n the aubstation control ho.ae. 
These bus sections of the 2400~'lfolt dual feeder system are a •• oeiated with a 
tie breaker to permit indepel,ldent' operation of each section or unitary opera
tion of the entire aystem. 

Althou,h an operator at the substation control house .. , have contrel 
over ,all 2400-voltchellits~ the. ,incoming bus circuits and the boa tie eircuit 
may alao be controlled by theRTS~~ea power dispatcher. COllt~ol over a numDer 
of mo.tor-.dri ven di'~"DDects has been 'made availablet,o the a ..... U.patcher lei 

that control of hilh-yol tate, equipment and the distributioll .'Il ,the site sub-, 
atatieD may 'be .a'ecoaplished with ooly a single high-line, br •• ker 

The •• ufces ai, locally ,8vailahJe electrical power fQr cID.iiftu'OU8 a.e Ilre 
pewel"-accuflulator ",atell. which pr,ovide uninterrupted powelf' co .. Dumber of 

, . 
i.p.rtant leads. 1\'_ basic components of each system ar,e a 1!I'~I'.ie battery 
ana a <loDversioll dev.ice. "ar~n8 normal opera tion the normal,. plOwer system 
£.urniaheapower thro •• h the co~ver8ion device to maintain the _ui'llf'Y ·'floatin." 
at full capaci,tyand •• pply the avera,e power requireli! by the lo.d~ ',Since the 
arrangement ot the battery aitd conveuion device permits the load to be supplied 
from ei ther one .01" both simul taneoasl y ~ there is no interruptioD to the load 
when an intetruption occurs in the principal power system, 

A number of relativelY small power-accumulator systemS are io~lQded BS 

parts of the equipment to which they provide p~wer. Equipment ha~ingthe~e 
systems include,s tile automatic dial and conference telephone sy.tem" the 
security and 'fire=slarm system$ J'adio installations, and elllsil!le~8tartinB 
systems. 

Other power-acevmulator ayatems u ' each 8upplyingpo •• !l' t08 lIlumberof 
different leads, are strategically located in the eubstliltioD eOlat!'ol house~ 

the steam plant, and the basement of the Reactor Building WiD8., Ttl. first two 
01 the~e systems are primarily to provide cootin~oU8 powe!l' for control of 
electrical circuits and emergency lighting. Th~ third sy~tem 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 i.,erruptions 

. exceeding 2 cycles duration with voltage dips during this tiae not Ireate~ 

1003 



e 

e 

e 

than 30%. 'In addition to the conyeraion devices, Qnd battery of the po .. er 

accumulator, the principal operating components ~fthis system include ,two 

independent inv~rsion ~evices. For rea$ons .f prec~denee i~ reliability,M~G 

(motor"8e~erator) sets are used' for both conversion and inve'rsion, Each of 

the M-G invers'ion sets opera tea continuously from the power accumulator to 

provide a-c power to ita respective bus with very cl~se regulation of the 

voltage and frequency. One of the M-G conversioq sets is a spare while the 

other one operates continuously to maintaid a balance of power through the 

reactor power syste~.· The busses of the two independe~t inversion systems 

provide ,the control and instrument power. These busses are associated by 

circuit breakers so that the control load may be operated d1rectl~ from normal 

or emergency power and the instrUment load may be. carried by either one, or 
• 

bot~ of the inverters. 

Locall y available power for emergency use' only is provided' by a Diesel·· 

electric stand-by unit locate!i in the steam plant. This unit has a capacity 

of 750 kvafor the pro:,ision of power during emergency to a limited numiler of 

processe's and facili ti~s . of the praj ect which must opera te during shutdown of 

t.he reactor.', The operation of· this emergency unit and part of, the associated 

electrical systems is entirely automatic S9 that power may be prov.ided to most 

of the emergency loads with the least possibl~ delay when normal power is 

interrupted. A very fast starting system for the Diesel engine is arranged 

'with a "fail safe" control circuit associated with the 2'OO~volt bus ~ections 
of the substation. The control circuit initiates starting any time that beth 

busses are de~energized, Since the sizing ef this, emergency unit has been 

determined primarily on the basis of the automatically connected emergency 

loads, other loads that may he connected during emergency have been identified 

£01' dispatch control. Some of these other loads which require large amounts 

of power are provided with control circui·ts to the stand<,by control pane1. 

These circuits are controlled by the dispatcher to permit .the connection of 

the loads only at times when the generator has sufficient reserve capacity to 

maintain voltage regulation 

10.2.3 Distribution Systems. The systems for the distribution of all 

electrical services for the operation of processes and facilities are in 

stalled underground throughout the MTR site as indicated by Fig. lOo2.A" With 

the exception of the perimeter lighting. circuits, the electrical conductors 

for the transmission of power, control, instrument signals, and communications 

pass from one part of the sit~ to another through underground concre~e-encasea 

fiber ductJsat a depth below the fr.ost line. 
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The perimeter lighting is part of the area .l:ightiag system f<;»r the site 

which includes the interior roadway lighting" These parts of the area lighting 

system aTe simila~ aeries circuits operated in two groups, ea~h from its own 

constant current ·transformer" One circuit provides power to every second light 

along the sit~ boundary fence and roadway, while the other ~ircuit includes 

all other ~rea lights. Since there are no overhead service installations 

within the site, the feeders from the transformers to each of the lighting 

~ircuits pass through underground ducts_ Each of the series lighting circ~its 

passes underground from light to light, except around the perimeter where oYer

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 fDr power and control cable~ 

with a small g~oup provided for communication and instrument signals. As 

required for installation of the cables, manholes locat~d between sections of 

the ducts are provided with a large section for power and asmill .section for 

communications. gach section of the co~bination manhole is accessible from 

above through a top c6ver plate. 

The transmission of normal electric power is by a dual feeder sywtem, 

whetein a feeder is extended from each of the two 2400-volt substation bus 

sections to each of' a number of ~ite load centers In addition to breaker 

protection at each end of the feeders, there is a breaker between, the feeders 

at each load center t.o prevent circulator.y power transmission, Th~s each-load 

center has in effect a two~section bus. Wherever economy of design and 

. di~ision of P~Dc~sseaor facilities has p~rmitted. dual power feed is carried 

onto the load 80 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 

transmitt~d by single feeders operating at 2400 or 440 yolts. 

pass through the underground ducti to the automatic switche$ of 

steam plant is 

These feeders 

the di He ren t 

emergency load centers. The automat1c switches operate in interlocked sequence 

to tiansfer 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 p~wer circuit before 

connecting to th~ other. With the return of normal power, these ~witches must 

be returried to the normal position by manual control before the emergency 

stand-by unit can be shut down. 
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1'.2.4 Load Power Factor, 'Electrical power consumption in the project 

'is principally by e-lectric motors" Since the resultant overall load is 

predominantly inductive, power facto~ correction h'as, been studied with r~8a!:'d 

to the e~fects on voltage regulation and penalty costs ,for exc~ssive amounts of 

r,eactive power. I~ the aba,enee of power contra,et data and other information 

pertinent to design for a good operating power factor or low reaciive power 

demand, the use of synchronous motors was abandoned in, favor of other mearts of 

correction" 

Arrangeme~ts have been made for power factor corr~ction at some time in 

the future if requireci This is simply the provision of available sp.ace, for 

the addition of capa,eitor banks to the operating ,·;:ircuits of the large motors 

and to the main ,substat'ion bus" The ?'hus correcting" capacitor ba~k at the 

substation will in effect correct for the reactive power demand of the numerous 

small motors in use throughout the site. 

10.20:1 Electrical' Grounding. Adequate protection ,to personnel and equ1p

men t has been provided by extensi ve grounding sys terns, inc luding approved 

m~tho~s of grounding throughout the site to pre~ent electrical hazards" 

Additiona~ provi~ions have been made for establishirig a co~stant radio

frequency sround reference for electronic instrumentation within ~he Reactor 

Building and Reactor Building wingo 

The electricalc~haza:rd grounding al"rangemen'tsare provided for allelectri~ 

cal services, stat.ic discharge" and high potential surges due ,to H"ghtning" 

A general grounding system provides app~opriate groundins of e!ectricil 

equipment and metallic structural members of buildings., fences~ etc. ~ to under-
.,' . 

ground cables extending to the casings 'Of the water wells as zero'ground 
, ' 

tefer~nce. Additional grounding meGns far surge absoiption of static or 

lightning are provided in the form of unde~8'l!."'t)Und grids, These ,rids, composed 

of buried mats or driT~n ar~ays of grounding ~ods cabled directly to the zero 

ground reference,_ are located in the immediate vicinities of th.e electrical 

substation and elev~ted ~tructures such ae the stack. water to.~rs, and certain 

b~ildings equipped with lightning rods 

The radio- frequency grounding arrangements fo~ precise electronic in

strumentation to be used within the Reactor Building and Reaetor Building wing 

are:designed to maintain instrument background interference at a very low 

level by restricting the generation" transmission. and radiatilOnof extraneous 
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vortages within or n.a~ the~e buildirigs. The generation of these utiwanted 
. ' " 

voltages, which is inherent to some degree in many types of "electrical equip-

ment, may be amplified hy varying potential gradients in partially grounded 

structural members. These electrical resistance variations between closely 

adjacent metallic members in the struct~re of the buildings and within the 
buildings have been elifuinated by isolating or bonding these members. Radia

tion ~f di~turbances into th~ bui!di~gs is reduced by a Faraday cage effect 

obtained ~y grounding the electrowe!d reinforcing grids of the precast con 

crete ~ails ~nd Tool panels to the structural steel. 

Even though the electrical equipment associated with dust collections l 

commutation, and the opening or closi~g of simple circuits includes design to 

prevent the transmission or radiation of extraneous voltages, it is anticipated 

that additional filtering and shielding will be designed when complete in

stallation test data are available. 

1.0.3 lATER 

10.3.1 Introdoction. The various kinds of water used at the MTR site 

are classified according to their treatment and use. Deminer.lized water is 

used in the MTR,process-water system and for experimental purposes~ A blended~ 
partially softened well water is in general use throughout the MTR site, The 

softened water minim~ze~ scaling in hot~water sysiems an4 facilitates washing. 

The wa ter used in. the cooling-tower wa ter system is wellwat.er which is acid 

.ne~tralized in order to minimize· scaling and corrosion. All th~se trea~ments 
•• < • 

are made in the water-treatment building. Raw water is used in the c~naL A 

flow sheet of the entir~ water-distribution system is shown in Fig~ lO.3.A. 

'1'0.3 •• 'Watet Reqoirements.. The water-flow. requirements of the several 

different kinds of water used on the MTfl site are summarized below~ Break
downs of the u~es of each kind of water are given where they are app~6priate. 

The designs of the water-treatment facilities are based on the total flow 
requirements given in this summary. 
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TAILB to.3.1l 

Total I.t,r Requirements 

Demineralized water 

Process wa~er makevup 
Boiler 
Rod and pump seals 
Rabbits 
Laboratory 
Experimental purpOIUIS and contia,eac:itlll! 

Total 

lofte1uICl wat1er 

Cnte.~ 
Laboratol"i&& 
Experimental facilities 
Drinking aDd _anitary 
eleanin, and flashing 
Contingencies 

Total 

Cooling-tower water 

Evaporation 
Purse . 
. Cen t b:senc i e s 

Total 

Raw water 
. Canal pur,e 

.t:'.,,~ . 

J.t,,~ ~.' 

50 gpm 
20 
10 
30 
5 

35 ---150 SPill 

5 gpm 

.10 
15 
20 
15 
Ie 
fi-IIPIII 

250 lIP.m 
50 

100 -.400 

100 gpm 

10.3.3 Water AnalysiS'l' The raw wa:ter analysis is .~Ye,~· in Table 10.3.B. 

The analysis was made by the U. S. Department of the Inte,.j,~~f The sample was 

obtained from theM'IB test weU. 
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Analysis by the u.~ted State_ De ... r..." .f ,~", b_i~, ~~l ~~~~~.eloureu Branch 

SW NE ~ Sec. 14 T3N R29E 

LOCATION: Butte, C~." Area, Id.ho 

SOURCE! Well (test) 

, ,AE(t:MTtt.~ 

DEPTH: 588 ft 
01 AMI 8 in.; ID 
WATER LEVEL I "S3.p ft below TC 
Y I HOI 80 G'JI',- pump 
OWN E R: AEC. Idaho Falls 

CHEMI STI 'I. M. Webster 
LAB. No,: 3896 
COLLECTORI RWK 

Lab., No. 3896 

rCa 2.S9S 
rMg 1.~62 

rNa 0.117 4.371 
rK !:..Q.§§.. .4.930 

4.330 0.041 
rC03 8.fol 
rHC03 3.540 
rS04 0.416 
rCI 0.338 +0.5% error 
rF 0.011 
rN03 0.066 3~ N. 

4.37i 

DATE COMPLETEDI 12.13.49 
CHECKED BY: 

PROJECT: 

TRANSMITTED: 

REMARKSI 

'E. L. Singleton 
AEC MTR well 
12·14·49 

Analytical Stetemellt 

(Part. pel' million) 

Dn", CH' CO\.LECTI ON I November'S!),;: '1949 
Ust. Observation , -.t°2 19 
T[MPERATURll '5 delraes ·Fr::(soL) 0.06 
COLOI" Clear "pHe 1.,~ 

S,UIPENOiD ,~ATTER'" 

"'ARO,HE S S "s G,~C03, 
~.q.,.i :3.l 'To':.'(198 
IGN".YION 1.0UI ',27 ' 
o !SSOl VIDSOL t 0$1240 
SPECI,I CCOHOUCTANCEAT 2SoC' 

(.',U_b~) I 398 

T/A FTI 0.32 
-TOTAL FE: 0.,1.5 
~I 0.0 

CAl 

NG!I 

No\ J 

K, 
C031 

HC03t 

S04 1 

Ct.,1 
FI 

NOS 
Bt 
suNil 

HYPOTHKT~L C~P~»S 

Raw Wa.ter . Hardness ('IDS) 

Ca(HCOs)2' .2.1i .plli 

. Caco
S 

130pPlll 13~ 
Mg(HC03)2 1.0 50 42, 
MgS04 0.4 20 24 
MsC12 0.2 10 9 
N.Cl O.~ .6' 
KNOl 0.1 10 -

4.4 no 221 

8i02 19 
""'2iO 

10.11 

S2 
19 
2.7 
2.2 
0 

216 
20 
12 
0.2 
4.1 
0.1 

238 

Alkalinity 
CaC0

3 
130 

50 
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Deminera l i zed Water. The desired demineralized-.wa:~eranal ysis is given 

in Ta~le 10. i. C. The design of the cJemiD.ra'l~zation sys,t:em is ,hased on abu.iu

ing water that sati8~iea this analy.i.: 

TABLE le.3.C 

DemineraUzed.: •• ter AnalY8ts 

C~STI1UF.NT 

TOS 
Fe 
Al 
Ca 

MS 
Na 
CUI 
Si02 
Cl 
SO, 
Cu, Pb, Ni, Co, B 

, Process wa ter pH 

Specific resistance at lSoe 

MAXIMUM 

3 ppm 
O.pS 
O.pS 
0.5 
O. ,5 
2 
2 
1,0, 
O.~S 
O.~O 
NODe 

5. ,5 to 6.5 

300,000 to 500,000 phms 

Soft Water. The soft water has the same analysis as the raw water except 

that all ~he Ca and Mg are replaced by sodium. This completely softened 

water is blended with raw water to ~ive the blended partially softened water 

of 50 ppm hardness that is ~sed throughout the MTR site. 

10.S.4 Demi~eratizatton System. Cation Exchangers, Acid Tanks, and 

Pumps. Sufficient cation capacity must be available to continually process 

150 gp~ of well water. Two cation exchanger units are 'provided for this 

purpose; each is 5~ ft in diameter and 9 ft high. Each has about 2 ft of 

height available for Anthrafilt base. about 3 ft of head room for resin ex

pansion during backwash, and 4.5 ft of resin. The units are regenerated about 

every 12 hr. A 60-day supply of 98% sulfuric acid for cation resin 'regeneration 

is stored out of doors in two lO,OOO-gal steel storage tanks. Th~ acid is 

pumped from these storage tanks to a dilution or mixing ta~k 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 CO2 from the decationized 

water the water is sprayed down over wooden slats in a wooden tank and falls 

into a lined sump below. 

deanionizers. 

The water is pumped from the sump through the 

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 ahout 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 i~ 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 pre~ared for anion 

regenerative use. The units are regenerated at about 24-hr intervals. 

Dem inera 1 i zed-wa ter-oS torage Tank and Pumps.' After demineral iza tion the 

water is stored at ground level in a 100,000"gal storage tank, All linings 1n 

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 iuel assemblies in the process-water system, 

Either of t~o 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 

lOOO-gpm centrifugal pump supplies reactor flush water during shutdown while a 

second identical pump serves as a spare. 

10.3.5 SOJteners. 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 h~; A 60-day 

supply of salt (16 tons) is maintained in a brine pit leached with water. 

Pumps deliver the saturated brine to the dilution-regeneration tank, 

The softened water is blended with raw water to yield a blended water of 

about 50 ppm hardness. It is stored in a lO,OOO-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. 

10.13 



10.3.6 AcidDneutralization 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 measu~~d manually int9~'50-gal 

tank and is propeller-mixed and diluted in a 2500-gal tank. The diluted acid 

is fed into the make-up water line by means of a flow-controlled proportioning 

pump; this pump delivers the dilute acid and well water in the proper pro

portions. 

~ 

~ 

10.3.7 Design and Operating Data Summary. The pertinent design and 

operating data for the softening, decationizing, and deanionizing units are 

sti~marized in Table 10.3.0. 

TABLE 10.3. D 

Water System Design and Operating Data 

SOFTENING 
-----====-= ..... _.--.-.... -.-.... " ....... ,~.-.,.~.",=~ .• ~ .. -"=-~~=== 

Resin capacity (grains/eu ft) 

Resin bed height (ft) 

Resin bed area (sq ft per bed) 

Resin bed diameter (ft) 

Number of resin heds 

Design resin bed volume (eu ft per bed) 

Calculated resin hed volume (cu ft per bed) 

Resin bed design safety factor (%) 

Flow rate (gpm/sq ft) 

Throughput/unit for two units (gpm) 

Hardness, cations + anions (ppm) 

Tije between regenerations {hr) 

Amount of water treated (gpd) 

Regenerant used 

Regenerant capacity (lh/eu ft) 

Amount of regenerant storage 

20,000 

3 

5 

2.5 

2 

15 

13.3 

12,,8 

6 

30 

210 

12 

86,400 

NaCl 

10 

16 tons 

DECA Tra'HZING 
.. __ ~. _w.w. '" • 

10,000 

5 

20 

5 

2 

100 

92.8 

7.8 

5 

100 

219 

12 

288,000 

93% H2SO4 

2,5 

6,000 gal'" 

DEANIQ\lIZI~G 
.----.~ ... ---.....""'._: .. f..J ...... ,,. 

7,000 

2.5 

20 

5 

2 

50 

49.4 

1.4 

5 

100 

41 

24 

288,000 

50% Na{Jf 

7 

4,160 gal* 

*This figure includes 2500 gal of H
2

SO
4 

needed for neutralizing the make··up water to the cooling tower •. 

. " 
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10.3.8 InstromeatatioO I Laboratory, and Bonsing, All demineralization, 

softening, and water-neutralization processes are carried out in the water

tr~atment buildi~g. and all related storage tanks are just outside. A .water

analysis laboratory, as well a~ a water supervisor"s office, washroo~ lockers, 

and lavatory are provided. 

Instruments. are ~urnish~d to record the production flow of (1) make-up 

water to the cooling towers, and (2) blended ~nd demineralized water to the 

storage tanks. 

Level indicators and alarms are provided on the blended-water and deminer

alized-water tanks. The acid tank has a level indicator. but the caustic tank 

does not. Normal flow through the cation and anion exchange.rs, backwash flow, 

and rinse flow are indicated, and the total flow is recorded, As quality 

checks on FMA (Free Mineral Acidity) break··througb~ the pH values of the water 

leaving the .cation units are .recorded. A final check is provided by recording 

the pH of the water passing. to the demineralized-water storage tank. Re

sistivity of the treated water is also recorded. Sodium and silica break

through require manual periodic tests. 

lOp 4, BFFLPBNT CONTROL 

10.4.1 Introduction. The purpose of the effluent control s.ystem is t;o 

collect, hold. and dispose of bath process and nonprocess radioactive fluid 

. wastes. The radioactive fluid wastes expected frem the M'IR site are generally 

classified and disposed of a; follows: 

1. 

2. 

3. 

TheSO-gpm purg~ from the process-water system is sent direct to 
the retention basip for a holdup period of about 90 hr. This 
holdup time reduces the activity which is due primarily to 
Na1l4

, 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, 

Mildly active experimental and laboratory fluid wastes are 
drained to underground holdup tanks ..• hen the ta.ks 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, ~etention basin. or the underground permanent 
storage tanks. 

"Hot" fluid wastes are collected locally in shielded containers. 
The c,ontents are' ei ther sent to the underground perl!lanent-s·torage 
tanks or to the Chemical Processing Plant for disposal, 
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. 18.4 .. 2 Retention Basin. General Desc1riphon~;The. retentionbasiri is'8 

tank' for ~olding flowing radioactive water' fora p~riod' of ti~~that is long 

en~ugh to all ow th~,radio8ctivities' of the short-lived watercomponenta to· 

decay' to tol~rabil:-e·;:val~es.The entering water must not mixj.vith· th~ leaving 

wa ter ~ and,; iderii}y,. there should be nct mixing a t any .in~ermedi a tepo ints; 

Theti'me necessatyfot dec;ayof 'Na24 radioactivity and the given efflue~t flow 

are the main fa~torsde~ermi~ing the size ~f the basin, Effluent 'waters Iiom 

the Process; Water Building and the .Reac tor Building process sump mix in the 

line going to the retention basin, The 1200 dis/ml/secactivity based on 50 

gpm of solution contain~ng 5 ppm of Na 23 ~lua a re60il equivalent ot 1 pp. 

requires. a ~66,OOO~gal ~asin,~o.pro~ide the 88-hr holdup necess~ry for d~cay 
to ~ tolerance nlue of 18.S dis/ml/sec" In order. to havestoriage space 
available for intermitt~nt flushes, future expansipn, and .lso for the 320,000 

gal of processw~ter in case it becomes oveily contaminated. ther~ are tw~ 
360,OOO~galbasinsprovicied, Thus, one of th~se is large ,enough to store the 

entire cont~nts of 'the process-water system. During bormal operation, one 

basin is in ~~rvi~e while the other is availabl~ for the emergency discharge 

of radioactive process water.~ :If the reactor pojer le~el is doubl.d, th~ 

load on therete~tion b~sin will not appreciably incr~~se and the two 360,000-
gal basins will easily accommodate the effluent flow; 

Shie lding, The roof. over' the basin is concrete with several feet .o·fearth 

covering. This reduc.s radiation directly over it to .less than a toleiance 

value of SO mr/hr. 

Effluent Flows. : The water flows that the retention basin is required to 

acc~mmodateare summarized in Table lO,4,A The normal operating flows are 

those listed' under "Continuous Flows; II while the "In'termi ttent Flows!. ,i con

stitute the flows encountered during periodic re*ctor operations and during . . 

emergencies. 

Size and Structu,e. The retention basin has a capacity of 720,,000 gal 

and is made ~p of two 360,OOO-gal sections, each about 125 by 20 by 20 it 
deep, placed side by side. An inlet trough with adjustable ~luicegates 

distributes the water entering the basin. Outlet weirs measure the discharge' 

into the exit trough .. Each of the two sections of the basin can be drained' 

separately and thoroughly, and may be entered for inspection and cleaning. 

The underground feature of the basin obviates any algae growths. 
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TABLE 10,4.A 

Water Flows to Retention Basin 

---_."._---------_._--- ------- I -------........ • .. -------_______ . 

Effluent control 

Catch tanks" 

Reactor Building process sump 

Experimental plugs 
Control rod seal 
Monitoring tubes 

Normal sump ovelt'flow in water···cooling 
building 

Process purge 
Steam jet condensate 

Reactor auilding canal sump 

Canal flow~ 

Canal flush 

Emergency ove,rflow from sump tank in 
watelt'~cooling building 

Fuel assembly change 

CONTINUOUS FLOWS 

(gPIl1) 

2 

5 

50 
2 

INTERMITTENT FLOWS 

RATE (gpm)l DURATIOO (hI') --.... ~...... ~- .. -",----........ --. 

50 0.5 

90 

100 
400 

200 

I 

6 

10 
Emergency overflow 2.1 20,000 I ~.- 0 .. 25 

-------------.:.--------------.-,=.~=."'I ... _~-_.-----
"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 ~s~entiallyno air 

over the water, This design eliminates the accumulation of radioactive argon, 

and/or an explosive mixture of hydrogen and oxygen, The basin effluent inlet 

must be ventilated to remove ano/ A41 activity. This is done by means of wind f 

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 o The exit 

water flow is measured at the discharge weir and recorded. 
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Emergency. In t~e 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 desir~d. 

10.4.3 Effluent Pond. Since there are no rivers available for water 

disposal near the MTR site, it is necessary to dispose of the water from the 

retention basin by allowing it to percolate through the ground, sand, and 

gravel until it reaches the wa r table below. A percolation rate of 0.3 cu 

ft per square foot per day was determined by laboratory tests of ground cores 

obtained at the MTR site, This figure is exceedingly low and a field test was 

later made in which the percolation rate was found to be 100 cu ft per square 

foot per day. Since the higher figure was so different from the smaller 

one, it was decided from the experimental data that a rat~ 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 13b by 240 f~ giving an area of approximately 30,000 sq f~ is 

provided. The sides of the effluent pond basin are sloped at about a 45 q 

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 orqer 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 handling of modera te quanti ties of "warm" 

wastes. 

Since the bulk of the wastes was i~creased and the methods of subsequent 

waste treatment were made more difficult by neutralization of acid wastes in 

th~ past, the wastes at the MTR site are not neutralize~. Thus the storage 

ta~ks and handling systems are such that they can withstand acidities of pH 2, 
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The type of ~astes expected and th'e' planned disposal of them, are discussed 

briefly in this paragraph. The nhot·,~aites from the reactor ~re~ will be 

transferred to the Chemical Proce~sing Plant for disposal. ~adioaftive 

material from experimental equipm~nt w~II be collected in shielded pots and, 

according to 'whether it is "hot" or "war'm," will be sent to the Chemical 

Processing Plant or to the permanent-storage tank ,farm. Alph~ particle 

wastes and slightly active wastes and solvents will be collect~d in stainless 

steel drums, and, depending on the activity, willhe sent either to the Chemical 

Processing Plant, permanent-storage tan~ farm, or the underground holdup 

tanks. It is experited that the largest volumes of wastes will come from 

accidental spills and labo~atory sinks, arid that only ahoutS% of these will 

be radioactive. The description of the~ystem as given in the following 

paragraphs refers particularly to this large volume of wastes from spills and 

laboratory sink~. 

