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P~EFACE 

This Handbook for the Materials Testing Reactor has been put together at 

the request of the ~ITR Steering Committee. * It was the feeling of the Committee 

that the principal purposes for the report should be (1) to give asemidetailed 

description of the reactor, and (2) to explain, in so far as possible, the 

reasons for the design. In order to carry out these purposes the Handbook has 

been divided into a series of chapters and appendixes as follows: 

Chapter 1 presents a general description of the reactor and its aux

i liaries and an account of the administrative history of the proj ect. 

Chapter 2 gives a description of the reactor as it is now heini built. 

While this chapter inevitably gives some of the reasons for the present design, 

the main background and experiments leading to the MTR are described in 

Appendixes I through 6. 

Chapter 3 describes the experimental facilities p~ovided in the reactor. 

Some facilities that have been proposed and will probably be built later are 

described in Appendixes 9 and 10. 

The various aspects of the physics of the reactor are described 1n 

Ghapter ~ which leads up to the control of the reactor discussed in Chapter 5. 

Some general nuclear data ar~ given in Appendixes 7 and 8. 

Chapters 6 through 10 are devoted to a description of the necessary 

auxiliary units to the reactor proper and the reasons for t,heir design. 

Extensive bibliographies and lists of reference drawings are given at 

the end of each chapter so that the reader, if he wishes, may find further 

details in original reports and memoranda. In addition, it is planned that 

the Project File, which has been maintained by the Chairman of the Steering 

Committee, will }be transferred to the operating company at,the MTR site. This 

file includes ~ll ieports, memoranda, and correspondence dealing with the 

Proj ec t. 

'g ;.~ :-'. ," . :-' 
~ 

·S. McLain,'Chairman; M. M. Mann, OIWL" andJ. R. Huffman, ANt, members; W. H. Zinn, ANt, andA. M. 
Weinberg, ORNL, Ex-officio members. 
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Chapter 1 

,INTRODUCTION ;.'."... GENERAL DESCRIPTION AND HISTORY OF' THE MTR 

1, 1 GENERAL DESCRIPTION OF THE REACTOR.· ITS LOCATION. AND FACILITIES 

1.1.1 Brief General Description of the Materials Testing Reactot.: The 

Materials Testing Reactor as currently (Jan.: I, 1951) being constructed at the 

React~r Testing Station (RtS) , Arco, Idaho ii a high-flux hete~ogeneous 

enriched-fuel reactor.' The active part of the reactor consists of closely 

packed vertical-~late assemblies, the individual plates being made Gfaluminum

clad uranium-aluminum alloy., The plates are spaced to allow water flow between 

them, the water thus serving as both cool an t and moderator.: 

Immediately surrounding the small enriched 

of bp-yllium metal which is also water cooled. 

lattice and beryllium reflector is mounted In a 

lattice is apr~mary reflector 

This whole assembly of active 

tank system through which the 

water flows and which contains the control r:ods and their bearings.' Outside 

the tank system are a secondary reflector of graphite, a thermal shield, and 

a biological shield, the whole forming an approximate cube of about 34 ft to 

a side .. 

As the name implies, the reactor has been designed primarily to ~llow 

the testing of various materi al s in high- in tensi ty radi ation.: To accompl ish 

this purpose about one hundred experi~ental holes have been provided, some 

going through each of the four walls and top and bottom of the reactor. 

Six horizontal beam holes,. a through facility, and some rabbit holes 

allow experiments t,o be performed within 2 in.: of the active lattice.· In 

addition, where the highest possible fast flux is r~quired, ~spare con~rol rod 

holes and unused spaces in the ac~ive lattice can be utilized if desired~: 

Six down beam holes, available from balconies on the north and sou~h 

faces of the reactor, go to the wall of the tank and ".ee~ the lattice through 

2-in. holes in the beryllium. The remainder of the holes, mostly available 

from the top of the reactor, penetrate into various parts of the graphite zone.: 

The east wal( of the reactor has access to a thermal column which is 

provided· with nine horizo'ntal and two vertical access holes.. Depending upon 

future demands. space is available through the west wall for a shielding 
I 

facility or another therm~l column .• 

1.1 



The entire reactor structure is housed in a steel and concrete building 

approximately 130 ft square with a laboratory building adjoining.: Other 

buildings at the site house water demineralizing and cooling facilities, 

air pumping and filtering equipment, stearn, sewage disp~sal plants, etc.: 

The evolution of this reactor from its initial concept to the present 

design is described in Section 1. 2.2.' 

1,1.2 Location.· The MTR site is located in block 14 of a plot formerly 

known as the U.S.:Naval Proving Ground. This plot, now renamed the Reactor 

Testing Station, is located in the Snake River Valley plain of southeastern 

Idaho •• The Idaho Office of AEC has established its Central Facilities at the 

former naval test firing station located approximately 2 miles north of U.S. 

Route 20 •• The MTR site is about 4 mile,S north and slightly west of Central 

Facilities. Pocatello, the largest town in the area and most likely local 

suppJy source, is approximately 70 road miles from the MTR sit,e.' The other 

towns of size in this area are Blackfoot (43 road miles from t~esite) and 

Idaho Falls (50 road miles from the site). The total population of this 

section of Idaho numbers about 68,000. 

1.1.3 Availability of utilities and Supplies. The Reactor Testing 

Station is linked to the three towns previously mentioned by U.S. Routes 20 

and 191. These are both considered ,all-weather highways.' There is. also a 

new road direct from' Idaho ,Falls to the Testing Station.: The AEC Central 

Facilities area is already served by a Union Pacific branch line •• A spur line 

runs to the reactor site. Approximately forty-one motor freight and passenger 

carriers are certified to operate in this area.: 

1.1.4 AEC Central Facilities. For the benefit of the'MTR and other 

reactor projects on this station, the AEC has set up Central Facilities on the 

location formerly occupied by the naval firing station. The items included 

1n this group of facilities are those which are of benefit to all projects 

on the site. The intent is that Central Facilities can give better and more 

economical service than if similar smaller facilities were set up at each 

reactor project site. 

It is currently (Jan. 1, 1951) planned that Central Facilities will serve 

the functions and provide the facilities listed below. 

Craft shops. These include carpenter, pipe, sheet metal, electrical, and 

automotive shops. The shops will be equipped with machines and staffed to do 

all types of maintenance work and limited alterations. 

* Sections 1.1.2 through 1. 1..7 'contributed by ANL. 
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Machine shop.; A large machine shop is planned to take care of all ma:rn

.tenance, machining, equipment rework, and the bulk of original machine work 

necessary for the projects on the Reactor Testing Station. 

E.lectronic and instrument shop., This shop is planned' to service health 

physics instruments, radio equipment, alarm system, intercommunication system, 

etc.: This includes all equipment directly under the jurisdiction of the AEC. 

Servicing of reactor, process, and experimental instruments will be handled by 
. . 
the o~erating contractor of each particular reactor project. 

s.tores and supplies .. Central Facilities will furnish janitorial and 

office suppl ies;. standard spare parts such as small motors and pumps; f abrica

tion material; such as lumber, steel, and nonferrous metals; artd operating 

s~p6lies such as fuel oil, gas cylinders, acids, and· caustic.: 

Commimicat ions" This wi 11 include a centra'! swi tchboardexchange ·for long 

~istance calls, teletype service, and mail service from Idaho Falls to the 

various p~ojects. 

Tran~portation., Thi~ will include a motor pool of light and heavy 

vehicles.' Some of the light vehicles will be permanently assigned to projects. 

All equipment will be maintained at the Central Facilities garage. 

Refuse disposal. This will include disposal of radioactive s~lid and 

liquid wastes as well as garb~geand waste paper.: 

Road maintenance. This will include all road repairs; and snow removal. 

H.ealth s.ervice.\ This will include a dispensary and laboratory.; A. doctor 

will be in charge.full time and will have sufficient equipment for periodic 

physical eiaminations.: 

H.ealth physics.,. It is currently planned that all project health physics 

functions will be handled by·Central Facilities .. 

Fire protection., A central fire department is to be provided.: To 

augment this, each site will have one pumper truck with one full-time fireman 

per shi ft. 

·Meteoro logy" The U.: S. Weather Bureau will handle this function.: 

Photographic and reproduction service. 
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Security., A central guard and security system exists from which guar'ds 

will be assigned ,to each reactor site.: Screening and clearing of visitors is 

carried out at Central Headquarters. 

1.1.5 MTR Facilities. Following is a short summary of MTR facilities. 

all of which are more fully discussed in later sections of ~his h~ndbook. 
\, 

Roads and parking lot., A two-lane blacktop road runs from AEC Central 

Facilities to the MTR site. A parking lot is located outside the west per

imeter fence directly adjacent to the main entrance gate.: Two-lane /blacktop 

roads provide, 'access to all areas within the site that require vehicle/services.: 

A 10-ft-wide patrol road is provided along the inside of the perime{er fence.' 
-7 

Yard fa c i lit i e s . , All pro c e ssp i pin g, s ewe r 1 i n e s , fir eli n e s • and 

electrical dist~ibution lines are located underground. The only exception is 

the circuit for the perimeter ,fence lighting system, Fire hydrants and hose 

houses are pI aced at strategic locations throughout the si te.' An electric 

substation that transforms power from 138 kv to 2400 volts is located on 

the site.' 

Safety and 'iecurity., A security building is located near the main 

entrance gate. This building will provide guard quarters, a first aid station, 

space for telephone and radio communications equipment, and quarters for 

firemen and a fire truck,' Additional security is to be provided by means of 

two personnel control houses; one will be located at the main site entrance 

and one at the entrance to the exclusion area. 

Canteen., A small canteen is provided on the site. Cafeteria type service 

IS provide~ with foods that are prepared at Central Facilities. 

Steam plant., This building h~uses three I6,SOD-lb/hr oil-fired steam 

generators. The steam enters a I3S-psi steam distribution system for site

wide use. This building also contains an emergency Diesel electric generator 

and the plant and instrument air compressors. 

Water supplies and treatment. Two deep wells are located on the site; 

each one is capable of delivering the normal site demands." Water passes 

through reservoir tanks and is pumped from there to the Demineralizer Building. 

Here one portion is demineralized, another chlorinated, and a third softened 

and chlorinated. The reactor uses demineralized water in a recirculating 

cooling system. An overhead working reservoir in this loop provides the flow 

1.4 

e 

e 

e 



-

-

e 

of water to the reactor. The reactor water is cooled in a flash evaporator 

system located in the Process Water Building. Cooling water for the evaporators 

is reused after it is circulated through a, cooling tower, The fire loop and 

canal utilize raw water. The water in general use throughout the site is 

blended, partially softened, well water. The water used in the cooling-tower 

system is acid-neutralized well water" 

Reactor Building. This building houses the reactor and its control room 

auxiliaries. It is designed for the use of experimenters. A large amount 

of open floor space is available on both the ground and basement levels. A 

30-ton crane is availabl~ for handling shielded coffins, etc. A canal c~n

taining 18 ft of water is located at the ement level and extends outside 

,the building. This canal contains the equipment necessary for handling the 

spent fuel elements from the reactor. 

Jeactor Building wing .. This building is largely a laboratory and, shop 

facility. It has, in addition to the laboratories designed for low-level work, 

a machine shop, an instrument shop, a staff shop, a small glass shop, men's 

and women's locker rooms, stores, shipping and receiving rooms, and a counting 

room. A basement located under the entire first floor contains a battery 

room, fireproof storage vault, and heating and ventilating equipment for both 

the Reactor Building and wing building. 

Water disposal. Sewage is treated in a sewage treatment plant located 

outside the east perimeter fence. Any waters suspected of being radioactive 

are monitored; if found to be highly active, they are retained in underground 

tankage. Waters that are only slightly radioactive are discharged to a 

retention basin which provides both a decay. period and dilution. Both th~ 

retention basin and the sewage-disposal plant discharge their effluent to a 

leaching hed located di~ectly east of the southest corner of the perimet~r 

fence. 

Hot gas disposal. The reactor-cooling air is discharged to the' atmosphere 

from a 250··ft stack located on the site. Contaminated air from the laboratories 

is treated for removal of acidic vapors and then discharged into the atmospher~ 

via the same stack. 

1. 1. 6 Climete. The area is semiarid with an average yearly preClpl-

tation of about 10.4 in. Precipitation varies from 15 to 20 in. in wet years 
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to 5 tolO in. in dry years. Floods are unlikely, as the maximum precipitations 

ever recorded were 2.6. in. in "one month, 2/3 in." in 2~ hr, and ~ in. In· 

I hr. Snow has fallen in all months except August, but practically none has 

occurred from June through September." The average yearly snowfall is 35 In. 

The maximum snowfall in one month was 26 in., and the maximum depth of snow. 

on the ground at one time was 19 in. 

At Pocatello the average relative humidity ranges from 53 to 79% in the 

morning (8:00 A.M.), 26· to 71% at noon, and 24 to 72% in the late afternoon. 

The higher average relative humidities occur in winter and in the early 

morning. 

Because of the slightly higher elevation of the site area as compared 

with Pocatello, its situation in the lee of prevailing westerlies, and its 

distance from the moisture supply represented by the Snake River and its 

irri6ation system, the average wet-bulb temperature at the site is somewhat 

lower than that of Pocatello, which has.; a July wet-bulb temperature of approxi

mately 55° •• 

1.1.7 Geology, The terrain of this area is flat except for the billowy 

character of the lava and the rather numerous craters and cinder buttes. The 

telief of the terrain is not more than 5 to 10 ft; the altitude is about 

4930 ft above sea level." On both sides of the lava plains, running southwest

northeast, are mountain chains. 

1,2 HISTORY OF THE MTR 

1.2.1 Need for Reactor. The reactor described in this report is the 

result of ' an evolutionary process in the design of a machine conceived for the 

express purpose of facilitating the conception and design of future reactors 

for military and peace-time applications. It is of paramount im~ortance that 

a facility exist w&ich is capable of furnishing quickly a great number of 

physical, chemical, biological, and engineering data at thermal and fast

neutron fluxes greater than 10 14 and high y~ray intensities, on the basis of 

which future reactors can be designed within controllable and permissible 

limits of uncertainty in operating characteristics. The Materials Testing 

,Reactor (MTR) has been designed and will operate for this prime purpose.. In 

addition, there are incorporated features which provide for the following 
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experimental. "lines'of investigation: 

1. Production of sizeable amounts of ,the fissionable isotope U233
' 

"for t~e next stage in the study and utilization of a potentially 
more plentiful material than U235 , 

2. Production of sizeable amounts of high- specific- activity radio-
isotopes which are not recover able directly from fiss ion products. 

3. The acquisition of scientific and engineering experience in 
design, construction, and operation of an enriched reactor at 
elevated ~ower levels (30,000 kw) and neutron fluxes (>,10 14 ), 

which is possible for the first time in the MTR.' 

The preliminary designs for a high-flux enriched reactor, which would 

produc'e the U233 isotope' through conversion of thorium, were begun in 1944 "as 

a consequence of the fear that Pu240 would constitute a serious contamin~nt 

in the plutonium product from Hanford reactors. It was soon decided that ,the 

~i~~l~st'large-scale converter would he a plate reactor, water moderated and 

heavy water reflected, with a thorium blanket on the outside. Aside from' the 

reflector, which was subsequently changed to beryllium, the present MTR design 

larg~ly f~116ws the original design ~hilosophy for the U233 productioti unit 

with such additional d,sign features as to meet the needs listed above:' 

1.~.2 Design aod Administrative History. Late in 1944 the Chemistry 

Division at Clinton Laboratorie~ proposed the construction of~ 50 c kw homo~ 

geneous uranium-heavy water reactor whose main use would be toproduce easily 

extractabl~ f{ssion products. Work on a 50-kw homogeneous reactor continued 

until 1945, when it was decided that the power of the reactor should her~ised 

sufficiently to demonstrate the feasibility of a thermal energy breeder. The 

power output of such a breeder wi th a three- year doubling time '( of fissionable 

material produced to fissionable material consumed) is about 10,000 kw.-
, . ' 

'This was set as the early goal for a 'homogeneous reactor.' The ,thermal-neutron 

flux in such a teactor was calculated to he about 2 x 10 14 neutrons/cm2 -sec. 

The reactor was conceived as a prototype homogeneous reactor and thermal 

breeder; in addition, it would be an experimental tool with a flux greater 

that that of the Canadian reactor (NRX).' 

*Doublirig time :formula is given approximately by T I06/(PIM)G, where P = power in kilowatts, M= criti
cal mass in kilograms. G = breeding gain, and T is measured lin days, 
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Con.ide~able advance was made by the theo~etical group in the following 

problems: 

1. Thedimeniioning of conttol' and safety systems. 

2. Stability during operation.' 

3. Temperature, density, and concentration coefficients of the 
reactor. 

4. The effect of a thimble (side hole) on reactivity. 

5. Utilization of the leakage neutrons in a thorium rod assembly. 

Additional pr~blems arose which led to difficulties in conception of 

control and technology of a homogeneous reactor. Principally, there was the 

instability of a homogeneous reactor which contains bubbles of gas arising 

from the disintegration of solvent molecules and the generation of fi~sion 

products., While the reduction of power to a 50-kw ievel would have eliminated 

the p~oblem of b~hbling instability, this w6uld have defeated the purposes of 

such an enriched reactor, i.e., high-thermal and fast-neutron fluxes and all 

the advantages which follow from them. Accordingly, the, alternative was to go 

ahead with another type of reactor which would produce similar flux conditions, 

and use it to study the problems of the homogeneous reactor by small-scale 

experiments at high flux.' A heavy water-moderated and heavy water- co~led 

enriched heterogeneous reactor was first designed. 

The critical experiments which were performed as a prelude to the hetero

geneous reactor design were carried out in the spring and summer of 1946; they 

are summarized in Appendixes 1, 2, and 3.: These experiments were designed to 

obtain empirical information on features such as: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The critical size of enriched reactors as a function ~f concen-
tration of fissionable isotope U235 ., . 

The effectiveness of the heavy water reflector.: 

The temperature coefficient of reactor reactivity., 

The effectiveness of control rods. 

The effect of holes such as thimbles in the active region and 
experimental recesses leading through the reflector.: 

J 

The neutron flux distributions throughdut the reactor. 

The effect of poison (absorber of neutrons). 

8. The measurement of the utilization of thermal neutrons in a ring 
of thorium rods in the heavy water reflector around the active 
part of the reactor.' 
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, The initial 'set pf critical experiments described .in Appendix'l provided 

invaluable iriformation.for future experiments of. the sam~ typ~ which woul~ 

have to be performed prior to or along with designs for major reactors of 

tne e;nriched cl.ass. The essentially primitive features .0J the experiment 

consisted in the reactor being hand~loaded and manually controlled. In .later 

critical experiments, which were undertaken when the design of the MTR began 

to crystallize into permanent form, an excellent opportunity bec~me available 

to develop and test servo mechanisms for pile operation, particularly, the 

c~ntrol of reactors capable of {ast periods arising from the considerably 

increased excess reactivity required of an enriched reactor of the MTR·type • 

. On the basis of theoretical calculations by the Physics Division, the 

T~chnical Divisi~n of Clinton Lab~ratories submitted' a design proposal ,in 

May,1946 for a high-flux thermal reactor of heterogen~ous core, light water~ 

coolp~ and heavy water--moderated and --reflected, with a ring of thorium rods 

for U233 production. The use of light water as a coolant was believed prefer,

able'to the use of heavy water because light water increased the operation 

flexibili~y of the machine. A brief description of this propo~al is given • 

. The nuclear fuel, U235
, was to be contained in "sandwiches u consisting of 

a central sheet of aluminum-uranium alloy, clad on both sides with aluminum t:o 

confine the fission products and prevent corrosion of fuel elements. These 

thin sandwiches were to be coiled into spirals having some clearance (water 

pas'sage) between successive turns of the spiral, and the spirals would be 

placed in and secured to aluminum tubes of about 2 in. diameter. A~out thirty 

such'tubes would make a triangular lattice of about 6-in. spacing. The spirals 

of fuel were to be removed wheri the isotope enrichment of U235 fell to about 

n:lne-tenths of the original value. Such "'spent" spirals of fuel were t.O be 

processed for U 235 and fission products, and the U~35, ~fter the addition of 

new U 23S , *ould be returried fhr incorporation into a new fuel plate spiral 

and another cycle through the reactor. The tubes were to be considerably 

longer than the uranium-bearing spiral which they contained, and they would 

pass ve.rtically through a cylindrical aluminum tank with their upper ends 

'protruding for connection to the cooling~wa~er supply 

The crioling water would b~ discharged from the lower end aiterpassing 

through the ~piral p.s~ages of the fuel plates. The alumirium tank was to be 

about 61~ in. high by 69 in. in diameter and filled almost to the top. with 
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heavy water to act as moder~to~ and reflector. Pierc{ng·the tank vertically 

outside the uranium lattice would be a circle of tubes similar to the fuel 

tubes to contain thorium for production of U233 by capture of leakage neutrons. 

the fu~l'r~quired was estimated at ~ kg of U23S, and, at a maximum t~tal p~er 

of 30,000 kw, the consumption of the. fissionable isotope U2~5 would be abo~t 

30 g per day. the thermal-neutron flux'wOQld ~e about 2 x 10 14 , and the fast 

or virgin flux would be about 1.5 x 10 13 • 

on critical examination of the abo~e design; it was po{nted o~t 6y 

Prof. Eugene Wigner that an important gain in fast flux could be obtained by 

using light water for both coolant and moderator. This change would result 

in a smaller reactor, an~ because fast (virgin) flux is proportional to power 

per unit volume, a 30,OOO-kw reactor of the proposed type could. produce a fast 

flux of approximately 1 x 10 14 and a thermal flux about equal (2 x 10 14 ) to 

that of the previous design. This could be accomplished by fabricating ~he 

uranium:-aluminum alloy int·o. flataluminum-elad fu~l pla.tes.,,,,;.:and ~tlen'.Iput

_ting~ the··plates_c.los.e .. together .... In this ... waY,a fuel unit wourd assume the 

shape of a lon~ rectangular pipe with the parallel fuel plates bra~ed into two 

opposite sides. A rectangular fuel unit has considerable structural advantages 

in assembly of a core, allowing for close arrangement and hence smaller volume. 

In addition, a further volume decrease is gained with light water moderation. 

Actually, in the previous design with heavy water moderation and reflec

tion, the reflector merely provided space for experiments that could be realized 

otherwise. In August, 1946 it was therefore' decided to eliminate heavy water 

altogether, decrease the core volume by arranging flat fuel plates with close 

spacing in a rectangular array to be light water~-cooled and .... moderated, and 

to make. the reflector out of beryllium. The decision with respect to beryllium 

was made possible by the rapidly' improving situation in 1946 in the metal-

'lurgical techniques of handling and fabricating this metal on a production 

basis of tons rather than pounds. 

Beryllium is more effective than heavy water as a reflector; it has good 

corrosion resistance, it can withstand radiation damage more effectively than 

graphite, and, like heavy water, it supplies additional neutrons by virtue of 

the Y~ray neutron {Y,n) reaction in which neutrons are emitted by beryllium 

under the y-ray irradiation. [The (Y,n) threshold in beryllium is approxi

mately 1.7 Mev.] 
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Simultaneously, the Technical Division commenced redesign of the b~sic 

reactor and its auxilia~ies.(1.2) The design and fabrication of the multiplate 

fuel assembly and of the beryllium reflector assembly were two of the most 

difficult problems which arose. 

Th~s, by the summer of 1946, the design for the experimental high-flux 

reactor had evolved from an initially homogeneous-fluid ~eactor to 'an all

metallic rigid machine aside from the cooling fluid (ordinary water). 

The use of light water moderation and cooling with beryl! ium re'flection 

. ~nltiated' an intensive theoretical analysis, on the part of 

Gro~p of the Physics Division at Clinton Laboratories, of the 
; ," , 

teristics of such an enriched reactor. At the same time, 

the Theoretical 

expected charac

the program of 

critical experiments was expanded considerably in scope and facilities to 

provide experimental information and check on theory both as to basic p.rincipJes· 

'and detailed conclusions .. The experiments are described in Appendix 2. 

While the critical experiments were going on, the AEC assigned the Kellex 

Corpora~ion to work on the high-flux reactor early in 1947 a~ design coh~ 

tractor. Monsanto Chemical Company,the contractor for operation 6f Cli~t6n 

L~boratories, was to be the construction manager. Design work cbhtiri~ed 

throughout 1947 under this contractural arrangement so that by the 'fall' of 

1947 the design was very well advanced. 

Between November, 1947 and January. 1948 certain administrative decisions 

were made which changed plans for construction of the MTR or High Flux R~actor 

a~ Clinton L~boratorie,. The Kellex Corporation was withdrawn as design 

contractor in November, 1947. On December 27, 1947 the AEC announc'ed a 

decision to centralize reactor development at Argonn~ National Laboratory 

(ANL). This include? responsibility for the High Flux Reactor. It was also 

announced that Monsanto Chemical Company would terminate its direction pf 

Clinton Laboratories and that the Carbide and Carbon Chemicals Division of the 

Union Carbide and Carbon Corporation would assume direction early in 19480 

The name of the laboratory was officially changed to Oak Ridge National 

Laboratory (ORNL). 

Work on the High Flux Reactor continued at ORNL during early 1948, and 

also at ANL toward the latter part of 1948" Further critical experiments for 

the v;erific,ation of design choices and the design and construction of the 

High Flux Reactor mock-up were carried on at ORNLo The critical.experiments 
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were directed toward the study of the characteristics of small enriched 

rea~tors which simulated the s.tructure of the proposed High Flux Reactor. 

These exper1ments were performed to confirm several of,the results'derived 

from theoretical considerations (MonP-272) and also to obtain empi~ical 

knowledge of cer~ain features of the High Flux .Reactor which were not readily 

calculable because of complications of geometry or composition 

The site of the reactor was at the time left in some doubt. ~lthough 

a site near Chicago was considered, the opinion of the Reactor Safeguard 

COQlmittee was that a reactor of this power level ought not to be placed near 

a large city. Since at this time the Idaho Reactor Proving Grounds was in 

the process of being established, it was decided to locate the MTR at this 

site. 

It was recognized further by the AEC that the problems of radiation 

efferts in materials of construction were among those foremost in the field of 

reactor development. Shortly after a meeting presided over by George Weil at 

ANL in October, 1948, at which the projected radiation-damage experimental 

needs were reviewed, it was decided to proceed with completion of design ~nd 

construction of the High Flux Reactor. In recognition of one of its p~ime 

purposes, the machine, which for a short time had been called the Reactor 

Development Reac'tor, was renamed the Mater i als Testing Reactor (MTR). 

Thus in November, 1948 a directive was issued to ANL to proceed with the 

project. It was further directed that ANL and ORNL form a working partnership 

for this project in order that advantage might be taken of the facilities and 

experience at ORNL peculiar to this reactor. 

In accordance with the directive, ~he managements of the two laborat~ries 

organized a Steering ~~mmittee for the project. The Cqmmittee consisted of 

the following people: Dr. Stuart McLain, Chairman; Dr. J. R. Huffman, ANL. 

to supervise project work at ANL; Dr. M. M. Mann, ORNL, to supervise project 

work at ORNL~ Dr. W. H. Zinn and Dr. A. M. Weinberg, acted as ex-officio 

members and to guide the Committee to solutions of many difficult problems. 

The Committee was authorized(l) by ANL and ORNLtodischarge the following 

responsibilities: 

1. To organize the efforts of ANL and ORNL in completing the design 
of the MTR, its immediate associated facilities, including the 
building and site plans, and carrying out all development work 
and tests necesaary. 
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2. To negotiate a contract or contracts for the engineering design 
and construction of the reactor and its facilities as described 
above. 

3. To transmit information and specifications to the contractor or 
contra~tors. 

4. To approve all final drawings and materials and construction 
s~ecifications submitted by the contractor or contractors. 

5. To negotiate for the procurement of special materials obtained 
through the AEC or its agencies and to 8.,pprove the specifications 
:for these materials., 

6. To inspect the construction of the reactor and its facilities 
and suggest and approve any necessary changes in collaboration 
with the design contrictors. 

7, To supervise the writing of the design ,and operating man-uals. 

8. To supervise the initial tests and operation of the rea-ctorand 
authorize any necessary changes. 

9. To test and accept the final plant fram the contractor or con
tractors in respect to its functional and operational adequacy. 

At the time the Steering Committee was organized nq AEC operations office 

had heen formed for the. Reactor Testing Station and asite hadnot been selected. 

The Committee was therefore the only group in existence which was qualified 

to prosecute and/or procure pertinent information for the AEC relative to the 

items listed above. Subsequently the Idaho Operations Office (IDa) assumed 

responsihility for either all or portions of items 2, 3, 6, and 8. 

Meanwhile, the Commit~ee apportioned the technical work of the project 

between ANL and ORNL inthe following manner: ORNL was assigned responsibility 

for the reactor structure, including the reactor proper, the berylliumre 

flector, the reactor tanks, the graphite reflector, the the~mal shield, the 

concrete shield, and major items contained therein. ANL was assigned the 

reactor cooling-water and cooling-air systems, some ,ex~erimental facilit{es 

within the reactor, the reactor building, and all supporting faciliti~s and 

buildings on the MTR site. 

In order to minimize difficulties of overlapping responsibility, specific 

assignments in merging areas were made as follows: (4) 

L Experimental hole plugs (except the 3- by 3-ino vertical facil
ity) and coffins would be des~gned by ANL. The expe~imental 
hole liners would be designed by ORNL. 
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2. The experimental shielding facility would be designed by ORNL. 

3. ORNL would design channels for the pneumatic rabbits. ANL would 
carry out the experimental work and design of propulsion equip~ 
ment. On the hydraulic rabbits, ORNL would design the channels, 
propulsion equipment, and the conthlits to the small canal. ANL 
would design handling equipment beyond this point. 

4. The nominal diameter of the experimental holes given on DRP-64 
would be used for the inside diameter of the liner. 

5. Sp'ectrometer and slurry experiment facilities in the reactor 
structure would be designed by ORNL" 

6. ANL would ,design the hot-materials-handling equipment in the 
basement. 

7. Reactor control instruments would be designed by ORNL. The 
control instruments for the water, steam, and air systems would 
be designed by 

8. Electrical layout for power, conduits, cables, etc. outside the 
reactor structure would be designed by r'\NL, ORNL would specify 
special power requirements for reactor control. 

9. The discharge chute to the canal would be designed by ORNL. All 
handling equipment in: the canal would be ANL's responsibility. 

Subsequently, upon request by ANL, ORNL assumed responsibility under 

item 1 for all plugs except' for those facilities containing radiation doors 

(all HB and DB holes). Furthermore, since the HB and DB plugs essentially 

determine the liner requirements, it was decided that ANL would specify the 

liners as well as the plugs for these holes. 

The stage was then set for the design contractor, and the Committee 

expended considerable time and effort during the late winter and spring of 

1949 in gathering information relative to a large number of engineering con 

cerns and their capacities and abilities. This information was transmitted to 
. , ! 

the AEC with recommendations .. In the late spring of 1949 the 100 was organized. 

and 100 assumed the task of contract negotiation. 

The Chemical Plants Division of the Blaw-Knox Construction Company was 

selected as architect-engineer £o~ the MTR in July, 1949~ and early in August, 

1949 the Committee initiated formal contact and transmission of information 

to this concern so that engineering design could begin. 
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The fall of 1949 w~s spent in the usual opening stages of generalized 

project planning, ptepaiatiori of preliminary 'flow diagrams, and elucidaiion 

of special phases of the work for the benefit of the design contractor. 

Blaw~Knox ;ent a number of its people to Oak Ridge for periods of a few days 

to several months to work with ORNL personnel, particularly those in the 

reactor-control and mechanical-design groups. Blaw·,Knox personnel also paid 

frequent visits to ANL to establish the fundamental design data for ANL's 

sections of the project. 

During this period, the hydraulic and mechanic'al experiments on ~he 

full~scale model (mock-up) of the reactors~ at Oak Ridge were drawing to a 

close; and preparations were underway for a series of critical experiments in 

this facility. 

It appeared proper then to consider the question of detailed design of 

the rea.ctor proper. ORNL had prepared detailed drawings for and had negotiated 

and supervised the construction of the mock-up reactor. Furthermore,' the 

details of the reactor tanks and components were essentially "lfrozen"l and 

subject to changes attendant only to experimental findings from the m~ck-up 

experiments or to improvements in materials. 

Upon consideration of these facts by the parties concerned (Steering 

Committee, 100, ORNL, and Blaw-Knox), it was suggested that ORNL assume the 

responsibility for design and procurement of the reactor tank sect~ons B, C, 

and 0, the internal components,** and the top and bottom plugs. Tank sections 

A and E, being fixed permanently in the concrete structure, were ~onsidered 

as part of that structure and consequently remained with Blaw-Knox for detailed 

'eng ineering. 

roo then issued a formal request to Oak Ridge Operations' (ORO) ,in February, 

1950 that ORNL be authorized to carry out this work, and approval was granted 

early in March, 1950. 

Special problems of design and procurement arose next in the' field of 

reactor control instruments. It was firit decided that pilot models of these 

instruments and associated circuitry would be supplied by ORNL. However, early 

in 1950, in the interest of saving time, ORNL agreed to supply the full 

complement of special reactor-control instruments and associated circuits (see 

Controls, Chap. 5). 

':·See description of mock-up and its purposes in Appendix 4. 

···See detailed description of reactor in Chap. 2. 
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In early 1949 the sitaation with regard to be~ylli~m tec~nol~gy and 

procurement had reached a stage such that the Steering Committee felt it 

advisable to solicit the services of an experienced and ranki~g metallurgist 

to coordinate the necessary experimental development and procurement prQgram, 

and to ensure that. the MTR receive acceptable material on schedule. Although , . . 

beryllium metallurgy had undergone marked progress during the later stages ,of 

the war and the years following, a dependable suPpJy of high-gride metal was 

not yet completely assured, and the t~chnique~ of rabrication of co~plex 

shapes had not been demonstrated on a production scale. 

The Committee was fortunate in obtaining the services of Prof, J. L. Gre!Sg 

of Cornell University as consultant to ORNL and Metallurgical Coordinator for 

the MTR; it was due primarily to the efforts of ProL Gregg that the Committee 

was able to decide in the early summer of 1949 that hot-pressed (sintered) 

beryllium could be used for the MTR reflector. The choice ofhot"pressed as 

opr-~ed to extrud~d material allowed a major simplification of reflector ·com

ponents with attendant reduction of fabrication problems (see Chap, 2) " 

Another problem of special material also confronted the Steering Committee 

during 1949, namely, that of graphite for the secondary reflector and thermal 

column. Techniques of graphite purification had improved considerably in the 

few years following the war, and ANL was assigned the task of gathering 

pertinent data and specifications for the various grades of graphite available, 

Their study resulted in the decision of the Committee to use GBF graphite for 

the thermal column and that portion of the permanent graphite in front of ,the 

thermal column because of its very low induced activity and relatively large 

diffusion length, these properties being of distinct advantage to experimenters 

using thermal columns. 

It was mentioned above that critical experiments had been planned for the 

mock-up in Oak Ridge. Preparations for these experiments occupied the fall 

of 1949, and in January, 1950 this full-scale model of the MTR was brought to 

criticality, During the spring, summer, and early fall of 1950 this reactor 

was operated hundreds of times at power levels of a few hundred watis. and 

many measurements of vital importance to the MTR wer~ made. As an example, 

it was on the basis of .these measurements that the final design details of the 

graphite and thermal $hield were evolved and the overall design of these items. 

was finally approved .. 
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In February, 1950 the Fluor-Co~poration, Ltd. of Los An~les, California 

was appointed by 100 as construction contractor for the MTR, and the first 

formal contact between 100, Fluor, Blaw-Knox, ~nd the Steering Committee was 

made in Marrih; 1950: Up td JulY.20, 1950 the Steering Committee approved all 

design and construction drawings before iss~ance, b~t after this daie, in 

order to expedite c~ristruction, a major portion of this control authority was 

relinquished.(s) From July 20, 1950 the Steering Committee acted as con

sultantsto 100, Blaw-Knox, and Fluor, exc~pt that the responsibility fof the 

conceptual design process and functional layouts remained with the Committee.' 

Ground was finally broken for the MTR in May, 1950. As of Jan. 1, 1951 

the Reactor Building steel structure was completed and the side walls were 

being erected., Concrete had been poured for the sub-pile room ceiling, and 

preparations were being made to set tank section E. Completion of all con

str'uction is scheduled forGet. 1, 1951. 
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Chapl:er 2 

ENG1NEERING DESCRIPTION OF 'THE REACTOR 

In this chapter of the handbook an attempt will be made to describe the 

·structur~ and function of all the parts . ..1of the reactor enclosed within and in

cluding the biological shield., Since thiK is not a constr~~tion.anualt details 

not required to explain the functions of any part will be omitted. Such 

details can be obtained from the reference drawings and reports listed at the 

ind of ihis chapter. 

The general design of the reactor is shown in Figs .2.A, B, C, andD,· 

which are a north-south vertical section, an east-west vertical section, a 

horizuntal section, and a pictorial cross-section, respectively. Overall 

dimensions are given in Fig •. 2rA, 'but is should be noted that in all construction 

drawings the horizontal centerline of the reactor (i.e., the centerline of 

experimental holes HB-2 and HB-S of Fig. 2.A) is arbitrarily taken as elevation 

100 ft. On this basis the first floor is at elevation 96 ft6in. and the top 

of the reactor isat elevation 120ft 6 in. 

It will be seeQ from these general drawings that the reactor is divided 

into four main sections: 

1. The tank system containing the active lattice and beryllium 
reflector, both of which are water cooled. 

2. The graphite reflecto~consisting of·a replaceable pebble zone 
and a permanent block graphite zone, both air cooled. 

3. The thermal shield which forms a heavy iron box a~ound the 
reactor, except where the tank sections extend through·it. 

4. The biological shield. 

The various experimental facilities and the canal will be discussed In 

Chaps. 3 and 6, respectively. 

2.1 REACTOR ENCLOSURE TANK 

Tank $,ectionsA. P, C, D, and E 

The general tank system, approximately 30 ft tall, is shown inFigs. 2.A 

and B while the details of the construction, gasketing, etc. are shown in 

*For convenience in reading, Figs. 2.A through 2.F are placed at the end of the cha~ter. 
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Fig. 2.E. The tanks provide 'the means of funneling water through the active 

lattice and beryllium and provide 'supports 'for the active lattice, there

flector, and the control rod bearings. They 'are -bolted together and by the 

use of aluminum gaskets are made into a watertight system. The design of the 

gaskets and torque required on the flange bolts have been tested at ORNLina 

full-size mock-up test.* 

2.1.1 Tank sections A and E, Both of these tank sections(l) are made of 

stainless steel and are to be permanently embedded in the concrete of the 

biological shield. However, they are initially supported independently of the 

concrete on a structural steel frame. (2) The bottom of this frame is shown 

under tank section E in Fig. 2:B .nd the v~rtical members are shown just 

outside the thermal shield in Fig. 2.C. Both tank sections are to be welded 

to this frame before the concrete is poured. 

Tank section E is required in the structure both to act as a water exit 

under the active lattice and to provide space for the control rod extensions. 

For ease of construction and smooth water flow, it is made the same diameter 

as tank section Do 

Tank section A serves two ~urposes: (1) as an entrance for the cooling 

water stream, and (2) as a container for the radiation shield (water) used 

during shutdown operations. During shutdown approximately 17 ft of water will 

be required as a cover for the active lattice. Tank section A is built with 

water inlets and overflow lines near the top to fulfill this requirement. It 

'will also be noted that tank section A is large enough in dia_eter to permit 

tank sections B, C, and D to bOe put in or lifted out thro~gh it. This provides 

for mounting the lighter tank sections B, C, and D after tank sections A and E 

have he en finally set, and, in case of damage, permits replacement of these 

tanks. 

The proper operation of the control rods depends upon the alignment of 

the tank sections, and it is essential that the top flange of tank section E 

be set accurately horizontal and that tank section A and all the beam holes 

1n the concrete be aligned accurately to this flange. 

201;2 Tank section B. Tank section B is a hellows type expansion joint 

made up of two convolutions of thin stainless steel welded to stainless steel 

*MTR Flange Mock-Up Test, OONL memo) to be issued. 

2.2 

e 

e 

e 



-

-

-

flanges for attachment to tank'sections A and C. This 'permits free thermal 

expansion and contraction ~f the tank sections without applying excessive 

stress to the structural setup. Removal of this section permits filling of 

the pebble zone. 

2.1;3 Tank Sections C and D. These tank sections are essentially one 

in function but are split for ease in manufacturing. The split between C and 

D is so dimensioned that the support castings for the active lattice can be 

mounted conveniently. These sections are hollow aluminum cylinders of 1 in. 

wall thickness and 54~ in. I.D. The diameter was determined by the active 

lattice and beryllium reflector requirements. The wall thickness was determined 

by the strength required to sustain the water pressure and the weight of the 

support castings, but it is made as thin as possible, consistent with these 

requirements, so that the neutron absorption will not be too great. In general 

the ta~k has a l~in,-thick wall except for a l~ft band around the center where 

the wall is l~in, thick. 

Tank section D is pierced by several holes to provide experimental 

facilities close to the active lattice. Most of these, for the six HBthimbles, 

are at the centerline of the lattice and pierce the thick section of the tank 

wall. These six thimbles are extruded aluminum tubes of 6 in. I.D. and 

5/16 in. wall, sealed at the end adjacent to the lattice by a 7/8 in.-thick 

aluminum plate set parallel to the lattice face. They are welded 'into the 

tank wall in position to receive the ends of the HB liners. As described in 

Section 2.4.1, the beryllium reflector is machined to fit around these thimbles 

with sufficient clearance for proper flow of cooling water (see also Section 

2.7.1). 

'In addition to th;e thimble holes, tank section D is' pierced ,by the 

a lumi~u~ b~r' con ta ining"the HR~ 1 and HR,,2 pneuma tic rabbi t holes and by,the 

HT .. I facility, The aluminum bar 'containing the rabbit holes is, shown in 

Figs. 2.D and 2.4.A. It reaches to the bottom of the reflector merely to 

simplify,thebe~yllium machining and, stacking. The rabbit ~olesthemselves 

pass just under the extension of HG-9 and within 1 in. of the east face of 

the activ~ lattice. 

The'HT-l fa~ility through the tank is a square aluminum t~be with approxi

mately 4% in. inside dimensions and %-in.-thick walls. It runs just under the 

beam holes close! .,to the west.,face of the active lattice, 'as shown in Fig. 2.D. 
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Alongside the lattice the inner wall is extended down to the bottom of the 

reflector to facilitate the packing of the beryllium. Both the bar containing 

HR land HR-2 and HT-ltube are welded into tank section D, keeping this a 

watertight unit. 

In order to give support to the inner ends of the DB, HR~3, HR~4, 'HG-5, 

HG-6, and HG-9 liners, sockets are welded onto tank section D at appropriate 

places. Some of these are shown in Fig. 2.D. 

2.1.4 Top and Bottom plugs. The top and bottom plugs complete the 

watertight shell around the active lattice and form part of the support system 

for the control rods. 

The bottom plug, shown in Fig. 2.E , is a hollow stainless steel shell 

filled with lead shot to complete the shielding requirements under the reactor. 

Its total weight is approximately 6 tons, and, while it can be removed, only 

the direst n~cessity would justify such a step. Through the bottom plug pass 

the discharge chute, hydraulic rabbit ~ubes, and the monitor tubes (see later 

sections for description of these). This plug also supports the shim-rod 

lower shock absorbers (see Section 2.3.3). 

The top plug (see Fig. 2,F) serves not only as the upper tank closure 

but also as the primary support for the control rods and their drive mechanisms. 

Like the bottom plug, it is a hollow stainless steel shell partially filled 

with lead shot to fulfill shielding requirements. On this plug is mounted a 

platform which supports the control· motors, limit switches, etc. for the 

control rods. Underneath the top plug on four supports hangs the spider which 

holds the bearings for the 12 control rods (see Section 2.2). 

Since the top plug must be taken off in orqer to replace fuel elements or 

control rods, it is designed to be easily lifted by the overhead crane and 

lowered to a "dry dock", on the first floor. 

2.2 THE ACTIVE LATTICE AND SUPPORTING STRUCTURE 

The fuel for the reactor will be 95.3% enriched uranium alloyed with 

aluminum and made up into aluminum-clad plates 0.060 in. thick.* Because of 

*A brief description of the development and manufacturing process of the fuel plates and assemblies 
is given in Appendix 6. 
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the picture-frame type of construction used, no uranium is exposed to the 

cooling water. Eighteen of these plates, each approximately 2~8 in. wide and 

24~5/8 in. long, will be made into a single fuel assembly. The plates, with 

a 0.118~in. space between them, are brazed into aluminum side plates, and the 

assembly is then ,equipped with 'aluminum end boxes. A cross-section of the 

assembly is shown in Fig, 2i2~A, and a picture of a completed fuel piece is 

shown in Fig. 2.2iB. 

Referring to Fig. 2.2.B, the bottom end of the fuel assembly is seen 

near the lower right-hand side of the picture. Both end boxes are, of course, 

open to allow water to pass fr.eely through the assembly from top to bottom. 

Each of the fuel assemblies contains approximately 140 g of U235 , and it 

1S expected that the MTR will contain about 23 of these units'when in full 

operation. The arrangement of these units into a lattice and their supporting 

structure can best be seen by referring to Figs. 2.D and E. 

Referring to Fig. 2.D., it will be seen that the end boxes of the fuel 

assembly fit into the upper and lower assembly grids. The spring section of 

the upper end box (see Fig. 2.2.B) allows each assembly to be held firmly and 

still allows for expansion and tolerance limitations. The eight square holes 

in the upper assembly grid are for the shim-safety rods which extend all'the 

way through the reactor. 

The actual assembly of all these p~rts is best seen in Figs. 2.D and E. 

The lower support casting, which is bolted to tank section'D, supp~rtsthe 

lower assembly grid and the lower bearing grid. The upper support casting, 

which rests on an extension from the upper flange of tank section D, supports 

a removable assembly of the upper assembly grid, the grid spacer, and the upper 

bearing grid. This assembly can be locked in place or lifted as a unit by the 

upper locking mechanism. 

A further set of control-rod g.uid~,'bearings, mounted in the spider, 1S 
/ 

fastened to the top plug by four long support tubes. When the top pl~g is 

lowered, the four corners of the spider fit over pinson th~" spider support 
" \,' 

ring, which then holds the spider in the correct position. In order,\to allow 

for machining tolerances and slight errors in lowering th~ top pl~g, the 

spider is actually hung on the support rods by rather light springs •. In this 

way, while the bea'rings and spider are attached to the top plug" they'are 
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aligned by the rigid spider support ring which 

tank section B. 

IS bolted to the top flarige of 

In initial assembly, since the control rods must operate freely, it IS 

essential that the lower shock absorbers mounted on the bottom plug and all 

bearings in the various grids line up accurately. The lower shock absorbers 

are adjustable as a group and the final doweling pf the support grids and top 

plug will not be made until the system is . assembled. It is now planned to 

assemble and fit tank sec.ti~n 0, the upper and lower support castings , and the 

intern"l parts of this tank section at ORNL before shipment to Area. Final 

adjqstment of the shock absorbers and the doweling of the top plug will then 

be done in I daho . 

Once the system is aligned, fuel is lQaded by means of special handling 

tools in the following manner : 
I. 

With the top plug off, the upper grid assembly 

is lifted from the upper support casting and placed on a special support rack 

mounted on the spider support ring . The shim-safety rods are then placed in 

position, being supported by the lower grids and the shock absorbers . Finally, 

the fuel assemblies are lowered into the lower assembly grid one at a time 

(with due regard to criticality, of course). When enough · fuel is loaded , 

empty spaces in the lattice are filled with beryllium pieces ("L" pieces) of 

the same shape and size as the fuel elements. When this operation is completed, 

the upper grid assembly .is lowered over the top ~nd boxes and clamped down , 

the control rods at the same time extending through the upper bearing grid. 

The top plug , now holding the upper halves of the control rods extending 

through the spider, is then lowered and bolted down. 

Present plans call for a narrow slab loading, nine assemblies long by 

three wide. The assembly grids allow 45 places (including .shim-safety rods) 

with the long side of t he grids oriented in the east-west line. The lattice 

is to be initially loaded on the north side, thus putting one row of four 

shim-safety rods in the central line of fuel assemblies. In ke~I'ing with this , . 
plan , it. will be noted that HG-9 is placed off -center as far as the structure 

is concerned but will "look" at the center of the loaded lattice. In this 

arrangement ", experimental holes HB - I, 2,. a.nd 3 and DB-I, 2, /l ad 3 ,will receive 

a . higher fast flux than the holes on the . opposite side which "see" • . the lattice 

through two additional rows of beryllium. 
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Unloading~f the reactor is accomplished by essentially ,the reverse of 

the above procedure for loading, but, if the reactor "has' been operated' for 

some time, the fuel elements will be too hot to lift out thr6ugh the top~ In 

this case they must be lowered through the discharge chute into the canal. 

An outline of the procedure isas follows: With the shim rodi and regulator 

rods disconnected and resting in their lowest position, the top plug is 

unbol ted, "lifted, and carried by the crane to the "dry dock." The upper grid 

assembly is then lifted from its support casting and placed on the support 

rack on the spider ring. Before any fuel elements are lifted, 'the beryllium 

pieces D-l and D~2 (see Fig. 2.4.A)'are lifted and placed to one side of tank' 

sectionD. Then the discharge chute plug is lifted, leaving the discharge 

chute clear to the receiver cylinder in the canal. A fuel assembly or C,ontrol 

rod may then be raised clear of the active lattice, moved sideways to the 

discharge chute, and lowered to the receiver cylinder in the canal. Removal 

from the receiver into the canal is fully described in Chap. 4. 

2.3 THE CONTROL"RODS 

,The MTR control rods are of two main classes, the shim safety rods and 

the regulating rods. All of them are designed to lower the reactivity of the 

reactor when they are ipserted, and when fully in, i.~.," resting in their 

shock absorbers, they will overcome an excess reactivity of greater than 40%. 

It will be shown in Chap. 6 that it is necessary to ha~e approximately 19% 
excess reactivity built into the reactor; hence the control rodsprovide'an 

adequate margin of safety. 

2.'3.1 Shim-safety Control "Rods. The shim-safety control" rods, as their 

'name impl ies, serve the purpose of provid ing botth regulation and safety con trol. 

It has already ,been noted that there are places for eight shim-safety rods 

'running through the active lattice. At present it is planned to use two 

types of rods. Four of them will be constructed to bringfuetse~tions, each 

containing 14 fuel plates, into the lattice as they are raised and will 'be used 

in the four positions in the middle of the fuel slab. The remaining four will 

,have beryllium in the lower section since they are in the beryllium section of 

the lattice grid. All eight have cadmium sheet in the upp'er section ,and this 

section will reside in the lattice when the rods'rest in the lower shock 

'absorbers. 
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The two t~pes of shim-safety rods are shown in Figs. 2.3.A andB. As 

experience is gained with the reactor, the fuel or beryllium sections of four 

or five of the rods may be replaced with thorium for production ofU233 • 

The rods as shown extend from the . shock absorbers up,through the :upper 

bearing grid. They are raised from this position by means of an electromagnet 

on the bottom of the lifting shaft, which extends 'through the top plug to the 

motor drive mechanism. This magnetic clutch provides the "scram" or safety 

feature of the rods. Its operation will be described fully in Chap. 5. It 

will be noted that the armature section' at the,top of the safety rods contains 

a spring which acts like a universal joint so as to aid proper seating of the 

magnet onto the top of the rod. 

Under normal operation the shim-safety rods are driven by means of the 

magnetic clutch and. vertical lifting shaft by reversible three-phase induction 

motors and worm drives (see Fig. 2.F).The motors are remotely controlled by 

reversing contactors, suitably interlocked and having the usual complement of 

upper and lower limit switches. The advantage of the induction motor .is that 

no accident can make it run in excess of synchronous speed; therefo,re, the 

danger of over-speed withdrawal of the shim-safety rods is eliminated. No 

brake is required since the worm and screw drive is self-locking. 

Pertinent data on the shim-safety rods are summarized in Table 2.3.A. 

TABLE 2.3.A 

Cadmium·Uranium Shim Rod 

Weight of rod 

Weight of magnetic clutch 

Weight of dri~e shaft 

Total weight of rod, shaft, and clutch 

Water pressure load on rod; assuming approximately 40 Ib/in. 2 

Drive motor power 

Drive motor speed 

Water flow area (upper section) 

Water flow area (uranium section) 

Water flow area (lower section) 

Water flow area (cadmium section) 

2.10 

110 lb 

'" 40 lb 

35 lb 

185 lb 

290 Ih 

1/6 hp 

1725 rpm 

5;06 sq in. (32.6 sq cm) 

4.2 sq in. (26.1 sq.cm) 

'5.06 sq in. (32.6 sq em) 

5.04 sq in •. (32.4 sq cm) 
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2:3:2 'Regulati~g Rods. The regulating rods "are desigried to provide 

continuous control of the reactor. While four"locations are provided for 

these rods in the beryllium reflector (see Fig. 2.4.A), normally only one will 

be used for controi with one more as a stand-by. The remaining two locations 

can then"be used for hydraulic rabbit tubes. 

As shown in Fig. 2.3.C, each rod is 1% in. in diameter and consists of an 

upper ,aluminum section, a middle section, containing cadmium sandwiched in 

aluminum tubing, and a lower aluminum section. Guide bearings are provided 

in the upper and lower support castings. The regula ting rod itself is connected 

by a quick-release mechanism to the regulating rod support shaft, which is 

guided by bearings in the spider and the top plug platform. 

When connected to its support shaft. each regulating rod is driven by a 

l~w-inertia electric motor through a pinion and rack integral with the shaft. 

The motor will be drive~ by an amplidyne as described in Chap. 5. 

When disconnected the regulating rod rests on the top of the upper bearing 

grid. In this position the lower tip of the regulating rod and the lower tip 

of the cadmium section are 60 and 12 in., respectiv.ely, below the center of the 

pile lattice. Table 2.3:Bsummarizes the pertinent data for the regulating 

rods. 

Composition 

Weight of regulating rod 

Weight of drive rod 

Weight of water in drive'rod 

Total weight of combined rods 

Buoyant force of regulating rod 

Buoyant force of drive rod 

Total bu~yant force 

TABLE 2.3.B 

Regulating Rod 

Resistance force of rod through pile section (friction) 

Acceleration 

I'::Jkjk per rod 

~ive motor rated power 

2.13 

Cadmium-aluminum 

10.5 lb 

36.0 Ib 

9.0 lb' 

55:5 lb 

8.1 lb 

9.8 Ib 

17.9 lb 

'"V 7.4 Ib 

'"V 1.3g 

'V 0.005 

1 hp 
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2.3.3 Miscellaneous Equipment ~onnected with Control Rods. Drive Shafts • . 

The drive or support shafts for the control rods primarily provide a connecting 

link between the rods and their driving mechanism. The drive shafts are made 

up in three sections. The top section of stainless steel carries the rack 

or acme thread to fit the driving mechanism. The 'two lower sections are of 

aluminum, the middle piece being 'fiHedwith lead 'shot ,to reduce gamma radi

ation; the bottom section carries the electromagnet in the case of the shim 

rods and the quick-release mechanism in the case of the regulating rods. 

Upper and Lower Rack Housing and Cover, Regulating Rod. 'The upper rack 

housing, fabricated from cast iron, is fastened to the upper surface of the 

top plug platform (see Fig. 2;F). It functions as part of the guide and 

bearing for the regulating~rod drive rack, houses'the rack pinion, and locates 

the regulating-rod speed reducer and position indi6ator. The rack housing 

cover is bolted to the housing and completes the regulating-rod guide 'and 

bearing. Microswitch brackets are fastened to the rack housing cover, five of 

which are located on one side of the vertical centerline and two on the other 

side. One of the latter, the long bracket, accommodat~s two microswitches, 

which are adjustable 'with respect to each other. These microswitches are used 

1:n the interlock system which controls the relative motions and positions 

of the regulator and shim rods. This system is fully discussed in Chap. 5. 

The lower rack housing, attached to the undersurface of the top plug 

platform, functions as a seal for the regulating-rod drive shaft and as a 

means of support for the lower shock absorber. 

Upper and Lower Shock Absorbers, Regulating Rod. The upper shock absorber 

1S bolted to the upper surface of the upper rack housing and cover. It per

forms the function of dissipat{ng the energ~ in the motor when the amplidyne 

armature circuit fails to stop the servo motor on the regulating~rod upstroke. 

It als.o serves as the upper end housing for the regulating-rod drive. The 

shock absorber is capable of resisting a force greater than 13001b occurring 

when the rod moves upward with a velocity of 4 ft/sec. 

The upper e~d of the drive rack engages a plunger and moves it against 

an oil cfishion, forcing the oil through an annulus between a flange on the 

plunger and the tapered wall of the housing. The oil is retained in the 

chamber formed between the housing and the guide by means of "0"1 ring seals. 
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A spring returns ,the plunger to it,s normal position. -A threaded plug is 

provided in the top of the shock absorber to permit access to the rod locking 

device. 

The lower shock absorber is fastened to the lowe~ rack houiing and is 

similar in principle to the upper shock abs9rber. It performs the function 

of dissipating the energy in the servo motor when the rod is driven to its 

lowest position. 

Drive-rod Top Plug Seal. The top plug seal for both the regulating and 

shim drive rods is design~d to prevent water leakage where the drive rods pass 

through the top plug~_ ,A ~acking nut, when 'tightened against its seat in the 

seal housing, holds chevron ,leather packings against the wall of the seal 

housing and the drive rod. 'As an added precaution against the leakage of 

contaminated water from the reactor, a purging system is incorporated into 

the design. This is accomplished by introducing a supply of fresh water under 

-the seal at a pressure slightly greater than the water in the reactor tank. 

The water flows through the annulus -hetweenthe regulating.rod drive and its 

bearings into the reactor tank, 

Position Indicators. The regulating- and shim-rod position indicators 

have been designed to indicate the exact position of the rods at any time: 

Rod positions may be read by means of direct-reading dial indicatora at the 

platformof the top plug and by means of remote ~elsyn-driven (di*l) indicatora 

at the console in the control room. 

The regulating-rod primary indicators at the top plug platform consist of 

a double-disk dial operated by means of suitable gearing. The outer disk shows 

the position of the rod in inches while the inner disk indicates to hundredths 

of an inch. One complete revolution of the outer disk provides indication 

for 30 in. of travel of the rod, while the inner disk makes one revolution for 

each inch of travel of the rod. 

The secondary position indicator at the console consists of a dial pointer 

which moves 240 0 for 12 in., of travel of the regulating rod. This provides 

20 0 of rotation of the pointer for each inch of rod travel. 

The shim-rod primary indicators at the top plug platform consist of 

standard counters with five digits driven through suitable reduction gearing 

attached to a flexible shaft, which in turn is driven directly from the 
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shim- safety rod dri ve 'motor. These indicators wi 11 show the posi tion of the 

rod to thousandths of an inch. 

The shim-rod secondary position indicator at the console:consists of a 

dial pointer which rotates 9° for each inch of rod travel; thus for a total 

travel of the rod of 31 in., the dial will rotate 279°. 