The wastes are atcumulated in four 1000-gal underground holdUp tanks 

located near the Reactor Building and laboratory wing.. Two of these tanks re

ceive effluent from the basement and main floor drains of th~ Reactor Building 

Vl.a a Reactor Building sump tank and pump; the other two tanks receive radio-

active effluent from the sinks in the laboratories, While the contents of one 

tank of each pair are being monitored" the companion tank is filling. The 

nonradioactive effluents caught in these tanks are sent direct to the effluent 

pond, The highly radioactive wastes are pumped to the permanent-storage tank 

farm. The tank farm, hased on a one~year capacity, initially consists of two 

10,OOO~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 50 .. gpm pump located ahove it so that leakage. fro,m 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 he taken, .or (3) 
the contents can be delivered to the retention basin, the effluent pond, or 

the 10, OOO .. ·gal permanent~storage tanks, The tanks in each pair have overflow 

lines to each other. Each tank is provided with a level gauge and a high,. 

level alarm. 

The water table at the MTR site is ahout 600 ft helow the surface" It is 

estimated that it takes 150 years for wat~~to percolate through the lava beds 

under the Snake River Plains back to ~he 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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1005 COOLING TOWERS 

1005rl General Description. A w~ter~cooling tower indirectlY dissipates 

most of the reactor heat load to the atmosphere. The 30,000 kw, or 1,100,000 

Btu/min, developed in the reactor active section passes directly to the 

process water and raises its temperature from 100 to 110°Fo The process water 

yields this acquired heat to the cooling-tower water circulating through the 

condenser tubes of the flash evaporators. The 200 gpm of flashed process

water vapors is conden~ed 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~eyaporator condensers to 

complete its cycle. Water is provided to the basin to make up for the quantity 

lost by evaporation and drift and to dilute the concentrating water solids so 

as to prevent scaling .. Provision is made to add chlorine solution inter

mittentlyto the circulating cooling-tower water to inhibit algae grow~h, 

Dilute acid solution is mi~ed 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 12°F, then 

66,500 lb of dry air per minute is needed to handle the heat load as follows: 

.. . ...... .~ 
, .. 

, TEMPERAWRE H (Btu pelt' DRY AIR WAn;R 
, 

OPERATING CONDITIONS , , ~ . - . ~. -"" .. 
(OF) Ib dlrY air) Ob/min) Ob!wio.) p ~-(~~~} ... ') (cuft/lb) 

! I ., 
95 60. '( 66,500 2,420 I 1,000,,000 14.8 

72 35.1 66, 500 
, 

1,120 920,000 13 8 i , 
, . 

23 25 6 ; 1. 300 
.~ ~. 
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e Following'is a summary of the heat data: 

Latent, 1,300 Ib of water 

Sensible: 1,300 lb of wat,r 

Sensible, 66.500 lb dry air 

Total 

1,300~OOQ Btu/min 

15,000 

382.,000 

1,697.000 Btu/min 

10,5,3 Operation and Description of Cooling Towers and Rasins, The 

cooling"tower operations are based on a 7°F wet,·bulb approach to the 'highest 

summer wet-bulb temperature (65 DF). A medium·.height tower of 28 ft requires, 

according to accepted practice, about 600 sq ft of ground ~rea per 1000 gpm of 

throughput" Thus, five 30·· by'40-ft (ground area) towers provide 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. Fdr 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 dus~proof motor drives for outdoor operations Each cell 

has an independently drainable basin section which is 4 ft deep and holds e 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 bil.,sin 

purge. Normal purge is accomplished by means of an adjustable overflow weir, 

With a 300-gpm make .. up, and assuming 250 gpm ,is \'aporized, a sixfold increase 

1nconcentration of dissolved ~olids in the cooling~tower water will occur. 

e 

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

in the following table: 

. MTR Raw Well Water 

CATI<~S 
lWOUNT ANIONS ~OUN1 HARDNESS ALKALINITY TOS 
(epm) (epm) AS CaC~-a tppm) AS C"COa (ppm) (ppm) --

Ca 2,6 HCOs 3,6 205 l'f2 239 (19 ppm Si02 ) 

Mg 1.6 S04 0>4 
Na 0,1 Cll 0.3 
K 0,1 NOs o,t - --

4,4, 4,4 
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Partly neutraliz ing with sulfuric acid or 3.0 epm of S04 gives the following 

analysis for the cool~ng-tower make-up water~ 

Acid-neutralized Well Water for Cooling Tower 
.---,-,~----

AMOOl'i:r AMOIINT! HARDNESS ALKALINITY IDS 

CATIONS (epm) ANIONS, (epm) AS CaCOa (ppm) AS CaCOa (ppm) {ppm) 
~-.... ~ ,,,.. -.~.:= 

~~ ''''4''.-_ 

Ca 2,6 HC03 0,6 205 0 219 (19 ppm Si 
! • ' 

°2) 

Mg I L 6 I S04 3.4, 

Na 0,1 I Cl o~ 3 

K, I ~ 'II N03 ~ 
___ .1 4.4 I ~'_iI---4_. _4 -4-_____ -1-_-.;... __ ---,,.-l __ 

The 2,6 epm of CaS04 gives a concentration of about 170 ppmo A sixfold 

1ncrease would increase this'to about 1000 ppm of CaS04 , which is still far 

below its solubility of about 1700 ppm af DOC. MgS04 is very water soluble 

and thus it offets 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. Acidul.tion and, chlorination control of the 

cooling-tower make-up water are performed in a mixing chamber in the,water

treatment building. Four vertical floode~ turbine type pu~ps, each of 3300 

gpm at about a 100-ft head, are used. Three pumps are in continual operation, 

while one is held as a spare or alternate. It is recommended that the pump

house and cooling-tower-area equipment be inspected hourly, but that no one be 

stationed there permanently. The inlet ventilating air is filtered and the 

building is pressurized so as to prevent the infiltration of dust and thereby 

protect electrical and other equipment. 

10.5.3 Instrumentation. At the pump house 'each of th~ four cooling d 

water pump motors is provided with an ammeter. A voltmeter is provided across 

the pow,er supply feeder to these motor.s. A two~point pH recorder in the wa te r"· 

treatment building helps the operator guide the acid-neutralization dosage by 

recording the pH of the entering acidulated make-up water and the circtilatory 
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water streams. Each pump has a pressure gauge. The adju.st~ble weir overflow 

is calinrated so that the purge flow is indicated visually, At the water~ 

treatment building, the cooling-tower circulatory flow and inle~ a~cl outlet 

water temperatures are recorded. A low water level in the basin is indicated 

by an alarm in the .water-treatment building; a dry .. wet buJb t;wo~pointoutdoor 

recorder is also located here. When the wa~er level in the basin is adequate, 

the make-u~ from the general water reservoir .is shtit off but the make-up from 

the canal continues. 

10.5.6 Emergency Op~ration. In the event of power {ailure. the cooling

tower system is shut down completely,. and the flowoflJlake-up water is automati

call.y stopped.. Make-up water is also shut off automatically :'if the general 

water reservoir content is low. 

10.S.1 Desig. Data. Following is a summary of the design data: 

Heat load 

Maximum we't- bulb tempera ture 

Approach temperature 

Altitude , 

,Water flow 

High temperature 

Basin temperature 

Air flow 

Dust 

Winds 

1,100,000 Btu/min,oT 30, ocio kw 

65°F 

7°F 

5,000 ft above se~ level, 25, in. Hg, 28 it wa.ter 

9,000 gpm, 100 ft·.wa,ter" .120 hp each pump 

95°F 

72°F 

66,500 lb/min, ~ in;'~ate,~i :UOhp total 
- J. 

Moderate~to"8trong 4'dust devils'" 

Moderate~to .. strong, ·SW and NE prevailing 2: 1 

ARCO 'PEMPWTlIBES (oF) (6), 
, , 

1948 Jan Feb Mar Apr May June, July Aug Sept' , Oct Nov flec Annual 

Average max. 28 34 43 57 66 73 84 83 73 . 60 45 31 S6 

Average 14 20 31 43 51 56 66 64 55 44 32 19 41 

Average min. 10 16 24 31 39 45 52 49 40 ' 31 23 13 31 
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e POCA'IELLO RELATIVE HUMIDI1Y (%)(6) 

1948 Jan Feb Mar Apr May J"une July Aug Sept Gct No.v bec Annual 

8 AoM. 80 79 73 69 .. 67 60' SS S4 59 68 73 79 68'- ' 

Noon 71 67 56 45 38 31 27 29 32 47 60 70 48 

8 P,M" 73 61 54 42 37. 30 24 25 30 45 60 72 47 

ABSOLUTE HUMIDI1Y (grains water/lb dry air) 

8.5 10 13 20 20 20" .26 27 2() . 22 23 . 20 

18.8 PRKBSSRADIATlONINSTa".IW'ATION AND ARBA MONITORING 

10.6.1 Process Radiation Instrnmentation, In detecting the radioactiv~ty 

of the air and water syst~ms some"" co~m~~eiaily .available instruments a'ie 

ap~licable. For those 'inst~lla;ions'in,wbicb suchins~ruments prove ine adequ~te, modifications of currently ~sed instruments or ent.irely new d~signs 
are required. 

e 

The methods used in Ae~~~~ing radiation give onli ~elative values. 

Radiochemical analy~~ •• ri t6:h~used.~hen accurate quaniitative determina

tions are necessary. 

Cooling-air and Contamina'·ted-air Systems. In the reactor c,ooiing~air 

system the, ins trumentati9nis "set up primarily to measure the arg~n acti vi ty 

and the particulate' activ'tty of tbe air be'fore it' is discharged into 'tbe atmos:~ 
phere. The monitoringsy~tem "extracts air from the main air duct, passes it 

first through a particul~t~moni~oring device~ then through a gas-monitoring 

~hamber. and finally di$charg~s'~t ba6k into the main air ·stream. 

To detect t.he'Plirticulate activity,' a modificatian of the continuous room-, 

monitoring system used' ~F Brookhaven Nation.l Laboratory is us~d. The in

strume~t consists of~ st~ip ~f filter paper mo.ing a~ross a serie~ of openings 

through which air is pumped. t~e pap~r, after collecting the dust, passes in 

front of a mica end-window Gei8ercoun~er, where th~ counts ~re tran~mitted ~ 
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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 "air'tight 

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 radioactive air or gas t~ pass through the innermost cylinder 

while the outer chamber is filled with argon gas at a pressure of 20 aim. 

Normally, radioactive gases and particles will be vented through the off~ 

gas system and discharged to the stack. To detect and measure this activity, 

a similar arrangement as described ab~ve for the reactor ai~ system is used. 

Process-water System. In the wat~r system the annular type ionization 

chamber is used. By-pass valves and conduits allow the radioactive water or 

gas to pass through the chamber. Activities are measured by this method at 

the seal tank, liquid vent seal, and in the demineralized water system. 

The measurement of the water activity at the seal tank tends to serve a 

dual purpose. First, it records the total water activity for the process· 

water system at approximately 60 sec flow time from the active lattice; 

secondly, the reading is used as a check on the background activity for the 

scanning unit which is to detect a fuel plate rupture. 

The liquid vent seal evicts gases such as argon, oxygen. neon, and 

fluorine, which are present or formed in the process water. These gases are 

radioactive and a measurement of the radiation is required before venting to 

the atmosphere to serve as a check on the release of activity, 

Ionization chambers are placed on the demineralized-water system to 

detect a possible back-up of radioactive water from the reactor. The back-up 

of radioactive water may occur through the leakage of valves or the failure of 

check valves. 

Calibration tests performed on the annular type ionization chamber, using 

radioactive Na 24 in an aqueous solution, yielded a sensitivity of 1.55 x 10 2 

curies/cc-amp and 1.12 X 10 2 curies/cc··amp for gas pressures of 2949 atm and 
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20.75 atm, respectively. Similar tests for the (activated) Co 60 aqueous 

solution yielded a sensitivity of 2,~2 x 10 2 curie~/cc-amp at a gas pressure 

of 20.1 atm. Since Na 24 will be the main radioactive constituent of the exit 

process water, the sensitivity of the actual installation shouldbe 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 contami~ated it is directed 

to either the sewer or the retention basin, 'depending on the amount of activity. 

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

Retention Basin, T~e radiation emitted by the radioactive water in ihe 

retention basi_n is measured by placing G,E, air-wall type chambers above the 

inlet and outlet troughs, 

10,6.2 Area Monitoring, Area monitoring ~ill be required wherever the 

radiation might exceed levels' considered to be safe for personnel. In general, 

monitoring will b,e required in the following areas: (1) ~eactor Buitding .. wing , 

(2) Reactor Building, (3) Process Water Building and (4) Fan House, A variety 

of types of instruments for area monitoring can be classified according to 

their respectiv'e functions as follows: 

- ... , ... ,--------.. -,."."".".'' ..... -.. "" ,.----.---.--. -----------.- -,r-'-' ----, 
CLASSIFICATION FUNCTIO'l RADIATIQ'; 

~':':.,==.e~.:",;:.':!" .. "'.:."::.-.::'.:t:.::....:~:-"'''~'''''' = =* 
a 

b 

c 

d 

Health physics, personnel monitoringl Gamma 

Beta 
Al-pha 

Survey (portable) 

Area monitoring (stationary), 

Monitoring of experiments 

Gamma 
Gamma 

Gamma 

Alpha 

Beta or gamma 

Fast neutron 
Slow neutron 

INS'IRUMENT 

Hand and foot 
coun ters 

Zeus 
Zeus with probe" 

Cutie Pie 

Beckman MX3A or 
equi valent 

Air monitoring ~ 
air particle 

Cheng and Eng 
Neut 

, Alpha and bet~ Zeuto 
-----------+---.-
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I~ TableHL6?A are listed tbe.~,be'l'$ of each type of : instrument to be 

use,a in each of th~ four general areaS ::t.qui.ring lIonitpring, It will be noted 

that the gi-eates t number ·of· in~trument:a isrequhed for the Reactor Bu:ild.i11l'g 
~ ,~. , 

and wi~g:, . 
" 

TYPE. 

Hand and foot 

Zeus 

Zeus 'Wii.th pll:'cbe 

Chen! and ~nl 

Ail'. pa~ticle 

Slow neutro~ Moniitr 
~eI\.1't 

Gsmm~ Detector for 
ataiJ'.ionu'y, in~ 
a ta 11 a\l', It on 

Alph'a 

.' 

tABtB io.804 
. .. .. 

AreA ."iatl~ itoa'tO~,i_1 I.Btr .. m~Dt8 

., 

uU", 

Reah, p·hyd:.es , 

Sune., 

Suve; 

Experimental 

Air ,monhodllS' 

Experiment,s f 

Ana, moni to:Ji.iiig 
• OJ 

," !':;' • . ' ... 
Expe:rim~Dt~~ " 

~t.".,--__ .~~~._ .. ~\ _' . ...,.,.L .. _ ... ''''_>''' ....... lu'~.~~ 

}:. 

is 

4 

4· : 

4 

6 

7 

4. 

? 

10 

2 

2 2 

1 

2 2 

'OOfAL 

t 

19 

.6 

4, 

5 

6 

u 

4' '-
5'( 

The, o~ly instrume,nts to·whi~'h 'definite lrcati.ons in t'he v,uious buildings 

can be assigned are the area.~m6pitoring instlt'~ml'p.ts, classification ~'cv' abo'Ve~ 
The l~cations selected fin" t'h~'IS~ inlllt·~;~,l!i1enta have been arbitrarily chosen, 

and' actual survey when th~ 'rase,tor {sin :o~ell'ation may result in these locations· .' . , ' 

being changed. .: , 

10,27 
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DWG. NO. 

3150 9-1 

3150-9-2 

3150-9 3 

3150·902-1 

3150-902-5 

3150-902-20 

3150~·92-2 

3150 92·,3 

3150-92-3A 

3150-12 3 

3150 13-3 

3150-92-11 

3150-92-12 

3150-7~1 

3150~7-2 

3150-92··5 

10,8 REFERENCE DRAWINGS 

(Blaw-Knox Construction Company Drawings) 

TITLE 

Layout of Boiler House 

Boiler Hous~ - tions 

Mezzanine Pljn and Sections 

Electrical, Underground Distribution System 

Electrical, 2300 Volt - One Line 

Electrical, Road and Fence Ligh~ing 

Flow Diagram, Filtered Water tern 

Flow Diagr~m. Water Treating System 

Flow Diagram, Water System Demineralizer and 
Water System 

Retention Basin, Pldn and Section 

Effluent, Cont~ol. Plan and Sections 

Water Retention System - Flow Diagram 

Effluent Control - ow Diagram 

Cooling Tower and Pump House - Pump HouseLayou~ 

Cooling Tower and Pump House - Cool ing Tower Layout 

Flow Diagram -Cooling Tower 
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CIIITlc,U.In· Sr~IISON.r·DRIC~ ,IIMNI_~c:c>ilEAVY 
WATEa' aY8TD1S( 1 ) 

Al.1 ..... SBBDrAL AlaANOSIEN! 

The desi,n and construf!ti~Ji of the apparatus for these experiments were 
carriea out by members of the Technical Diviaion (of Clinton Laboratories). 

The reactor was a vertical welded stainless steel cylindrical tank 140 em in 

diameter and built to be filled to a depth of 144 em with heavy water. The 

top of the tank was ~overed by a perforated stainless steel tube sheet which 

.a. bolted and gaskete~d on the rim of the tank proper (Fig .. Al .A).. ",Fuel 

tubes'" containing U235 could be lowered through the tube sheet into the heavy 

water. and thus a lattice could ~e ~uil' up by adding fuel tub.s until the 

assembly .ecame critical. The perforations in the ~ube sheet and the amount 

of U235 in the fuel tubes were &IIrran,ed so that if contiguous holenwere 

fille4. t.e mean cencentration of U235 ,in the region of the lattice .e built . . 
.up in the. heavy water moderator was 10.35 g/lher. Specifically, the hole. 

were in a square lattice of 8.4 em spacing, and the fuel tu~es. containing 

45.45 g of UUS in the form of a heavy.water solution of uranium oxyfluoride 

(U0 2 F 2 » were filled t~ 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 homogeneous distribution of uUliwitbout lar"e err.or provided 

the foreign material in the fuel tubes is considered as well. By omitting 

~}ternate holes, it would be possible to obtain ~ lattice spacing of 16.8 cm 

or a mean concentration of 2~58g/1ite~ using tbe same fuel tubes and tube 

sheet. and. by using the square lattice-at 45° (1;0 the fell'tt-pSlIl" , the mean 

concentration of S.17 g/liter could be easily achieved. 

Five vertical control and safety rods penetrated the active lattice resion 

through the tube sheet. Each was composed of a sleeTe of cadmium in an·other

wise empty aluminum thimble which' ran down through the heavy water to the' 

bott.om of the active region of the lat.tice. The thimbles and rods could be 

moved individually as desired. The cadmium rods were supported by electro-. 
magnets hung from piano wires, which in turn passed over pulleys on the ceiling 

to counterwe~ghted controls in a control room. Electrical safety circuits 

AI.I 
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were so a'rranged th.at if either of two MonitroDs· near the reactor were to 

trip, ~he electro~agnets would became deactivated and the cadmium rods would 

drop into their thimbles upon shock absorbers. 

A typical tube sheet lattice arrangement is given in Fig. AI.B. A 

blacked-in spot on the position of a tUDe sheet hole means that the hole con

tained a fuel tube with a full complement of U235 , viz., 45.45 g for s'lution 

depth of 61.8 em or 73.51 g for a'deptb of 100 em. Fractional fuel tubes were 

also made up in order to permit close bracke'ting of the' critical m~ss in an 

assembly. One phase of the experimentation caned for the calibration .f the 

control rod po~ition against known amo~n~s ~fpoison distributed iri the 

lattice. 

Beside, the ~eactor tank, an elaborate stainle~s steel syste~ was pro

vided for handling the heavy water. The e.ti~e experimerit~l arrangem~nt 

occupied a two-level concrete cell enclosure so that the heavy water could 

be raised from. reservoir t,nk on the lower level into the reactor tank on 

the upper level by means of dried compressed air. 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 he activated by the 

neutron flux for flux di~tribution measurements on a horizontal line through 

the reactor, and vertical flux measurements were conveniently made in an empty 

fuel tube holi. Typical hori~ontal and vertical flux distributions are given 

in Figs. ALe a'nd D. 

During changes in the lattice arrangement, boron trifluoride counters and 

Geiger counters with registering circuits and au~ible signals kept operators 

informed on reactor activity levels. The progress of the critical reactor 

was observed bY!lleansoi an Esterline -Angus recorder driven by the Moni tron. 

Al.2 CRITIC&L'I&SS EXPERIMENTS 

The main purpose of these measurements was to ascert~in the amounts of 

U235 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 radi
ation falling upon it exceeds a predetermined level. 

AL3 
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initial approach to criticality was made .bY adding $uccessivefuel tubes to 

the heavy water tank, meanwhile following the ne~tron multiplication ola 

polonium-beryllium source quantitatively by plotting the reciprooal activity, 

as measured by seyeral detectors, against fissionable mass present. When 

experience had been gained, it was sufficient to look for a certain amount of 

multiplication of the sourCe as indicete.d on the Monitrons, and then to remove 

the source while the apparatus was in pperation and retratt the control rod a 

littl~ mor~ to get the critical condition. The amount oi U235 was then 

adjusted so that the reactor was just critical when the cadmium was all out. 

Table ALA gives a concise summary of the critical mass data as they were 

obtained. A general summary of the dimensions and constants of the experiments 

is gi~en in Table Al~B. 
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5 
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1 

8 

9 

10 

11 

: MEAN 
'CONCENTRATION 

(gjHtel!') 

e 
" ~ .. , 

r&BLlI 41 .. A 

Amounts of ()235 Required for Cr itical1ty Aa 'arieus 1)2' Systems 

HEIGHT OF 
LATI'ICE, ho 

{em) 
TEMPERAWRE 

(OC) 

D20 REFLECTOR, 
'THICKNESS (em) 

BElDW IABOVE ILATERAl 

MEAN'LATTICE 
RADIUS; R 

(em) 

'LATTICE 
VOLUME. V 

(liters) 

ail'l'U"AL' 
MASS 'aiu'ln" 

(,Y. 

e 

LAmcz 
'AS'IN 

, FlaJAE 

, 1 control )tad thimble a~ I" .. 0; 4 contt'ol rod thimbles at r ... 18.8 em;. 
tube through reflector;;ll"-in, . -O.D, radial tube to axis I I 1 cona,rol rod thimble at. r = 30. 3(1:lIIIil·2~ia.r-o.D.~adial 

10.35 I 61.?, I ' 20 1,20 I 62 41.9 23.1 104 I ' 1078 I Sa· 

I control rod thimble at r '" 0; 3 control rod thimbles st r = 18.8 em; 1 thimble at r = 30.3 em; 2 radial tubes as in Item 1 

10.35 I 61.8 I 20 I 20 I 62 1 48 . 2 I 
1 control rod thimble at r '" 0; 2 control rod thimbles at r = 18.8 cm; 

1 61.8 I 20 I 20 1 62 1
48 .6 I 10.35 

22.8 101.1 1046 5h 

1 thimble at r = 30.3 em; 2 radial tubes as in Item 1 
22, 4 I 97. 5 1009 I 50 

2 control rod thimbles at r = 18.8 em; 1 thimble at r '" 30.3 em; 2 radial 'tubes as in Item I 

10.35 I 61.8 I 20 I 20 I 62 J 49.2 2L8 I 92.1 959 5d 

1 control rod thimble at r 18.8 em; 1 thimble at r = 30.3 cmi 2 radial tubes as in Item 1 

I 61. 8 I 20 I 20 I 62 I 49.6 

I control rod thimble at r = 18,8 em; 2 radial tubes as in Item 1 

10.35 2L4 89.3 924 6& 

10.35 1 61.8 I 20 I 20 I 62 I 49.1 

I control ro thimble at r = 18.8 em 

21. 3 87.8 909 6h 

10.35 I 61. 8 20 20 62 49.8 21. 2 87.3 9P4 60 

No-hole extrapolation 
10.35 I ~1.8 20 20 62 50.2 20.8 84.0 869 

1 control rod thimble at r = 18.8 cm; no other holes of consequence 
5.11 I 61.8 I 

No-hole extrapolation (estimated) 

20,8 20 62 40,1 30.9 185 954.5 6d 

5,11 I 61.8 I 20.8 20 62 (40.6) (30" 4) (180) (930) 

2 control rod thimbles at r = 18.8 cm 
2.58 100 

'- r 
22.1 20 24 29.0 42.0 552 1425 1a 

,." 
:i' 
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ITEM 

12 

13 

14 

15 

16 
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TABLE AI.A (Contrl'l) 

D20 REFLECTOR 
MEAN HEiGHT OF THI CKNESS (c m) MEAN 'LATTICE 

CONCENTRATION LATTICE. hQ· TEMPERA'TIJRE . RADIUS. R 
(g/ Ii ter) (em) . (OC) BELOW ABOVE LATEnAL '(cm) 

.. ~ .. 

1 control rod thimble at r = 18.8 em 
''2.58 

I 
100 22.7 20 . 24 29.8 41.2 

No-hole extrapolation 
2.58 I 100 22;7 20 24 30.6 40.4 

2 control rod thimbles at r = 18.8 cm; 1 control rod thimble at r = 30.3 em 
10.35 I 100 I 23.5 20 24 

l 
52.4 18.6. 

2 control rod thimbles at r = 18. a cm 
5.17 I 100 I 23.5 20 24 45.0 26.0 

2 control rod thimhles.at r = 18.8 em; circle of iron at r = 51.9 em 

5.17 
I 

100 I 21.6 20 24 41.6 29.4 

1 control rod thimble at r = IS.8 em 
2.S6 61.8 

I 
21. 2 20 62 20.7 50.3 

e 

CRITICAL LATTICE 
.MA$S OF ·U235 LAttICE 

VOLUME, V AS IN 
(liters) (g) fIGURE 

532 1374 7h 

512 1323 . 

i. 
109 1126 Te 

212 1098 7d 

272 -1404 8a 

491 1405 ah 



e 

e 

'e 

TABLE 41.B 

Collected ,,-lmensions and Constants of the 'Experiments 

U235 

DIO 

Mean concentration, of U235 

Const.ants of theory 

Fuel tubes 

Camtrol' rod thimbles 

Control rod. 