The secondary indicator in both cases is operated by means of a receiver 

selsyn. The regulating-rod driver selsyns are located at the regulating~rod 

driver, while those for the shim rods are located under the top plug platform. 

All are driven 'by means of suitable gearing, 'and in all cases either the 

primary or secondary indicators may be removed for servicing without affecting 

the other.' 

Speed Reducer and Motor C.oupling, Shim-safety Rod., The speed reducer 

'consists essentially of a helical gear and pinion supported by ball bearings, 

mounted in a housing which bolts to the uppex rack housing. The position 

indicator operates from a bevel gear fastened to the helical gear shaft. Gears, 

and bearings are lubricated by immersion in oil. An oil seal, pressed into 

the pinion bearing cap~ prevents oil leakage around the pinion shaft. 

The motor coypling functions as the connection between the speed-reducer 

shaft and the motor shaft. It consists of a splinedcollet which fits the 

spline shaft of the motor ~nd is taper-pinned to the speed-reducer drive shaft. 

The taper pin acts as a shear pin in case an excessive load is placed upon the 

shim rod~ The collet is threaded'and tapered for an adjustable nut. When the 

nut is tightened, it clamps the collet to the splined motor shaft, thus elimi

nating'any lost motion between motor and speed~reducer shaft. 

Magnetic Clutch. This clutch is ess~ntially'a horseshoe or bipolar 

'electromagnet. The pole cores and yokes are made of laminated S.A.E. 1010 

steel, 1/16-in. laminations insulated with baked-on bakelite varnish 0.002 in. 

thick. The energizing coils have 3500 turns of No. 25 Formex-coated copper 

wire, wound 0'; forms of Fosterite Vacuum Impregnate. 

The clutch housing is grounded and forms one side ot a circuit which 

indicates when the magnetic clutch is supporting the shim-safety rod. The 

casing consists of a watertight can of type 304 stainless steel, with welded 

seams, gasketed at the top with polyethylene. The bottom is flang~d and 

tapped for a diaphragm seal ing flange. Nonmagnetic shim material 'consists 

of a single sheet of stainless steel 0,008 in, thick and a sheet of mica 

0.002 in. thick. 
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The oil filling used for this clutch is perfluorodimethylcyclohexane. 

Pressure build-up due to gassing of the oil is avoided by a vent to atmosphere 

through the cable channel. 

On the basis of previous 'test data, the holding force of this clutch 

should be a minimum of 500 lb at 100 'mamp' current, and it should release a 

600-lb load held at 140 mamp current in 15 msec or less. 

All component parts have been tested separately, and two complete magnets 

have been assembled and are now undergoing tests in the mock-up. 

Bearings. Each shim-safety rod is guided by two bearings consisting of 

four spring plates, in each of which there are mounted three stainless steel

encased graphite rollers. These plates are mounted in a steel cage and are 

located in the upper and lower g~ide grids. The center of the upper bearing 

1S located 3 ft 10-5/B in. from the centerline of the reactorand is supported 

by the upper grid support. The centerline for the lower bearing is located 

4 ft ~ in. below the centerlineof the reactor and is supported from the lower 

grid support. 

Bottom Absorber, Shim-safety Rod. The bottom shock absorbers for the 

shim-safety rods are located on a plate mounted on the bottom plug. They 

consist merely of dash-pots into which plungers mounted on the bottom of the 

shim rods fit. Since they are on the bottom plug, they are always filled with 

water, which acts as the damping fluid. 

These shock absorbers also contain a mechanism(3) which indicates whether 

or not the rods are seated in the shock absorber and are therefore fully in 

the reactor. This is accomplished by introducing a high-pressure demineralized

water line through the bottom plug into each shock absorber., The pressure 

in this line will be maintained above that normally at the bottom of tank 

section E, so that when the shock absorber is not seated water flows up into 

the tank. When the rod is seated, however, the flow is. decr~ased and appro

priate signals from the pressure meters inform the reactor operator of the 

situation. 
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2.4 REFLECTOR 

2.4,1 8eryllium. It has been indicated in Chap. 1 that as far .as is 

known beryllium is the best reflector from a nuclear point of view, its use 

having been questionable only because of supply difficulties and lack of data 

on its chemical and mechanical properties. The ,initial tests on beryllium and 

the selection of the type of production used are discussed in Appendix 5. The 

following section describes the final form of the MTR beryllium reflector. 

The beryllium section of the MTR reflector is all contained inside tank 

section D (see Fig. 2.4.A), occupying the space between the active lattice and 

the tank wall. This beryllium has a finished wei t of about 5750 lb and a 

volume of nearly 50 cu ft. The total height of the reflector is 39-3/8 in. 

(approximately 100 cm); the layout and shape of the pieces are shown in Figs. 

2.4.A and B. These diagrams are cross-sections below and above the beam holes, 

and they show that the majority of the pieces are continuous throughout the 

100 cm length. 

Following is a brief description of the various pieces shown in F~gs. 

2.4.A and B: The key pieces are those numbered E-1 through E-4, which contain 

large holes throughout their length for passage of the regulating rods. These 

pieces are mounted and held rigidly in position by the regulating-rod bearing 

mount in the lower grid (see Fig. 2,D). The A pieces (A-l through A~43) are 

fitted w~th "end boxes'! which fit tightly into the holes in the lower support 

grid (see Fig. 2.E), Tolerances are such as to allow an average spacing of 

0.020 in. between pieces. The remainder of the pieces are large heavy blocks 

machined to fit into their respective places and are not rigidly held. The 

water film between surfaces prevents surface abrasion, and appropriate holes 

are provided for the passage of cooling water. For example, each A piece has 

an axial hole 3/16 in in diameter and a semicircular groove down each face 

1/8 in. in diameter (see Fig. 2.4.C). It should be noted that the axial 

3/16-in. hole was necessitated not by the volume of cooling water re~uired but 

by the surface necessary for heat transfe~ and by the surface stress set up by 

heat differentiab in the beryllium. 

The large pieces N-1, N-2, N-3, N-4, F-1, and F-2 are semicircular on the 

bottom to fit over, but not touch, the HB thimbles. These pieces actually 

rest on the lower beryllium pieces N~5, etc., which are grooved on top to fit 
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under the respective thimbles . Plates M- l through M- 8 are fastened to the N 

pieces to provide a narrow tight - fitting collar around the inner end of the 

thimbles. This prevents water leakage from the reflector into the lattice 

(see Section 2 . 7 . 1) . The packing is somewhat complicated by the aluminum bar 

whi~h contains the holes for the horizontal pn~umatic rabbits (see Section 

3 . 5 . 1) . This bar is shown between N- 5 and N-9 and between N- 6 and N-IO in 

Fig . 2 . 4 . A . 

While the beryllium pieces C - I-A and C-1-B, as well as D- 1 and D-2, are 

shown as separate pieces, they are mechanically joined by a sealed, empty 

aluminum can which effectively eliminates the reflector from hole HG - 9 . D-l 

and D- 2 form the plug for the discharge chute and are lifted out as one piece 

when it is necessary to use the chute . Piece A-3l is drilled out to provide 

space for the permanent antimony source (see Chap . 4) . 

Figures 2 . 4 . D through G are p hotographs of the MTR beryllium assembled at 

the Y - 12 shops prior to final fitting . Figure 2 . 4 . D shows the complete 

assembly except for one E piece . Figure 2 . 4 . E shows the same assembly with 

some of the pieces raised to show the water-cooling grooves . Figures 2.4 . F 

and G show some of the larger blocks and the holes for the HB thimbles . The 

wooden beam passing through the left side of the reflector, as shown in these 

pictures, represents the HT- I liner (see Chap . 3) . 

No final figure has yet been made available for the total cost of the MTR 

beryllium, but the present estimate, including raw material, processing , and 

machining , amounts to $1 , 000,000 to $1 , 300,000 . 

2.4.2 Graphite. Part of the purpose of the MTR is to provide as large a 

neutron flux as possible over as great a volume as possible . To accomplish 

this it was decided to include a secondary reflector of graphite(4) outside 

the main reactor tanks . 

The main problem faced in the design of the graphite reflector was to 

take care of the graphite expansion due to both radiation (Wigner disease) 

and/or temperature . To overcome this difficulty the graphite reflector is 

composed of two zones : a pebble zone which is adjacent to the reactor tank 

and extends for a minimum of 40 cm from the tank wall to form a square ; and a 

permanent graphite zone 12 ft overall north and south, 14 ft overall east and 

west, and 9 ft 4 in . high (see Figs . 2 . A and C). 
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The pebble zone is a volume 7 ft 4 in. square by 9 ft high surrounding 

the ~eactor tank and filled by some 700,000 l-in . - diameter AGOT graphite 

pebbles. The pebbles rest on a base plate mounted on the lower thermal shield 

plate and are free to expand upward . In this way any expansion due to radia ~ 

tion effects or temperature increase will merely raise the level of the balls 

without exerting undue stress on the tank wall or the permanent graphite . 

Two discharge chutes in the pebble support plate can be opened into a 

discharge bin , thus allowing for removal of the pebbles at any time . This 

easy removal of the pebbles carries out the MTR feature which provides for 

removable B, C, and D tank sections (see Section 2 . 3 . 1) . Furthermore, since 

the pebbles are in the highest flux region of the graphite reflector , any 

radiation damage will affect them first and they can be replaced . 

The permanent graphite is composed l a rgely of 4 - by 4-in . graphite bars 

stacked to a height of 9 ft 4 in . with the bottom located 4 ft below the 

centerline of the active section (i . e . , at elevation 96 ft.; seeSection2 . 3 . 1l . 

The system of stacking the graphite is s h own in Figs . 2 . 4 . H and I. The first 

of these figures shows the overall relationship of all four walls at one level 

while the second figure illustrates the stacking and numbering system. It 

will be noted that every other row has a 4- by 6-in . block at each end to 

allow for the staggering of the rows . 

The stacking was , of course" complicated by the experimental holes 

penetrating the permanent graphite " These larger holes were cut into the 

walls by clamping a group of bars together and drilling through the assembly . 

Each wall array is made integral by a system of 1 - by I-in . keys, and the 

entire assembly is keyed at its inner face to the supporting rails . This 

mea n s t hat any e x pan s i on will be 0 u t.wa r d. , ten din g toe 0 m pre sst h e ~ in . 0 f 

soft asbestos which fills the gap between the permanent graphite and the 

thermal shield . As of January 1, 1951 the graphite machining was about 30% 

completed at the Y- 12 shops . Each wall will be erected and checked there 

before shipment to Idaho . Figure 2 . 4 . J is a picture of the lower part of the 

west wall being erected at Y-12 ~ 

Each wall of t he permanent graphite is mounted on rails running parallel 

to . its. le.ngth. I, The rails are surported by jack scre.ws which are fastened 

to the lower plate of the bottom thermal shield and pass through clearance 

holes in the inner plate of the lower thermal shield (see Fig. 2 . A). The 

support rails must be accurately leveled in order that the graphite will stack 

properly and be in correct location for the beam holes . 
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A great deal of work was done before a final choice was made of the kind 

of graphite to be used in the reflecto r . High -purity graphite is , of course , 

desirable because of lower induced activity and lower neutron absorption . 

Experimental work ( S ) ~howed that the induced activity of the best available 

type of graphite (GBF and AGOT) was largely due to the 49 - day iron which was 

present in concentrations of 1 ppm in GBF and 10 ppm in AGOT . While AGOT had 

a somewhat higher induced activity and absorption than GBF , its cost was only 

two - thirds of that of the GBF . As a balance between usefulness and economy it 

was decided t o make the thermal column(6) and its extension through the 

permanent graphite out of GBF , the remainder of the permanent graphite being 

AGOT . The only exception to this was the need for a few 4 - by 6 ·· in o blocks in 

stacking , and these were obtainable only in AGHT graphite . The final graphite 

reflector and thermal column will consist of the following ; ( 7) 

APPROXIMATE FINISHED WEIGHT (tons) 

Pebbles , AGOT 

Permanent zone , AGOT 

AGHT 

GBF 

19 

48 

1.5 

25 

The graph i te reflector , owing to the heat absorbe d in it , must be cooled . 

This is done by drawing la r ge quantities of air through holes in the permanent 

graphite and through the i nt e rstice s betwe e n the balls in the pebble zon e . 

This cooling s ystem is fully described in Section 2 . 7 . 2 . 

2 . 5 THERMAL SHIELD 

2.5.1 The Steel Plate structure. The t he r mal s h i eld( 8 ) of t he Ma t e ri als 

Te s t i ng Re a ct o r is t ha t p a r t o f t he r e a ct or st r u ct u r e between the s olid 

graph i te z one and t he c oncre t e b i o l ogical s h i e l d . I t has been established 

that a 50 ° F t empera t u r e d r op a cr os s t he c onc r e t e biologi c al shield ( 9 ) i s the 

temperature d i ffe r ential whi c h c an be t olerated without danger of failure 

within the con c re t e stru c tu r e due to indu c ed the r mal s t resses . The MTR 

thermal sh i eld is a la r ge s t eel str u c ture wh i ch r educes the neu t ron and gamma 

flux to su c h an ex t ent that a c omparat iv ely low hea t genera t ion due t o r adia 

tion occu r s i n t he c on c r e t e. 
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The> thermal shield, consisting of 4-in.-thick steel,plates, may be 

visualized in so far as orientation with respect to the rest of the reactor is 

concerned by referring to Figs. 2.B and C, which are vertical and horizontal 

sections through the reactor, respectively. 

The approximate overall size is as follows: 16 ft in the north-south 

direction, 14 ft in the east-west direction, and 12 ft 6 in. in height. The 

thermal shield, whose heat generation rate is approximately 95 kw, is cooled 

by an induced-draft air system which also serves as the graphite cooling 

sistem (see Section 2.7.2). The primary supporting structure is composed of 

four vertical "WF~ columns with the load transmitted to these columns at the 

four corners of the bottom plate,(2) 

The bottom plate of the lower thermal shield>while resting directly on 

the steel supporting structur~ is in direct contact with the barytes concrete 

below it. This helps to cool the concrete by direct thermal contact. The 

upper plate of the lower thermal shield is in two parts. An inner ring 14 in. 

wide is welded directly,to tank section E (see Fig. 2.E) in order to provide 

maximum cooling for this section;(8) The outer section is supported from the 

lower plate and is air cooled only. 

The solid graphite is supported from the lower plate of the bottom 

thermal shield plate (as described in Section 2.4.2). ,The two plates of the 

upper thermal shield are independently supported from the concrete above them) 

and)with the exception of one point, which is a metal expansion joint air , 
seal, the top plates do not touch the side plates of the thermal shield. 

Figure 2.S.A shows the top plate arrangement. The ~ight side plates all rest 

on the lower plateof the bottom thermal shield and are essentially independent 

units. The four inner plates, and similarly the four outer plates, are 

loosely connected at the top corners by dumbbell-shaped pins which fit in over

size slots in the tops of adjacent plates. 

Two important experimental facilities, the thermal column'and the shield

ing facility (see Sections 3.1 and 3.2), require that a section approximately 

6 by 6 ft be removed from the east and west thermal shield side plates. Two 

components are added to the thermal-shield design by these facilities: (1) 

the neutron window, and (2) the neutron-absorbing curtain, The locations of 

these components may be visualized by referring to Figs. 2.B and C. When the 

6 by 6 ft hole is cut in the thermal shield, it becomes necessary to replace 
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the steel removed on the thermalcolumri 'side by a material that will absorb, 

gamma radiation impinging on the inner side of the thermal shield and yet 

allow passage of t'hermal neutrons' into the thermal column. The lead replacing 

the steel' in this region is called the, "neutron window." The "neutron-absorb-

1ng curtain" is a simply constructed remotely operated neutron shutter, whicb 

permits turning "on" an,d "off" the thermal-neutron streams to the, thermal 

column and the experimental shielding facility. 

2.5.2 Neutron Curtain in the MTR. A 6 ft 6 in. square sheet of ~~in;~ 

thick bora 1 mounted in,an aluminum frame will serve as the neutron curtain. 

This curtain will be used during operation, if desired, to cover the face of 

the thermal column and reduce the number of thermal neutrons entering the 

column. It will have rollers at its four corners that will travel in vertical 

guides mounted in the 3-in. space between the two 4-in. thermal shield plates. 

A 2-in. by 7-ft vertical slot in the biological shield from the bottom of 

the thermal shield to the sub-pile room ceiling will house the curtain when it 

is not in use. To shield against radiation streaming, the lower portion of 

this slot will be, filled with 2-ft-deep removable barytes concrete blocks 

supported from the sub-pile ,room ceilingb1 6-in.-square steel bars which serve 

as additional shielding. 

A lifting mechanism mounted 6n the top of the reactor structure ra1ses or 

lowers the curtain as desired. After removing the concrete and steel shield

,ing at the bottom of the curt~in slot, the durtain can be lowered into the 

canal and a new curtain installed if necessary. 

Provisions have also been made for installation of a curtain on the west 

side of the thermal shield at the face of the shielding facility; however, no 

curtain ~r lifting mechanism will be furnished initially, 

2.5.3 The Neutron Window. The neutron window is a 3~in. sheet of lead 

placed between the permanent graphite and the thermal column to absorb gamma 

radiation but'permit easy neutron passage. The lead sheet is mounted in a 

steel frame and ptaced in the approximately 6- by 6-ft hole in the outer 

thermal shield. 
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2.6 THE BIOLOGICAL 'SHIELD 

The biological shield (see Fig. 2;A) around the reactor is designed,to 

reduce by absorption the high neutron and gamma fluxes escaping through the 

reflector. The shield is designed to ,reduce these radiations to a ~afe level 

for personnel and to a level at which sensitive instruments can be operated 

outside the shield. This design limit and the basis for the design are 

summarized in Section 4.6. 

The shield is penetrated by about one hundred. holes of various S1zes. 

Embedded in the concrete and welded to the steel plates which act as inner and 

outer form plates for the concrete are all the permanent liners for the experi

mental holes. One of the major problems in the construction of the reactor 

will be the alignment of these liners. As indicated in Section 2.1.1, the top 

of tank section E is the only reference point available, and accuracy is 

essential if the HB and DB inner liners are to fit into their respective 

locations in the tank section D wall, 

The MTR shield is being built of barytes concrete in which the gravel 

part of the mix, is approximately 93%'BaS04 • It was at first thought that only 

certain critical sections of the shield would be made of barytes, but, owing 

to difficulty of mixed pours, it was decided that a more satisfactory shield 

would be obtained if barytes was used throughout. In order to simplify the 

construction procedure and obtain a uniformiy dense concrete, it is now 

planned to use the "Prepack" method for setting all the bioloiical shield. 

2.7 COOLING 

2.7.1 Water Cooling. The theoretical and experimental bases for the 

cooling-water requirements are outlined in Chap. 4, where it is pointed out 

that the primary cooling requirement is a high speed (30 ft/sec) flow of the 

water through the fuelasse~blies, Such a rate of flow allows good heat 

transfer from the metal (small film drop) but does not produce sufficient 

turbulence to distort the fuel plates.(lO) The external water system described 

in Chap. 7 is designed to produce sufficient pressure (40 Ib/in. 2 ) to cause a 

flow of 30 ft/sec through the fuel elements. Since this pressure forces 

approximately 20,000 gal/min through the lattice and beryllium, the tempera

ture rise at 30,OOO-kw operation is only about 11°F. 
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Since the water fio~ in the beryllium and in the lattice ire essentially 

1n parallel, the 'water pressure across the reflector is also 40 Ibjin. 2
,(11) 

and to obtain sufficient heat transfer area in the.beryllium the cooling holes 

had to be fairly large (3/8 in. diameter), This, of course, allowed too much 

water to pass through the reflector, and a plenum chamber (see Fig. 2.E) is 

used under the beryllium to take some of the pressure drop and thus reduce the 

water flow. This means that the water while in the beryllium tends to flow 

inward from the beryllium to the lattice. To prevent this disturbance in the 

water flow, the inner beryllium pieces are overlapped and closely fitted. A 

tight beryllium collar is fitted around the inner end of ea~h of the HB 

thimbles and DB aluminum cans. In addition, the lower support casting has a 

%-in. ledge around the edges of the center opening to prevent water from 

running under the beryllium into the lattice volume. 

The calculations and experiments leading up to the above design of water 

flow system in the active lattice and reflector have been previously re

ported(11) and are giveri in Appendix 4. Table 2.7.A summarizes the results. 

TABLE 2~7.A 

PRESSURE DROP FLOW 
LOCATION (psi) ( gpm) 

Upper support casting 3 13,140 
Upper assembly grid 2,600 

Top and sides'· 9 1,920 
Bottom 12 680 

Fuel assemblies (23) 37 11,190 
Beryllium.assemblies (14) 37 31 
In tell'S tices 2,600 
Beryllium reflector 30 2,920 
Lower grid support 10 2,920 
Lower assembly grid 10 2,600 
Shim rods 

Cadmium 40 3,380 
Thorium 40 2,900 

Overall pressure drop 40 
Total flow 

With cadmium shim rods 20,120 
With thorium shim rods 19,640 
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It is planned to make a final check on the water flow through the lattice 

and the reflector in the MTR before it is finally put into operation. Any 

flow discrepancies then found in the actual equipment can be corrected by 

enlarging or blocking water exit holes in the lower grid assembly. 

2.7~2 AirCoolint.The thermal shi~ld lnd the graphite are cooled by 

air drawn through them from the Reactor Building, The.amount of heat that 

must be removed is indicated in Chap, 4; the external air system to provide 

proper air flow is described in Chap. 8. 

The air enters at the top edges ·of the thermal shield through a system 

of 22 ducts which distributes it evenly to all four sides of the shield.(12) 

It is drawn out from the space above the graphite through two large holes in 

opposite corners of the upper thermal shields. 

The major part of the air flows between the side plates of the thermal 

shield and then into the space between the bottom thermal shields. Holes in 

the upper plate of the bottom thermal shield distribute the air into the 

pebble zone and into the cooling holes of the permaneht graphite. A small 

amount of this air goes outside the outer side plates of the thermal shield to 

help cool the concrete. By means of baffles in the inlet ducts some of the 

air is drawn .between the two plates of the upper thermal shield and then 

through holes in the lower plate into the space above the graphite. 

Since about 60% of the heat production in the graphite is in the pebble 

zone, the system has been designed to distribute the air in approximately 

this ratio between the pebble zone and the permanent graphite. In the pebble 

zone the air flows in the interstices between the pebbles, while in the 

g~aphite zone cooling is accomplished by allowing air toiflow in the system of 

cooling holes illustrated in Fig, 2,7,A. 

Since graphite begins to oxidize (0.0005 to 0.0009% per day.) at about 

570°F, this temperature was considered to be the maximum allowable for 45,000-

kw operation. With this limit it was found(13) that the required cooling in 

the pebble zone could be obtained by an air flow of 840 lb/min, which requires 

a pressure drop of 26 in. of water, This gives ~n average exit air tempera

ture of 205°F from the pebble zone if the air is heated 15°F in the thermal 

shield to 90°F, To this air is added the 684 lb/min flow through the permanent 

graphite and experimental facilities and the 174 lb/min to cool the top 
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thermal shield~ Thus the total air flow is approximately 1700 lb/min. For 

T50F inlet air, the exit air temperatures are 150 .and 185°F for reactor 

operation at 30,000 and 45,000 kw, respectively. 

In addition to the graphite cooling, it is necessary to provide enough 

a1r to properly cool the liners of the experimental facility holes, i.e., the 

HB, DB, HG-9, .and HT-lholes and the vertical graphite holes in the pebble 

bed. Cooling in these liners is considered adequate if no local temperature 

exceeds 500°F. 

The HG-9 liner is the most critical of these holes with regard to cool

ing. The aluminum liner for this facility is perforated top and bottom to 

match the graphite cooling holes in the plug. 

Itis calculated that the HB and DB liners will be sufficiently cooled by 

the normal air-cooling pattern and conduction along the liners, but some 

supplementary air is drawn between the liners and p}ugs from outside the 

reactor. This air flows into the pebble zone through perforations in the 

liners. 

2.8 MONITORING EQUIPMENT 

In order to obtain as much information as possible concerning the reactor 

and to supply some of the data required by the control system, monitor tubes 

and thermocouples will be built into the reactor structure. Their functions 

in the control system are discussed in Chap~ 5 (Section 5.2.1); their physical 

structures and locations are described briefly below. 

2.8.1 Monitor Tubes. The monitor tube system is designed to measure flow, 

temperature, and activity of the cooling water leaving the reactor lattice. 

To do this, 37 monitor tubes are inserted through and .supported by t6e bottom 

plug, They extend up through the length of tank section E into the end boxes 

of the fuel elements, In general, of course, less than 37 fuel elements will 

be used, but the reactor lattice has space for this number plus eight shim 

rods (a 9 byS lattice array), 

The structure of a monitor tube is shown in Fig. 2.8.A. It consists of a 

housing which acts as a support and enclosure for four small tubes. Three of 

these tubes are open at the end, two being used as pitot total and static 

2.40 

e 

e 

e 



..... .., •• u j"hl'lS.1CIIo 00 
anmnu .... UWR Mal."': 

·Qil,.t!)Ut l$UMtll"'s() 'ti11Wl ~a ~'''W W'lQ 
000·; .,.,.tn(l .... ;s"'C»l:n<liI.alj~_ ~~nin!llA~t"lOl 

Nou:>n~lSNOO 
HO.:l 

03AO!:lddlJ 

(pA5W~~%1 
,fJ"':t¥ f8 ruw I<>v.dr _ JKl"l.., cpe;;!' 7 

~ 



pressure lines and one as a means of obtaining water samples directly from the 
fuel elements. The fourth tube has ,a thermocouple inserted so as to be in 

con~aet with its closed end. 

It will'be noted in the drawing that the four tubes are spiraled down 

th{oough 20 in. of lea~to provide adequate shielding. The whole moni tO'r tube 
i~_held in the bottom plug by the threaded secti~ri of the distributor body so 
that if necessary ,any or all of the monitor tubes can be removed or replaced. 

2.8.2 Thermocouples. In order to bbtain some information on the temper
atures of the thermal and,biological shields, thermocouples will be embedded 
at 47 points throughout the rea~tor'structure. The locations of these 47 

points are given in Table 2.a~A:(14) As a factor of safety, two thermocouples 

will'he attached to the steel or emhedded in the concrete at these points. It 
should he noted that the locations given in Table 2.-a.A are re90mmended best 
points, hut construction diffipulties may cause a shift in some of these 
locations. As-built drawi~gs should be consulted f~r final placement data. 
~t is purrently planned to bring out the thermocouple leads in small conduits 
to junction boxes·on the north and east faces of the reactor structure. 

'In addition to the above thermocouples, it is now planned to place two or 
I 

more .imilar couple. in the concrete nelr the HB Ind HT"l liner.. T~i. will 
enlble the operltor to oh~c~ pn the concrete temperlture when high-temperature 
experiment. Ire.being run'in Iny.of the •• hoi ••• 

I •• HANDLING TOOLS 

In the prooodin, .Iction. of thil ohlptlr it hi. blln tlcitly ~ •• umld 
that lamo mOlna will hI IVlil,hlo for handl'n. vArioul Alotiona of thl r.lotor 
throulh ao It of WltOf, With tho lid 01 oxp@fi@n@o liinid on tho mook=up, 
tlolo hlv@ b@@n'd@liln@dC&I) Ind I~@ b@iD, built to Blndl@ fu@l lii@mhli@i, 
f@movlbl~ f@fl@~tOf pi@o@i, f@lullt~n. lodi, ~him f@OI, upp@' 111@mbly I,Id, 
UPP@I IUPPOlt @lltin., Ind Ipid@f lupport fin'e In Iddi,Ion, I wOlklnl plltn 
f@lm to @OY@I tBI top of th@ tlok wh@o OP@D, und@lwlt@I Illhtl, I vi@win. tub@, 
lod follo@'o, "O'ISO IIOkl If~ lito D@IDg bulltu Oth@1 '001. whigh miY b@ 
Hoodod at A 111~r doto hav8 hoon dOli,HOO h~' If. not It pI810nt bolnl hullt, 
A briol lummftlY 01 t~o.o tool. with tho 101010HOO orowin,. is ,ivln b@lowB 
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e 'TABLE 2,8, A 

'POINT IDENTIFIc NORTIlOFEoW SooTIl OF E:' W EASTOFNcS WEST OF N"S 
CATIOS NO. Ii ELEVATION CENTERLINE CENTEBLINE CENTERLINE' t:;EN'IERLINE 

" 

1 100 it o in. 6 ft . 0" in. o ft i6 in.' 
2 100 0 6 ' 7" 0 11 

1 

3 100 0 T 9 1 1 

" 100 0 7 0" 1 i.o 
5 100 0 7 9 ~ 0 
6 10.0 0 8 6 2 2 

, 

'7 100 , 0 9 ,9 2 ,1t 
8 ~OO 0 11 0 2 6 
9 100 0 6 0" ,.6 Ii 

~O 100 0 6 7~ 7 6 
11 ioo 0 8 ,:3 ,8 :3 
~~ 100 0 6 6 8 9 

i'3 100 ,0 8 6 - 9 . 9 
14 ioo 0 3 5 7 O~ 

15, 100 0 ,3 4. 8 0" 
16 100 0 ,3 6 8 9 

17 ioo 0 3 ,8 9 6 
18 100 0 .3 10 U 0 
19 100 0 " 0 14 0 
2() 100 0 0, . 8 7 10 

e 
21 100 0 6 it 0" iD. 0 io 
22, 100 0 3 ~. 8 it 9 in. 
23 106 5 0 0 3 9 
24. 107 2 0 0 . 3 9 

. 
25 107 11 0 0 3 9 
26 96 4. 0 0 7 7" i 

27 96 2 0 0 8 6 
28 94 8 0 0 :3 10, 
29 93 ' 11 0 0 4 0 
$0 93 2 0 0 ,4 2 

·31 91 8 0' 0 4 4 
'32 91 0 0 0 4. 6 
33 93 2 2 8 4 2 
.34. 107 11 2 9 :3 9 ' 
,35 106 5 3 9 0 0 
36 107 ,2 3 9 0 0 
,37 107 11 ,3 9, 0 0 
,38 110 ~ 8 6 0 0 
:39 106 5 5 10 0 0 
40 106 2 6 O~ 0 0 

41 95 5 6 ~ 0 0 
42 9'5 6 " . 0 ' . 0 .0 . 
43 94 8 3 6 0 0 

e 44 94 8 4. 0 0 0 
4.5 94 8 6 11" 0 0 
46 94 1 3 ,9 0 0 
47 93 3 ,3 9 0 0 

,. 

-Two thermocouples will be loqated 8~ eaoh point • . 
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2.9.1 Design Summary, (a) CDmpound Coupling "Til Handle, DRP-452. To 

facilitate operation of tools with a compound shaft, a standard quick-dis

connect coupling has been designed A short handle with this standard coupling 

attached to one of the tool bodies will be used for pickup of the respective 

reactor component. One of four handles of various lengths will be used for 

lowering the part down the discharge chute. A lifting ring is welded on top 

of the handles as an adapter for the small hoist hook, 

(b) Shim-rod Tool, DRP-440. Hooks, actuated by a toggle mechanism, 

engage the water slots on the shim rod when removal is desired. Compound "T" 

Handles Nos. I and 3 are to be used with this tool, 

(e) Regulating-rod Tool, DRP-458. A ball-socket joint using the balls 

on the end of the regulating rod will be used to remove, the rod, :Compound "T" 

Handles Nos I and 4 are to be used with this tool. 

(d) Reflector-removal Tool, DRP-497. A ball·-socket joint adapting the 

bullet-nosed pin on the end of removable reflector pieces will be used to lift 

these pieces. Two tools will be built since, if storage on the side of the 

tank is desired, a short body tool will be necessary. but, if discharge of the 

reflector piece is desired. a long body tool will be used, The lead plug in 

the discharge chute will be lifted with the short body tool. 

Compound "T" Handles Nos. 1 and 2 will be used for putting "A" and "D" 

pieces in the storage racks, whi I eNos. 1 and '5 will be used for pu t ting the 

lead plug in a storage rack or discharge ."An pieces, 

(e) Fuel-removal Tool, DRP-461, Retractable pins. inserted radially into 

the snouts on the ends of fuel assemblies and "L" type reflector pieces will 

be used to lift these reactor components, Compound "T" Handles Nos. I and 5 

will be used with this tool, 

(f) Top Working Platform, DRP-439.~ A 7 ft-diameter l-ft-high cylinder 

will support a circular table that can be rotated manually and will serve as a 

working platform. A 2-ft-wideS-ft-long slot in the table will permit vertical 

access to the reflector and fuel elements. The platform, which weighs approxi

mately ~ ton, will be equipped with lifting slings which attach to the upper 

assembly grid tool, which in normal operation will be the first and last tool 

used. 
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(g) Spider Support Lifting Sling" DBP-470, A collapsible sling fabri 

cated from three ~-in. rods with turnbuckles for adju~tment will be used for 

lifting the spider support ring, 

(h) Upper Support Casting Wrench Assembly, DRP-490, A wrench which has 

an inner rod that screws into the bolt head will be used for removing the 

upper support casting bolts, 

(i) Viewing Tube Assembly, DRP-549. A tube with a plastic sight glass 

.is to be mounted on the .working platform. The lower end of this tube will 

extend below the water in the tank, thus allowing better vision. 

(j) 'Upper Assembly Grid Tool, DRP,489. A tool with hooks on the end 

will catch the toggle mechanism and lift the upper assembly grids. The 

assembly grids will be temporarily stored on platforms oriented as shown on 

DRP-558 on the spider support ring. 

(k) Upper Support Casting Tool, DRP-492. This tool hooks horizon'tal 

pins on the casting main support arms. 

(l) Underwater-light Wiring Diagram, DRP-530. A variable autotransformer 

and a lID-watt 20-volt center-tap tran.former will supply four underwater 

lights with power. 

(m) Underwater-light Assembly., A watertight steel housing with a trans

parent plastic lens will encase the sealed-beam lights to prevent accidental 

breakage. 

(n) "A:" Piece Rack, DRP-526; Discharge Tube Plug Rack, DRP-528; "D" 

Piece Rack, DRP-529. Racks will be bol ted to the spider support ring for 

storage of reflector pieces. Orientation of the racks is shown in DRP-558. 

(0)" Regulating-rod Bearing and ',tE II Piece Too 1, DRP-476. A tool with 

spreading pawls will be used to pick up the regulating-rod bearings and the 

"E" pieces. It is in tended tha t one tool· be used for all bea rings. Since 

there is ,a 6-ft difference in elevation of the bearings, the tool is a 

compromise as to overall lengtho Compound "T" Handles Nos. I and 5 will be 

used with this tool. 

(p)* Lower Assembly Grid Tool, DRP-546. 'Like the regulating-rod bearing 

tool. this tool has spreading pawls for lifting. This tool is used with com
I pound "T" Ha'ndle No. L 

/' 

·Will be built at a later date. 
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(q)* Lower Guide Grid Wrench, DRP-539. A wrench which has an inner rod 

that screws into the bolt head will be used to remove the lower guide grid 

bolts. 

(r)* Shock-absorber Plate Wrench, DRP-536. This tool is similar to the 

wrench above. 

(s)· Torque Wrench Ex tens ion for Socke ts, DRP-491.. This tool is used to 

adapt a torque wrench to the bolts 10 to 30-ft away. 

(t)*Shock-absorberSupport-plateTool, DRP-4611'. This tool consists of 

four hooks on an ·extension rod which will engage eye bol ts. on the plate for 

lifting. 

(u)* Lower Guide Grid Tool, DRP-493. This tool is similar to the shock

absorber support plate tool. 

(v)* Tapped Segment Ring Lifting Tool, DRP-460. This tool is used for 

lifting various segment rings on the reactor tank. 

·Will be built at a later date. 
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Chapter 3, 

EXPERIMENTAL FACILIT'I.ES: 

In order to fulfill the purpose of the MTR the experimental facilities 

provided have been designed to be as varied and as flexible as possibl~ •. The 

locations of the various facilities are shown in Figs. 3.A through 3.F,· and 

the relationship of the side holes to the Reactor Building is shown in Fig.: 

3.G.·: The location of the hole~~ relative to the active lattice has been shown 

in Figs. 2.A through 2.0.' 

The experimental facilities and the estimated fluxes obtairiable at 30~ 

megawatt operation are listed in Table 3.A.: It must be emphasized thattbe 

fluxes given are only estimate~ based on the best data available before actual 

operation of the MTR.' It is hoped that a supplement to this report will be 

issued after actual measurements have been made in the r~actor.i 

3.1 HORIZONTAL AND ·DOINBEAM EXPERIMENTAL HOLES·· 

3.1.1 Introduction.: There are 17 ,1 arge experimen tal holes that lead 

from the reactor faces either to the reactor tank wall or to the active 

lattice.. These holes are treated separately from the vertical graphite holes 

(see Section 3 •• ) because their sizes and locations require special design 

attenuation and handling techniques., The,y are characterized by the presence 

in each of a special radiation door, the sole purpose of which is to minimize 

danger to personnel in the Reactor Building during plug-handling operations. 

Since these holes provide the largest volume~. of high flux in the reactor, 

they are the most dangerous and their use will probably be correspondingl~ 

difficult and complicated. They are as follows: 

(1) Six Horizontal Beam Holes, HB-1Through HB-6,. ~ These holes ex
tend horizontally from the reactor face to the active lattice.: 
Holes HB-2and HB-5 are 8 in.' in diameter to the reactor tank 
wall and 6· in.' in diameter from the reactor tank wall to the 
active lattice.: Holes HB-l, 3, 4, and 6,are 6· in.: in diameter 
throughout. ' 

(2) Six Down Beam Holes, DB-1 Through DB-6·.: These are 6.-in.;-.dia
meter inclined holes which extend from the upper north and 
south faces to the reactor tank.: They are located directly 
above the horizontal beam holes~: Inside the .tank wall they 
are essentially extended to the lattice by 2-in.:-l.p.: sealed 
empty aluminum cans in the beryllium.reflector.' 

*For convenience in reading, Figs.' 3.A through 3:G are placed at the end of this.chapter. 

USection 3.1, except .3.1. Sf·ANL'con~rip.y.tion. 
3. :1 
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lYPE OF HOLE 

Beam 

Beam 

Beam 

Beam 

Beam 

Access 

.Thermal 'column 

Thermal 

Thermal 

Thermal 

ThJ.'ough 

Through 

Through 

Through 

.Throurh 

Through 

Pneumatic ubbit 

Pneumatic rabbit 

FACILI1Y. 
DESIGNATION 

HB·1, 2, 3 

HB-4, 5, 6 

DB-l, 2, 3, 4, 5, 6 

H(t.5. 6 

HG-9 

VG-9 

T-2 

T-2-H-l, 2 

T-2-H-3, 4, 5, 6, 7, 8 

T-2--V-l,2 

fiT-I 

HI-2, 3 

HG-1, 2 

HG-3. 4 

VT-2 

V(t.2, 4 

HR-l, 2 

fIR-3, 4. 

HYdraulic rabbi t VIf.. 3, 4. 

Hydraulic rabbit / VB-I, 2 

.. "N~utrons having energies greater than 1 Mev. 

TABLE 3,A 

Summary of Experimental Facilities 

SIZE 

6-in. LD. in Be 

6- in. I. D. in.Be 

6-in. LD. 

6-in. LD. 

10 by 16 in. 

10 by 10 in. 

6 by 6 ft 

4 by 4 in. 

4. by 4. in. 

12 .by 12 in. 

4-7/8 by 4-7/8 in. 

10~-in. 1.0. 

8-in. LD. 

4--in. 1.0. 

~ by 2~ in. 

4-in. 1.0. 

. 1- in. I. D. .. ' ..• 

4-in. LD. 

l*-in. L D. 

1- in. rIo D. : 

ESTIMATED FLUX. MAX. 
(neutrons/cm2-sec) 

APPROACH 
THERMAL 

Horizontal to core edge.... 5 x.l014 

Horizontal to Be in active section 2.8 x 1014 

Inclined down to tank; 2-in.-I.D. can chapnel 4·x 10 13 
to core 

Horizontal to tank wall 

HoJ.'izontal to tank wall; 5- by 12-in. fast
neutron channel to core 

V~rtical from top access to,HG-9 

Horizontal to Ph window 

East-west horizontal across T-2 
j 

Horizontal within and parallel to T-2 

Vertical trOm top of reactor to T-2 

Horizontal through ,reactor tank 

East-west horizontal through graphi te 

North-south horizontal through graphite 

North-south horizontal through graphite 

Vertical through shim rod hole 

Vertical through . graphite 

Horizontal through reactor tank 

Horizontal to reactor tank 

Vertical from top in spare regulating rod 
holes 

Vertical from basement in .Be 

3 x 1013 

1 x 1012 

2 x 1010 

6 x 1011 

2 x 1011 

L8 x 1014 

1013 

IOU 

1013 

2.5 x 10 14 

3 x IOU 

1.6 x ]014 

8 x IOU 

2.5 x 1014 

~.4 x 10i4 

FAST" 

7 x 1013 

2 x 1011 

5 x 10 10 

(082 only) 

'. "'()!.e . .::an be for ~ .mile !;Ie mn I and C!ne for neutron 'spectrometer if desit-eiL :' 
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1YPE OF HOLE 

Vertical 

Vertical 

Vertical 

Vertical 

Fast flux 

Fast £lux 

Gamma 

Shielding 

InstrUment 

Instrument 

Instrument 

FACILI1Y 
DESIGNATION 

VG-l, 3, 5, 6 

VG-7, 10··14, 16-20 

VG-23-26, 29-41, 43, 45-55, 
57-62 

VC-1-9, 11-13 

About 40 Be assemblies: re
moyahle reflector pieces 

About 15 Be assemblies; re
moYable core pieces 

GI'~ 1, 2 

Facility 

VN-1, 2, 3, 4, 5, 6 

VG-8, 15 

VG-27, 28, 42, 44, 56 

e 

TABLE 3,;A (CoDt!.d) 

SIZE 

4--in .. LD. 

~-in.· LD. 

2~in.· J.D. 

2-in. 1.0. 

3 by 3 in. 

3 by 3 in. 

6-in.· J.D. 

~in. J.D. 

2-in. 1.0. 

2·,in. J.D. 

APPHOACH 

Slant from top into pebble zone 

Slant from top into pebble zone 

Vertical from top into permanent graphite 

Vertical from top into concrete 

Vertical £ri:top tank .... 

Vertical from'top tank .... • 

Vertical from top y-ray thimbles in water 

Horizontal £romwest 

Slant from top 

Slant from top 

Vertical from top 

·"·Charged or discharged only when reactor is shut down and top plug is remoyed. 

e 

ESTIMATED FLUX. MAX. 
(neutrons/cm2-sec) 

TllERMAL 

3 x 1013 

5 :ic 1013 

1013 to 10 12 

5 x 1014 

5 x 1014 

500 r/hr 

10 12 

5 x 1013 

5 x 1013 

10 13 to 1012 

FAST'" 

7 x 1013 

7 X 1013 

Note: These estimated neutron-flux values are based on beryllium or graphite (according to material penetrated) in the experimental holes. Actually, 
experimental apparatus and samples will cause local .. sinks" and reduce the flux attainable for a particular experiment .. 



(3) Two Horizontal Graphite Holes, HG-5 and HG-6~: These are 6~in.~ 
diameter horizontal holes which extend to the reactor tank.: 

(4) Two Horizon-tal Rabbit Holes, HR-3and HR-4.: These are 4-in.;
diameter horizontal holes which extend to the reactor tank.
(The I-in.: holes HR-land HR-2 are discussed in Section 3.5.) 

(5) One Horizontal Through Hole, HT-l._ This is a hole 4-11/16- in.
square which extends from one reactor face to the opposite 
face. It goes through the reactor tank and lies adjacent to 
one side of the active lattice. 

In formulating the design of these holes, considerable thought was given 

to the future ~eeds of the experimenters who will use these facilities.: Other 

factors that had a strong influence on the experimental hole design are 

radiation hazards, material selection, cooling requirements, and the configu

ration of the reactor itself.; 

Several design proposals were prepared and the relative merits of each 

were consolidated into the design illustrated in Fig.: 3.:l. A.: The hole liner 

and its components as shown are essentially the same for all the beam holes 

1 is ted above.: . Des igns of the dummy plugs used in the di f feren t holes are 

shown in Figs.: 3.1.B, C, and D.~ 

3.1.2 Beam Hole Liners. and components. The prime objective in design ~f 

the hole liner and its components was flexibility. It was necessary therefore 

to consider the adaptability of holes to experimental plugs of varying design 

'and the maintenance, repair, or replacement of the hole component~ including 

the removable sections of the liners.: The configuration and sizes of the hole 

liners in the biological shield are dictated primarily by the location and 

size of the radiation doors. The outer shields, the radiation doors and drive 

mechanisms, the tapered portion of the liners, and the graphite zone liners· 

have been made removable with the hope that radiation levels will permit 

realization of additional flexibility.: 

Gra~hite Zone Liner., The graphite zone liner is the portion of the ex

perimental hole liner which extends from the thermal shield to the reactor 

tank.: It is a ~-in.~thick aluminum tube secured at one end to the rem~vable 

steel liner and supported at the other end by a pilot ring on the reactor 

tank.: The liner is removable and is not permanently secured to the reactor 

tank because this tank is designed as a removable component.: 

3 .. 4 
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The liner is constructed of aluminum because of its relatively low long

liv~d induced activity.(l) Aluminum also has a relatively low neutron absorp

tion cross~section, which is desirable for reactor component materials in the 

region of the reactor tank.: In this regard a compromise had to be made in the 

selection of 52S alloy in preference to 2S, 3S, 6,lS, or 63S owing to the 

former's substantial advantage in high-temperature physical ~~opertie~.: 

Cooling of the liner is accomplished primarily bi the air that cools the 

graphite reflector.' In the pebble zone ,the liner is exposed directly to the 

air flow, while in the permanent graphite zone numerous vertical cooling holes 

in the graphite provide for air circulation through an annulus between the 

liner and the graphite:: Secondary cooling is provided by air drawn in from 

the reactor face through an annulus between the plug and ,the liner and ex

hausted into the pebble zone by means of a suitable hole pattern in the liner 

near the reactor tank.' The mechanical design and. selectioq of alloy were 

based on a maximum, temperature of 570°F.: A ~hermocoupleprovided on each HB 

liner at a ~oint near the reactor tank permits the checking of the maximum 

I iner temperature.: This is particular I y important when a high- temperature 

experiment is conducted in the experimental hole., The thermocouple leads are 

carried out the beam hole to the reactor f,ace.' Instruments for reading the 

thermocouples are not provided as permanent fixtures. 

Sufficient endwise clearance, 3/8 in.~ between the end of the liner and 

the tank wall is provided to allow for thermal expansio~; 1/32 in. ~is allowed 

for radial expansion of the tube within the pilot ring.; 

R.movable S~eel Liner. The removable steel liner extends from the 

thermal shield to the radiation door.: 

Experimentation and calculation have shown that to prevent neutron 

streaming through the annulus formed by the dummy plug and the hole liner, two 

steps in the annulus are required.(2) One of these is as close to the thermal 

shield as practical and the second is near the outer face of th~ concrete 

shield,: 1'he tapered portion of the hole forms the first step. and the re

~ovable steel sh{eld at'the outer face forms the second step. 

This liner section is removable primarily because to it is secured the 

graphite zone liner; which must be removable.' Secondatily, it is desired that 

this liner be removable since it may be found desirable to change the configu~ 

ration of the hole in order to serve special experimental requirements. 

3·9 



It is anticipated that the induced activity of the steel liner will be 

low enough.to permit handling with standard safety measures. Also, owing to 

the dry air conditions prevailing at the site. ord~nary carbon steel is used 

with no. attempt at corrosion prevention other than the application of a light 

film of oil.: The oils recommended for this purpose~ selected because of their 

good resistance to radiation damage, are Dow Corning Silicone Fiuids Nos. 701, 

702, 703, and 710: and Carbide and Carbon Chemicals Corporation Ucon Lubricants 

50~HB-280-X. DLB-26S-BX. 75-H-480·, LB-300-X.· Paints and platings were re

jected due to the probability of flaking. The same holds true in respect to 

all other beam hole components in which steel is exposed only to air.· 

PerlAanent Steel Liner~. The permanent steel liner provides a housing for 

the removable steel liner. the radiation door. the removable concrete shield. 

and the removable steel shield (see Fig. 3.~.A).: For the 6-in.: beam holes it 

consists ~ftwo carbon steel cylinders. One is approximately 22 in.: in 

diameter, and the other is about 11 in.: in diameter. The Il-in.:-diameter 

cylinder is eccentrically secured to an end plate on the large cylinder; it" 

houses the removable steel liner." Th~ large cylinder houses the radiation 

door. the removable concrete shield. and the removable steel shield. 

The permanent steel liners of ' the HB holes are provided with annular air 

spaces to serve as heat dams. Also wrapped around the outer surface of the 

liners and embedded in the biological shield concrete are cooling-water coils.: 

The heat dams and cooling coils prevent overheating of the concrete when these 

experimental holes are used·for high-temperature experiments.: To provide for 

the determination of concrete temperatures, thermocouples are embedded in the 

concrete near the cooling coils.: 

Radiation Door. A lead door within the reactor structure is provided to 

attenuate radiation from the experimental hoie when the plug is removed.~2) 

The thickness of the door has been calculated to reduce Y~ray activity to 

tolerance during reactor shutdown.: Opening and closing of the door are accom

plished from the reactor face. 

After considerable investigation of door types, the radiation door shown 

1n Fi~.· 3.1.A was adopted. It is a round billet of steel with two eccentri

cally located holes; one hole forms a portion of the beam hole while the other 

is filled with lead and provides a radiation shield.· The door is free to 

3.10 
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rotate .inside th~ la~ge steel liner by means of several rollers located in 

recesses in its su~face.: A gear sector bolted to the door and driven by a 

pinion and shaft provides the d~ive.: The drive shaft extends to the reactor 

face, thereby permitting ~emote operation~y an electric motor mounted on the 

coffin or manual operation from the reactor face.· 

Owing to the eccentric positions of the lead-filled hole and the open 

hole, considerable force is needed to hold the radiation door in certain 

positions.; A speciai anti-kickback clutch is provided to make it impossible 

for the door to move unless driven 6r allowed to turn by rotation of the ex

ternal drive shaft. The design is "fail safe" in case the drive. becomes 

disengaged.: When the beam hole components are removed, care must be taken

that the radiation door is ~n a "free down" position so that the end-position 

IDcating pin will not be sheared when the removable shield is withdrawn.' 

Associated with the radiation door is its position indicator.: This is mounted 

on the face of the reactor over the cubicle to indicate the actual door 

position. 

Removable CDncrete Shield, To fill the void space in the large steel 

liner outsid~ the radiation doo~ a steel-encas~d concrete cylinder is provid~d 
for necessary shielding •. Eccentrically located in the concrete billet is a 

steel-encased cylindrical hole of approximately 10 in. I.P.: which forms a 

portion of the experimental hole.: Removal of this shield permi ts access to 

the radiation door.' 

Removable S.teel Shield. Between the removable concrete shield and the 

removable ·steel shield is a void 5 in.: wide which i~ used for cooling~water 
/ 

pIpe connections.: Behind this space is a round steel billet mounted ·flush 

with the reactor face, which provides a convenient shield for the plug cooling

water connections.[ This billet is of necessity readily removable.' Based on 

calculations of cooling~water activity, this steel is required to be ap

proximately 8 in.: thick. P ) 

In addition to providing a shield for the cooling-water lines, this 

steel billet form~1h~--s~cond stepto~revent neutron streaming through the 

plug annulus and as a step to prevent neutron and y-raystreaming down the 

annulus surrounding the radiation door and the co~crete shield.: 

3.:11 



Beam Hole Adapter • • This adapter consists of a s'teel tube with a flanged 

end that is bolted to the removable concrete 'shield before plug insertion or 

withdrawal. Its purpose is to guide aud support the dummy plug. during in

sertio'n or removal. through a 13- in-f gap which exists when the steel shield 

plate is removed.' 

3.1~3 'Beam Hole Dum.y Plugs.: When the experimental holes are not being 

used they are fi lled by dummy plugs." The conceptual design shown in Fig.: 3.:1. B 

is typical of the plugs 'for HB-I through HB-6, and lIT-I.: Dummy plugs for the 

-other facilities are similar except for the absence of beryllium tips and 

provisions for water cooli~g.~ Figure'~.~.C illustrates the air-cooled plugs 

"for tbe iatter holes. 

The water-cooled plugs are constructed in three detachable sections.' The 

sections are: (1) the beryllium tips, (2) the graphite section. and (3) the 

concrete and ste.l section_: Wi~h this type of construction it is possible 
, . 

that an experimental pIng may conform to the dummy plug as far as the graphite 

and concrete sections are concerned.: If more experimental space is required. 

it may conform only to the concrete section .. 

In cho,osing plug materials. an effort has been made to duplicate in so 

far as possible the material~ in the reactor sections surrounding the experi

mental holes.' The result ot' this procedure is that neutron, fluxes in the 

r~flector regi~Jis. berylliluDJ and graphite. are maintained at practical maxima.: 

Materials for the plug casing. have been chosen for minimum neutron absorption 

and induced activity, consistent with structural requirements.: Outside the 

thermal shield materials have been determined b~ shielding and structural 

eons ide rations.: 

To compensate for such factors as plug deflection, plug fabrication 

tolerances. and re'actor component erection tolerances. an annul~r clearance of 

~ i'n., is allowed in the beryllium a~d graphite sections of the plug and experi

mental hole.: From the thermal shield to the reactor face, the maximum annular 

clearance'is 1/8 in.: A closer fit can be tolerated here because the plug is 

well guided in this section by the plug rollers, and. because of the heavy 

construction of this section of the plug, there is little deflection.' 

Plug Cooling., Owing to the high heat generation in the beryllium tips of 

the horizontal beam hole plugs (UB-Ito HB-6,) t water cooling is provided.' The 
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arrangement is illustrated in Fig. 3.1.B. Cooling water is directed through 

the plug by means of two concentric pipes.' The inner pipe serves as the supply 

line, and the outer pipe serves as the return.: The supply line directs the 

water to a manifold, which in turn divides the flow through several longitudinal 

holes in the beryllium section.' At the far end of the beryllium, the wate~ 

fans out through radial slots and into the annulus formed between the beryllium 

and its aluminum can. The water is returned through this annulus to the re

turn line manifold, then into the return line, and back into the process~water 

stream.~ The thermal stress in the beryilium was the controlling factot in the 

determination of co~ling-water distribution and rate of flow.(3) 

The graphite sections of the water-cooled plugs are cooled wi th ,the same 

pipes that direct the cooling water to the beryllium tips.; The graphite is 

fitted snugly over the pipes to assure good th'ermal contact.: This is the 

primary reason that the concentric pipe design was adopted, since it is dif

ficult to assure a snug graphite fit over two separate pipes. 

The aluminum shell encasing the graphite is cooled by air flowing along 

the annulus., Air is drawn in at the reactor £aceand passes along the shield 

and beam hole plug annuli, is metered by the fit at the tapered section at the 

thermal shield, flows along the annulus between the plug casing and graphite 

zone liner, and passes out into the pebble zon~ through holes in the liner 

near the tank wall.: The amount of air is determined by the requirement that 

the temperature of the aluminum shell of the plug shall not exceed 500°F since 

beyond this temperature the 6,3S alloy used suffers rapid loss of strength.~ 

Higher st~~ngth alloys such as 24S, 528, and 75& were not used owing to the 

high induced activity they would acquire.: Cooling of the shell hy conduction 

of heat through the graphite to the water-cooling pipes is probably im

practical because of differential expansion. 

The water pipes are securely attached to the beryllium section and are 

allowed to "~loat" in the steel and concrete sections. Also, b~cause of 

thermal expansion the graphite must slide a little over the outer tube, and it 

is therefore not clamped tightly to this tube. Calculations indicate that 

dangerous amounts of radiation will not "$tream" down the cooling pi~es even 

when they are empty of water.' If, however, experience indicates that some 

shielding is necessary, a twisted stainless steel strip may be used in the 

center tube and a flat strip formed in a helix may be used in the annulus. 
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The plugs penetrating only to the reactor tank- wall are cooled by air 

drawn along the annulus from the reactor face and into the main reactor air 

s tream thro~gh h~les in the graphite zone liner.: The amount of cooling a1r 

that flows through the annulus is regulated by means of spacers located on the 

plug taper. The thickness of these spacers determines the cle~:rance between 

the plug and the liner at the taper and consequently sets the pressure drop as 

well as the resulting air flow through the annulus.' Here again the design is 

based on a maximum aluminum and graphite temperature of SOouF.' Again, the 

casing expands more than the graphite; therefore the casing is perforated with 

holes which permit the cooling air to contact the graphite and thereby provide 

direct air cooling.-

Dust CDntrol., As a standard health precaution, an air velocity of 

150:ft/min into the reactor through the plug annulus will be maintained during 

plug removal.: A similar velocity will be maintained during normal operation' 

to minimize passage of dust into the reactor room.: In all cases the air 

cO,oling requirements of the plugs exceed Health Physics requirements during 

operation.: To provide sufficient velocity during plug removal the holes 

through th~ pebble zone liner into the pebble zone have been made large enough 

to provide the necessary air flow with only the shutdown fan operating.(4) 

3.1.4 HoriZontal Throngh Hole Facility.' The horizontal through hole 1S 

a 4-11/16. in.: square hole ,that extends from one reactor face to the opposite 

face.: It goes through the reactor tank adjacent-to one side of the active' 

lattice.: The general philosophy in providing the through hole has been to 

make available for experimentation a facility with high flux, ample space, and 

a single .. pass cooling system.: Experimenters have expressed a strong desire for 

such a facility, i.~., one with which they can irradiate future reactor fuel 

elements under simulated operating conditions.; 

The hole liners and components are generally the same for this facility 

as for the beam holes previously discussed, the only difference being that 

there is a complete liner for each end of the hole, each with a radi~tion door 

and other related liner components.: The plug, however, presented more dif

ficult problems than the plugs discussed in the foregoing section. For this 

reason a separate discussion on the plug for the through hole is warranted.: 
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As a basis for design, the following premises were established: 

1;: The cooling system for the beryllium shall be a single-pass 
system, i.e.~ the water enters at one side of the ~eactor and 
ieaves at the other side. 

~.: There shall be no blind water connections'which will have to be 
made up after insertion within the reactor structure, and the 
complete cooling circuit for the plug shall be arranged to allow 
testing for l~aks prior to insertion in the ex~erimental hole. 
This dictates that one section of the plug shall contain a com
plete cooling-water line, which will extend from one side o~ the 
reactor to the other. 

3.·, A coolant return loop and a means for hookup to the experimental 
plug and associated equipment sha 11 be provided. ~ This would 
then complete the desired single-pass cooling system.: 

4. A space in the Reactor Building shall be made accessible for 
setting up experimental equipmen~.· This is desirable because 
the external equipment deeded for the testing of the reactor 
fuel el~ments is quite extensive, and in some cases may have to 
be heavily shielded. 

The design of the facility is shown in Fig.; 3.1.D.: It will be noted that 

the plug consists of three separ~te sections.: The square ~ection contains the 

beryllium, the graphite, and the complete cooling-water pipe, while the other 

two sections are merely round dummy plugs that fit over the extended water 

pipes of the sqtiare plug .. These dummy plugs are identical in shape and 

construction to the concrete sections of the 8- in.: horizontal beam hole plugs.· 

The water pipes can bedisconnected at the thermal shield by means of specially 

designed screwed connections so that they may be removed with the round 

dummy plugs.' 

To cool the beryllium section, one end of the extended water pipe 1S 

connected to the supply-water line; the other end is connected to the drain 

line.: In an attempt to for~cast future demands of this facility, a coolant 

return loop is provided.: The 8~in.: horizontal graphite hole, HG-2. has been 

chosen .to serve as the coolant return loop. It is ideal beriause it runs 

parallel to the through hole, HT-l, and also passes completely through the 

reactor •. 
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In Fig.: 3~1.p is also shown a coolant pipe located in t:.he center of 'a 

graphite plug inside the HG- 2 hole., This plug is rather long. but upon re

moval it can be cut into two or three sections, thereby permitting the use of 

standard coffins for handling.: 

The two coolant lines are joined at one end of the reactor by means of a 

simple crossover pipe; at the other end of the reactor. a vertical conduit 

leading down to a slurry cubicle in the basement is indicated.: The intention 

here is to connect coolant lines to the end of each plug, direct thel~ through 

the conduit, and complete the circuit in the reactor basement.: AL piping, 

except that emerging into the basement, is thus completely shielded, and no 

bulky temporary shielding walls will be needed in the main floor cubicles. 

The primary reason for providing additional experimental setup space in the 

basement is that the equipment required for a recirculatory system is probably 

extensive, i.~.~ the setup may include pumps, heat exchangers, heaters, 

pressurizing equipment, control panels, associated piping and valving, 

etc. ; 

A consensus indicates that some experiments may require a coolant loop 

that is in a low flux zone. For this type of experiment the use of this HG-2 

hole as a coolant loop would not be desirable since the flux in the center of 

this facility is ap~roximately 10 10 neutrons/cm2 -sec., Also, passages to the 

basement large enough to accommodate heavily insulated pipes subje~t to linear 

expansions of about 6, in., are required for high-temperature tests.' 

To satisfy both these conditions, space for an alternate cooling loop is 

provided in an inactive reactor zone together with large slots through the 

main floor.: A 12- in.: hole running from side to side of the reactor structure 

below the first floor and parallel to the HT-l hole provides space for the 

alternate loop., Access to this hole is accomplished by means of 12- by 24-in. 

holes through the floor in front of the HT~l cubicles. In the basement the 

desired piping may be directed along the ceiling directly under the first 

floor and thence to the 12·"in. hole.: This setup gives the desired low flux 

condition and allows an experimenter to install his own piping, insulatio~. 

etc.~ to suit his requi~ements of temperature and thermal expansion.: 

In regard to insettion and withdrawal, the round portion of the experi

mental hole has an adapter or tray which enables the square plug to pass 
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smoothly through the larger round section of the hole.: After the square plug 

is in position, the adapter is removed to clear the hole for the insertion of 

the round dummy plugs.: Small graphite skids are fastened to the square plug 

to assure proper clearances and also permit smooth insertion. The round dummy 

plugs are fitted with rollers identical to those used for the 8-in.: horizontal 

beam hole plugs. 245 aluminum is selected for the ~~eath over the beryllium 

and graphite.: Owing to the over-shadowing high activity induced in the 

beryllium: there is little to be gained from the use~f 63S aluminum in this. 

location. 

Cooling provisions for the beryllium. graphite. and aluminum are similar 

to those used in the HB holes. 

3.1.5 other BorizoDtal EKPeri.eDtal aDd IDstrD.eDt Boles.: In addition 

to the main experimental holes described in the previous-sections. there are 

six more horizontal through holes.: Four of these. HG-I through HG-4. are for 

experimental use; the other two, HI-2 and HI-3, are for reactor control 

instruments." 

Experimental Holes. The locations of holes HG-I through HG-4 can be seen 

1n Figs.: 3.A and C.: HG-I and HG-2 go through the full length of the east 

graphite wall while HG-3 and HG-4penetrate the west wall. The first two 

holes are 8 in.: in diameter, the latter two 4 in. in diameter through the 

graphite.: 

For start-up, plugs will be supplied only for the ends of these holes and 

the section through the graphite will be left empty.: The plugs supplied will 

be baryt~s concrete through the biological shield tipped with a In~-in.: 

aluminum casting through the thermal shield. The inner face of the aluminum 

aection will be covered with a ~-in.: boral plate to reduce the neutron flux 

into the plug.: A l-in.~I.D.- steel pipe is spiraled through each plug so: that 

electrical or plumbing connections can be made to experimental equipment in 

the holes.: 

As indicated in Section 3.~ •• , hole HG-2 may possibly be used as a return 

path for liquids or slurries used in HT-I hole experiments. 

Instrument Holes., Access to HI-2 and HI-3 is obtained through the east 

and west faces of the reactor structure.- These holes are to be used for the 
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compensated ion chambers (see Chap.:5') for the log N and galvanometer Cl.r

cuits of the reactor control system.: Both holes have a minimum diameter of 

10~ in.: and are plugged only through the biological and thermal shields. The 

plugs used are barytes concrete tipped with a 30-in ... long aluminum casting.: A 

4- in. ,-diameter hole runs through tbe center of the plug to wi thin 4 in. of the 

inner end.' This allows the tip of the ion chamber to be inserted to the inner 

side of the thermal shiel~.; An adjustment on the ion chamber insertion rod 

enables the chamber tobe moved back as much as 18 in.' from the inner position. 

3.1.6 Services. All the experimental beam holes are provided with 

standard service facilities. These services are divided into two categories, 

internal services and external services.: 

, The internal services, so-called because they are located within the 

biological shield, are primarily concerned with providing the cooling fluid 

for the experimental and dummy plugs, and are all connected to a common header 

to permit plug flushing and also ready change-over to another pl,g coolant.: 

They include the following: (1) process-water supply, (2) proce"s,s-water re

turn, (3) demineralized-water supply, (4) spare liquid line, (5) warm drain to 

sump, and (6,) compressed air.: 

The external services are located in trenches ~round the reactor face' and 

are primarily concerned with servicing experimental equipment exterior to the 

experimental plugso, They include the following: (1) demineralized-water 

supply, (2) auxiliary blended cooling water, (3) compressed air. (4) hot ·gas 

exhaust, (5) steam. (6) 120~volt a-c supply. (7) 120~volt a-c supply for 

regulation. (8) 240-volt a-c supply, (9) two 2-in.: spare conduits, (10) one 

4-in.;spare conduit, and (II) intercom or telephone.: 

3.1.T Coffins.: Whenever the occasion arises to insert or retract a 

plug, a heavy lead-shielded coffin is accurately aligned at the chosen ex

perimental facility.: After proper alignment. the plug is withdrawn from or 

inserted into the beam hole.! The coffin requirements for the MTR experimental 

holes can be satisfied by three coffins, each coffin to take care of one of 

the following three groups of holes: 

1.: Main Beam Holes HB-l, 2, 3,4, 5. and 6" HG-5 and 6,,00-3 and 
4, and the ,Through Hole HT-I.' A coffin for these facilities, des
ignated as a "Universal ,Coffin,"' is provided for reactor operation; 
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it is shown in Fig. 3.1.~.· It is rather heavy owing to the 10' in. 
of lead necessary !or shielding the beryllinm parts of most of the 
plugs of this group •. The gross weight as shown. with the HT-I hole 
adapter attached, is 41,000 lb.: An electric tractor with a special 
lift type trailer to~ing attachment is provid~ds~o move the coffin. 
To facilitate its operation the concrete roadway from the reactor 
face to the plug storage facility is made level and is adequately 
reinforced at its expansion joints to safely support this heavy 
load.: A pull rod is furnished for manually moving the plugs out of 
or into their holes in the reactor or plug-storage facility.: Lead 
plugs are furnished for shielding the open ends during the HT-I 
loading or unloading operation.: A roll-over device for converting 
from HT hole to HB hole operation is also provided.: 

2.: All VN Holes, DB Holes, and All VG Holes Other than VG-9. A 
proposal for a coffin for this group has been made,(12) but the 
final design has been postponed pending the experience to be gained 
in the operation of the Universal Coffin of Group 1.: The proposed 
coffin differs from the Universal mainly in being smaller and lighter 
and having a motorized winch for retracting or inserting plugs.: 
Also. a special crane sling is utilized to align the coffin at the 
vertical and inclined beam holes •. About 6· in. of lead shielding is 
adequate to handle ·all the dummy plugs for these holes, but provision 
s~~uld ,be made for adding layers of lead for Wbot~ experimental 
plugs. : 

3. HG-9, VG-9, and HI-2 and 3 •. The coffin for this group will 
be rather large in any case. For removal of dummy plugs it should 
have lead shielding about 6· in.: thick, but for a major HG-9 experi
ment much more shielding will be necessary. The design of a coffin 
for this group has been postponed pending the operational experience 
to be gained with the Universal Coffin of Group 1. 

Universal Coffin Design and Operation., The Universal Coffin as used for 

the HB holes is made up of three sections having a total length of approxi

mately 18· ft. The first section is approximately 33 in.: in diameter and is 

about 4 ft 5 in.: long.: It has the coffin mounting flange and a radiation door 

at one end.' The middle section, shaped like a frustum of a cone tapering 

from approximately 33 to 20 in.' in diameter, is about 6. ft long.: The third 

section is simply a steel tube with flanges at each end, and on it are mounted 

all the driving mechanisms for operating the radiation door in the beam hole 

liner.' A trunnion together with jac'ks and traverse bases permits exact 

alignment of the coffin after approximate placement of the dolly. 
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The radiation door-in the coffin is lead and is approximately lO~ in._ 

thick.: The mechanism for opening and closing this door consists of an electric 

motor--driven worm gear which drives an acme screw shaft to open or close the 

door.' The door is accurately located when open as it forms a part of the 

pathway on which the HB~2. UB-5, and BT-l plugs roll.' 

The dolly is used for aligning the coffin at the horizontal beam holes 

and plug-storage facility, and also for horizontal transportation.- It is a 

rigid frame of welded construction supported by six heavy-duty rubber-covered 

wheels mounted on a common axis.: To simplify maneuvering of the coffin during 

transportation and alignment, the dolly is operated like a two-wheeled trailer 

and is moved by an electric tractor. The tractor is fitted with a special 

trailer hook which can be hydraulically (or electrically) operated to raise or 

lower the front end of the dolly. 

For properly aligning the coffin with the horizontal experimental beam 

holes in the reactor or the hole~ in plug storage, manually operated traverse 

mechanisms for lateral movement of the coffin are provided at both ends of the 

dolly.- Vertical alignments ~re provided for by three manually operated 

hydraulic jacks.: Differential movement of the two jacks at the heavy end will 

provide rotational adjustment to fit the bullet type dowels on the reactor 

face and plug-storage face.- A machinist's level at the side of the coffin 

gives the approximate level position for the first stage of attachment.: When 

the coffin is slid onto the dowels and is within K in.iof the cubicle face, 

four dial indicators on the coffin flange begin to indicate actual squareness 

with the cubicle faceD The cubicle face will be erected square with the 

centerline of the beam hole within very close tolerances; hence it is the 

proper guide for coffin alignment. After the jacks and traverse bases have 

been readjusted to bring the dial indicators to a common reading, the bolts 

are inserted and tightened in order to clamp the coffin securely to the 

cubicle face.: 

Removal or insertion of the plug is performed manually by means of a 

long rod.: When the plug is in the coffin. radiation doors in both the beam 

hole and coffin must be closed before the coffin is pulled away.: 

To insert the plug in the plug-storage facility a similar procedure is 

followed except that because of large clearances attaching bolts are not 

needed. -
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HT-1 Hole Operation .. Special procedure is necessary for operation with 

the HT-I hole.: The coffin is removed from ,the dolly by the crane and rolled 

over 180° on a sjecial fixture., It is then lowered on the dolly with the 

trunnion riser blocks removed.: When the coffin and dolly extensions are 

holted on, the coffin is ready for use.: 

After the water-cooling pipes of the HT-I plug are disconnected at the 

thermal shield, the round plug that, extends from the cubicle face to the 

thermal shield is removed at each end and the radiation doors are closed.: 

These plugs are then placed in plug storage. A special tray for handling the 

square HT-I plug is placed in the coffin before returning it to the reactor.: 

After the coffin is bolted in place, the beam hole radiation door is opened 

and the tray is slid into the beam hole up to the thermal shield.: The plug is 

pulled out onto the tray. which can he kept from sliding out by a push rod, 

and the tray and plug are then pulled into the coffin.: An annular shielding 

plug is used at the outer end of the coffin to reduce radiation from the end 

of the plug.: After the radiation door in the beam:'hole is closed, the coffin 

1S unbolted and pulled ahead about 1 ft so that a radiation plug may be in

serted in the end. The coffin is then transported to plug storage and the 

plug is slid off its tray ,into one of the square plug-storage holes. 

3.2 VERTICAL EXPERI.ENTALAND INSTRO.ENT BOLES 

The MTR has 71 experimental and instrument holes accessihle from the top 

of the reactor. The general layout of the top surface of the reactor with 

essential dimensions indicated is shown in Fig.: 3.~., Details of the hole 

locations and the numbers assigned to them are given in Fig. 3.F.: It is only 

fair to warn the reader that holes VG-2land VG-22 are nonexistent -- they 

were lost in the shuffle.: 

It will be noted in Fig.: 3., that some of the holes go into the pebble 

zone and others into the permanent graphite. while two extend through the re

actor structure and ,are accessible from the basement of the Reactor Building.: 

The way in which the holes into the pebble zone slant in toward the reactor 

tank is shown in Fig. 2.B.: All the facilities entering the pebble zone have 

complete liners, steel through the concrete, then fluted aluminum tubes in the 

graphite. Cooling inside the liner is provided by air which leaks around the 
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plugs and into the pebble zone through holes in the bottom of the liner tube.j 

All the vertical holes into the permanent gra~hite have liners in the 

concrete but not in the graphite.: Iri order to maintain proper ai~ flow in the 

permanent g~a~hite, these experimental holes must always be plugged during 

operation by concrete plugs through the biological shield and by full-length 

graphite plugs in the graphite region. 

In general the graphite plugs will be tailor-made to suit particular ex

periments, but it is expected that the barytes plugs used for start-up will be 

adequate for most experimental setups.: These barytes plugs are all provided 

with stainless steel tubes spiraled through them so that electticalleads, 

etc.: can be brought out from the experimental equi,pment.! These tubes are 1 

in.: in diameter for the pebble zone holes, VG-9, T2-VI, and T2-V2, and ~ in., 

in diameter fot the permanent graphite holes.: I~ all cases the graphite plugs 

are suspended from the barytes plugs by a rod and clevis arrangement.: 

3.2.1 Instrument-Holes. The holes presently ~eservedfor instruments 

required in the operation of the reactor are VN-l through VN-6., VG-8, 15,27. 

28, 42. 44, and 56,. and GM-I and 2.: 

Holes VN-l through VN-6. are sloping holes with their lower ends 2 ft 8 

in.: from the vertical centerline of the reac tor -at elevation IOn ft 5 in.: 

(Le.'. just above the horizontal centerline of th~ reactor).: The hole liners 

are 3-in ... I. p.: aluminum tubing in the pebble zone.: The ion chambers for the 

safety and log N circuits are suspended in these holes by rods from the 

barytes plugs which fill the top 6 ft of the holes.: In each hole the ion 

chamber position is set roughly by the length of the supporting rod, but this 

position may be adjusted ±6· in. by a threaded shaft which extends through the 

top plug.: 

VG-8 and VG-15 are pebble zone holes reaching to elevation 98 ft 4 in.: 

which are to be used for fission chambers. Since the fission chambers will be 

most useful near the centerline of the reactor during start-up. but above the 

thermal shield during high-power operation, winches are provided above VG-8 

and VG-15 to raise and lower the chambers.: Total motion of approximately 12 

It is provided by this means.: 

The instrument holes, VG-27, 28, 42, 44, and 56 are vertical holes ex

tending to elevation 96 ft 0 in., in the permanent graphite. They will contain 
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neutron thermometers suspended in graphite plugs.: 

The remaining instrument holes, 'GM-I and GM-2. are thimbles projecting 

into the exit water lines.: They provide space for the y-ray ion chambers 

which monitor the N16 activity in the exit water.: 

3,a.1 Experim~Dtal Holes" Holes VG-I, 3, 5, and 6, are pebble zone holes 

with 4··in.~·I.D. fluted aluminum liners extending to elevation 96. ft 2-5/8 in.,: 

At the bottom the centerline of these holes is approximately 2 ft 8 in.: from 

the vertical centerline of the reactor.: for start-up they are equipped with 

barytes plugs from which are suspended 3~-in.-diameter GBF graphite plugs.' 

Holes VG-7, 9, 10, and 16 through 20 are also pebble zone holes but 

with 2~- in. '- 1. p.' liners extending to elevation 98 ft 4 in., At this elevation 

the center line of the liners is 2 ft 10: in.: from the vertical center line of 

the reactor. The graphite plugs provided for start-up are 2!4 in.: in diameter. I 

VG-23 through 62, except VG-27, 28, 42, 44, and 56, are vertical perma

nent graphite holes at various distances from the reactor (see Figs. 3.E and 

F) extending to elevation 96 ft.: There is no liner in the gtaphite zone, but 

for start-up l~-in.: graphite plugs are suspended in the 2-in.: holes in the 

graphi te.: 

VG-2 and 4 are through holes accessible from the top of the pile and from 

the sub-pile room., Barytes plugs are provided through both top and bottom 

biological shields, and a rod and clevis arrangement allows the graphite plug 

to be fastened to the top plug.: The bottom plug is inserted from the sub-pile 

room and bolted to the sub-pile room ceiling.: Through the graphite the holes 

are each 4 in.l in diameter, requiring a 3~-in.:GBF plug.: 

VG-9 is a large (10 by 10, in.) square hole penetrating the permanent 

graphite to elevation 100: ft 6· in.' directly ahove HG-9.: The centerline of the 

hole is 4 ft 5 in.: from the vertical centerline of the reactor.: The' graphite 

section of the plug is GBF, 9~ by 9~ in.' 

T-2-V-1 and T-2.,-V-2 are 'thermal column holes, 12~ by 12~ in.:. through 

the top 'of the thermal column liner.: Each of the GBF graphite plugs is 

suspended by a ~- in.: steel rod from the barytes plug.: This rod goes through 

the graphite plug and is welded to !4-in.: steel plate at the bottom of the 

plug, which is at the same level as, the steel liner of the thermal column." 
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The other two experimental holes provided in the reactor are intended for 

y-ray experiments.: These holes, GT-1 and GT-2, are stainless steel thimbles, 

6, in.: in Lp.:. projecting into the exit water lines where the N16 activity 

will be high.: 

In addition to the above experimental holes, twelve 2-in.~I.D.: holes are 

provided in the concrete.: These holes, designated VC-1 through 9 and VC~ll 

through 13, penetrate the south wall of the biological shield to elevation 

92 ft.: Their location is indicated in Fig.' 3.E around the south instrument 

cubicle (to the right of GM-1) and between the cubicle and the outer edge of 

the reactor top.: It is expected that these holes will be useful for thermo

couples or for shielding measurements.: 

3.3 THERMAL COLUMN 

~.3.1 General Description.' The purpose of the thermal column is t6 

provide.a readily accessible field of thermalized neutrons for experimenta

tion. tI3 ) In order to create such a field of thermal ne~trons the permanent 

graphite (see Section 2.4.2) is extended to the outer edge of the biological 

shield through a 6-ft-square hole in the thermal shield and the concrete.: 

Graphite is used because it is a good moderator with low absorptivity and 

hence can create an almost pure field of thermal neutrons at high intensity 

over a large volume.: 

Figure 3.~.A is a cut-away view of the thermal column with the graphite 

removed.: The graphite stacking is shown in Fig. 3.3.B.: In Fig.: 3.9.~, the 

steel liner adjaceni to the concrete serves to absorb radiation from the 

thermal column in a manner analogous to the thermal shield around the reactor 

proper.: The cadmium sheet next to the steel absorbs impinging slow neutrons 

so that the steel liner will exhibit a minimum of induced radioactivity after 

pile shutdown. 

Since not all the neutrons are thermal, some (a flux of about i0 3 to 104 

neutrons/cm 2 -sec) will reach the steel.: This is sufficient, after extended 

operation, to induce biologically dangerous activity in the steel so that 

~ersons entering the empty column during reactor shutdown mu~t be ~rotected.: 

For this reason the 2,- in.: lead liner is pr6vided over the neutron- absorbing 

sheet. : 
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Because of its relative cheapness and availability, cadmium sheet is used 

wherever possible for the neutron- absorbing liner. However, since cadmium 

emits a highly energetic y ray upon absorbing a neutron, its use is restricted 

to those places where adequate shielding from these hard y's is present. : In 

the outermost section of the liner (see Fig. : 3.l.A) and on the inner face of 

the lead door , boral ( 14) (boron carbide--aluminum sheet) , which gives off a 

much weaker y, is used. : 

To prevent streaming of fast neutrons from the reactor, the liner as well 

as the graphite filler makes at least two sidesteps between the outer face of 

the graphite reflector and the lead door.: Scattering steps are also provided 

for biological shielding in the apertures and around the edges ~f the lead 

door. : As indicated in Section 2.4.2, GBF graphite is used since it is the 

purest commercially obtainable. : 

The lead door indicated in Fig. 3.3.A is designed to reduce the radiation 

from the thermal column to the same level as that through the concrete biolog

ical shield. It can be raised with the overhead crane and held in an elevated 

position by lever- actuated pawls. : 

3 . 3 . 2 Ther.at Col ••• Esperi.ental Facilities. The thermal-column ex 

perimental facilities include one large horizontal hole and 10 small holes, as 

follows : 

Horizontal Holes : 

HG- 9 

T- 2- H- 3 through T- 2~ H- 8 

T- 2- H- l and T- 2 ~· - H- - 2 

Vertical Holes: 

T- 2-V- l and T-, 2-V- 2 

9 x 15 in. : 

4 x 4 in. -

4 x 4 1n. -

12 x 12 1n. -

ToD tank 

To y - ray screen 

90° column accessible 
on north or south 
face of reactor 

Accessible at top of 
reactor 

In some respects the HG-9 hole should not be considered as part of the 

thermal column since it provides access to the fast - neutron flux directly from 

the active lattice through sealed empty cans in the beryllium. - However, with 
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appropriate plug arrangements the fast nux can be utilized by one experiment 

and still not disturb the thermal column.! 

The holes normal to the direction of the thermal column are expected to 

be extremely useful in providing very pure fields of thermal neutrons although 

at somewhat rednced intensity.: 

3.4> SHIELDING FACILITY 

The proposed shielding facility for the MTR has become a victim of delay 

and economy.> During the early design stages of the MTR it was recognized that 

the problems associated with the shielding of nuclear reactors were among the 

most serious in the industry.: It was fel t therefore that to be a completely 

versatile test reactor the MTR should incl':"de a facility for shielding experi

mentation, and the 6- by 6-ft hole on the west side, which was formerly a 

second thermal column, was redesigned for this: purpose.: However, the shieldin>~ 

problem became so urgent that a Bulk Shielding Facility was designed and built 

at ORNL.~ When the MTR costs were reviewed in the spri~g~of 1950. it'w~s 
decided that since the Bulk Shielding Facility would be in operation long 

before the MTR. considerable money could be saved by eliminating the shielding 

facility for the reactor. 

As a result of the above decision, the MTRbiological shield now contains 

a 6- by 6-ft hole which will be filled, for the present, with closely packed 

barytes blocks.: However, in the hope that eventually this facility.may be 

used for a thermal column or other experiments, the following steps have been 

taken to permit removal of the concrete blocks without danger of overexposure 

to radiation: 

1.: The 6- by 6-ft hole will have a well-anchored steel liner.puring 
construction this liner will be provided with tapped holes so 
that at. some future time lead plates can be fastened to it as 
each iayer of concrete blocks is removed.: 

2.' The inner end of the hole is covered by a quickly removable 
boral sheet. ~ 

3.> Means are provided for ra1s1ng a 2-in. > lead door up between the 
> thermal shield plates to cover the hole •• 
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In this way it is hoped that the concrete blocks can be re
moved and graphite or othe~ material stacked in during 'r~actor 
shutdown. In addition, a deep water shield tank is set into the 
floor immediately in front of the shielding facility hole.: 

The preliminary design of the shielding facility as planned in November, 

1949 is fully described in ORNL CF-~9-12-30~~lS) 

3.5 PNEUMATIC RABBITS 

The pneumatic -rabbits provide the Materials Testing Reactor with facili

ties to irradiate small samples of material in the high-neutron fields of the 

reactor.: The horizontal holes that constitute the pneudatic rabbit facilities 

are HR-I, 2. 3, and 4.: However, any beam hole can be adapted to provide addi

tional shuttle facilities.: Holes HR-3 and 4 are of 4 in •. I~p. and extend in

ward only to the reactor tank.: Holes HR-I and 2. which are I-in.: in diameter. 

extend completely through ~he reactor and pass within 1 in.' oJ the active 

lattice (see Fig.: 2.P). 

The only parts of these facilities which actually exist in the construc

tion are the holes and liners and the vacuum exhaust lines within the reactor.: 

I t is intended that the HR-I hole always be used for "<through shuttles. ft. 

i.~.; shuttles that pass directly through the reactor.: The equipment for this 

hole and the HR-3 and 4 holes will bedesigned and set up by the experimenters, 

and it is therefore not discussed further.: 

The HR-2 hole is intended primarily for "Te-·entry shuttles.'" i.~ •. , 

shuttles that are stopped at the active lattice for a given interval and then 

propelled out the same side through which they entered •. The additional equip

ment for this system is not included in the present construction, but a design 

proposed( 16) by ANL is discussed in App.endix 9.; The proposed re-entry shuttle 

equipment provides for the introduction of the shuttles into the system in the 

bas~ment and provides a means of propelling them to the inner end of the 

rabbit tube. After a predetermined irradiation period in the reactor, they 

can be expelled either to the laboratories in the Reactor Building wing or to 

an unloading station in the basement.: The major components of the system, all 

fully described in Appendix 9, are a loading termin@l, shock absor~r, trans

fer unit, laboratory selector, and unloading terminals.: 
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3.6, HYDRAULIC RABBITS 

~he hydraulic rabbit system for the MTR consists of two l-in.~I.p.1 

vertical tubes running through the bottom plug into the east end of the 

beryllium reflector (see Figs.: 2.p and 2 ••• ~ and B) and ,a 1.~I-in.-I.p.: tube 

through each of the regulating rod holes not in use.: 

Only the tubes inside the reactor and through the bottom plug are being 

provided in ~resent construction.: However, a tentative design fot the en~ 

tire system proposed by ORNL is outlined in Appendix 10.: 
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BKC-31S0~92-9A 

BKC-3150:"S22-1 
BKC-3150-522-2 
BKC-3150-522-3 
BKC-3150-S22-4 
BKC-3IS0"..S22-S 

BKC-3150-524-1 

BKC-3IS0-544-1 
BKC- 3150:- 544-2 
BKC-31S0-519-1 
BKC~3i50-519-2 

·BKC,.. 3150- 564- 2 
BKC-3150-564-10 
BKC-31S0-S54-2 
BKC-3150-SS1-1 

I 

BKC-3IS0-SS7-1 

BKC-3150-5S7-4 

BKC-31S0:...5S0-1 

BKC-3150-562-1 
BKC,.. 3150- 515- 1 through 9 

BKC,,3150-516-1 
BKG .. 3iso-516,..2 

BKC-31S0-S58-l 

',,-

3.8 BEFEBENCEDBAWINGS 

TITLE 

Service Facilities for Experimental Plugs 

HB-1, 3, 4, and 6 - Liner 
HB-I, 3, 4, and 6 ,.. Plug 

HB-1, 3, 4, and 6 ,.. Radiation Door 

HB-1, 3, 4, and 6 - Shielding Plug 
HB-1 to 6, DB-I, HT-1, HR-3 and 4, HG-5 and 6.,- Outer 

Shield Plug 
Typical Assembly of Liner, Plug, Radiation Door, and 

Shielding Plug 
HG-1 to 4 - Liner Assembly 
HG-1 to 4 - Plugs 
HI-2 ~nd 3 - Mechanical Design 
HI-2 and 3 - Plugs 
Plug Coffin 
Coffin Radiation Door Drive 

VN-I to 6· - Details 
VG-l, 3, 5, 6, 7, 10, 11, 12, 13, 14, 16, through 20-

Liner and Plug 
VG-23 through 62 except 27, 28, 42,44, and 56. - Liner 

and Plug 

VG- 27. 28. 42, 44, and 56 - Neutron Thermometer Equip
ment 

GT-·I and 2.,.. Gamma Thimble Plug 

VC-1· through 13 except VC-10 - Liner and Plug 
T-2 Thermal Column 
T- 2--V -1 Thermal Column Liner 
T-2~V-l Thermal Column Plug 
T- 2~H-1 to T- 2-H-8 Graphite Plugs - Reactor Structure 

BKC-3150- 514-1 Shieldin~ Facility. Arrangement 
BKC-3150- 538-1'through 10 HR-l and 2 ,.. Rabbit Tubes 

BKC- 3150- 540-1: through 5 HR- 3 and 4 - Rabbit Tubes 
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Chapter :4: 

PHYS:ICS: OF THE MATERIALS TESTING REACTOR 

4.1 REVIEW OF REQUIREMENTS 

The general aims of the Materials Testing Reactor are: 

1.: Attainment of a very high fast-neutron and thermal-neutron flux 
for general experimental and testing purposes.: 

2.: Production, in sizeable quantities, of U233
, C14

• and other 
isotopes of interest i~ R.'.~ 

3.: Attainment of a flexible reactor in which the dis'position of 
fissionable material maybe readily altered in conformfty with 
experimental needs.: 

4. Production of e~ithermal ~eutrons of the highest possible energy 
in order to test the behavior of reactor materials under high
intensity radiation (fast neutrons and 7. rays).: 

5 •. Attainment of a reactor of such simplicity in design. serv1c1ng, 
and operation that !t can serve as a prototype for research 
centers in.which the ABC may deem a nuclear reactor desirable in 
the future.: 

In order for the reactor to satisfy these requirements. careful consider

ation had to be given to the minimum quantity of fissionable material which 

would be necessary at the flux level desired. the amount of foreign matter to 

be inserted, th~ need to teactivate the reactor within ~ few hours or less 

after shutdown and overcome fission ~roduct poisoning, temperatufe effect, and 

depletion /'of fissionable material, to name the most important.: 

This chapter will review briefly some of the theoretical considerations 

that were worked on in ~arallel with the critical experiments described in 

Appendixes 1, 2, and 3.: Sections 4.~, 4.$. and 4 •• cover essentially the same 

material as MonP-272.: Section 4. ~ discusses heat production and removal.: 

Section 4.~ on Shielding, is given in rionsiderable detail because.it covers 

the particular shielding problems of the present MTR and illustrates the 

assum~tions and methods used in such calculations.: It is to be .hoped that 
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enough, data will be taken from. the MTR to check the validity of these calcu

lations. 

4.2 FLUX CALCULATIONS 

One of the most important reasons for using a small-volume light water

moderated core instead of the large-volume heavy water--moderated core de

scribed in MonP-108 and in Appendix 1 is that the virgin neutron flux (fission 

neutrons which have suffered no collisions) and the y-ray flux are much 

higher.: The virgin flux, ~o~ is related to the number of fission neutrons 

prodnced per cubie centimeter. Q.~~ and to the inelastic macroscopic cross

section for virgin neutrons Lin by the relation 

¢ = Q/LID 

The above equation is correct if the reactor dimensions are large compared to 

the mean free path. LiD - 1 , of virgin neutrons. 

In the present reactor Q is given by T/i:u23i:swhere 4>s is the average slow 

flux. 2 x 1014 cm- 2 sec· 1. and Ltf35= O~ 059 cm~'!~ corresponding to 35. J g of 

U235 per liter of reactor.: The mean free path of virgin neutrons in the core 

of light water plus aluminum, with VAl/VB 0 = 0:. JS. is about 5 cm; thus 
2 

4>0 ~ 1.~ X 10 14 c~-2 sec·' 

The old proposed heavy water~moderated reactor had a core volume almost 

ten times greater than the present one, while the. total power output. 3 x 104 

kw, and.virgin-neutron mean free path was the same.: Its average virgin flux 

was thus smaller by a factor ofIO.:A comparison of the slow, resonance, and 

fast flux in these light water and heavy water reactors is given in Table 4.2.~.: 

A second desirable characteristic of the small-core light water~moder

ated reactor is that the thermal-neutron flux distribution is essentially flat 

1n the core and for a short distance into the beryllium reflector is equal to 

or greater than the average core flux.- The holdup of thermal neutrons in the 

*The quantity Q. is therefore proportional to the power per unit volume of the reactor. 
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TABLE "4.2.:A 

Fluxes iu Ligbt Wateraud Heavy water Reactors 

LIGHT WATER HEAVY WATER 

Power (kw) 30 x 103 30"x 103 , 
Power/volume (kw/liter) 357 37 

Maximum virgin nv "'1. 2 x 1014 "{). 15 x 1014 

Maximum epithermal nv "-6 x 1014 ""5 x 1014 

Maximum slow nv "'2 x 1014 "'2 x 1014 

reflector is due to the ~maller rate of absorption in the beryllium as com

pared to the highk core.: 

The magnitude of the rise in the reflector depends on the size and shape 

of the reactor.: In Figs.: 4. 2.A, B, and C the radial £lux distribu,tions as 

calculated for three cylindrical reactors with different k values are shown. 

In the largest reactor (lowest k = 1.973) the thermal flux rise in the ~e

flector is least pronounced." The larger the reactor, the lower the rate of 

thermalization, which is proportional to ¢,. becomes in the reflector. This 

results in a decreased ¢ in the reflector." For a thin-slab reactor (Fig." s " 

4.2.F) the rise of ¢s in the reflector is most pronounced because of the 

relatively high rate of thermalization in the beryllium near the core.: The 

change from a circular to a recta~gular horizontal cross-section reactor 

hardly affects the n~utron flux distributions (compare Figs. 4.2.A and E).: 

Longitudinally the thermal flux in thek= 1.313 cylindrical reactor 

(Fig. 4.2. D) drops only by a factor of 2 before again rising in the top (or 

bottom) water plus aluminum reflector. The actual longitudinal distribution 

will be even flatter than that calculated because the side beryllium re

flectors are longer than the reactor proper, and therefore extend into the top 

and bottom reflector region. 

The ,thermal-neutron distribution in the reactor and its reflector will be 

modified by the presence of control rods, the thorium-breeding blanket, if 
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used, and the aluminum tank wall. When cadmium control rods are near the 

center of the core, the flux in the reflector is relatively greater than the 

average core thermal flux because the cadmium rods cause a central depression 

of the neutron flux.: A high ratio of reflector to average 'core neutron flux 

makes for·maximum experimental usefulness with. minimum expenditure of fuel.: 

The thermal flux in the u.eful experi~ental region is lowered consider

ably when a thorium blanket surrounds the reactor.: Figure 4.2.G shows the 

magnitude of this depression produced by a sheet of thorium 1.~6. cm thick 

placed at 20 cm from both sides of the rectangular cross-section core. Its 

effect ,on k is slight; 6k/k = -O~4%.: 

The presence of the aluminum tank wall between the beryllium and graphite 

lowers the thermal flux slightly.: At its position nearest to the core (30 em) 

when the core is the thinnest possible slab (thus highest flux at the alumi~ 

num-graphite boundary), the aluminum depresses the thermal flux by only 14% as 

shown in Fig.: 4.2.F.: This figure may be used to estimate the flux at various 

~ositions in the reflector when thorium is not present. If the thermal flux 

is normalized to 2 x.l0 14 at the edge of the reactor, then the flux will r1se 

to about 2.3 x 10 14 'in the l beryllium 5 cm from the reactor surface. At the 

beryllium-graphite interface the slow neutron flux is about 6 x 10 13 , and at 

the thermal shield it is about 3 x lOll. These figures are, of course, very 

rough.: 

The calculations of the flux distributions were made according to a 

simple two-group diffusion theory.: Experiments described in Appendix 2 

indicate that these calculations predict a smaller slow-neutron rise in the 

reflector than is actually observed.' 

4', 3 REACTIVITY, LOSSES 

For various reasons, e.g.~ Xe l35 poisoning, depletion of U235 , etc.~ the 

reactivity of the reactor is lower during high-power operation than during 

zero-power operation.: The reactor therefore must be built considerably larger 

than is necessary to be critical in the cold, clean state. Before summarizing 

the reactivity losses which are entailed by Xe l ' S + Sm 149 , depletion of U235 , 

and temperature rise, the conventions for expressing reactivity loss will be 

reviewed briefly: 
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If a poison is placed in or removed from a reactor which is just criti

cal, the neutron density will decay or rise with a period T.: This period ~s 

directly p~oportional to the change in reactivity, which we denote by' 

t:.keff/keff' 

by the usual in-hour formula 

t:.keff 

. ke f f 

l ~ t:l, 7'. I'-' t l. 

= kT + . 7. + T 
t 

(1) 

where l is the generation time, and J3 i and 7~ are the abundance and the mean 

life of the ith delayed neutron group.: The k in this formula is always the 

value of k after the change in poison has been made. 

It is possible to calculate the reactivity change t:.keff/keff' and there

fore the period T, in terms of the absorption cross-section of the poison and 

its position in the reactor. More generally, if any perturbation is imposed 

on the reactor, e.g.~ if the density of the moderator is changed, then the 

reactivity will change in a manner which is calculable in terms of the magni

tude of the perturbation and its position in the reactor.: 

The critical equation in two-group reactor theory ~s 

k (1 + 782 )(1 + L 28 2 ) 

where T' = age of fission neutrons.: 

L = diffusion length.: 

8 2 = ifbuckling"" or "Laplacianl!, of the reactor.: 

When 
k 

(1 + 782 )(1 + L2B2) 
1 

the system is chain reacting and in a steady state, and keff is defined as 

k 
keff = (1 + 7B2)(1 + L2B2) 
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In the MTR core T'~ 64 cm2 , L2 ~ 3.5 cm, and B2 ~ 10- 2 cm- 2 • 

If an absorber is uniformly distributed in the core, it will affect k 

primarily but, to a much lesser extent, it will also affect L2. The latter 

effect can be neglected when L2 « T' and we may then write 

when 

\ 

tikeff M 

k e f f k 

It will be recalled that 

k = pE'TJf 

'TJ = numbec.of neutrons produced for each thermal neutron absorbed in ~,.l 
uranium. 

E = fast multiplication factor = number of fast neutrons from all fissions 

number of neutrons from thermal fissions 

p resonance escape probability = fraction of neutrons escaping 
resonance capture and thus becoming thermal neutrons. 

f = thermal utilization factor = fraction of all thermal neutrons 
produced which is absorbed in fuel material.' 

However, in a small enriched reactor such as the MTR. both p and E are suf

ficiently close to unity that, to a very good approximation, 

where 2: 235 
U 

No-, 235 
U 

k 

2: reactor 

'TJf 
2:' 235 

U 'TJ-
2:reactor 

No- + Ncr ' + NITA' 1 + NIT. . U235 H 2 0 pOlSon 

It is then possible to write, when an absorber is placed in the core. 

M 

k 

ti2: 

2: ' reactor 
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In this expression k and Lreactor always pertain to the situation after a 

change has been made.' 

The effect of a local change in the reactor is a fairly sensitivefunc

tion of position •. Experiments described in Appendix 3 have shown that an 

absorber is about twice as effective in the center of the core as at the edge, 

and the importance of an absorber diminishes rapidly as its distance from the 

core increases. This, of course, means that experiments can be done in the 

reflector. where the thermal flux is very high, without producing a major 

change in reactivity., 

For detailed treatment of the equations and effects discussed above, the 

reader is referred to Glasstone and Edlund. E.lements of Nuclear Reactor 

Theory.~~~) 

The major perturbations whi~h occur in the reactor are Xe 135 + Sm149 

poisoning, U235 depletion. and temperature rise. The reactivity loss, 6k/~ 

for each of these has been calculated and is discussed below.: 

4.3 .. ;1 Xe:fJS"s and 811'1'49 Poisonlng·.: W~en ·thereactor operate's at a uniform 

flux of 2 x 1014 , i.e.~ at 10,000 kw per kilogram of U235 , the steady state 

reactivity loss due to Xe 135 is ~k/k 3.?% and that due to Sm 149 is ~/k = 
1.9%, making a total steady state loss of 4.9%. The manner in which these 

losses are reached after start-up is indicated in Figs.: 4.3.~ and Bo' 

After shutdown the Xe 135 produced hy 1 135 decay builds up and goes 

through a maximum at 11 hrj at this time the additional reactivity loss due to 

Xe 135 growth = 40.~%.: The total extra Xe 13S loss is somewhat less than this 

because any Xe 13S which is already present at shutdown simply decays without 

going through a maximum.: The time course of the Xe 135 which grows from 1 135 

is shown in Fig<4.~.C (curve labeled I1.3S~ Xe13S~ Cs13~), and the time 

course of the Xe l3S which decays directly is given in the curve labeled 

Xe135~ Cs llS ., 

The Sm149 is a daughter of 11 149 ; its concentration therefore increases 

after shutdown. The extra loss due to it would~ at very long times after 

shutdown, eventually reach'~/k 3.3%. 

The overall time behavior of the extra reactivity loss is also given 1n 

Fig.: 4.~.C.: It is seen that in order to override the Xe 135 + Sm 149 loss at 
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all times, an excess k equal to the sum of the net extra loss, 38.8%. plus the 

equilibrium loss, 4.9%, or I:,.k/k = 43.7% is needed.: 

It was not regarded as a practical necessity that so much reactivity be 

built unto the reactor that it could override the Xe lS5 at all times after 

shutdown~~ However, there should be sufficient extra reactivity so that 

every accidental scram does not keep the reactor shut down for several days.: 

It was felt that if the reactor can override ~ hr of accumulated Xe l35 + Sm149 , 

it will ordinarily have sufficient operational flexibility.: To achieve this 

it is necessary, according to Fig., 4.3.C, to build into the reactor ad excess 

reactivity of 9.6% (4.7% for reactivity loss in 30 min after shutdown plus 

4. 9% ~quilibrium lossl. : With this available I:,.k/k the machine can be started 

up within the first half hour after a scram, or after two days if not started 

during the "grace"' period.: 

It should be clear from this discussion that much more care is needed 

to shut down and start up this reactor than is needed for the graphite re

actors.: 

4.3.2 Depletion of V235 and Otber Fission Product Poisoning. It 1S 

estimated that there will be a loss of 0.95% per day in I:,.k/k attributable to 

the depletion of U235 and accumulation of low-cross-section fission products 

(aa is assumed to be 50 barns per fission) if the reactor runs at 10,000 kw 

per kilogram.: A ru~ning cycle of about ten days was used for the computation, 

which means that about 3.5% in I:,.k/k must be available to override the deple

tion loss.' The depletion and low-cross-section fission product loss is 

plotted as a function of time in Figs.: 4.3.A and B (curves labeled "25~).: 

The total loss due to depletion, low-cross-section fission products, and 

Xe 135 + Sm149 is also given in these figures.' 

4.3.3 Temperature Coefficient. As the temperature of the reactor r1ses, 

the reactivity falls. ' The reactivity temperature coefficient, defined as the 

change in I:,.k/k per degree centigrade temperature r1se in the reactor, 1S the 

sum of thtee partial coefficients.: These partial coefficients ar1se from 

1. Expansion of the fuel-bearing aluminum plates. 

2. Expansion of water between fuel plates, 

3. Change in microscopic cross-sections with temperature. 

*Operational requirements of the'STfI, 'designed subsequently to the M1'R, have dictated that sufficient 
reacti vi ty be incorporated, to override Xe 13"5 at all times. 
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Effects 1 and 2 are functions of the bulk. tem~erature of the plates and 

H
2
0)respectively.: Effect 3 is a function only of the neutron temperature •. To 

determine the neutron temperature from the n20 temperature is not easy; it is 

supposed that the two are equal.: 

In Table 4.~.~ are tabulated the partial temperature coefficients at 

20°C calculated for three cylindrical reactors of 12.18, 17.85, and 21.~2 cm 

active radii, respectively.: All are approximately 53 cm high and VAl/VB20 = 
O.YS. The usual adjoint perturbation theory was used for the calculation.: 

TABLE 4.3.A 

Partial Te.perature Coefficients at 20°C, AI-H2 0 Neutron Te.perature 

Reactor 

Coefficient (1) in /Yt/k "tOC 

Coefficient (2) 

Coefficient (3) 

Total coefficient 

r 

Il 

12.78 

1.606 

-1.6 x 10- 5 

-3.8 x 10- 5 

-15.1 x 10. 5 

- 21 x 10-5 

r = 17.85 

Il = 1. 432 

-1.4 x 10-5 

-3.0 x 10- 5 

-10.5 x 10- 5 

-15 x 10. 5 

r = 21. 12 

Il 1.-313 

-1. 3x 10-5 

-2.8 x 10-5 

-8.9 x 10-5 

-13 x 10.5 

During summer operation at 10 kw/per gram. of U235 th'e water will en..ter 

the reactor at about 100°F (39°C) and leave it.atl15GF (47.3°C).: The maximum 

aluminum temperature will be about 50°C higher than the average water tem

perature.: The lowest reactor temperature will occur during winter shutdown; 

at this time water and aluminum will be at about 10GC.: Thus the yearly 

temperature range of the water (and the neutrons) is about 35°C, and the tem

perature range of the aluminum is about 70°C. The maximum reactivity loss in 

the k 1.606, reactor due to temperature rise is th~refore: O~ll%-in 6k/k due 

-to aluminum temperature rise and 0.68% in ~/k due to water and neutron tem

perature rise, making a total of 0:. ~9%.: For the k = 1. ;l73 reactor the figure 

would be O.~%.: The temperature loss computed here is total loss from winter 

shutdown to summer operating conditions.: The loss in reactivity from summer 

4. :19 



shutdown to summer operating is very much less than 0~18%; it is only about 

O~~%. ~hich is the amount of 6k/k that "must be held by the regulating rods.: 

The larger variation between summer and winter operation and shutdown can be 

taken care of by the shim rods.; 

4.3.4 Thorium Blanket. The calculated critical masses are for a reactor 

with an infinite Be + "20 reflector on the side.' Actually there may be a 

thorium blanket about 15 cm away from the surface of the 22- by 70-cm rectan

gle which reduces the reactivity by about 0.1% in 66/k.: This is rather an 

overestimate of the thorium effectiveness because for most reactor loadings 

the distance from the reactor interface to the thorium blanket will probably 

be more than 15 em.: 

4.3.5 Other Reactivity Losses. Experimental setups around and in the 

reactor lattice will further reduce the,·reactivity of t.he machine.: An ad

ditional 5% in 6kjk was arbitrarily assigned to handle this.: It is estimated 

that this margin in 6k/k represents an absorber of total cross-section 330: 

cm2 placed uniformly in a 2-kg reactor.* It may be pointed out that in the 

present ORNL ,rea'ct-or'. the total poison cross-section which will take up the 

excess available for experiments, i.~.~ about O~~%. is 4000 cm2 if spread 

uniformly or 500 cm2 if concentrated at the center.: 

4.3.6 Total Reactivity of Reactor., The overall minimllm excess re

activity built into the reactor is summarized in Table 4.~.B.: 

'n ' 
tABLE 4.3.8 

Minimum Reactivity Losses Which Must Be 

Allowed for io Reactor 

SOURCE OF LOSS t:Jk/k (%) 

Xeus + Sm149 9.6 

Depletion + low-cross-section fission products 3.5 

Temperature, 0.8 

Others 5.0 

Total 18.9 

I 

I 

·The critical experiments discussed in Appendix 3 indicate that !Yt./k for , experiments and apparatus rill 
be less than that assigned here. ' 
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From the curve of critical mass versus k in Fig.: 4.~.p it may be esti

mated that about 2.6 kg is needed to ensure an excess ~k/k of 18.9%.' , . . 

Because of the thorium blanket (which reduces the reactivity by about 

0.7% in ~/k, depending on the disposition of the active lattices) and because 

of the holes in the reflector, the amount of U235 needed to give an excess 

reactivity of 18.9% is a little larger than 2.6 kg for a reactor. built with an 

kl/H2 0 volume ratio of O. :rO •. 

The exact critical mass is not crucially important since the reactor is 

designed so that as much as 6 kg of U235 can be loaded by replacing all the 

removable beryllium. With this loading the excess reactivity is<~/k = 29%. 
It would, of course, be undesirable to use this large loading regularly since 

this would mean, for fixed total 'power, a reduction in flux.: If the critical 

mass calculations are correct, th~n the average slow flux attainable in the 

machine will in fact be 2 x 1014 at 30 megawatts; if the critical masses turn 

oui to be higher than calculated, then the flux,at 30 megawatts will be 

reduced in proportion. 
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4 .. 4 DINA.ICS OF THE REACTOR 

A proper analysis of the time-dependent behavior of a reactor operating 

on thermal neutrons must take into account the important"effects on its criti

cality, reactivity, and stability which arise from such factors ~s fission 

products of high thermal-neutron capture cross-section, depletion, tempera

ture, average neutron lifetime in the reactor, flux level, and reactor period. 

As has been seen in the requirements placed on the reactor, considerable 

excess reactivity must be built into the active core before start-up. The 

control rods must keep the reactivity below the critical value before and 

during start-up. 

Two start-ups must be considered separately, first for the case for the 
~ . 

clean. cold reactor. and second for the case when the reactor has been shut down 

from a high level and must be started up again quickly. When an enriched 

reactor starts from a" cold, clean state to a power level of 3 x 107 watts, as 

in the MTR, the range to be covered by control instruments is from 10- 18 x full 

power to unity x full power (in terms of total number of fissions per second, 

3 x 107 watts requires about 1018 fissions/sec). 

In order to bring the lower part of 'this range into the operating reg~on 

of convenient instruments "a neutron source (e.g., Po-Be) is always inserted 

1n the reactor to produce about 10 7 neutrons/sec. With such.a source in place 

~n a cold, clean reactor, start~up time of half an hour has been selected-as 

sufficiently slow for safety and 'not objectionably long for convenience. The 

rods therefore are withdrawn at an average rate of 0.01%6k/k per second, 

which is accomplished by withdrawing at the rate of 0.1% per second for 

~ sec. fol~owed by a wai ting period of 4~ sec. This "intermittent'" speed is 

equivalent to introducing step changes in reactivity at regular intervals, and 

the increasing transient periods become an indication of the approach to 

criticaljty. 

If it is assumed that a "start-up accident"~ occurs in which rods are 

withdrawn continuously at a rate equivalent to~/k ~ 0.1% per second, the 

n~utron level will rise only a factor of 100 in several minutes. However, at 

the end·of this time the reactor will be supercritical, on a rising period of 

approximately 10 sec, and in a few more seconds will have a period of approxi

mately 1 sec. Under these conditions the reactor will have passed prompt 

*See Chap. S. 
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critical long before the level is reached at which the safety instruments are 

set to operate. If all controls have failed, the minimum period expected, 

pessimistically estimated at about 1/30 sec, must be countered by safeties 

-capable of 30-msec response. In this event the power would momentarily rise 

to about three times "normal" overload power or about four times operating 

power. It has been demonstrated in the MTR Mock-Up that rods will actually 

begin to -drop in about 0.015 sec. 

In restarting the reactor after a short shutdown, the time available 1S 

limited by xenon growth; hence the rods must be withdrawn as quickly as 

possible. However, the considerations of the preceding paragraph indicate 

that the maximum tolerable rod withdrawal is 0.1% ~k,k per second. This, 

then, has been fixed as the "high" rate of rod withdrawal and permits com

plete withdrawal of all rods in about 6 min. ) 

When the MTR is normally at full load, the excess reactivity may amount 

to 20% in k. All the controls will take up about 40% in k at most, so that a 

dead, cold r~actor hasak of about 0.8. This imposes great caution in start-up, 

and the control arrangement as described in Chap. 5 makes it impossible to 

start the reactor or operate it without a source of sufficient strength. 

The provision of a source has been conveniently brought about by uti

lizing an arrangement of antimony plus beryllium. 51Sb124 is a y-ray emitter 

1. 73 ~ of ~ Mev ~i th a 60-day half-l i fe; it is convenient 1 y made from natural 

51Sb123 by neutron absorpt{on. Such a source is therefore kept active 1n a 

going reactor. It has the advantages of cheapness and sufficiently long 

half-life to maintain high activity for several days after shutdown . 

.-"~ 

4.-5 HEAT PRODUCTION, TRANSFER. AND REMOVAL 

As has been previously indicated, the fuel assemblies and t~e beryllium 

reflector are water cooled. In the reflector the water acts primarily as a 

coolant. but in the active lattice it acts as both coolaQt and moderator. 

This means that the quantity of water (moderator) in the active lattice at any 

time must be determined by nuclear considerations, but the speed with which it 

passes through the lattice is determined by heat transfer requirements. 4 
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The high flux requirements of the MTR require a reactor with the smallest 

possible critical mass. This is accomplished by building the reactor with the 

optimum U23 5/H ra tio, ( ~ • 2) W h i'c h in this case means choosing the appropriate 

U235/H20 ratio, With these nuclear requirements in mind, the amount of 

uranium per fuel plate was determined by the optimum amount of uranium ~n 

uranium-aluminum alloy, and the thickness of each plate was determined by the 

practicability of the picture frame construction and required rigidity of 

the plate structure (see Appendix 6). The U23S/H ratio was then fixed by the 

spacing between the plates. 

The above cons ide ra tions led to the presen t des ign of the MTR fuel 

assemblies with spacing of 0.117 in. between plates. Heat transfer calcu

lations(3) then showed that satisfactory heat transfer could be obtained with 

a water velocity of approximately 30 ft/sec through these spaces. Once this 

figure was established, further calculations(4) and experiments (see Appendix 

4) established the pressure differentials required and the resultant quantity 

of water through the reactor. By this means the necessary pressure drop 

across the fuel assemblies was found tO,be about 40 psi, which, because of 

parallel f\ow, is also the pressure drop across the beryllium reflector. It 

should be ~oted that this pressure produces a, flow of approximately 20,000 gpm 

through the reactor and _beryllium, resulting in a water temperature rise of 

only about 11°F for 30,000-kw operation. 

The original calculations for heat production are reported in MonP-272. 

Since that time these figures have ~een experimentally checked in crit~cal 

experiments (see Appendix 3) and in the Mock-Up (see Appendix 4). For con-

venience the initial resul ts given in Mon.P-272 are restated in Sections 4.°5.1-

and 4;5.2, ,while the later figures based on experiment are giv~m in Appendixes 

3 and 4. A check on all these figures will, of course, be made in the ~arly 

days of operation of the MTR. 

4:5.1 Calculations of Heat In~ide Active Lattice. The assembly plates 

. will contain a concentration of U23S of about 20.4 mg/cm 2. At a power output 

of 10 kw per gram, which corresponds to a slow flux of about 2 x 1014~ the 

heat taken out 0.£ each side of an assembly plate is about 24 cal/cm 2/sec. 

With a flow velocity of "30 ft/sec in the reactor core and a plate separation 

of 0.117 in., the heat transfer coefficie~t, with no scale formation, should 

be about 0.9 cal/cm 2 /secr'C, or 6300 Btu/hr/ft 2 /°FoThe 'film temperature 

drop is therefore 27°C. 1V1L/~ 
, ,\,"~,~$ r 
" j\ -:<1iQ ) 4.2'5 
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These are average figures. Along the mid-plane of the core, the flux is 

about 1.3 times the longitudinal average; at the core-reflector in.terface this 

can be increased by as much as another factor of 1.2 when the loading is in 

the form of a very thin slab. Finally, in the neighborhood immediately 

surrounding a thorium shim rod there is a further local heating of abou~ 20%, 

which arises because of the rather large dead layer of H20-AI (13 mm) between 

active assembly and thorium. The hottest spot in the reactor may therefore 

have a power output which is 1.3 x 1.2 x 1.2 = 1.87 times the average. Thus 

the maximum film drop could be as high as 50°C even without any scale for

mation. If the average power output is 10 kw per gram,· the reactor is 

loaded as a thin slab. and a thorium shim rod happens to be close to the core

reflector interface. 

4.5.2 Calculations of Heat in Beryllium and in Foreign Materials Near 

Active Lattice. Outside the core, heat is produced primarily from absorption 

of y rays. Some of these come from the reactor itself, and some arise from 

neutron capture in beryllium, in thorium, and in ~raphite. 

The 'calculation of the heat distribution in the reflector was based on 

the neutron distribution for the very thin slab reactor without any thorium 

(Fig. 4.2.F) since in this case the heat load in the reflector is heaviest. 

The results are given in Fig. 4:S.A. To simplify the computation of the 

Y-ray absorption, the core and reflector were assumed to be infinite slabs; 

this leads to an overestimate of the heat load since the neutFon flux was 

assumed to be uniform over the whole core and equal to 2 x 10 14 , 

The added heat flux per experimental hole is about 0.03A 2/R 2,kw:* where 

A is the cross-sectional area of the hole, and R is the distance from the core 

surface to the face of the hole opposite the ,cp~e surface, provided A is much 
:2 "" I"/~ ... , 

smaller than R. For the 6-in. hole, R ~ 40 cm, the total heat flux is about 

0.6 kw or 3.5 watts/cm2
• The pile y-ray heat flux at 40 em in the absence of 

a hole is 3.S watts/cm:2; hence, the hole increases the load due to the y-ray 

heat D'Y' afactor of 2" or the total heat flux increases from 4.6 watts/cm:2 (see 

Fig. 4.S.A) to 4.6 + 3.'5 = 8.1 watts/cm2
• 

The greatest hea,t load outside the core occurs i.n the mid-plane of the 

beryllium reflector at the interface between beryllium and core. This maximum 
-' 

-The specific power (average) for the reactor is 300 kw/liter. 

··0.0,3 is the appr (J(imate average 'Y-ray heat flux at surface of lattice. 
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might be as much as 16 watts/cm3 or 3.84'cal/cc/sec. If the beryllium is 

shaped like a slab, cooled on both front and back faces, the temperature r1se 

in the center is 

I1T 
= qx

2 
_ 

2k 
4.8x 2 

where q is the heat production ( 3.84 cal/cc/se£) , x is'the half-thickness 

of the slab, k is'the thermal conductivity and is equal to 0.4 cal/deg/cm/sec. 

A temperature rise of 15°C, which is probably safe, allows the 'slabs to be 

8 em thick. 

Foreign materials. such as control rods or experiments ,which are placed 

1n the center of the core, will pe heated even more strongly than the beryl

lium. The y-ray heat production at the center of the reactor is about 5;85 

cal/cc/sec; this is essentially the y-ray heat absorbed in the reactor. Since 

the reactor has an average density of about 1.7 g/cc, an estimate of the heat 

production in a foreign body placed at the center of the reactor will be about 

5.85/1.7 = 3.4 cal/g/sec. Thus in beryllium, density 1.85 g/ce. the heat load 

is 6.3 cal/ce/sec, while in thorium, density 11 g/cc, the heat load due to re

actor y's alone is 38 cal/cc/sec. 