U02F2 '+ D20 solutian 

Reactor tank 

Tube inserts 

Poi SOlI rods 

Square lattice spacing 

Average isotopic concentration = 95.4~U235 

Average isotopic caacentration = 99.7~D 

(0) 2.58 g of U235 'per liter 
(b) 5.17 g of U235 per liter 
(c) 10,35 g of U235 per liter 

f = 0.963; L2 ; 90.42 cm2; k = 2.09 

0.0. = 1.500 in., 2S aluminum; wall'thickness = 0.035 in.; 
bo~tom thickness: 1/8 in.; length below top of tube sheet = 
,4 ft ~ in.; thermal-neutron cross,-section'=0.89 cm2 per tube 
for solution depth of 61.8 em 

25 aluminum; 2-3/8 in,O.D.; 1/8~in. wall; 1/8-in. bottoJ. 
thermal-neutron cross-section = 4.62 cm2 

0.0. = 1J( in.; .type 304 stainless, steel No. 16 BWG: length 
6~'in. overall: 0.02O-in. Cd sleeve cemented inside 

Height in fuel rods (a) 61.8 em, (b) 100 cm: amount of fuel 
per tube (0)' 45.45 g, (b) 13.57 g; thermal~neutron cross-seo
tion = 74.5 cm2 per tube for 61.8 cm solution height 

142 cm 1.0.; ~-in. wall; type 304 stainless steel 

.1. 25-in •. 0.0.; wall thickness = 0.035 in.; 24ST aluminum; bet
tom thickness = 1/8 in.; overall length = 10 in.: about 9 in., 
li lled wi th O2° 
Length belpw top of tube sheets = 4 ft 8~ in.; type 304stain
less steel; diameters'"' 3/16 and 1/4 in.; thermal-neutron cross-' 
section = 0.0273 cm2 per gram,'giiring- for 61.8 CIIIl~, 2.58' cm2 

and 4.58 em' per rod for 3/16- and 1/4-in. rods, respectively, 
and 4.18 cm2 and 7.41 cm2 for 100 cm depth, respectively, for 
the rods 

2.59 g/liter 
16.86 cm 

5.17 s/liter 
11092 em 

10.35 g/liter 
8.43 em 

Iron'rods simulating thorium 'Armco iron; diameter 3.65 cm; length overall = 139.7 cm;' spaced 
14.8 em, center to center on circle 51.9 cm in radius . 

T&orium insert in iron rod Diameter 4.00 cm; length 7~ in; centrally located in iron rod 

Total neutron ahsorption cross-section of materials in active 
volume of assembly 

(1) For depth of 61.8 em: 

Vertical experimental tube (Al) 
Badial experimental tube (AI) 
Control rod thimble (AI) 
Fuel Tubes (AI), each 
Solution, per fuel tube 

AI.lO 

0.63 cm2 

2.61 cm2 

4.62 cm2 

, 0.89 cm2 

74:53 cin2 
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T4BLEA1. B (C01lt'4) 

Thorium insert ill inn rod (e ont' d) (2) For depch of 100 em: 

Vertical experimental ~ube8 
. Vertical experimental tubes, small 

lar.se 
Co/ltl'ol rod thimble 
FUel tubes, each 
&lution# per fuel tnbe 

41.3 BEPSJI8NCEJtEPPBT 

1.02 cm2 

. 0.08 em" 

1.64 cm2 

1.4,8 em" • 
1.44. em" 

120.6 . .;em2 

(1) Snell, A. H. f Critical Studies. o~ Enriched Urani1.lm-Heavy Water Studies, 
MQnP~454, December lSi 1941. 
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Appendix '2 

WORK ON CRITICAL EXPERIMENTS? JULY l!l4_6TO DECEMBER 1948 

A2.1 CRITICAL EXPERIMENTS WITB Al + B2' MODERATOR AND BEAYY IAYEB. 
LIGHT lATER .. ' AND BERYLLIUM REFLECToas(l) 

The experiments with Al + H2 0 as a moderator and heavy water, D2 0, as . 
reflector were a direct continuation of those initially undertaken and described 

in Appendix 1 relevant to the "heterogeneous" reactor design, p. A2.}.Whjle 

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. Conaequently a broad experimental progr2m on enriched small reactors 

was initiate4 to include reflectors of ordinary water, heavy water, pure 

beryllium, and beryllium plus a small percentage of ord~nary water. The last 

case was in anticipation of cooling water in a beryllium reflector for the MTR. 

The first group of experiments in the enriched reactor program, beginning 

in the summer of 1946, involved the heavy water reflector, and it is these 

which are now to be described. 

A8~.'1 Bx.ert.ental '.eilitle8~ Some extensive changes were made in 
- -

the physical arrangement of the equipment described in Appendix 1 which in-
',-, 

creased safety, e'ase of operation, and control of the ,critical assembly. The 

general arrangement is sketched -in Fig. A2.A. Not sh.own is an exit from 

the control room to the outside as an emergency exit and security gate. 

With respect to instrumentation, new and fas·ter Monitrons (ion chambers 

and associated circui~s) were added so that three we~e in operatioriat all 

times and all were connected to the control rod safety system. The time 

constants of the safety circuits were about 0.2 to 0.5 sec. Esterlin~-Angus 

recorders installed. in the control room were d'riven by two of the Monitrons 

so that visual monitoring of the pile was provided. In addition, the usual 

array of counters, gamma ray and neutron, were in use with mechanical recorders . ./ . 
for counting rate purposes and--Ioud speakers for' continuous audi tory moni toring. 

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 c'ontain a considerable quantity 

of aluminum in alloy with uranium or otherwise in structural form. It there

fore became d~sirable to study, in the critical experiments," the effect of 

various volume ratios of aluminum to light water on the fluxes and critical 

masses. The new high-flux reactor .design called for such a close spacing of 

fuel plates~ that, to a very good approximation, the reactor core could be 

treated as a homogeneous mixture of uranium, aluminum, and water. Consequently, 

experiments were undertaken in which the concent!ation of U235 was held 

constant while the volume ratio of aluminum to water was varied for the 

reasons that (1) engineering design depended upon the allowable quantities of 

aluminum in the reactor. arid (2) the dependence of critical m~ss, fast flux to 

slow fl.x ratio, and ne~tron "age" on the AI/H20 ratio is of both theoretical 

and practical interest. The AI/H2 0 ratios studied were 0.88, 0.76, 0.65, and 

0.303. 

The problem of constructing and assembling a ~eactor that was essentially 

homogeneous in reasonably small integral parts was solved by the use of square 

aluminum tubes, each of which contained about 20.3 g of U235 in the form of 

U02 F2 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 D2 0 reflector experiment were as 

follows: 

Concentration of U235 = 35.6 g per liter of reactor volume 

Height of active portion = 70 cm 

Size of individu~l fuel tube = 2.54 by 2.54 by 90 cm 

U235 Content of fuel tube = 20.3 g per tube 

AI/H 2 0 volume r~tios attainable = 0.B8, 0.76, 0.65, 0.303 

The actual pile geometry utilized was cylindrical with no reflection 

above and below the core but D2 0 reflection. on the cylindrical side. For this 

purpose a conc~ntric inner tank was built into ~he D2 0 ta~k described in 

Appendix l.p." Al.L The final arrangement is given in Fig. A2.B. 

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

a full complement of tubes at all t~mes; (2) some tubes initially are fuel 

A2 0 3 



l> 
rv 
'..(::> 

e 

Interchangeable 
Round Reactor Tanl\
Intermediate Size 
Shown 

AI 

A-.J 

PLAN 

e e 

OWG.NO.4425 

Source Tube Motor Drive 

Folse Bottom 
P-9 

VOID HERE 

11 ·11 Fuel Tubes with i' AI Spacers 
between Tubes. 

Control Rod Port Tubes 
Marked 181 

Top of fuel 
and of P-9 

FIG.A2.B 

ASSEMBLY FOR 
02 0 REFLECTOR 

P-9 

10 c.m. 

SECTION A-A 

lIIi1iJMMio 



-- ." 

e 

e 

:~: 

t;.;t 

tubes and the res~ are D20; and (3) the gaps ~tweeD the square tubes and the 

cylindrical tank are filled by D2 0 introduced into the core tank for this 

purpose, i.e.; to prevent a gap between"core and reflector. However, the 

rather large percentage of aluminum in the reflector region near the core tank 

e~sentially required a three-region th~oretic~l treatment of the experiment. 

All the above statements relating to the D2 0 experiment apply equally 

well to the arrangement and procedure used in the case of the HiO reflector. 

The experiments in w~ich H2 0 was employed as reflector were carriecl 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 hikh flux pile, 

'and (2) the· study of a pile in which both the moderator and the reflector are 

of the same substance is of consiQerable interest to theoreticians, 

When ~eryllium was used for the reflector the experiment was s~mewhit 

"cleaner" with a square arrangement in that it was possible to do away.with 

the irregular region between reactor and reflector. "This will be evident .from 

Fig. A2.C. It turned' eut that the beryllium~reflected pile became critical 

just four fuel tubel short of a nine-tube square, and the react~r was built 

out to completely fill this square ~eometry, the excess k being taken up by 

poison. Figu~e A2.D is a photograph looking down on the beryllium assembly. 

A2.1.3 Results and DiscussiGn. Experiments were performed with D20~ 

beryllium, and H2 0 reflectors to find (1) critical mass; (2) neutron distri· 

butions, and (3) values of control rods, cavities~etc., in te~ms of fuel. 

Various ratios of Al to H2 0 were used. These. experiments served .as a check on 

the theoretical calculations of critical mAsses under the samec~nditions. 

The values for the critical mass found in both theor, and experiment are 

compared in Table A2.A. 

The situation in spatial neutron distribution is shown in Fig, A2.E. 

which contains both experimental and theoretical radial distributions, These 

distributions were measured at a height of 35 cm above the bottom of the pile. 

It will be noted that in general the observed densities of both thermal 

and epithermal neutrons in the reflector are somewhat greater than expected 

from a two-group calculation. The rise in thermal-neutron density just 

outside the reactor is quite pronounced. the.maximum experimental value being 

40% higher than the minimum. whereas the rise for a two-group picture is 15%. 
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TAILEAZ.A 

Critical .... e. ,_ 111.&~ .f U235 

- - . ~ -._- --
OIISIII¥P.D CAUlJIATED. 2.moop 

VOUItE MTIO ~C'I'ED FOR PWTY 
REFLECTOR AI/H2 O GROSS CG'fIroL-fVI) POR'I'S, ~. 2-nEGIm 

- -. -

°20 0.88 2.48 2.40 2.10 

1)2° 0.76 2.23 2.15 

Be ' . 76 1. 54 1.42 1. 54· 

H2O 0.76 3.29 3.22 

H2O . 0.66 2.82 2. 72 

·Ih.re critical K 
' . 

0.9" x • ef pil~ without poison. 

One mieht be temrte2 to conclucie that terylliuD exhibits 

a reflector which were unsuspected, bItt it seems probable that 

merely emphasizes known shortcomings of a two-grouf th~oi,. 

-
3-REGION 

2.64 

2.43 I 

3.34 

3.04 
I 

advantages as 

the experiment 

A three-group 

calculation is shown in Fig. A2.E. The source of the remaining discrepancy 

between theory and experiment was not yet clear . Age.J1..l~~sorements in beryllium 

were in progress at Argonne. 

Vertical neutron d istributions were studied also ; typical results will 

be found in FiB . A2.F . It will be recalled that no r,eflector was present 

at top or bottom of the experimental pile , and the solid lines are COS1ne 

curves fitted to points near the center by a , least-squares method. The slight 

lateral shift of the data frem center is apparently due to the presence of a 

portion of a contrgl 1'04 in the top of the pile. It is clear ~hat the extra

rolation distances for thermal and epithermal neutrons are the same, within 

the experimental limits. 

A few rough measurements of the values of control rods were made. In the 

beryllium case, the rod near center was found equal to 160 g of U235 and a 

cavity (empty tube) approximately halfway from the center to the periphery 

was equal to 18 g. On this basis the center cavity equal 35 g. , 

A2.9 
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With the terminat~on of the experiments dealing with liquid rfflectors 

ana in preparation for a series of experiments on reactors having' '8o~id 

reflectors, it was decided that it would ~e worth while to make certain major' 

changes in the experimental airangement in the'9ritica~ity cell in order to 

provide for greater flexibility and greater convenience in stacking solid 

reflectors. the entife liquid stlorace a~d piping system waS removed from the 

cells ; and in place of tbe tank as.embl~es ~hich had been ~.ed f~r D20 .n~ 

HlO reflectors , a ' low platform framework of s~eel was er~c:tecl . A %- in . plate 

of 28 aluminum wa. placed over the steel framework to serve as a floor on 

which to build critical asse~blies . The center portion of the plate was cut 

out, and flanges were provided to hold a c;ntet ' rlate ,of ~ - in . alulllinulI, 

through which was drilled a rectangula~ array of holes accurately spaced ~o 

position thel~wer ends of the fuel tubes for AI/H 2 0 ratios equal to or 

greater than 0.'5 . Thus the bottom of the reactor was relatively clean , the 

core and a considerable portion ' of the reflector having only the ~- in . perfo 

rated alullinumplate im~eaiately under the • . 

A2.2 0 1Experi.ental Faeilities. Figure A2 . G show. a core of aqua~e 

cross-seciion with the beryll~um reflector aS8emhle~ on the platform . The 

level of the fuel was at the same height as the top of the reflector in theae 

assemblies , the remaining upper portion of the fuel tubes being empty up to 

the rubber steppers . 

Practically all the radiation detection ana monitoring instruments were 

replaced by improved circuits of more recent design, In particular , it was 

~ound that the vibrating - reed Monitrons , two of which can ~e seen in Fig . 
\ 

A2 . G, are a decided improvement over the older d~signs in stability , sensi• 
tivity, and response time . , 

The operation of the control rod system was improved by replacing the 

han4-~perate~ cOD~rol rod Qoaaterweishts and clam~s by amal1 gear boxes (one ' 

for each contrel and safety r~d) , which were designed to limit the maxi~um 

rate of withurawal of the rods . While the operation of the rods was still 

basically manual , the use of the gear boxes ensured a reasonably slow and con 

stant rate of withdrawal of the rod and also facilitated changing the control 

rod position in small increments with accuracy . 

A2.11 
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A2q 2. 2 Exp-erimeDtai Resul ts. Ba.re Pi leo While w.1t1ng fer the ,arrival 

of sufficient beryllium to continue the studies for the high.flux ~ile, it was 

decided to try to obtain a figure for the bare critical size as a check on the 

fundamental characteristics of this reactor. A bare assembly was built with 

c •• mium sheets around the sides of the reactor to reduce the effect of nearby 

objects, and, although criticality was not finally reached, a multiplication 

.f about 11.6 was obtained at. a load of 5050 g. The extrapolation of the 

reciprocal counting rate versus mass curve (Fig~ A2.H) fndicaies a critical 

mass of about 5.:5 kg. After correcting for the presence of holes, for control 

rods, it was estimated that the bare critical mass was '5.3± 0;' kg. The 
AI/H2 0 volume ratio in this case was 0.65, the height of the cor,ewas 66 em, 

the maximum loading,attained was 48 by 43 cm in area, approximating ~quare 

,ceometry . 

• eryllium-reflected Besctors. The description will be limited to a 

discussion of the experiments which h.ve heen done on relatively "clean~ 

beryllium assemblies, i.e., ~ssemblieB which have simple,£alculable ~eometries. 

The first experiment i~ this series on beryllium-reflected reactors 

was that on the measurement of the critical mass of a square assembly having 

an AI/H 20 volume ratio in the core of 0.65. In this experiment the geometry 

of sources and BFa counters was apparently very good since the counting rate 

versus mass plots turned out to be a~proximately straight lines, sho~in~ no 

tendency to either turn downward or curve upward near the critical mass; as 

ha,p~ns in many cases. Two Po-Be sources were used, one (107neutrons per 

.ec.n~) located directly beneath the lower 'surface of the reactor,below the 

center of the core,and another (lOS neutrons per second) suspended in an 

empty tube at the core reflector boundary at mid-height of the reactor.. Two 

BFsproportional counters were used to observe the multiplication of the 

reactor 'during the build-up to criticality. These counters were located in 

such a manner that a large portion of the core lay between the sources and the 

counters, i.e., the counters must "look through" the multiplying medium t.O 

"see'" the sources. One counter was placed on the top surface of the reflector 

1n the immediate vicinity of the core (Fig. A2.G), the other was placed about 

15 ft from the pile at an elevation about 4 ft higher than t'he top surface 

ef ~he assembly. 

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

tube$ short of an 8-by8-tube array_ In order to complete the square geometrYg 

A2. ,13 
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it w.as necessary to add.8 .small amount oippison (about 60cm2 ) in the form 

of. ·thirty-one 04030-in.-di8niet~r" Bold wires. uniformly distributed throughout 
: ' . 

the core. The resulting reac.tor thea has a cor~ 22.5 by22~5 em in cross .. 

seciion and 66 cm in height and containing 1.21 kg of U235 at ~ fuel concen· 

tration of38g of uranium per liter of reactor v61ulle. The AI/H2 0 ratio in 

the core was 0.65 .. The core was reflected on all sides, the reflector con· 

sisting of more tha~ 30 cm thickness of beryllium, but there was no reflector 

on the top or bottom. When corrections were made for the presence of centrol 

rod ports (air hllles) and for distributed gold. wires in "the core, the minimum 

critical mass of a square reactor"of this type turned out to be 1 6 07 kg. 

The second clean beryllium-reflected pile to be built was a thin-slab 

assembly. It was desired to find the critical mass of a rectangular geometry 

having alength-to-width ratio of approximately 5. The width selected" for the 

core o~ the pile was four fuel tubes, or 11 em, and the assembly became 

c~itical at a l~ngth of 19 fuel tubes. (51 cm) with 30 cm2 of excess poison in 

t~e core. The.ma;s of U235 i~ 3his case was 1.35 kg. and when corrections were 

made for excess poisun a~~ control rod ports, the minimum critical mass for 

this thin-slab geometry was 1.28 kg. The height ·of the reactor. reflector 

thickness, fuel concentration, and the AI/H20~0Iume ratio in. the core were the 

same in this case as fer the square assembly. 

The plot of the reciprocal counting rate versus. fuel aboard, shown in 

Fig. A2.I, indicates the linearit; of results that can be obtained with 

reasonabl~ good source. and counter geometry. 

Spatial distributions of thermal and epithermal neutron flux were measured 

l.n both the "squar.e. reactor and the thin-slab reactor •. The measurements were 

made with indiu. foils, used alternately bare and cadmium covered. Fiiure 

A2.Jshows the distributions of thermal and epitherll)~l neutron flux along ll. 

perpendicular bisector of the side (1:( the square reactQr.Figur~ AZ •. K a,:ho~. 

the same distributions along a diagonal of thesquar.e assembly. All these 

foif measurements Were taken at mid~height~ of the a~semblies~ 

The ratio of the thermal-neutron flux at certain points in the pile to 

that at the center of the core'is of interest. these data are presented in 

Table A2.B. 
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TABLE A2.B 

Relations Between· Thermal. Flux at Certain Locfltions in the Reactor 
and That at Center of Core 

- ~--"-'I 

I DISTANCE TO FALL TO I 
I .I.. ( .. \ () CENTER VALUE (cm) 
i Y'th peallJ I ¢th edge "----;;;;--r' I 

ASSEMBLY NO. I' I. FROM CENTER I FROM EDGE 

+' ¢th ("center) I ¢th (center) 1" OF CORE I OF CORE ' 
:=CC=='_ ==--~'=~=="==:;::=-'::==l='-=":'-'-';-'"""'''~' ,·.=eo··.· .. , .. ,.-.. , .... ~'" . .'.~'.. ":··-··~···',"~·-t:·-,.,.,·,·-·-· 

I I i . 
1 (lateral) 1.32 1.19 26 .. 5 I 15 

1 (diagonal) 1.16 1.13 25 

1 
9 

2 (lateral) 1.42 1.24 2~ 16.5 

2 (longitudinal) 0.90 0.85 
I 

--.-~.---'--.-'-----
, 

-.L----. 

The ratio of the peak thermal flux to the thermal flux at the center 1S 

an indication of the maximum slow fh.lx, for a given operating level, which the 

assembly will provide for experiment~l purposes. The ratio 6f a thermal flux 

at the edge of the core to that at the ce,nter is a measure of the maximum heat 

production per unit volume to. be expected in the core. The ext~nt to which 

the thermal flux holds up in the reflectpr is of interest in planning experi

ments which will make use of this flux. 

A few pteliminary experiments were 'carried out which yield an estimate of 

fast-neutron flux in these reactors. A threshold type fission chamber(3) was 

construct~d using 145 mg of uranium from K-25.whichw~s d~pleted in U235 con

tent to approximately 1 part in 100,000. 

The fission chamber was first placed in a graphite column containing an 
. . i 

Sb-Be source at a position where the thermal-neutron flux and the Cd ratio 

wer~ known from standard indium foil measurements. By exposing the chamber 

alternately bare and Cd covered, it was determined that 93% of the fissions 1n 

U23 S were causeq by neutrons of energy below the Cd cutoff at a position 1n 

the graphite column approximately 10 cm from th~ Sb-Be source where the Cd 

ratio was 3.7. 
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The .chamber was then placed at the center of the active lattice of the 

thin-slab pile where the counting rate, when correc ted forthefrmal fissions in 

U2 35. indicated that thefluxofnelltrons having energies above the U21 I 

thre~hold (3)1 Mev) is 0.50 '(nv)th' 'This result is in reasonably good agree

ment w~ th the calculated virgin, flux in this. core', 0.60 (nv) th (see MonP-272). 

The correc::t-ionfor ,thermal fiss'ions .in U235 in this case amouhts to only 2% of 

the to'tal counting r.ate., 
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A,pe.dix 3 

CRITICAL EXPERIMENTS ONSIMVLATED ITR STRU~(l) 

In particular~the third set of critical experiments waa designed to study 

the following: 

1. The critical mass (or, more directlYe the excess of l:J.kjk) of 
slab reactors asa function of .the length.to~width ratio of the 
core. 

2. The effec·t of poles on the k of the reactor, 

3. The heat load in the reflector arising from gamma-ray absQ~p
tion. 

4. Spatial diat~i~utions ofthermsl, indium re~onano~. 4nd fast 
(E > I Mev) neutron flux in the core and in thi r~flectorf 
particularly the distributions of thermal and iruUuII!, J'e.,~.~c, 
neutions in the expe~imental hole" 

5. The e.He,ctiveneSli of control rods of variou,. mater •• is ang of 
variQussi~eli in t.erms of Akjlt. 

A3.1 THE EXCESS REACTIUtf OF U.Al~H20 REACTORS, WITH Be 
REF~ECTOR. AS A FUNCTION OF GEOMETRY AND REFLE(:T08, COIIIPOSl'flON 

The starting point for these experiments was the small ol~an~slab reactOr 

which is described in Appendix 2, p. A2.:u5 .. The core was 51 by 11 em in cross

section and 66 em high. It hada'30~cm beryllium reflector on each face except 

the top and ,bottom. The volume ratio of Al to H20 was 0.65, and the fuel con

centration in the core was 37.1~ of U23S per liter of core. 

The size oJ the reactor was increased in. a series of discrete steps, the 

final ol:dective beipg a cpre of dimensions 7~ by 22. S by 66cm , with a re

flector Oll; all ~ides (ext;lept top ~rid Qotto~) conl?:i,lH<iJ1~ Qf3Q em of henUium. 

dil~ted with abou~ 2% water (i~itated ~y plexillas)_. Thi, final a,semb~y 

approximated very closely the dimensions !lnd c::o~position of one of the prob!lble 

configur~tions of the high-flux reactor. 

f.\3,i~ 
c' . 
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The major steps in building up the small slab to' final size were the· 

following: 

1. Increase in length of the slab frl!lm 51 to 71 cm and', acldi tion of 
a 30 .. cm graphite laY,er to one side (long side of ,the >6ery 11 iUUI 

reflector). ' . 

2. Increase in thickness of the slab from 11 to 17 cm. 

3. Increase in thickness of the slab from 17 to 22.5 cm. 

4. Completion of a simulated high-flux teactor, putting 30 cm of 
graphite on each side of the beryllium reflector and introducing 
the seven large experimental holes in the reflector. The final 
asaembly has been 'shown in Fig. A3.A~ 

As the size of the reactor was increased oyer that of the small clean 

slab, it was necessary to add uniformly dis,tributed poison in the core to hold 
• 

k~effective to a value close to unity. The PQison used i~ these experiments 

was type 3~7 stainless ste~l in the form of strips 1/8 by 15/16 by 126 in. 

These were inserted in place of aluminum strips of the same dimensions which 

wereusetl t. at.tain the desired Alj.H.10 velume ra~io in the core., Al theugh 
! .' 

this sultad tution .;:hanged the AI/tr~O tati'o to some extent, the magnitude of 

the change was sm.l1 and the effect an th<; neutren. ace was alse small. 

Beginning with the 51 .. by 11. P1 6.6c.l!m reactorl cont'a1n1ng 1..35 kC .f 

fuel'. both poison and fuel were adde. in appr.priate increm~nts until a length 

of 71 em was reachec. At this 8~agetHe reacto.r contained 1. 94' kg of f'uel, 

and the excess O.5',b (ovl\lr the clean cn-i tical lRass o..f 1 .. 3S kg) ret!luired '26' 

cm2 of uniformly distributed poison tQ hbld the excess reactivity to zen with 

all control rods removed. Table A3.A $:pows the excess reactivitYf repre

sented by poison content, for each of the. assemblies' studied. The eX,cess 

6k/k is obtained by computing the k for each. assembly from k ~25/~total where 

~total = 0-25 + o-Al + o-H
2

0 + Cipoison; then 6k/k ::; (k o ... lei )/k it where ko refe~s 
to the clean, ,unpbison.ed core and ki. to the poisoned assembly. 

When the reactivity is changed by i nte$,lns which does ntlt alter the total 

amoun t of fuel in the core or the concentration bf fuel, ~ t can eas il y be' shown 

that the fractionai change in k is give~sitnph by tik/k = &"/L" where &.. is 

the amount of uniform poison added or removed itom the core and L = No- is the 

total cross~sectiort of the reactor having the .m$ller amount of poison_ For 

example. when graphite is added to one sa ••• f the beryllium reflector of 

assembly 3 (Table A3.A), 37 em2 of additiQnal poison is required to offset 

·the increased reactivity, an.d ~he e·ffect tif the graphite iayer is given by. 