In addition to the reactor y's, the U233 fission in the thorium creates 

a heat load which is not negligible. It is unwise to run the U233 
concen

tration in the thorium beyond 0.1% because at this time about, one-tenth of tpe 

captures in thorium lead to fission. The additional heat load in the thorium 

due to U233 fissions is about 22 cal/cc/sec. The total load in the thorium 

rods may therefore be as high as 60 cal/ce/sec. 

4;'5:3 Beating and Cooling of the Graphite Reflectot. This subject is 

covered fully in a report(S) on the cooling of the graphite reflector. Heat 

production in the graphite is based on the curves given in MonP-272 and the 

data obtained in critical experiments (Appendixes 2 an~ 3) and is normalized 

for a slab reactor of the following characteristics: 

Power (kw) 
U236 in reactor (kg) 

Mev/fission 
Fissions/sec 
Average nv (thermal) 
Specific power (kw/liter) 

30,000 
3.'5 (23 assemblies + half of 4 

shim rods) 
187 
9.9 x 10,17 
2.0 X 10 14 

300 
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The results of these calculations are shown in Fig. 4.<S.B. In this 

figure the curves are discontinuous owing to the pebble zone which is indi

cated·between points AA and Cc. for slab and square loading, respectively. 

The total heat to be removed from the pebble bed was estimated by divid

ing the bed into several zones and calculating the heat production from the 

curves in Fig, 4.5.B. By this method it was found that .the total heat pro

ducedin the pebble bed is about 420 kw with the reactor operating at 45,000 

kw. 

Th,etotal heat to be removed from tbe permanent graphite was found by' a 

method similar to that used in the pebble zone and amounts to abo~t 330 kw 

with the reactor operating at 45,000 kw. 

4.5.4 Heating and Cooling of the Thermal Shield. Heat production in the 

thermal shield has been calculated, «(j. 7) and these calculations, show a ,to ta I 

heat production of 47.5 kw in the thermal shield for operation at 30,000 kw. 

These figures were obtained by estimating the neutron fluxes and multiplying 

these, fluxes by 60 x 10-u14
, tbeheat production for a flux of 1 neutron/cm 2 -sec 

'at the surface of the steel. This figure ,assumes that reactor and reflector 

yrays produce an amount of heat equal to that produced by capture y rays 1n 

the steeL 

The temperature produced in the steel by this heat production is highest 

1n the bottom thermal shield and in the east side wall with slab loading. 

With the present design of the shield (see Section 2.5.1) and air flow of 

25,000 cfm it is estimated that the maximum steel temperature in the bottom 

shield will not exceed the air temperature by more than 150°F at 60,OOO-kw 

operation. Furthermore, the maximum temperature of the steel next to the 

concrete will be less than 70°F abov~ the air temperature., 

Temperatures in the east side wall are high because of proximi ty to the 

active lattice (slab loading on east side). Present design calls for insu

lation between the graphite and the steel in the side walls to reduce heat 

conduction from the graphite into the steel. 

4.5.5 Cooling Requirements at Reduced Power Levels and After Shntdown. 

The cooling requirements at reduced power levels have been calculated;(8) 

the results are plotted in Fig, 4.5.C. 
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The problem of cooling after shutdown has been extensively studied, and 

a full report has been written.(9) After shutdown the power level is given by 
< ~ ~ 

the formula developed by Way and Wigner;(lO.ll) 

P = BF [i-O. 2 ._ (t + T) - 0.2]- Mev/sec 

where 

F = fissions/sec-kw 

t = seconds after shutdown 

T = seconds of pile operation 

During operation the power level is given by 

P = 187F Mev/sec. 

so that the reduction factor is A[i-o. 2 - (t + T)-0.2]. Experimental and 

extrapolated values of the reduction factors given in Table 4.~.A show that A 
varies between 0.80 and 0.90 over a range of ~60 sec to 4 days for a 20-day 

irradiation period. 

Using the equation for decay given above, the heat generated in the tank 

after shutdown, assuming no losses from the tank, is given by: 

t 

H = J 30,000(0.08) [t-O;2 - (t + T)-0;2] dt 

° 
=3,000 [t o . 8 _ (t + T)O. 8 + (n0' 8]- kw-sec. 

Using a 20-day irradiatjoo, then, for t values up to a. few hours, 

H = 3,000 to. 8 kw-sec = 2.42 to. 8 cal/cm2fsec 

which gives the values listed in Table 4.S.B. 
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COOLING 
TIME 

6 min 

12 

18 

24 

30 

36 

42 

48 

54 

1 hr 
2 

5 

10 

1 day 

,2 

4, 

10 

20 

50 

100 

t-O•2_(t + T)-O'.2 

0;252 

, 0~213 

0.191 

0.177 

0.167 

0.159 

0.153 

, 0.1~7 

0.142 

0.138 
0.113 

0.085 

0.066 

0.046 

0.0345, 

0.0232 -

0.0126 

0.0075 

0.0032 

0.0012 

e 

TABLE 4~'5. A 

Reduction Factors After'Shutdown 

10.DAY OPERATION 20-DAY OPERATION 
(b/g) F A (kw/g) F A 

' 2~00 ' ' 2 2, x 10- 0.0795 1 2, x 10,2 0:0195 

1.65 1.65 x 10- 2 0.0775 0~86 ' 1. 72 X 10~2 0.0806 

1.49 ' -2 1.49 x 10 0.0780 0.78 1:56 x 10-,2 0.OB15 

1.38 1.38 X 10 .. 2 0.078 0.7.3 1.46 X 10- 2 0.0824 

1. 32 1. 32 X 10- 2 0.079 0.70 1. 38 x 10- 2 0.0826 

1.25 . 1.25 x 10. 2 0.0786 0.67 L32 x 10- 2 0.0830 

L20 1.20 x 10- 2 0.0785 0.64 1.28 )( 10- 2 0.0835 

1.16 1.16 X 10- 2 0.0789 0.62 1.24 X 10- 2 ,0.0842 

1.12 1.12 X 10- 2 0.0789 0.60 1.24 x 10- 2 0.0845 

1.09 i.09 x 10- 2 0.0790 0.58 1.16 X 10,2 0.0840 
0:89 8.9 X 10-3 0.0787 0.48 9.6 X 10- 3 0.085Q 

0.67 6.7 X 10- 3 0 .. 0788 0.37 7.4 X 10- 3 0.0871 

0.52 5.2 X 10,3 0.0782 0.29 5.8 X 10- 3 0.0879 

0~36 3.6 x 10- 3 0~0783 0.21 4.2 x 10- 3 0.0913 

• 0.255 2.5 x 10,3 0.0.738 0.155 3.1 x 10-3 0.0898 

0:164 1.64 x 10. 3 0.0707 0.105 2.1 x 10,3 0.0905 

0.075 7.5 x 10-4 0.0555 0.054 L08 ,x 10-3 0.0855 

0.035 3.5 x 10'4 0.0466 ,0.027'0:' 5.4 X 10- 4 0.072' 

0.,0097 9.7 x 10" 5 0~0303 0.0083 L66, x 10- 4 0.052 

0.00305 3.05 X 10~S 0.0254 0.0027 5.4 X 10- 5 0.045 

• 
'40.DAY OPERATION ' 

(kw/g) F A 

0; 52 .2.08, x 10;'2 0.0825 

0~445 1.78 x 10~2 0.0835 

0.405 1. 62 x lOr 2 0.0848 

0.378 1. 51 x lir2 0.0853 

0.360 1. 44 x 10- 2 0.Q863 

0.345 1. 38 x 10- 2 0.0868 

0.340 1. 36 X 10- 2 0.0889 

0.330 1. 32 X 10- 2 0.0898 

0.315 1.26 X 10. 2 0.0888 

0;305 1. 22 X 10. 2 0.0885 
0.260 1.04 X 10- 2 0.092 

0.200 ,8 X H)"3 0.0941 

0.163 6:5,' X 10.3 0.0985 

0.122, 4.88 X 10,3 0.106 

0.092 3.68 X 10,3 

0.066 2.6 x 10- 3 

,0.035 1.42 x 10. 3 

0.019 7.6 X 10-4 

0.0065, 2.6 x 10.4 

0.0023~ 9.4 x 10- 5 

I 



TABLE 4~·5. 8 

Cumulative Heat After ShutdowD 

.. 

t to. 8 (kw-sec) (Btu) (cal) 

1 sec 1 3,000 2,840 715,000 

2 1.14 5,220 4,950 1,248,000 

5 3.62 10;900 10,340 2,600.000 

10 6.3 18,900 17,900 4,510,000' 

30 15;2 45,600 ' 43,300 10,920,000 

60 26.5 79,500 75,400 19 x 10~ 

5 min 96 288,000 273; 000 68.7 x 106 

10 106· 498,000 473,000 
. 6 119:2,x 10 

.30 400 1,200;000. 1,140,000 287 . x 10 6 

1 hr 700 2,100,000 1.990,000 501 "x 106 

2 1,220 .3,670,000 3,480,000 876 x i0 6 

. Using the equ~tions on page 4.32 the fall-off of the heat rates and the 

corresponding water requirements are given in Table 4.S.C. 

It will be·noted that the water flow drop-off must be governed by the 

beryllium requirements since the heat source in the beryllium does not decrease 

as rapidly as in the lattic.e. 
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TIME 

o sec 

1 

5 

10 

30 

1 min 

2 

6 

12 

30 -

Ihr 

2 

10 

1 day 

2 

4 

(kw) 

1,950 

1,840 

1,300 

1,120 

877 

715 

606 

490 

416 

326 

269 

220 

129 

90 

67 

45 
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TABLE 4,{'i;C 

Fall-off of Heat Rates and Water Rates 

REACTOR lATTICE BERYLLIUM REACTOR lATTICE, Be CONTROLLING 

(cal/cm2-sec) (gpm) (ft/sec) (kw) (gpm) . (gpm) (ft/sec) 

1. 525 850 1. 95 350 518 3,570 8.2 

1.43 330 

1. 01 234 

0.87 .488 1.12 201 298 2,050 4.7 

0.68 158 

0.55 128 

0.47 109 

0.38 88 

0.32 74 

0.25 58 

0.21 118 0.27 48 72 498 1.13 

0.17 39 

0.10 56 . 0.09 23 34 236 0.54 

0.07 16 

0,05 12 

0.03 20 0.05 8 12 82 0.19 
- -----... --... - ... -



4.6 SBIELDING"StJIllllARY 

The first approach to the design of the biological shieldof the Materials 

Testing Reactor was the comparison of the neutron and ~-ray fluxes incident on 

the graphite reflector of this reactor with similar fluxes in the-Clinton and 

Hanford reactors.(12) Since experience at Oak Ridge and Hanford had demon

strated,the adequacy of the shields on existing reactors, these were used to 

estahlish the required thickness of the MTR shield. On this basis, the 

original design cons~sted of an,8-in. iron thermal shield surrounded by 9 ft 

of ordinary concrete. This was estimated to give a y-ray attenuation of a 

factor of about 1010 and a neutron attenuation of about 1012 • In addition, 

the equivalent shielding above the active lattice was set at 17~ ft of water 

plus 21 in. of iron. 

In order to compensate for voids in the concrete shield due to air ducts, 

water lines, service facilities, and experimental holes, it was ori@inally 

proposed to substitute iron slabs or heavy aggregate concrete for the ordinary 

concrete where necessary. As the detailed design of the shield progressed, 

however, the requir~d amount of supplementary ,shielding increased to the point 

where the design became extremely complicated. For this reason it was decided 

to use barytes ore, which is substantially heavier than the aggregate used in 

ordinary concrete, as the aggregate for the entire concrete portion of the 

shield in order to provide adequate shielding without additional iron slabs 

and at the same time maintain the given external dimensions of the pile 

structure. Although the use of barytes aggregate concrete with a density of 

3.5 glcc results in a considerable over-design of certain portions of the 

shield, the flexibility and simplicity of a homogeneous structure was con

sidered preferable to the complicated design involving iron slabs, iron 

a.gregate, and ordinary concrete. 

The fundamental conceptual desig~ of the thermal and biological shield 

having been established, a comprehensive survey of the adequacy of this 

shield was carried out using layouts of the specific arrangement of the 

experimental holes and se~vice'facilities as made by the MTR design group. 

Both theoretical and empirical c~nsiderations of shielding were used to 

estimate neutron and ~-ray intensities throughout the shield. In general, the . . . 
proposed design was found to be satisfactory except in a few places such as in 
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the vicinity of the exit water lines. These few places in the shield that 

were found to be slightly inadequate with the barytes aggregate concrete are 

protected with additional iron. 

The following discussion is divided ,into three parts. The first part 

reviews fundamental principles of shie lding theory. and establishes the bas is 

for the calculations. The second part summarizes the calculations and results 

pertaining to the main concr~te structure, and the final part discusses 

numerous supplementary shielding problems associated witb t;he design of the 

reactor structure. 

4.6.1 Fnndamental Concepts. Design Tolerances., :In the first discussions 

of the reactor shield the designers assumed that when y-ray radiation pre

dominated, the radiation intensity should be 0.01 r per 8 hr. Later the neu

tron tolerances were established as one-tenth the values suggested by the 

September, 1949 Chalk River Conference. The permissible neutron dose measured 
:j~ 

in reps· is less than the y-ray tolerance in roentgens because of the gFeater 

damage.ascribed to neutrons. (Complete coverage of this subject is given in 

E.anl(13) report~o the National Research Council.) 

For use in calculations it is desirable to express these limiting 1n

tensities as fluxes. The flux values chosen are: 

6- to 10~Mev neutrons 5 neutrons/cm2 -sec, equivalent to 0.1 mrep/hr 

6-Mev y rays 100 photons/c~2-sec, equivalent to 1.2 mr/hr 

These represent the allowed radiation leakage where one of the components 1S 

completely dominant. When both neutrons and y rays are present, it is neces

sary to consider the combined effects • 

. The conservative nature of the cQoices for the limiting tolerable fluxes 

1S revealed by Figs. 4.6.A and a, which indicate that the choices correspond 

to very high-energy radiation. Neutrons and y rays in this energy r~nge 

comprise only a small fraction of the total radiation to be attennated. 

Attenuation of Penetrating Radiation.' The barytes concrete prescribed as 

the main structural material for the MTR biological shield is described in a 

report(14) concerned principally'with the composition of the concrete together 

with its structural and handling characteristics. 

• rep '" roentgen equivalent, physicfll. 
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While some properties of barytes concrete have been determined experi

mentally, its radiation attenuation characteristics ,have not heen investigated 

extensively. 7-ray attenuation exp~~tm~nts(fSi!6) ~sing ~ 6-curie radiocobalt 
, I. , . . 

source give results which indicate that~the 7~ray ~ttenuati~n as compared with 

ordinary concrete varies a. the raiio of the densiiies. 'The only neutron 

attenuation data available consist of some measurements in the shield of the 

British "GLEEP" reactor, which employs a barytes concrete biological shield 

following a 6-in. iron thermal shield. The available data are discussed in 

the section on neutron characteristics of barytes concrete. 

In the absence of more experimental results it was necessary to estimate 

the attenuation characteristics of barytes concrete. The procedure used for 

estimating the neutron relaxation length amounts to an ex~rapolation of the 

observations. on neutron attenuation in ordinary concrete. 

1. Neutron Attenuation. (a) Estimate of Neutron Relaxation Length 1n 

~arytes Concrete. From experience it is found that a fairly reliable estimate 

of the neutron relaxation length for a material may be obtained by comparing 

its total macroscopic cross-sec tio~ wi th that of a similar" materiil!.~' e. g. , 

concrete of somewhat similar composition, whose asymptotic relaxation length 

is known. The ~t at an energy of 2 to 8 Mev for the "known" material is 

taken to be the reciprocal of the observed relaxation length. In order to 

make these quantities equivalent, it is necessary 'to assign suitable values of 

at to one or"moredominant constituents of ~he system. The ~t va~ues so 

determined are then used to c~mpute the~t of the "unknown'" ,materilal and its 
" \.. 

relaxation 'length is taken to be ~i-l. . , 

In this instance, inspection 'of Table A.6.A reveals .that oxygen is 
" , 

atomically predominant in both barytes and ordinary con~rete. Therefore 

adjustment of at for oxygen is indic.ated. The calculations have been carried 

out for'S Mev (Table 4.6.A) and for 1 to 2 Mev (Table·4.6~B). with the former 

being considered mo!,e meaningful. Much of Table 4 •. 6.B has been extracted from 

a previous report.(17) 

The composition of the barytes concre.te may be taken as: 

Portland cement 
Aggregate 
Water 

4.40 

'517 lb/cu yd 
'~~ 
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TABLE 4.6~A 

Total Cross~sections of Portland and Barytes CODcretesat5 Mev 

. PORTLAND' CCNCRETE BARYTES CONCRETE 

CURED AS MIXED CURED 

. at M M:J"t M M::r t M " M:J" t 
(milligram. [{bax:ns)x {mg- (milligram, - [(barns) x (mg 0 (milligram - [(barns) 'x (mg-

ELEMENT . (barns) a toms per ee) , atoms)/eel atoms perce) : atoms)/ec] atoms per ce) atoms)/cc] 

ti 

Fe 2.8 0;13 0;36 0.11 0.31 . 0.11 0.31 

H 1.5 4.8 7.2 20.6 31.9 ' 5.17 -'7.75 

0 1; 3- 71.8 93:5 71.2 92.6 63.5 82.5 

Mg 2.0 0.2 0.4 0.2 0.4 0.2 0.4 

Ca 2.0 14.5 . 29.0 :3.4 8.85 3.4. 8;85 

Si 2.3 1. 56 3.6 4..1 9.44 4.1 9.44 

Al 2.4 0.44 loS 0:4 0.96 0.4 0.96 

S 2.5 
i 

0.06 0.15 12.0 30; 0 12.0 30.0 

C 1.2 10.8 13.0' . ' 

Ba 5.0" 11. 9 59.6 11. 9 59.6 

- - -Totals 148:7 234.0 199,8 

L t (0.1487· x 0.602) 0:141 em -1 0.120 cm 
.1 

c 0.0895' em- 1 .. . 
L -1 

t H.l em 7.1 cm • 8;2 em 
--.. - •.. -------- . ----~---.- ..... ---- -_._--

·Chosen to make Lt -1 for ordinary concrete be approximat:eIy 11 em. The oxygen' cross-section has. a minimum at around' 5 Mev 
extending to ahout this value (ORNL-417). 

"l'10 experimental values available. Estimates {;om formulas in CENL~433 give at around 5; 3 barns at 5 Mev. 

, 
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TABLE4.6.B 

·Total'Cr~8s-sectioDs ofOrdioary and Barytes CODcretesin ~to·2-Mev Range 

PORTLAND' CCJlJCRETE BARY'IES' CONCRETE 

CURED AS MIXED CURED .. 

O'f II 
...... M::r t M Ib"t M Mcr. t 

(milligram - [(barns) x (mg- (milligram. - [(barns) x (mg- (milligram - [(harns) x (rog. 
ELEMENf (barns) . atoms per cc) . atomsJ!cc] atoms per cc) . atoms)/cc] atoms'per cc) . atoms)/ecl 

, Fe 2:8 0.13 0.36 0.11 O. ·31 O. it 0.31 

H 2:5 4.76 11.9 20.6 51~5 5.i7 12 •. 9 

0 1. 2· 71.8 '86'.2· 71.2 85;~ 63:5 76.4 

Mg 2.2 0:2 0.44 O.~ 0.44 0;2 0.44 

Ca 2.0 14;5 29.0 3.4 6.8 3.4 6.8 

. Si 2.8 1.56 4.37 4.1 11.5 4.1 IllS 

Al 2;5 0.44 1.1 0.40 1.0 0; 40 1. o. 
" 

S .2~S 0 .• 06 0.15 12.0 :30.0 l2.,0, ,30.0 

C 1.6 10.8 17.3 

Sa 5.0" 11. 9 ·59.5 11.9 59.5 

Total, 150.8 246.5 198;.9 . 

Lt ' (lSO.8 x 10. 3 )(0.602) O.l48'c~·l 
. ····1' 

0.210 cm" 
... 0.9908' em" 1 , 

L "I 
t 11 cm, 6.8 em 8.3 em 

*This vahi~ of O't. chos~'li,' to make Lt -1 = 11 em for ordinary concrete, happens to' co,incide with. Ii minimum in the oxygen cross~ 
section, at about 1~4 Mev (CR'iL.:.,U7'I. " . 

*~The assignment of O't = 5 barns for Be,is a conservative (Le." low) estimate, more in lin~ with reliable eXf1!riJ?l6nta,LWOi'k on 
. other elements. The on!y_.~own experlmental values for Be. are· from 6 to 7 harns at,energles of 2·to 3 Mev ' (elted.ln,ORN~ 
'433). ·The formulas o~ OHNL':'433 give'estimates of 0', = 6.4 barns and 5.8 barns at 1 and.,2·Mev, respectively. . 

------------------------------ .. _.-
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where the aggregate is assumed to be 94% BaS04 and 6% Si02 by weight (Si02 is 

the mineral most commonly associated with BaS04 in barytes ore). A "cured" 

cement contains the same amounts of cement and aggregate but has the water 

reduced to 78 lblcu yd~which is the amount required to hydrate the cement. 

The L t - 1 values of7.1 and 8.2 cm, respectively, given in Table 4.6.A, indicate 

the range in which the observed relaxation lengths may be expected to fall. 

It is of interest to note that the maximum L t - l at 1 to 2 Mev (Table 4.6.B) is 

8.3 cm. 

The measurements of neutron attenuation in barytes concrete mentioned 

previously were originally transmitted in a letter from the U.K. Scientific 

Mission to the U.S. Atomic Energy Commission.(IS) The barytes conc~ete for 

the biological shield of GLEEP was of a slightly different "'r,ecipe" from the 

ORNL mix but yielded a material of density 3.5 g/cc. The experimental results 

as transmitted are presented in Fig. 4.6.C. It is of interest to note that 

the curves A. and Bfor"neutron measurements in barytes concrete exhibit 

relaxation lengths of 7.2 and S.1 cm, respectively. 

In view of the calculation which was outlined, a neutron relaxation 

length of 8.2 cm was used in the analysis of the shield performance. " 

(b) The Effect of Iron on Fast Neutrons. The introduction of a layer 

of iron into a neutron shield principally results in the attenuation of neu

trons above 1 Mev by inelastic scattering to lower energies. As a result of 

this process, the neutron spectrum is shifted toward lower energy. and the 

neutronsemergiug from the iron can be rapidly attenuated by water, concrete,or 

some other good shielding material for low-energy neutrons." 

These effects are illustrated in the sketch on" p~ :4.46 which is "based 

on some ORNL ~xperiments.(19) Fission neutrons enter the iron" from the left. 

The observed relaxation length of about 9 cm in the iron isp~obably due to 

slowing down and absorption of neutrons in the low-energy part of the spectrum. 

The neutrons which emerge from the iron are predominantly grouped near the 

"window~ in the iron cross-section which occurs around 1 Mev. 
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The observed 4-cm relaxation 

length reflects the rapid 

attenuation of these neutrons. 

Finally, the 9-cm attenuation 

length in H20, characteristic 

of the most penetrating part 

of the incident spectrum, is 

observed. The distance L at 

which this occurs 1nereases 

wi th t"he thickness" of the iron 

layer. In these experiments, 

it appears to be about 70 em 

for iron 7 to 10 in. thick. 

In barytes concrete L will"be 

roughly the same. 

2. Gamma-Ray Attenuation and Absorption. The attenuation of gamma 

radiation follows an approximately exponential law) 

c:PE ~,,"¢ Be- II 
o (1) 

where B is the so-called "build-up factor"· and b is the thickness of the 

shield measured in relaxation lengths. c:PE is the energy flu~ of radiation 

measured conveniently as Mev/cm2 -sec. The exact form of the equation depends 

on the geometry of the particular problem. 

(a) Absorption Coefficients. To calculate b in Eq. (1), we write 

b ~lrl + ~2r.2 + ~3r3 + • (la) 

·The " build-up" factor pertains to the amount of radiation which penetrates a shield as compared with 
the amount predicted on the basis of simple exponential attenuation. For ~ rays this exponential 
attenuation' employs total cross-sections (see Appendix ,1 ) which includes scattering in' addi tion to 
energy absorpt10n. The ~ radiation emerging from a thick shield contains a scattered component many 
titlES greater than the component which penetrates the shield directly. The factor describing this 
excess for a given system is the B value. 
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where r t • r 2 • r3 are the various thicknesses, in centimeters. of·shield 

material.measured along a line from the gamma source to the observ.er., J.Lr; f.1-2' 

f.1-a are the y-ray absorption coefficients, in em-I, of the vario,us. shie'ld 
. ~;:, 

materials. The values of f.1- for various elements are given in Figs·.~).:1~:.and So 

The y rays to be attenuated by a reactor shield are almost entirely of 

energy 8 Me.v or lower. Very frequently the ~xact energy of the radiation is 

not known. For example, suppose that it is desired to attenuate 8-Mev y's 

with water followed by lead. A large fraction of the y rays is reduced in 

energy by scattering in the water. After the radiation penetrates the water, 

'most of the y rays may have energies in the range of 3 to 4 Me~ which corre

sponds to the minimum in the absorption coefficient of lead. Experience has 

shown that it is not unduly pessimistic in most cases to assume the minimum 

value of the absorption coefficient for all calculations. 

(b) Build-up Factor. The values of B are determined usually by theo

retical considerations of scattering of y-ray radiation in the shield.. Un

fortunately there are uncertainties in the theoretical treatments and no 

consistent equations or values of B are available at pr.;esent. .It is importa'nt 

to note; however, tliat the exponen,tial e-. b is the d~minating factor in the 

attenuation equation. For example, for a 20-in. lead shield and 3-Mev y rays, 

e - II ~ 10- 10. Under these conditions B ~ 10, so that ~ ~ <Po 10. 9 • If 10· 10 

a ttenuation is required, it· is necessary only to increase the shield thickn,ess 

to 22 in. In view of the slow vari at ion of- <PH wi th the value of B,' the 

designer should survey the various theoretical values of B and select one 

which appears to result in a safe shield design. A very simple approximation 

which is always conservative is to assume B ,= b; i. e., the valu,e of the build

up 1S numerically equal to the number of relaxation, lengths. This approxi

mation was employed in the. design of the c'oncrete shield. 

(c) y-Ray Characteristics of Barytes Concrete. Although the y-ray 

attenuation properties of barytes concrete have not been the subject of 

extensive' experimentation, it is expected that the extrapolation of the data 

for ordinary concrete may be done with confidence. The usual design value for 

the asymptotic y-ray relaxation length in ordinary concrete is 15 cm.(20) The 

barytes concrete prescribed for the shield has a density of 3~ 5' glee. The 

relaxation length. used in the shield analysis has been extrapolated from the 

accepted value for ordinary concrete simply by postulating that the relaxation 

length varies inversely as the mass density. On this basis, the, design re

laxation length for y rays in barytes 'concrete is 10 cm. 
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4.6.2 Concrete Shield Design. The general configuration of the bio

logical shield was laid out on the basis· of above cited (Fig •. 4~6~ 1) tolera~ce 

limits. However, it was necessary to analyzetbe resulting shield to be sure 

that the leakage radiation had been reduced to at least design tolerance. In 

this analysis it was first attempted to determine whether or not the specified 

overall ·thickness of shielding was adequate. Secondly, a number of specific 

locations in the structure were studied where it was apparent that the shield 

effectiveness had been impaired by "the detail design requirements. This 

section is concerned with the problem of the overall shield analysis. 

Attenuation of Radiations. 1. Primary y-Ray Attenuation. In checking 

a shield it is necessary to treat separately the y rays and the neutrons which 

are incident on the inner face of the concrete. The disposition of the y-ra~ 

problem was accomplished in the following manner: 

The heat production in the thermal shield due to (1) the absorption of 

capture y rays formed in the iron and in the graphite, and (2) the absorption 

of y rays from the core ~as heen reported in detail.(21,22) These reports 

give a value of"6.7 x 10. 16 watts/ce produced at the outer face of the iron 

per unit thermal neutron flux at the inner face. It is estimated that less 

than half of this is due to y rays from the core. 

Since ~ = 0.235 c~·l for 8-Mev y rays in ~ron (ahe minimum value according 

to ORNL-421), the y-ray flux at the outer face of the thermal shield is 

or 

<PE(O) = 
nv x 6.7 X 10- 16 

1.6 x 10- 13 
x 1 

0.235 

¢E(O) = 0.018 nv Mev/cm2 -sec 

(2) 

. .r 

This states that at any point on the outside of the thermal shield t~e y-ray 

~ energy flux is just 0.018 times the neutron flux at the corresponding point 

on the inside face of the thermal shield. An examination of the calculations 

shows that the variation of the neutron flux in the immediate vicinity of the 

point of interest has a negligible effect on the value of the y-ray flux. 
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Assuming that the emergent y rays have energies between 3 and 8 Me~ the upper 

limit for the emergent y-ray flux is 

4>(0) = 0.006 nv y rays/cm2 -sec (2a) 

.A face of the iron thermal shield may be considered to be a slab surface 

with a uniform volume source of y rays of strength Qv y rays/cc-sec. -The 

resultant y-ray energy flux in the concrete is described by the expression(23) 

4>E = B_v_ F 1 (b 1 ) . - F 1 (b 3) . QEr j 
2ILs- . 

Mev/cm2 -sec (3) 

where 

b
l 

cOncrete thickness in relaxation lengths. 

b 3 = b i + thickness of iron in relaxation lengths. 

The iron is sufficiently thick that the second Fl term is negligible. At the 

steel concrete interface b l 0, FI(O) = 1, B = 1, and 

4>E(O) Qv
E 

2f.Ls 
Mev/cm2 -sec 

Hence (dropping the subscript on bl~ 

,i 

4>E = B¢E(0)F1 (b) Mev/cm2 -sec 

When the number of relaxation lengths measured through the shield is large, 

e- b 

Fl (b) ~-b-

Furthermore, as-noted previously, we assume that B ~ b. 
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, Thus, in general, for a thick .s,hield,· 

1>E ~¢g(O) e- b Mev/cm2~sec (4) 

or 

1> ~ 1>(0) e- b 'Y rays/cm2 .sec (4a) 

The application of the foregoing methods to the detailed analysis of the 

shield is a straightforward matter if conservative values for the incident 

neutron and 'Y-ray fluxes can be chosen. For 'Y rays the analysis was based on 

thermal neutron flux maps.(21,22) The shield was checked at a large number of 

points by the method described. For convenience, a table of representative 

attenuations is included at the end of this section. It is to be noted that 

the calculated fluxes are overestimates as .compared with the experiments 

performed on the Mock.Up.(24) 

Previously it was shown [Eq. (2a)] th~~ 

1>(0) = 0.006 nv 

Hence, the value of the 'Y-ray energy flux at the outside surface of the 

concrete is 

1> = O.006nv e- b 'Y rays/cm2 .sec ( 5) 

This formula provided the basis for checking the shield. The procedure 1S 

as follows: On a layout drawing, e·.g., Fig. 4.t).J,(p. ~.19), ,a straight line 1:S 

constructed from some point on the outer surface of the ther~al shi~ld to the 

outer surface of the concrete. The emergent y-ray flux, 1>. is calculated by 

setting nv equal to the thermal·neutron flux at the graphite-iron interface 

directly inside the point where the line touches the thermal shield; b is 

taken to be the path length in relaxation lengths through the concrete -- and 

whatever other material may be traversed -- to the outer surface [Eq. (la)]. 
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2. Neutron Attenuation. Although the neutron attenuation ~roblem 1S 

much more difficult to solve than the corresponding y-ray problem, it 1S 

possible to adopt a "recipe~ which will yield conservative results. The 

neutrons which enter the concrete are born in the reactor core with energies 

corresponding to the familiar fission spectrum. In the process of leaking out 

of the core and successively penetrating the beryllium and graphite reflectors, 

the spectrum changes to·one in which most of the neutrons are grouped near 

thermal energies with the remainder in some kind of "tail" which extends to 

very high energies. The effect of the iron ~hermal shield on these high-

energy neutrons has been described previously. Because of the large capture 

cross-section, the thermal neutrons which diffuse through the iron are at

tenuated rapidly in the concrete. Howeyer, the degraded but only slightly 

attenuated fast neutrons muit be slowed down and captured in the concrete. 

Furthermore, the secondary y rays from these neutron captures must.be reduced 

to tole~ance by the shield. 

In the recipe adopted for treatment of the fast-neutron attenuation, it 

·is assumed that all fast neutrons entering the concrete are captured after 

penetrating the concrete by a distance equal to the "age di.splacement. It, The 

secondary y rays so formed are then postulated to all flow outward with the 

estimated 10 cm relaxation length. The required shielding .is calculated on 

the basis that these y rays and the neutrons are to be attenuated to tolerance. 

It can be shown that this is a more conservative procedure than that of con

sidering an exponentially distributed source.of capture y rays from the 

absorption of the neutrons in the shield.(20) 

The "age displacernent~ is readily derived, and previous literature(31) 

gives the result 

<Ptb ~) 
~ exp - (Z-X) 

A 

l" 

(6) 

Thus the thermal neutrons are also distributed exponentially. However, they 
'. -. 

have been "·displaced" to a larger value of Z by the distance riA, and ithis is 

ca"Iled the· "age displacement. tt 
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It'is reported* thai'T for o~dinary concrete is about 350 cm2 and this 

value has been employed for barytes concrete. Using ~ = 11 cm, the age 

displacement is T/~ 31.8 cm. For barytes c~ncrete this displacement was 

rounded off to 1 ft for use in the calculation of required shield thickness. 

No clear-cut method for estimating the neutron current leaving the thermal 

shield was established analytically. Therefore, the final analysis of the 

concrete with respect to neutron effects was held in abeyance until certain 

experimental data were available from the Mock-Up. These data are principally 

measurements of thermal-neutron flux and of the cadmium ratios at various 

pointsin·the reactor. 

In addition .• there was a special experiment designed to establish em

pirically the total neutron leakage through 8 in. of steel. In this experi

ment steel bricks were placed ina stack 8 in. thick and 4, ft square. This 

stack was erected next to the outside surface of the graphite. The steel in 

turn was backed by a 21-in.-thick stack of paraffip also 4, ft square in the 

transverse dimensions. Bare and cadmium-covered indium foils placed in the 

paraffin were activated by the neutrons which penetrated the steel. Complete 

details of the experiments and the interpretation of the reduced data have been 

reported elsewhere.<2s.26) 

This single measurement of the neutron current leaving the thermal shield 

has been the basis for ~stimating the current leaving all parts of the shield. 

The additional data employed in extrapolating the results of this experiment 

were the thermal fluxes and cadmium ratios at the outer surface of the graphite. 

The reasoning employed is as follows: 

1 .. It is observed that the presence of the iron changes the thermal 
flux at the outer surface of the graphite by not more than 20%. 
For shielding calculations, the flux may be consi~ered to be 
unaffected by the presence of the iron. ' 

J2. The cadmium ratios on the outer surface of the graphite are very 
insensitive to changes in distance from the core. This is 
interpreted to indicate that the spectrum at all positions on 
the outside of the graphite is nearly at equilibrium. 

3. With these data it seems reasonable to ;ostulate that (a) the 
observed thermal flux at the surface of the graphite is pro
portional to the total flux ~here. and (b) the cadmium ratios at 
this lo~ation are proportional to the fraction of fast neutrons 
(of the iron-pe~etrating variety) in the spectrum. 

·Private communication from H. P. Sleeper •. 
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In this system the current penetrating the iron is proportional to the fast

neutron flux at the iron.graphite interface. For a slowly varying spectrum, 

¢t is nearly proportional to the total flux, ¢t" To correct ·fo~ the varia

tions in the spectrum, ¢t/¢t is considered to vary inversely as the observed 

cadmium ratios PCd' Thus the leakage current JZ varies as follows: 

)l ~ ¢t ¢tot ¢th "" "-"" ---"'-
PCd RCd 

Thus the formula used for estimating the neutron leakage current out of 

the thermal shield is 

J - . (PCdJ 
(J I ) il ¢t h exp 

where 

¢th = thermal flux at inner surface of steel, nv/cm2 -sec. 

PCd = ratio of activation of bare and cadmium-covered foils. 

JZ = leakage current, neutrons/cm2 .sec, experimentally measured. 

Subscript "exp" refers to experiment. 

Subscript i refers to point under consideration. 

Substituting the experimental values,(2S) this equation becomes 

, .. 

(J 1 ) i = 65X7.9XI06 
1700 

(JZ)i = 1.3 x 10- 2 r~1 
{PCdj 

i 

(7) 

Variation of Required Concrete Thickness. The required thickness of the 

concrete varies from point to point of the thermal shield for two reasons. 

First, the shielding required opposite the edges and corners of the thermal 
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shield is reduced by a geometric factor below that required opposite the 

center of a face of the thermal shield. Secondly, the ~-ray flux leaving the 
/' 

edges and corners ,of the thermal shield is lower than that le~~ing a face 
I . 

because of the reduction of the thermal-neutron flux at the inner face· of the 

thermal sbield at these locations. The manner in which the minimum design 

th~ckness varies is shown in Fig. 4.6.D. The thickness required opposite the 

center of a face was calculated and this was established as the required 

thickness opposite the entire face. The minimum shielding required opposite a 

vertical edge is shown in the figure as a quarter cylinder whose radius equals 

the thickness required opposite the center of the edge. The shield required 

opposite a top corner is shown as an octant of a sphere. At points showing a 

sharp discontinuity in the required shield thickness the greater thickness was 

used in design. 

In order to determine the geometric factor, consider the accompanying 

sketch, Fig. 4.6.E. This shows a thickness t of concrete and a set of annular 

rings drawn on the surface of the thermal shield'. The thermall shield may be 

assumed to he a' surface source, which emits radiation having a cosine distri

bution. The y-ray flux at point P, which is a distance a from the surface 

element of area r dO dr emi,tting ¢(O) y' s/cm2 -sec with a cosine distr'ibut'ion 

is given by 

¢ J J ¢(q) cos 0 e-p.a 

B 7Ta~ 

. f} 
rJdr J d?( .y. raysJcm2 -sec 

to~ 

where it is assumed that the face of the thermal shield is infinite in extent. 

Upon integration this yields. 

¢ = 2B ¢(O) F1(b) 

w 

where b = ~t and F1(b) = b J e- Y dy 
(see Appendix 7). 

y2 

b 
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This is just twice the value.given· previously using the assumption that 

'the.thermal shield is.an infinite slab source instead of an infinite plane 

source with a cosine distribution. The calculations are considered suffi

'ciently conservative that the factor of2 is neglected. ,Thus .after using 

approximations for'B and F1 (b) as shown previously, the yflux at Pis, .as 

given in Eq. (4a), 

¢=¢(O) e- b y rays/cm2 -sec 

Actually the thermal shield is not infinite in extent. However, it 

sho~l~ be observed in Fig. 4.6.E that as the radius r increase., the path 

length.a through the concrete increases and consequently the contribution of 

radiation from the outlying surface elements decreases. Graphical integrations 

~ave shown that with the concrete thicknesses to be used, the only significant 

amount of radiation arriving at a point P on the surface of the concrete 

originates in a circle of radius r = 4 fton the surface of the thermal shield. 

Therefore a negligible error is introduced by the assumption of an infinite 

surface for the thermal shield. 

Calculation of Shield Thicknesses._ The foregoing design procedures and 

·tolerances have been used to tabulate the required thickness of barytes con

cr~tein various regions of the shield. Table 4.6.C presents the results of 

thickness calculations together with an explanation. As an example, the at

tenuationopposite the center of the vertical edges, K, is discussed in detail. 

According to the argument earlier in this section and with reference to 

Fig. 4.6.D, t~e ~e~metrical factor is %. Preliminarycalcu!ation~(28) led to 

an estimate of a thermal flux of '5 x 10 10 neutrons/cm2 -sel at the graphite

steel interface. Although ,this .figure was supported by early experiments on, 

the MTR Mock-Up, a flux of 1011 was employed in design as a conservative 

figure. Equation (2a) gives for the primaryy-ray flux emerging from the 

thermal shield r 

¢(O) 0.006 nvt}J. = 6 x 108 y rays/cm2 -sec 

,4:55 
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A. 'Center of N-S vertical faces 1 4. x lOll 

B.'Center of top horizontal ~ 0.5 x 1011 
edges 

C. Top corners ~ 0.25 x 1011 

D .• Center E~W.vertical faces 1 

E. Vertical edges at center plane ~ 

F. Top face 1 

G. Bottom face 1 

(1) Letters A-G re£e~ to Fig. 4.6.G. 

(2) ·See page 4.53. 
(3) See references 27 and 28. 
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(5) (6) (7) (8) (9) (10) .. (11) 'i\; : (12) 

4 x 1011 
. 9 
2.4,x 10 900 5.8 X 106 44 56 67.2 45 

1 x ioll . 9 
0.6. x 10 1000 

' 6 
1.:3 x 10 37.2 49.2 59 ,40,5 

0:5 x ~01l . 9 
0.3 x 10 1000 0.65 x'10' 35 47 54 38 

2 x 1011 1.2 X 109 1000 2.6 X 10' 40.5 52.5 64 .42.5 

1 .x iOll 0.6 x 109 1000 1.3 x 10' .37.2 49.2 59 40.5 

2 x 1011 1.2 x 109 1000 
" 

2.6.x 10 4O~S 52.5 65 42.5 

3x 1011 1. 8 x 109 300 
. 6 

3.9 x 10 41.5 53.5 66 43.5 

(7) Uncertainties in re~rted Cd ratios due to low saturated activities from Mock-Up 
.experiments led to adoption of 1000 as maximum value for'Ped • 

(8) . Calculated from Eq. (7) in ~xt. 

(4) Deduced from preliminary results of M1R Mock-Up operation. (30) 

(5) Conservative value chosen for design calculations, 

(9) Attenuation to 100'Y rays/ci.n2 -sec after converting neutrons. in coltimn 8 to 'Y rays. 

(10) Values in column 9 plUs 12 in~; eval~ated'with the aid of Fig. 4.6.H. 
; (11) Attenuations of values in colUmn 6 to ioo 'Y rays/cm2-sec; evaiuated with the aid 

of Fig. 4.6.H. (6) Calculated from Eq. (28) in text. 

-

" 

(I2) Attenuationofvaluesineolumn 8 to 5 n/cm2-sec; evaluated with the aid of Fig. 4.6.H. 



The calculation of the neutron current depends on the choice of the cadmium 

ratio as discussed earlier in this section. Although examination of the 

Mock~Up experimental results indicates values ranging from 1200 to 2000 at 

this distance from the core, a value of 1000 is used for design in an effort 

again to be conservative. From Eq. (7), 

nv 
J.Z 0.013 __ t h_ 1. 3 X 106 

PCd 

The attenuations required can now be calculated. For the primary y rays, 

the attenuation factor is 

100 
= 3.3 X 10- 7 

~ x 6 X 108 

where 100 Y rays/cm2 -sec is the tolerance dosage. This factor, by Fig. 4.6.F, 

'calls for about 59 in. of material equivalent to barytes concrete (~ = 10 cm). 

The conversion of neutrons to capture y rays at the l~ft displacement distance 

into the concrete requires attenuation by a factor of 

100 = t. 7 x 10- 5 
1. 3 X 106 

which is equivalent to approximately: 37 in. of barytes concrete. Adding 12 in. to 

this gives a total thickness of 49 in. of barytes concrete required outside 

the thermal shield to attenu~te these y rays. Finally, the neutron attenuation 

proper can be checked. This requires a reduction factor of 

5 
;;; 3.85 X 10. 6 

1. 3 X 10 6 

( 
where 5 neutrons/cm2 -sec is the toljrance .dosage. This corresponds to 40.5 

1n. of barytes concrete. 

According to these ca)culations, the attenuation requirements of the y 

rays are completely dominant. this conclusion is most readily visualized by 
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reference to a graph such as Fig. 4.6.G. The thermal neutrons at the graphite

steel interface are clearly reduced toa negligible amo.nt by absorption in 

the steel. The neutrons which penetrate the steel, and their concomitant 

secondary y rays, are also negligible in comparison with the primary y rays 

leaving the thermal shield., The concrete thicknesses shown are for the most 

unfavorable loca tions in the corner regions (Figs. 4.6.Jl aodJ ),~ Al though the 

concrete alone is not quite sufficient to reduce these y rays to tolerance in 

one instance, the iron walls of the exit air duct are more than sufficient to 

complete the required attenuation. From Figs. 4.6.G and H the design thick

ness may be compared with the actual thickness of the concrete; somerepre

sentative relatively weak locations in the shield are indicated. 

4.6.3 Supp'lementary Shielding Problems. In addi tion to the most l.m-

portant problem of determining the adequacy of-the concrete ~ortionof the 

biological shield, there are a number of other shielding problems relative to 

the design of the MTRand associated facilities. These are listed as follows: 

1. Shielding requirements of top and bottom plugs. 

2. Shielding of inlet and exit water lines. 

3. Thermal column shielding. 

4. Radiation leakage through ducts in reactor ,structure. 

5. Design of experimental hole plugs. 

6. Shielding of external facilities. 

7. Shielding requirements for handling active plugs, beryllium, 
and fuel assemblies. 

Details of calculations and design considerations have been issued in 

various memoranda. These are reviewed below for the purpose of presenting a 

coherent picture of the shielding requirements of the MTR. 

Shielding Requirements of the Top and Bottom Plugs.(34-40) 1. Top Plug 

Requirements. The shielding of radiation above the active lattice is ac

complished by the water in the reactor tank plus the top plug. The depth of 

water in the reactor tank is adjusted to provide adequate protection after 

shutdown of the reactor and after the top plug has been removed.. Thus the 

proper design of this portion of the shield depends on the radiation after 

shutdown as well as during operation of the reactor. The original design 

established the requirements to be l7~ ft of water plus a 2l-in. iron plug" 

Actually, however, the plug was made hollow with provision for filling it up 
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to 8 in. with lead or lead shot. Thus the design and construction of the top 

plug could proceed independently of the exact shielding requirem~ntsJ which 

wo~ld be d~termined by actual measurements in the ~ock-Up ~t a later date. 

These measurements were ~arried out and reported in ORNL CF-50-8-85.(32) The 

data extrapolated to conditions of operation of the MTR indicate that without 

the top plug the y-rayintensity will be about 200 mr/hr at 30 mw power. This 

means that 7 in. of lead shot plus the 3 in. of steel in the plu~ are required 

to reduce the y-r~y intensity to 1.2 mr/hr at 60 mw powe~. The following 

paragraphs summarize the calculations used as a basis for the design of the 

top plug and a comparison of calculated values with data from the Mock-Up. 

(a) Gamma Production in the Active Lattice. It is assumed that on the 

average, a 72- by 24~ by 60-cm portion of the core will contain active fuel 

elements. With such a loading, there will be about 3.5 kg of U235 in the core 

and at. 30mw the average neutron flux will be 2 x 1014
• The y-ray source in 

the active section is given as follows: 

SOURCE 
REACTOR CROSS. SECTION, NCT 

(cm2 ) y RAYS PER CAPTURE 

U fission 4900 5 I-Mev fission y's 
2 2.5-Mev fission product y's 

U capture .800 1 6-Mev y 

H2 0 capture 1320 1 2-Mev 'Y 

Al capture 588 1 8.:Mev y 

Th capture 610 1 6-Mev y 

The source 'strength is given by the product of the neutron flux, cross -section, 

and y-ray energy per capture divided by the core volume. CombiD"ing~.··f~Y·i,(:·i~~f 
similar energies gives the following source spectrum~ 

GA.\WA SOURCE Q
l1 

(Mev/c~-sec) ( - 1) (Mev) (watts/cc-sec) P-s cm 

1 47.5 x 1012 7.6 0.0.99 

2<.5 . 52.6 x 10 12 8~4 0.072 

6 16~3 x 1012 2.6 0.044 

8 9.0 x 10 12 1.44 0.039 
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At large distances from the reactor centerline, the radiation intensity may 

be calculated by simple conventional formulas. Thus for each of the y-ray 

sources, the intensity is given by 

I = 1. 9 x 10- 3 Qv
A 

e- pa/ 1.'I. 
411 IL ti2 

s 

where 

I intensity, mr/hr. 

- 1. 9 x 10- 3 ' . factor, Mev to mr/hr. converSl.on 

Q" source strength, Mev/cc-sec. 

A = area of top of active section, cm2
• 

ILs absorption coefficient of core, em-I. 

a distance above active lattice = 565 cm. 

IL absorption coefficient of water, em-I. 

1.2 factor for forward scattering. 

Therefore, 

I 8.2 x 10·72e-S65 (P./i.2) 

ILa 

Using this equation and values of Q.v shown in the previous table, -the 

resultant y-ray intensities'I.at the top pl~g are given in the following table: 

GAMMA 
SOURCE 
'(Mev) 

1 

2.5 

6 

8 

JLl1.2 
(em-I) 

0.0.58 

0.033 

0,023 

0.020 

565JL/L2 

32:8 

18i7 , 
13.0 

1L3 

Total intensity .without top pIng 

4.65 

e -p.a/l •. 2 

10. 14 

10. 8 

2.2 x 10. 5 

1.2 x 10. 5 

I (mr/hr) 
. -.r--/'-- ;~'/-'"" " . ---

670 

2300 

3000 



This theoretical value is a factor of 15 above the values measured in the 

Mock-Up. The difference is presumably due to the fact that the assumed energy 

of the capture y rays is too high. Recent capture y-ray spectraldata(33) 

verify.this and show that the average energy of aluminum capture y rays is in 

the range 5 to 7 Mev rather than 8 Mev. 

(b) Mock-Up Data. Vertical measurements were made through approximately 

11 ft of water, starting at a point 4 ft above the horizontal centerline of 

the reactor. Three horizontal traverses were made at various depths. The low 

intensity of Mock-Up operatioh (i.e., 270 watts) did not permit measurement 

of the attenuation of the full depth of water. However, since the attenuation 

was exponential over a factor of 1000, it was felt that an extrapolation of an 

additional factor of 100 could be made with reasonable certainty. This value, 

multiplied by lOs to allow for the differen~e in power level between the 

Mock-Up and the MTR, indicates that a y-ray flux of approximately 200 ± 100 

mr/hr would be transmitted through the water. To reduce this to 1/10 tolerance 

(1.2 mr/hr) at 60 mw power requires an attenuation factor of 300 by the lead 

and iron in the top plug. This is equivalent to 5.7 relaxation lengths. 

Since .the top plug. contains 2~ in. of steel or 1.5 relaxation lengths, an 

additional 3~ in. of lead or 6 in. of lead shot is required for the top plug. -

(e) Radiation Intensity After Shutdown. The total y-ray activity 

following infinite operation of a reactor is, according to estimates by 
. " 

K. Way,(10) given by 

where 

(QoE) = 6.3 ft- O
• 2 

f = fissions/sec in source. 

t = time after shutdown. 

Mev/sec 

The hard y-ray activity (about 3 Mev) after shutdown, however, depends on the 

yield and decay of specific fission product chains. These have been measured 

by the photoneutron threshold reaction in heavy water. The average lifetime 

and yield of the y rays of energies higher than this value are: 
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t (mean) Ay (yield/fission) ENERGY (Mev) 

76 hr 0.0015 "'3 

6.3 hr 0.0042 "'3 

2.4 hr 0.045 2.6 

39 min 0.038 2.6 

'11 min 0.046 3 

3;4 min 0.132 2.6 

59 sec 1:58 2.25 

3.,6 sec 0.675 3;4 

Using the same method as in the calculation of the radiation intensity 

during operation of the reactor, but considering only the hard fission p~o

duct y rays listed above, the y-ray intensity at the top of the reactor well 

may be calculated as a function of the time after shutdown. In this case the 

source term at 30 mw power is given by 

Qv 

and 

Qv 

30,000 x 3.1 x 10 i3 

= (9.3 X 10 17 }(AyE)t 
24 x 72x 60 

= 9 ~ 1012(A E) 
y t 

9.3 x 1017 fissions/sec 

Mev / cc,-sec 

The radiation intensity at the surface of the water aff~'ir~h~'td6W~'\;";"" , 

I = 6 ,x 10 6 (A.,) t e-
S30

(O.03S) 

Jls 

Assuming average ,energy of hard y-raysto be 2.75 I Mev, 

I = 1. 4(A.,>t mr/hr 

4.67 



Values of (AyE)t, Qv' and the y-ray intensity.at various times after shutdown 

are shown in the following table: 

TIME AFTER (A,,) t 
SHUIDOWN (Mev/fission) 

10 sec 4;37 

10 min 0.32 

1 hr 0.11 

1 day 0.003 

Qv 
(Mev/cc-sec) 

39.5 X 10 12 

2.9 X 10 12 

1.0 X 10 12 

0.027 X 10 12 

I 
(mr/hd 

6.2 

0.5 

0.15 

0.04 

This indicates that the water gives adequate protection following an elapsed 

time greater than 10.min after shutdown of the reactor. 

2. Shielding Requirements of the Bottom Plug. The original design of 

the reactor tank closure beneath the active lattice consisted of numerous 

layers of steel and water. In view of the large number of water monitoring 

tubes penetrating this section, the construction of such a plug was difficult. 

The present design consists of a steel cylinder filled with lead. The water 

monitoring tubes ~hich penetr~te this plug and which during operation carry 

active water are shielded by a'sliding concrete door beneath the bottom plug. 

Personnel in the sub-pile room are thus shielded from the y rays leaving 

the active lattice by both the lead plug and the concrete door. The required 

thickness of the lead portion of this shield is calculated as follows: Data 

f~6m the Mock-Up on the radiation escaping upward th~ough the water may be 

used to estimate the intensities below the active lattice since reactor 

components are approximately the same above and-below the centerline. The 

bottom plug sta~ts at a point 245 cm below the active lattice. At this level, 

the Y intensity during operation at 30 mw power will be 4 X 10 7 mr/hr. Since 

previous cal~,ulations as well as the slope of the curve of Mock-Up data indi

cate that the energy of the hard y-rayc6mponents (i.e., capture y-rays from 

AI, Fe, Be, etc.) is about 5 Mev or lower, the following absorption coeffi

cientsbased on this energy may be used for estimating ~he required amounts of 

lead and barytes concrete: 
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ABSORBER p. (cm- 1 ) 

Hp 0.03 

Fe 0.235 

Ph 0.46 

Ph shot (D = 6.8) 0.28 

Barytes concrete 0.10 

At 12.5 ft from the active lattice (minimum distance of approach),the 

y-ray intensities will be 

I = (4 X 10 7 )(245)2 ------e· b 
(385) 2 

mr/hr 

where 

b = PFeXFe + PPbXpb + P concrete X concrete 

The proposed design consists of 17 in. of lead shot and 3 in. of iron in the 

bottom plug plus 9 in. of barytes concrete and 1 in. of iron in the door 

beneath the bottom plug • 

. Thus 

b = 4(0.6) + 17(0.71) + 9(0.25) = 16.7 

e- b =5.4 x 10- 8 

and 

I = 0.9 mr/hr in the sub-pile room 

The bottom plug and concrete door give adequate protection from pile radiation. 

3. Leakage Around Top and Bottom Plugs. Leakage around the sides of the 

top and bottom plugs is prevented by supplementary shielding rings at the 

edges of the plugs. The required thicknesses ~f .these ringswe~e established 

by measuring, on appropriate drawings, the actual thicknesses of water, steel, 
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concrete, etc, along many different paths and adding shielding where necessary 

to give the same total attenuation as on the reactor vertical centerline. In 

all cases conservative data were used to establish the required total at

tenuation. which resulted in some overdesign at these locations. Specific 

details of calculations are sum~arized" in MTR Shield Survey Reports.(30,31} 

4. Thickness of Door Under Bottom Plug. In addition to shielding the 

water monitor tubes, the door under the bottom plug must protect personnel 

from neutrons escaping the steel thermal shield. Calculations verifying the 

adequacy of the door for neutron protection are reviewed as follows: 

Neutron source: 3 x 10 9 fast neutrons/cm2 -sec incident on inner face of 
8-in. steel thermal shield. 

Neutron tolerance: 100 neutrons/cm2 -sec, corr'esponding to 10 mr/hr. 

The neutron attenuation by the 9~in. of steel, whose effective relaxation 

length is 4.9 c~ is 

e,-23/4.9 10" 2 

The neutron attenuation by the biological shield (2 ft 9 in.' barytes con

crete), whose relaxation length for neutrons is 8.2 em, is 

e"10.3 = 3;5 x 10"5 

The neutron attenuation in the door (9 in. barytes concrete) 1S 

e"2.S = 6.2 x 10 .. 2 

The total neutron attenuation is 2.2 x 10. 8, Le., the neutron intensity below 

the door will be about 70 neutrons/cm2 .. sec, which is below tolerance. 

Shielding of Inlet and Exit Water Lines. 1. Shielding of Exit Water 

Line~.{34-38} The activity of the water leaving the reactor is due mainly to 

the N16 activity formed from the reaction 016(n,p)N16. This is a fast-neutron 

reaction having a threshold at about 9.5 Mev and a cross-section of about I 

barn. Since a small fraction (about 1/50,000) of the fission neutrons have 

energies above 9.5 Mev, the effective cross-section per fission neutron is 

about 0.014 mb or 1.4 x 10- 29 cm2 • The activity of the water leaving the 

reactor is given by 
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where 

Thus 

A = nv uf{l - e-XT)e- Xt 

nv - fast flux in lattice = 1014 neutrons/cm2 -sec at 30 mw. 

Uf ~ cross-section for N16 production = 0.014 mb or 

4.68 x 10- 7 cm2 per cubic centimeter of water. 

x N16 decay constant = 0.092 .1 sec .. 

T exposure time in lattice = 1/15 sec. 

t decay time after leaving lattice. 

A = activity, disintegrations/cc-sec. 

A 2.88 x IOSe-Xt dis/cc-sec. 

Since the average energy of the N16 y ray is 6.5 Mev, the water activity 1S 

1.85 x i06 e-Xt Mev/cc-sec. 

The required shielding of the exit water lines' varies with the distance 

from the 'active core owing to the relatively rapid decay of N16
• Referring 

to drawing DRP-69, which shows the layout of air ducts and water lines within 

the reactor structur.e, the activity at critical locations along the exit water 

lines may be calculated from the flow rate and co~responding decay times., The 

water activity at strategic points is summarized as follows, based on a flow 

rate of 20,000 gpm: 

DECAY TIME WATER ACTIVITY FRCItI N16 

LOCATI<JI (sec) (Mev/ cc-secJ 

A. Leaving reactor tank 2.3 .L$ x 106 

B. Vertical rise at reactor centerline '.1 L28 xl06 

C. Center of top of loop 6~6 1.0 x 106 

D. Leaving reactor structure 15 4.6 x lOS 

E. Leaving Reactor Building 26 1. 7 x lOS 

F. Entering seal tank 63 S.S.x 103 
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The required shielding may be calculated by the method outlined in the Project 

Handbook CL-697, VF 5, for a cylindrical source. The intensity at the surface 

of a shield b cm thick is 

where 

1.= 
QR2 

2(b--;-;) F(B) 

1. y-ray intensity, Mev/sec. 

Q = source str.e~gth, Me..v/cc-sec. 

R = radius of pipe, 30.5 cm. 

B = V2 + jJh (v = absorption coefficient of water and 
~ = absorption coefficient of shield). 

2 = effective position of line source equivalent to distributed 
source (CL-697, VF 5, Fig, 5). 

F(B) = distribution function (CL-697, VF5, Fig. 2). 

At point A the shield consists of 5 ft of barytes concrete plus some iron. The 

y-ray intensity at the ceiling of the sub~pile room due to NI
6 is calculated 

from the following data: 

Q = 1.5 X 10 6 Mev/cc-sec, 

2 = 18 cm (from CL~697, VF 5). 

v = 0.026 cm- I . 

b = 153 cm. 

~ = 0.09 cmd
. 

F(B) = 2.5 x 10~7. 

- 0.5 X 10
6

)(30.5)2 (2.5 x 10- 7 ) = 1 Mev/sec = 2 x 10. 3 mr/hr 
I - 2(71) 

Thus the contribution of the water activity to the intensity in the sub-pile 

room is negligible. 

4.72 

" 

e 

e 

e 



e 

e 

e 

2. Shielding of Water ,Inlet Lines.(39-44) The residual activity of the 

process water after decay of N16 is due to the neutron activation of dissolved 

minerals and aluminum recoil activity. The significant reactions are listed 

as follows: 

RECOIL RANGE 
RFACTION MECHANISIot t16 CROSS-SECTION IN Al (em) 

Ii , 
Na23 (n,-y)Na24 Neutron absorption 14.8 hr 0.5.b 

O18{n.-y)OI!l Neutron absorption 29; 4 sec 0.44 pJ> 

AI27 (n,-y)A128 Slow recoil ' 2.3 min 0.21 b 1.2·x 10- 6 

AI27 (n. -y)A128 Fast recoil 2.,3 min 0.4 mb 2.4 X 10. 4 

Al27 (n.p}Mg27 Fast recoil 10;2 min 2.8 mb 2.4 x 10. 4 

A121(n,a.)Na24 Fast recoil 14.8 hr 0.6 mb 2;4'x 10. 4 

Mn SS (n.-y)MnS6 Slow recoil 2.6 hr 13.0 b 1 X 10. 5 

--

The act1v1ty of the process water excluding N1
'6 activity is calculated for the 

following system conditions: 

Flow rate = 

Purge rate 

System holdup = 

Cycle time = 

Activation time = 

Slow flux = 
Fast flux = 
Area: of exposed AI· = 
Water composition 

Ca 

Mg 
CI 
Al 

Fe 

Na 

K 
F' 

'-

N 

20,000 gpm 

50 gpm 

348,000 gal 

17.4 minor about 1000 sec 

1/15 sec 

2 x 1014 neutrons/cm2 -sec 

1 x 1014 neutrons/cm2 -see 
106 sq em 

1 ppm 

cf. 5 ppm 

1 ppm 
I' 

0.05 ppm 

6'.05 ppm 

"5 ppm 

1 ppm 
.A 

0.1 p~m 
"' 0 •. 02 ppm 
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The activity due to the absorption of neutrons by dissolved minerals after 

recycle equilibrium is reached is 

A = AX 
(I - Be-=t\:T) 

where 

A. = activit~ dis/cc-sec. 

A = decay constant, - 1 sec . 

K = isotope reduction per cycle. 

B = conc~ntration factor = 20000/20050 ~ 1. 

T = cycle time. 

K = nv2at (for half-lives » t). 

'~a cross-section of mineral per cubic centimeter of water. 

Th'e aluminum recoil acti vi ty 1S 

where 

A nv ~a(0.602) (range) (area) DA 

4:d"(1 - Be- XT ) 

~a = cross-section, barns. 

Range = recoil range, cm. 

Area = 10 6 ' 2 
cm • 

D· = density of aluminum. 

F = cycle flow rate, cc/sec. 

w atomic weight of recoil nucleus. 
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Principal activities in the water entering the reactor are: 

(dis/cc~sec) E (Mev) (Mev/cc-sec) 

Na24 1160 2.2 2550 
Mg27 488 1.48 725 

MnS6 145 2.13 310 

APS 26 1. 80 50 

Total 3635 

The activity due to accidental exposure of core material, resulting from 

loss of Al cladding from a fuel plate, is calculated as follows: The fractional 

escape of fission recoils from the surface of a slab source is 1/~, where a 

is the ratio of the mass thickness of the slab to the range of the fission 

fragment" or5.6 x 10-3/1~05x 10- 4 = 54. Thus the fraction 1/4(54) = 1~216. 
will escape from an ex~osed surface. At .30mw there are 10 18 fissions/sec or 

6.7 x 10 12 fissions/cc-sec. The number of fission fragments escaping per 

square centimeter is therefore 3 x lOla, Since the flow rate per plate is 

28 gpm, the activity in the water is 1.75 x 10 1 fissions/cc-sec. 

Although the activity.of the fission fragments which escape into the 

water is due to the fission products, these decay relatively rapidly. Ac

cording to K. Way,(10) the disintegration energy is 0.3t· o . s Mev/sec (fission). 

After 1000 seconds, it will be 1.2 x 10~3 Mev/sec (fissiow, or the total 

activity per square centimeter of fuel plate exposed is 2.1 x 104 Mev/cc-sec. 

Since there are 18 plates. per fuel assembly and 25 fuel assemblies, the 

activity per square centimeter exposed in the reactor core will be 47 Mev/cc-sec. 

For activLty: to"bfl detectable .• at ~east 10 sq em of U-Al alloy must be exposed.~ 

The shielding of the inlet water lines required due to the residual fis

S10n product and recoil activity may be calculated by conventional methods 

outlined previously. For the above conditions about 1 ft of barytes aggregate 

concrete is required for the inlet lines. 

Thermal Golumn Shielding.(4S~48) This large hole through the biological 

shield, though filled with graphite, produces a difficult y-ray shielding 

problem. For this reason the thermal column sides must be lined with cadmium, 

steel, and lead plates, and the face must be provided with a removable y 
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shield. This removable shield is in the form of a sliding lead door, 10 1n. 

thick, which may be raised for access to the column. 

1. Neutron Flux Calculations. The original calculations of the thermal-

netttron flux in the thermal-column graphite were carried out in 1947:(4S} 

These data were later corrected for changes in the design of the graphite 

reflector by multiplying by a factor of 3. This normalizes values to a figure 

of 3 x 10 12 neutrons/cm2 -secat the inside of the thermal column which is in 

agreement with calculated neutron-flux distribution curves(2.) and data from 

the Mock-Up previously cited. 

2. Required Thickness of Sliding Lead Door. A maximum ~alue of the 

radiation i~tensity penetrating the graphite in the thermal column may be 

obtained by considering the column to consist of a number of slab sources with 

the contribution of each concentrated at its surface. Each neutron absorbed 

in the graphite gives rise to a 6-Mev y ray. Assuming each slab to be 2S"cm 

thick, a slab x' cm from the outside of the thermal column gives rise to 

where 

10 = N0-
el 

I 
I = _0 F (J.L% + va) 

2 0 

t S(x) = 2S (4 x, 10-·) S(x) 

Sex) = thermal flux at x. 

y' s/cm2 -sec 

= 10- 2 Y·s/cm2~sec. 

1# 

~ = absolute coefficient of graphite = 0.03 cm- t • 

v absolute coefficient of lead = 0.44 em-I. 

a = thickness of lead door 

CD 

Fo(b) = J ':' dy (from CL-697! VF) 

Contributions from each section of the thermal column with a 10-in. lead door 

are summarized as follows: 
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DISTANCE FROM Sex) I 

DOOR, % (em) . (n/em2 -see) )k% + I'll Fo (px + va) (y/cm2 .sec) 

0 0 11:25 1:.14 X 10- Ii 0 

25 1. 9 X 10 9 12.p . 5 X io- 7 5.0 

50 7.5 X 109 12.75 2.x 10. 7 '7.5 

75 1.7 X 1010 13.50 1 X 10. 7 8.5 

100 .3.6 X 10 10 14.25 4.5 X 10- 8 8.0 
125 7.2 X 10 10 15.0 2 X 10· S 7.2 

150 L 4 X 1011 15.75 8 X 10- II 5.6 

175 2.5. X 1011 16.52 4. X 10· 9 5. O. 

200 4 .. 5 X 1011 17.25 1.,8 X 10·\1 4.0 

225 . e; 4 X 1011 18;0 9 X 10. 10 ,3.8 

250 1. 5 X 1012 18.75 4. X 10. 10 3.0 
• , 

275 3.0 X 1012 19 .. 5 2 ~X 10-10 3.0 
60:6 

~--

This is equivalent to 480 Mev/cm2 -sec or ahout 1 mr/hr, which is below 1/10 

tolerance. 

Radiation Leakage Through Ducts in Reactor Structure.(49-S2) The numerous 

holes penetrating the biological shield com~licate the problem of designing a 

satisfactory shield. The total intensity outside the ~hield is increased in 

the vicinity of holes by radiation penetrating the section of the shield which' 

is effectively thinner. Additional radiation mpy be received by scat~erin~ 

from the walls of the 6pening. Experiments which have been performed with 

shields penetrated by curved or staggered ducts indicate that the direct 

penetration through the thin part of the shield is usually more effective than 

scattering in increasing the y intensity in the vicinity of the opening. This 

is especially true for du~tswith multiple bends. To determine the adequacy 

of the biological shield in the vicinity of an opening, the following procedure 

may be used: 

By inspection of a layout of the shield structure, a danger point 1S 

selected and a line along the path of minimum attenuation determined. 'This 

line is generally in a direction from the outer to the inner mouth of the duct. 

The intensity contribution of the surface ~lement at the source of the minimum 

path is calculated, as well.as the contribution of all neighboring surface 

elements which can be "seen" through the effectively thinn.er portion of the 

shield. These neighboring contributions usually falloff very rapidly as 

elements further from the minimum line are considered. 
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The intensity contributio~ of each su~face element is calculated by 

assuming it to be a point source. Figure 4.6.J represents a cross-section of 

a duct through the shield. For each surface element 6A, the contribution at P 

1S 

I. =..!L.:- b 

where 

10 = ¢A E(6A) cos B/n . 

. ¢ = y/cm2 -sec at source. 

E = y-ray energy. 

b = ~ri + ~r2 + ... 

r 1 .,r 2 = actual sections of shield penetrated. 

~ = absolute coefficient of shield. 

R = distance from source to point P = t sec B 

For simple geometries, the variation of b from element to element can be 

approximated by a simple mathematical expression and the total intensity found 

by integration. Otherwise'the easiest approach is to measure the actual thick

ness of shield material traversed along a straight line from each source 

element and add algebraically the separate intensity· contributions. The total 

intensity should be multiplied by a B factor to allow for the forward scatter

ing in the shield. This is usually about a factor of 10 for thick shields. 

The contribution of radiation scattered along the duct from the walls of 

the duct may be estimated.by the same method as determining the ~cattering by 

mass elements within the shield itself. Essentially the method consists of 

breaking the scatterer (i.e., the duct wall) into a number of mass elements AM 
and assuming each to be a point of secondary radiation. The energy of the 

secondary y rays is a function of the energy of the primary and the angles of 

incidence and reflection. The secondary intensity is the sum of all the point 

sources considered. A detailed analysis of the calculation of scattered 

radiation is given in ORNL-710.(4) 
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Design of E%perimental Hole Plugs.(S3..;s7) In general, the problem of 

d.esigning plugs adequate to prevent escape of radiation from experimental 

holes during operation of the reactor maybe simplified by duplicating in the 

plug the various portions of the shield through which it passes. Precaution 

must be taken to stop radiation leakage through the annulus between the beam 

hole liner and the plug by providing a number of steps. These should be kept 

toaminimum, however, since each step increases the diameter of the plug which 

must be shielded after removal from the reactor. The amount of radiation 

leaking through the annulus may be estimated by the same method as for voids 

,in the shield, which has been described previously. The major contribution is 

the radiation penetrating the effectively thinner portions of the plug, rather 

than that from scattering around the 'step. The leakage through the annulus 

around the beam hole plug depends ,therefore on the width of the annulus and 

size of the step in the plug rather than on the number of steps. Measurements 

of the radiation through a narrow staggered channel by Gamertsfelder (in a 

report by Stone(57» may be used to verify this. For the MTR main beam holes, 

a ~-in. step with a 1/8-in. annulus gives adequate protection. 

1. Shiel~ing Requirements After Removal of Plug. In order to protect 

personnel after the plug, has been removed and after shutdown of the reactor, 

each beam hole is equipped with a lead radiation door 12 in. thick. The 

radiation intensity at the outside of the beam,hole with the lead door closed 

is estimated as follows: It has been shown previously·that 10'min after shut-

,down the reactor core emits 2.9· x lOb Mev/cc-sec ot hard ,},-ray radiation. 

Since at rel~tive1y large distances from the reactor the co:~ 'acts like a 

point source, the intensity at the end of an open beam hole is given by 

where 

1.9 X 10- 3 Q,A ' 
'I, - v e-~" 

4rITJL a2 ' s 

Q energy emitted per unit volume of core. ' v 

A area of beam hole = 180 c~2. 

mr/hr 

JLs absolute coefficient of core = 0.07 em-I. 

a = length of beam hole 475 cm. 

JL = absolute coefficient of lead = 0.46 em-I. 

% = thickness of radiation door ~ 12 1n. 
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Thus 
, . 12 

- (1;9;x 10-3)(2~9 X 10 )180 ~-14 =5 X 106 (0.9 x 10- 6 ) = 4.5 mr/hr 
I .. - 41T( 0.07) (475) 2 

Although this intensity is one-half tolerance, the decay of fis~ion 
products reduces the value to one-tenth tolerance at 1 hr after shutdown. 

In addition to affording protection after shutdown, the lead shi;elding 

door can be used in conjunction with a relatively simple neutron shielding 

plug during operation of the reactor to prov:ide additional flexibility to the 

experimental facilities. 

Shielding Requirements of External Facilities.(S8.59) 1. External Water 

System. The activity of the water in the external system due to the neutron 

absorption of dissolved minerals reaches an equilibrium level which depends on 

the time of activation in the core, the amount of purge, and the recycle time. 

Based on·the operating conditions listed below, the average activ:ity of the 

water in the external system will be about 3700 y rays/cc-sec. These have an 

average energy of2 Mev. 

2. Operating Conditions. The following operating conditions were used: 

Power level 

Flow rate 

Purge 

Cycle time 

Average. decay time 

Water activity 

30 mw 

20,000 gpm 

50 gpm 

1000 sec 

500 sec 

7400 Mev/cc-sec 

The shielding of the working reservoir and associated pipes is accomplished 

by first installing a fence 15 ft from the pipe~, and then shielding the pipes 

to a·, height of 20 ft with 10- or 12~in. concrete blocks and shielding a portion 

of the reservoir itself with 2 in. of iron. Considering that only two of· the 

24-in. pipes will be filled with water at anyone time, the y-ray intensity 

adjacent to the concrete blocks will be 10 mr/hr and outside the fence 1 mr/hr. 

On the reservoir platform with the water shielded by 2~ in. of iron, the y-ray 

intensity will be aboutS mr/hr. 
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3. External Air System. The activity of the ,pile-cooling air is due 

mainly toA41 with minor contributions from: N1
,6' a~d019 ,The, physical and 

nuclear properties of these gases are listed below. 

, . ELEMENT REACTION ABUNDANCE IN AIR (%) 0- t~ , Ey (Mev) , a 

Nitrogen N15 (n,y)N 16 0.30 0.02 mb 7.4 sec 6.5 

Oxygen 018(n,y)019 0.04 0.2 mb 29.4 sec 1.6 

. Argon A4 O(n,y)A41 0.94 0.62 b 110 " . 1.3 mln 

At 150°f ~nd 25.5 in. Hg, 1 cu ft of air contains 3.1 x 1021 atoms of Nis , 

4.2'x, 10 20 atoms of 018 and 4.9 x 1021 atoms of A4o
, At 60 mw the average 

thermal-n,utron flux in the air within the reactor is 4 X 1012 neutrons/cml .sec 
.' , 

and the total volume of air in the reactor is about 850 cu ft, At 30,000 efm 

t~e exposure time of the air in the reactor is about 2 sec. The number of 
atoms of A41 formed per second per cubic foot is 

(4 X 10 12 ) (4.9 x iO~1)J(0.62 X 10- 2 ') = f 
1.2 X 10 10 

and the disintegration energy per cubic foot will be 

0.693 , 
(1.2 x 1010) (2) (1.3)--, - 3;3 x 10 6 Mev/eu ft-sec 

6600 

The disintegration energy due to 0 19 
1S 

0.693 
(4 x 1012 ') (4.2 X 1020 ) (0.2 X 10- 21 ) (2) (1.6) -'-- 2.6 x 104 Mev/cu ft-sec 

29.4 

The disintegration energy due to N16 is calculated similarly to be 3 ~ lOS 
Mev/cu ft-sec. The shielding required to reduce the y intensities to desired 

tolerances is summarized in Chap. 8, Table S.l.C. 
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Shielding Requir.ementsfor Handling Activated Equipment and Materi

als. (56,60-64) The handling of equipment and materials which have been sub

jected to neutron irradiation constitutes one of the most important shielding 

considerations in the operation of a nuclear reactor. Each item presents a 

special problem and must be handled as such. The following ~graphs present 

general background 'for calculation of induced activities. For more detailed 

information on special problems, the listed references should be consulted. 

L Activities of Important Elements. The following table summarizes the 

elements which give rise to relatively high-energy ~-rayactivity. Calculations 

are.based.on a flux of 10 14 neutrons/cm 2 -sec and irradiation to saturation 

(i.e;, irradiation times long compared to half-life). For shorter irradiation 

times values should be multiplied bi (1 - e-~T), where T is the irradiation 

time and A the decay constant, 
TABLE 4.6.0 

Elements ·with Higb y-Ray Activities 

ELEMENT ACTIVE ISOTOPE . HALF-LIFE (curi esl g~ y-IIAY ENERGY, (Mev) 

Sodium 11 Na 23 14.8 hr '32 L38, 2.76 

'Magnesium Mg26 
12 ' 10:,2 ml.n 0 .. 6 0.84 (100%), 1.01 (20%) 

. Aluminum . AI21 
13 2.4 min 13 1.80 

. Titanium T- SO 
22 :J., 72 days 0.071 1.0 

Vanadium 23 
YSl 3.8 min 140 1.5 

Chromium 24 CrSo 26,_.5 days 15 0.',32 

Manganese 25 Mn S6 2.59 hr 390 0.82' (100%), 1. 77' (30%) 

Iron 26 Fe58 46 days O. ,029 L 10 (50%), L 30' (50%). 
2.06. (20%) 

'Cobalt 21Co S9 5.3 years 610 1.16, L32 

10.7 ml.n 18 1. 5 (10%) 

Copper 29Cu 63 12.8 hr 59 1.35 (2.5%) 

5 ml.n 14 1. 30 . 
Zinc 30Zn 64 250 days 6 1.14 (45%) 

30Zn 68 13.8 hr' 0.4 0.,44 
- '-- ~ 

The induced activities of some important reactor materials have be~n 

measured in the Oak Ridge reactor. Data are summarized in Tabl~4.6:D for 

i~radiations at a thermal flux of 10 12 neutrons/cm2-s~c. At higher flux 

levels, the values may be increased proportionally as .long as the ratio nva/A 

is small, 
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where 

nv = thermal flux, neutrons/cm2 -sec. 

0-,;;;;: absorption cross-section of activated atom, cm 2 /ato'm. 

~ = decay constant of active atom, se~·l. 

When the cross-section of the active atom is greater than 1000 barns and the 

half-life greater than 50 days, the saturation activities are reduced by 

fiuxes of iheorder of 10 14 neut~ons/cm*-sec. Under ordinary conditions, 

however, the saturation activity is relatively unaffected. 

~ 
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TABLE. 4. 6.E 

Ind~cedActivity of Commercial Materials 

. ACfIVITY( 1) (photons/sec-g) AT 10 12 FWX 
TIME IN REACTOR LEAD ABSOLUTE 

MATERIAL (hi:-) COEFFICIENT' (cm"l) 4 to 5 hr decay" 10 hr decay 

GBF graphite '4400 0.62 1. 5. x 104 1. 2 x 104 

CS graphite 4400 0.62 4.2, x 104 3.6 x 104 

C-18 gra phite 15000 0.58 5;5.x lOS 5.2 x lOS 

Beryllium 12000 0.58 6.9 x 106 3.8 x 106 

28 aluminum '15000 0;57 ·1.4xl07 

Stainless. steel 
~ iI' • . 

Type 304 1000 0.59 3.2 x 108
. 1.05 x 108 

• Type 310 1000 0.57 9.7 x 108 2.7' x 108 

Type 316 1000 0.61 9.7 x 108 .2.7 x 108 

Type 347 1000 0.56 . 8: 5' x 108 2.3. x 108 

Type 405 1000 0.57 2.8 x 107 9.5 x 10 7 . 
Type 430 1000 0.62 2.6 x 108 8.0 x 10 7 

Type 445 1000 0.58 4.5 x 108 L35 X 108 

!carpenter 20 1000 '0.52 6.0 x 108 2.6 x 108 

!concrete 

Brookhaven(2) 700 0.49 4.0 x 108 9.0 x 10 7 

Ordinary(3) . 700 0.55 9.1 x 10 7 5.3 x 10 7 

Barytes(4) 700 0;51 4.3 x 107 L 9 J( 107 

_. ... 

(1) The .ionization chambe~ was: calibrated withCo60 of 1.2 Mev average photon energy. 

(2) The Brookhaven cement contained 58.2%limon·ite. 29.1% p,ortland.cem.ent, 12.7% H
2
0 . 

100 hr decay 

9.0. x 102 

1: 5 x 104 

3.2 x lOS • 

1:5 x 10 6 

.5.9 x lOS 

.. 
<-

5.0 x 107 

6.2 x 10 7 

.4;9.x 10 7 

.5.4 x 10' 

3.5 X 107 

.3.6 x 10 7 

4; 8 x 107 

7.2 X 107 

.5.0 x 106 

1.8 x 10 6 

·Ih 3 x 106 

. (3) The ordinary concrete contained 56%I:ock.25.5%sand, 10 .• % por~land cement, 8.1% 1I
2
0 . 

1000 hr decay 

< 2 x 10 2 

L 1 x 104 

: 2.6 x 105 

L 1· x 106 

3.4. x 105 

f 

2.8 x 107 

'3.9 x 10 7 

2:9 x 10 7 

3: 3 x 107 

L8 X 10 7 

1.8 x 107 

2.2 x 10 7 

4.1 x 107 

3.0 x 106 

4.7 x lOS 
/ 

2.0 x 106 

:(4) The barytes concrete c~ntained .6% barytes coarse, 40% barYtes fine. 9.6% portland cement. 4.4% H
2
0. 
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Chapter '5 

CONTROL S YS TEM 

5.1 INTRODUCTION 

'The preceding three chapters of the Handbook have described the reactor, 

its use, and the physics of its design. In this chapter the reactor control 

system and some of the philosophy behind it will be discussed. Like that of 

'the rest of the MTR, the development of the controls has gone on over the last 

five years; ,therefore no separate historical development is attempted. 

The main portion of the chapter is devoted to a description of the con

trol instrument~ and system as -they now exist in the MTR. While this de

scripti~n inevitably contains some of the history and philosophy of the con

trols, a separate section is included at the end to discuss some of the 

reasons for using the present control system. 

5.1.1 Review of Requirements. It has been shown in Chap. 4 that the 

k of the MTR is very,much larger than that of the early uranium-graphite 

reactors and that considerable excess reactivity will be used in order to 

handle losses due to fuel depletion, experiments, fission product poisons, 

etc. Any control system designed for such,a reactor not only mu~t be able to 

maintain the machine at any given, power but, when necessary, must also be able 

to overcome quickly all the excess reactivity. 

The speed with which the controls must a~t depends upon the maximum rate 

at which the reactor can rise in power. Suppose that in a clean, cold reactor 

some mishap allows the rods to be withdrawn at their maximum rate; as an 

example, assume this rate to be equivalent to a bk/k~ 0.1% per second. In 

the first few minutes the neutron level will rise only by a factor of ~100. 

but at the end of this time the reactor will be supercritical and on a rising 

period of approximately lOsee. In a few more seconds the period will be 

approximately 1 sec. It has been calculated{l) that the minimum period 

expected before the power goes aboye normal operation level will be about 

1/30 sec. Such a period must be countered by safeties capable of a 30-msec 

response. Even with this speed of response the power would momentarily rise 

to about three ti~es nnormal~ overload power or to about four times operating 

power. 

5.1 



From the above paragraph it is obvious that the control rods must not be 

withdrawn too rapidly, but another condition is imposed in restarting the 

reactor after a short shutdown. In this case the-time available is limited by 

xenon growth (see Chap. 4); hence the rods must be withdrawn as quickly as 

possible. In order to fulfill both these conditions, the control system has 

been designed to limit the "high~ rate of rod withdrawal ~o an equivalent 

Ak/k of 0.1% per second. 

The above paragraphs briefly review the main dynamic requirements of th~ 

control system. The control system described in the following sections is 

~esigned to fulfill these requirements and provide a means of maintaining the 

reactor at any given power level. 

-S.1;2 General Featnres of the-BIB Control System. A block diagram. 

showing the essential elements of the reactor control system, is given in 

Fig. -S.I.A. In this diagram the light lines indicate flow primarily of 

information. signal, or effect; ·the heavy lines indicate flow primarily of 

energy_ It is understood that this diagram shows only the major relationships 

among the control system elements. 

The reactor is shown to be subj~ct to effects of the control rods, 

auxiliary facilities, and certain disturbances. The reactor in turn affects 

certain instruments which produce information to be transmitted to the oper

ator and to the control system. The operator and the control system also 

rece1ve information from selsyns and other indicators of rod position or rod 

motion. On the basis of the information received. taken together with the 

op_erator's actions or instructions, the control system transmits to the 

motors or. magnets (also called "clutches") appropriate control signals. The 

motors or magnets then cause corresponding rod motions, which in turn affect 

the reactor. Thus the main control loop is a closed path, indicated in the 

diagram by light lines. 

The heavy lines indicate the flow of energy from an external source to 

the control system to operate amplifiers, relays, _etc., and to motors, mag

nets, and the auxiliary facilities to operate pumps, fans, etc. These are the 

principal power demands relevant to the control system. To isolate the con

trol system from fluctuations and interruptions of external power an energy 

conversion and storage unit is provided. The status of this unit is reported 

by certain instruments to th~ operator, who can exert a limited degree of 
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control on it. Full discussions of the power distribution system and of the 
auxiliary facilities are given elsewhere (Chaps. 3, 6, 7, 8, and 10), but they 

are included her~ to the extent that they are interr~lated with the control 

problem. 

5.2MEASURINOINSTRUMENTS 

There are three g~oups of instruments furnishing information to the 

operator and to the control system: (1) the reactor instruments measuring 

neutron flux.or power level, (2) the rod position and motion indicators, 

and (3) the instrumetits for the auxiliary facilities and energy conversion 

and storage. These groups will be discussed in'the order mentioned. The way 

in which the instrument signals are presented to the operator, recorded, or 

used in the control system will be discussed in later sections. 

5;2.1 ,Re~ctor Instruments. It is necessary to draw a rather arbitrary 

line separating reactor instruments from instruments on the auxiliary faeili· 

ties, particularly the cooling.water. Reactor instruments will be understood 

to include radiation instruments measuring ne~tron level in the reactor and 

radioactivity in the water, temperature instruments measurin~ distribution of 

exit water temperature across the active lattice· and temperatures in the 

thermal and biological shields, and pitot tubes measuring distribution of 

water flow across the bottom (exit) of the active lattice. (See Fig. S.2.A). 

The react~r radiation instruments are listed in Table5.2.A. It will be 

noticed that with one exception these instruments are located in the reactor. 

The one exception, the water monitor chambers, can reasonably ?e included with 

the reactor instruments since they monitor water samples from the 37 sampling 

tubes distributed across the bottom of the active lattice. 

The parallel circular plate (PCP) and compensated ionization chambers and 

the fission chamber are of ORNL design and manufacture. The air wall and 

water monitor chambers are made .by General Electric Company, and the boron 

thermopiles ~re made by Nuclear Instrument and Chemical Corporation. 

When the MTR was proposed in 1946, the best available 

had a useful range of about 10 4 . The development of the 

zation chamber with useful range of bett~r than 10 6 was the 
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NAME OF INSllUJMENT 

Parallel circular plate 
ionization chamber 

Compensated ionization 
chamber 

Fission chamber,:travel 
i2 it 

.Air wall ioniZation chamber 
(G.E~ No~ 9737334Gi) 

Water monitor ionization 
chamber (G.E. No. 9737814) 

. Boron thermopiles 

TABLE·5~2.A 

Beactor Radiation Instrnments 

DEFERENCE ITEM NO. 

650-lA. 2A, 3A 

652-lA, 2A 

650-4.<\, SA 

654-2A 

654-3A 

650-nc, lID 

653;. SA. 6A 

USE REACTOR LOCATlm 

Safety VN-l, 2,'3 

. Servo signBl VN-5, 6 

Log N and period signal I HI;.2,3 

Galvanometer signal HI-2 

Counting;rate signal VG-8 

Water flow NI6 monitoringl W-l. 2 

Water sample monitoring I Monitoring room 

Neutron flux in graphite IVG-27, 28, 42, 44, 56 

attempts to develop a d(log N) meter of the vibrating condenseriype were 

unsuccessful and a log.N and pe~iod meter based on the 'logarithmiccharac

teristic of the diode proved to be highly satisfactory. This instrument, with 

a useful .range.of apprpximately 106
, matching the compensat~dionization 

chamber, has become extremely important to the.control system. 

In an early attempt to cover still low~r neutron i~tensities. the.modu-

lated ionization chamber was proposed~ This device utilized the periodic 

motion of an absorber placed before the ionization chamber which resulted in a 

modulated signal proportional to neutrons only~ This was abandoned in favor 

of the fission chamber and counting rate meter which, by repositioning the 

fission chamber, is capable of covering a ra~g~ of lOll, Since this device 

has a long integrating time, it was felt that the resultant time delays would 
, ~ 

make it an unsatisfactory instrument for automatic control, and it is there~ 

fore used as an adjunct to manual control~ 
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The importance of having proper instruments for control purposes is made 

evident by consideration of Table 5:2.B. which shows the relation of power 

(or neutron) level:considered in four definite ranges to the choice of instru

ment and control action. These ranges, as suggested by H. W. Newson<l) or as 

applied to the MTR, serve as convenient divisions of the entire range.of 

reactor ,operation. At the, lowest level is the source range which lies below 

TABLE 5.2.B 

Relation of Lower Level to Instrument.(l) 

NEWS(W(l) 

_ F!.ll "'po~r ....:. 

------------1 
"LoWer limit of servo and 

10.3 power instruments 

10,-6 . 
~Lower limit of loS Nand 

period meter 

10 ill 
~Lower limit of CIlM 

Source 

AS APPLIED 
'TO'MTI\ 

Power 

Period 

Counter 

Source 

5.7 

J{'., Bange of servo ,and of linear' power 
,instruments ,and recorders 

{

Restart region in which maximum rod 
, withdrawal speeds· are necessary; 

. operation supervised by log N' and 
period meter' 

Cold start relJion' CBt is only in. 
'strumentava1labie through major 

portion of region; intermittent rod' 
speed available only; cold. reactor 
In 11 normally become critical belOw 
l~; strictlx manual control up . 
to abou~ 10· 

( 

,{. No rod withdrawal permitted in this 
, range 
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the range of the counting rate meter and in which rod withdrawal should be 

prohibited. Until the level is raised above 10- 11 of full power by a suitable 

source (cf. Chap. 4), tpe 6k of the reactor should be kept negative; i.e., 

rods should not be withdrawn. Next comes the counter range, in which the 

fission chamber and counting rate meter combination is the source of~reliable 

signal. For the MTR o~ly intermittent rod withdrawal is permitted in this 

range. The lower limit of the period meter makes the transition to the 

period range. By the time this range is reached, the cold, clean reactor will 

have become critical and the level will be rising on a stable period. Finally 

comes the pow~r range, over which an appreciable fraction of full power may be 

measured. 

PCP Cham.bers .. The PCP chambers are designed, constructed, and located in 

the reactor so as to give high-speed response to changes in neutron flux 

coming from· the core of the reactor. The construction is shown in Fig. 5;2.B. 

The active section consists of a set of graphite disks, each of which is 

coated on both sides with B10 • Alpha particles are emitted by the BIO{n,a)Li 7 

reaction when· neutrons bombard these disks. These al~ha particles cause the 

ionization which the chamber mea~ures. Thickness of boron coating (0.3 mg/cm 2 ) 

on the graphite disks is chosen so as to give maximum ionization current 

(about ·50 ,uamp at their operating flux of 10 10 neutrons/cm2 .sec). 

The chamber is made of materials (magnesium shell, graphite electrodes, 

quartz insulators) that do not become highly radipactive unde~ n~utron bom

bardment.Furthermore, the long body of graphite ending in a boron plastic 

plate at the base shields the connectors and cables from the high neutron 

flux. This makes handling and servicing.of the chamber after it has been 1n 

the reactor permissible without elaborate shielding. The chambers cannot be 

located as near the reactor tank as would be desirable because of the high 

neutron flux. The next best thing seemed to be to 16cate the chambers in 

holes, looking directly toward the tank, with collimating boral sleeves ahead 

of the chamber to enhance their inherent directional sensitivity to flux 

directly from the tank. With this arrangement the major del~y is the time, 

estimated at 5 to 10 msec, for neutrons to get from the core t.hrough the tank 

and into the graphite. Thus it is possible to provide a safety signal well 

within the 30-msec limit set by consideration of reactor kinetics. (A report 

on the PCP 'chamber is in progress.) 
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Compensated Ion Chamber, The compensated ionization chamber is designed 

to give reliable measurement of neutron flux over a large range, particularly 

in the presence of relatively intense gamma radiation, The construction, 

shown in Fig. 5.2,C, features two separate chamber volumes, The inner volume 

is contained between a movable cup electrode and a fixed inner electrode 

shell; the outer volume is between this inner shell and an outer electrode 

shell. The two volumes being approximately equal, the effects of gamma 

radiation on the two should also be equal, In addition, the outer volume is 

made sensitive to neutrons by Bl0 coatings applied to the electrode surfaces, 

Then if the cup electrode is at negative potential and the outer shell elec

trode at positive potential with respect to the inner shell, the net current 

carried by the inner shell will be a measure of neutrons alone. Close bal

ancing of the two volumes for zero gamma signal is carried out by moving the 

cup electrode, thus varying the inner volume, As in the. PCP's, the sensitive 

end of the chamber is made of low-activity materials (pure graphite elec

trodes, quartz insulators, lead wires. and magn~Rium shell) and the main body 

of the chamber is made long to provide shielding of the chamber base from 

neutrons, The preamplifier circuit used with PCP chambers .is shown later in 

Fig, 5,3.A. 

The compensated chamber is to be operated from 100-~amp current at full 

operating level (N,) down to 10- 4 ~amp at the bottom of its range. The flux 

at the chamber when the reactor is at NF is presumably somewhat over 1010. 

Fission Chamber. The fission chamber is designed to give neutron mea

surements at low flux levels. The construction. shown in Fig. 5.2.0. is quite 

simple. A brass shell carries a nickel liner with a coating of U2J5 on its 

inside surface. A central anode rod of gra~hite, ~ in. in diameter, IS 

supported on a coaxial connector. Neutrons absorbed in the U23S produce 

fission fragments which ionize the gas in the chamber. The voltage pulse 

thus created by each fission is amplified and count~d. These fission pulses 

are large, and by proper biasing of the amplifier can be counted separately 

from the lesser currents due to alpha or gamma radiation; i.e., neutron flux 

can be accurately measured even in the presence of int~nse gamma radiation. 

With the anode at +270 volts, the fission pulse height is some 50 ~v across 

the 450 ~~f of cable capacitance. The chamber efficiency is one pulse in a 

flux of 100 neutrons/cm2 "sec. By using argon gas a short, sharp pulse may be 

obtained. However, the chamber performance is then very sensitive to gas 
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impurities and to supply voltage; to minimize these difficulties the argon is 

deliherately mixed with about 5% carbon dioxide. Under these conditions, 

pulses are distinguishahle up toa limiting rate of nearly a million per 

second. The lower pulse rate limit is set by background, which, aside from 

electrical pick-up noise, is the negligible (1 count per hour) spontaneous 

fission occurring in U2 18. The counting-rate meter used with the fission 

chamber. however. has a useful range from 1 to 104 counts per secon~ and 

this is therefore the working counting range of the complete instrument. 

To increase the neutron flux range of the instrument provision is made 

~or moving the chamber over a maximum distance of 12 ft, from outside the 

thermal shield to a point well inside it. This travel corresponds to an 

estimated neutron flux variation ~f 10 7
• At the innermost position the 

minimum flux to be expected (say from a source at start-up of a clea.n reactor) 

would. be about 101 • corresponding to 10 counts per second. The maximum flux 

(reactor .at NF) at the inner position would be lOll, and at the outer position 

about 10 6 ,. corresponding to 104 counts per second. the upper limit of the rate 

meter. In view of this range the fission chamber will be used at three 

established positions in its instrument hole, motion from one to the other 

giving'a neutron flux range multiplication of about 3 x 103 , which is com

fo~tably within the counting rate range of 104 • Means of moving the chambe~ 

are semiautomatic.and are tied in with the control circuitry to be discusred 

later. The exact locations of th~ three operating positions must be con

.sidered a part of installation-calibration procedure. Also entering into·the 

calibration is the neutron absorbing rod shown in Fig. '5.2.D. Besides plug

ging the hole in which the fission chamber moves, this rod furnishes, in 

choice of dimensions and materials, further means of achieving desired chamber 

sensitivities in the three locations. 

The three types of ionization chambers discussed thus far (PCP, com

pensated, and fission chambers) have in common the property of being open \ 

chambers with continuously flowing·gas. The nitrogen used in the PCP and 

compensated chambers is fed in through the signal cables and returned tbrough 

power supply "cables, being monitored (for flow rate) on the end of the return 

cable. The mixture of argon and carbon dioxide used in the fission chamber is 

fed in through the only cable going to this instrument and then is vented as 

indicated in Fig.5.2.D. The decision to use continuously purged gas in these 

chambers was based largely on the expe~tation of less trouble in assembly, 

.operation. and maintenanc~ of the instruments. A somewhat incidental ad

vantage is that the gas flow keeps the signal cables free of moisture. 
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Air-lIIall Ion izo. t ion Chamber. T.he air-wall ionization chamber (G. E.No. 

9737334G1) is used to measure the energetic 7-sec gamma activity of N16 formed 

in the 016(n,p)N1 6 process by neutron bombardment of: the cooling water. The 

chambers are located in thimbles in the outlet flow. This signal should 

constitute a good overall measure of the average reactor'core flux. The 

chamber is '5 in. in diameter by 19 in. long, with cylindrical electrodes. The 

name "air-wall fl. signi fies that it is made of materials having nearly the same 

atomic number as air, and hence giving similar scattering. Sensitivity is 

'5 x 10~ 12 amp in a gamma. ray intensity of 12.-5 m;r/hr. 

Water Monitor Chambers. The water monitor chambers (G.E. No. 9737814) 

are used in the monitoring room to measure beta and~gamma activity in the 

water drawn through the 37 sampling tubes from the exit face of the active 

lattice. Thus the distribution of radioactivity in the water flow through the 

lattice can be observed. Water from each of the 37 tubes is examined every 

2 min by an automatic cycling device. The water is held up long enough for 

the N1 6 activity to become small, so the observed ac~ivity is either that 

induced by the flux in the demineralized cooling water or else it is evidence 

of a fission break (rupture of fuel element) in -the core. Sensitivity of this 

chamber is 3 x 10- 13 amp for 12 ~'5 mr/hr. 

Boron Thermop il es. The boron thermopiles ,are used for an addi t ional 

check on neutron flux level. They are located in the graphite (VG-27, 28, 42, 

44, '56; see Fig. 3.F) all at the same horizontal level. These instruments 

consist of a large number of thermocouple junctions in series, with alternate 

junctions coated with boron. The coated junctions become warm owing to, 

absorption of neutrons, thus yielding a net voltage which is a measure of, 

neutron flux. The,instrument case is about ~ in. in diameter by 6 in. long. 

The approximate sensitivity is 6 mv in a flux of 1012 • Internal resistance 

1S of th~ order of 3 to 4 ohms. By proper mounting and thermal insulation 

of the thermocouples the instruments may be made quite insensitive to ambient 

temperature (say, 40 ~v/oC). 'For transient conditions the time constant is 

about 1 sec. 

Other Instruments. In addition to the foregoing reactor instruments, all 

of which measure radiation, there are various temperature and water flow 

measurements to be mentioned. Each of the 37 sampling tubes is actually part 

of a triple-function assembly: sampling tube, pitot tube for flow measure-

ment, and thermocouple for water temperature measurement. Knowledge of dis

tribution of water flow velocity and temperature is of obvious value. There 
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are also numerous thermometric devices used for observing te~peratures in 

other parts of the reactor. Most important of these, from the control stand

point, is the pair of thermocouples in the inlet and outlet water lines, 

measuring the temperature rise which is then multiplied by total water flow 

to give power absorbed from the reactor. A venturi flow meter feeds signal to 

a flow recorder, and the thermocouples feed a differential temperature re

corder. Impedances in these recorders are connected in a bridge circuit in 

such a way that the bridge output is proportional to the product of the two 

signals. The detector for this bridge is thus the power level recorder. 

In the thermal and biological shields there are about fifty positions 

for thermocouples (see Chap. 2). 'The signals from these instruments, however, 

tie into the control of the reactor only through ,the one annunciator channel 

reserved for them. 

'5.'2.2 Rod Position and'Motion Indicators. Instantaneous positions of 

all.control rods are reported to the operator by selsyns. The generators 

(transmitters), mounted on the rod drive sh~fts, are Ford Instrument Company 

u;Telesyn, u, type 3UG. The. motors (receivers) ,mounted on the control room 

console; are the same brand, type IF. In additioD, the positions of the rods 

with respect to certain fixed positions are detected by means o~ lever

operated microswitches. These limit-switch signals go to the control system 

and to the operator. The shim-safety rods operate two limit switches (see 

Fig. '5~2.E). The upper switch operates when the rod is withdrawn about 10 in. 

from the fully inserted position. (The exact location of this limit position 

is to be adjusted in the field so as to take account of two factors: the 

actual maximum withdrawal mechanically possible. and the need for Reeping 

some sensitivity of safety rod action.> Th~ lower limit switch is a uback-up" 

switch wboseaction would usually be forestalled by action of the other shim 

rod switches, the clutch (magnet) switch and the seat switch. If the rod is 

engaged in its ,holder so the clbtch switch is closed, the seat switch would 

operate to stop the motors when the rod is fully inserted. If the rod has 

been released (e.g., by safety action) and is resting on the bottom, then the 

clutch switch would operate to stop the motors as the holder comes into place. 

Thus the lower limit switch would act only if the rod were not in the reactor 

or if th~ clrltch or seat switches failed. 

The seat switches are mercoid pressure switches which operate on the 

water pressure change caused by seating of the rod and subsequent reduction of 
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the incoming flow of demineralized water {partial make-up for the process 

cooling water). The clutch switch operates between the shim rod itself {which 

is grounded} and the magnet pole faces, which are insulated from ground; this 

circuit uses 12 volts alternating current. 

The regulating rods are equipped with six limit switcbes (see Fig, 

"S;2.F). Of these, the two at the extreme pos~tions serve to limit the travel 

of the regulating rod itself, while the inter,vening four enter into shim rod 

control. The regulating rod motion is held ,in :both directions against shock 

absorbers. The servo motor torque is reduce~ ~y the action of the end limit 

switches to a value which keeps a light load on the shock absorber in the 

limited direction while leaving the system free to give full instantaneous 

torque in the opposite direction. 

Instantaneous velocity of regulating,rod,s is measured by tachometers 

mounted on the motor shafts. The Weston M<idel, 724, type A, -is used. The 

instrument has a sensitivity of SO volts 'per. 1000 rpm and an upper limit of 

2000 rpm. 

5.2.3 Auxiliary Facilities Instrumeufs;.~ In describing the general scope 

of the control problem in S~ctionS.l,l, reference was made to certain aux-
, .. . 

iliary facilities which are of some concern to the operator and therefore need 

a place in the control picture. It is, of course, possible that any con 

ceivable detail of associated equipment, however remote, might under some 

circumstance be of concer'll' to the operator. (This is one reason for having a 

telephone near the operator.) It seems reasonable to confine attention here 

to the three vital facilities: process water, (fooling air, and control power. 

Since the instrumentation of these facilities i~ more or less fully discussed 
, , 

elsewhere (Chaps. 7, 8, and 10), only brief comment'on the immediate relevance 

to control is needed here. 

The process water which cools the reactor is perhaps the most important 

auxiliary facility. Undue changes in temperature or flow of this water' can 

result in just as serious damage to the reactor as undue changes in neutron 

level. The radiation hazard to personnel is not so great, however, and, 

because of this and for other reasons, the w~~r instrumentation works with 

considerably thinner safety margin than is d~~i~~~~ into the radiation in

strumentation. In particular, the principle of backing up every instrument 

with an alternative instrument is less thoroughly applied. Water level in the 
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ma1n tank, or "working reservoir,R is guarded with automatic safety actions 

(see Section "5.5.1, especiallyTableS."S.A). 'The same is true for water flow 

although this depends on a single flow meter. The water system is provided with 

sundry alarms and recorders, which need not be detailed here. Most of these 

will engage the attention of personnel station~d in the process-wate~ control 

and instrument center and will receive only marginal attention in the reactor 

control room. 

So far as cooling air is concerned, the operator is warned by alarms 

on pressure and flow of air and also on radioactivity in the air stack. Air 

flow failure causes a mild automatic safety action (slow setb~ck; .see Table 

"S:S.A) . 

'In ,order that reactor operation may be as free as possible from the 

effects of transient disturbances or outages on the purchased-power lines, 

electrical power for the control system is obtained from a special supply, 

labeled "Energy Conversion and Storage"' in Fig. 'S.I.A. This supply c6nsists 

of two alternators operated from storage batteries. In normal operation .one 

alternator would supply "instrument bus ~oltage" and the other alternator 

would supply ~relay bus voltage." 

The instrument bus furnishes power to those instruments most sensitive to 

disturbance while the relay bus (also called the "control bus~) furnishes 

power to the less sensitive components, such as relays and motors, which not 

only are less sensitive to disturbance but are themselves actual sources of 

disturbance. If one of the alternator supplies breaks down ~r otherwise 

becomes unavailable, the relay bus would be switched to purchased power. To 

permit operation with the "rougher" purchased power, the relay circuits i'n

elude a 2-sec timer and a number of time delay relays so that reactor shutdown 

does not ensue unless the relay bus voltage is off'for 2 sec or longer. 

Reaction of the operator to loss of control power is discussed briefly 

in Section 5.6;4. Annunciator signals from the control power center may be 

used to bring to the reactor control room 'information on such items as battery 

charger failure and frequency monitoring, but the main link between this 

center and the operator, both for conveying information to and action from the 
~ 

operator, will be by patrol operation on something like a once-per-hour basis. 
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5.3 ROD MOTION CONTROLS 

5.3.1 'Safety Rod Clutches. Safety rod motion is obtained, in general, 

by the combined action of gravity and water flow. There is also the buoyant 

force, but it is expected thdt the downward acceleration will ~ever be less 

than 19.. The safety action is therefore accomplished by releasing the shim~ 

safety rods from their holders by de-energizing the magnets in the magnetic 

clutches. This is a continuous process; the magnet current is decreased, not 

interrupted. 

The magnet has been describ~d in Section 2.4.2 of this report, but the 

control of the magnet current must now be explained. There are eight shim

safety rods and therefore eight magnets, which must be subject to a number of 

different possible causes of safety signal (these are enumerated in Section 

5.5.1). 'The necessary interconnecting circuitry is centered about.a signal 

line called the Itsigma busu because it carries the summation (more accurately, 

the net-effect) of the various causative signals. The various instrument 
I 

signals are fed to this bus by special Itsigma amplifiers." Figure 5.3.A shows 

the circuit of a sigma amplifier, together with a typical PCP ionization 

chamber and preamplifier. The sigma bus is seen to be connected to the 

cathode of a triode, whose grid accepts the signal from the preamplifier. 

Increase of ioriization current causes the preamplifier grid. and also the 

sigma amplifier triode grid, to go positive. Then the sigma bus is also 

driven positive. Assuming this ac~ion has occurred in only one of the five 

sigma amplifiers, the cathodes in the other four amplifiers are also carried 

positive, and the tubes tend to cut off. One of these tubes can Ittake over" 

from the first only if its grid is driven more positive than the first grid. 

Thus the sigma bus may be said to go along with the Ithighest bidder" of the 

various grid potentials. .It has therefore been suggested that the sigma bus 

might be more' appropria tel y named "auction bus .'" This predominance of auction 

effect over summation effect is important, for otherwise unwanted safety 

"scrams" (dropping of rods) would be initiated by cumulation of small effects. 

The 16 magnet amplifiers (two for each magnet) are all connected in 

parallel to the sigma bus. If all 16 amplifiers and all eight magnets were 

identical in adjustment and operation, all safety rods might be expected to 

drop strictly simultaneously as the sigma bus potential rises past some 

critical value. What will actually happen. of course, is that one or several 
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of the rods will drop ,before-the others, and the number that drop will depend 

on subsequent iime-dependence of the reactivity. Pr~bably the usual scram

will consist of the dropping of only one rod. 

The circuit diagram of a magnet amplifier is shown in Fig .. '5 .. ,3:B. -The 

magnet current is drawn from a se~arate rectifier, fed from a se~arate power 

line. This provision for interruption of magnet power without affecting 

amplifier power makes possible the two kinds of scrams: f~~t scram by ampli

fier action~and slow scram by interruption of magnet power: The fast scram 

channels are reserved for th9se safety signals which call for action in 

minimum time; the slow scram is for less urgent signals. 

The two amplifiers feeding a given magnet are connected (c~nnector 

labeled "compo ttl) so ,as to share more or less eq\lally the magnet current. If 

one of the amplifiers should fail, the other would keep the total -current near 

normal, and closing the "normal"'exchange"· switch gives further -margin for 

operation with one amplifier. A further .safety feature in.c,orporatedinthe 

design is that a short' to ground of the sigma 'bus will shut off magnet current 

by increasing the current through ,the second half of the double triode V5. 

'503~2 'Mott,r Drive of'Sbim RodsoThe'motor drives for the shim rods have 

been described in Section 2 .• 4;5. Here .it is necessary only to recapitulate 

thos~ fe~t~res directly relevant to crintrol of rod-~otions. 

The shim-rod motors are three .. phase 220-volt 1/6-hp squirrel-cage motors, 

of lsbo tpm r~ting. Star~,stop, and reverse .~e the only control actions 

'called for. Re~ersal is ac~omplished by, phase interchange. this ·simple 

controlpictu~e is, hbwever» slightly complicated by t~o consideration~: the 

desire to have a finer speed control than is obtained by simple on-off switch

ing~ .and concern a~ to the pos.ible s~fety implic~tions of transition from 

three-phase to single-phase opera'tion by loss (open circuit) of one ~ower wire. 

A highly satisfactory means of having f~~e control of motor s~eed ~as 

found in the simple device of inserting a~ingle resistor.for each phase in 

the supply to all th'e shim-rod motors. The large'initial current required for 

high acceleration is cut down by the resistor» giving a low acceleration 

start. Thus manual on-off switching can give a close, fine-scale adjustment 

of rod pos1t10n. This use of 9t;low"i speed is discussed in Se.ction '5.;5.2. The 

resistor is chosen with such power rating (:350 watts) that it will safely 
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carry the load when all eight motors are turned on. However, its resistance 

is such {of the order of 40 ohms} that it will normally permit the operation 

of only one'motor at a time. 

An open circuit in one of the three wi~es feeding the motors, causing 

single·~phase operation with loss of ability to change direction of rotation, 

is a hazard that might be serious. For instance, if withdrawal were in 

progress and an overriding signal for reverse came through, it would be in

effective and withdrawal would continue. In any event, the safety circuits 

should protect the reactor. This loss 6f-phase difficulty", in fact, repre-
. -.. '~'~:-i : 

sents a typical instance of a minor calculated risk. Acceptance of a few such 

risks permits savings in cost and complexity of equipment~ savings which may' 

reasonably be regarded as reiurns on the extensive investment in safety 

syste~s. 

'503.;.3 Motor Drive of Regulating Rodso 'The regulating rods are dr~ven 

by servo-controlledd-c motor~. The servo mechanism is a velocity servo giving 

a motor'shaft speed ~ proportional to input voltage Vi. Fi.ure 'S.3.C shows ~ 
how ,the input signal Vi is formed as the difference.he.tween a positive voltage 

measuring ionization current and a n~gative reference voltage. The positive 

voitage is the product of the ion-chamber .current~ proportional to neutron 

flux 9 and the resistance in the motor-operated rheos'tat (MOR). Th'e servo 

functions so that a positive increment in Vi causes the regulating rod to be 

inserted.' Thus~ for,any given setting of the MOR, an increase in neutron flux 

.causes an increase in ionization curient, and, hence an insertion of the 

regulating rod or g conversely~ a decrease in the neutron flux. results in rod 

wi thdrawal 0' 

The·particular function of the MOR is to manage reactor control over the 

considerable range between NF (full' operating flux)a.nd NL(a:bout 1% of .N,). 

'Suppds~1 for example, the ~eactor is rising with a 20-sec period.· Then the 

current through the MOO would be rising as eAt, wi th A = 0.0'5' sec" 1 • Now, if 

the motor of the MOR is turning at such speed and in such direction that its 

resistance is' decreasing as e- At , with the same value, of A, the ,~o'sitive part 

of Vi remains constant, and the regulating rod does not move. The servo might 

, then be said to be holding the reaC?tor on a 20~sec p.eriod. The desired action 

of the MOR is obtained by using a constant-speed motor and an,expon~nti~l ~e

sistance winding. The winding is not continuous but consists of ~SO ste~s, 
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giving a range from minimum resistance of O.S megohm to maximum value (after 330° 

rotation) of SO megohms. The exponential .effect is -achieved by making ea.ch 

step proportional to the total resistance at that ste~. This means a first 

step of about 10,000 ohms a~d ~ f~nal step of about 1 megohm, as indicated in 

Fig. -S.3.C. 

For raising the reactor from NL to NF, a 20-sec period is chosen as a 

safe, fairly rapid possibility. In going down from NF (i.e., in "setback") 

such a f~st period cannot be managed by the regulating rod because of the 

latent'(delayed neutron) reactivity:. Fast setback is still useful as a fast 

way of lowering reactor level short of a scram, but a slo~er, 90-sec, period 

is also provided for slow setback. This means two different speeds for the 

MOR. To avoid mechanical gear changing, two motors with suitable gear re

duction ratios are coupled to the rheostat through a differential. The actual 

time for the two-decade change-is 90 sec for the f.st .nd 7 min for the slow 

setback. 

It is important that the rheostat should not turn in one step from the 

'SO-megohm value to the O:S-megohm value. Limit switches, backed by mechanical 

'stops, prevent this. Because of the stops, a friction clutch is inserted in 

the rheostat shaft. 

A selsyn reports the position of the MOR shaft to the control console on 

a scale which ~s logarithmic so as to match the exponential winding. The 

setting of the MOR can be changed in the upward direction by the fast motor 

drive, and in the downward direction by either the fast or slow. A vern1er 

interpolation between the steps of theMOR may also be made from the 'control 

console wi th the -SK potentiometer shown in Fig. 'S.3.C. 

Thed-c motor used to drive the regulating rod is a special General 

Electric model '5BBY79AB7, 1 hp, with permanent magnetic field. Armature 

current is derived from a lSOO-watt amplidyne, model 'SAM78AB78. The drive 

motor of the amplidyne is a three-phase 440 volt 3.6-amp'motor. The rod 

motor is driven ~y the amplidyne with armature voltage proportional to the 

difference in currents flowing in the amplidyne fields. It is therefore the 

function of the servo amplifier to establish the current diffe~ence as pro

portional to V .• The circuit of the servo amplifier is shown in Fig. ·S.3.D. 
" The amplidyne fields are in the plate, circuits of the two pairs of 6BG6 output 

tubes, operating push-pull. Of each pair of tubes one may be designated 

"regular" and the other "helper. n, The two regular ,'tubes have their cathodes 

tied together. 
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An important feature of this output circuit is the limit-switch action. 

These switches operate at extremes of regulating-rod travel of 12 in. in the 

uniform-sensitivity region at the middle of ' the reactor. ~he action of the 

limit-switch circuit mentioned in Section ~.2.2, .is to keep a light 16ad on 

the shock absorbers in the limited direction while leaving the possibility of 

full torque in the opposite direction, 

In attempting to trace out this action on Fi •. 5.3.D i it is necessary to 

keep in mind that relays 2 and 3 are shown with their coils de-energized, 

'corresponding to both end limit switches being actuated (open). If this is 

realized, four situations established by the limit switches can be seen: 

(1) normal. operation with both limit switches closed and relays 2 and 3 

energized, (2 and_3) two limited conditions with one or the othe:r, but not both, 

relays energized, and (4) stand by with both rel~ys de-energized. The stand

by condition is achleved by manual .switching, .simultaneously opening both 

limit circuits. For normal 'operation the regular tubes have normal bias, and 

the helper tubes can also. conduct on very large positive signal. (This 

particular action of the h~lper tubes does not affect linearity b~cause it 

occurs only at such high signal that the .amplidyne is already saturated,) In 

·the other extr~me of stand by, both the regular and helper tubes are cut off, 

and, in additiqn, the amplifier input is grounded via relay L The two 

limited conditions call for cut-off of the regular tubes but leave one of the 

helper tubes capable of conducting on large positive grid signal, thus per

mitting rod motion in the unlimited direction. 

Two complete servo channels are provided. The oper,ator chooses the 

channel to be activated by a manual selector switch. Amplidyne motor power 

is cut off on the inactive ch.nnel, and during this stand-by condition a 

spring-action brake guards the inactive regulating rod against accidental 

insertion" When the channel is activated (amplidyne motor on), the brake is 

released by magnetic action. 

The development work on the servo is summarized in ORNL-2. Performance 

·tests therein reported, as well as experience on·the MTR mock-up, show that 

the servo sys temopera tes wi thin its des ign speci fica tions (see Section ~L 4;5) . 