A3.2 
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Table ,AS.A 8all_riles the ':pertinellt cri tic.U ty d. ta fer each of the 

beryllium-reflecteli reactera 1n this series. C.IUIID 3 in.ie.tea the amount of 

U235 required to ,fill the core .avina the 4ilimensions shown in Column 2' at a 

fuel coneentrat'i,en ef 37.1, per liter of eore. C.lumn 4. ahows ,.he •• ount of 

uniformly distriltute. poison refluired t. hold t.he excess Ie of the tissemltiy to 

z.ero, i.e. t to h.!d the reactor just at ,criticality with all cantroi rods 

withdrawn. For each •• sembly,the 2pile = 2 25 + 2AI + ~o is 81 ven i~ ColumnS, 

the experimental It is shown in Column 6, '-and in G.lumn 7 is .b ... :the exeess . ' ' 

/1k/k which can ,be m.d~ availahle by the -removal of distri»ute4 ,,;' ..... 

TAitE A3,A 

Cri tical lasB aad .Poi.onCeDtent (Excess Id .,f .., .. Al"821, aeac-tera 
with ~e Reflector 

'(Al/ll28, volu •• !',atio = 8065~ tie thickness = 30 1:11; reactor bare top and, 

.. hotte., "0 = 1.6167 for dean core) 

DIMENSICIIS POISCi PILE MASS 
ASSEraLYNO. L X W X H (kK) (0.2'1 ,t.l'~ k 

' ,. 
:- . 

" i 
1 22 X 22 X 66 1.21 6i ,2591° 1.5626 

• 2 51 X 11 X 66 ., 
1.35 38 28820 ' 1,5M" , 

3a 7lxllx" Idl. 266 ' 4118 1,5184 

3. (3& ca 'r.p~ite 
. 

7lXllx66 1.94 303 ·U13 hSOS7 

~ ... elle '.hle) 

4 (30, cl!l'craphite 71 X 14 X 66 2~44 640 5179 1. 4388 
, on one side) 

5 ('30 em graphite 71 X 17 X 66 2.94 1146 6240 1.3610 
,on one side) 

6 ,(30 em craphite 71 x22.5 X 66 3.95 1848 8384 1.3241 
on one si.e; 2% 
water ill Be) 

t (SOc. graphite on 71 X 22:5 X 66 3t 95 IS" 138. 1.3603 
all sides of Be~ 
seven 6-in~h.l •• 
in reflectelrf 2S 
water! in Be) , 

~ 

• These ~~ lractioa.l fuel tubes. 
'!!:' \ . 
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The research fa~ilities· of the high-flux reactor as conceived in 1948 

included .even large experi~ental hole~. four of which began at the cor& 

reflector. The other three holes began IS em· out in the beryllium and extended 

thrQugh the remainder of the refleetor~ In connection with these irregulari ties . . . 

in the reflector a number of 'experiments were of interest: (1) the cost of 

the holes in ternisof 6k/k. or in terms of additional fuel .• (2) the effect on 

the reactivity of the core of filling anyone or all of the hol~s with .ater, 

and (3) the effect ofvariou8 absorbers, such as experimental appal'.t ••• · at 

vauous positions in the boles.. Item 2 is of interest from the .taD~poiat of 

safety since it iscoDceivable that an accident might eccer in which the •• 11 

of the ~ole would iol1apse or otherwise fail. causing the hole to fill with 

water and ihe~eby increa8in~ the reactivity. Furthermore, it i~likely that 

water cooling will be desired for experimental apparatus in one or more of 'the 

h'oles on certain occasions, and the data ~btained here will indicate the 

.maximum effect of water cooling on Ilk/k. 

The location of the holes in the cd tical experiments is shown in Fig. 

A3~A. and also in Fig. A~~B which is a sketch of the assembly 3b of Table A~.A. 

The so-called 6-in. hole is made up of a hollow aluminum tube of square cross

section,· having ~-in. wall thickness and measuring 6 in. overall along the 

edge. The 8-in.hole is of. similar construction and measures 8 in. along the 

outer edge. 

The effects .of the various holes were measured by the following pro

cedure: A reactor which wasj~st critical with a given amount of poison and.' 

with no holes in the ~eflector was used. A por~ion of th~ graphite and 

beryllium in the re,ion .0£ the hole to be studied was removed, a square 

aluminum shell wa~ inserted at the proper place, ~nd' the reflect~r was re

sta'cked around i,t.· In order to offset the leakage thr~ugh the hole and bring 

the reactor back to the point of 'criticality, an amount 9f distribu~d poison 

must be removed from the core. The effect of the hole 'on t·he react,ivity of 

the reactor is given by b.k/k= t§./'L. Before inserting a close-fitting· paraffin 

block into the aluminum shell to simulate water filling, the core was poisoned 

excessively to offset the expected increase in feactivity. When the hole was 

filled with paraffin. the distributed poison was again adjusted until the 

reactor was just critical and the reactivity change due to the introdu'ction of 

paraffin was determined as befere. 
~.it,,:." :: 
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Table A3.S preseats the results of th. experi.e~t. just described for 

.s.elIi'IIti~:S, 5, and 6 of Tabl. A3.A. Meaaure_ents were taken. for 6.in. 

holes at the edge positions .nd for both6~ and 8 ... in. holes at the center 

position. It was thought at one time that some interaction between the holes 

might take place, but m~asurements made on individual holes and on various 

combinations of two or more holes indicated that the effects were approximately 
. addi tive, 

TARE A.3.B 

Effect of Experimental IIQle. In tile IIU' .... n •• ItcactorCr.itical A.8~."Ue. 

Assembly No. 3 5 6 

Reactor dimensions (em) 11)(11)(66 11 X 17 X 66 11 X 22.5 X ~4i 

Critical mass (kg) 1.94. 2.94 3.95 

Pile (em2) 4 • .11S 6,~40 - .• ,384 

Poison (cm2 ) ·'303 1.140 1,848 

TotaL (cm2) 4.421 '1.380 10,232 

Effect of the Holes illl All/It. (%) •• &<1'& k Is the It. of the Beaetlmillri.1lB.SOHcl.lwfJ.ee1;or 

Holes extendin~ ~o reactor. 
reflector 1nterface 

6~in. hole on edge 
6-in. hole in ce~tell' 
I~in, hole in e •• ter 

Holes be«inning IS <l:Q fll'GG" 
reactor . 

6 D in. ho10 on edge 
6·iri. hole inceDter 
a.in, hole in cemter 

Holes extending to reactor. 
water HUed 

6-in. hole on edge 
6~in. hole in center 

a-in, hole in center 

Holes beginning 15 em from 
reactor, water filled 

6-in. hole on edge 
(6-in. hole in center 
8-in. bole in center 

1.11 
2.20 

fr •• ' 

0.11 
0,34 
0.68 

0.90 

3,88 

0 .. 24 
0.31 

O.7S 

2.84 

0.12 

0 •. 4.0 

0.65 

2.45 

0.08 

0.23 

A3.7 
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0.49 
0.86 
1.71 

0,08 
0.13 
0.22 

0.42 
0.84 
1. 53 

0.06 
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It is irtteresting 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 6k/k for two alter

nate provisions for experimental holes. This table shows the change in ~k/k 

tk.~ 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 tJ,t/M = 4.5 l:J.k/k. However, this 

relation leads to a reasonably accurate result only in the case of fuel l:J.M 

added to the periphery of a cylindrical core. In the case of a rectangular 

geometry, the cost in critical maSs (llM) corresponding to a ,given l:J.k will 

depend strongly on the statistical weight of the position at which theaddi-
. . 

tional fuel is added, and the figure obtained from 4.5 l:J.k/k is a reasonable 

approximation only for. positions of average statistical weight. 

TABLE A3 0 e 

SUfumary of Total Effect of Experimental Holes 

Assembl'Y No. 3 5 6 

Reacto~ dimensions (em) 71 X 11 X (i6 71 X 17 X 66 71 X 22.5 X 66 

Mass (lqJ) .1.94 . 2094 3.95 

Cost in ~/k cf two 8ain. holes 
plus five 6aino h~les (%) 9033 5.73 3.56 

Cos t in ~! k of seven 60 in. holes (%) I 6.39 4.23 2.62 

Effec1t in &/k of wateIr' filling tWIG> 

8oin. holes and five 6oin oholes 
(%) 2.14 0.94 0.54 

Effect in 6kjk of 'Rate!!' filling se\~e[ 
6~illl. h,oles (%) 1. 411 0.66 0034 

The effect of possible absorbers (experimental apparatus) in the holes on 

the excess kof the pile was studied by taking the extreme case of a cubical 

Cd box (0.020 in. of Cd, 10 em 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%. 

A3.8 



• 
0.4 

e 
FIG. A3.C 

 
Dr "5643 

EFFECT OF ABSORBER 

10 x 10 x 10 CM .020ai CD BOX 

- ___ IN CENTER 6" HOLE 
o ___ IN EDGE 6 u HOLE 

0.3...-- W" BE _I. GRAPHITE 

e 

~ :I~ 0.2 
<0 at 

0.1 

01 I I I I 7t j r:: I 18 -
o 5 10 15 20 25 30 35 40 45 50 

DISTANCE FROM EDGE OF REACTOR TO CENTER OF CD BOX - eM 



".: &. 

.", 

--

--

e 

Finally the excess k of the 3. 95~kg mockoup of the high-flux reactor was 

measured. The characteristics of this mock .. up ii'elude: (lr' • core of di

mension& 71 by22~5 by 66 em, containing 3.95 kg of U33~ in ~at.r solution at 

a concentration of 37.1 g uranium 'per' liter of pile volume. (2) Al/B 20TelulIle 

ratio in the core = 0.65, (3) a refl~ctor on all sides conais ting of 30 ca of 

beryllium plus 30 cm of graphite~ ,(4) no reflector top or bottom, (5) lucite 

distributed throughout the beryllium to simulate 2% in cooling water. and (6) 
i .. 

seven 6-in.expe,rimentalholes ,~Jirough the reflector as prescribed in the 
, .' 

design of the high-flux re.ctor. ,The excess k of this moek~up assembly is 

feund to be 18.1%",: " Whe.n .anow,anee is made for the top and bottom water 

reflectc)u of the high ..... f:lux,machine, the total available exe,ess k is inereas'ed 

to about 2,0% for this l~ading .• , Therefore it appears that a comfortallie marrin 

exists over the total k requirementsi which are estimated (see Chapter 4:) to 
be as follows: 

Xenon 

Depletion 

Temperature coefficient 

Experimental apparatus in holes 

Total 6kjk requ~red 

A3.3 NEUTRON DISTRIlIVTIONS 

9·6% 
3.5% 

0.5% 

1.5% 

15.1% 

The spatial distributions of thermal and epithermal n'tiwtron flux in the 

2.94-kg pile. the3.'95-kg pile p and in the "adous experimental holes of 

the mock .. up assembly, as indicated ,in the listing below, were measured. These 

measurements were made with indium foils~ used'alternatell bare and cadmium 

covered, as described previouily. A calibrati6n of failh i~ the standard 

(sigmah~actor indicated that the absolute flux (nv) is obtained from the 

measured saturated activities.A~ shown in the attached figures by the follow~ 

ing rela.tions,: 

. (nv) thermal ::: 6. 50Athermal 

(nv) epithermal :: 1. 66A epithermal 

A3.10 
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Several of the neutron distributions wete measured, as follows: 

1. . Figure A3~D: A lateral traverse across the' 2. 94-kg ~ctor{alang 
the short axis of the slab, at mid-height.>. . 

2. FigureA3.E: A series of measurement. along the ,cen'terl';'ipe tif 
the 6-i~. hole which is located at the edge ~f the lo~g side of 
the core: .(8) with solid reflector ia pl.ce. (b) with hole 

. ~x.te;ndi.ng to the core-reflector interface, and (c) wi th the 
hole beginaing·15 em out from the edge of the core •. These curves 
show. the depressions in the "solid reflector" n~utron distri
butions caused by the presence of a single 6-in. hole in the 
re flector. 

3. Figures A3:F, G, H:' These show the neutron distributions along 
the axes of the various exp~rimental holes which were planned 
for the bigh-flux~a.cto". These measurements were made with all 
~eve~ 6~in.holes(or equivalent) in the reflector. 
I· . 

4. Figure A3.I:. The fast-neutron flux (8 > 1 Mev) and, the indium 
resonance flux, measured along a line midway between two of the 
large experimental holes. that extend through ,the reflector. 

The U258 fission chamber used to measure the flux of·· fast nelltrons has 

been described in previous OItNL reports.(2,a) 

The resul ts of these experiments indicate that the. (nv )fast near the.c'ell'ter 

of the 3.9S-kg assembly is 40%0£ the (nv)thermal'·in reasonably good.agreemel1~. 

with the calculated value of (nv) .. = 60% of (nv)th l·given in the,repo.r:t 
n~n . e~·. 

MonP-272. 

A3.4 GAMMA BiATPB8DVCTIIN IN THE REFLECTOR" 

In. the .high-flux reactor the beryllium is water cQoled and there is no 

concern regarding the possibility of excessive heating in this portion of the 

reflector. The graphite, however, is cooled only by air, and empirical in

formation on the heat production in. graphite was desired to substantiate 

theoretical calculations. In the reflecto~, heat production is primarily from 

absorption of gamma rays.- Most of these come from the core of the reactor, 

but some arise from neutron capture in beryllium and in graphite. 

The gamma-ray absorption measurements were made in the rectangular 

assembly having core dimensions 71 by 17 by 66 em and loaded to 2.94 kg of 

fuel. Measurements were made in ~he 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 0"£ gamma flux encountered in going from the interior of the core 

th'rough the beryllium reflector and out ~o the edge of the graphite portion of 

the ·reflector. In order to minimize the possibility of measuring ionization 

due 'to unforeseen neutron reactions in the gas of the ion chamber, the measure

ments were taken with each of four filling gases: air, argon, CO2 , 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 whic'h our measurements were made (71 by 17 

hy 66 em). The measured spatial thermal-neutron distribution in this assembly 

is shown as a dotted curve • 

. .t3.5 CONTROL ROD EXPERIMENTS 

A number of experiments were carried out to study the effectiveness of' 

control rods of various sizes in the 4-kg mock-up of the high-flux reactor. 

The experiments are performed in the following way: the uniform poison in 

the£"clean" core (before the control rod is inserted) is adjusted until the 

assembly is just critical. The control rod is inserted and the amount of 

uniformly distributed poison in the core is reduced until the assemhly is just 

cri tical. When the experimen t in vol ves no change in the amoun tor concen

tration of :fuel in the cor·eg the percentage change in k, i.e., l:lk/k, is g1ven 

simply by 1iL./L. where liL.is. the chang.e inun.iform poison and L. is the total 

cross-section o~ the active portion of the co~eafter the rod is inserted. In 

experiments which entail the removal of fuel and the insertion of a control 

rod, the k of the clean core, kl~ is calculated, the k of the active portion 

of the core after insertion of the rod, k 2 • is calculated, and /:lk/k is then 

given directly by (k 1 - k 2 )/k 2 • 

The Cd control rods tested in these experiments were essen~ially replicas 

of those designed for the high-flux reactor in so far as dimensions and 

composition are concerned. They were· in the form of hollow cylinders of 

square, 3~ by 3~ in., cross-section and 26 irt. long and were filled with water 

to duplicate the conditions that will be obtained in the case of the high-flux 

reactor. 
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The thorium rod •. for tbe high-fluxre"ctorare designed t~ be _de up of 

several plates; they are stacked in .• sandwicb-like aasemb11, with spaces 

between plates for the passage of ceoling w~ter.Iron was used in~tead of 

thorium for reasons of availability ~n. ease of fabrication, the amount of iron 

being adjusted to give the same total thermal cross-section as that provided 

by the thorium rods. The test rod then consisted of ~ rectangular sandwich 

of iron and tucite plates havinK the same dimensions as the Cd rods descrihed 

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 Rosition. The percentage 

changes in reactivity of the active portion of the corel whenth~se::rods were 

inserted in place of fuel, were as follo:ws: 

. ROO 6k/k (%) 

Cd 7.3 

Cd 20.7 

Th 4.2 

Th 9.0 

It was also observed that the react1v1ty change due to the removal of 

180 g ~f fuel (nine tubes or a 3~-.by 3~-in. section) from a c~ntral position 

amomitreQ :to .~bo~t 3%. 
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Aflpendix " 

:. MOCK:' UP, 
INTRODUCTION 

In 1947 when the design of the MTR's predecessor, the Hi Flux ,Pile, 

was nearing completion it was recognized tha~ many fe~tures of the reactor 

would require' thoro~~h testing before the'design 6o~ld be considered final. 

It appeared logical,,~conomically and experimentally to asse~ble a full-scale 

model ~ith which many studies could be made rather than to construct separate 

equip~ent for e.ch exp~riment. It w~s planned, tafabrieate ~ajor parts 

(e.g •• tdp plug, aluminum tank, grids, castings) with the inte~tion of using 

them'later, if proved $atisfactory, in the actu.! reactor. The reft.ctor ~n 

item of m.jor importance for hydraulit testing, was to be fabricated of 
aluminumb~cause b'erYllium production was still in the development ,sta'ge. 

'fWD ge,n~t'.;;i.~ Igtoupsof experimentS were made. Studies of a mec~anical 'nature 

include~ ,a,ss¢iirbly and alignment techniques j 'stres$~strain investigation of 

major structUral par.ts,-performance, af 'the safety arid regulating rod. systems, 

and the development 'o~. tools for refueling and remote disassemblY'of a'll' parts, 

Hyd.:~aulic studies were made to investigate the adequacy of cooling in the 

_ reflector, safety rods, and fuel pieces. 

-

After completion of this "mechanical", program in Septe'mber, 19'49; it 

appeared that 'much could ~e lea~ned by conv~~ting the MockuUp into equipment 

for low .. power nuclear_experiments such as criticli!l mass determination; neutron', 

and gamma~flux measuremen'ts. ~nd oper~tion of the c'Ontrol system" Thes~ studies 

occupied the period from FebruarYi 1950 to September, 1950, 

AI.1 DESCBIP'i'ION'OF FACILITY 

In an effort t~ keep the cost of the project at a minimum. the MockMUp 

strUcture was designed for-outdoor operation with the encl~sed space limited 

to the control ~oom. The structure, illustrated in Fig, A4.A, consists of 

four m~in steel columns to support ~he re~ctor t~nk and a lO-ton traveling' 

crane. The working level at the top of the tank i 22,ft above grade level, 

is floored. A 12- ft deep tlsub-pi Ie room, II, 15 by 15 £t j is provided underneath 

the reactor tank. 
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The water-circulating system was greatly simplified as compared to the 

MTR, Its only purpose was to provide a maximum flow of 15,000 gpm, and it 

consisted of two 7S00-gpm lOO-psi.head pumps which fed t4e 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 eriergy 

input (~bout 350 kw) of the pumps. The entire circulating syste~ with the 

exception of the aluminum section of the reactor tank was constructed 'of mild 

s tee 1 and coa ted wi th Amercoat, a plas tic material for corrosi'on p!otecti on, 

The reactor tan~ from top plug to b'ottom plug was identical to the 

actual reactor design(l) of that date exc~pt for the substitutiori df Amerco~t
covered mild steel for stainless steet at tank sections A, B" E and F, The 

top plug was eq~ipped with two safety rods and one~egulating-rdd drive. All 

bearings •• tids. et~. were supplied for the aluminum tank 'ection, The 

reflector was made of aluminum, asalread'ymentioned, and the fI,fuel'i was 

fabricated as uranium-aluminum alloy, 

A detailed description of ~11 parts of the Mock-Up may be found in th~ 

Mock-up Design Report. (2) Information concerning the assembly al}d erection of 

the sys.tem is presented in Pro(:edure jorT" Ev:e~~io" of the MTR Mock,.Up (3) 

After approximately six months of study on the dummy reactor changes were 

made to allow operation as a nuclear machine int~nded to duplicate MTR c6n

ditionsatvery low power levels, A detailed account of th", alt,er'ations made 

at that time appear in ORNL CF~50~5-140~(s) The 'alterations consisted essen·, 

tially in providing the following ne~essities' 

1. Fuel in the form of standard MTR assem.lies~ 

2 .• A beryllium reflector built with 911'11111 beryllium bricks to 
approximate MTlI dimensions on two faces,o'i the lattice with 
Class II reflector pieces ("V', piecel1l"Be' in lattice) on the 
other two faces, 

3. A graphite reflector consisting of 300,000 graphite pebbles and 
SO tons of block graphite arranged in three 4uadrants of the 
reactor tank, 

4. A 4"ft··thick shield of concrete block unmortared, surrounding 
the graphite, 

5. Instrumentation equivalent to two MTR eafety channels and at,her 
necessary operating circuits. 

These 'details are shown in Figs. A4.B .nd C. 
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The mechanical and ,hydra~lic investigations Vt:ere begun in May ,1949, an(;t 

consist.edof the fGllowing: 

1~ St.rees·st.l'ain iIIeasu,rem~nteo 

2. ,Me¢hanio!1.l test at the con;rol system. 

3.J)e~~lopment &f rem0te Q handling teo18,~ 

4,$ Bydra~Ucmeaaul.'ements ~n lattice and, reilector;' 

A40 Z .. 1 ,Stress~StratD Measurements. The complexity b£tank'structure D 

with respect tGstress' ~nalysis made it desirable t'o obtai,it measurem~ts ~t 
'1ue!! tienahle peints in t~e Mock",Up. 'The required i~form.tion was obtained irom 
8aldwin~SouthwGrk strain gauges attached directly'to the v'ari&U8 compCllnents 
£If the tank... The results of 'these me~~ur~m~rit~ 'arereportedi~ <mNL~472.(4)" 

The electric resistance wireehments were at,tacbed acool'ding to t;he 

following pian: 

Tank a61l'ltiOll. ,D,outsicie sudsce 

Skirt pla!t.es, 

Upper assembly grid. 

Upper suppoll:ce casting 

Lower suppott casting 

NO. fJF, 
El£MEN'rS 

14 
'4 

2 

5 

's 

Rou~hly half of the strain gauges we~e single element~ which ~ere e~pl~yed 

~t locations where the direction of the stres~ could beea8ily predicted. 

Where th,e direction was .unknown~ a triangular' arrangement of three' elements 

was used so that both the magnitude and the dire,etion of ' the 'stress could be ' 
de termine d. ' ' 

Measurements were made early in the expel'im,entsl program and before: the 

ful,l pressurecirop across ",the, lattice was eppli~d'~ However» themasDitl1d~ of, 

the stre,sses calculated from the strra{n measurements w~re low ~,nou8h in all 
cases top~ovide assuranoe tha~ no cornponent was, in danser of betaS overstressed 

even at much hish,er pre~sure dr:Ops. 
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were' 

Maximum s tresses for the components during operation at about 30 psi 6.P 

LOCATION 

Tank section D, 6 in,. below upper fl~nge 

Skirt plate, center 

Upper assembly grid, center 

Uppe::- support cas::.ing, ':.en':.e::: b.;)';.~,om 

Lower su.ppo:,!; ,~as,;ing (side,'.en';e~ cf gl':1d 
opening) 

smESS (psi) 

1920 (tension) 

1850 (tension) 

950 (compression) 

1300 (compress:!. on) 

202Q (compression) 

The 356-T7A aluminu.1l1 alloy with which the castings were made has a yield 

strength of 25,000 psi at 0,2% set, Tank section D was fabricated of 3SF 

aluminum with a t~nsile strength of 17,850 psi and a minimum yield strength 
( 

of 6,000 psi.. 

Console. The console for the MockUp was little different from that 

planned for the MTfL A few swl tches were re 1 oc ate'd and the fune t io'ns 0 £ one 

or two wer.e changed The wings to the :rig'ht and left of the ,operator were 

moved inward to bI' ing them wi thin easier re ach. Except for these ,minor changes 

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

Shim-SafetyRods and Drive Mechantsms (6.,) The shim-safety rods and 

drive mechanisms con3~ituting the original Mo~k Up controls were considerably 

different 'from the elements currently de~igned for the MTR, A brief history 

of the evolution of the present MTS shim 9nfrty B81cmblies will be given fo~ 

each part of the assembly. 
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(a) Shim-Safe~y Rods. Ori nally the rods consisted of five separate 

sections which were, f!'om top to bottom: armature section: upp~r 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 

testirlg the rods several possible refinements toth~ original design bec~me 

apparent. 

tn the armature section the cadllJium 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 

addition~l advantage of reducing the magnet· to-armature air gap. allowing a 

gain of about 25 Ib in magnet holding force. The original sharp-edged corners 

of the armature made it difficult to position the upper agse~bly of grids over 

the rods, and as a result the corners were beveled to make this operation 

eaS1er. 

The upper section of the rod. set-yes three .purposes: (1) as bearinr 

surface .for the guide bearings,(2) as inlet port for cooling water", and 

(3) as a tI'spacertll to keep electromagnets outside the intense neutron-flux 

region, Being necessari ly long, this stainless steel" section was also heavy 

(about 50 Ib). ~!ass at "this point and in the absorber section below is 

undesirable bebause of the large force exert~d on the comparativ~ly weak 

uranium-aluminum section during deceleration of the rod. In fact, after 

repeated drops the aluminum was fo"und to be deformed at its Joints Bnd the 

mac~ine 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 stai~less 

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 tot~l weight of the rod above 100 Ib for the situation requiring a 

.scram with no water flow', Experiments show.ed that buoyancy and bearing .. friction 

forces were great enough to keep a rod weighing less than 70 Ib from falling 

if the 350-lb d.riving force due to water pressure were absent.(a) To eliminate 

this danger lead was added to the lo~er stainless steel section, and guide 

bearings were redesigned to minimize friction. 
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"Velo~i ty measurements on the~: original rods 'showed apeak speed of 16 ft/sec 

with full water flow (see Fig, A4.D), An acceleration of about 4g, is indi

cated, and these data" should hold for present M'{R rods. 