•• 3.4 Control System Durin*MaintenanceShutdown. When the reactor is 

shut down for maintenance servicing, the top plug, carrying the drives and 

holders of the control rods hut not the rods themselves, will be put in dry 
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dock (cf, Section 2,3,3)~ Instead of leaving all the instruments.and controls 

completely disconnected, it seemed reasonable to provide connections to the 

top plug while it is in dry dock so as to permit some checking and servicing 

of instruments and co~trols. The general scheme for doing this is as follows: 

When the t?P plug is in place on the reactor, the electrical connections 

(~ower connections for the rod drive motors, and signal connections for rod 

position and motion indicators) are brought to the plug on supporting arms 

called "semaphores." For remoyal of the plug to dry dock the cables are dis 

connected from the plug and the semaphores are dropped t6 a vertical position, 

bringing the free ends of the cables down to the sides of the cubicles on 

whi~h the semaphore arms are mounted. Here they may be connected to cables in 

conduitsrunning to another connector··board near the dry dock. From this 

board short connector cables serve the plug in dry dock. To minimi~e the cost 

of wiring, not all of the control rod drives can be tested simultaneously, 

Selection of the drives to be tested is made by sele~tion of inter-connections 

at the cubicles. 

Of the various instrument signals tied into the control system during 

operation, a certaln number (e.g., water flow) must be disconnected during 

dry-dock testing, since otherwise rod~holder motion would be vetoed by lack of 

proper signal. This is.done by pulling certain test blocks, thus isolating 

the control actions of the inactive instruments. 

To ensure safe return from the dry-dock regime to the operating regime, 

interlocks on the semaphore arms und on the test blocks Rre provided. In 

addition, there;ls a loop circuit through the connecting cables which tells 

the operator (by annunciator) whether all the cables are connected for the 

operat~g regime. Thus operation 18 permitted only after the control.cables 

srein place on the top pluS, and after all the instrument signals have had 

their control actions restored. 
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504 CONTROL CONSOLE 

The control console, located in the center of the reactor control room 

(see Section 5.7.1), is made up of five unit panels laid out on a circular arc 

of 51 in.: radius and extending some 240 0
." At the center of this are, the 

operator will be seated in a movable chair, giving him easy access to the 

information and control elements spread out on the panels.: At his left hand 

is ~ telephone by which he can communicate with other control and instrument 

centers, such as the one in the Process Water Bui Iding.: By looking over the 

top oLthe console, which is 40 in~: from the floor, he can see the instrument 

panels, particularly panels n to ~ standing in an arc directly in front of 

him. 

On the outside of the c~nsole, each of its five units has vertical

hinged doors to give free access to the interior (see Fig.: 5.4.~). Each ~anel 
is either hinged or otherwise removable so as to give access from the top.: 

Figure 5.4.A also sho~s the various indicating and control devices 

mounted on the panel. These items will be briefly mentioned here.: Full 

significance of some of the terms thus introduced will become clear in the 

later sections devoted to the workings of the control system. 

The panels will be discussed as faced by the operator, from his left to 

his right. On his extreme left is panel N, carrying eight identical units, 

one for each of the eight possible shim rod positions.: Each unit contains 

two principal elements, a selsyn receiver dial and a switch.: The selsyn dial 

is calibrated in inches from 0: to 30: with clockwise rotation indicating with

drawal.: Associated with the dial are four amber lights which come on, re

spectively, when the magnetic clutch is not holding its rod, when the upper 

limit switch is actuated, when the lower switch is actuated, and when the seat 

switch is actuated.: That is, in norm~l operation, all four lights would be 

off. The switch has six positions, giving different controls over rod motion, 

to be detailed in a later section. On either side of the switch are amber 

lights, the left indicating that a rod is selected for withdrawal, the right 

that it is preferred for insertion.' Also on the left is a red light indi-
" , 

eating that withdrawal is in progress, and on the right a similar green light 

for insertion.; Finally, a name plate identifies the shim rod by number., 
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Next is panel P, carrying the selsyn receivers for the regulating rods 

and also a regulating-rod selector switch.: These selsyn dials are also 

calibrated in inches with clockwise pointer rotation indicating withdrawal.' 

The 22 in.: of possible rod motion. is spread out for extra sensitivity over one 

and a quarter pointer revolutions so that the first few inches and the last 

few overlap. Amber lights mounted under the scale come on to indicate actu

ation of the regulating-rod limit switches.: 

Panel Q. at the center of the console, is devoted to two of the most 

important instrnments~ the flux-level galvanometer and the counting-rate 

galvanometer. These instrument signals are given in a pair of glass scales 

at the top of the panel. the upper one for flux level and the lower serving 

either for counting rate or for level deviation.: The flux-level scale shows 

the signal coming from the compensated ion chamber. To give full range to 

this signal, two galvanometers, one of medium and one of high sensitivity, 

are used, each with three different decade values of Ayrton shunt.: The total 

spread in these six ranges is thus 105 .: This choice of range is made on a 

flux-level range switch mounted in the lower right:hand corner of the panel.: 

The lower glass scale carries two sets of scale marks, an upper set 

constituting four decades ~f a logarithmic scale for counting rate and a.lower 

set of linear marks from -250 to +250 for the level deviation readings.: The 

galvanometer s~rving this scale can be switched by a "select circuit~ .witch 

next to the flux~level switch to "counting"' (in which cas~ its signal comes 

from the fission chamber) or to one of three (low, medium, high) sensitivities 

.for the flux-level signal.: This is the "deviation"· measurement, which is 

useful for fine manual control when the level is high, and the flux-level 

galvanometer itself has therefore been cut back to low sensitivity.: 

Panel Q also carries a number of knobs for adjustment of zero, cali

bration, and adjustment of balance voltage for the galvanometerst: There are, 

moreover, two additional items which deserve particular mention. One is the 

set of three (out, stop, and in) push button controls in the lower left corner 

for movement of .the fission chamber.: The other is the pair of alarm lights 

and reset buttons at the upper right-hand corner which work from phototube 

alarm circuits when any of the galvanometers go off scale.: 

To the right of panel Q is panel R with two (horizontal) rows of ele-. 

ments. From left to right on the upper row are a double throw switch for 
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selection between the twri'~~~{lable compensate~ chamber period channels. the 

period indicating meter. the manual scram switch. the shim-rod withdrawal 

selector switch. and ~he ~c~am reset push button.: The selector switch 1S an 

eight-position switch for selection of anyone of the shim rods to be with

drawn.: On the lower row are three more switches relating to shim rod control.: 

On· the left ,is the reverse switch labeled "withdraw." "neutral. ", and "insert. n. 

On the r.ight is ·the intermittent- and high-speed switch labeled "intermittent.'" 

"neutral. n. and "high. fI, 

On the extreme right of the operator is panel S.: This is devoted largely 

to t6e procedure panel. which extends across the top.; The procedure.panel is 

an assembly of lights (green with one exception) with labels by means of which 

the overall status of the control system is reflected.: Since a detailed 

discussion of the procedure panel~ will be included in Section5.~.~.it need 

not be further described here.: Underneath the proced'ure panel there are. from 

left to right. tie vernier potentiometer for the reference voltage on the 

servo-amplifier input; the reactor level set-point switch. which controls the 

motor-operated rheostat; the switch controlling raising of a shim rod holder 

when there is no rod on it (e.g •• during maintenance in dry dock). and, in its 

other position, for starting an amplidyneto cock a regulating rod; and three 

push buttons (off. start. run) for overall control. together with a cylinde~ 

lock requiring a key for starting. 
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5. Ii CONTROL SYS.TEM AND OPERATOR 

In preceding sections a rather detailed picture has been given of the 

information-gathering and action-producing elements of the control system. It 

remains to describe the "brains'" of the setup - that is. th·ose elements that 

describe which actions should be produced in face of the given information. 

At the center of the picture there is, of course. the operator.: In fact, the 

aim of this section may be said to be the description of how the operator's 

initiative fits into the control system, i.~ .• how this initiative is subject 

to a few outright automatic restraints and is guided by many precautionary and 

regulating automatic devices.: An overall discussion of how the reactor is run 

appears in Section 5.6. 

5.5.1 AutomaticKod Insertion. Operator initiative is overridden (or, 

one might say "ignored") by three categories of rod-iriserting action: (1) 

scram, the dropping of safety rods; (2) setback, ~owering of the servo set

point by the motor-operated rheostat; and (3) reverse, which is a simultaneous 

continuous insertion of all eight shim rods.~ It will be recalled that scram 

is of two types: fast, by electronic action of the ion chamber through the 

magnet amplifier, and slow, by electromechanical relay action cutting off 

magnet power.: Somewhat similarly, setback can be either fast or slow, de

pending on the speed of the motor operating the rheostat,' 

It must be emphasized that the fast scram is in a class by itself, being 

the ultimate "safety"· protecting the reactor.: It is always operative and c~n 

never be vetoed by the operator.: It is fast enough so that it will protect 

the reactor, by neutron level signal alone, against a 1!30-sec period, which 

is a reasonable estimate of the fastest period into which the reactor could be 

thrown in a start-up accident. In addition to level signals. the fast scram 

1S at all times responsive to period signals.: 

Circumstances calling for the various automatic insertions are listed in 

Table 5.~. A.; This tabulat ion is to be considered somewhat ten tati ve, partic

ularly in reg~rd to numerical values of limits.: The last item, manual, 

refers to the operator.: Setback and reverse, caused manually or otherwise, 

continue only so long as the causative condition endures.: When the manual

automatic switch is on "manualf!, (servos inoperative), setback is of course 
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meaningless, so under these conditions reverse is caused by those same signals 

which under automatic operation cause setbacks." This is not shown in Table 

5.~.~ but needs to be kept in mind.: 

The large number and variety of rod-inserting causes give rise to some 

concern as to the effects of trouble with the instrumentation itself.: This 

is particularly significant with respect to scrams, which constitute the most 

serious interruptions of operation.: With this in mind, the various instrument 

channels (with the exception of the safety ion chambers and the period meters) 

are each equipped with a test block which may be pulled without scramming the 

reactor if that instrument is behaving so as to jeopardize continued operation 

of the reactor.: This admits the dangerous possibility of most of the in

struments being out of operation at any time. Against this urifavor~bie 

situation there are two precautions: first, the fast scram circuits cannot 

be so discon~ected; and second, the annunciators tell the operator that the 

blocks are out.~ 

Each annunciator channel can give audible warning ~y-means of the ~orn 

signal _and visible warning by means of its own pair of lights, one red and one 

white.: Both-lights are dimly lit during normal operation of the instrument 

channel.: Trouble (pulling of test block, danger - signal. instrument failure) 

causes both lights to turn bright and the horn to sound.: The operator can 

silence the horn by pressing a button, which also causes the white light to go 

out.: The red light burns until the trouble is cleared. when it goe, out and 

the white light comes back on.: The operator acknowledges this signal by again 

pressing the button: causing the lights to return to normal dim operation.: 

5.5.2 Operator Initiative and the Procedure Panel.: Description of the 

control console in Section 5.4'included mention of a sp.cial panel called the 

"procedure panel. ~f' This panel is shown in Fig.: 5.~. A, * which also includes 

(at the bottom of the.diagram) some information from other panels.: The pro

cedure panel can perhaps best be described as an "illuminated block diagramn~ 

that is, it is a block diagram of the procedure of getting various control rod 

motors to run, _together with lights to indicate the status of the procedure at 

any time.- The panel is arranged so that, from top to bottom, lights come on 

successively as the necessary conditions for running the motor are satisfied; 

conversely, starting from the bottom, lights are out up to a point which in

dicates the last satisfied condition.; The limits of the procedure panel 

·F~r easier reference, Fig. 5.5.Ais pla~ed at the end of section 5.6. 

5.35 



TABLE 5.5.A 

Causes of ~utomatic Rod Insertion 

Neutron level (from safety ion chambers) = 1.5VF 

Neutron level = 1.2NF 

Neutron level = l.lNF 

Neutron level >.3NL (start) 

I-sec period 

5- sec period 

.. NlIl activity = l.5NF 

N16 activity = 1.2NF 
NIlS activity = 1. lNF 

Neutron level (boron thermocouples) = 1.5NF 

Neutron level (boron thermocouples) = 1.2NF 

Neutron level (boron thermocouples) = l.lNF 

Reactor power (water flow and temperature) = 1.5NF 

Reactor power (water flow and temperature) = 1.2NF 

Reactor power (water flow and temperature) = 1. lNF 

Water temperature rise > 105% of normal 

Main water tank level = 50,000 gal 

Main water tank level = 100,000 gal 

Water flow < 80% of normal 

Water flow < 85% of normal 

Water flow < 5% of normal 

Monitor tube water flow < 80% of normal differential 

Air flow failure 

Instantaneous loss of instrument bus voltage 

30-S8C loss of purchased power 

2-S8C loss of relay hus voltage 

Manual 
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itself, indicated by the heavy dotted line in Fig.: 5.5.~, do not include all 

the relevant information. As far as shim rods are concerned, the ,other items 

(which are represented by switch markings or lights on the other panels of the 

control console) are included at the bottom of the drawing. As far as regu· 

latingrods are concerned, the story on the procedure panel ends with the 
motor-operated rheostat. Other information about the servos and regulating 

rods is presented to the operatot on panels P and S .below the procedure panel. 

Since the procedure panel is concerned only with getting motors to run, in

formation is shown elsewhere as to whether given motors are running, how far 

they have run, and the ultimate effects on reactor level and reactor period. 

In Fig. 5.S.A an attempt is made to display the actual appearance of the 
• procedure panel, as far as position and color of lights and placing and 

labeling of blocks are concerned. Circles indicate principal end objectives; 

square blocks refer to manual operations or switches; and ~ectangular ~locks 

represent automatically imposed conditions., Ganging of some switches is shown 

by dotted lines between square blocks.' For the convenience of anyone who 

might wish to compare this diagram with the elementary circuit diagrams (not 
included in this report) reference numbers for switches, relays, and instru" 

ment contacts are included.: In attempting such a comparison, one must keep in 

mind two facts: first, the procedure diagram is incomplete; for example, it 

shows only one servo channel and thus sheds no light on the interaction of the 

two servo channels; second, there is no point-by-point correspondence of the 

elementary diagram and the procedure diagram, since they are drawn to serve 

quite different purposes.: 

The procedure panel is divided vertically into three main regions: the 

left-hand section pertaining mainly to withdrawal of shim rods; the middle 

section pertaining to regulating rod motions; and the right-hand section per

taining to insertion of shim rods., Suppose one starts at the top left-hand 

corner. The light labeled "dry dock" (see Section 5.3.4) will be on when the 

reactor plug is in dry dock, and otherwise off.: If the semaphore arms are up 

and cables are plugged in for normal operation and if, in addition, the dry

dock test blocks are back in place, the other green light comes on.: (The 

dry-dock test blocks in the relay cabinets must not be confused with the 

operation test blocks on the control panels.) For either of these two con

ditions (dry dock or operation) the line running down to "raise and scram" 
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indicates that a selected shim rod motor can be run in the raise, or with

drawal, direction •. (The terms "withdraw"' and "insert~ are used to refer to 

motions of the control rods; "Taise"' and ~lower~ refer only to em~ty rod 

holders.) Throwing of this switch (S-5) to raise a rod holder also causes a 

scram, ensuring that the rod holder is empty and thus guarding against in

advertent dangerous withdrawal. The other position of this switch permits 

starting of an amplidyne (provided it has been selected on the manual-auto

matic switch) subject again to automatic scram. Without the scram condition, 

it is safe to start the amplidyne when its regulating rod_ is fully withdrawn 

and the corresponding limit switch is actuated. 

Following down from the "~aise and scram"- pos1t10n of S~5 is seen to lead 

to the individual withdrawal circle, provided S~21 is on "Taise~ and provided 

the rod seat interlock {second precaution to ensure that rod is not being 

raised} is actuating relay R-51.: The notation S-21 is used to represent any 

one of the eight individual shim rod switches, S-21 to S-28. Similar ~o

tations apply to the insert interlock MI-l and the limit switch relay R-21._ 

These conditions on withdrawal simply imply that one is not at the same time 

trying to run the motors in the opposite direction, and that the rod is not 

already withdrawn as far as it can go.: 

Returning to the top of Fig.: 5 • .5.A, if fhe semaphore and test block light 

1S on, the operator may proceed to use his key on the cylinder lock, releasing 

the start and run buttons.: Assuming start-up from a low level, as with a 

col~ clean reactor, he would push the start button.· The ne~t condition con

cerns the motor-operated rheostats.: The condition, enforced by limit switches, 

requires that one rheostat be at the top of its range and the other at the 

bottom .. (Since the operator is in the sequence of getting shim-rod-motors to 

run and since these rheostats concern the regulating rods, the reason for this 

condition may not be obvious. The point is that now is the time to get this 

situation in order, not later when the reactor is at a high level and juggling 

of the control points would be awkward or disastrous.) One then proceeds via 

the "manual"· side of S-4, or via If'automatic, If, provided the selected servo 

channel has its regulating rod cocked (fully withdrawn). Next comes period 

supervision, requiring that the period be 7 sec or longer. If the level is 

below lOysNF • one would proceed toward ~ntermittent: with the requirement that 

the counting rate meter be alive (off zero). The timer light then starts 
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biinking on for ~ sec and off for 4~ sec, corresponding to rod motion.: Next 

comes a period cont.rol of 30 sec or more,though this can be by-passed by the 

spring-~etuin switch S~I.' 

The trip relay, R-16, must be set by switches S-2A and ~~2B being in 

neutral. It will then seal itself in around S-2B, subject to instrument 

con~a.cts on the galvanometer (galvanometer on scale with 'correct shunt set) 

and limit switches on the fission chamber positioning drive (chamber in one of 

three standard positions). (The conditions which trip R-16· are not shown 1n 

Fig.: 5.S.A.) Switch S~21 must be on normal, the rod clutch must be engaged, 

there must be no reverse (which via relay R-20A overrides withdrawal), and, 

with insert interlock and limit switch permitting, one arrives at group 

withdrawal. : 

If after passing the 7-sec period condition the level had been greater 

than 10-5NF • use of high s~eed would have been permitted, subje~tto the same 

constraints as fo~ intermittent speed., Moreover, low speed (continuous with

,drawal 6f any selected individual rod) is permitted as shown. 

This summarizes the "Istart"l regime, one of the two main withdrawal 

regimes.: The other is, "i-un, "I which is permitted by the sag relay R·,4 when the 

neutron level is above '10" 3NF.: It is also subject to a precaution on the fis

sion chamber, which must be in the outermost of its three positions.: In 

"li-un"t use of low speed is permitted at once by manual selection, or by auto

matic if on the selected servo channel the regulating rod is inserted less 

than 11 in.: (This milder condition, compared to the one in "\start, It. is 

acceptable because at levels above·sag"the danger from a short period is very 

much ,reduced.:> In addition to low speed, intermittent and high speeds can be 

obtained by means of the sp~ing-return by-pass switch. 

Since a principal feature of the run regime is the servo control, at

tention will now be turned to the way in which the servo control point is 

changed by the motor- operated rheostat.' As far as raising the control point 

is concerned, this involves establishing a sub-regime called It~un auxiliary,It, 

governed by relay R--3.: This can be reached either on manual, or"on automatic 

with the regulating rod concerned uncocked (partially inserted, and therefore 

indicating that the servo has functioned properly).: Other conditions are that 

the period be'greater than 30: sec and that .the level be approximately 10"' 2NF .: 
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Run auxiliary "seals in.'" subject to trip only by the sag relay.' The rheostat 

limit switches are shown with red lights, because they come on to indicate a 

condition preventing motor operation; all the other lights come on to indicate 

conditions of permission., The control point is raised by running .the high

speed motor.: (Motors of two speeds are provided to permi't fast and slow 

setbacks.) There is a one-way block in the raise-lower switching.: The' fast 

lowering can always override slow lowering or fast raising.: Lowering of the 

control point in the servo channel selected on automatic can be done manually 

with 8-7, and is done automatically by sag and setback relays.' 

Interest now reverts to the shim rods and the insertion procedure indi

cated on the right~hand part of the procedure panel.: At .anytimethe indivi

dual empty rod holder, selected on S-21. may be lowered. In fact, if switches 

8-21 to S-28 are on any position other than "'Off"' or "Taise,"' each rod holder 

will be automatically lowered whenever its clutch is released.: Thus, in case 

of a scram, as soon as a rod is dropped its holder starts in after it.: When 

,the rod holder is not empty. the seat switch acts through R-51 as a ~relimi

nary limit switch, backed up by the mechanical limit switch on the rod holder 

acting thr~ugh R-31.: Individual rods can be inserted by the "jog~ position of 

S-21.: If 8-21 is on "preferred,"· the rod(s) so selected can be inserted by 

manual operation of S~2A.: The reader will note that only one selected rod can 

be withdrawn in low, but that 'any or all may be ~nserted via jog or low.: This 

is, of course, reasonable from the standpoint of safety.' Concerning inser

tion, there ate two significant differences between jog and low: first, jog 

is a nonreturn' switch position, while low is spring~return; second,.switch 

S-2A has for both "withdraw·" and "insert'" the special Jl~w acceleration action 
.\ 

due to the resistor in series with the shim rod motors, and thus permits fine 

adjustment of rod position.' This particular use of low is called "inching. tt, 

The series resistor limits the use of low to one rod at a time. 

Preferred shim rods are also inserted automatically by regulating-rod 

limit switches.: I.f the regulating rod is withdrawn less than 7 in.~ (R9), 

preferred rods are inserted, and, if the withdrawal is less than 5 ino\ (RIO), 

all rods are inserted.: This simultaneous insertion of all rods is called' 

"teverse.rt It may at all times be initiated manually on S-1 or by a level of 

20% above N;.: Reverse may also be caused by certain period or level signals.: 

If the run auxiliary relay, R~3,is not picked up. a level greater than 3N
L 
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will cause reverse, as will also a period of less than 5 sec. (The block 

labeled "start~ should, more strictly, be labeled "not run auxiliary.~~ Under 

manual operation at levels above 3NL reverse is caused by fast or slow set

back signals or by a short period.-

Be.fore leaving this section it may be well to add a few words on the 

relations between the two servo channels, since only the active channel shows 

on the procedure panel.: The relay circuits for the motor-operated rheostats 

provide that when S~4 is on one servo channel the rheostat on the other 

channel is raised to its limit.: Conversely, the active channel will have its 

rheostat run to the bottom when the level falls below "sag."- This combination 

of actions would normally leave the rheostats satisfying the condition im

posed on "start.fl, Switching from one servo to another should not be done 

without first cocking the regulating rod that is being left since otherwise 

the procedure sequence does not permit return to this servo except with the 

automatic scram of switch S~5.: (The rod could be cocked by going out on the 

plug and cranking it up by hand.) Normal procedure would be to insert a shim 

rod so that the servo, trying to hold to the control point, would cock the 

regulating rod.: Then switching to the other servo would cause automatic 

raising of the first rheostat, thus leaving the first channel in optimum 

stand-by readiness, with its rod cocked and control point at the top.-
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5.6 REACTOR OPERATION 

In order to review and integrate the detailed information of preceding 

sections, an attempt will be made here to recount briefly the operating pro

cedure in a few typical situations. ,These will include start~up, shutdown of 

both the normal and scram varieties, manipulation of level near NF• and 

operation in face of difficulty. 

'5.6.1 start-up Operation. lIn the starting of a cold reactor the oper

ator is most 'concerned about ~ reliable neutron sign~l. He would therefore 

give attention to seeing ,that the fission chamber, is in its most sensitive, 
. .. .. 

innermost position, and that ~t is giving a readable signal on the cou~ting-

rate meter. Assuming this to be so and that the auxiliary process instru

mentation shows normal, the operator could goon as discussed on the pro

cedure panel to the use of intermittent withdrawal. This is subject. to hi~ 

initial permission, but the switch S-2B is nonreturn. The intermittent 

motion gives the operator a good idea of the reactivity of the r~actor by the 

rate of rise observed during the off period. As the level passes 10,sNF , he 

can use high speed. Meanwhile, he will probably have moved the fission 

chamber to its center position. He cannot, however, use intermittent or-high 

'speed while the fission chamber is being moved. He will also now be picking up 

neutron signals from the ion chambers. When the level reaches sag, . the' fission 

chamber should be in its outermost position, and, if the operator forgets, the 

sag relay will see that it is. In addition to the time required to reach 

criticality and get into a period, something like 10 or 15 min is required to 

bring the level up to get into ~run.K This will depend on how hard i~~ 
operator crowds' the period controls.· The start regime is manual, though 8-4 

may he either on manual or on automatic; in general it would seem reasonable 

to have the servo available for possible corrective action at NL • 

In ~run~ the normal procedure would be to let the servo level off the 

reactor at its control point of NL and then to raise the control point. With 

the logarithmic rheostat holding the reactor to a peri~d of about 20 sec, it 

would take ahout 90 sec (the running time of the fast rheostat motor) to 

negoti.te the factor of 100 from NL to NF .' 

Start-up from the higher levels typical of a recently operating reactor 

will be easier b~cause the operation is free of the acute danger of getting 
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iil.·trbi al. If:a's,t;; period at low levels. Otherwise ,t.thcLproc.ed,u!r..er.o.u.ld inotobe,,; 

.g¥eat':lY1tdi!f.£erent unless the operator was especialdyr hur,ried='.{tD '~ee,pllfahe,ad:~ o:f, 

xe::iu)n!; p'o'isoning or for some other reason. 

s:iJere'd Jin SectionS. 6; 4. 

Proble'ms :uo Ji <~ t.lJ.i S1."s'or.t;, !a r,el"c ori..!' a 

(. :3 :10) !<i ~(; 1.. no <." .. ~t if q 

Hi: "".;: f)' 

.. '5.6.2 
5-;~ ! .::!;j ':" 

Sbutdown • 
!'f!" lin,,,,, ;)~l J i "', . 

For a normal intentional shutdown the ope~;t;.or· h~s'tJie' 
., : J (') ~~.: ·1 {) :: 

choice of a variety of procedures. (}:' r}.:, 
swi tches (S-21 through 28) on "j og" 

:) ~t ~ 

For example, he could set all shim rod, 
r:J·;~:1.C;;:' 

and leave them there. This would run all . ' 
t..e::; 

the shim rods completely in. If the manual-automatic switch is on automatic, 
J :;!: 

the operative servo will be left with its regulating rod completely withdrawn 

and its rheostat. completely lowered. Since this procedure leaves all t.he shim 

rods at the bottom of their travel, it is suitable for a relatively permanent 

{e.g., maintenance} shutdown but would not. be advisable if the plan was to 

raise the level back up in a short t.ime. In such a; case, lowering of t.he 

control pojnt, followed by careful insertion of preferred rods, would be a 

better plan. 

As a matter of fact, discussion of shutdown procedures is largely aca

demic because int.entional shutdowns offer excellent opport.uniiy for testing 

the various scram circuit.s and will probably be used exclusively for this 

purpose. 

In case of unintentional automatic shutdown actions (setback, reverse, 

scram), the operator's reaction will, of course, depend on circumstances. 

Accordingly, suitable operator react.ion t.o automatic' shutdown action is dis

cussed in Section 5.6.4. 

'5.6.3 Manipulation of ,Operating Level. There are a number of cases in 

which the operator will need to deviate from the simple process of letting the 

servo hold the reactor to a fixed control point. An example is the case in 

which shading of the neutron-flux distribution in the reactor by modifying the 

positions of the various control rods is required. This will presumably be a 

common requirement. of the experimental work being done. 

The problem confronting t.he operator is that. of shift.ing the spatial 

dist.ribution of neut.ron flux, as observed with the boron t.hermopiles and ion 

chambers (or perhaps by special instruments associat.ed wit.h t.he experiment. 

concerned), wit.h minimum effect. on t.he overall reactor level observed on the 

galvanometer scale. Since the operator is much more rigidly constrained by 
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automatic controls in withdrawal than' in insertion, he must be careful that 

this asymmetry does not embarrass him. Thus, he may select (on S-3) only one 

shim rod for low-speed withdrawal, whereas he is free to insert as many ,as he 

puts on "jog" (on S-21). Shading would best be done with one rod selected for 

withdrawal and one rod preferred for insertion. Assuming the servo to be in 
, , . 

control, the two .shim rods could be carefully moved in their respective 

directions by manual switching (on S-2A) without getting the regulating rod to 

call for shim rod motirin. Alternatively, a less "fussy" procedure would be to 

withdraw the selected rod manually (on S-2A) and let the regulating-rod limit 

switches initiate insertion of' one or more preferred rods. 

5.8~4· Operation in Face of Difficulty. There is no clear line to be 

drawn between normal operation and operation under difficulty. The purpose 

here is to comment on a few of the situations in which the operator will feel 

more than his average need for attention to instrument signals and control 

actions. The' examples chosen for discussion are change-over of servos, loss 

or interruption of power, automatic shutdown action, and accumulation of, 

poison after uninLentional loss of.level. 

When it is necessary or desirable to change from one servo-regulating 

rod channel to the other, the operator must, of course, change switch S~4 frbm 

one rod through manual to the other rod. In general, however, it would not be 

wise for him simply to do this whenever necessary without attention to re

lated matters. For example. if it is possible to do so, the regulating rod on 

the channel being left should be cocked before S-4 is changed, since otherwise 

it would have to be cocked by manual twisting of the drive before the operator 

could return to this channel. The motor-operated rheostats ,are so inter-

'connected that whenever one channel is selected on S~4. ·the motor on the other 

rheostat runs to its top. Thus, a switch directly from one channel to another 

cannot cause a dangerous withdrawal or an embarrassing insertion of ,regulating 

rod; the rod is already completely withdrawn and the control point is at N~.· 

However, suppose the operator is using a servo channel and leaves it .to go to 

manual on S-4, having first cocked the rod. Suppose the control point is left 

well below NF, say at 0.1 NF, Now, if on manual operation the reactor is 

brought above this level, say all the way to NF, it would be possible to 

throw S-4 back to the same servo channel, in which case the regulating rod 

would be thrown in and the reactor put into a negative period. This seems to 

be the worst ~accident" that might be caused by poor operation with the servo 

interchange circuits. 
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'~s far.asloss of power is concerned~ th~operator may be left figura

tively as well as literally.in the dark •. This would be true particularly if 

the instrumerit bus and the control bus should go dead simult,neously. Since 

all the instrument lights and abl the relay-indicating lights would be out, 

the operator would have no way of knowing whether the scram (automatic .. on loss 

of magnet amplifier power}. was effective. He would know that the power was 

off, and if he had.a reasonable faith in the law of gravity, he would probably 

remain at his post until power was restored. If only the instrument bus were 

lost. all the instrument lights. would go out, but the clutch and seat ~ights 

would be operative and so would indicate the effectiveness of the scram. 

Conversely, if the control bus alone went out, instrument signals would remain 

available to show the effects of the scram. 

Whenever the reactor is ~!ubject to automatic shutdown ac'tion, the oper

ator:s cqncern will be divided between the questions of what the causative 

trouble.was and what the chances are of returning the reactor to normal 

operation. The circuits, are, of course. designed so that the operator cannot 

i,nterfere with the shutdown actions, as long as the causative conditions remain. 

Hence the operator's first reaction to anything less drastic than a scram 

would be to do whatever is possible to clear the responsible condition. The 

proper corrective action in case of a reverse (caused by excess period or 

signal level) is clear~y to decrease the period or the level, but, since this 

is already being done at a maximum rate by the reverse itself,the operator 

can afford to think ahead; to the problem of holding the reactor (avoiding a 

neg~tive period) as soon as the r~verse ends. In the event of slow. setback 

the sitriation is much: the same, except (see Table 'S.5;A) that there are 

several possible causes not having to do with reactivity, which must therefore 

be corrected otherwise than by the 'setback itself. Fast setback gives the 

~~erator a more serious problem, for the chances are pretty good.that the 

regulating rod would insert fully, causing a reverse, and that the combined 

effect w~uid be 'to put the reactor into a substantial negative period. It is 

. to recoup the loss of reactivity in such c'ircumstances that the moment the 

shut~own stripped the operator would use the by-pass (switch S-l) to get the 

high:speed withdrawal~ 

When the reactor is scrammed, the chances of getting back into normal 

operation are dependent upon the time history of previous operation as well as 

upon the obvious need of re~edyin~ the causative trouble. This is because of 
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the rapid accumulation of xe~on poi_on after shutdown. In the original 

reactor design it did not seem practicable to'provide the large excess re

activity that would be needed to,override xenon in any event. The length of 

complete shutdown that can be tolerated after prolonged operation at NF is of 

the order of a half-hour. This depends on charge depletion and probably other 

factors which affect reactivity. In arty case, either for a complete shutdown 

or fora partial dropping of level after any appreciable operation near NF, 

the operator will want to get the level back up as soon as he safely can. 

Here again if the level has not dropped below sag, he would make use of the 

by-pass switch to avail himself of ~him rod withdrawal at high speed. 

'3. '7 GENERAL SUMMARY 

"In order to hold this chapter down to suitable length it has been neces

sary to leave out aJI but a bare minimum of explanatory discussion. The 

reader may therefore feel confused or unsatisfied in regard to the reasons for 

adopting ,certain features and ignoring others. ,It is hoped that this state of 

mind will be at least partially relieved by the summary to be givert here 1n 

two parts: first, a recapitulation of some of the basic principles which 

guided, or emerged from, the control development; second, an attempt to assay 

the lriad of responsibility still resting on the operator. 

5.7.1 Bastc'Principles. Perh~ps the ,most fundamental principle is the 

sharp distinction between insertion and withdrawal of shim rods. Thus either 

operator or automatic signal can insert any number of rods at any time, 

whereas withdrawal is always subject to both operator and automatic permission. 

Withdrawal is limited, moreover, to what is needed or safe under given cir

cumstances. At high levels (in "Tun~) only one rod at a time is available, 

S1nce at these ,levels it is hard to see a need for moving more than one at a 

time. At the low levels characteristic of a~cold~ start, only intermittent 

withdrawal is permitted. Here the reliability of information is relatively 

poor, coming entirely lrom one instrument. It is therefore important to be 

able to keep watch on the subsequent effect of each short interval of wit~

drawal, thus gauging the growing reactivity. As higher levels are reached, 

the instrumentation furnishes more varied and more reliable signals so that 

the use of high withdrawal speed is less hazardous. Under the special con

ditions of restart, presenting a serious need for high speed, it is made as 

conveniently available as can safely be done. 

5.4.6 

e 

e 

e 



e 

e 

PROCEDUI'l.E PANtL _. ___ .• 

____________ ~I ______ ---- ____ _ 

e FIG. 5.5.A 
BLOCK DIAGRAM INCLUDING PROCEDURE PANEL 

5.47 

DGR£EN UGHT 

o RED LIGHT 

FlO I RIO 

DWG. "10546 
NOT CLASSI FI ED 



.. 
! 

, J.
 



-

-

-

The distinction between insertion and withdrawal is, of course, one 

aspect of tbe general philosophy concerning safety. Another aspect is the aim 

of , having mild corrective measures ,come first. backed up thoroughly ,by ulti

.mate action which is as foolproof as pos~ible. All control equipment is 

designed to fail safe. There is continuous'monitoring of the safety circuits 

in that currents are controlled only by hard vacuum tubes which, upon failure. 

cease conducting and thereby actuate annunciator or scram circuits. It is 

important to realize that not all apparent instances of instrument duplication 

overlap entirely. For example, the shading of neutron flux might cause 

signals from the ion chambers to be quite inaccurate measures of average 

reactor level. In such & case the additional information yielded by,measure

ment of N16 activity is of real value. 

It may be helpful to summarize the precautions applied in the period 

range and in the power range. Since most restarts will occur in tbe period 

range, high-speed withdrawal isnece~sary. Operation is manual and is under 

the supervision of the period meters as follows: 

l. A30-sec period trips "latched'" withdrawaL Subsequent withdrawal 
requires constant operator attention. 

2. A 7,·sec period prevents any further withd·rawal. 

3. A 'S-sec period inserts all shim rods. 

4. A I-sec period causes scram. 

The top of the period range is guarded by the servo which levels the r~se 

at lO-2NF or if the servo is turned off and the opera!:.or fails to level, all 

rods are inserted by the log N meter at about ,3 x 10- 2N F'~ 

Short periods in the power range are both less probable and relatively 

harmless' because of the proximity of the level safety setting and because 'of 

the corrective capacity of the servo. Therefore, of the period controls only 

the l~sec-period scram is retained. ,In the region of full power, inadequate 

cooling of the reactor ranks equally with excessive power level and the two 

situations are treated in the same fashion in order of severity as follows: 

1. Alarm. 

~. Automatic continuous reduction of power level through servo con
trol as long as the unsatisfactory coolant or power level situ
ation exists or until the power level is reduced to 1% of full 
power. 
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3. Automatic rapid. reduction of power level as above except that 
the reactor may ~ left .ubstantially subcritical if the situ 
ation persists. 

4. Scram on extreme ~nsatisfactory condition. 

Loss of cooling water is guarded by: 

1. A flow meter in the main water line to the reactor. 

2. Water level monitoring of the overhead supply tauk. 

3. Monitoring of main water valve positions. 

Rise in power 1S guarded by: 

1. Level safeties. 

2. Water power instrument (~T x flow) . 

3. Boron thermopiles. 

4. N16 activity instruments. 

Whereas in the lower ranges the principal concern is that of short 

periods, at full power a slow drift upward of the power level can be dangerous 

to the reactor. Since the safety circuits are subject to variations in.water 

flow, magnet air gap conditions, sha~ing of the ionization chambers, and other 

variables, the level at which scram occurs must necessarily be set high 

.enough to ensure uninterrupted operation. For this reason the protec~ion 

afforded by the water power instrument (~T x flow), the boron thermopiles, 

and the N16 monitor become important in guarding against small slow rises in 

power. 

A word may be added, finally, about the philosophy of providing for 

automatic operation with the servo. In its early. version the reactor now 

known as the MTR was a homogeneous reactor, and the servo system was designed 

to cope with the change in reactivity induced by bubbles. Since it is pos

sible to run the MTR manually, the servo, though simplified, must now be 

regarded as something of a luxury. Presumably, manual operation at its best 

would not yield the smoothness which the servo can achieve. Just how much 

utilitarian worth (particularly for the e'xperiments that are being done in the 

reactor) this extra s~oothness will contribute remains for experience to 

show. There is also some extra safety in servo-controlled operation since 

the servo is considerably faster than human reaction. 
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5;7:2 Responsibility of Operatot.The operator should realize that a 

prolonged intensive effort went into design of the control system. It is, 

however, most unlikely that this effort could possibly have provid~d for every 

conceivable operational situation.' Nevertheless, the operator would do well, 

when he feels unduly constrained or frustrated by the control system, to try 

~o keep in mind all the implications of his intended action. It is probable 

that, as operating experience accumulates, it will become evident that some 

changes in the control system could profitably b~ made. Until such" experience 

is accumulated, it would seem reasonable to ask the operator to learn to live 

with the system as designed: 

The operator must also realize that at all times the reactor is in his 

hands, despite all the automatic operating and safety devices This me~ns 

that he must remain alert and attentive. He must have foresight to prevent 

emergencies from arising and presence of mind to deal with those emergencies 

which, in spite of everyone's efforts inevitably will arise" Although the 

exact nature of his responsibility will not be fully clear until the system 18 

consiructed and installed, the following list of specific suggestions will at 

le~st ~how the kind of "mental notes" which must guide the operator 

I. At low levels be sure the counting-rate meter is alive. It is 
the only source of information at such levels, and unless its 
pointer gives evidence of responding to signal it would be fool
hardy td attempt reactor operation. 

2. After every scram be sure to turn switch S-2B (inter~ittent. 
neutral, high) to neutral. Otherwise there may be nothing to 
prevent the shim rod holders, lowered automatically after rods 
are dropped, from picking up rods and starting (possibly even 
high speed) withdrawal. 

3. For smooth change of reactor level under servo control, keep the 
shim rods in step with the motor~operated rheostat. In partic
ular, try to avoid letting the regulating rod get within 5 in. 
of full insertion, since at this point it automatically calls 
for reverse. 

4. Avoid leaving any shim rods fully inserted. Any such rod 1S 

incapable of contributing to the effectiveness of a scram. To 
have full benefit of prompt scram protection, all rods should be 
in position to contribute some effect. 

5. Never permit the bolts holding down the top plug of the reactor 
to be loosened unless the reactor is first scrammed. A serious 
accident could occur if the plug were lifted by the crane or by 
water pressure while the rods are still held, 
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It may be that field modifications of the installed reactor will change 

the relevance of ~ome of these remarks, but, in any case, the operator will 

need to know his responsibility and to live up to it. 

'5.8 CONTROL AND INSTRUMENT CENTERS· 

From an early date in the conception of the MTR, a centralized control 

room was planned for the control and instrumentation of the reactor and its 

major cooling processes. This arrangement is desirable since the materials 

of construction permit the operation of the reactor only as long as proper 

coordination of the heat removal processes is maintained. However, this plan 

for centralization was changed by recent determinations that the time element, 

gained by control of the major reactor-cooling process from the r~~ctor con

trol center, would not facilitate the operation of the reactor. With the 

admission of this premise into the basis of d~sign for the, reactor control 

center, the requirements for simplifications of control problems have resulted 

1n other locations for the controls of the heat removal processes. 

In the separation of the major systems of contrpl and instrumentation for 

the reactor and the reactor heat removal processes, two major control and 

instrument centers are provided. These major control centers are located in 

the Reactor Building and in the Process Water Build~ng. The ,reactor 1S con

trolled from the former, while the latter center, which is primarily for the 

control and instrumentation of process-water flow through the reactor, In

cludes the instrumentation of the locally controlled reactor cooling-air 

system. A number of the supporting process syst.ems are like the cooling-air 

system in that they have locally controlled equipment but have some instru

mentation extended to one or both of the major control centers. 

5~8.1 Reactor Control and Instrument Center. The reactor control and 

instrument center is composed of an instrument room and a control room, 

respectively, on the second and third floors of the lean-to seciion on the 

west side of the Reactor Building. The control room, directly above the 

instrument room, is at the ieyel of the reactor top with access thereto by a 

connecting walkway. A stairway connecting these rooms facilitates the mainte

nance of associated control and instrumentation devices. The partition walls 

of the reacto~ control room are formed of sectional metal construction, 

*ANL contribution. ' 
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providing an area approximately 22 by ~7 ft which may readily be varied in 

length as required. _Windows or glass sections, located only in the east wall 

of the control room, permit·observation of control operations without entering 

the room and observation of activity on top and near the reactor from within 

the control room. 

The services provided within the control and instrument rooms are pe

culiar to the use of these rooms, For consistency of instrument performance, 

these rooms are air-conditioned for control of temperature and humidity. All 

lighting in. the control room is by incandescent lamps, including a number of 

luminaries for general room illumination. Panel instrument illumination 1S 

provided by internal instrument lights and flush-mounted ceiling spotligb ts . 

Illumination in the instrument room is provided by fluorescent and incandes

cent lamps. 

The control room layout ipcludes an instrument panel to accommodate the 

initial requirements for indicators, recorders, and annunciators with a number 

of spare and partially utilized panel sections for future requirements. This 

panel -board, facing in the direction of the reactor, is comp~sed of eleven 

4-ft-wide by 9-ft-high sections and extends the full length of the room with 

a rear access door at each end. Six panel sections, three at each end of the 

board, lie ina straight line. These two end panel groups are connected by 

the central panel sections which are arranged on a radius of approximaxely 

7~ ft to allow for the control console. 

The-console in the control room mounts all devices for effecting manual 

control of the reactor, control indicating-~evices, and some indicating 

instruments. Other reactor indicating .instruments and recorders are located 

on the cent.ral panel sections immediately in front of the console, as indi

cated in Fig. ·S.B.A. 

The instrument-room layout is provided with rows of instrument racks and 

boards to accommodate electronic components of automatic control and indi

cating devices, interlocking relay control groups, and power supply circuits 

for all reactor control and instrumentation devices. The instrument racks and 

relay boards extending lengthwise in this room are arranged to facilitate 

connections between the equipment mounted thereon and the instruments and con

trols in the room above. Electrical conductors pass to and from the ra~ks 

and boards by way of floor and ceiling cutouts. The cejling cutouts provide 
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for the most direct connections with the control room above. The floor cut

outs provide for the entrance of the cableways or conduit groups from the 

reactor and the reactor control and instrument power source. 

5.8,,2 Proeess~water Control and Instrument Center. The process-water 

control and instrument center is located near the west end ~f the south wall 

of the Process Water Building. This location is in the vicinity of the 

electrical unit load center. The control center is composed of an operator's 

desk facing a semihexagonal instrument panel which mounts the devices for 

effecting control of process-water flow through the reactor and the instru

mentation of the principal and supporting reactor heat removal processes. 

The instrument panel is composed of seven 4-ft-wide by 9~ft~high adjacent 

sections arranged in three straight lines. Two of these lines, one extending 

north and the other extending west, are each composed of three sections. The 

other section of panel connects with each of these lines at an angle of 45°. 

The'control devices on the instrument panel are for effecting the position 

of valves to control the main and by·pass process-water flows to the reactor, 

to permit the recycling of process water from the se~l tank to the reactor, 

and to permit the flow of water from the demineralized-water storage tank to 

the reactor. 

In general, the indicating and recording instruments on the panel are 

associated with the principal processes, i~e., the process~water and cooling

air systems of the, reactor: Some of these instruments and a number of the 

annunciators .re associated with the supporting processes and the effluent 

control systems. 

The development diagram of the instrument panel,. Fig. S.8.B, identifies 

briefly the more important control and ins truman t 1008 tions, 

'5.9 GLOSSARY OF TERMS AND SYMBOLS 

N, ~ full normal operating power level of the reactor, 

N£ ~ lowest power level at which servo can control reactor; about 1% 
of NF-
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Sag - power level at which sag relay returns controls from "run" 
to "'start" when level sags below 10- 3 NF .: 

Start - operation regime at levels below 10-2NF• 

Run - operation regime at levels above 10- 2N-j'f" 

Run auxi li ary subregime, under run, permitting raising of servo control 
point on motor-operated rheostat. 

Shim rod - designation of shim-safety rods in their function of pro
viding coarse control of reactor level. 

Safety rod - designation of shim-safety rods in their function of safety 
shutdown (for dropping of rods, see "Scram"). 

Regulating rod - the servo-controlled rod provided for fine control of reactor 
level. 

Setback - lowering of control point on motor-operated rheostat; "fast 
setback" takes the control point from NF to NL in 90 sec, 
"slow setback'" in 7 min, 

Reverse - continuous insertion of all shim rods, 

Scram - dropping of one or more safety rods; "fast 
tirely by electronic action (hard tubes); 
involves electromechanical relays. 

s era m If, 1 S en
",slow scram'" 

High - high-speed continuous withdrawal of all shim rods. 

Intermittent -'intermittent speed of withdrawal; all shim rods run for 
Y2 sec, off for 4Y2 sec. 

Low - low-speed continuous insertion or withdrawal of a selected 
single shim rod. 

Jog - insertion of individual shim rods; one switch for each rod. 

Inching - on-off manual use of "low" for fine adjustment of shim rod 
position; made possible by resistor in ~eries with shim rod 
motors. 

Cocked rod - fully withdrawn regulating rod cocked for safety (i.e., 
insertion) action. 

Insert - to move in downward direction a shim-safety rod holder 
holding a rod. 

Withdraw·-to move in upward direction a shim-safety rod holder holding 
a rod. 
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Lower - to move in d'ownward direction a shim-safety rod holder not 
holding a rod (i.e., empty). (Note: "Lower" is also used 
to mean change of servo control point by running motor
operated rheostat.) 

Raise - to move in upward direction a shim-safety rod holder not 
holding a rod (i.e., empty). (Note: "Raise" is also used 
to mean change of servo control point by running motor
operated rheostat.) 

Manual - operating regime which is manual in the sense that the servo 
is not operative and the status of the regulating rod does 
not affect shim rods. 

Automatic - operating regime in which servo may be operative and shim 
rods may be affected by regulating-rod limit switches. 

Sigma - sigma amplifiers feed safety signals to the sigma bus, which 
thus combines these signals and feeds them to the magnet 
amplifiers, a~l in parallel. 
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Q-91S-1 through 5 

Q-941-1 through 8 

Q-91S-lB through 6B 
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Q-1045-l through 6 

'S.ll . REFERENCE DRAWINGS 

(ORNL Drawings) 

Al Amplifier 

Logarithmic Count Rate Meter 

Magnet Amplifier 

Log N Amplifier 

Sigma Amplifier 

Neutron Chamber 

TITLE 

I.P.C. Connector Modifications for use with Gas 
Chambers 

Power Supply Compensated Ion Chamber 

Fission Chamber 

Period Amplifier 

Servo Amplifier 

Compensated Ion Chamber 

(Blaw-Knox Construction Company Drawings) 

BKC-3l50-803-11 

BKC-3l50-603.,.3l 

BKC-3150-605-l 

Architectural - Control Room Details 

Reactor Control Board - Layout and Instrument 
Schedule 

Pr~cess Water Building - Control Board Layout 
and Instrument Schedule 

5.58 

e 

e 

e 



-

-/ 

-

Chapter 6· 

CANAL AND CANAL ,HANDLING ,FACILITIES 

The canal contains the equipment. for the handl ing of assemblies discharged 

from the reactor and provides space for the storage of spent ope.rating assem

blies, irradiated materials. and internal parts of the reac.tor.: Water over 

these materials protects the operating personnel against the hazards of radia

tion. 

6;1 CANAL 

60101 General Description. The general layout of the canal is shown by 

Fig. 6~I.A. The main section of the canal is 8 ft wide and extends eastward 

from the east face. of the reactor. The canal section that lies partially 

beneath the reactor west wall is 6 ft wide. Connecting the above two sections 

is a 7-ft-wide section thrbugh the sub-pile room. The 7-ft width of this 

section provides ample space for the canal unloading mechanism and storage of 

the neutron curtain. 

The parapet ~round the canal.4.-10 in. thick at the .bottom and projects 

outward at the top to a width of 13 in. This p~ojection provides ample toe 

:.space andal~o gives the operator better stability when working over the , 
parapet. The top of the parapet is 3 ft above floor level. 

The bottom of the rabbit canal is 6 It below the basement .floor level 

while that of the ·main canal is 16 ft below the basement floor level. The 

water level i~ the canal is maintained 2 ft above the basement floor level, 

thus providing depths of water in the rabbit canal and main canal of 8 ft and 

18 ft, respectively. 

The depth of water in the canal is sufficient to adequately shield against 

the fission product gammas from the stored reactor fuel assemblies •. The 

original calculations indicated that a water depth of 17 ft would be adequate 

in the spent fuel storage section of the ca~al. However~ recent experiments 

conducted at ORNL gave results showing higher fission gamma energies and 

lower attenuations for a thick layer of water than those used for the previous 

·ANL contribution. 

6.1 
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calculations. Th~ main canal water deptp of 18 ft limits the radiat1q,n 

levels to 0.01 r per 8 hr at the surface of the water in the reactor basement 

and to O~l r per 8 hr, in the storage area. 

The attenuation calcula~ions for the design of the canal were based on 

the following factors: 

1. Assume there are no 3-Mev gammas after a IS-day decay period.: 

2. Assume that for· short decay periods (less than 76 hr) 20 percent 
of the total fission product gamma energy is from 3-Mev gammas. 

3. The self-absoiption relaxation length for 3-Mev gammas is 15 cm. 

4. the buitd-up factor is equal to eO.~7b (b= shield thickness in 
rel~xat~on lengths). 

5. The absorption coefficient of concrete at 3 Mev is.0.05 cm- l ., 

'f. 

. ' ~ 

Outside the Reactor Building the canal has a 6-ft-wide working space 

on each 'side and .at the end. To provide this working space there is a 13-ft· 
, " 

8-in.-high and 21-ft-wide t~nnel over the canal. The tunnel extends 87 ft 

6, in.' beyond the Reactor Building east wall. Th~ canal and tunnel are about 

25 ft longer than had been pl~nned originally •. This provides additional 

.starag.e. sp.ace for spent assemblie_s __ in case th..~G..hemical process plants are not 

completed until several months after the MTR is in operation. 

The ceiling of the can~l tunnel is constructed of reinforced conciete and 

is slightly below ground level. . The section of roof below the road is re

inforced to accommodate heavy trucks and the motor crane used to 11ft t~e spent 

fuel assembly coffins. The unloading hatch is·located in an orfse~ widenea 

portion of the road and is at a point where traffic has the least effect upon 

th,e unlaading operation.' The portion of canal roof,designed' to withstand· 

heavy loads is separated £i'om, the remainder ·of ,the roof by curbin,g which 

extends 50ft along each side of the road. This prevents vehicles from 

t~avering on the lightly constructed portion of the canal roof. 

The canal walls are made of reinforced concrete. The canal floor is de

signed to withstand a load of 1 ton per square foot; the unloading sump can 

withstand a -load of 2 tons per square foot.: 
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,The canal walls are c()vered with'4-in.-,thic'k) 8- !by l6-ino white glazed 

structuraltile'while the bottom' is' lined with '4 in.' 6f 'whit'e concrete. This 

construction satisfies the requirements ~hatthere be good visibility in the 

canal, and ,that ,cracks from which"radioactive wat,er could' leak out of the 

canal be kept to a minimum .• Other methods of construction, which were con

sidered as satisfying either of these requirements, are listed below with 

reasons'lottheir'iejection: 

1. Incorpor~tion 6fa waterproof ~embrane iri the canal walls to 
prejent oritward leak~ge of wat~r was discarde~ since gamma radi
ations from the spent fuel assemblies in the storage area might 
cause deterioration and eliniinate failure of the membrane.' 

2. Painting' of c~nal wall~ to enhance visibility was rejected since 
peeling and blistering would occur.: 

3. Co'v'eTing the canal walls with a thin layer of white cement to 
aid visibility was rejected because of the likelihood of spalling. 

"i ~' 

'~. T~e use of copc~ete .all surfaces was discarded, because of,their 
susceptibility to the accumulation of radioactive con~amination. 

The 'canal st6~~ge area is separated from the remainder of the cahal by 

a' bulkhead andg.tes. The underwater 'section consists of several removable 

bulkhead~e~tending from the canal floor to the water level •• The sectio~ 

above the water is i~olated by gates that swing from the walls and meet at the 

center of the canal. At the end of the canal the purge water discharges over 

a weir. into th~ canal sum~. Provisions are made for two additional removable 

bulkheads which permit division of the canal into three sections.: 

6.1.2 Canal Purge System. A flow of 100 gpm is maintained through the 

canal to avoid'anexcessive build~up of radioactivity and turbidity. A solenoid 

valve, which automatically ~loses in case'oi po~er failure, is installed in 

the well waterline at the inlet to the rabbit canal. This provision obviates 

the possibility of flooding the canal sump when an electri~~l outage causes 

the canal sump pumps to fail. 

Water from the canal overflow~ a weir, constructed the' full width'of the 

canal in the storage section, and flows through a discharge pipe to the canal 

sump. ~he purge wat~r from the canal sump is pumped to the abid-treating uni~ 

for use as cooling tower make-up water, to the leaching pond, or to the re

tention basin, depending on the .activity level. A radiation alarm is provided 
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1n the sump, and manually operated valving for directing the. flow is provided 

in the pump discharge header.: A liquid-level controller governs the operation 

of the sump pumps.' 

6.i.3 Canal Flushing. Provisions afe made for the future installation 

of two removable watertight bulkheads. Thesepetmit isolation ot any section, 

except the rabbit canal~ for cleaning and maintenance. Each sectiori. except 
. , 

the rabbit canal is .provided with a drain and a waterline· connection •. The 

·drains are interconnected in such a way that any section c~b;: beisoiated arid 

flushed.' There are three adj us table over flow standpipes in the sub- pii"a r·oom 

and rabbi t canal sections.: A con t inuous over flow to the re ac tot bui Id ing 

pfoc~ss su~p is maintained through these in order to prevent scum ~ormation.: 

6~1.4Heating'and ventilation of Canal tunnel. The can~l ~unnel is 

heated ·and ventilated by air from a duct system that extends along otie side 

of the tunnel ceiling.: The air comes from the reactor buildin.g ventila:tion 

system •. 

exhausted 

up to the 

Since t;heair picks up negligible radioactivity in the'.tunnel. it is 

to the basement) where it mixes wi·th the 'basement air before ·p·assin·g 

reactor.building first floor.[ There are six changes ofai. per hour 

1n the tunnel.' This number is required to prevent condensation due .to varia

tion of temperature in the canal tunnel. 

6~lr.Canal Lighting. Since-t-ft; handling of assemblies in the canal is 

a manual operation carried on under 10 to 18 ft of water, it is necessary that 

good underwater lighting be provided. This lighting is supplied primarily by 

lights srispended from portable fixtures attached to the side walls of the 

canal. In addition to general overhead lighting supplied in the tunnel, 

special floodlights are provided in the loading platform area, canal storage 

area, sawing area, and .loading sump .. 

6.1.6 Canai Craneo A .manually operat.ed crane with a 2- ton electric 

hoist is provided for the handling of heavy materials in ihemaincanal. The 

highest hook position is 9 ft 9 in.: from the floor. This provides a clearance 

of better than 6, ft between the hook and the top of the parapet.' The hook 

cannot approach wi thin 33 .in.' of .one wall or 43 in. i of the other wall of the 

canal tunneL· The ,maximum lift of· the hoist is 25' It 9 in .. 
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6.2 UNLOADING MECHANISM 

6.2,1 General Description,. The function of the unloading mechanism is 

to receive the spent assemblies or control rods which have been lowered throtigh 

the discharge chute of the reactor, rotate them from a vertical to a horizontal 

position, and eject them onto ~ receiving table at the bottQm of the can~l 

outside the sub-pile room shield. The assemblies !ire then removed from the 

receiving table and stored in racks at the far end of the canal. The complete 

mechanism includes the discharge tube, gate valve and safety devices, receiver, 

hydradlic ~eal,eject pist~n indicator, panel board, control valves, electrical 

iIiterlo'cks, communication system; and assembly receiving table. The design is 

shown in Fig. 6.2.A. 

The recei~er is hydra~lically operated and is a closed type, i.e.~ a seal 

and inward flow 6f water prevent any leakage of water from the reactor into 

the canal. It consists of a piston that operates in an assembly receiver 

ctlinder. The piston performs the dual function of a receptacle for the 

several types of assemblies discharged from the reactor and of a means for 

ejecting the assembly onto the receiving table., The cylinder is open at the 

top and is supported near the closed bottom end by a trunnion shaft which 

is secured to the cylinder. The trunnion shaft bearings are carried in split 

bearing, housings~the lower parts of which are cast iRtegrally with the support 

base. 

floor. 

The support base is bolted to a plate anchored in the canal concrete 

One end of the tipping cylinder pivots in a clevis which is cast as a 

part of the support base.' The piston in th'e cylinder is fastened to a bell 

crank which is secured to one end of the receiver cylinder trunnion shaft. 

Orifices in the exhaust connections for the control valves govern the piston 

speed.: The restriction of fluid flow by the orifices cushions the rise and 

fall of the receiver cylinder.' 

The hydraulic seal is fastened to the lower end of the discharge tube. 