The Mock-Up was equipped with safety-rod shock absorbers with bidlows

sealed plungers at the base to indicate the preseftrie ~f the rod. The indi

cating function is unr'elated .to the primary purpose ,of the shock absorber, 

that ,of dec~lerating the falling rod, but is ~mportant from the standpoint of 

controL The plunger type indicator gave constant ;trouble by water leakage 

to the limit switches underneath; and from galling" Hydraulic actuators were 

designed f9r the MTR but eouid not be tested in the Mock~Up because of limited 

time, 

The 6peration of the dash pots as decelerators is illustrated by the 

curve off'ig. A4,E which shows a terminal rod velocity of 3 ft/sec, Maximum 

pressures Were measured for various entrance veloc,ities a~d found to be 200 psi 

for the 16,·£t/~ec velocity resulting from a lO.psi pre~sure drop across the 

reactor tank. 

The bearings which serve to guide the upper and lower'ends of the rods 

originally contained spring··loaded graphite pads as the bearing surfaces. The 

graphite scored easily and was found to offer a resist~nce of approximately 

40 Ib to the fall of the rods, Stainless steel rollers with graphite inserts 

have been designed to replace the graphite'and have .pro'ved aaequate during 

several months of usage, 

(b) Eleptromagnets, The initial design ,of t~e electromagnets was based 

on the requirement that they operate ~nder a ~ater pressure of 50 psi,support 

1000 Ib load at 200 mamp current., and release this load in less than .30 msee 

(the minimum ~eriod of which the ~eactor is c~pable in a start-up accident), 

After test units had been constructed, it was found that the release times 

were about doable those expected and that the watertight seals were inadequate, 

The release time deficiency was traced to "shorted turns in the coils, 

Subsequent coilS were redesigned andR!snufactured by the Westinghouse Electric 
. '" . 

Corporation. In the course of the investigation. the coils were tested on 
, .' 
core materials of Permandure and Hypersil alloys in addition to the 1010 steel 

chosen for the final design. With properly manufactured coils on the 1010 

steel cores, release times of considerably less than 30 msee were. measured. 

" 
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In fact if one minimizes the ratio of holding force ~o force actualli held 

by varying the current, the armature-to-pole-face air gaPlor the load. sup·· 

ported, the release time can be reduced to 2 or' 3 msee. The net re~ult of 

much experi"men.tation with these factors was to specify a current of 100 mamp 

and an air gap of about 0,010 in. which can be adjusted to ve a holding 

force of 600 lb;, For the case of full water flow, the total load o~the 

magnets is about 500 Ib and a release time of abou.t 10 msec can be expected" 

With no water 'flowing and only the dead weight of the rod (about IOO'lb) 

sUpported, the release time is 30 to 40 msec. The holding-f6rce curve f~r a 

typical magnet is p~esented in Fig. A4.F. In Fig. A4.G are the records of 

release, time me asuremen ts. 

The failur~ of the gasketed waier seals on the pole pieces bf th~initial 

design led '~o a complete enclosure of the core with a stainless ,steel can 

This change necessitated removal of amicroswitch and a bell~ws-sealed actuator 

which were cont~ined inside the old can for the purpose of indicating physical 

contact with the shim· safety rod. The indicator currently in ~se takes 

advantage of the fact that the rods are at ground potential electrically and 

the demineralized water has a high resistance. By insulating the magnets from 

the drive shafts and applying a 6·volt potential, the current which flows when 

the magnet face contacts the rods is sufficient to trip arelay which indicates 

contact and energizes the magnets 

The magnets installed at the Mock-Up were fastened to the drive shafts 

by six Kin. bolts. Calculations indicated that the magnets would be con

siderably ahove tolerance radiation after long,time operation at MTR levels. 

To simplify the replacement of faulty ma~nets a quick-release mechanism. has 

been adopted for MTP magnets. 

The requirement for an insulating and shielding liquid with which magnets 

and drive shafts could be fille~ is that the liquid not suffer radiation 

damage (i.e .• los~ of insulating qualities or severe dega~sing). that it be 

heavier than water (so that leakage water will not accumulate' above thi 

magnets),and that it not attack the magnet construction materials. The 

liquid now used is the only insulator of many tested which adequately fills 

these requirements. 

The flexible connections now incorporated in the shim-safety rod design 

were previously a section of the drive shafts, immediately above the magnets. 
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Tbeir purpose is to correct misalignment and to allow approximately 3/8:ino 

overtravel of the drive motors after current cut-off. The original design 

allowed excessive mov.ment of the magnets under full water flow and gave 

considerable diffic;:ulty through abrasion of the magnet leads. The simpler 

joint' now at the top of the safety rod appe.ars to be adequate. 

(c) Drive Mechanisms. The worm gear--acme thread speed reduction units 

were studied ~ith respect to measurement of backlash, overtravel, wear, actual 

speed reduction) and time of reversaL Total backl"ash from motor shaft to 

magnet driv~ shaft was less than 0.010 in. Overtravel was '0 .. 10 in. upward and 

0.17 in downward. The actual speed of rod withdrawalw~s 5 0 in./min, and 

time o~ reve~sal was less than 0.1 sec. All measurements Were made with shafts 

loaded to 600 lb. After approximately 400' hI' of opera.tion the total backlash 

had not increased, and it was assumed ~hat no serious wear had resulted. 

Regulating Rod and Drive Mechanism, (9)" The Pll'R regulating-rod and drive 

mechanism as~embly are very similar to the originals installed in the Mock-Up .. 

The Mock-Up rod was thoroughly tested from standpoi~ti!I.of general operal,lility, 

mechanical design, and reactor control. 

So~~(IiHiculty was experiellced with the sleeve ,guide bearing located in 

the upp'~ ~rid lower support castings. Because of gr~t parti~le~ the rod ~nd 
bearings galled severely, necessitating removal and refinishing.. The bearings 

were redesigned as spring~loaded stainless steel rollers wliie~ eliminated the 

galling troubie, However, durin8' the low-power nuclear e~peril!lentS with full 

water fl~w it *~$ learned that the bearings permitted lateral ~ovement of the 

rods, which af£ec ted neutron detection ins t'ruments . as woulq a minor instability 

of the reaetor.. The .. low·.·power experiments were completed b~fore stronger 

springs could be tested, 

Another ·difficulty with the original design was the method of sttae.hing 

the rod to its drive shaft" The coupling was designed e.g a. scr~w j.oint to be 

aetuated by a 20-ft-long bolt after removal of the upper .shock absorber. 

Rotation of the rod during the coupling operation was prevented by 11 horizontal 

pin through the rod which mated with a slot in the upper ~;,!rt~.g", Awkward 

features were eliminated by a red~sign including a new upper '~~ck ~bsorber 
which need not beremov~d to apcomplish attachment or detachment '0£ the rod; 

a ball-and-socket joint replaced the threaded joint, and the necessity for a 

pin and slot were thus eliminated. 
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The lower shock absorber of the drive mechanism exhibited an annoying 

quirk of not returning to its rest position after compression, Th~s trouble 

was corrected by insertion of a stronger spring and by attachment of a small 

check valve ~t 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 .n ion chamber signal) and measuring the time req~ired for rebalancing. 

The response time f~r the maximum unbalance was found· to be ahotit O~l sec. and 

is considered adequate for control of known MTRinstahilities. 

Full scale test of the servo mechanism as an automatic control device 

was accomplished during the low_power·nriclear experiments des~ribedin Section 

A4. 5.7. The sys tern performed satisfactorily for sever al months at power leve Is 

from 100 ~atts to 175 kilowatts. 

A4,3 HYDRAULIC EXPERIMENTS 

The high-power density (about 300 kw/l-iter) at which the MTR operates 

imposes rather stringent re quirements for heat removal. Cool ing-water veloc" 

i ties of 30 ft/sec and heat fluxes as high as 500 000 Btu/eli. ft·...;.hr.· are 

neces~ary for the realizat10n of designperfor~ance, 

The desire for more complete kno~ledge of the complex, hydraulic charac·· 

teristics of the MTR was an impo~tant reason for construction of the full

scale Mock·,Up, 

Early design cal culati ons ,indicated that ~he following conditions could 

be e~pected i~ the reflict6r ~nd fuil lattice: 

LOCATION 

(1) 1/8-in.~diameter holes in reflector pieces 

(2) O.1l8~in. slot between fuel elements. 

(3) Fuel elements with O.llS·'in. gaps 

(4) Shim··safety rods (Th-U) 

(5) Across upper assembly grid 

(6) Across lower assembly grid 

(7). 'Across lower support casting 

A".I6 

,VELOCITY 
(ft/sec) 

10 

2S 

30 

30 

PRESSURE DROP 
(pai) 

6 

1'7 

42 (ineiu,ding 
. end boxes) 

42 
,12 

,13 

36 
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Water requirements for 42 psi pressur~ drop were: 

ELEMENT' 

23 fuel pieces (slab loading) 

8 shim-safety' rods 

Reflee to:!: 

Lattice intersti'~es and Be, in la(;ti0& 

Total water irequ:i.tement 

F.LOW OF 
WATER'. (gpm) 

10,$00 

3,200 

1,000 

1,500 

16,200 

The Mock-Up problem assignment was to determine whether thecalcu.1ated pressure 

drops and flow rates 'actually existed, 

The experimental work was divided into two groups: 

reflector,' and (2) flow inside the ~uel lattice, 

(l)flow in the 

A4. 3,1 Plew in Reflector Oqts1de tbe Fuel Ulttice. The reactor is 

designed in a manner such that the beryllium reflector occupies the spaee 

(15,by 30 in,,) between the rectangular lattice area at the center and the wall 

of the 54·, in.,··diallJeter aluminum tank.. At the time the Mock"Up was buil t the 
, , 

reflector c~nsisted of approximately two hundred separate pieces, each roughly 

3 by 3 by 40 ,in. high. In general, each separate piece was provided wi th 

several l/B-in.-diameter cooling holes extending through the piece from top 

to bottom. A few pieces of odd sizes and shapes, such as tho.~ above and 

below the experimental thimbles, had larger or different cooling passages. The 

general aim in the design of the re.flector cooling passages was to provide 

suffic ient water to reMove approximate 1 y 6,000 kw of h~at prod'ueedby 'Y,r ay 

and neutron energy from the fuel lattice, 
r 

The problem of measuring the various velocities and pressur~s ,was ap~ 

proachedby sel~cting a typical quadrant of the ,reflector for detailed'study" 

A few pieces were chosen in other quadrants as check,points and others where 

special situations arose. Figures A4"H and I show these selections. One 

cooling' channel in each, reflector piece was provided wi th tw,o, static pressure 

taps and qalibrated for, flow versus pressure drop before installation" 

After positioning a particular piece in the Mock~Up reflector, small 

stainless steel tubing leads from the pressure points were attached to Cannon 

.. 
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type connectors in the reactor tank wall and then run directly to a manometer 

board in the c~ntrol rOOM. Approximately 120 lines were connected from inside 

the reactor tank to manifolds and thence to mercury and oil-fi~led Merriam 

manometers. 

Nin~ experimental determinations of velocities were made in the 56 

reflector pieces seJected' for study ~t pressure drops ranging from 17.5 to 

33.7 psL 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 VtA,91, piece end box sockets. Mean velocities in various 

types of channels for a ~ypical test at ~3.6 psi, after red~cing the open area 

in the lower, support castings ar'e shown in Table A4" A. 

TABLE A4,A 

water velocities in Various Reflector Channels 

CHANNEL 

"A" pieces (l/B"in. holes) 

VELOCITY 
(fe/se'::;) 

18,7 

,,5/16~in. holes ahove thimbles 9" 0 

S/16-in. holes below thimbles 8 .. 9 

1/8-in.~ holes above thimbles 10.9 

liB-in. holes below thimbles 3.8 

l/8"in, holes sbo'Ve ~~in. horizontal tubes 15.2 

Using these ~elo~ities as a ~a~isi the total flow rate through the.re
flector was computed asgfollows 

A section was taken above the thimbles and just below the t~p surface of 

the reflector; Counting the numbers of vari~us types of holes and using 

measured dimensi~ns, 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 A4cB 

Flow Rates for Va~ioos R~fleeto~ Holes 

i CROSS~ FLOW HATE', 
NO. OF SECTION (gp::!l) 

TYPE OF CHANNEL HOLES (sq ) ,AT 1 !t/sc::c 

! 
l/S·in, holes above thimbles 320 Q.0129 12.9 

i 

5/16.,in. holes above thimbles 86 o..~O~ i I,·" 27,,1 

Full length l/8-in, holes 744 0·0129 30,,0 

l/S-in •. holes in ,. A" pie~es 2013 0.0129 8,4 

l/S~irL holes above ~-in, ho;riz,~:m\~al tubes 44 0.0129 L8 

1/8~in. holes above I-in" ho~i~ontal tubes 64 0,9129 2"6 

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

of gap thickness •.. Assuming tha~ the velocities vary a~ the 2/3 power of the 

equivalent diameters and that the equival~nt diameter of a wide thin slot 

is approximatel y twice the thick,ness T, 

[
D12/3 (2TI2I3 

:z 'l' 2J V:::v- v-
:3 1 D 1 D 

;! 1 
• J .' 

The 0" 127·in. hole designated as pressure tap 41 (Fig .. A4.,D) is suitable as a 

standard. Then 

v2 

r 2 ]2/3 
V 1 -lO.127 . (T 2) 2/3 6,30 Vl (T:3)2/3 

Values of flow rates in gallons per minute at 1 It/sec measured velocity at 

pressure tap 41 are, thus d~riyed for the gap.s between reflector pieces. These 

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

Flow Rates at Pressure Tap 41 

CROSS- FLQW RATE 
SECTION (gpm) 

CLEARANCE. T 2 NO. OF GAPS (T
2

P2/3 (sq in.) AT 1 ft/sec 

0,017 228 o 065 0.051 14,9 

0.0435 6 0.122 0.130 1,9 

0,060 20 0.153 0.180 10,9 

0.080 12 o 185 0.240 10.5 

0,1065 2 O. 225 0.320 2.8 

0.0625 (at tank wall) 1 0.158 10 6 33.0 
--' 

Total 74.0 

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

the factors derived above and the measured velocities in Table A4,A, 

Components of flow rat~ 

1/8 .. in, holes aboye thimbles 
5/16-in. holes above tbimbles 
Full length 1/8"in. holes 
l/S"in. holes in .. AU piecE<s 
l!S-in. holes above ~.in.' 

horizontal tubes 
l/S*in. holes above l·in, 

horizontal tubes . 

Subtotal 

Clealran;ee channels 

Total ~eflector flow 

TABLE A4.D 

Flow Rates in Reflector 

FLOW RATE 
. (gpm) 

AT 1 it/sec. TEST 6 

TOTAL FLOW '(gpm) 

TEST 7 TEST 8 TEST 9 

t:;p 33. 5 psi '/6p 33.5 psL16p33. 7 psi 16p 33.6 psi 

12.9 138 140 
21,1 244 264 
30.0 362 362 
8,4 154 152 

1.8 25 28 

2.6 33 34 

956 980 

14.0 898 898 

1854 1878 

I 
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- During these experiments measurements were also made of total flow and 

velocities through fuel elements \s~e Section A4.3,2.Lattice Measurements," A 

typical flow balance at 33,5 psi pressure drop was as follows~ 

Total flow, by calibrated orifice (gpm) 

Component flow, by calibrated pressure taps (gpm) 

1. 19 fuel elements (27.5 ft/sec velocity) 

2. Shim rods and substitutes 

3. "Beryllium'" lattice pieces 

4. Lattice interstices 

5. Open 1··in. rabbit tubes 

Total flow, by components except reflector (gpm) 

Flaw !hrough reflector. by difference (gpm) 

14,900 

8,300 

2,890 

70 

L577 

220 

13.057 

1,843 

This excellent agreement of two independent measures indicates accuracy hetter. 

than the ±l% which more probably existed. 

On the basis of thes~ ~eta an~ simultaneous lattice measurements (Section . . 

A4.3,2), which indicated that a pressure drop of approximately 40 psi would 

be .required to realize a 30 ft/sec velocity through the ·fuel) reflector re~ 

_ quirements ~t 40 psi were estimate·:' as approximately 2000 gpm, This figure 

was roughiy double the amount of water originally allowed for the reflector' 

-

area. For this and for other perhaps more important reasons, a redesign of 

the reflector was undertaken. 

. A4.3.2 Flow and Pressure Drops Inside Fuel Lattice. Velocity measure~ 

ments were taken inside fuel ~lements and shim-safety .rods and in the inter u 

~ticeB between fuel elements. Pressure drops were studied wherever significant 

treductions 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 

1n ORNL CF~50-6"'102. h 0) 

Flow Through Fuel ELements, A group of six fuel elements was selected 

for calibration. Two static pressute taps were installed in each of these 

assemblies and used to measure pressure drop as a function of velocity through 

the fuel plates. Calibrations were obtained in a separate experimentbeforA 

the fuel pieces were installed in the reactor lattice. Figure A4.K is a ~lot 

of the calibration of these assemblies. Also shown are data from a previous 
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calibration ofa single assembly reported in ORN~50~ The pressure drops were 

measured over the length of the fuel plates and the agreem~nt of the two 

independent calibrations is good, 

The overall pressure drop, which includes losses in both upper and lower 

end boxes (reported in ORNL-50>. indicated that the desired velocitr of 

30 ft/sec past the plates woul~ be realized at a total pressure drop of 30 t6 

35 psi. This value was taken as the basis foi 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. 

Thi~ diagreement of 5 to 10 psi was the subject of an investigation which 

re!3ulted in an explanation of the difference in the two cases, It was found 

that the upper end box of the fuel piece used in the experiments ~escribed in 

ORNL-50 had an inside diameter liS in, longer than the end boxes of more 

recent design used in the Mock-Up. A calculation,of the two cases confirmed 

a loss of about 4 psi for the smaller Mock··Up end boxe·s, An additional loss 

of3 psi was measured across the upper support casting, through which the 

water must pass before it reaches the fueL Thus the, total ,design pressure 

drop for the reactor tank was increased to 40 psi, which may be broken down 

as follows· 

RESISTANCE 

Upper support andgI'id spacer 'cas~ings 

Upper end box 

Fuel plates 

Lower end box 

Total pressure loss in tank section 0 

Flow Through Interstices Between F~el Elem~nts. 

PRESSURE DROP 
,( ps i) 

3 

13 

18 

6 

40 

Iri order for cooling 

water to flow between adjacent fuel elements. it must move past the. upper 

~ssembly grid. down past t~e outer fuel plates. and discharge ~hrough the 

lower assembly grid. It was desired to maintain a velocity of 25 ftisec in 

the spaces between fuel elements, but the Mock~Up measurement~ indicated 
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velocities of roughly 15 ft/sec. It 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 !elocity throtigh the 

interstices. 

Flow Through Safety Rods. The shim-safety rods also require a cooling 

velocity of 30 ft/sec through the fuel s~ction. Measurements in a previou~ 

experiment(1 I) indicated a pressure drop of 40 psi for this velocity Cali 

bration of the Mock-Up rods agreed with this figure. T~e curve of velocity 

versus pressure drop is presented in FigA4.L. 

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

rates through tank section D are summarized in Table A4.E-

TABLE A4.E 

Pressure Drops and Flow Rates Through Tank Section D 

FLOW (gprn}1 
I 

PRESSURE C(jMPONENTS COMPONENTS 
LOCATION DROP (psil) PARALLEL NONPARALLEL I 

. 

Upper SUPP0lrt 'Casting 3 rt .6'{0 

Upper assembly g;.id 10 2,500 

Fuel assemblies (23 Ji.'equiJ!'edj 37 10,925 

Lattice beryllium p~eces (14,req~dl 3"r 35 
'.(!: 

Gaps in lattice ~ 17 2,500 

Shim rods, cadmium (4 r~-red) 40 I, '725 
"," .. , 

Shim rods, bery lli'!!!1:,«4 required) 40 10 

Reflector (Moc~rH~ design) I 9 2,000 
A' I Lower' s,uppo~tct"casting 31 2,000 

,_t 

I Lower a'i.s~'inblY grid 10 2,500 
/' 

" By-p"as 
,_.,t 

4'(5 
/' 

A/Total flow requited (with 4 cadmium shim 
1'(,670 • rods) - . 

./ 
,If' ' 

....-J 
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A4 p 4HANDLINGTOOLS 

Normal and frequent operations such as fuel replacement and adjustment 

of reactor and reflector geometry for experiments require special tools and 

appurtenances for remote handling; It will be recalled, f~rthermore, that 

one of the basic design requirements of the MTR is that any part of the reactor 

properb~ ~eplaceable. Becaus~ many parts will be intensely radio~ctive 

after extended~peration. remote handling is 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. 

AI,5 NUCLEAR EXPERIMENTS 

Problems associated with the nuclear chara~teristi~s of the operating 

reactor were studied for a period of seven months (starting in February, 1950) 
using the assembly illustrated in Figs. A4.B and C. As is often the case when 

a heivy progra~ is undertaken with limited tim~ avaJlable, it was impossible 

to refine the experiments as ~esired, However, from the MTR design standpoint 

little could have been gained by greater precision because MTR experimental 

conditions could not he exactly duplicated. The principal topics of study 

were the following; 

1, Determination of critical mass for a slab type loading, 

2, Calibration of regulating rod. 

3, Measurements ,0£ temperature coefficient. 

4. Measuremen~of reactivity changes caused by ~ater flow, air 
bubbles, and open heam holes, 

5. Performance of the control and safety systems" 

6. Measu~ementsof neutron and gamma fluxes injide and above the 
fuel, in the graphite reflector outside the" t~nk, and in the 
thermal shield. " 

A4.5.1 Cri~ical Mass Determination. Several extraordinary safety pre

cautions were taken for the ini ti a 1 fue I load ingi~" For ins tance, a standard 

safety rod was rebuilt with a beryllium section in ,place of the fuel section 

A4.29 



Al8 V'J3SS...... NI 3S n 
C:I3AOJ >iN ...... .!. 



~
 

m
 

:2 -
l 

w
 

(/') 0 
z 

(f) 0 
-.t 

~
 t-

~
 

0 
~
 

0 
a: z 

~
 

(
j -

l 
0 

a: z 
w

 ~
 

a.. ::r: 
a.. 
~
 



-

-

-

for use as a "·cocked"· sa fe ty during loading. The cadmium section of thi s rod 

was kept suspended above the lattice by an electromagnet while eabh fuel piece 

was inserted, 

Anot4er precaution was the installation of separate neutron-level and 

period indicators at the loading platform which was 30 ft above the control 

room. Also, a boron fluoride neutron detector was used in additio~ to the 

sl~w fission chamber and three other neutron chambers, The relative locations 

of source, fuel, and detectors is shown in Fig. A4.0. 

The critical mass determination was. begun after recording backgrounds of 

all the neutron detectors with the add{tionof four fuel pi~ces ~ontaining 

a total of 560 g of·U235, The control rods were then~ithdrawn completely and 

the new counting rates were measured with pulse counters, The usual plot of 

reciprocal counting rate agai~stm~ss of U235 was made upqn addition of each 

additional fuel elem~nt.(140 g of U2 3 5). As the critical point ~asapproached, 

smaller quantitie~ of uranium in the form of partial iuel,el~mentswe~e added. 

Criticality WaS attained with approximately 2000 g of U~j5. 

A4.3.2 Regulat1ng~ro~ Calibration. The regulating rod is a l~~in,~ 

diimeter aluminum rod with a 20~in. 610ng cadmium tube inse~ted at its center; 

it is located in the perman~ntberyllium at the edge of thela~tice. 'The 

total reactiv,ity of the rod~ expressed as ,t:.k/k is intended' to be less than 

the delayed neutron fraction to prevent sudden complete 'r:emoval from making 

the re ac tor "prompt~cri ti caL fl. For safe ty. there fore, it was necessary, t'o be 

certain of t~e total reactivity change possible from the regul~ting ;~d. 
Furthermore, for control purposes it was desirable to determine a curve of 

sensitivity as a function of rbd position. 

The method of calibratio~ was ~s follows: Begiiniig with, the rod com~ 

pletely inserted and the reactor level (infinite period), the rod was with-
. . 

drawn a short distance manually and the resultant period was measured as ,the 

slope of the logarithmic plot of neutron level. After complete withdrawal of 

the rod, similar points we~e obtained by stepwise insertion. The reactivity, 

(t:.k/k)e ff P ~a~obtained from the uS1.\al in~ho'ur.~relation. (12)' Curves of 

sensitivity and total reactiv{ty are presented in Figs. A4.P and Q. . . 

Considering::the accuracy of! the determi~atioh (about,~). it is seen 

that the origi~al rod was' p.o~.si:bly worth as'mu,ch as 0;7% in :(i;.k/k)e~f' 
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e As a result. the total ,movement of ,the cadmium section of the rod was reduced 

by, 4 in. with a resultant reduction in ~quiv.alentreactivity to about 0.65%. I:.t 

is expected that the regUlating rod in theMTR will contain less than 0.,65% in 

(6k/k)eff because the MTR core will be larger than that in the Mock··Up, 

A4.5,3 Temperature Coefficient. The measurement of the Mock-Up tempera

ture coefficient was made in the following way: The reactor was made critical 

at the ambient bulk water temperature (usually 20 to 25~e), and positions of 

the shim and regulating rods were carefully recorded, After the reactor was 

shut down, the water pumps were operated until the pump input energy (about 

350 kw) had increased the temperature of the circulating water a sufficient 

amQunt (5 or 100e). At the new temper~ture, the pumps ,were stopped and the 

reactor was agai~ brought to some low power level with the shim rods set 

exactly .t their previous locations, corretted for rod expansion at the 1n

creased temperature, aud 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 cha~ge in (6k/k)e" was checked later by 

measuring the reactor period resulting from the same movement of the regul~ting 

rod. 

Measurements made in this manner are listed in Table A4,F. The average e, of 0.013 is in fairly good agreement with the calculated value of'O.017% per 

degree centigrade for theMock~Up core with a k of about 1.58. 

-

TABLE A4.F 

Experimental Values for Temperatuie Coefficient 

TEMPERATURE < PERCENT (~/k)eff PEn °c 

3601 

37 

43 

4S 

46.5 

48 

53 

54 

A4.36 
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,,0,012 

wO,012 

~0,012 

cO.014 

~0.012 

"0,014 

"0.013 
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A4.5,4 Ef,f.ect of an Empty Experimental Beam Hole,. The effect on re 

activity of removing a beryllium plug from the 6-in.,-diameter northwest 

experiment.l thimble (see Fig. A4.C' extending to the lattice face was deter,· 

mined by ~ompati~on ~ith changes in the position of the regulating rod. For 

the Mock-Up c~rethe effec~ was a 0.6% reduction in(6k/k)eff,Filling the 

empty hole witb a ~ara££i~ plug resulted in a (6~/k~eff increase of 0.3%. 

Although the effect of an empty hole measured here is considerably greater 

than that'ob§er~ed in the critical experiments, the difference in core S1ze 

and asymmetry of refl~ctor are probably responsible, and it is expected that 

the MTR ,will 4;!xhibit effects more, similar to those' of the critical experiments. 

A4.5,,5 • 'Effec~ of: 'water Flow,' It has been s,peculated that high-veloci ty 
, , , 

water flow in the fuel assemblies might result in sufficient movement to be 

detectable as small fluctuations in reactivity, and an experimentw,'as conducted 

to investigate t'hispossibility. The upper fuel·,positioning ,grid Wl:\S removed 

so that fuel elemep~swould be unconfined at their upper ends. A water 

velocity'of 30ft/sec was maintained through the cooling clearances. ,The 

ion chamber which norm.lly fed 'the servo control mechani~m ~a~ used as the 

de tector of reac ti vi ty changes. Severa I measurements we re mad:e bp'th with and 

without water flow, b~t no difference was detectable. It ~as theref~re cony 

eluded that water flow had no sitnificant effect on the stability of the 

reactor. Further~ore. since many small air bubbles were visible in the 

c ircul ating wa te.r, ,i t was concluded that, asexpect,ed, uni formly dis tributed 

air bubbles would ~ot c~use reactivity fluctuations~ 

A4.5.6 Performance of Control and safety Circuits. ~he twoinst~uments 

in which most,interest has heen evidenced are ihe peiiod indicator and the 

servo mechanism~ 

The period meter is a direct indicator of rate of increase or decrease 

of reactor level. Its scale is calibrate~ in secondi ~o th~t t~e period, i,e., 

the time requited .for the power level to change b~ af~ctor of 2.7; can be 
. ' ' • c, ..:, ' I" . 

read directly.; This ~nstrument proved extremely valuable in. start~ups and was 

also useful for ipaking changes in power level when'·the reactor was' being· 

controlled manually, 

THe servo mechanism performed exceptionally well. *ith t~is device any 

desired power level in the operating range could be maintained for hours with 
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only minor attentionfro~ the ~perator •. rhe response of the circuit to large 

disturbances was measured as ~ppioximately 0.1 sec by ipplying an electrical . . 

pulse equivaleht to a (~k/k)eff step of about 0.6%. During operation, steps 

as high as 0.3% (~klk)eff were added in approx~mately 1 sec by injecting 

compressed air at the center of the fuel lattice, The servo mechanism easily 

followed these disturbanc~s without losirig control of the reactor. 

Another fe.ture of the MTR control a~rang~m,nt is the safety circuits 

which protect againsi high~r than-normal power levels. Unsafe levels cause 

a red uc tion in curren t. to. the e Ie ctroma'gnetsand subsequent re lease of the 

control r~ds. The time require'd' ,for release of the rods had been measured as 

approximately 15 msecbefore installation in the Mock-Up. During operation 

the time interval ,be'tween the It,s cram", signal and shutdown of the reactor was 

observed to be ~pproximately 30 ms~c~ 

Although a nttmber of minor cbanges in the control i~strumentation were 

deemed desirable before const::uct'ion of the final MTR instruments, it can 

be said that their performance in the Mock-Up was very satisfactory. 

A4.5.7 Measurement of Neutron Fluxes. The data presented below have 

been analyzed and compared with pre,vious calculations, (13,14) Neutron flux 

'distributions were measured by det~rmining die' saturated acti'vity(A s ) induced 

in bare and cadmium-covered metal' foils, The 'measurements c'ian be divided into 

three series df exp~rimerits. based on the experimental conditions and the 

information sought in each series, 

In the first g~oup of experiment$ the northwes~ thimble was left open. 
, ", , . , ' 

Fluxes were meas~red in the fuel lattice, ,the northwest quadrant of the 

graphite reflector, and at oth~r miscellaneous points i~ th~ structure. 

In the second series the northwest thimble hole was closed, as described 

later, and ad~itional foilexpos~res wer~ made at miny of the l~cations 
me~tioned above. Neutron attenuations' in the water above the lattice ~~ to 

the elevation of the shim-rod electromagnets were measured also. 

The third s~ries i~c1uded att~nuation in concrete blocks and in paraffin 

stacked behind a portion of 'th~ steel thermal ~hield outside the' giaphite 

stack, 

Gold foils (I em square, ~.OOS in. thick) were used for exp~sures in the 

graphite, The foils were sp.ced 6 in. apart on 1/16-in.-thick aluminum strips 
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for exposux~~ in the £u~ll~~tice and in the l-in.-di~~eter holes which 

extended vertically through"th~~raphite reflect~r. Meaiur~ments of very low 
o •• ••• • 

fluxes (e.g •• in th~ water above the fuel) were made with large indium foils 

( 2 5 ems qua r e, 0, 0 ° 5 in'. thi c k ) w h i c h we r e h e 1 don .1 u cit est rip s d u r in g 

exposure, 

was made 

0,020 in, 

foils. 

Correction for the'ac\ivi ty induced by r~sonance and fas t neutrons 

by exposing 'foils :~overed with cadmium.', the cadmium covers .were. 

thick and wer~ coate'd with ·lacquer to prev.er!;t contamination of the 

Mica-window',Geiger tube's' were used to coun,t the ~·cm foils, and the glass 

tubes were used~ith th'e' la~'g~ 'i:n:'dium' foils. Th~ ~s·~.di foils :Were placed on 

a flat aluminu;r! plat'e:-,b~ne~rt'b :,th~ mica'''windo~.'t.ub,es;, the la~gefoils were 

enclosed in a brass c'ylind:e'r:and slipped over. t:l~,e g'lasstubes, Only the side' 

of the foil which had faced ·'the '.teactor was count.e,d •.. and this side was always 
f, ' • 0" • • 

placed nearest the~ou.nti:ng tub,e.: 

The foils and. SOl..J,r1ters;were .calibrated by irradiating foils in positions 

of known flux in a ~t~~d~rd ~raphiti pile.(16) 

In almost all 'insJan;c,e~ 'e~posuFe time and start-up time were comparable ; 

consequently a start~up correctio'r:'-.has b,e~n app,tied t,? the foil data,(i6) The' 

power levels for the m~,ny. f?ina"c~ti,,!ations vari~d lio'n", 10 watts to 2 kilowatts', 

First Serie.s. Experimental):onditions for the first. serles were: 

1',,, Lattice arra'ngeme,nts (as shown in Fig. A4 .. C; 

2. No thermal shield. 

3. Experimental holes fill~d a~ follows: 

(a) Southwest thimble""; filled solidly wi~h graphite from edge 
of ihe lattice to o~ter edge of graphit •• 

(b) C.enter west ,thi.~~le- filled wit:h an 18-}n.~10ng by 6:·i'n ... 
diamet,er .cylinder of beryllium beginning. l.in. from the e'dge 
of".,the ht,tic~(I'~he'a"i;f£erenti~l':~b.ain,be,.:r, and one safety 
chamber occupied the otherwise empty space behind the be~ 
ryllium plug. ' '. . . 

(c) No.rthwest ,"t'himb)e .-;-' ~rnl'ty, e,x:?'~IP't for the U235 fission 
chamber and one:,,'s9.!iety chamber •. ' .' , . . 

(el) Southeast and cen~er, east thimbl-es . ...:..;;;Jpled. with paraffin. 

(e) Northeast tOtdirj·ble':-.. filled. ~ithgrap'!:it~ backed by a con'~ 
crete plug, 
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4, RegUlating 'rod removed. 

5. Shim rod No,. lcomplet.elywithdrawn, shim rod No.2 withdrawn 80%. 

6. Graphite reflector arranged as indicated inFig. A4.C with I-in,
diameter holes extending from top to bottom iJithe numbeied 
positions, 

7. Reactor tank. filled with demineralized, c:ieaE;r.at'ed water. 

All measurements .in :tpis series were normaliz£!qby ;co'J?paring gold foils 
j • " 

activated in graphi te hole 44 dp.ring each ,run", 

Figures A4.R and S show the data ftir the. mid.;'pl.a'~e::and top plan~ of the 

active lattice •. Typical curves showing vertical distr.ib,ution of neutron fluxes 

in several holes in the graphi te reflector'a~e presei\,teq·in figs. A4. T" V, and 

V. Table A4.G lists 'the 'therrnal-n~utron flux. value,s' at~·ario.us mid-plane 
.. '. . '. . ,'. , .. " "I;, .. 

positions in the graphite reflector with the,cad~:iu!"r,a~io.:at the points where 
. . , , r' _. 

it was measured., 

TABLE A'4. G 

NelJtron. Flux ;in Mid4 phne 
, , ' .", ~ 

Fir s t ~ e ri es: No'r.tthvte S.t '(him!! I.e' dp~ ... 

HClI$; Nqt: ~ " ;\'.t~'@:*~lltt) * 

44 12$1':4' x, 10 "3 
, 'h""A 

45 ')ll 
.. 8'~'~f 

46 ioi1i1' 
..• r~,:W!. 

13 21"w; 
, ;,~' 

19 Idr~t 
. ..~~ 

15 
' i'"t'lti ... 
13 '·:{t· 

16 5.0 

34 0,3. 

38 f 1'1U'$3 
.~ : ,. 101,. 

11""" 0.92' 

16 !',1 

34 0,~4 

37 0.65 

i .. 

:CAPMI tiM AA TIO';" 
t • . .: ~, .' ,. 

. 1 .:"~ 

il·;'~t" 

, '~ ,I,: 

100 
:," 

',44 . 
140· 

230: 

*Normalized to nv (thermal) of 1.·0 neutron/c~2*sec' a'~ .center '0£ iattice .• 
"'Corrected for absorption of resooance neutrons in cadmium . 

. • .. Outer surface of graphite behind hole.' 
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FIG.A4.S 
Thermol Neutron Flux in Top Plane of Active Lattice 
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Second Series 0 ~he. significant changes from the experimental 'coridi tions 

1n the·first series w~r~: 

1. The beryllium cylinder in the c~nter west thimbl~ was moved to 
the northwest thi.mble; the space behind the beryllium was filled 
wi th graphite. 

2. The regulating rod was put into op~ration. 

3. Both shim rods withdrawn to the same height (approximately 
26 in.), 

4. Center west thimble e~pty except fo~ ion chamber. 

5. Southwest thimbde empty except for ion chamber. 

6. A partial thermal shield 4 ft by 4 ft by 4 in. thick was placed 
temporatily behind ~ol~ 17 at th~ed.e of th~ ,graphite ferth~ 
measurements reported in Table A4.I, . 

Table,A'~H lists the flux at mid-plane in mostof,the holes in'the northw 

west quadrant ~f the graphite reflector and the ~admium fatio 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 ~est face of the graphite 

behind hole 17 with and without the partial steel thermal shield section in 

place are presented in Table A4~J, 

Figure A4.W is a plot of the neutron flux along th~ vertical centerline 

of the activ~ lattice, starting at the bottom of the' lattice and continuing up 

to the shim rod ele~tromagnets. The flux at the magnets is seen tb -be too low 

to give good counting statistics. To check this measurement the neutron 

attenuation curve ffom the X-I0 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 me~surements b~rytes concre~e bloqks were stacked behind 

~hi steel thermal shield and covered with a boron-tygon sheet and paraffin. 

Other experimental conditions were as described for the Second Series except 

that the center west thimble was filled with paraffin backed w,ith graphite. 

Fluxes were measured in the concrete blocks using smail indium toils ( 1 em 

square) which gave activities too low for accurate ,counting. 
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TABLE A4.0 

Neutron Flu~ in MidQPlane 

Second Series: Northwest Thimble Closed; Center Thimble Open 

j 

I 
I 

HOLE NO, nv'(thermal)" CADMIUM RATIO*" 

44 12" X 10.,3 40 
45 6~> 80 
46 82 60 ", 

13 3F' 
19 12~ , 600 
20 28: 160 
21 54" 
12 12 ' 900 
15 8;5 
18 4.9 1600 
26 2<0 2100 
27 4,,4 2200 
2S- S.5 130@' 
29 12·, . 

'11 ' 3.1 ' 
16 2.0 .,SOO 
17 1.2. 1800 
25 0.54 1600 
34 O .. IS 1050 
35, 0.49 
,36 0.87 
37 1.6 
38 2.0 1300 
11*"* 1.1 
16*** 0.55 
17~u 0.36 
25?u 0,'22 
340h 0,19 

, 35*0<01< 0.29 
3'64'0" 0.46 

" 37 .... 0.65 
38 ...... 0.85 

'*Normali~ed to nv (thermal) of 0.1 neutron/cm2~sec at center 
, of lattice. 

··Corrected for absorption of resonance neutrons in cadmium. 

"··Outer surface of gr~~te behind hole. 
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TA.BLE A.4.1 

Horizontal Traverse 

DISTANCE FRQM TANK WALL 
(in. ) 

n"lf (thermal)" 

On BottomPlane of Graphite on NorthmSouth Centerline of Reactor 

6 1,20 X 10",3. 

18 0.56 

24 0.45 

30 0.,32 

On Boittom Plue,.· 6£ Graphite' bom- Tallk'W.IlHTowaid.llo1e·No .• ' 11 

6 0,41 .X 10 .. 3 

1~ 0,'69 

24 0.73 

30 0.44 

4'l 0.10 

59 .0,050 

62 0 • .Q45 

On Top Plane of Graphite bom T~nk Wall Toward Hole No •. 17 

6 .0 .• 14 X 10D3 

18 0.22 

24 0..21 

30 0.24 

47 0.071 

59 0.049 

62 0.047 

-Normalized to 1 neut.ron/cm2o lilec at the center of the latdce. 

A4.49 . 
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- ·.TABLE A,*,J 

Traverses BehiD~ Bole No. 17 OD surface of Graphite 

(, ; ;; (," ;,' \' ;";,,,·,v I "".~ . r 

DISTANCE BETWEEN 
. ~v .,(ihermal)" NEGLECTING I 

POSITION ADJACENT FOILS ....... ". £Pl>·CAlWIUM ~ 
(in.) WlmOUT STEEL WITH 4-in. STEEL. 

" 

i 
. Vertical ! 

Top 10 
'" . ..3 

0.34 X 10. 0.35 X 10~3 

12 0.32 0.38 

C;nt~fiilie 12 0.32 0.42 

.10 0.30 0.33 

Bottom 0.27 0.23 

Horizontal 
" 

North 10 0.19 0.14 

12 ,0.24 0.24 
i 

Centerline 12 0.32 0.41 - Hl 0.43 0.53 

South 0.52 ' 0.73 

-

'Normalized to 1 neutron/cm2.sec at the cente~ of the lattice. 

A4.50 

·e 



-

-

e 

After this unsuccessful attempt to measure fl~xes in the concrete, the 

barytes blocks were removed and the space behind the steellwas fi !led wi th ablock 

of paraffin, 4 it by 4 ft by 20 in, thick (Fig. A4.X), containing-horizontal 

and vertical slots for the exposure of large indium f~ils(25 sq em). The 

paraffin cube was surrounded by sheets ofboron-tygon plastic and had addi 

tional para!fi~ (left after the concrete experiment) on the north face and 

underneath. 

Figure A4.Y is a cenierline traverse perpendicular to .the steel thermal 

shield through 18 in, of paraffin. It shows that leakage from the concrete 

biological shield behind the paraffin distorts the attenuation curve as far 

as the middle of the paraffin, 

In Figs. A4.Z ana AA hori~ontal and vertical traverses taken behind 

various thicknesses of ,araffin show the centerline traverse to be relat~vely 

unaffected by leakage from the top and sides of the block. ~aking Fig.A4;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 Grapbite. Thermal Sbield, an~ Concrete. One 

of the most important MTR design problems has been the determination of the 

cooling requirements of the graphite, thermal shield, and concrete portions 

of the reactor structure, It was felt therefore that measurements of the 

heat generation in these media in the Mock-Up were of particular import~nce 

because once the reactor has be.n constructed major changes in the structur~ 

will be impossible~ 

Measurements of'this kind have been made for the beryllium re.flector in 

the .critical experiments. (18) For this purpose, small thimble-type ion 
. . 

chambers were usedi this method also was employed in the present ~xperiments • 

. Th~ chambers used were of three sizes, 10, 50, and 95 ems, Figure A4.BB 

shows a typical design. A six-channel vacuum-tube electrometer circuit(19) 

was u~ed with the chambers, making it possible to minimize the time required 

for the necessarily l~rge number of measurements. 

The chambers were calibrated by two independent method~: (1) against 

radium and cobalt sources (in air), and (2) against a sensitive liquid~nitrogen 

calorimeter by ~omparison of heat generated in a graphite block inserted in 

the ORNL graphite reactor with that calculated from ion chamber measurements 

in a similar block.(20) 
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HORIZONTAL TRAVERSE BETWEEN PARAFFIN AND STEEL 

Points are saturated activity vs distance from the 
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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 stee I. 

Foils are Indium, 25 em sq, 0005 in. thick. 
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- Calibrations were made with air, CO 2 , argon, and heli'um, but CO 2 was 

used for the measurements, making it unnecessary to correct for ionization 

by proton~ from the nitrogen (n,p) reaction. Constant ,flow of gas through the 

chamber~ wes supplied through the coaxial cables and connectors. 

The method of measurement consisted simply of insertion of ion chambers 

1n the various holes provided in the graphite for this purpose (see Fig. A4.C) 

and observation of the ion current with the reactor operating at a constant 

power level. For the p~rpose of normalization, ion chambers in ~wo holes 

(8 and 13) were checked carefully against neutron (foil) measure~ents 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 t~ aneutron flu~ of 1 neutronjcm2 "sec at the center of the core. 

Two major groups of measurements were made at various points in the 

graphite reflector. In the first experiments the arrangement of the experi

mental holes and tank thimbles was that of the first series of neutron-flux 

measurements. The second series of ion ch~mber measurements corresponds to 

the second series of neutron experiments. Tables A4.K ,and L and Figs. A4.CC. 

DO. 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,wa~constructed. This modifi

cation produced, in effect, an air-wall chamber, ~nd '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 )'oRays .Inside Reactor ,Tank. The top plug of the 

MTR tank is designed so that it can' be filled w'ith lead to a maximum thickness 

of 10 in., although the exact thickness r.equired f~rshielding at 60,000 kw 

was thought to be less than 10 in. An estimatiori of thii thickness has been 

obtained from measurements of yMray attenuatid~;'iri,theMock~Up tank with the . ' 

active lattice operating at approximately 270 wat~s. 

Attenuation measurements were made with sensitive 

along two vertical lines above the active lattice. 

Fig. A4.HH and indicate a factor of e reduction in 29,5 

A4.57 
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TABLE A,4.K 

Beat Pr'~Qct1.n in IfUoplaDe. Oraphi te Reflector 

HEAT PRODUCTION (watts/cm3 /unit neutron flux in core) 

NOR~ST THIMBLE CLOSED, NOR11fWEST THIMBLE OPEN. 
HOLE NO. CENTER THIMBLE OPEN CENTER TIilMBLE CLOSED 

"" 

11 2.4 X 1O~18 2.BX10- U 

12 8.2 7.5 " 

13 3'.a 
15 6.1* 

16 2.3- 3.8 
.' 

17 I 
1.9· (0,7) " 4,.2 

18 2.95· (3.35) 6.0 
19 .'(I.,). (8.5) 11 • .6' 

20 32 29 
21 74·5 7'0.,5' 
22 68.0 71 
25 0·85* (0.4) 0.75 
26 L07 1.3 
27 2,3 

28 5.0 

29 
I 

7,55 

30 , 53 

34 0.23 0·36 

35 0.31 

36 0.52 

37 0.96 

38 " 

1.1 

44 ·US 

45 155 185 

46 380 

"'Stee1 section:" simulating thermal shield, behind graphite; parentheses 
indicate no steel behind graphite. 
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TABLE A4.L 

Meas,red Beat production in Top and Bottom 

Planes of Graphite Reflector 

HEAT PRODUCTION (watts/emS/unit. neutri>n flux in core) 

HOLE NO. TOP PLANE 6 in. BELOW BOTI'OM PLANE 6 in. ABOVE 
TOP GRAPHITE. BOTI'OM GRAPHI TE 

11 0,5XlO~18 0.6 x 10- 18 

12 LO 1.5 

13 "" 

15 0.7 1.5 

16 0.5 1.0 

17 0.4 0.4 

18 1.2 1.0 

19 O.B , 3.0 

20 6.0 7.0 

21 1.4 8.65 

22 
; 

25 0.2 0.2 

26 0.2 0.5 

2'7 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 
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of the curves, begirining at .pproximately 70 in. above the fuel, was studied 

further !with three horizontal traverses, plotted in Fig. A4.II. Traverse No. I 

clearly iadf._aeechlll 8ddi~ional. 'Y-ray source on the north side of the tank, 

This source is explained by the construction of the graphite reflector and the 

concrete shield as shown in Fig. A4.JJo The graphite and the air space above 

permit a high thermal flux to exist up to the Ill-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-SO-8 0 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 pr~liminary results are fully described in 

ORNL-298.< 1) This and later' reports emphasize that the corrosion of beryllium 

1n simulated cooling water can be controlle8 to a large extent by: 

1. Controlling the a~ounts of impurities ~resent in the metal 
through improved processing techniques. Corrosion-test data 
indicate that, these impurities are a very' important factor in 
determining the corrosio~ resistance of this metal. 

2. Controlling the quality of the demineralized water used as a 
cooling medium. A wate'r of high ,sp~cific .,resistance is desired 
as well as one relatively free from such detri~entali6ns as 
chlorides, sulfates, copper, and iron. 

In general, howeve'r, data presented in ORNL-298 and in ORNL-733(2) 

indicate that the corrosion resistance of either extruded or hot-pressed 

beryllium is such that no serious corrosion problems are to be expected, As a 

result of the data in ORNL-733, the decision was made to use hot-pressed 

beryllium for the MTR rather than extruded material because: 

1. The hot-pressed method allowed the manufacture of large odd
shaped pieces and hence reduced the stacking problem in the MTR. 

2. Hot-pressed beryllium 
corrosion resistance. 
difference hetween the 

appeared then to have a somewhat better 
It is now known that there is very little 
two in this respect. 

"The following types of beryllium' are mentioned in various reports: 

1. F~truded beryllium. 
2. Q.M.: Normal high-purity beryllium used to produce powder'for hot pressing into required shapes. 
3. Q.R.M.; Recast from previous pressings of Q.M. 
4, 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 MTR beryllium is Q.M.V. metal. 

AS.l 
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A final report on the corrosion tests on beryllium is now in composition 

and will be issued sometime afte'r March, 1951 as an ORNL report. 

The mechanical tests on beryllium involved both machining test~ and 

calculation and experimental work on thermal stresses, An example of the 

machining tests is given in ORNL CF-50-4-110,(3) which is a report on deep

hoi e d rill in gin be r y 11 i urn, As 0 f Jan. 1, 1 9 51 the mac h in i n g 0 f t he MTR 

beryllium had been 95% completed by the Y-12 Beryllium Shop with no major 

difficulties encountered. 

So~e concern was felt that the temperatute 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.(4) 

These calculations showed that for MTR operatio!l at 30 megawatts the maximum 

thermal stresses occurring are 12,000 psi at the surface of the bar and 4700 

psi at the surface of the axial hole~ well within the tensile strength of 

beryllium. 

To check these calculations, experiments(5) were performed in which 

thermal stresses were set up in ,beryllium bars using the same basis of cal

culation as above. It was found experimentally that the minimum stress at 

failure for the hot-p~essed beryllium was 28,200 psi, well above the value 

obtained in MTR operation. 

A5.2 MANUFACTURE AND SPECIFICATIONS OF MTR BERYLLIUM 

Since a full report on the method of manufacture and chemical analysis of 

each piece of MTR beryllium is being prepared (Gregg, J. L., Beryllium for 

the MTR, to be issued as an ORNL report), only a brief summary and an example 

of the chemical analyses will be given here. 

All the beryllium for the MTR is being made by hot pressing of the powder 

obtained from pulverizing vacuum-cast billets. The raw metal is refined ~nd 

then is melted and cast in vacuum. The castings are cut on a lathe, rolled, 

and pulverized to produce particles that will pass through a 200-mesh screen. 

This fine powder is put into dies and placed in a vacuum furnace at approxi

mately 1050°C and 100 psi pressure for 20 to 30 hr. When these pressings are 

removed from the furnace, they are cut into rough shapes and shipped to Y-12 

for final machining. 
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The specifications set up for the rough sections of beryllium are given 

in detail in ORNL CF-SO-3-114.(6) These include chemical, corrosion, and 

physical requirements and test procedures. Since the chemical specifications 

may be useful in future checking, they are given below. 

The chemical composition of the beryllium shall be such that the 
total danger summation (see Section AS.3) does not exceed 15 for all 
impurities or elements other than boron, and the boron content shall 
be below that which increases the total danger summation by 15. In 
addition, the chemical composition shall be within the following 
limits: 

Free beryllium metal assay 

Total carbon reported as Be2 C 

Aluminum 

Cobalt 

Copper 

Iron 

Lithium 

Magnesium 

Manganese 

Nickel 

Silicon 

Silver 

Zinc 

98.0% ml.n, 

0.25% max. 

1500 ppm max. 

2 ppm max. 

500 ppm max. 

2000 ppm max. 

3 ppm max. 

3000 ppm max. 

250 ppm max. 

200 ppm max. 

700 ppm max. 

5 ppm max. 

150 ppm max. 

An example of how well the metal is meeting these specifications is 

given in Table AS.A, which is an excerpt from the Beryllium Co~trol Record 

for one pressing of the MTR metal from which were obtained five "A" pl.eces 

(see Fig. 2.4.AL 
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TABLE A5.A 

SIN'mRED PROOUCT 

DATE OF DIMENSIONS OF WEIGHT OF C<M>ACTING TEMPERA-
PRESSING BLOCK (in,) BLOCK (lb) FURNACE PRESSURE (psi) TUftE· (oC) 

7D14D 50 41 x 21 x 3.6 21106 Horizontal 125 1050 

ANALYSIS 

(percent) ( arts per million) 

Assay BeO ~2C Ag Al B Ca Cd Co Cr Cu Fe Li Mg 

Brush 99.45 L03 0.20 -1 700 0.4 . -10 -0.2 .-1 73 80 900 ~0.3 50 

N.B. "'I 290 0.9 . -20 ND "-'I 180 27 980 -1 "-'15 

Remarks: Si over·limit based on New Brunswick analysis. 