It contains two hollow cylinders, of which one is stationary and one is 

movable. The stationary, cylinder is the guide for the concentric movable 

cylinder. When the assembly receiver cylinder is in the vertical position. 

closing of the hydraulic seal joins the dj~charge tube and the receiver cylin

der into a continuous passage. The closed gate valve in the discharge tube is 
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then the upper end of a sealed cylinder.: This permits the eject piston to be 

raised or lowered by the operation of a four-way solenoid-operated valve. The 

. valve piston closes all ports when in the neutral position and thus permits 

the eject pi~ton to be locked in any position.: A special Niagara water meter 

indicates the position of the piston in the receiver cylinder. 

A purging line is attached to the upper end of the hydraulic-seal sta

tionary cylinder.: Water for this line is supplied at a pressure slightly 

greater than the head pressure in the reactor tank. This ensures a steady 

flow of water up the discharge tube once the remotely operated gate valve is 

open .. 

A mechanically operated open type receiver{l) was also considered but 

was discarded in favor of the hydraulically operated closed type. 

602,2 Operation Sequence, The first step in the operation of the 

hydrc 'lie unloading mechanism is toraise the receiver cylinder to its vertical 

position.: In this position the remotely operated hydraulic seal at the lower 

end of xhe discharge tube may be closed; this joins the cylinder and the dis

charge tube into a single long fluid passage.; Prior to opening the ~ate valve 

in the discharge tube, the piston may be raised or lowered to any desired 

position, depending on the type assembly to be received. This is accomplished 

by introducing demineralized water above or below the piston. The purge system 

is started before the gate valve is opened, and it is interlocked with the 

opening of the gate valve in order to ensure a flow of water up the discharge 

tube when the valve is open. After the gate valve is opened, the assembly 

being discharged is lowered into the receptacle in the piston,and the assembly 

handling rod is withdrawn.· The gate valve is then closed, the purge stopped, 

the seal opened, the cylinder rotated to the horizontal position, and the as

sembly is ejected onto the receiving table. Finally, the assembly is picked 

up with long tongs or hooks and transferred manually to canal storage. 

6 .. 2 .. 3 .Control System,. The operation of the reactor unloading mechanism 

1S electrohydraulically controlled. The power that operates the mechanism is 

hydraulic. The flows in the hydraulic system·are governed by solenoid

operated valves. The valve solenoids are operated by push-button switches 1n 

the. various electrical control circuits. These circuits are interlocked by 

pressure switches, limit switches, and relays to ensure proper sequence of 
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operation. In 9rder to keep electrical components out of the canal water, the , 
various position switches are remotely mounted and are actuated by suitable 

hydraulic or mechanical linkages. Indicator iights and telephones are provided 

for the operators at,the top of the reactor and at the control panel. The 

control panel is located at the canal, adjacent to the reactor, thus permitting 

observa,tion of the ejection of assemblies onto the unloading platform.: Diagrams 

of the control ~yst~mand cont~ol board are shown in Fig, 6~2.B. 

A pair of push buttons is provided at the control board for each '0£ the 

following operations: 

1. Elevating or lowering receiver cylinder. 

2. Opening or closing of the seal at the discharge chute and(re 
c e i v e r ) un c ti on . 

3. ,"Raising,'" or ".Jowering q" of the eject piston in the receiver 
, cylinder.~ 

4. Purging of the discharge chute. 

5 Opening or closing of the 'discharge-chute g~te valve. 

~he position of the ej9c~ piston in the receiver cylinder is indicated 

by a dial mounted on the control board. Indicator lights on the control board 

provide information a~ou~theother operations. 

Stlitable interlocks provide the following limitations on the operation of 

the equipment: 

1. The push buttons to elevate or l?wer the receiver cylinder a~e 
inoperable if the seal is closed. 

2. The seal can be closed only when the receiver is vertical. 

3. The seal cannot be opened unles~ the gate valve is closed; this 
prevents reactor water' from ent~ring the canal. ' 

4. "Rais ing"; or "lowering'" of the ej ect pis ton is permitted only 
~hen thereceiter is 'vertical ~r horizontal; because of th~ 
characteristics of ~he unloading mechanism. nlowering" df the 
eject piston cannot he accomplished when the receiver is hori
zon tal.' 

5.: The purge can be turned on only when thereceive'T is vertical 
and the seal is shui. 

;6.9 
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6. The gat~ valve can be open only when the purge is on~: 

7. A safety device prevents closing of the gate valve while any ob-
struction is within it.: . 

6,3 CANAL STORAGE 

The various types of assemblies discharged from the reactor are stored 1n 

racks bolted to the floor at the end of the canal'.: The racks are designed to 

facilitate easy insertion and r~moval by providing unre~trictea !idewise 

accessibility. The short assemblies are stored vertically or inclined at a 

slight angle to the vertical, while the long rods are stored parallel to the 

canal floor or at an incline to the horizontal. The canal purge is utilized 

to cool the assemblies.' 

6.3.1 Beryillum ASBembiles.' The storage of the beryllium ~eflector 

assemblies presents noproblem except that they must remain adequately shielded.: 

An .aluminum rack provides for the storage of 36 of the assemblies. 

6.3.% Standard Fuel Assemblies. The fuel assemblies are stored at a 
i 

slight'angle ·to the vertical.(4.9) An ."A"' frame, fabricated from stainless 

steel, provides for the storage of 28 fuel assemblies. The sides and back of 

the pocket for the assembly are lined with a 1/32-in. cadmium sheet.: The 

front is open toward the side wall or center of the .canal for easy accessibil

ity.' Four holes in the bottom of the pocket permit water to flow into the 

assembly to keep it cool by thermal·siphoning.~ Five racks, providing storage 

for 140 fuel assemblies, are installed in one side of the canal. Expansion 

anchors a're installed in the other side of the canal for future installation 

of fue I assemb I y racks., This ad~itional storage may be ~equir~d if the 

chemical'process plant is not completed for several months after the MTR is in 

operation. : 

6,3,3 Sbim.safety Rods. The length 0:( the shim-safety rod prohibits 

vertical handling unless shielding is provided,in addition to that given by 

the canal ,water ••.•. T~ ensure thermal siphoning 'and .adequate shielding, the rods 

are stored at a 15° angle to the horizontal. ( 2) They remain in this position 

until sufficient ~ecay time has elapsed to permit the rods to be sawed into 

shorter lengths for transfer ,to decay storage or to chemical processing.The 

rods are stored with the bottom section at the lowest elevation. ,The, canal 

purge dissipates th'e heat generated by the assemblies.: 
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Theraaks ·for tl).e, ... stor.age of shim-safety rods are confined to groups of 

16, four in.a row .'and "four tiers high. Ooe r'ack is installed, while th'e 

futur~ ins~allat~on of-racks in the o~her side of the canal i; provided for by 

expansion anchors for the racks in tne ,floor of the canal. 

The rack consists of three sections, each of which is bolted to the canal 

floor and so located that the rod' r.ests in. ~11 thre.e. The end sections' are 
, . 

U shaped to contain the rod and to permit easyinsertio~ and withdrawal.' The 

lower end section ~s ciosed )t the bottom to st~p the rod. The middle seci1~n 
I :.,',' • . . • 

slip[wrts the .uranium s.ection of the shim-safety rod.' It is constructed in an 

angular ~h~p~ and is lined with 1/32-in.-thick sheet cadmi.um to absorb neutrons. 

6.3.4 Regulatlng Rods. Four regulating rods are. stored paralle I to the 

floor in U- shaped openi ngsc ons t rue ted at the bo.t tom of ,the, s him- s sf e t y 

storage rack. These o~elil,ings are placed ~n. the inside and outside of two 

adjacent shim-safety rods; thi's permits easy insertion' and withdr.awal of ,the 

rod"" 

6.4 ASSEMBLY DISPOSAL 

:'':' 

6.4.1 Sawiog Macbine. The function of the sawing machine is to prepare 

the fissionable ,assemblies for transfer t!> the chemical processing plaI'lts .' The 

concept:lo~al. design of the hydraulically operated sawing equipment is ,shown in 
, , 

Fig.: 6:.4.A. There, is a sawing ,t.able wi th thenecess·ary Jiydraulicafly operated 

1oca~ing devi~es and 'Jigs for: positioriing and c1ampi:ng of 'assembiies. The saw 

,and its fra~e. ~~e.clamped in , hydraulically operate~ reciproc~ting head which 

slides in :a: guide.' The operating cylinder., control valv,es. and guide ,are 

attached to a long ,tube that fulcr.umsfrom a supp6rt bracket secured to the 

inside wall of the ~analpa~a~et.' A hydraulic feed cylinder attached to the 
I . . 

guide ,and a pisto~ i~shing against the can~l wall a~d ,th~ guide pro~ide the 

means ·to forc'e .the saw through ~n afSsembly.:The saw, after sawing ~hroughan 

assembly, is returned iO'its starting positiori by a ~pring.: 

An ele.ctricall y operat.ed rotary sawing machine( 1) was also considered but 

was discarded in favor of the hydraulically <?perated reciprocating type. 

, 6.4.2 Chip collector. A chip ~ollector under the saw col'le'cts the he~vy 

saw particles. Th~ chips from th~s coritainer will ev~ntually be tran~ferred 

out of the' can:al ,to a permanent disp'osal location. The 'diffusion 'of :the 
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light sawed particl~s in the canal water offersno problem in shielding. 

However, difficulties may arise in the accumulation of these light particles 

over a long period. 

6.4.3 ~ransfer to ~ecay storage. It is assumed that after a decay 

period of 21 days the fissionable material assemblies have decayed sufficiently 

for transfer from the canal to the chemical plants. This operation calls for 

the -lowering of a carrier through an opening above the canal ceiling into a 

loading well in the canal floor. The various assemblies ready for transfer 

are loaded manually into the carrier in a vertical position. After four 

~ssemblies have been placed' in the carr~er or coffip, the cover is put In 

position and the carrier is lifted by a 20-ton motor crane onto a truck. No 

provision is made for water circulation in the carrier,since it is believed 

that thermal siphoning will be ~ufficien~ to cool the assemblies. A universal 

sized carrier for all ~ssemblies appears practical as the sawed length of 

fiss~~nable assemblies is the same. 

6.4.4 Transfer Coffin. The thicknesses of lead walls required for a 

transfer coffin containing four irradiated fuel assemblies are 

10.5 in •• for the sides .and 10 in .. for the top and ,bottom. (10) 

from assemblies that have remained in the canal 15 days is then 

at the surface of the coffin. 

computed to be 

The exposure 

04 r per 8 hr 

The inside dimensions of the coffin are 12 in. square and 30 in. high. 

The inside is divided into four sections by steel plates covered with 0.002 in. 

of cadmium. The outside dimensions of the coffin, including the cover, are 

32 in. square and 50 in. high. The corners of the coffin are rounded to the 

required shield thickness in order to reduce its weight. 
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Chapter 7* 

PROCESS""'WATER SYSTEM 

7.1 -INTRODUCTION 

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

Testing Reactor. The sygtem provides a flow of water through the active 

lattice and other parts of the reactor that require water cooling; This 

chapter discusses the design and some of the problems encountered in the 

design of the process-water system. Although the active lattice and beryllium 

reflector form an integral part of the complete system, they are discussed 

only in a very general way in regard to some of the design problems. Detailed 

discussions of these two parts of the reactor are given in previous chapters. 

During 1947 a design of the process-water system was conceived and 

developed for constrl1ction of the MTR at Oak Ridge National Laboratory. In 

the middle of 1949 the'U. s. Navy Proving Ground ,in the Snake River Plains of 

Idaho was chosen as the Reactor Testing Station. With these fundamental data 

available, the design was redeveloped to suit the Idaho ,locality. 

7.2 THE SYSTEM IN GENERAL 

7.2.1 General Description of the System. Figure 7.2.A, schematic diagram 

of the MTR process-water system, presents an overall picture of all the 

vessels, pumps, pipe lines, and auxiliary equipment involved in the MTR proc

ess-watersystem. 

Water at 100°F is pumped up to the working reservoir from the 60,000-gal 

sump tank by means of two 10,000-gpm 225-ft-head horizontal centrifugal 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,OaO-gal working 

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

through a 3D-in. stainless steel pipe outside the Reactor Building and a 

36-in. stainless steel pipe beneath the Reactor Building. A flow instrument, 

strainer, and electric moto~~operated flow control valve are located between 

the working reservoir and the reactor, These three items are blocked off in 

* ANLcontribution. 
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a pit by gate valves so that the water may be drained from them and they may 

be inspected or repaired. The 36-in. process-water line is split into two 

24-in. stainless steel lines below the basement floor. These lines go up 

through diagonally opposite corners of the reactor biological shield and 

connect to the top section of the reactor tank, The water descends through 

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

emerges from the bottom of the reactor tank through two 24-in. lines. The 

two exit lines are joined to a 36 in. line at the same location as that where 

the inlet line diverges from a 36-in. line into two 24-in. lines. The exit 

36~in. line riarries the water to the 17,000-gal 'seal .tank .in the process-water 

building. 

The head losses between the working reservoir and the exit of the reactor 

tank are ~due almost entirely to the velocity head and friction losses across 

the active and beryllium sections, with relatively small losses ~ontributed by 

the conveying pipe-line. There are block v~lves and a flow control valve in 

the inlet line to the reactor, but there a're no obstructions in the pipe line' 

from the reactor to the seal tank. 

There, is an 8-in. line connected to the 3D-in. inlet line at a point 

upstre~m from the valve pits and to the 36-in. line near the reactor. This 

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

block valves, a flow instrument a strainer, and a control valve. It can 

carry 1000 gpm and is used in the event that the main water- line valve is 

closed off, thereby assuring a continuous water supply to the reactor at all 

_ timel? " particularly at shutd,own, This same line, which allows 1000 gpm of 

process water to by-pass the main stream, can also be used to carry 1000 gpm 

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

of seal-tank water for recirculation through the seal tank and the reactor 

only. 

The pipe tunne,l beneath the Reactor Building is about 55ft below the 

centerline of the active section and lies on bed rock. At the low point in 

the pipe tunnel there is a single 50-gpm sump pump which pumps out any water 

that leaks into the tunnel. This water is pumped to the 3000-~al process 

water sump, which is also located beneath the Reactor Building. The two 

36-in, lines in the pipe tunnel -lie one above the other; the inlet line is on 

top. 
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Water in the seal tank is. drawn into the flash evaporator~ by means of 

the partial vacuum existing there. The water, in being flashed at a pressute 

that yields 100°F effluent, falls from the flash evaporators into the sump 

tank below. From the sump tank the water is once more pumped up to the working 

reservoir to complete the process_water cooling cycle. The reactor heat, 

liberated in the flash evaporators, is carried away by the cooling-tower 

water circulated through the condenser tubes in the evaporators. 

7.2.2 stand-by and Emergency Features. Certain provisions are made to 

ensure satisfactory operation of the process-water system under emergency 

conditions. The primary requirement in emergencies is that there always be 

some water~f]ow through the reactor. 

In addition to the water available in the working reservoir, raw water 

from the general overhead reservoir is availabl~ for cooling the reactor by a 

direct 8-in. line to the reactor tank. In the event both overhead tanks are 

destroyed, water can be pumped directly to the reactor from the two SOO,OOO-gal 

ground-level reservoirs by means of two SSO-gpm electric motor--driven or a 

IOOO-gpm gasoline engine--driven centrifugal pump. If the motor-driven pumps 

in th~ demineralized-water line can be used, the reactor can be supplied 

through the two 24-in. inlet process~water lines with water from the 100,000-gal 

demineralized water storage tank. Within 30 sec of commercial electrical 

power failure, a Diesel electric generator set will provide electric power to 

strategic pumps and equipment. The reactor can be initially cooled under these 

circumstances by the reserve water in the working reservoir and then by 

1000 gpm of process water recirculated by one of the seal-tank pumps, of which 

one is electric motor driven and 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 prevents melting of the 

fuel assemblies. Should local water boiling occur. the localized steam 

pressure could conceivably force the water out of the active section and cause 

melting. However. sufficient pressurized water sources are available 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 to electrical 

outage, steam failure, etc., the reactor power will be nulled, and shutdown 

cooling will he the only requirement. 
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7.2;3 Instrumentation and Flow Balance. ,In order to maintain a con

tinually balanced water flow through the process~water system, a scheme has 

been established in which water is pumped from the sump'tank'to the working 

reserV01ro The valve that determines the amount of water 'lifted is, governed 

by the level of water in the working reservoir. The water flow rate from the 

working reservoir to the reactor at a given control~valve setting and a con

stant head is uniform. The water flows from the reactor to the seal tank and 

then through the flash evaporators into the sump tanko Any overflow from 

the seal tank also goes to the sump tank. Any shortage of water in the seal 

tank is automatically compensated for by a decreased flow to the flash evapo

rators because the flash evaporators are fed water at a rate that is deter

'mined by the level of water in the seal 'tank and the pressure in the flash 

'evaporators,' In this manner the water flow through the whole system is kept 

in equilibriumo Normally the sump tank contains, 60,000 gal of water. However 

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

as electrical outages, the capacity of the sump tank is, 100,000 gal. 

Instrumentation on the flash evaporators provides the maximum possible 

vacuum. The flow of water to the flash evaporato~s i& adjusted by means of 

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

evaporators determines,by means of a thermal control, the quantity of cooling 

water passing through the condensing tubes 

The following instrumentation is related to the working reservoir: A 

temperature-indicating controller limits the lowest water temperature in the 

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

of the reservoir. The floating roof of the working reservoir is arranged so 

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

process water lift pumps. Within the normal operating range the level in the 

worktng reservoir is maintained by means of an instrument which governs the 

openlng of the main valve controlling the water flow up into the working 

reservoir, At lower water levels in the working reservoir the reactor is 

abruptly shut down and the main water valve is closed in 30 seco The water 

flriwing to the reactor passes through a pit in which there are two block gate 

valves which are pneumatirially operated. The purpose of these block valves 

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

be drained and inspected. Between the block valves, going downstream, there 

are respectively, a flow recorder, a motor~operated control valve, and a 

strainer. Adjacent to the pit are taps for instruments which make continuous 
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recordings of the water resistivity and pH~ Upstream of the first block valve 

is a 3-in. tap for water used'in cooling the experimental plugs; the full head 

due to the height of water in the working reservdir is always available at 

this tap. The only valves that control the flow in this line are at the 

experimental plugs. An 8-in. by-pass line b~fore the main motorized valve 
• allows a flow of about 1000 gpmof water to the reactor when the main valve 

is shut. This line joins another 8:in.lin~ from the demineralized water 

supply and an 8-in. ~irle from the seal~tank pumps. Each of these three lines 

has an, on-off remotely controlled pneumatic valve. I~mediately after shutdown, 

process water gOes through the 8-in. l~ne di~ectly to the reactor. Shortly 

thereafter demineralized water is used to ~urge the reactor~seal tank system, 

and finally, seal-tank pumps recirculate the fresh water in this system. 

This 8~in.line enters the reactor-coolin~ water line at the point where the 

two 24 ci in. lines branch from the main 36 in. water inlet line. It also passes 

through,thevalve pit ~ith the main wat~r line and'has two block gate ,valves. 

Going downstream there are respectively a flow meter, an 8~in. pneumatic 

flow-control valve, and a strainer. 

The temperature and pressure of the water entering and leaving the 

reactor are. recorded. The signal of, the, temperature difference between entering 

and leaving reactor water and ,that of the waterflow are multiplied in a power 

recorder. The power of. the reactor is also obtained from instruments measuring 

the gamma intensity of the water leaving the reactor and the .neutron flrix. 

Instrument~ are provjded to recor~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 offl~w through 

each assembly. 

A flow recorder ,is provided on the water lines from each experimental 

plug, and) unless the flow through the plugs is sa ti s factory, the reac tor cannot 

be started. A water meter is provided in the line supplying demineralized 

water to the rabbits and experimental plugs so that an inventory may be kept 

on the amount of water introduced into the process-water system in this manner. 

The,water leaving, the 'reactor enters the~ealtank in the Process Water 

Building. In the' seal~tank ent;ance there is a ~adiation recdrder·for de

tecting fission breaks4 The seal tank'is provided with a demineralized-water 

inlet line and meter for supplying and metering make-up water. 'It ,Iso is 

provided with a temperature recorder and a level-indicatin~ alarm. All pumps 
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in the process-water system are provided with pressure gauges. The flow to 

,the flash evaporators from the s~al tank .is controlled by a valve and 1S 

indicated by an instrument in the outlet line from the flash evaporators. 

The flash evaporators are operated at full vacuum potential. Instruments are , 
provided to indicate the vacuum on each evapor~tor and to coptrol the amount 

of cooling water going to each evaporator condenser. The pressure of the 

steam going to the vacuum system is recorded and controlled. Temperatures in 

various points of the inter and after condenser vacuum-cooling system are 

indicated. The vapors discharged from the vacuum system are monitored ,by a 

radiation instrument which detects radiations and gives an alarm if large 

~mounts of activity are disch~rgedfrom the Process ~ater Building into the 

atmosphere. The sump tank .is provided with a level-indicating-control-alarm 

and a temperature recorder. A flow recorder ~s provided for the purge from 

th~ sump tank. 

7.2.4 laterucooled Experimental P.lugsand 'Rabbits. In the reactor there 

are seven water-cooled·experimental plu~s which require a t~tal of about 

125 gpm of cooling water. Water to cool these plugs is tapped, from the main 

process-water line upstream of the valve pit. this assures that pressure 

'sufficient to for.ce the water through the plugs is always available. even 

during shutdown periods. The water leaving the experimental plugs flows into 

the process-water exit line from the reactor. In'case it is not advisable to 

return the plug-cooling water to the process-water system, the water can 'be 

purged directly to the process-water sump. Demineralized water, which is one 

of the service facilities provided at beam holes. may also be used for plug 

cooling. During electrical. outages these experimental plugs must have cooling 

water, and since demineralized-water pressure will fail at this Fime, a 

~y-pass valve is provided from the proces~-watersystem to the demineralized

water system so as to maintain cooling of the plugs. 

Entering the bottom of the reactor are foui hydraulic rabbit~ used for 

experimental purposes. About 5 gpm of d~mineralized water ia provided for 

each of·these rabbits. 

7.2.5 Process later BuUding. The 20,OOO-gpm flow of MTR process water 

passes through the Process Water Building before enter.ing and after leaving 

the reactor. This building contains the equipment for con~rolling the water 

flow,. the. pumps for ,lifting the water to the working reservoir, the shutdown 
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and emergency cooling-water pumps, and the flash evaporators for cooling and 

degassing the process water. Figures 7.2.B and 7.2.C show Process Water 

Building floor plans and building sections, respectively. 

The seal tank receiving the water from the reactor section and the sump 

tank receiving the process water from the flash evaporators are enclosed in 

this building fo~ shielding and instrument maintenance reasons. The equipment 

is located on seven main levels so as to obtain building compactness and to 

achieve proper hydrostatic balance 6etween the seal-tank level, suction lift 

to the flash evaporators, and barometric discharge to the sump tank. 

The 30-in. water line from the Reactor Building enters the Process Water 

Building through the control valve pit and then discharges into the 17,OOO-gal 

seal tank. From this tank the process water flows suc~essively' through the 

flash evaporators, sump tank, process-water pumps, and working reservoir, and 

th~n to the reactor throukh a control valve in the Process Water Building. 

All piping and pumps are shielded with about 1 ft of concrete, and the 

valve control handles are extended through the shielding. All instrumentation 

and controls for maintaining proper process-water temperatures and flows are 

centralized in the Process Water Building instrument room. Overhead cranes 

and removable floor slabs provide accessibility to shielded pipes, valves, 

pumps, etc. Each pump cubicle is shielded from it neighboring cubicle so that 

repairs can be made during reactor operation. 

7.3 M~JOR COMPONENTS OF THE SYSTEM 

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

primary functions of~he 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 ~umps. The addi

tional 40,000 gal capacity of the tank provides for the accumulation of water 

in the event of failure of the process-water pumps. The sump tank also 

receives process water via an overflow from the seal tank. 

7.3.2 process Pumps. Three lO,OOO-gpm 225-ft-head horizontal single-

stage double-suction centrifugal pumps, each driven by a 700-hp motor, are 
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provided for lifting the process water up to the working reservoir. The 

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

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

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

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

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

of breakdown.: Each pump is ina cubicle surrounded by 1 ft of concrete. 

This'provides personnel radiation protection and permits isolation and repair. 

T~prevent leakage of radioactive water from around the shafts, demineralized 

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

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

7.3.3 Working Reservoir. The purpose of the working reservoir is to 

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

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

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

occu.r .in the active lattice and/or ,if a continual full water flow were not 

required, .the pumps could deliver water dir~ctlyto the reactor ~s is done at 

Hanford. 

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

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

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

....... This ~e.le.::v:a.ti6n .. permits ·.an_increas.e .oi.t.hep.rocess-wa te r f low ra te to the 
~ --- ... - -" ... --

highest value attainable with the present r.eactor ·tank and fuel elements. 

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

of 20;000 ipm for 7.5 min. The 150,000-g~1 capacity of the reservoir can 

provide this flow. There are several reasons that such a large reserve 

capacity is desired. It is conceivable that an emergency.condition may not be 

recognized or acted upon for several minutes. Also, during an electiical 

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 itis shut down, and by allowing a 1000-gpm flow to the 

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

Protection of personnel against radiation during reactor operation is 

provided by a fenc~ around the base of the working reservoir. Since approach 
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to the reservoir is limited in this manner, and because of the height of the 

reservoir, shielding of the tank is not neriessary. 'Immediately after reactor 

shutdown, radiation from the tank and pipes has been'calculated,4;S) to be 

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

short periods for maintenance of instruments, etc. 

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

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

Water Building. In the pit there are two block gate valves which permit 

isolation of the strainers, a flow meter, and a motorized control valve; all 

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

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

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

wat~r line and an 8-in. seal-pump circulatory-water line. Each of these three 
. .. " 

feed lines has an open~closed motor-driven valve. When the 20,OOO-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~i~. line to the reactor also has two block gate valves, 

a strainer, flow met'er, and motorized control val've in th~ valve pit. ;In 

case of emergency both the main water-control valve and the'controlvalve in 

the 8-in. line to the reactor can be op~rated manually. 

7,3.' seal Tank and Pumps. The pu~pose of the 17,000-gal seal tank is 
- . 

to maintain a definite water level in the reactor tank by means of the outle~ 

weir during shutdo.n 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. Dur.ing electrical outages a gasoline ensine--driven 

1000-gpm seal~tank pump can be utilized • 

. 1.3.6 -Flash Evaporators.: Flash ,evapora tors 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 

evapor'ators, each 25 It long andS £t in diameter, containing .about 5000 "-in. 

cooling tubes, handle the 20,OOO-gpm flow and the 30,OOO-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. 'Hg.which is the -saturation 

pressure of lOO~F ste'am. Part of ,the process water eva'porates, thereby 

cooling the bulk of the wate~which fall·s into the sump tank below. The 
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e evaporated water iscondensed outside thewate~-~ooled tubes and then rejoins the 

main process~water flow. Thus the process water is not only .cooled 10°F, 

but it is degassed by the low pressure in the flash evaporators. During 

start-up the air is removed from the water at a rate of 175 Ib/hr. and the 

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

removed at a rate df 40 Ib/hr. The water vapor pressure load under these 

conditions is 425 lb/hr or about two-thirds of the total vapor pressure load. 

At 1.9 in. Hg about 3.2 lb of 125 psig steam per pound of gas removed is 

required. 

:It is desirable to remove any gases in the water before returning it to 

the reactor s:ince otherwise excessive gas evolution will occur in the active 

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

by water decomposition due to irradiation. 

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

operating piles show the following: 

1. If nitrogen from the air is nqt removed from reactor-cooling 
water, it will be oxidized to nitrates ~nder irradiation and 
inciease the reactor-water acidity and. therefbre, the corrosive 
aggressiveness on reactor structural materiais in contact with e water. 

e 

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

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

Instead of degassing the whole process-water stream, degassing of only a 

by-pass stream may be adequate. However, owing to the present state of 

knowledge, a conservative. design demands d~gassing of all the process water. 

Also, it appears that if the process water could be completely demineralized 

by the recently de~loped mixed-bed resin deionization methods, the amount of 

induced activity and the amount of hydrogen and oxygen gas produced in the 

active lattice would be considerably reduced. 
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Other methods considered for cooling the process water are 'given below, 

each with the principal reason for rejection.' 

1. Outdoor spray cooling: This involveddispers10n of radioactivity 
to the atmosphere and the pick-up of dirt particles therefvom. 

2. Refrigeration: This was too expens~ve. 

3. Heat exchangers: These 'were satisfactory for heat removal, but 
expensive auxiliary degassing equipment would be necessary for 
removing gases from the water. 

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

basis of a maximum al10waple pressure drop of 25 psi from the working reservoir 

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

1S 36 in. to allow for future expansion without any major excavations or 

structural changes. The two 24-in. diameter water lines entering and leaving 

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

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

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

strainer are made of stainless steel;, in 'other locations cast iron is used. 

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

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

However, it is surrounded by a spiral welded-steel pipe, and ther~ is Zerolite 

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

is supported on the bottom stainless steel section of the reac'tor tank. 

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

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

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

suspended from spring-loaded hangers in the concrete tunnel. 

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

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

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

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

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

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

lifting water to the working reservoir will not cause water ha~mer because the 

reverse momentum of the water is quite loi. 

Pipe ~ithW-in~-thick walls is adequate to prevent collapse under vacuum 

6~bursting due to the internal working pressures. Temperature stresses· are 

not appreciable: 
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7.4 BASES FOB DESIGN 

1.4.1 Flow Qoantity and Heat Transfer. An over-all picture of the heat 

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

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

thoroughly in Section 2.7.1. 

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

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

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

is· very large. Clean· surfaces and high water veloci ties are there fore necessary 

in order to obtain high heat transfer fluxes. Also, high water velocities 

through the active lattice are required to carry away any bubbles of steam or 

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

lattice is 30 ft/sec • 
. 

It became apparent dur,ing early investigations with the MTR mock-up that 

as much as a third i of. the totaL,water. flow was passing through the beryllium 

reflector. Previous to obtaining these data it had been believed that 15,000 

gpm of process 'water would be sufficient for coo ling the reac tor. However, because 

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

system is designed for a total ,flow of 20,000 gpm. This flow is based on 

30;OOO-kw operation of the reactor. Hbwever, it is expected that the same 

flow will be sufficient for operation at higher power levels. 

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

thro~gh af~el issembly; but the temperature rise of the 20,000 gpm total 

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

of water flowing through the beryllium. 

Experiments conducted with a s~ngle fuel assembly showed that a 40-psi 

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

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

if higher water velocities were desire~a higher head of water would be needed 

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

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

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

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

velocity obtainable through the fuel assemblies is 42 ft/sec. This possible 
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40% increase in flow velocity could increase the heat transfer film coefficient 

. only 31%. These two percentages are based on the assumption that the pressure 

drop and film coefficient are respectively proportional to the 1.8 and 0.8 

powers of the water velocity, Thu~' the design ot the reactor tank limits the 

heat transfer film coefficient attainable. 

The amount of water flowing through the active lattice also depends on 

the fact that the pressure existing in the active section corresponds to a 

particular boiling point, and the temperature of the water film adjacent ~ 

the fuel plates must not closely approach this boiling temperature. Localized 

hot spots in the active lattice determine how high the temperature of the 

water film will be. Operation of the reactor will determine the highest 

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

7.4.2 Degasification. In the MTR it is necessary to maintain a high 

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

this,bubb1e formation due to dissolved gases in the water must be prevented 

in the active section. :Ifthe amounts of dissolved gases in the process water 

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

and temperatures, no gas evolution will occ~r. The following discussion 

describes briefly the degasification of the MTR process water and gives 

pertinent data connected therewith. 

The water in the process-wgter system has essentially no contact with 

a1r since the tanks of the system are. provided with floating heads. The 

dissolved gases in the process water ~uring reactor operation are thus com

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

the air in the air~saturated demineralized make-up water, and water vapo~. 

However, when the reactor ,is started, either initially or 'after a complete 

purge of the process-water system, the system contains air-saturated fresh 

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

Although the demineralized water in contact with air in the demineralized 

water 'storage tank will not come to saturation equilibrium, in order to have 

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

during ~eactor sta~t-up has the following co.position: 4 to 8% H~ and 02 that 

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

57 to 6i% water vapor. During continued reactor operation the contribution 

due to ·the N; and 02 fr6mair-saturated water is greatly reduced since only 

50 gpm of demineralizedwateT is added as make-up. 
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The rates of' formation- of H2 and °2, inthe,active section are related to 

the quantity of radiated ~nergy that the water absorbs; an approximation IS 

that one H2 molecule is formed for every 100 ev absorbed, but this may vary 

severalfold depending on the purity of the water. The energy absorbed in the 

process water of the MTR at '30,000-kw operation is 28,500 k~ or 1.8 x 10 25 

ev/sec.(24) The rates of formation of H2 and 02 are then, respective~y, 
6.4 and 3;2 liters/sec at NTP. 

The following two tabulations summarize the operating conditions in the 

active lattice, and the solubility of gases at these conditions. The gas 

solubilities are calculated for the surface temperature of most of the transfer 

areas of ' the fuel rods. 

Active Lattice Operating Conditions 

Temperature of entering water 

Temperature of leaving water 

Temperature of hot metal surface points 

Temperature of most metal surface points 

Absolute pressure 

Process-water flow 

Reactor power 

"2°2 concentration 

9SoF 

US of 

240°F 

212°F 

1.5 atm, absolute 

20,000 gpm 

30,000 kw 

0.005 molar 

Gas. Sol ubi Ii ties at Active Lattice Operating 

Conditions 212°F. 1.5 atm. 

Nitrogen 5.0 ee/ J:.i ter 
Oxygen 3.0 ec/liter 
Hydrogen 5.5 cc/liter 

13.5 cc/liter 

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

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

Gas Solubilities of Demineralized water: 95 0 F t 1 atm. 

Nitrogen 
Oxygen 
Carbon dioxide 

7.17 

9.4 celli ter 
4.8 .cc/liter 
0.2 ec/liter 

14;4 ecf!li ter 



The amounts of the gases remaining in the process water when it leaves 

the flash evaporator after having been degassed. are given in the following 

tabulation. These values are calculated and indicate the app~oximate amounts 

expected during operation. 

Dissolved Gases in Degasified later: 95°F. 1.8 in. Hg 

Nitrogen 0.10 cc/liter 

Oxygen 0.05 cc/liter 

Hydrogen 0.10 cc/liter 

0.25 cc/liter 

~n the following tahle'are summarized the quantities of the various gases 

and the total quantity of ga~es that the vacuum,steam jet must remove. 'It is 

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

gases. 

Vacuum steam Jet Load 

Gases formed due to water decomposition 

Hydrogen 
Oxygen 

Gases from air-saturated water 

Nitrogen 
Oxygen 

Water vapor 

5 l)}/hr 
35 Ih/hr, 

110 Ib/hr 
65 Ih/hr 

425 Ih/hr 

640 Ib/hr 

The above table is based on start-up conditions. During pontinued 

operation the gas load from air-saturated water will be negligihle. 

'7.4.3 later Quality and Materials of construction. In selecting the 

quality of water used for cooling the Materials Testing Reactor, the guiding 

principle was to minimi~e the amount of total dissolved solids in the water so 

as to maintain high heat transfer coefficients a~ the fuel assemblies. Any 

deposition of material from the water onto the hot surfaces of the fuel 

assemblies could reduce the heat tiansfer coefficients to undesirable values. 

7.18 

e 

e 

e 



e 

e 

e 

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 undesir'able. For this reason itis necessary to minimize the amounts 

of lead,nickEd, 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. 

lIn t,he original heat transfer experiments it became apparent that the 

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

rosion and ma1intain a low mineral content in the water. Columbium~stabilized 

type 347 stainless steel was selected so as to facilitate welding. At a 

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

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

because of, th'e limited experimental program and the resulting uncertainties in 

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

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

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

reactors,it'is found that the Materials Testing Reactor is the first recycling 

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

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

and the high~r flux heavy water pile at Chalk River. Canada, have their h~avy 

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

natural ,wa~erin the, MTR system is 'many, times the volume of water 'in either the 

Chalk River or Argonne heavy water systems. 'rtis interesting to note that 

both heavy water reactors were operated fcir several y"ears without any water 

,treatment~ ~nd in the course of this time, the amoun( 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 wat~! increased to values that 

necessitatedremo.val of the·d,issolved radioactive solubles. At Ar'gonne 

ammonium hydr~xide made from heavy'hyd~ogen was .dded to the water to raise 

the ~H'and thus reduce its corrosive eff~cts on ihe alumin~m parts. However, 

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 was solved at Chalk River by redistilling the 020 and then. deminerali

zing the recirculating heavy water. This r~moved the accumulating dissolved 

minerals and helped increase the pH of the wa.ter to nearly 7, and at the same 

time eliminated any catalytic io~s that might have caused corrosion in the 

heavy water "system. Provisions have been made in the MTR system to add fresh 

demineralized water and to purge the same quantity of water from the system 

so as to maintain a high-quality circulating process water. It is expected 

that, when the MTR is in opera'uion, the purge can be put through a deminerali

zation system and used as make-up. With the recent development of mixed-bed 

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

cally pure water, which is apparent from the following tabulation: 

Nael (ppm) 

1.00 

0:10 

0.01 

0.00 (pure water) 

RESISTIVITY (ohms) 

185,000 

1, 850,000 

18,500,000 

20,500,000 

Ever since the Hanford reactors have been operated, sodium dichromate and 

sodium silicate have been added to the single-pass water. system to minimize 

corrosion, and at one time it was believed that additions of similar reagents 

should be made to the MTR water system. A few years ago the sodium silicate 

addition to the Hanford water was removed,and no increased corrosion or 

scaling rate was found to occur. Although the additions of sodi~m dichromate 

have never been stopped, it is believed that they could be without increasing 

corrosion or scaling. 

The heat transfer experiments conducted at Oak Ridge differed from the 

MTR system in that the water used at Oak Ridge was cycled in an open system 

whereby oxygen and nitrogen of the air were readily dissolved. It is expected 

that anyga~es in the MTR process water will be practically completely removed 

by the flash evaporation process, and therefore the corrosion rates may be 

even less than those determined by the experiments conducted at ORNL. 
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7~4.4 Induced Activity. Elements and sources which contribute to the 

water activity can be listed under the following categories: 

1. Isotopes of oxygen in pure water itself. 

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

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

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

Radioactive isotopes formed from oxygen produce an enormous amount of 

activity but lose their controlling influence in about 1 min because of their 

short half-lives. These isotopes are the primary source of induced radio

activity in the MTR process water. The dissolved impurities in the water. form 

the main secondary source of water acti vity .",During' the first minu,te the radia ti on 

products of oxygen dominate radiation; AP8 (144 sec, 1.8 Mev)' and Mg 27 

(692, sec, 1.0!;! Mev) are the principal activities for ,the next 5 to 10 min. 

Thereafter, Na 24 '(14.8 hr, 1.4 and 2.8 Mev) is the dominating radioactive 

iso tope for the 15.:.min MTR water, cyc Ie. 

The. cooling water system of the MTR reactor is a closed recirculating 

system with'a small percentage of purge and makewup water in order to control 

,the.;intensity of,lo~g-lived induced activity and the accumulation of corrosion 

produc ts. 

When a.recirculation system is employed,regardless of the method used 

for purge and make-up, the number of radioactive atoms (N) at equilibrium when 

production equals decay is given by2S) 

where 

N '" 

-At. 
nvO'N v (1 - e ~ ) 

. ~'(l - Fa) 

nv = neutron flux, neutrons/cm2 -sec 

~ = absorption,cross-section, cm 2 

Nv concentration of target element, atoms/cc 
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where 

t. 
l 

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

process flow rate 
F 

process plus purge flow rate 

a 
-At 

e c 

tc cycle time, 'sec 

A = transformation constant, sec- l 

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

p 
r 

( n v )aN v (R )AD 

4aU ~ a) 
.dis/sec-cc 

R = re coil range, em 

A area of exposed aluminum, em:! 

D = density of aluminum, g/cc 

G cycle flow rate, g/sec 

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

Flow rate 

Purge rate 

System holdup ~ 

Cycle. ,time 

Irradiation,time 

Slow.flux 

Fast flux 

Exposed aluminum 

20,000 gpm 

50 gpm 

350,~00 gal .(now 320,000 .g5l) 

17.4 min 

0.08 sec 

2 x 10 i4 neutrons/cm2 -sec 

1 x 10 14 neutrons/cm2 -sec 

106 sq em 
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The desired. cO!npositionof,the MTR process water, which is ·the composition 

·that "i.s ·.,used ·in.~.the .... acti vity calcul ation. is: 

Fe 

Al 

CO2 
Na 

SiQ2 

0.05 ppm 

0.05 ppm 

2.0 ppm 

2.0 ppm 

1..0 ppm 

Cl 

Ca 

Mg , 

A 

0.25 ppm 

0.5 ppm 

0.5 ppm 

'0.6 ppm 

There§ults of .the activity calculations are summarized in Table 7.4.A. 

The activities of the constituents in the process water and thetotal·activity 

for water containing 2 and 8 ppm of Na are given as functions of decay time. 

7.4.;5 shielding. The shie lding·ca lcula tions for the MTR process water 

system were based on the induced activities given in the previous section. 

th~ calculations ,involving the process water piping it was assumed that 

so~rce-was aninfinftelylong cylindrical source with self-absorption. 

'In 

the 

The 

results of the calculations are given in Fig. 7.4.A, which shows the thickness 

of concrete shielding.as a fun~tion of,time. Separate curves are given·for 

water containing 2 ppm ofNaand a ppm of Na. 

_ The following discussion gives a brief summary of the shielding of the 
" process-wa ter s ys tern. The in tensi ty of rad ia tion from the process water 

leaving the MTR active lattice requires 5 ft of concrete shielding within the 
I 

Reactor Building. Within the reactor this shielding ii provid~d by the 

biological1shield; outside the-reactor the pipe tunnel underneath the basement 

f~oorhassufficientconcre~e cover to meet the requirements. From outside 

the Reactor.Buildingto the Process Water Buiiding, ;5 ft 'ofearth covering bring 

the,inlet~and outlet process w~te~ pipes below the local frost line; this depth 

i ~ .. stifficien t to protec tpe'r:sonne 1· from Iradia tions -above tolerance .In the 

Process Water Building the 12- to IS-in.' concrete 'walls are adequate to , . 
reduce.radiations from the pipes, valves, etc., to less than 50 mr/hr. No 

spec~al shielding ·i~ requir~d 6nthe working reservoir owing to its height 

above the ground. A fence about the working reservoir base provides adequate 

protection by limiting the approach of personnel so that maximum daily toler-, . 

ances :are -not exceeded. 

7~4.6_cooliDg After ShutdoWD. After an operating reactor is shut down, 

the tot~l :heat ,liber~ted -due to the absorption of gamma and beta radiation 
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TABLE 7.4.A 

Actt.tty of MTK Process 'Wate~ 

CONCEN- .. ACTIVITY (diS/cc-"sec) 
REACTION ~TI9N HALF- moss- RECOIL RANGE 0 .. sec 'SO.se.c 100' sec .' 500 1000' se c .ppm LIFE SECTION . TYPE (em), sec 

DECAY· DECAl DECi\Y' DOCAY DECAY 

016(n,p)N 16 7.4s 0.04 mb , 4.3 x 105 3.843 35 

Oi8(n,y)019 29.4s 0.44 mb 5.620 1, 730 530 

AI 27 {n,Y}A1 28 2.3m 0.2i b Slow 10- 6 3,040 2.355 1,840 332 32 

j -
10- 4 A1 27 (ri,p) Mg2:l· 10·2m 2.8 rob Fast 1.320 1.320 1.320 850 488 

A1 27 (n,Y)A1 28 2.3m 0~4 mb Fast 10-4 576 452 352 64 6· 

Na23 (n,y)Na24 2 14.8h 0.5 b 406 406 406 406 406 

A1 2 ?' (n,a)Na24 14.8h 0.6 b Fast 10. 4 163 163 163 163 163 

Mn 55 (n, y) MnS I) 2.6h 13 b Slow 10-5 US 145 145 145 145 

Total (2 ppm Na) 4.3 x 105 10,414 4,7,91 1,960 1.241 

(8 ppm Na) 4.3 x lOS 13,552 6,688 3,100 2,500 
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from the fission products is given by the empiricalequation(23) 

where 

P '" 187BFAtt- o. 2 .. ' (t + 'T)-0';,2] Mev/sec 

B '" reactor operating level before shutdown,kw 

F = conversion factor. fissions/sec-kw 

A Reduction" factor j a reasonable value is 0.08, ,which is 
an extrapolation ·to t :; 0 ,from experimental ~easurements 
of energy after shutdown;(12) also, since atshutdow~ 
14.7.Mev/fission,of beta and gamma heat is released 
compared to 187 Mev/fission during operation, xhe ratio 
,-o-f ."the two helt values is 0.08 (i.e •• 14.7/187). 

t = time after shutdown, sec 

T time of pile operation, sec 

From the ahoveit is found that at the instant of shutdown the reattor 

he a t fa 11 s f r om 30, 0 00 : to ,2 400 k w ,of w hi c h 400 k w i sin the he r y Iii u m 

reflector. 'The reactor active lattice heat development at shutdown falls from 

full power of 28,800 'to '2000 k~ or 'about a 1/15 reduction. Hence, although 

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

1/15; the water flow ihroughthe beryllium re~lector can be reduced o~ly 1/3 

since its heat generation falls only from 1200to400"kw.' Depending on the 
I 

amount of excess water: flow through the be:ryllium 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 required will vary as t-o.~. Calculations involving the varying 

,film heat transf~r coefficient and varying flow show that with a 220°F film 

temperature and 90°F entering wat~r. 210 gpm ~ust pass through the active 

lattice ~t the ins'tant of shutdown. This 'gives a '50°F ~ate~ temperature 

rl.Se. 'Theratioof'flow in the 'active lattice to that in the berylliu~ is 
, . ' 

estimated as3:1~ The following table gives the minimum process water flow 

required at various ;times after shutdown (Table '7 .4.''B). 
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TABLE 7.4.8 

Minimum Processpwater Flow After shutdown 

TI~ AFTER. SHUTDOWN MINIMUM. FLOW 
(hr) I (gpm) 

0 360 

1 267 

5 190 

10 168 

50 126 . 
-

The shutdown cooling-water flow can be initially supplied by the rese~ve 

water in the working reservoii and v ~henthe change-over can conveniently be 

made, by a lOOO-gpm p~mpcirculating water through a circuit including only 

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

supplied; one is elect~ic motor driven while the other is gasoline engine 

driven. 

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

reactor-tank circulating system will not reach a prohibitive temperature too 
4uickly as a result of accumulation of shutdown heat. This heat is given by 

the equa tion 

q:: :f 30,000 x 0.08 ·[t~O.2 ., (t + T)-O.2] dt. 
o 

where 30,000 ,k •. is the operating power leve 1 of the MTR. 

• kw~sec 

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

o 
circulating system. 

TABLE 7.4.p 
Process-water Temperature After shutdown 

TIME, AFTER. q WATER TEMPERA TUftE 
SHUTDOWN (hr) (Btu x 10. 6 ) // (OF) 

10 7.5 nO 
20 12.0 130 
30 15.5 ISO 
4.0 18.5 164 

" . SO 21.5 174 
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Wate~ ,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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DWG. NO. 

3150~5-4 

3150-5..,5 

3150-5-6 

3150-5-7 

3150-19-1 

3150-92 -6 

3150-304-1 

3150-702-2 

3150-703-11 

3150-703-12 

3150.,.802 -65 

3150-803-39 
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Chapt,er 8~ 

REACTOR COOLING~AIR .AND CONTAMINATED.-AIR SYSTEMS 

The .. reactor cooling-air system and the contaminated-air system are group~d 
together because the air from both is exhaus~ed to the atmosphere·through the 

main stack. However, they serve entirely different purposes. The reactor 

cooling~air system'provides a flow of air throagh-the reactor for cooling 

the graphite reflector; it is a secondary reactor-cooling system. -T~e con-.. . 
taminated~air system removes radioactive gases from'the hoods and caves of the 

I abora tori'es. 

8.1 REACTOR COOLiNG-AlB SYSTEM 

8.1.1 Intr6duction.Immediately surrounding thi reactor tarlk is the 

. graphite reflector. This reflector ·is composed of "a removable bed,of l-in.

diameter graphite balls adjacent to the tank and a section,of graphite blocks 

,~etween.~he balls and the thermal shield. Heating due to the absorption ot 
gamma radiation makes it necessary to cool the graphite reflector. Because ~f 

re!atively low heat generation. air cooling is ~atisfactory. The cooling and 

design of the graphite reflecto~ are discussed in' other sections. This sectirin 

will deal with the flow path and processing of the air going thrpugh the -

reactor cooling-air system. 

A schematic diagram of the reactor cooling-air system is ~hown by Fig. 
. . ' -

Bil.A •. The description of the-system will in. general follow the air flow 

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

the stack. 

8.1.2 Air Flow Data. The reactor is designed for normal operation at a 

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

drop of 55 in. of w~ter throukh the reactor cooling-air system are b~ed on 

maximum temperatures of 570 0 F in the graphite peb~1e bed and 500°F in the 

permanent graphite at 45.000-kw operation of the r~~ctor. The 2000~lb/min 

* ANL contribu tion. 
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d~sign flow consists of the foJlowing quantities: 

Air' f'low through graphi te 

Air t~ cool top thermal shield 

Allowed for leakage inward through experimental holes, etc. 

1610 Ib/min 

250' lJ)/min 

140 lb/min 

2000 Ib/min Total 

Subsequent calculations gave the air requirements as 1526 lb/min to cool 

the graphite ~nd experimental facilities, and 174 Ib/min to cool the top 

thermal shield, for a total air flow of 1700 Ib/minl Also, critical experi

ments conducted at ORNLindicated that the heat generation in the reflector 

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

requirements would there fore be less. 

maintained at 2000 Ib/min flow and '55 in. 

be desirable and possible to operate the 

60,000 kw at some time in the future. 

However, the design figures were 

of water pressure drop since it may 
, ' 

reactor at a power level as hi~h as 

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

~f 2000 Ib/min are summarized in Table S.l.A. 

TABLB ,8.1. A 

Approximate Pressure Drops in Reactor A ir System 

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

Inlet filters and ducts 1.6 

Thermal shield 0.4 

Graphite reflector 29 
I 

Exit ducts and stack 5.4 ---
Total 36.4 

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

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

for the difference. First, the re'actor 'coolin'g-'air system is designed without 

any filters on the exit air stream. If it shouJd become necessary to add 
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filters in the future, additional head will be required. Based on'the filter 

system used on the X-IO pile at ORNL,the additional head allowed for exit 

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

be adequaie for operation at a power level of 60,000 k~ the design head has 

been further increased to 55 in. of water. 

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

reactor, air system during operation of the reactor. It is also necessary to 

maintain a flow of air through the reactor af~er it has been shut down. This 

flow serves to remove heat from the graphite reflector generated by the 

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

and also to prevent the escape of radioactive dust into the Reactor Building 

during removal of experimental hol~ plugs. To provide adequate cooling of 

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

necessary to ~nsure 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 inward ends of the liners and joins the reactor_cooling 

a1r flowing upward through the graphite pebbles. A satisfactory design of 

the experimental hole liners and plugs obtained when the flow through the 

reactor is about 400 Ib/min; therefore, this is the design flow through the 

reactor during shutdown. This is also the flow desired through the reactor 

in the event of an emergency shutdown of the reactor. The pressure drop 

through the graphite ,for a flow of 400 Ib/min is about 0.5 in. of water. and 

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

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

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

entering the Reactor &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 avaitable. 

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 abou~ 0.5 in. 

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

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

of 2000 to 3000 cf~ through the reactor in the event of failure of all blowers 
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and ,fans., This flow is ·sufficien t to, lIlee tahu tdown cooling requirements. 

However, because, of the. po;;;s~bility ·of a complete power. failure within a short 

time af~er reactor start-up, in which case there would bee!sentially no stack 

draft, and because of the problem of radioactive dust esca,ping into the Beactor 

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

produce ihe necessary shutdo~n air flow. This flow is provided by either of 

the auxiliary fans. Only as a la~t resort, i.e., i~the eveni ofbomplete 

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

. ADDlTiOOAL' DATA 

Air' temperatures 

Inlet to reactor 

Outlet from reactor 

Si te elevation 

Barometric pressure 

75 - 100°F 

185 - 210°F 

4930ft 

12.25 psi 

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

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

ring in air, such as argon,and partially to dust in the air. N.ot much can 

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

considerably by suitable filtering. 

In the first considerations of the radioactivity,problem of the MTR 

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

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

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

in the exhaust side of the reactor cooling-air sy8tem. 

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

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

the air encounters before entering the reactor is now given. 

Normal atmospheric air enters the Reactor Buil~ing ventil~tiun system 

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

'an electrostatic filter of 90% discoloration efficiency b~fo~e passing into 

the Reactor Building. The Rea,ctor Building is pressurized to about ~ in. 

of water so that leakage inthrorrgh 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.andis filtered at the inlets by glassw!,ol filters. There is an 

additional small amount of air (about 2%) which e~ters 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 of the NRX pile at Chalk River, Ontar~o. The N~X pile has been 

operated satisfactorily since about September, 1946, without exhaust air 

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

respects: 

1. The major portion of air entering the reactor has been fil t~red 
to some degree. 

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

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

4. The air flows indirect contact with the. thermal shield;· :however, 
the NRX shield is cast iron while the MTR shield is low-carbon 
s tee 1. 

5. The air is suscep:tib'leto po'l'lution -froni a·ccident·s -occurring 
in the experimental facilities. 

6. The exhaust air is n6t filtered. 

7 •. The levels at which the effluent ·air .is ejected into the atmos
p-here are 200 ft for the NRX pi Ie and 250 . ft for the MTR. 

Rather extensive investigations have been conducted at the NRX with the 

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

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

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

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

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

and Fan House. 

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

filters are Airmat Type PL-2~ 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 350 ft/min. The pressure drop through the clean filters IS 

approximately 0.1 in. of water . 

8.1.4 System Within Reactor structure. The system of duct work within 

the reactor i s shown by Fig. 8.1.B , and the schematic flow of air within the 

reactor is shown by Fig. 8.1.A. In the design of the system within the 

reactor it was necessary to meet the following requirements: 

1. The air must enter the pile structure at a level higher than 8 ft 
above the centerline of the active lattice , and the exit ducts 
must loop upward to a level at least that high in order for it 
to be po s sible, 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 radiation 
outward , both in straight-line paths and in "shine'" through the 
ducts , will not be sufficient to bring radiation at any point 
ou t side the shield above permissible levels. 

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

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

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

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

above requirements. 

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

and manifolds , one set in each wall of the reactor structure. ' The air enters 

each set through louvers located near the top of each pile face. Back of each 

set of louvers are six 2 - ft - square filters and 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 witha' damperis provided in each 

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

top thermal shield. There is a total of 22 8 - in. ducts. Each duct has one 

90° elbow and connects to the plenum chamber and the thermal shield manifold 
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at 90 0 to the principal direction of flow. Thus there are effectively three 

90 0 turns in the inlet air system. Tlie walls of 'theducts~aIie liIied wi th I-in. 

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

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

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

ahie ld I and some then passes directl y in to a plenum chamber beneath the graphi te 

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

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

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

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

The air enters a plenum chamber above the graphite where it is joi~ed by the 

a1r 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 connected to the thermal shield at diagonally opposite corners of the 

top plate and turned downward through the biological shi~ld to carry the a1r 

out below the basement floor. There are three 90 0 bends ineach of these ducts, 

as shown in Fig.8.I.B. 

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

reactor connect to.a single 48-irt.-diameter steel duct beneath the basement 

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

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

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

concrete duct is a mirt'imum ot 2 ft below grade so that the earth cover!'provides 

,adequate shielding against radiation. 

8.1.6 Blowers,' Fans, and Auxiliaries. The blowers and fana of the 

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

in a later section; the reactor-air-system equipment contained .in'itis 

described here. 

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

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

beneath the building. 

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

serves as a spare, for cooling during normal operation of the reactor. Each 
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blower is capable of delivering 1000 lh/min of 210°F airagainst'a head of 

~5 in. of water, and is driven by a ISO-hp m~tor. 

The blowers are of ihe positive displacement typ~, this, type being 

selected becauee of , its adaptability,to wide ranges of flow rates and pressure 

heads. This is important since; while it is desired to have a flow rate 

of 2000 lb/miu, the pre~sure drop through the system initially will be con

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

requirements may he below ,design <calcula~ions~ it is desirable for tHe uni ts 

to operate'e'conomically at redue,ed flows and heads. The positive displacement 

type o,f blow~r offers' the, mos t'eeonomical operation 'at the reduced· requi reinents. 

Th;blowers are'eleetri~-motor driven and receive power ·from the normal 
commercia 1 electrical supply only. Extra pulleys, are provided wi th ,the blowers 

to provide for the slower speeds at 'reduced requiremen~s. These pulleys will 

adequatelyeover the range from 700 to 1000 lb/min. 

Au.xi Z iary Fans. Besides the blowers' there are two 400-lb/min fans for 
emergency 'and no'rmal shutdown operation, each!,. fan being in parallel with 

~he three main blowers •. One of the fans is driven by an electric motor and 
the other by a gasoline engine. The motorMdriven 'fan receives its power from 

the normal commercial electrical supply and from the site emergency power 

supply and will be used during normal,·shutdown periods. The gasoline ",driven 

fan will be used, for emergency ,shutdowns when both electrical suppl.ies have 

failed. 

Valves. There are butterfly val~es at both inlets and outlets of all 

blowersand,fans~ The valves on the i~letsides are manually opetated while 

the valves on the exhaust side~ are air operated. The valves on the exhaust 

sides can seal airtight to permit removal of a,blower or fan .ithout outward 

leakage,of ~adioaetive air. The valves on ,the inlet sid~s do not have to be 

absolutelyairtight'8in~e anyl~akage here will be direqted into the reactor 

air system. 

Since the hlowersare of the positive displacement type~ it is necessary 

to have both the inlet 'and'outlet valves openwhen'the hiowers are operating. To 
ensure this, limit switches.'are provided o~ both inlet and outlet valves. 

These 'switches require both valves to be Qpen before the blowers can be 
started. 
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Also} because of . the use of pos1t1ve displacement blowers. it W!ilS necessaI!Y 

to provide a by~passarou~~ all· the blowers and. ff!ns. so that the stack liraft 

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

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

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

operated manually. 

8.1.7 Instrumentation and control. In the description of the instru

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

with .. the. inlets to the system. .' 
, . . " ~ '. 

There are four differential pressure. indicators to determine the pressure 

drop across the glass wool inlet filters. They .aremounted. loc~lly on the 

pile faces. Each indicato·r determines the pressu~e drop acro$'s the fi"! ters 

on one side of the pile. 

In the exit duct near the reactor is a pressure indicator to deter~ine 

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

mounted in the. Reactor CO,ll,trol Room and is eq.tlipped with an alarm to notify 

the operator when the pressure has risen above. cert.~~ pr,determine~ valtle. 