AUTOCLAVE 

PIECE . WEIGHT PRESSURE TEMPERA TUftE TIME AUTOCLAVE I 

NO. (lb) (psi) (OC) (hr) NO. PLACE 

A-14 26,03 550 ± 30 250 ± 5 96 1 Cleveland 

A-IS 26.08 550 ± 30 250 ± 5 96 1 Cleveland 

A-16 25,86 550 ± 30 250 ± 5 . 96 1 Cleveland 

A-17 26.02 550 ± 30 250 ± 5 96 1 Cleveland 

A-18 25.90 550 ± 30 250 ± 5 96 1 . Cleveland 

A-19 26.09 550 ± 30 250 ± 5 96 1 Cleveland 

-

• 
SIN'mRING 

TIME PRE,SSUftE RADIOORAPU 
(hr) ATMOSPHERE ' (p. Ug) NO. DENSITY 

3~ Vacuum 100 L855 

-
1m IDS 

ExcJ . Incl. 
MIl Ni Si Zn B B-

88 85 380 -30 8.21 10.59 

100 "-'100 1500 ,,-,20 9.33 14.69 

GRADING C<l\!MENTS DISPOSITION 

Excellent No visible All rieces shiEped on' 
. attack noticed 7 -3 - 50 to Oa Ridge 

Excellent Same on tll'C No. 1346B 
BG/L No. AT-85193j . 

EXcellent Same total weight 155.98 lb 

Excellent Same 

Excellent Same 

Excellent Same' 
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A5,3 DANGER COEFFICIENT AND TOTAL DANGER SUM (TDS) 
AS APPLIED TO BERYLLIUM 

The definition of danger coefficient is given in the Project Handbook 

(CL~697. Chap. IV, p. 17) as follows: "The danger coefficient of a sub

stance is a measure of the ability of that substance to absorb thermal neu

trons compared with the ability of some reference substance to absorb thermal 

neutrons$ or 

where 

K = 8 

K ( .) _Si ~ N P JA i ; _ CT i x A 8 
t - - - - ---::....---:.;. 

S S ~ N OCT 81 A 8 CT 8 X Ai 

danger coefficient with respect to reference or standard 
substance (usually natural uranium) .. 

Si effective area presented to neutrons by 1 g of impurity (cm2 /g). 

S 
8 

effective 'area pre~ented to neutrons by 1 g of reference sub
stance (cm2 /g). 

No = number of atoms in one mole of any substance (6.03 x 10 23 

atoms/mole). 

A. 
t 

A8 

CT i 

= atomic weight of impurity (g/mole), 

atomic weight of reference substance (g/mole). 

atomic cross-section 6f impurity for absorption of thermal 
neutrons (cm2 /atom). 

= atomic cross-section of reference substance for absorption 
of thermal neutrons (cm2 /atom)." 

(1) 

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 neutrbns absorbed by the material exceeds the al

lowable absorption. For example. the MTR be~yllium specifications call for a 

maximum TDS of 30. which means that the increase in absorption of thermal 

neutrons due tq impuritie~ in berillium metal shall not be greater than 30% 

AS.S 
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of ihe absorption due to beryllium alone. Since the cross-section of beryl

lium is 0.01 bar~ 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, 

For boron in beryllium, 

K (i) 
8 

0". x A 
- t $ 

-0" xA. 
8, t 

KBe (B) = 
705 x 9.02 

0.01 x·10.82 
=58;800 

for the concentration of boron in berylli~m expressed in percent, or 5.88 for 

concentration in parts per million. 

If we assume 0.0002% boron in heryllium, then the IDS is 58,800 x 0.0002 

11. 76. Similarly expressed 'as 2 ppm,S. 88 x 2 = 11. 76. -

A.5.4 REFERENCE REPORTS 

(I) English, J. L., Interim Report on the Corrosion of Beryllium in Simulated 
Cooling Water. for the Proposed Development Reactor, ORNL-298, March 16, 
1949. 

(2) Olsen 1 A, R., Initial Corrosion Tests on Brush Process QM and QRM Beryl-
lium, ORNL-733. July l~, 1950, . 

(3) Cunningham, J. -Eo ,Deep Hole Drilling of Hot-pressed Beryllium Metal, 
ORNL CF-50-4-110, April 20, 1950,-

(4) Lane~ J. A. j Thermal Stress in Beryllium C.lass II Pieces, ORNL CF-SO-6-9, 
June 2 l 1950 . 

(5) Savage>' H. C., Thermal Stresses in Beryllium, ORNL-571, February 9, 1950. 

(6) Manni M. M .• Specifications for Rough Sections of Beryllium for the MTR. 
ORNL CF:-50-3 .. U4, March 22, 19.50. 

(7) Liss,B' 1 Danger Coefficients for Impurities in Several Substances, 
-NYO -108, March 6, 1950. 
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Appendix 6 

FUEL ELEMENTS 

A6.1 DEVELOPMENT 

The active ingredient of the MTR, 93.5%·enriched uranium, is introduced 

as an aluminum alloy, 14% by weight, rolled to sheet form and clad on th~ 

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 .~. A •. 

In preliminary work at Battelle Memorial Institute(l) and later at 

ORNL,(2} it was shown that uranium-aluminum alloys containing up to 30% 

uranium by weight could be cast and rolled without too much difficulty. Two 

methods of alloying were studied. The direct method consisted in melting a 

mixture of metallic uranium and metallic aluminum. In the reduction method, 

some compound of uranium - UF4 , U30 S1 or U02 - was added to a bath of 

meLted aluminum, together with a flux (cryolite), where it was reduced by 

excess aluminum. While the reduction method was used in fabrication of plates 

for the MTR critical experiment, the direct method was the one finally adopt

ed(3} because it was fast and produced a smaller volume of contaminated 

wastes. 

For cladding,(4) the alloy was at first enclosed in an aluminum "picture 

f~ame/"' another sheet of aluminum was wrapped pver b~th frame and core, and 
I 

the assembly was hot rolled for a total reduction of 50%. The resulting 

laminate usually developed large blisters at the trailing end of the sheet 

(when tested by annealing for 1 hr at 900°F). This was considered to be the 

result of a poor fit between core and frame; air entrapped in voids at the 

core-frame interfac~ became compressed during rolling.: Frames for these first 

rollings were mad~ with hand tools and crinsequently were quite crude. 

La~e~ work at ORNL(S) sho*ed that entrapment of air could be avoided if 

the core and frame were blanked out with a punch and die, assemble~ and then 

A6.1 
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.TABLEA6. A 

Fuel Assembly Plates 

Overall dimensions 

Length, internal plates (in.) 

Length, external plates (in.' 

Width, before curving (in.) 

Thickness (in.) 

Core dimensions 

Length (in.) 

Width (in.) 

Thickness (in.) 

Composition 

Total uranium in U-AI alloy (%) 

U235 enrichment (%) 

U235 content per plate {g} 

Quality 

Blister free 

A6.2 

24-5/8 ± 1/64 

28-5/8 ± 1/64 

2.845 ± 0:.001 

0.060: ± 0:.001 

23~ ± ~ 

2.55 ± O~Ol 

O~021 ± O~OOI 

14.1 (approx.) 

93.2 (approx.) 

7.70 ± 1% 



-

-

-

hot rolled 50% prior to cladding. It was also shown(6) that there was a 

direct relationship between absolute humidity and blistering.: During periods 

of high humidity, about 8 x 10- 4 Ib/ft3 H2 0, ve~y low yields of blister-free 

plates were obtained.: In addition to the obvious cure of air-conditioning the 

working area, two solutions to this problem were found~: Either vacuum an

nealing of the clad plates or heating them, while coated with a slurry of 

brazing flux, to 1100°F allowed the blister-forming gas (hydrogen(7» to 

escape.: 

The fuel subassembly went through three ~hape changes before the present 

design was frozen. The first design conception was that of a spiral, about 

3 in.: in O.D.: by about 30 in. long, made from a 0:.060- by 27- by 30:-in.: 

plate.: An annulus of 0.120 in. between turns provided space for cooling 

water.: Since flow tests showed this type of assembly to be mechanically un

st~ble, it was discarded. The second type consi.ted ofa 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 instabili~y during flow testing. 

The third and final design consisted of narrow 3-in.: curved plates brazed 

to aluminum side plates wit~ cooling annuli between the active plates. A 

complete list of drawings concerned with the fuel assembly is given at the end 

of this appendix. 

A6.2 CONSTRVCTION OF PLATES 

A full report on the fabrication of the active plates and assemblies is 

being prepared,( 8 ) bu~ 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 sbows that operations of melting, 

rolling, punching, cladding, hydrogen removal, shearing, machining, and 
. . 

forming take place in sequence. The ingots of 14.1% U-AI 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-AI alloy, and reject clad plates) is cast into two gr~phite 

molds., forming ingots of about 4.5 by 8 by 1~ in., usable size. 

A6·.3 
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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 d1e, 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 O.245-in.: aluminum, forming two picture frames into 

which two cores are pressed.: This assembly is preheated and rolled to O. :125 

in,' thickness and then cut to allow individual handling of ea~h core. Each 

core and frame is then clad by insertion into 2S aluminum cover sheets 1/8 by 

4 by 13 inlwhich are scratch-brushed and bent into a U shape *ith.the .s£ratch

ed sur face.inside •. : .The s.andwich is then pressed flat and rolled. 

In periods of high absolute humidity a considerable amount of hydrogen is 

absorbed by the U-AI alloy during melting and hot rolling.: When this is 

present in sufficient quantities, it tends to collect at bond interfaces and 

around UAl 4 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 sheare~ 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.S-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.S· FABRICATION OF THE FUBL ELBMENTS 

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. 

A6·S 
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The grooved side plates are prepared by gang milling sheets of 2S alumi

num of proper thickness. The inside ends of these side plates are milled to 

provide proper fit for the end boxes, which are plug b~azed into position. 

Combs milled from Alcoa No. 12 braze-clad aluminum sheet are placed at each 

end of the fuel assembly to aid in alignment and reinforcement at the center

line. 

Before final assembly, all parts except the fuel plates are carefully 

cleaned by processing, as follows: (1) vapor degreasing, (2) air drying for 

1 hr at 300°F, (3) acid dipping (10% HN03 ). (4) water rl.nsing, 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 1S 

then fluxed, and the fuel plate is inserted between the side plates, which are 

held in a jig.: After ali plates are inserted and the combs are in place, the 

jig is closed to put the side plates into correct position. The whole a~se~bly 
is then dried and charged into a box type electric furnace for preheating to 

800°C.: After being preheated~ the assembly is placed in another furnace at 

1100 0 C to accomplish final brazing.: 

After cooling, the assembly is carefully inspected for spacing, plate 

curvature, overall! dimen~ions and properly brazed joints.: If the assembly 

passes this inspection, the'end adapters are inserted, aligned, and plug 

welded into place ready for final machining.: 

The final machining determines the position of the fuel assembly bodies 

relative to each other in the reactor core according to the bottom and top 

supporting grids.' The sequence of operations is as follows: 

1.. Sides.: The plug welds are milled flush. 

2.: Top.: A shaped cutter is ,used to mi 11 the assembly body encJ.s to 
5~-in.-radius flush with the surface of the top plate.: This 
operation trims the side plates and removes excess plug material. 
About 2~in.: from the end of the assembly body the cutter is 
raised gradually and continues along the assembly length, provid
ing a curved side plate edge. 

3. Bottom. The bottom is prepared similarly by a second shaped 
cutter. : 

A6.6 
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4. Top adapter.: The assembly is aligned in a special machining 
fixture, using the top and bottom plate centerline surfaces as 
references.: The sequence is: 

a. Machining of cylindrical surface .. 

b .. Machining of slot to fit a retaining ~~ng for the 
helical sp~ing and beveled ring which will he fitted 
later •. 

C,. Machining of the inside to the required diameter.: 

d. Cutting away of excess metal at end.: 

e. Drilling of a 3/B-in.: hole diametrically to provide a 
grip for the assembly handling tools.: 

5. Bottom adapter~: Using the same fixture as a guide, the var10US 
·bosses are milled to specification.: 

A6.'J 
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(1) 

( 2) 

( 3) 

( 4) 

( 5) 

( 6.) 
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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: 

Lead 

Iron 

Water, 

Barytes concrete 

/-L 
(em"l) 

0.45 

0.235 

0.025 

oj 10 

TABLE A7. A 

L2 

(em 2 ) 

1.7 

*Asymptotic relaxation length for fission neutrons. 

T 

(em 2 ) 

350 

P t... * 
(glee) n 

(em) 

11.1 

7.85 ,9 

1.0 

3.5 8.2 

Some other useful informa~ion has been compiled in the balance of this 

appendix. \ Two sets of curves entitled "Mass Absorption Coefficients"! are 

included, both of which are taken from ORNL-421. Figures A7.A and B, com

prising Supplement 1 to this report, give the macroscopic total cross-section 

divided by density. Figures A7.C and 0, which form Supplement 2,present 

the macroscopic absorption cross-section divided by density. In the latter 

case, an averaged probability for energy absorption in Compton inter,action has 

been added to the photoelectric and pair cross-sections. 

Table A7.B~ a convenient summary of some declassified nuclear dat~, IS 

taken from tt~hermal Neutron Cross Sections and Related Data'" by H. R. Kroeger* 

and is used with permission. 

Fi gure A7. E presents the energy dependence a f the same linear absorption 

coefficients, based on the total cross-sections of some materials of particular 
in teres t. 

..... .~- ~$ 

~Nucleonics, Vol. 5. No.4, pp. 51-54, October, 1949. 
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TABU; A7.,B 

Symbols which are undefined in the table are: 

b = average cosine of the scattering angle relative to the initial direction; 'uT = total microscopic cross-section for collision; Us = microscopic 
cross-section for a scattering collision; u1R = microscopic.cross-sec~ion for a transport collision: uA = microscopic cross-section for an absorp
tion collision. 

Cross-sections for hydrogen and deuterium are for Hand D atoms in combination with ° (H:P and D20). The density given for 86Rn~22 :is for liquid radon . 

. The atomic weights and den~itles are from "Handbook of ~mis·try and Physi'cs'; (Chemical nU'riber Publishing Co •• cieveland) ;.: ,the macroscopic cross 
sectlons, mean free paths, ,. slowlng-do9-- powers,and modera~g powe,rs are based on .thermal neutron cross-section data gathered from the following sources: 

~ 

1. K. Way, G, Haines, Thermal neutron cross sections for elements and isotopes, CNL-33 , 2/29/48. 
2. E. Melkonian, L. J. Rainwater, W. W. Havens, Neutron beam spectrometer studies of oxygen, M-2554. 
3. R. G. Nucholls, The total scattering cross-sections of deuterium and oxygen for fast neutrons, MDOC-37 , 6/17/46. 
4. K. Way, G. Haines, Tables of neutron cross-sections, MonP-405, 10/28/47 (supplement issued 4120148), 
S. H. H. Goldsmith, H. W. Ibser, Neutron cross-sections of the elements, MIJC··HHG-7, 12/:;;45. 

Thermal (0.025 ev) Thermal (0.025 ev) 1 Thermal (0.025 ev) 
-

, Density Atomic Chemica Yc) Nuclei Avg. Log Neutron Cross-Sections Macroscopic C ross- Mean Free Path Slowing Moderating Number Name (I-b) (u) in barns Sec ti9ns,:Z = aN cm Atomic gm cc. per cc Energy Down Ratio Z Weight 200 C (x 10-24) Loss uT Us uTR 0'1\ ; ~s .1. 2:TR 
.:z ~ A.s A.TR A.A Power 

(uSluA) x ~ A 760 mm Hg N ~ A N<:rs~ 

1 H 1. 008 .00008 .00005 .3329 1.0 46 46 15 0.32 I 140 
.' 

1 0 2.0147 .00017 .00005 .6662 .7261 5.3 5.3 3.5 0 
2 He 4.003 .00016 .000025 .8320 ,4281 1.5 1.5 1;2 .008 80 
3 Li 6.940 .534 ,0463 .90.31 .2643 66.5 1.5 1.4 65 3.1 .07 .07 3.0 .33 14 15 ;33 .018 .()()6 

4 Be 9.02 1.84 .1229 .9255 .2078 6.1 6.1 5.6 . 0085 .75 .75 .69 .. ' .001 . 1.3 1.3 1.5 950 .156 150 
.. 

5 B 10.82 2.535 .1411 .9379 .1756 719 3.8 3.6 715 100 .. 54 1 .... 51 100 .01 1.9 2.0 0.01 .094 .001 
6 C 12.01 1.67 .0838 1·9440 ; 1589 4.8 4,8 4.5 .0045 .40 .40 .\.38 .0004 2.5 2.5. 2.6 2600 .064 170 
7 N 14.008 .00116 .00005 .9520 .1373 11. 7 10 9.5 1.7 .81 
8 ° 16.000 . (J0133 .00005 .9580 .1209 4.1 4.1 3.9 .001 500 
9 F 19.60 ,00158 .00005 .9646 1025 4 4 4 0.01 41 

10 Ne 20.183 .00084 .000025 .9667 .. 0967 2.8 
11 Na 22.997 .. 9712 .0254 .9708 .0852 4.5 4 4 0.45 .11 .10 .10 .011 8.8 9.8 9.8 88 .009 .76 
12 Mg 24.32 1. 741 .0431 .9724 .0807 3.0 2. 7 2.6 0.3 .13 .12 .11 .013 7.8 8.6 8.9 77 .009 .73 
13 Al 26.97 2.699 .0603 .9751 .0730 1.6 1.4 1.4 0.22 .097 .084 .084 .013 10 12 12 77 .006 .47 
14 Si 28.06 2.42 .0519 .9760 .0702 2.5 2,3 2.2 0,2 .13 .12 .11 .010 7.7 8.4 8.8 96 .008 .81 
15 P 3Q.98 2.34 .Q455 .9783 .0637 4.4 4.1 4.0 0.3 .20 .19 .• 18 .014 5.0 5.4 5.5 73 .012 .87 
16 S 32.06 2.0 .0376 .9790 .0616 1.4 1 1 0.4 .053 .038 .038 .015 19 27 27 67 .002 .15 
17 Cl 35.457 ,00295 ,00005 .9810 .0558 55 20 20 35 .032 
18 A 39.944 .00166 .000025 .9832 .0497 3 2 2 1 .099 

19 K 39.096 ,87 .0134 .9828 .0507 4.0 1.5 L5 2.5 
1. 054 .020 .020 .034 19 50 50 .30 .001 .030 

20 Ca 40.08 1.54 .0231 r 9832 .0495 4 3.5 3.4 0.5 .092 .081 .079 .012 11 12 13 86 .004 .35 



> 
-.l 

::0 

Atomi,: 
Number 

Z 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Name 

S:; 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Ni 
en 
Zn 

Gl 
Ge 
As 

Se 

Br 
Kr 

Rb 
Sr 
y 

Zr 
Cb 
Mo 
Tc 
Ru 

Rh 

f\l 
Ag 
Cd 
In 
Sn 
Sb 
Te 
I 
Xe 

e 

I Chemi,::al 
Atomic 
Weight 

A 

45.10 
47.90 
SO. 95 
52.01 
54.93 
55.85 
58.94 
58.69,)' 
63.57 
65.38:" 
69.72 
72.60 
74.91 
78.96 
79.916 
83.1 
85.48 
87.63 
88.92 
91.22 
92.91 
95.95 
99 
10L 7 
102.91 
106.7 
107.880 
112.41 
114.76 
118.7 
12L76 
127.61 
126.92 
131.3 

Density 
(p) Nuclei k!g. Log 

gm/cc, per c':; (I-b) Energy 
20"C (x 10 ~24) u>as 

'/60 mm Hg N g 

2.5 .0334 .9851 .0441 
4:5 .0566 .9860' ,.0415 
5.96 .0'705 .9868 .0391 
6.92 .0801 .9871 .0383 
7.2 .0789 ,9878 .0363 
7.85 .0847 .9880 .0357 
8.7l .0890 ..;9886 .0338 
8·9 .0913 .9885 .0340 
,~!89 .0842 .9894 .0314 
719 .0662 ,9897 .0305 
5.9 .0510 .9904 .0287 
5.46 .0453 .9907 .02'75 
5.73 .0461 .9910 .0267 
4.5 .0343 .9915 .0253, 
3.12 .0235 .9916 .0250 

·90348 000025 .9920 .. 0239 
L532 .0108 ·9921 .0234 
2.6 .0179 .9923 .0228 
3.8 .0257 .9924 .0225 
6.44 ,0425 ·9926 .0220 . 
8A .0545 .9928 .0216 
10,2 .0640 .9930 .0209 

.9932 .0202 
12.2 .0723 .9934 .0197 
12.5 .0732 .9935 .0195 
12.16 .0686 .9937 :0188 
10.5 .0586 .9938 .0186 
8.65 .0463 .9940 .0178 
7.28 . 0382 .9941 .0175 
1,3 .0370 .9943 ,.0169 
6.691 .0331 .9945 .0165 
6.25 .0295 .9947 .0157 
4.94 .0234 .9947 .0158 
.00546 .000025 .9949 .0153 " 

e • 
TI\BLI!: ;A:?8 ~ (Coot' d) 

Thermal (0.025 e~) Thermal (0.025 e Y ) Thermal (0,025 e',) 
Ne~t~on Cross Se~~ions Macros~opi~ Cross Mean Free Path Slowing Moderating 

(0-) in barns Se'ctions, 2:' = oN em Down Ratio 
·Power 

"T O"s -o-n O"A ~ 2:5 2:,TR 2:A f... T As ' An AA Ngslf 
(o-S/O"A)x§ 

T 

: 

22 .74 1.4' 
II 6 6 5 .62 .34 .34 ' .28 1.6 2.9 2.9 3.5 .014 .OSO 

,12 7 7 4.5 .85 .49 .49 .32 L2 20 2.0 3.2 .019 .061 

6.5 4 4 2.5 .52 .32 .32 .20 1.9 3.1 3.1 5.0 .012 .061 

15.3 2.3 2.3 13 1.2 .18 .18 1.0 .83 5.5 5.5 .95 .007 .006 

13.5 n 11 2.5 1.1 ' 93 .93 .21 .88 1.1 1.1 4,7 .033 .16 

41 5, 5 36 3.7 .45 .45 3.2 .27 2.3 2.3 .31 .015 .005 

22 17 17 4.5 2.0 1.6 1,6 .41 .SO .65 .65 2.4 .053 .13 

10.2 7.2 7.1 3 ,86 .61 .60 .25 1.2 1.7 1.7 4.0 .019 .075 
4.5 3.6 3.6 0.9 .30 .24 .24 .060 304 4.2 4.2 17 .007 .12 

18 16 16 2.2 .92 ' .82 .82 .11 1.1 1.2 1.2 8.9 .023 .21 

9 6 6 2.8 .41 .27 .27 .13 2.5 3.7 3.7 7.9 .007 .059 

8.8 4.5 4.5 4.3 .41 '.21 .21 .20 2.5 4.8 4.8 5.1 .006, .028 

28 13 13 ' 15 .96 .45 '. .. 45 .52 1.0 2.2 2.2 1.9 .011 .022 

11.5 5 5 6.5 .27 .12 .12 .15 3.7 8.5 8.5 6.5 .003 .019 

27 27 27 0.05 13 

12.6 12 12 0.6 .14 .13 .13 .006 7.4 7.7 7.7 150 .003 .47 

n.3 9.5 9.4 1.8 .20 .17 .17 .032 5.0 5.9 5.9 31 .004 .12 

4.2 3 3 1.2 .11 ;08 .08 .031 9.3 13 13 33 .002 .057 

8.4 8 8 0.4 .36 .34 .34 .017 2.8 2.9 2.9 59 .007 .44 

8.2 7 7 ' 1.2 .45 .38 .38 .065 2.2 2.6 2.6 15 .008 .13 

9.6 7 7 2.6 .61 .45 .45 .17 1.6 2.2 2.2 6.0 .009 .056 
I 

9 6 6 3 .65 .43 .43 .22 1.5 2.3 2.3 4.6 .009 .039 

155 6 6 149 11 .44 .44 11 .088 2.3 2.3 .092 .009 ' .001 
10.5 4.5 4.5 6 .72 .31 .31 .41 1.4 3.2 3.2 2.4 .006 .014 

66 6 6 60 3.9 .35 .35 3.5 .26 2.8 2.8 .2~ .007 .002 

2500 6 6 2500 120 .28 .28 120 .009 3.6 3.6 .009 .005 0 
192 . 2 2 190 7.3 .08 ... 08 1.3 .14 13 13 .14 .001 0 
4.6 4 4 0.6 .rl .15 .15 .022 5.9 6.8 6.8 46 .003 .11 
9 4 4 5 .30 .13 .13 .17 3.4 7.6 7.6 6.0 .002 .013 

9 5 5 4. .27 .15 .15 .12 3.8 6,8 6.8 8.5 " .002 .020 

10 3 3 7 .23 .07 .07 .16 4.3 14 14 6.1 .001 .007 

37 



e e • 
TAB,LI!: A.1.B (Coot'd) 

Densitv I Thermal (0.025 ev) Thermal (0.025 e7) The~mal (0.025 ev) 
Atomic Chemical (p)' Nuclei Avg. Log Neutron Cross Sections Macros=opio CrOBS Mean Free Path Slowing Modenting 
Number Name Atomic gJIljc-=.- I pel':::c (l-b) Ene!'gy (0') in barns Sections, 2 = oN -cm Down Ratio 

Z Weight - 209C (x 10- 24) 'Loss Power 
(O'SIO'A) xg A 760mm Hg N g O'T O's -- !TTR O'A 2T 2s 2TR 2A AT As A TR AA Ncrse 

55 Cs 132.91 1.873 .0085 .9949 .0151 50 24 24 26 .43 .20 .20 .22 2.4 4.9 4.9 4.5 .003 .014 

56 Ba 137.36 3.78 .0166- .9951 .0146 9.3 8 8 1.3 .15 .13 .13 .022 6.5 7.5 7.5 46 .022 .090 

57 1;1 138.92 6.15 .0267 .9952, .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 .0143 29 23 23 6 .86 .68 .68 ,18 1.2 1.5 1.5 5.6 .010 .055 

59 PI' 140.92 6.475 .0277 .9952 .0142 15 5 5 10 .42 .14 .14 .28 2.,4 7.2 7.2 3.6 .002 .0117 

60 Nd 144.27 6.96 .0291 .9953 .0139 100 2.9 .34 . 
61 lin 147 ' .9954 .0137 60 
62 SIn 150.43 7.7 .0308 ,9955 ' .0134 8900 8900 270 270 .004 .004 
63 Eu 152.0 5.24 .0208 .9956 .0132 6000 6000, 120 120 .008 .008 
64 Gi 156.9 7.94 .0305 ' .9957 .0128 40000 40000 1200 1200 .001 .001 

65 'Ib 159.2 8.33 .0315 " .9958 , .0126 10 .32 3.2 

66 Dy 162.46 8.56 .0317 .9959 .0124 1200 1200 38 38 .026 .026 

67 Ho 164.94 8.76 .0320 .9959 0122 65 5 5 60 2.1 .16 .16 1.9 .48 6.3 6.3 .52 .002 .001 

68 Er 167.2 9.16 .0330 .9960 .0120 200 6.6 .15 

69 Tm 169.4 9.34 .0332 ·9960 .0119 120 '20 20 100 4.0 .66 .66 3.3 .25 1.5 1.5 .30 .008 .002 

70 Yb 173004 7.01 .0244 .9961 .0116 60 1.5 .69 

71 lJI 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 

72 Hf 178.6 11.4 .0384 .9962 .0113 125 20 20 105 4.8 .77 .77 4.0 .21 1.3 1.3 .25 .009 ·002 
73 Ta 180,88 16.6 .0553 .9963 .0111 25 5 5 20 L4 ,,28 ,28 1.1 .73 3.6 3.6 .90 .003 .003 

74 W 183.92 19.3 .0632 .9963 .0109 23 5 5 18 105 .32 .32 1.1 .69 3.2 3.2 .88 .003 .003 

75 He 186.31 20 .0647 .9964 .0108 98 :13 13 85 6.3 .84 .84 5.5 .16 1.2 1.2 .18 .009 .002 

76 ~ 190.2 ,22.48 .0712 .9965 .0106 32 15 15 17 2.3 1.1 1.1 1.2 .44 1·94 .94 .83 .011 .009 

77 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 Pt 195.23 2L37 .0659 .9966 .0103 18 10 10 8 1,2 .66 .66 .53 .84 1.5 1.5 1.9 .007 .013 

79 Au 197.2 19.3 ·0589 ,9966 .0102 102 6.5 6.5 95 6.0 38 .38 5.6 .17 2.6 2.6 .18 .004 .001 
80 fig 200.61 13.546 ,0407 .9966 .0100 415 15 15 400 17 .61 .61 16 .059 1.6 1.6 .061 .006 0 

81 Tl 204.39 11.86 0349 .9967 .0098 12 9 9 3 .42 .31 .31 11 2.4 3.2 3.2 9.5 .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 9.8 .0282 .9968 .0096 6.5 6.5 6,5 0.015 • 18 .. 18 .18 .0004 5.5 . 5.5 5.5 2400 .002 4.2 

84 Po 210 .9968 .0096 
85 At 211 ,9968 .0095 
86 fin 222 4.4 .0119 ·9970 .0091 



e 

Chemical 
Density 

Atomic (p) Nuclei 
Number Name Atomic gm/cc, per cc (l .. b) 

Z Weight 20°C (x 1O"24) 
A 760 nun Hg N 

._._ .. _-

87 Fr 223 .9970 ; 
88 Ra 226.05 5 .0133 .9970 
89 Ac 227 .9970 
90 Th 232.12 11.5 .0298 .9971 
91 Pa 230.9 .9971 
92 U 238.07 18.7 .0473 .9972 
93 Np 237 .9972 
94 Pu . 239 .9972· 
95 Am 241 .9972 
96 On 242 .9972 . 

e 

TABLE A7.Bt - (Coot'd) 

_._. -.- '! .. -. -_.. ~. 

Thermal (0.025 ev) Thermal (0.025 ev 
Avg. Log Neutron Cross Sections Macroscopic·Cross 
Energy (0') in barns Sections, L :; oN 

Loss 
e O'T Us .O'TR • 0' A LT Ls L l 

TR 
.. -

.0090 
,0089 
.0089 
.0087 
.0087 
.0084 

.. 0085 

.0084 

.0083 

.0083 
! .. -

. 'I 
I 

.. 
f . 

Ai 

-- . 

Th 1 ( 

·1 Ar. i AS 

5 eVJ 
h 

A TR All 

Slowi ng 
Down 
Powe 
Ncrs~ 

• 
Moderating 

Ratio 
(o-S/O'A)x e 
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Appendix 8 

SHIELDING CALCULATION AIDS 

The data in Figs. A8,A through F are included with the expectation that 

they may be of se~vice in reading Section 4.6.3 as well as in connection 

with' the solution of other problems. The nOIlJenelature employed in the figures 

~s presented in the following tabulation. 

The shield is presumed to consist of one or more slabs of thickne~s t
l

, 

t~. t l , .. ~ The source elements are assumed to be isotropic emitters. 

The following symbols are used: 

¢eundirected energy fl ux (Mev lem 2 
- sec) 

E energy of the primary y rays (Mev) 

B build-up factor to correct for multiple scattering 

Qo source strength of a point source (y rays/sec) 

QL source strength of a line source (y rays/em-osee) 

QA squrce strength of a plane source (y rays/cm 2 sec) 

Q" source strength of a volume source (y rays/cml.sec) 

f..LR·; f..Ls: f..L 1 ' f..L2 absorption coefficients of receptor; soui~e; shield (em-I) 

b i f..Llti + f..L2t2 + .•• 

b 2 b i + f..LsZ 

b ::: b + f..L h 
3 1 s 

Z effective self-absorptioll distance (cm) 

G. radius of disk or cylillrirical source (em) 

l" a, h, d 

F 0 (b) 

dimensions as indicated (em) 

ro 

f 
b 

e Y dy 

y 

'AB.l 
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NOT CLASSIFIED Dwg. # 8182 

SOURC£ ENERGY FLUX (71'UIV'/Onv 2/Sk>) f.;[/fj;1!;ONS 
STRA/GIIT LINE @11 Q. £ ;; . ,)1 

I- f a ~"l fIle-::/3 4~a.iY:(9.z,4J-VTM,4!; 
: fIJ, -r-- / @~ 

r k,::,--' 1P1-
1Il
./ ¢£,.8 M[:/(¢.z,h,)+71¢J,4Jj 

\" / ~ 
\ ..... , )l~, 2.¢£:::B fiLE $(~bl) ti, =¢z 
\ ~..... ~~--~.2~~~~~----------------------------t---------"" \ t / ..... @;a, 
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/ ..... ", Or} ~ _ 0 
~---r I:--:'::"~ - -P" A.::8 ~/.£ ~(~b,) ;z-
" 01~'- ~r-~_~--~~~ff¢=-___ ' ________________________ r-______ __ 

~ '<: ~fzf- \ @7'j d:D Qt.£ :1("" 4) ~:q L ~t:)O 
I '\ J jI''!: P 4T4 e, 
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~ Y'E '" If"a, 7 

It 

DISC SOURCE ~8 '" =/3 ~Jjh c2:~2#(CJHZ;L(I.yLr"aqz ..?Dprd.tl...c~-JlQ.""(ifJlf/l}zl. 
~f- a.. ~ )6"£ ..,Z"'(! 2a2. tr. J 

r 
\.. ~~--D-- --P,1- ~fZ ¢E=B ()A£ji;/4)-ro(4 sec ?Jj 
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) \ " \ @J:3 ~:::B (),IECZ e - bz i ~i " ) ~ ___ ~ ____ ~~~1a~r~Z~J_4 ________________________ r-______ __ 

~~d4pl 
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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 ~ 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 

circuit provides timing and operation oj the solenoid-operated valves that 
'. 

control the flow of air and motion of the shuttle through the system. 

The loading terminal provides the means for insertion of the loaded 

shuttle into the system. Two "S" bends in the section 'within the reactor 

structure reduce the streaming of radiation outward through the tube. The 

shuttle is stopped at the active lattice by a pneumatic. shock absorber. After 

irradiation the shuttle is propelled out of the. reactor to the transfer unit, 

from which it is sent either to the unloading terminal in the basement or to 

~he laboratory selector. If sent to the laboratory selector, it is then 

directed to the unloading terminal in any oneof the four laboratories provided 

with this facility. 

A9.2 PBOPOSED EQUIPMENT AND FACILITIES FOB BEoENTRY SHUTTLE SYSTEM 

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

1. Rabbi t tube HR-2. 

2. RemoteIY'~rated solenoid valves to control direction of air flow 
in pressure and vacuum lines. 

3.Electric air-controlled gate valve t6 permit passage of shuttle 
and to isolate the laboratory system from the reactor propelling 
pressure system. 

*ANL contribution. 

A9.l 
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NOT a..A.SSIFIED 
DM$·/0739 

ELECTRIC AIR 
CONTROLLED GATE VALVE 

e 

:~~ 
{ 

KWIK-LOCK I 
COUPLING I 

I 
I 
I 

SOLENOID VALVE I 
NORMALLY OPEN I 

I 
I 

~ SHOCK ABSORBER LW INSERTED FOR 
I REENTRY SHUTTLE LABORATORY 

SELECT07 / ~ It 
--::1'===:=~7 I ~~~~~~=:-r= 

I 
I 
I 
I 
I 
I 
I 

I 

~TO LABORATORY ::::: " 

SHUTTLE TUBE I" 1.0. ..j 

VACUUM LEAK 

SOLENOID VALVE 
NORMALLY CLOSEN 

VORIFICE 

5 

~ AIR SUPPLY LINE 
I "FOR TRANSFERING 

SHUTTLE TO LAB 

I 
I 

I _ REACTOR 
VCENTERLINE 

I I 

I: ! I ~IR E HAUST DUC T I: UND R VACUUM 

LOADING TERMINAL----::J 

SHOCK ABSORBER/ 

L~~ ~i ~---M-
SOLENOID VALVE ~ REACTOR FACE I 
NORMALLY OPEN 

OPERATION 

AIR FLOW FOR COOLING 
SHOCK ABSORBER 

I NSERTING SHUTTLE 
IN TERMINAL 
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4a L6ading terminal. 

5. Shuttle transfer unit. 

6. Laboratory selector. 

7. Shock absorber to position re-entry shuttle. 

8. Electric timing device. 

9. Monitoring device to determine flux at center of shuttle tub~. 

The more important items in this list are discussed in the following paragraphs. 

A9.!.1 Rabbit Tube. The proposed layout of th~ pneumatic shuttle system 

1S shown in Fig. A9.A. The shuttle tube begins at an inlet air valve on the 

west wall of the reactor in the basement, continues around the south wall, 

passes up through the first floor of the Reactor Building, and enters the 

reactor face approximately 1 ft 10 in. east of the reactor north-south center-

line at an elevation of approximaeely 98 ft 10 in. In the concrete shield it 

makes an offset bend and passes through the graphite and reactor tank approxi-

'mately 1 ft 3 in. east of the ieactor north-south centerline at arr elevation 

of approximately 99 ft. Beyond the graphite, the tube again makes an offset 

bend to emerge from the north wall of the reactor in a location similar to its 

entry point in the south wall. From here it bends down through the floor and 

continues along the basement ceiling to the other inlet valveat 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 provide'a ready means for 

disassembling the shuttle tube when it is desired to insert the shock absorber 

into the reactor or withdraw it into a coffin. The shuttle tube through the 

reactor tank and the thermal shield is constructed of aluminum. Beyond the 

reactor structure the section that is utilized by the shuttle is stainless 

steel, but the other sections ~re construct~d of copper tubing. 

A9.2.2 Electric Air-controlled Gate Valve. An electrically operated a1r

controlled gate valve, located betwee~ the shuttle transfer unit and the 

laboratory selector, separates the system into two sections and stops the flow 

of air into the laboratory while the shuttle is propelled into the reactor, 

irradiated, and expelled. 

The laboratory section consists of the laboratory selector and the four 

tubes that terminate in separate laboratories. At each unloading terminal a 
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line to the, contaminated-air system withdraws any air that is discharged from 

the shuttle .tube during the delivery or unloading of a shuitle. This 1S a 

precaution to prevent escape of contaminated air into the laboratory ~uilding. 

A9.2,3 

Fig.A9.C, 

Shuttle Transfer. The shuttle transfer design 1S illustrated in 

.The transfer unit consists ofa housing that encloses the transfer 
, 

tube, indexing gear, and guide disk, Four tie rod~ unite these parts into a 

single unit, Both the section of the tube connected to the laboratory selector 

and the section ~f 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 'L~boratory Selector, No drawings have been prepared for the 

laboratory select~r unit as its const~uction will be very similar to the 

shuttle transfer unit. It ~iffers ~rily in the arrangement and number of tubes 

required£or servicing the laboratories. The selector can be located close to 

the trans£erunit or it can be set up at some convenient location in the 

laboratory building. 

A9.2;5 Shock Absorbe~. 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,and ease of 

insertion and withdrawal. It consists of a sertes of alternate sections ~f 

bellows and straight tubes, approximately 12 ft long and fastened to. the shock 

abs,orber body, to provide the means f,or 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 th~ passage 

of cooling air when the shuttle rests against the shock absorber" They also 

form the small orifices that restrict t~e flow of air when the large oritice 

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 

large~ portion of the air flows through the ~alve opening and then out the 

portholes to mix with the air flowing through the small orifices" The a1r 

continues to flow in the annulus formed between the body diameter and the 
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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 1n 

the shock absorber body holds the valve open until the pressure of the air 1n 

front of the shuttle overcomes the spring force. After the valve closes a 

greater pressure is required to force the air displaced by the shuttle through 

the small orifices. This increase in pressure acts as a retarding force to 

slow down and stop the shuttle. When the shuttle depresses a spring~backed 

button secured in the valve head, an electrical circuit for controlling the 

shuttle timing device is completed. The wires for the timing device enter 

through connections at the removable section of the shuttle tube. One wire is 

grounded to the flexible tubing and the other continues through the bellows 

and terminates at the electrical terminal mounted in an insulation bobbin that 

1S 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'flowof air 'at the rate of 0.04 lb/sec is required to cool the 

shuttle and shock absorber. 

A9.2.6 Delivery Stations and DeliverYostation 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 

pr6vided at the delivery stations. For this purpose conventional pneumatic 

dash-pot delivery stations can be used, since heating due ~o-nucl~a~-reac~ion8 

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 ~ir has been shut off (by.automatic timing of the delivery cycle) 

thereby placing the delivery stations under a slight vacuum. 

A9.2.7 Pneumatic Driving System. The incoming air from the plant aIr 

compressor is cleaned, filtered and dehumidified before it enters the 

accumulator tank. A relief valve controls the maximum pressure in the tank. 

A pressure regulator controls the pressure of the air prior to its entry into 

the pneumatic shuttle system through the solenoid .. operated valves that govern 
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the direction of air flow. A secondary solenoid valve controls the flow of 

air after the shuttle transfer has been rotated and als.o wheri it is desired to 

transfer a shuttle toa 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 i.ts ellterin((therreactor cooling~air exhaust duct. These two 

val ves remain open' excep~ during a, ,<::hargins: opera ti,on. ' A reI ief valve governs 

th'e maximum pressure ,allowed in the exhaust line during charging of a shuttle. 

'It. soielloidva-lve per~i ts the,'~scape of gas when the shuttle transfer tube has 

been rotated to the labor,lit'ory position: 

a8.' 2.' 8 .. Vacua.Sy.tell. Both ends of th~ shutqe tube are connected, 

through sol~n~i~-operated ~~lves. to a 'single pipe which terminat~s at the 

reactor cooling-ait 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 ~eriodic purge required :t,o clear the lines. Vacuum leak lines, 

continually open to the exhaust line that leads to the reactor cooling~air 

exhaust duct. pla~e the loading terminal and the shuttle transfer unit under a 

continuous negative pressure and provide against leakage of contaminated air 

into the Reactor Building, 

Vacuum exhaust connections for the through shuttles are proviq.ed at the 

face of the reactor for the convenience of experimenters in setting up their 

equipment. These a:.re pax:t of the experimental services normally provided at 

all beam hole facilities. 

A9.3 OPERATION OF RE~ENTRY SHUTTLE SYSTEM 

Prior to delivery of a shuttle to the reactor, the pneumatic shuttle 

system is under a slight vacu~m since the solenoid valves at the ends of the 

shuttle tube are, open to the' reactorcooling~air exhaust system" The sequence 

of operations that take place during the delive~! of a shuttle ca~ be better 

understood by reference to Fig, A9,B. 

Shuttles prepared for delivery to the reactor are introduced into the 

system at the loading termi~alL Af~er the cover is secured. the operator 

presses a switch which auto~atically closes all vilves in the, vacuum lines and 
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opens th~' solerioidval ve in the' pressure. rine· '.to admi t the air tha t propels 

the shut·tle.oThe incoming~_ir, metered' throU:gh :an orifice, increases the 

pressure in the .ect{o~ of pipe b~tween the shuttle and the orifice, an~ drives 

·the ,shU:ttle'agai~st'the ~ho~k absorber at the center of the reactor, The air 
. ..' ".. . . ,.'.... 

in front of theshuttle,is compressed ·~inceit ,is not permitted. to escape. 

Thepress1i~~ continues to build up' and eventually overcomes the spring 'force 

that normally holds the shock absorber valve .open~ . With closure of the valve 

the flow' area at the body section' is reduced to that of the three small 

openings formed between the shock absorber body and'the'inside of. the shuttle .' ). . . . 

tube .. This decrease -in or.ifice ar,e~ increases' th~ pressure' required to dis~ 

charge the air'~isplaced,'by theslihttleo The volume of air displaced is a 

function of the pres'su.re and the velocity of the shuttle. In an effort to 

reach a state of equilibrium" the pr,essure acts as a retarding force on ,the 

shuttle. The maximum pressure build·,up in the lowo'pressure section of the 
.",' . ~ . . .. 

line is limited by'a relief valve. When theshut:tle contacts the shock 

absorber, an electrical circuit is compiet.ed which. silflultaneouslr oper:ates an 

electric timing ievice and opens the solenoid valve that permits the gas to 
. .' 

escape into the reactor cooling-air exhaust system~ The ste~dy flow'of air 

through the tube cools the shock absorber and ,shuttle. 

If the shuttle is to be sent to the 19borato~~'y'; the shuttle transfer 

tube is rotated to the laboratory position during the. time interY~1 in which 

the shuttle is irradiated. Rotation of the shuttle transfer tube automatically. 

closes th~ solenoid valve that has been su~plying the air to pro~el and cool 

the shuttle and, after a fraction of a second delay, open~ the solenoid valve 

in the air-supply li~e that by-passes the shuttl~ transfer unit. This now 

provides the air necessary to cool the shuttl~.nd the shock absorbe~. 

At the end of a preset exposure time for the shuttle, the electric circui t 

1n the t'iming device is brokeno This automa.tically .reverses the solenoid 

valves that control the direction of air flow, thereby expelling,the sh~ttle. . . " . . 

At the same time, the solenoid valve on the vacuum side of' th'e t:r~nsfer 'unit 

opens to permit the air in front of the shuttle to discharge into the reactor 

cooling-air exhaust system. After a del~y period, to ensure that the shuttle 

is beyond the transfer unit, the valve in the vacuum line closes and the 

shuttle transfer by-pass air-supply valve opens to drive th~ shuttle tb the 

unloading terminal in the laboratorYoAfter a~uitable time :delay to ensur~ 

delivery of the shuttle and to purge the system, the valves in the vacuum lin~ 

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 Pressnre Drop. When the shuttle is positioned at the center of 

the reactor by the sho~k absorber, an approximate pressure drop of 38 lb/sq 

1n. is required to fo~ce 0.04 lb of air per second through the shuttle tube. 

This is equivaJent to3L8 cfm of air at 70°F and atmospheric pressure of 14.7 

lb/sq in. 

A9.3.2 Anticipated Operating Cnrves. The curves shown in.Fig. A9.E are 

not to be construed as the actual representation of the air pressures in the 

tube and the velocities of the sh~ttle. 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 1n

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 whe~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 bac~pressure. The difference between 

the propel I ing pressure,- and the back~pressure is the unba lanced pressure tthat de 

creases the acceleration. This continues until the two pressures are equalized, 

at which time the acceleration becomes zero and the velocity becomes a maximum. 

Further increase in hack-pressure results in deceleration of the shuttle. 

When the pressure in front of the shuttle overcomes a spring force intne 

shock absorher, the valve closes. 

After the valve close~ a greater pressure is required to force the aIr, 

displaced by the shuttle, through the small orifices between the shock absorher 

body and shuttle tuhe. This accounts for the sharp rise in the back-pressure 

curve, the increase in deceleration, and the decrease in shuttle velocity. 

It should be noted that the velocity is practically zero when the shuttle is 

approximately 8 in. from its stop. The shuttle continues to stall until the , 
propelling,and back~pressure are again equal, at which time the shuttle is 
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forced against the shock absorber. valve head. The pressure in back of the 

shuttle then increases until the steady 'fiow required to cool the shuttle and 

shock absorber is attained • 

. A9. 3. 3 Sh~ttle Material. Some of the characteristics of an ideal shuttle 

ma~erial a%e (1.) low-activation ~ross-section, (2) low density, (3) high 

thermal conductivity, (4) stability to radiation, andeS) structlu:al strength. 

The first property is desirable to prevent the carrier's becoming acti~e 

enough to i~quire shielding during the unloading operation. Materials that - . 

sa tisfy this requirement are electrolytic iron, beryllium, z {rconium, carbon, 

polystyrene, and bakelite. 

Of the preceding materials, iron is attractive with .respect to thermal 

conductivity, stability to radiation, and structural strength, but, because of 

its density, it has a high rate of gamma heat generation that introduces cooling 

difficulties. However, the cooling problem can be minimized by limiting the 

weight of the cafrier t~ approximately 12 g. For a 3-in.-Iong shuttle,the 

maximum wall thickness would then be 0.01 in. An additional restriction on 

the use of iron is that in order to limit the induced activity to tolerable 

values it must not contain appreciable quantities of manganese. 

The use of beryllium ~r zirconium would permit a larger wall thickness 

for a given weight carrier. The-activity of these elements is controlled by 

the impurities aluminum and hafnium. 

Some of -the plastics are promising, but the inherent low thermal con .. 

ductivi~y makes cooling of the sample difficult. Information'on the effects 

of radiation on plastics is rather incomplete at this time. However, from 

experiments made with low neutron fluxes, it appears feasible to use bakelite 

and polystyrene as shuttle materials. 

A9.3~4Cooling of the Shuttle, The cooling required by the loaded 

carr1er is a function of the total mass and the desired maximum temperature~ 

Since it may become necessary to irradiate samples that have a low decomposition 

temperature, such as hydrocarbons, the cooling system should be capable of 

limiting the maximum sample temperature to approximately 300°F. In addition, 

the use of a plastic carrier would limit the temperature t6 a similar maximum. 

It is estimated that the upper limit ori the mass of a loaded shuttle will be 

2S g. To cool this shuttYe 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 A in.-Iong carrier. 
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" ',,:,A9.3."5SlUeldiOg. 'The e~po~nJ:e.~azards in t~e shuttle system .will be 

f.J:omactivation of thepropellan;t gas or the sample and 'car,rier., Computations 

. i~dic:lite tha'tn,o p,erman~ntsn.ie,lding will l;le i:'eqnire~ftosa~is.fy 'h.eialth' phY8~cs' 
req~i~~me~ts.and temporary :s'h'ieiding'~ilrbe ~dequ'~~e wh~-n"tuied~d ,to. provide 

ihstrument background. 

The air ,used asa pr,opellant will contain~ctive,argon."nitro,gen, and 

oxy.gen. Topreyen't the es'~ape of active llh ' it ,is n~eess,ary 'for the ,p,artsof 

the system 'ihatoperate at a positive pres'sure, to be "t'~a'kproof. ' 

A9~~~~)Vse of Air V., C~2 fqr PropelleDt., Airia us~d asa ~~dium to 

drive t,he "pneumatic shuttle in ,an'd out of th~rea~tor. It, was' selElctedb,ecause" 

it is economical to use ~s BeooUng medium for the sample and shock, ~bsorber. 

A c"Ompar.iso~ 'of CQ2 and air maqe on ,theb~sis ofcol!lt, a:rid r,adiation haza'rd 

, indica tes that ail- is p referabh •• The inheren ~ dis~qyalltllge of air.'is: the 

,f.o:rmation of 1l0-n:tin .'argQP. llo.w.ev~r. the e;chaust lines in the' proposed shuttle' 
. , ,. " " ' .' 

system,will opera'te at a negative pressure SO that th,~ escape of 'a~ti:v.e argon 

is ~~t likely~ ,I 

The exposure at the surf"ce of a l-in.,/liJ,'tittle tu'b.e ,coritaini~gactive 

'Elxhaus,t air iscalcuJated tl,'> be 0.0,2 r per 8 hr. At ,short decay periods no 

decrea'se" in ,ex"p~s~re can, be realized thro'ugh th~ use' of CO2 because the 

si~~ifi,cantfasi flux at the shuttle.t6be gives'appr~ciable Ol.6(n.p)N 16 

·.activi~y . 
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Appendix 10 

UYDHAULIC RABBITS 

The hydraulic rabbit system for the MTR consists of two l-in.~I.D. 

vertical tubes through the east end of the beryllium reflector (see Beryllium 

Layout, Figs. 2.4.A and B) and al'.310"in.-LD. tube through each of the 

regulating rod holes not in use. 

The following description of the system is a tentative proposal for the 

design. The final design of the system may vary somewhat from this pre

sentation, but the overall principles will be the same. 

The proposed system is shown in Fig, AIO.A. Shuttles from the laboratory, 

after being sealed, are lowered into the loading chute and pushed through 

valve C into the loading chamber. Valve C is then rotated into the insertion 

position and valve B is opened, permitting the rabbit shuttle to be driven to 

the top of the reflector where an orifice acts as a stop. (The shuttle can be 

stopped lower than this by insertion of appropriate dummies ahead of it.) 

When the irradiation is finished, the 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 is not sufficient to overcome gravity, With valve A closed, it 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 is norm;a:llyao' 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 

operator or the experimenter. 

hydraulic rabbit system of the 

shuttle is, of course, best done by the MTR 

If a shuttle design similar to that of the 
I 

X-10 reactor is used, the ~ubes should have a 

minimum radius of curvature of 48 in. Th& rabbit tube positions at the east 

end of the reflector will accommodate 1.190"in.-O.D. tubes, and the regulating 

rod holes will accpmmodate I.SOO-in.-O.D. tubes. The inside diameters of 

these tubes have been set at 1.000 in. and 1.310 in •• respectively. 

AIO"1 
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VERTICAL HY DRAULIC RABBIT 

PIPING ARRANGEMENT 
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Demineralized water at .~5 psi will be available at the rabbit cana~ and 

approximately 5 gal of water per minute past the shuttle will be necessary for 

cooling. No shock absorber~ are provided, but speed of insertion can be 

easily regulated by the demineralized-wat~r flow • 
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