Mounted in. the concrete pipeline !eading:to the Blower and Fan House 

. 1S a venturi tube for determining the floYl ratethro,ugh. th.e system. The flow 

rate .is indicated on a panel in the Blower ·an.d :Fan House. Since the Blower 

and Fan House is an unattended station whi~h.ill ~ave ~eriodic inspections 

only, the information for ope'ration oft:heref,l~.torair system is transmit

ted to the Process Water Building and 'the Rea,cto·rContr.ol Room. :Fhe Process 

Water Bui lding serves as the center for o.perational ,~nformar,ionon th.e re.actor 

air system. The flow rate is therefor.e r,e,,!:::\o.r.d,d at .the contr~ll panel in 

the Process Water Building, and there are tow .£:low rate alarmsatbo.th this 

panel and the panel in the Reactor Con:.tr,o'l ;Ro,om,. Besides r,he above, the 

venturi' in forma ti on is transmi t,ted to the '·;r.e;,a,d:orc',~:m trolsystem ·to au toma.ti -

cally shut the reactor down on failure of the~i~ system. 

'In the exit air ductn.ear theBloweiran~ ~Fa'n ~House is a:'pressure~'indicator 

to me,asure the pressure in '.the 'sy,s,t.em at ,J:"hi·s.poin:t. Theinformatio.n is 

indicated on a panel in the .. Blower andF-,an HO~l:i.e. 

The valves on ,.t'he inle tsides ,to ithe ~bl,owe'rs and fans are mantla 11 y 

op.erated. All 0:.£ them ',wi::J31 ,nor.ma:U,~y :b,e 'Pllen,'.beiing c:il.osed .only ,if necessary 

to repair or remove a ~lower Dr faPA 
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The main exhaust blowers are started .manuallywithin the Blower and 

House. To promote 'safe operation ofthe're:actor air system. both of 

auxiliary fanlS start automatically on failure on the main blowers, and one 

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

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

blowers and their motors are provided withFthermocou~lestoindicate bearing 

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

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

Water Building panel. 

Fan 

the 

may 

left 

main 

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

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

Fan House and is for operational information. 

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

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

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

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

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

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

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

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

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

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

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

Water Building, and the Reactor Control Room panels. 

8.1.8 shielding. The shielding requirem~nts of the reactor air system 

are based on an 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 

oper~ting level, an average flux of 4 x 10 12 neutrons/cm2-sec throughout the 

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

activation by this flux is approximately 850 cu ft. 

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

necessary to consider only the active atoms N~6, Oi9, and A4l, which result 

from ne~tron capture by N1S. 0 18 , and A4o , respectively. 
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In Table 8.1.B are summarized the unit source intensities due to the 

acti ve a toms, along wi th other pertinent in'forma! tion. 

TABLE 8.1.B 

Activity of Reactor~cooling Air 

ABUNDANCE" IN ACTIVATION UNIT' 
ORIG·, REAcroR,AIR . . CROsS' ACTIVATION, SOURCE',~ ')' 
INAL ' '. AT 150o~ S~CN " RATE .1 ACTIVE sTRENGTH 3 ENERGY 
ATOM (atoms'xl0- 3/ft

3
) (em) . ( a IOOms/ sec- f t ) A10M (Mey/se;cAt ) (Mev) 

" ' 

N15 0.032 0.02 x 10"27 2.5,6 x 105 Ni6 3.12 x 105 6.5 

0 18 0.0045 0.2 x 10~27 3.5 x 105 0'19 7.8 x '105 1.6 
. A40 0.049 0.62 x'iO- 24 7.2 x 109 A41 4. x 106 1.37 
-'- ~---- L--

Using the source intensities given in Table 8.1.B the shielding reqUl.re .. 

men~s were determined wi~h the ~se of standard shielding formulas. These 

are'summarized in Table 8;Le. The shielding thicknesses which arem'e'nti~ned' 
in other sections gerierally' exceed the values gi~en in Table 8.I.C. 

TABLE '8,1. C 

Shielding Requirements for the Reactor Air system 

SHIELDING THICKNESS, 
ITEM TOLERANCE' CONCRETE STEEL 

(riB hr) (in. ) (in. ) 

Ducts· in reactor building " 

2.Si'£t square 0.00,5 11 
4~ft diameter 0.005 13.5 

Ducts oueaide 
" 4,> ft diameter 0,05 6.5 

Main blower cells 
Outside walls (north and south) 0.005 4. 1 
Outside walls (east and west) 0.005 8 
In terce 11 walls 0.05 • 
Floor above inlet plenum chamber . 0.05 3 
Floor above outlet duct to stack 0.05 3 [ 

Ro~f. above cells 0.1 • 
Auxiliary, 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 

·8.2.1I~troductioD. The contaminated-air system removes radioactive 

gases and .acid vapoTs from the -hoods and caves of the laboratories. This :is 

supplemen tal to the normalhood-ven ti lation sys tem 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 

diagramof,the contaminated-air system. In general the description of the 

system will foJlow the flow diagram. 

8.2.2 Air Flow Data; The sys tem is based on the removal of a minimu:m of 
1 

50 cfm:of gases from each hood. with a ~aximum of 10 hood~ ,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 

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

off.gas openings would be in use at anyone 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 watet. 

8 •. 2.3 system .'fromBoodsto scrubber. The off~gasopeningsin the hood 

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

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

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

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

contained wi~hin them will generally be small unless an appreciable build-up 

occurs owing to deposi tsin. the ducts • If' the latter occurs ,remedial :steps 

will be necessary. 

8;244 scrubber. The purpose of the scrubber is to remove the acid vapors 

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

the gases.areejected to the atmosphere through the main stack. 

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

acid vapurs 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 res.ervoir to prevent a back flow of vapors or radioactive gases to the 

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

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

from a Qaustic mixing tank where the solution .is prepared as required to 

replace the depleted cau.tic solutioniu'the scrubber. To provide for periodic 

sampling of the caustic solution a tap is provided at the bottom, of the 

reservoir. 

Since the amountof;radioactiv{ty which the scrubber may contain at ,any 

one time is very indefinite,the sc~ubber is not provided with shielding. 

Again, if necessary. ,this~ can be rejdily provided at a later date. 

8.2.5 Exit Duct from scrubber. The exit duct from the scrubber1s an 

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

leads underground from the Reactor Buildingowing basement to the Blower and 

Fa~ House, where it connect~ to the exhaust fans. The earth cover provides 

adequate .• hielding against radioactivity. 

8.2.6 ExbaustFaDsand 'Auxiliaries. Exhaust Fans. There are two full

capacity fans in parallel to provide the flo~ of gases through thecontam

inated-airsystem. One of these fans serves as a spare. Each fan'is capable 

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

water. The fans are of a standard'centrifugal type and are motor driven. 

Motors of both fans, arec'onnectedto both the normal commercial electrical 

supply,and the site ~mergency power s~pply. 

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

each fan. 'The inlet valves are manually oper~ted while the exhaust valves 

are air operated. The exhaust valves can be sealed airtight to, permit repair 

or removal of ' the fan without leakage .of radioactive air into the Blower and 

Fan House. It 1snot necessary to have the inlet valves seal airtight sInce 

any le~kage is into the system. 

8.2 .. 7 lnstrumentationand Contri.ol. The order of the followillg description 

will follow the flow diagram shown in Fig. 8.2.A, starting at ,the off-gas 

openings in the hoods. 

There is ~ lrically mounted pressure indicator in th~ off-gas line near 

each hood. This will inform the experimenter that there is or is not suffi

cient static .headfor'him to use ,the off-gas opening. 

8.16, 

e 

e 

e 



e 

e 

e 

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 l 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 fins~ Th~re is an ion chamber to determine the total activity of the 

gases from the scrubber an~.a particulate-activity meter to determi~e the 

radiation due to active particl~s in the gases. The. information ·from both 

instruments is recorded. 'The r~corders: are located in the area of the Blower 

and Fan House that is'designated solel~ for radiation instrumenta~ion. 

8.2.8 Sb1eld1n,. ·It was difficult ·to estimate what t'he activi'ty of the 

gases going through the ·contaminated.ai~ system would be under actual operating 

conditions. The maximum radiation:intensities of experiments conducted in 
the laborat~ry.hoods :a.ndcaves will.be 1 and 10 curies t ,respectively. To 

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

emitted at a r'ate of O.Ol:curie per.minute arid that the gamma energy is 2 Mev. 

The shielding requirements arrived at using standa.rd s4ielding formulas 
and the above assumptions are summarized in Table 8.2.A. 

Based on the shielding requirements listed in Table ·8.2.Ait was decided 

to provide no shielding of the contaminatedwair system except the cells 

for the exhaust fans" The 8 w in. pipe ·£rom the scrubber ·to th~ Blower and 

Fan House is shielded by an adequate earth cover, and the calculated radiation 
from the lines preceding the scrubber is small enough to make shielding 
of them initially unnecessary. 
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TABLE 8.2.A 

Shielding Requirements for the Contaminated-air system 

SHIELDING 
I1EM TOLERANCE THI<XNESS 

(r/B hr) MATERIAL (in. ) 

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

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

a-in. pipe outside 0.05 Earth 3 

Fan cell s 

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 * 

"S1tructural requirements only must he met. 

J 8.3 BLOWER AND FAN HOUSE 

8;3.1 Introduction. The Blower and Fan House contains the blowers and 

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

associated equipment. The equipment, function, and some phases~f operation 

have already been dis~ussed in Sections 8.I.and 8.2. The present section 

describes the general .layout of the building equipment. 

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

is a single-story structure and is located several .hundred· feet east-southeast . 
of the I1teactor Building. 

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

cooling-air system enters the building at the north ~nd 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 extendssl~ghtlybeyond the full length of 

and building. Starting at the west wall of the building, the exhaust plenum 

chamber also lies beneath the blower and fan cells and roughly parallels the 

inlet plenum chamber. The:main .exit dtictto the stack is essentially an 

extension of the exhaust plenum chamber. The top of the duct is approximately 

at grade level. The plenum chambers and duct just described are 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 th~ 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 tan cells for the reactor 

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

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

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

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

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

The walls of all cells which form a ~art of the building e~ternalwall 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 largedotible door. These doors provid~: 

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

equipment. AIl.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 ~he cell'" 

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

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

tention.basin. 

8.3.4M1scellaneOU8. 'Besides the blowers, fans, and associated equ1p

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

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

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

8.4 STACK 

8.4.1 Introductlo~. The air frcimthe reactor and ,contaminated-air 

systems cont~ins moreradioacti~vity 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~ ofco~siderable height~ This results 'in the 

diffusion of the activity over a largearea,thereby g~eatly 'reducing the 

hazard presented by the active gases. 

8,4.2 Activity of Stack 6&81:':8. The activity in the stack gases due to 

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

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

principally,on the 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. Therefore the activity of the stack gases is considered 

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

reactor. 

by 

where 

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

Activation rate ~ IN~aY 

I '" average flux over volume V, neutrons/cm 2_sec 

N = number 6f A40 atoms per ft 3 

~Q e activation cross-section of A40 a 0.62 X 10- 24 cm 2 

V ., volume of region, ft! 

The activation rates for the various 'resions'are summarized inTable 8.4.A. 

The term !!Iair .in graphite'" refers to the air spaces naturall,Y occurring in 
graphite. 
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TABLE 8.4.A 

Production of A of, it in the MTK 

VOLUME FLUX. 1 ACTIVATION RATE 
REGION (ftt3) (neutrollS/cm2- sec) ( atoms/sed 

Graphi te ball Z :one 

Voids 130 6.75 X. 1012 i3.L. x 10'-2 

:Air in ,~aphite 52 6.75 x 10 12 1.24 x 1012 

Permanen t g raphi te zone 

Cooling holes 8.6 2.1 x lOP 0.06 x lOP 

Beam 111o1,e annuli 2 1.4 x 10t2 0.01 x 101.2 

Air in graphite 275 1.4 x 10 12 1.36 x 10 12 

Plenum r,::hambers 

Top 201 1.75 x lOP 0.12 x lOP 

,Bottom 
, 

175 3.5 x lOll 0.22'x 10~2 

Total 6.11 x 10 12 
--

The 6.11 x 10 12 atoms/sec activation gives a total activity of about 

1500 curies/day for 30,000-kw operation with a thermal flux of 2.5 x 10)4 

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

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

ihe tolerance value of 10- 6 microcurie/de for A41 in the atmosphere. 

8:4;3 stack Height., The stack height depends on the amount of dilution 

necessary to reduce the concentration of the radioactivity to below tolerance 

before it reaches ground level. This involves consideration of the meteorolog

ical conditions encountered at the'MTR site, The' stack IS located near the 

southeast corner of the MTR site. Since the windsatthe 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 

di £fusion equation 'and also various other geome trica I interpreta tiona. 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 ~hat exposure to,the radioactive stack 

gases will not exceed tolerance anywhere on the site. Also, it is believed 

sufficient :to prevent a dangerous increase of background activity due to the 

deposit of active,particles on or off the site. 

In order to give some indication of the act1v1ty at ground level due to 
. ,? 

the stack gases, the results of several calculations using Sutton's equation 

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

from ihe steck at which the maximum activity at ~round level occurs is indepen

dent of wind velocity, For a 2S0-ft-high stack this distance is about 3600 ftl 

this is well. outside the MTR site which lies within a distance of about 1600 ft 

from the sta~k. The maximum concentrations at ground level for the 2S0-ft 
stack are c~lculated to be 1.56 x 10'-r2, 0 .. 31 x 10- 12 , and 0.156 x 10- 12 

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

on Sutton's e~uation, the wind velocity necessary to reduce the argon activity , ' 

to' tolerance (lO-i2'curie/cc) at ground level on the site is about 0,15 :mph. 

A meteo~ology report(:2i) on the Reactor Testing Station Area states that winds 

of 0 to3 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 isS 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 contaminated-air system. The diameter 

bf the stack is based on a maximum flow of 80,000 cfm so as to proyidefor 

futur~ additional requirements. It was desired tb h.ve the ,exit velocity 

as hi~h as practical so as to minimize ,"ddwnwa~h,~ a term referring to gases 

drawn 'downward in the vortices formed in the lee of ,a stack. With r~gardto 

stack noise and friction losse's,a maximum exit velocity of 4,000 fpm can 

easily b~ tolerated. The exit velocity for the, present flow is then about 

2000 fpm .. This velocity is sufficient to prevent "'downwash"l from conveying 

the highly active stack gases to the turbulen't· air arou,nd the buildings t a 

phenomen~n which ~ouldgive intolerable concent~ations of radioactivity near 

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

8.4.~ General Construction. The stack is constructed of reinforced 

concrete. There is a ladder extending the entire height of the stack. Light

nin~ arresters are provided at the top of the'stack. Aircraft obstruction 
, . 

warning lights are not provided. 
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Chapter 9 * 

S.ITK 'AND BUILDINGS: 

9.1 SITE PLAN 

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

Testing Reactor site plan is shown in Fig. 9.1.B. The layout shown by these 

figures is based on consideration of the following major factors: 

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

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

3. Contamination and pollution as they affect other facilities. 

a. Wind direction. -- : 

b. Deep water direction. 

c. Subterranean drainage. 

d. Surface drainage. 

4. Power, railroad, and highway connections. 

5... Topography of the MTR plot. 

a.: Flat terrain for the quarter-mile beam. 

b.: Natural drainage for the retention basin.: 

c.- Overburden. 

6.. Security.' 

a. Fire fighting. 

~. Patrolling. 

7.. Future expansion of initial facilities. 

8. Future buildings and facilities. 

9.: Most feasible and shortest piping, air ducts, wiring, fencing, 
r~ads. 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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s1nce beam experiments may be conducted at distances up to one - quarter of a 

mil~ 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 de cr eases the possibility 

that escaping radioacti v e 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 st~ck 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 t ra v e l to and from work without g01ng 

through the area into whi c h the exhaust reactor-cooling air is generally 

swept. With the main entrance on the limited area side. the number of persons 

entering the exclusion area can be kept at a minimum. The laboratory facili 

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

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

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

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

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

The Process Water Building and working reservoir are located east and 

slightly north of the Reac tor Building. This location effects a reasonably 

close approach both to the react or and the water supplies located in the 

limited area. Effluent c ont ~ ol ; the retention basin , and the effluent pond 

are in the southeast corner of the site be c ause of the direction of the 

undersurface water flows. ' 

The arrangement of facilities in the limited area has the Services 

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

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

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

usage. : 

In accordance with AEC security regulations all facilities are located a 

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

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

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

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

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

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

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

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

perimeter fence. : A stationary lighting system provides continuous lighting 

during hours of darkness. : Pendant luminaries with refractory lenses designed 

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

of this lighting circuit is on the emergency power system. :: 

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

50: ft separation from adj acent buildings . 

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

west perimeter fence near the main entrance. 

Sufficient space remains for future additions to the Reactor Building 

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

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

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

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

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

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

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

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

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

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

9.2 REACTOR BUILDING 

An artist's sketch 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 ma1n entrance to 

the two buildings. 

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

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

hoist of the crane has a ca~acity of 30 tons. The 30 ton hook is 30 ft above 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The ventilation requirements of the building are consistent with standard 

practice. Six air changes per hour prevail in all ar~as except the reactor 

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

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

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

area., 

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

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

thereby tends to prevent outside dust particles from contaminating the filtered 

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

supply from wi~hin the building. 

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

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

the heat load involved." Seventy-five percent of the air is recirculated.: 
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These two rooms have a slightly higher static pres~u~e than .the remainde~ of 

the building.; 

9.2 .. 2 First Floor.' The b~ilding, the la'yout of which is illustrated 1n 

Figs. 9.2.B, C:, and 0, is planned around the first floor area.: Figure 9.2.B 

shows the first floor plan. Su~vey work among the scientific petsonnel 

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

r~vealed 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 13,0 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.tairways. Stairways in the northeast and southeast corners are for 

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

southwest corners ate for t~affic 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 staitwell 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., 

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

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

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

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

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

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

allow for hose cleaning of vehi~le wheels. 

Klevators. Fo~ convenience of operators and visitDrs. a passenge~ 

elevator o~erates between the basement and control room levels with outlets on 

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

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

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

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

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

lift truck with a fully loaded skid on the forks.: 

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

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

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

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

placed onto or taken from the basement floor. 

Top plug storage~, To accommodate storage of the top plug during the reo. 

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 th~ 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~bitrary one which gives good shielding and yet is within 

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

"hot~ work. 

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

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

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

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

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

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

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

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

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

for future additions.: 

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

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

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

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

basement ceiling and through the hole near~st the user.: This will prevent 

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

9~Z~3 ,S~eond ,and Third Floors., The lajout of the second and third 

fl~orsis shown in Fig.: 9.~.C" as mentioned in the discussion of the first 

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

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

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

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

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

position. 

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

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

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

The second and third floor levels extend completely across the building 

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

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

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

operating or technic,al personnel occupy the remainder of the space.: 

Standard metal partitioning is used for the wall construction around the 

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

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

setting reactor operations. The wall construction used is completely sal

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

repair personnel. For the convenience of these technicians, a special stair

way between tbe instrument and ·control rooms is provided.' 

Other features of these floor levels are the following: 

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

the building.' A railing along ~he reactor side of these corridors allows 

them to be used as observation balconies.: 

Toilet and Test. rooa. This facility is located on the third floor for 

the convenience of the reactor operators. 

Reactor operator's office •. This office is for the .reactor.shift supervi

sors and the operators themselves. It is placed adjacent to the control room 

for' their conyenience.: 

Assistant Superintendent's office .. The Assistant Superintendent is 

defined on the tentative organization chart as being the man directly in 

charge of reactor operations •. For this reason his office is on the third 

floor at the end neare~t the passenger elevator.: The office has a window 

overlooking the reactor and the first floor.: 

Additional floor area., The remaining area on these floors is not sub

divided.: The operating contractor can subdivide to suit his organizational 

setup. 

9.a.4 Base_ent. The Reactor Building basement has the same outside 

dimensions as the first floor.: The floor elevation corresponds to that of the 

sub-pile room. The general layout is shown in Fig.: 9.2.D.: 

The sub-pile room is directly below the reactor and is a shielded room 

allowing access to several experimental facilities and reactor components.: 

·The experimental facilities include two VG holes which originate at the top 

of the reactor and terminate in the sub-pile room, the two standard hydraulic 

rabbit tubes which extend up alongside the active lattice, possible hydraulic 

rabbit tubes to be inserted into the shim or control rod locations, and 

possible VT holes extending from the top of the reactor through the shim rod 

locations. In addition to serving these facilities, the sub-pile room permits 

access to the canal and to several reactor components for maintenance, repair,\ 
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or replacement.' These include items such as the re~ctor 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: 

C~nal., 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 Cha~'6.; 

S,torag,e vault. This vault is designed in accordance with security 

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

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

storage place for nonactive fissionable material.: 

Monitoring r90m., This shielded room contains the instruments and other 

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

and flow and to detect fission breaks in the fuel elements. In addit'ion, 

instrumentation for the log N mea~urements is located in this room.' 

Sumps", Three sumps are located below the basement floor; each one 1S 

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.ump 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 cpntamination can be collected and held if 

necessary. : 

Piping and coriduits~, Process piping and d~ct work are installed in 

tunnels under the basement floor.: This is necessary not only to properly 

shield them but also to keep them from occupying basement space~: The bulk of 

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

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

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

on these lines will be necessary from time~~o time.: Groupings of service 

outlets are set along the ~utside 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" exp~rimePts.: Experiments involving the circulation 

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

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

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

portion of "dirtyM I work in the basement area.: 

9.3 REIlCTORBUILDING '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 ~he 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 read1ly con

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

this flexibility.: 

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

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

windows are sealed-in, double-glazed sash. 

The vehtilation system represents considerable planning in accordance 

with gen~ral 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 ~n proved project ex~erience and re

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

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

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

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

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

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

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

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

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

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

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

regi~ter.: As the need arises for subdivision of the basement area into rooms, 

ven~ilation ducts can be connected to this outlet. 

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

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

their initial function could have fix~d partitions. Those not falling into 

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

. removed or set in place. 

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

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 1S 

illustrated in Fig. 9.3.A. 

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

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

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

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

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

possibilities of machine tools are available which prove the feasibility of 

placing a variety of ligh~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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S.taff 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 al~o permits some maintenance of electronic instruments used for 

experiments.' Construction of new instruments is beyond the intent or facili

ties of this shop. As with the other shops, equipment and its layout are 

placed within the operating contractor's jurisdiction.: 

Glass shop., This small shop is intended to be a service function for the 

.experimen~er. The room itself is relatively small but should be adequate for 

the initial testing program. 

Counting r.oom. This room is next to the corridor separating the reactor 

and the wing buildings. This represents a somewhat central location to 

facilities in both buildings. Its location is along an outside wall, rather 

than in the center of the building, in order to aid in eliminating the trans

mittal ofm~bhine vibrations into the room. Although present philosophy 

states that the counting instruments rather than the room proper should be 

shielded, 2-ft-thick concrete walls and ceiling are provided. The reasons for 

adhering to the older practice are (1) the unknown factors connected with the 

stray radiations from a high-intensity reactor located approximately 60 ft 

away and (2) the increase of cosmic radiations due to the relatively high 

altitude of the site. Beta and gamma counting are done here, but alpha 

counting is done in the laboratories. The foundations for this room are 

separate from the remainder of the building, which is an additional precaution 

in the elimination of transmitted machine vibrations. Services into this 

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

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

The air supplied is 100% fresh air. Air exhausted from this room is reused as 

a portion of the ventilating supply in the remainder of the building. 

S.tores, shipping, and receiving r Dams. Although these are labeled as 

somewhat separate areas, they represent a single integrated unit. The only 

barriers necess.ary are a counter or possibly a wire mesh partition. The 

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

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

a modular ~lan is used.' The module selected is 12 ft ~ide and 28 ft deep., 

The width is one whi~h has' had ~ome degtee of general accep~ance in laboratoty 

design. i The depth provides 20 ft for bench space for test work, and a 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 w~rk, this a-ft space cian be readily 

p,artitioned 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

maining20: ft of laboratory is used for work bench service.: A 4 .. ft sub-module 

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

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

electricity. : 

Metal partitioning is used because of the following characteristics: 

1. Ease of installation or removal without dust problem.: 

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

3.: Nonporous surface giving minimum absorption of radioactivity.: 

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

The ceilings are perforated metal pans with insulation placed in the 

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

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

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

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

this material requires less maintenance than other available floor coverings. 

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

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

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

have connection outlets at a-ft intervals along a bench.' Oemin~ralized 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 IGcated in the basement. Floor 

slots for these pipes are centered on the 12~ft module separation lines. 
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Ventilating-air supply is through anemostats. Exhaust is to the atmos

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

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

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

in the doors.' The exhaust fans have a capacity to provide a minimum of 100: 
cfm of air through the working openings of two 4-ft hoods.: When the hoods 

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

the hood duct work. 

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

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

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

an exhaust flow' of about 50 cfm. 

Four laboratory modules intended for normal laboratory work perm~t floor 

loadings of 150 lb/sq ft.: The four modules that permit 250 lb/sq ft floor 

loadings, are for work involving moderate activity requiring light lead shields. 

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

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

shielded by 30~ to 36-in.: concrete walls 6 to 7 fthigh.' A cave of ,this ,type 

could handle up to 10 curies of activity.: 

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

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

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

constructed. 

9',3.3 Basement.: The building has a full basement which gives adequate 

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

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

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

contaminated air from laboratory hoods., This is illustrated in Fig.' 9.3.~. 

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 b'\1ild~ng.This can be used for placing future equipment or 

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

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

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

of future extension a~e shown in Figs.,9.'.~ and B. The original building 

layout included extensions of 72 ft both north 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 eliminated facilities such as a library, 

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

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

added shortly after reactor operation begins.: 

9.4' SERVICE BUILDINGS :AND' AREAS 

9 •• ~1 Service. Building, Area 14~: This single-story' 42- by 10~~ft 

building combines four separate service functions into one structure: 

1.: First aid.: This section ~as a two-bed infirmary,wa~t1ng room. 
first aid room which can be used for physical examinations, 
toilet rooms, and assorted closets for storage of medical and 
janitorial supplies.: 

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

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

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

9.4', 2 Ll.ited~a,rea coutrol House, Area 20.,: this 22- by 42- ft single

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

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

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

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

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

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

sections which can accommodate thebac~-up of employees during heavy periods 

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

9.4~3 Exclusion~area control Bo~se. Area 21. This is a single-story 

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

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

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

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

9.4~4 Canteen, Area 16.' The canteen is a portion of one of the temporary 

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

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

is relatively small so that three or four seatings may be required to serve 

all those purchasing their lunch. 

9.4~5 Plug Sto~age. Area 11. Plug storage is located south of the Re

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

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

liners used for the holes are held level by means of the concrete charging 

face and a supporting wall located 13 ft into the earth-filled section. 

Fourteen holes, ranging in size from 19 by 15 in. to 5~ in.: inside diameter, 

are located at a convenient height 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 well established.: The .building 

has four prime functions: (1) plug storage, (2) machine shop, (3) warehouse, 

and (4) operations testing. The four facilities require approximately the 

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

building is used. The overall building height is 30 ft with 22 ft clearance 

under the roof trusses. 

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

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

placing the plugs into coffins or into storage. A 20~ton 75-ft-span ciane 

operates over this area. The crane can handle the plugs and coffins or the 
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st~rage of shielded pots on top of the plug-stora~e block.: The remainder of 
the room area in front of the storage block is required for vehicle movement, 

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

for dismantling "hot" plugs., 

The machine shop is adjacent to the plug storage room so that the plug

handling crane can be utilized by the shop.' The shop provides for machine 

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

functions are designed specifically for exclusion-area work. 

The warehouse section is a two-floor area. The lower floor is designed 

for storage of heavy materials such as lead bricks or steel shielding plates.' 

The space, in general, is to store, items needed for exclusion-area work." S'ome 

office space is also available on this floor.: The upper floor is designed for 

lighter storage and/or offices. 

The operations testing area is designed for the setup of mock-up or 

functional test apparatus.: A 10:· by 50~ by lO-ft-deep pit is located in one 

corner to allow for ver.tical apparatus height approaching 40: ft. Service 

o·utlets are provided in the pit and ,along the outer walls for the benefi t 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., 

9.4.1 Other Buildings and Areas. The remaining buildings and areas as 

defined by the Site Plan (Fig. 9.1.B) are directly or indirectly associated 

with other major sections of the handbook and are discussed therein. 
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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 .BuildingWing - Elevations and Section 

Reactor Service Building 

Safety and Security Building 

Control House - Limited Area 

Control House 

Plot Plan Study 

Plot Plan 

Exclusion Area 

Mechanical Design - Subpile Room 
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SUPPORTING 'FACILITIES .AND:AUXILARIES 

10. LSTEAM. PLANT 

'The steam plant is a 66- by 110-ftbuilding located approximately in the 

center of the northern half of the MTR site. This building c~ntains the 

f6110wing equipment: 

(1) .Stea~-generatingfacilities to suppli process and heating steam 
requirements 

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

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

The steam-generating ~acilities consist of three package-type steam

generator units with fire-tube boilers and their associated equipment. Each 

unit has a maximum capacity of 16,500 lb/hr at a design pressure of 150 psig . 
• Two of the units are adequate to supply the maximum process and heating steam 

requirements, ~hile the third unit serves as a stand-by The units are oil

fired but can readily be converted· to b~ oil-ga.s-fired at anytime. The 

operation of th.e 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 opera tion. .Each of the tWQ plant ai r,compre.ssors can supply 300 

scfm of air at lSOpsig. Only one of these is in ope~ationnormally, the 

second serving as· a spare. The' ,third compressor caq supply· 60" sefm of air at 

125 psig to instruments during commercial power outages. 

10.2 ELECTRICAL SYSTEMS 

10.2.1 Introduction. The electrical systems incident to the operation 

of the MTR have been designed for high reliability in accord with requirements 

pecuJiar to operation of the project and local conditions. As the principal 

means for precluding interruption or failure of these electrical systems, dual 

'OANL·contTihution. 
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feeder arrangements are used as a'basisof design wherever practica.l. 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. 

lO.2J2 'Sources of Electrical. Power. Since the ~~quirements of processes 

and facilities of the MTR project vary as to the permissible duration of 

interruptions in electrical power, it has been necessary to provide other 

sources of electrical power in addition to the normal power from the public 

utilities. These other sources of electrical power have b'een made locally 

.available within the site for continuous and emergency use. 

The 'normal electrical power is provided to the M1R. si te substation through 

the RTS (Reactor Testing Station) Central Facili ties Con trol Sta tion over a 
. " 

high-line operating at 132 kv. This high-line comprises part of the ultimate 

RTS distribution system which initi~lly provides only a single power feeder to 

the MTR and other sites. .When the present plan for distribution of power at 

132 kv 'within the RTS area is complete, this feeder will be extended. through 

the area and back to the Ceqtral Facilities ~ontrol Station to provide a loop 

transmission system. The loop system will, in effect, provide ~wo feeders to 

each of the sites so that power transmission to any site may be over either 

one or both sections of the. loop associated with the site. 

The MTR substation is located within the MTR site on the north building 
".' 

line near the east corner. This location comPlies with the requirement that 

there be a minimum distance of 1000 ft between any electrical system operating 

at voltages as high as 150 kv and the precise electronic eq~ipment located"in 

the Reactor Building. The location is also desirable wi'th regard to future , 
site considerations and minimizes the problems of interference associated with 

the entrance and exit of the high-line feeder c{rcuit. 

The principal high-voltage.equipment at the Bite substation includes -two 

-high-line transformers and one high-line breaker. Each.of the transformers, 

having a self-cooled rating of 3750 kva and forced air cooling to permit a 

maximum capacity of 4687 kva, is equipped with automatic tap changing equip

~ent which oper.tes under load to permit some control over voltage variations 

caused by load factors and other conditions. The prima~ies of these trins

formers are connected to the high-line circuit with the high-line bre~ker 

between them so that opening.of this breaker may permit power to be received 
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by either of the transformers over ihe associated section of the loop (when 

completed). 'The secondary of each transformer delivers power through a 

breaker to one of the 2400-volt bus section's in the substation control hoc,3e. 

These bus sections of the 2400-volt dual feeder system are associated with a 

tie breaker to permit independent operation of e~ch section or unitary opera

tion of the entire system. 

Although an operator at the substation control house may have control 

over all 2400-volt circuits, the incoming bus circuits and the bus tie circuit 

may also be controlled by the RTS area power dispatcher. Control over a number 

of motor-driven disc9nnects has been made available to the area dispatcher so 

that control of high-voltage equipment and the distribution at the site sub

station may be accomplished with only a single high-line breaker. 

The sources of locally available electrical power for continuous use are 

power-accumulator systems which provide uninterrupted power to a number of 

impor~ant loads. The basic components of each system are a storage.battery 

and a conversion device. During normal operation .the normal power system 

furnishes power through the conversion device to maintain the ba ttery "floating'" 

at full capacity and supply the average power required-by the load. Since the 

arrangement of the battery and conversion device permits the load to be supplied 

from either one or both simultaneously, there is no interruption to the load 

when an interruption occurs in the principal power system. 

A number of relatively small power-accumulator sy~tems are included as 

parts of the equipment to which they provide power. Equipment having these 

systems includes the automatic dial and conference telephone system, the 

'security and fire-alarm system, radio installations, and engine-starting 

systems. 

Other power-accumulator systems, each supplying power to a number of 

different loads, are strategically located in the substation control house, 

the steam plant, and the basement of the Reactor Building wing. The first two 

of these systems are primarily to provide continuous power for control of 

electrical circuits and emergency.lighting. The third system primarily 

serves the power system for control and instrumentation of the reactor. 

The power system for operation of reactor controls and instrumentation is 

provided to ensure these loads continuous a-c power free of interruptions 

exceeding 2 cycles duration with .oltag~ dips d~ring this time not greater 

10.3 



than 30%. In addition to the conversion devices and battery of the power 

accumulator, the principal operating components of this system include two 

independent inversion devices. For reasons of precedence in reliability. M-G 
(motor-generator) sets are used for both conversion and inversion. Each of 

the M-G inversion sets operates continuously from the power accumulator to 

provide a-c power to its respective bus with very close regulation of the 

voltage and frequency. One of t~e M-G conversion sets is a spare while the 

other one operates continuously to maintain a balance of power through the 

reactor power system. The busses of the two independent inversion systems 

provide ·the control and instrument power. These busses are associated by 

circuit breakers ,so that the control load may be operated directly from normal 

or emergency power and the instrument load may be carried by either one or 

both of the inverters. 

Locally available power for emergency use only is provided by a Diesel

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

of 1S0.kva for the provision of power during emergency to a limited number of 

processes and facilities of the project which must operate during shutdown of 

the reactor. 'The operation of this emergency unit and part of the associated 

electri~al systems is entirely automatic so that power may be provided to most 

of the emergency loads with the least possible delay when normal power is 

interrupted. A very fast starting system for the Diesel engine is arranged 

with a "fail safe" control circuit associated with ~he 2400-volt bus sections 

of the substation. The control circuit initiates starting any time that both 

busses are de-energized. Since the sizing of this emergency unit has been 

determined primarily on the basis of the automatically connected emergency 

loads, other loads that may be connected during emergency have been identified 

for dispatch control. Some of these other loads which require large amounts 

of power are provided with control circuits to the stand~by control panel. 

These circuits are controlled by the dispatcher to permit the connection of 

the loads only at times when the generator has sufficient reserve capacity to 

maintain voltage regulation. 

10.2.'3 Distribution Systems. The systems for the distribution of all 

electrical services for the operation of processes and facilities are 1n

stalled underground throughout the MTR site as indicated by Fig. 10.2.A. With 

the exception of the perimeter lighting circuits, the electrical conductors 

for the transmission of power, control, instrument signals, and communications 

pass'from one part of the site to another through underground concrete-encased 

fiber ductsat a depth below the frost line. 
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LIST OF AREAS 

NO. DE.SCRIPTlON 

I. YARD (OUT:;I DE fENCE) 

2. YARD (11'151 DE FENCE) 

3. REACTOR BUllDINC 

4. REACTOR BUILDING WING 

5. PROCCE5:; WATER BLOC. 

6. WORKING RE5ERVOIR 

7. COOLING TOWER a PUMP HOUSE 
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The perimeter lighting.is part of the area lighting system for the site 

which includes the interior roadway lighting. These parts of the area lighting 

system are similar series circuits operated in two groups, each from its own 

constant~current transformer. One circuit provides power to every second light 

along the site boundary fence and roadway, while the other circuit includes 

all other area lights. Since there are no overhead service installations 

within the site, the feeders from the transformers to each of the lighting 

circuits pass through underground ducts. Each of the series lighting circuits 

passes underground from light to light, except ~round the perimeter where over

head service is carried by the poles that support the lights. 

The underground system of fiber ducts is arranged in two groups in the 

concrete encasement. A large group is provided for power and control cables, 

with a small group provided for communication and instrument signals. As 

required for installation of the cables, manholes located between sections of 

the ducts are provided with a large section for power and a small section for 

communications. Each section of the combination manhole is accessible from 

above through a top cover plate. 

The transmission of normal electric power is by a dual feeder sY5tem, 

wherein a feeder is extended from each of the two 2400-volt substation bus 

sections to each of a number of site load centers. In addition to breaker 

protection at each end of the feeders, there is a breaker between the feeders 

at each load center to prevent circulatory power transmission. Thris each'load 

center has in effect a two-section bus. Wherever economy of design and 

di."ision of p~ocesses or facilities has permitt,ed, dual power feed is carried 

onto the load so that faulting of one part of ihe distribution system affects 

only part of a given load. 

The emergency power generated by the stand~by unit in the steam plant is 

transmitted by single feeders operating at 2400 or 440 ,volts. These feeders 

pass through the underground ducts to the automatic switches of the different 

.emergency load centers. The automatic switches operate in interlocked sequence 

to transfer their associated loads from normal power circuits to the emergency 

feeders only when there is an interruption of normal power and when emergency 

power is available. The transfer switching.arrangement precludes any necessity 

for synchronizing since the load is removed from one power circuit before 

connecting to the other. With the return of normal power, these switches must 

be returned to the normal position by manual control before the eme~gency 

stand-by unit can be shut down. 
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10.2.4 Load Power Factor. Electrical power consumption in the project 

1S principally by electric motors. Since the resultant overall load is 

predominantly inductive, power factor correction has been studied with regard 

to the effects on voltage regulation and penalty costs for excessive amounts of 

reactive power. In the absence of power contract data and other information 

pertinent to design for a good operating power factor or low reactive power 

demand, the use of synchronous motors was abandoned in favor of other means of 

correction. 

Arrangements have been made for p'ower factor correction at some time 1n 

the future if required. This is simply the provision of available sp,ace for 

the addition of capacitor banks to the operating c~icuits of the large motors 

and to the main substation bus. The "bus correcting" capacitor bank at the 

substation will in effect correct for the r.eactive power demand of the numerous 

small motors in use throughout the site. 

10.2~'5 Electrical Gronnding. Adequate protection to personnel and equip

ment has been provided by extensive grounding systems, including approved 

methods of grounding throughout the site to prevent electrical hazards. 

Additional provisions have he en made for establishing a constant radio

frequency ground reference for electronic instrumentation within the Reactor 

Building and Reactor Building wing. 

The electrical-hazard grounding arrangements are provided for all electri

cal services, static discharge, and high potential surges due to lightning. 

A general grounding system provides appropriate grounding of electrical 

equipment and metallic structural members of buildings, fences, etc., to under

ground cables extending to the casings of the water wells as zero ground 

reference. Additional grounding means for surge absorption of static or 

lightning are provided in the form of underground grids. These grids, composed 

of buried mats or driven arrays of grounding rods cabled directly to the zero 

ground reference, are located in the immediate vicinities of the electrical 

substation and elevated structures such as the stack, water towers, and certain 

buildings equipped with lightning rods. 

The radio-frequency grounding arrangements for precise electronic in

strumentation to be used within the Reactor Building and Reactor Building wing 

are designed to maintain instrument background interference at a very low 

level by restricting the generation, transmission, and radiation of extraneous 
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voltages within or near these buildings. The generation of these unwanted 

voltages, which is inherent to some degree in many types of el~ctrical equip

ment, may be amplified by varying potential gradients in partially grounded 

structural members. These electrical resistance variations between closely 

adjacent metallic members in the structure of the buildings and within the 

buildings have been eliminated by isolating or bonding these members. Radia

tion of disturbances into the buildings is reduced by a Faraday cage effect 

obtained by grounding the electroweld reinforcing grids of the precast con

crete walls and roof panels to the structural steel. 

Even though the, electrical equipment associated with dust collections. 

commutation, and the opening or closing of simple circuits includes design to 

prevent the transmission or radiation of extraneous voltages, it is anticipated 

that additional filtering and shielding will be designed when complete in

stallation test data are available. 

10.'3 WATER 

10.3.1 Introduction. The various kinds of water used at the MTR site 

are classified according to their treatment and use. Demineralized water is 

used in the MTR process-water system and for experimental purposes. A blended, 

partially softened well water is in g~neral use throughout the MTR site. The 

softened water minimizes scaling in hot-water systems and facilitates washing. 

The water used in the cooling-tower water system is well water which is acid 

neutralized in order to minimize scali~g and corrosion. All these treatments 

are made in the water-treatment building. .Raw water is used in the canal. A 

flow sheet of the entire water-distribution system is shown in Fig. 10.3;A. 

10.3.2 Water Requiremen.~.s..The water-flow requirements of the several 

different kinds of water used on the MTR site are summarized below. Break

downs of the uses of each kind of water are given where they are appropriate. 

The designs of the water-treatment facilities are based on the total flow 

requirements given in this summary. 
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TABLE 10.3.A 

Total Water Requirements 

Demineralized water 

Process water make-up 
Boiler 
Rod and pump seals 
Rabbits 
Laboratory 
Experimental purposes.and contingencies 

Total 

Softened water 

Canteen 
Labora tories 
Experimental facilities 
Drinking and .;sanitary 
Cleaning and flushing 
Contingencies 

Total 

Cooling-tower water 

Evaporation 
Purge 
Contingencies 

Total 

Raw. water 

Canal purge 

50 gpm 
20 
10 
30 
5 

35 

150 gpm 

.5 gpm 
10 
15 
20 
15 
10 

75 gpm 

250 gpm 
50 

100 

'400 

100 gpm 

10.3;3 Water Analysis. The raw water analysis' is given in Table 10.3.B. 

The analysis was made by' the Uo S .. Department of the Interior. The sample was 

obtained from the MTR"test well. 
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TABLE 10.3.B 

Raw-water Analysis 

Analysis by the United States Department of the Interior, Geological Survey, Water Resources B;-anch 

SW NE ~ Sec. 14 taN R29E 

LOCATION: Butte Co., Arco, Idaho 

SOURCE: Well (test) 

AEC MTR WELL 
DEPTH: 588 ft 
DIAM: 8 in. 10 
WATER_ LEVEL: 453.9 ft below TC 

YIELD: 80 G.~. pump 
OWNER: AEC, Idaho Falls 

CHEMIST: 
-LAS. No.: 

W. M. Webster 
3896 

COLL:::CTOR: RWK 

Lab. No.S896 

rCa 2.595 
rMg 1.562 
rNa 0.117 4.371 
irK 0.056 -4; 330 

4.330 0.041 
rCOS 8.701 
rHCOg 3.540 
1'S04 0.416 
rCI o 338 +0.5% erro'r 
rF 0.011 
1'N03 0.066 3% Na 

4.371 

DATE COMPLETED: 12-13.,.49 
CHECKED BY: 

PROJECT: 
TRANSMITTED: 
REMARKS: 

E; L. Singleton 
AEC M'fR we 11 
12-14-49 

Analytical Statement 

(Parts per million) 

DATE OF COLLECTION: November 30, 1949 
USE: Observation SI02 19 
TEMPERATURE: 55 degrees 

pH: 7.2 
"FUsoL> 0.06 

COLOR: Clear 
SUSPENDED MATTER: 
HARDNESS AS CACOa 
N.C.: 31 TOTAL: 208 

- IGNITION LOSS: 27 
DISSOLVED SOLIDS: 240 
SPECIFIC CONDUCTANCE AT 2S0 C 

(MfcROMHOS) : 398 

T / AFT: '0.32 
'"TOTAL -FE: 
MN: 0.0 

0.15 

CAl 
MG: 
NA: 
K: 
C0::i: -
HCO a: 
S04: 
Cl: 
F: 
NOa 
B: 
SUM: 

HYPOTHETICAL COMPOUNDS 

Raw Water Hardness (11)S) 
CaC03 

Ca(HC03)2 2.6 epm 130 ppm 130 
Mg(HCOS)2 1.0 50 42 
MgS04 0.4 20 24 
MgC12 0.2 10 9 
NaCI 0.1 .6 
KN03 0.1 10 

4.4 210 221 

Si02 19 
240 

10.11 

52 
19 
2.7 
2.2 
0 

216 
20 
12 
0.2 
4.1 
0.1 

238 

Alkalinity 
CaC03 
130 

50 



Demineralized Water. The desired demineralized-water analysis is given 

1n Table 10.3.C. The design of the demineralization system is hased on obtain

ing water that satisfies this analysis. 

cmSTIWmT 

IDS 
Fe 
Al 
Ca 
Mg 
Na 
002 
Si02 
CI 
504 
Cu, Ph, Ni, Co, B 

Process water pH 

TA.BLE 10.3.e 

Demineralized~.ater A.nalysis 

MAXIMUM 

3 ppm 
0.05 
0.05 
0.5 
0.5 
2 
2 
1. 
0.25 
0.50 
None 

5.5 to 6.5 

Specific resistance ,at ISoC 300,000 to 500,000 9hms 

Soft Water. The soft water has the same analysis as the raw water except 

that all the Ca and Mg are replaced by sodium. 'This completely softened 

water is blended with raw water to give the blended partially softened water 

o£SO ppm hardness that is used throughout the MTR site. 

10.3;4 Demineralization System. c.ation Exchangers, Acid Tanks, and 

Pumps. Sufficient cation capacity must be available to continually process 

150 gpm of well water. Two cation exchanger units are provided for this 

purpose; each is 'SK. ft in diameter and 9 ft high. Each has about 2 ft of 

height available for Anthrafil t 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 

isstor~d out of doors in two 10,OOO-gal steel storage tanks. The acid is 

pumped'from thesestorage'tanks to a dilution or mixing tank in the water-

treatment building ,where it is prepared for cation regenerative use. 
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Degasser andSu14p. 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. The water is pumped from the sump through the 

deanionizers. 

Anion Exchangers, Caustic Tanks, and Pumps, Sufficient anion capacity 

,must be available to process the 150.gpm of decationized and degassed well 

water. Two deanionizers of about the same physical size as the decationizers 

ar~ provided. However, only about half the depth of resin is required. A 60-

day supply of '50% NaOH liquid caustic for anion resin regener,ation is stored 

out of doo~s' in two 12,000",ga1 steel storage tanks; its temperature is thermo~ 
statically controlled and it is heated by steam. The caustic is pumped from 

these tanks to a diluti6n or mixing tank where it is prepar~d for anion 

regenerative use. The u,nits are regenerated at ahout 2:4~hr intervals. 

Demineral ized-water-Storage Tank and Pumps" ,After demineralization the 

water'is stored at ground level in a' IO~,OOO-galstorage tank.' All linings 1n 

the demineralized-water system are of stainless steel or inert organic base so 

as to. contribute no minerals to the watet. This consequently helps to reduce 

scale formation on the reactor i'uelassemblies in the process-water system, 

Ei ther· of t~o 75··psig 160-gpm centrifugal pumps continually supplies deminera-

1ized water for general use while the other pump serves as a spare, A 15-psig 

1000-gpm centrifugal pump supplies reactor flush water during shutdown while a 

second identical pump serves as a spare. 

10.3,.:'5 Softeners. Sufficient zeolite resin capacity must be available 

to continually process 75 gpm of softened, blended water. Two zeolite beds 

about 25ft in diameter and with a3~ft resin depth are provided for this 

purpose. These units are regeneratedautomaticallyeve~y 12 hr. A 60-day 

supply of s~lt (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 iri a 10,000 gal lined steel ground tank 

so that about a3-hr supply is available. It is chlorinated before being sent 

to its points of use. Two pumps are availabfe to keep the blended 'water line 

under continual pressure; one of these pumps serves asa spare. 
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10.3.6 Acid neutralization'System forCooling~tower'Make~up Water. Well 

w~ter is partlY'neutralized ~nd 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 measure'd manually.' into,(i':>1S(}""g<a 1 

tank and is propeller-mixed and diluted in a 2500-gal'tank. The diluted acid 

is fed'into the makeQup 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 

summarized· in Table 10.3.D. 

TABLE 10.3.0 

Water System Design and Operating Data 

SOFTENING DECATIOOIZING I DEANHNIZING 

Resin capacity (grains/eu it) 

Resin bed height (ft) 

Resin bed area (sq it per bed) 

Resin bed diameter (ft) 

Number of resin beds 

Design resin bed volume (eu ft per bed) 

Calculated resin bed volume (eu ft per bed) 

Resin bed design safety factor (%) 

Flow rate (gpm/sq ft) 

Throughput/unit for two units (gpm) 

Hardness, cations + anions (ppm) 

Time between regenerations (hr) 

Amount of water treated (gpd) 

Regenerant used 

Regenerant capacity (lh/cn it) 

A~ount of. regenerant storage 

20,000 

'.3 

10,000 

5 

5 20 

2.5 5 
2 2 

15 100 

is.3 9~.8 

12.8 7.8 

6 5 

~o 100 

210 219 

12 12 

j6;4bo 288,000 

NaCl 93% H2SO4 

10 2.5 

16 tons I 6,000 gal-

7,000 

2.5 
20 
5 

2 

50 

49.4 

1.4 

5 

100 

41 

2.4 

288,000 

50%Na<H 

7 

4,160,ga!-

*This figure includes 2500 gal of H2SO4 needed for neutralizing the make-up water to the cooling toWer. 
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10.3.8 Instrnmentation, Laboratory, and Honsing. All demineralization, 

softening, _and water-neutralization processes are carried out in: the water

treatment building, and all related storage tanks are just outside. A water

analysis laboratory, as well as a water supervisor's office, washroo~ lockers, 

and lavatory are provided. 

Instruments are furnished to record the production flow of (1) make-up 

,water to the cooling towers, and (2) blended and demineralized water to the 

storage tanks. 

Level indicators and alarms are provided on the blended-water and deminer

alized-water tanks. The acid tank has a level indicator, but the caustic tank 

does not. Normal flow through the cation and anion exchangers, backwash flow, 

and rinse flow are indicated, and the total flow is recorded. As quality 

checks on FMA (Free Mineral Acidity) break-through, the pH values of the water 

leaving the cation'units are recorded. A final check is provided by recording 

the pH of the water passing to the demineralized-water storage tank. Re

sistivity of the treated water is also recorded. Sodium and silica break

through require manual periodic tests. 

10.4 EFFLUENT CONTROL 

10.4.1 'Introdnction. The purpose of the effluent control system is to 

collect, hold, and dispose of both process and nonprocess radioactive fluid 

wastes. The radioactive fluid wastes expected from the MlBsite are generally 

classified and disposed of as follows: 

1. The 'SO-gpm purge from the process-water system is sent direct to 
the retention basin for a holdup period of about 90 hr. This 
holdup time reduces the activity, which is due primarily to 
Na24

, from 1200 dis/ml/secto about 20dis/ml/sec. The discharge 
from the retention basin flows to the effluent pond,where it 
percolates into the earth. 

2. Mildly active experimental and laboratory fluid wastes are 
drained to undergrouud holdup tanks. When the tanks are full, 
the activity and decay tren~s of the contents are evaluated. 
According to the activity, the contents are then sent to the 
effluent pond, retention basin. or the underground permanent 
storage tanks. 

3. "HotU fluid wastes are collected locally in shielded containers. 
The contents are either sent to the underground permanent-storage 
tanks or to the Chemical Processing Plant for disposaL 
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10.4.2 Retention Basin. General Description .. The retention basin ~s a 

tank for holding flowing radioactive water for .a period of time that is long 

enough to allow the radioactivities.of the short-lived water components to 

decay to tolerable values. The entering water must not mix with the leaving 

water, and, ideally, there sho·uld be no mixing at any intermediate points. 

The time necessary for decay of Na24 radioactivity.and the given effluent flow 

are the main factors determining the size of the basin. Effluent waters from 

the Process Water Building and the Reactor Building process sump mix in the 

line going to the retention basin. The 1200dis/ml/sec activity based on ·50 

gpm of solution containing 5 ppm of Na 23 plus a recoil equivalent ~f 1 ppm 

requires a 266,OOO-gal.basin to provide the 88-hr holdup necessary for decay 

to a tolerance value of 18:5 dis/ml/sec. In order to. have stor1age space 

available for intermittent flushes, future expansion, and also for the 320,000 

.gal of process water in case it becomes overly contaminated, there are two 

360,OOO-galbasins provided. Thus, one of these .is large enough to store the 

entire contents of the process-water system. During normal operation, one 

basin is in service while the other is available for the emergency discharge 

of radioactive process waier.c If the react~r power level is doubled,the 

load on the retention basin will not appreciably increase and the two 360,000-

gal basins will easily accommodate the effluent flow. 

Shielding. The roof over the basin is concrete with several feet of ear~h 

cover1ng. This reduces radiation directly over it to less than a tolerance 

value of '50 mr/hr. 

Effluent Flows. The water flows that the retention basin is required to 

accommodate are summarized in,Table 10.4.A. The normal operating flows are 

those listed under ."Continuous.Flows," while the "·Intermi ttent Flows ~ ft COfl

.stitute the flows encountered during periodic reactor operations and during 

.emergenc1es. 

Size and Structure. The retention basin has a capacity of 720,000 gal 

and is made up of two 360,OOO-gal sections, each about 125 by 20 by 20 ft 

deep, placed side by side. An inlet trough with adjustable sluice gates 

distributes the water entering the basin. Outlet weirs measure the discharge 

into the exit trough. Each. of the two sections of the basin ca~ 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 Rete~tion Basin 

CONTINUOUS FLOWS INTERMITIENT FLOWS 

(gpm) HATE (gpm) DUHATIOO (hr) 

Effluent control 

Catch tanks· 50 0:5 

Reactor Building process sump 

Experimental plugs 90 
Control rod seal 2 
Monitoring tubes 5 

Normal sump overflow in water-cooling 
.. building 

Process purge 50 

Steam jet condensate 2 

Reactor B.uilding canal sump 

Canal flow" lOO 
Canal flush 400 6 . 

Emergency ove,r£low from sump tank in 
water-cooling building 

Fuel assembly change 200 10 

Emergency overflow 2 20,000 0.25 . 
• Normally little or no activity expected here. 

Venti lation. The operating level of water in the retention basin is 

fixed at roof level by the overflow weir. Thus there is essentially no air 

over the water. This design eliminates the accumulation of radioactive argon, 

. and/or an explosive mixture of hydr.ogen and oxygen. The basin effluent inlet 

must be ventilated to remove any A41 activity. This is done by means of wind r 

induced turret vanes on 20-ft-high stacks. 

Instrumentation. The activity of incoming and outgoing effluents is 

monitored continuously, The activity is measured ,by a gamma-radiation recorder 

a few feet above water level at the entrance and exit of the basin. The exit 

water flow is measured at the discharge weir and recorded. 
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Emergencyo In .t;he event of a fission break or high radioactive con

tamination in the cycling 320,OOO.,gal proces's~water system, the entire contents 

of the system can be emptied into the retention .basin for d~~ayand holdup 

until ~isposal action carr be. taken. The 130,OOO~gal contents of the canal 

can be handled similarly if so desired. 

10:4;3 .Effluent Pond. Since there are no rivers available for water 

disposal near the MTR.site, it is necessary to dispose of the water from the 

retention basin by allowing it to percolate through the ground, sand, and 

gravel until it reaches the water table below. A percolation rate of 0 .. 3 cu 

ft per square foot per day was determined by laboratory' tests. of ground cores 

obtained at the MTR site, This figure is exceedingly low.and a field test was 

later made in which the percolation rate was found to be 100cu.ft per square 

foot per day. Since the higher figure was so different from the smaller 

one, it was decided from the experimental data that a rate of 1 cu ft per 

square foot per day would be realistic and conservative for design purposes. 

Based on this percolation rate and a continuous discharge flow of 179 gpm, an 

effluent pond 130 by 240 f~ giving.an area of approximately 30,000 sq f~ IS 

provided. 'The sides of the effluent pond basin are sloped at about a4S 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 order to eliminate freezing at the .inlets. The bas.in,is enclosed by 

a fence to prevent*nimals or unauthorized persons from entering the area. 

Althpugh little activity is expected to accumulate in the pond, tie .barriers 

are furnished as a safety precaution~ 

10.4:4 'Nonprocess Active Effluents. In addition to process wastes, the 

effluent control system must handle nonprocess liquid wastes originating from 

experimental work or accidental spills in the Reactor Building and laboratory 

wing. Large quantities of very "hot", wastes are not anticipated,and there~ 

fore provisions are only made for the handling of moderate quanti ties of trwarm", 

wastes. 

Sipce the bulk of the wastes was increased and the methods of subsequent 

waste treatment were made more difficult by neutralization of acid wastes in 

the past, the wastes at the MTR site are not neutraliz'ed. Thus .the storage 

tanks and handling systems are such that they can withstand acidities of pH2. 
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The type of wastes expected .and the planned disposal of them are discussed 

briefl y in this paragraph. The ",hot'" wastes from the. reactor area will be 

transferred to the Chemical Processing Plant for disposal~ Radioactive 

material from experimental equipment will be collected in shielded pots and, 

according to whether it is "hot" or "warm," will be sent to the Chemical 

Processing Plant or to the permanent-storage tank farm. Alpha particle 

wastes and slightly active wastes and solvents will be collected in stainless 

steel drums and, depending on the ~ctivity, willbe sent either to the Chemical 

Processing Plant, permanent-storage tan~ farm, or the underground holdup 

tanks. It is expected that the largest\volumes of wastes will come from 

accidental spills and laboratory sinks, and that only about '5% of these will 

be radioactive .. The description of the system as given in the following 

paragraphs refers particularly to this large volume of wastes from spills and 

laboratory sinks. 

The wastes are accumulated in four 1000~gai underground holdup'tanks 

located near the Reactor Building and laboratory wing. Two of these tanks re

ceive effluent from the basement and main floor drains. of the Reactor Building 

V1a a Reactor Bu.ilding sump tank and pumpithe 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 ;'astes are pumped to the permanent-storage tank 

farm. The tank farm, based 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-primingSO-gpm pump located above it so that leakage from the 

pump drains back to the tanks. The pump and tank piping is such that (1) 

the tank can be stirred by recirculation,(2) a sample can be taken, or (3) 

.the contents can be d~livered to the retention basin, the effluent pond, or 

the IO,OOO-gal permanent storage tanks. The tanks in each pair have overflow 

lines to each other. Each tan~ is provided with a level gauge and a high

level alarm. 

The water table at the MTR site is about 600 ft below the surface. It is 

estimated that it takes 150 years for water to percolate through the lava beds 

under the Snake Ri~er Plains back to the Snake River. lf this is true, the 

activity of wastes that l~ak from the .effluent system and reach the Snake 

River will be greatly reduced. 
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10. '5 COOLING' TOWERS 

10.5.1 General Descriptio~.A water-cooling tower indirectly dissip.~es 

'most of the reactor heat load to the atmosphere. The 30,000 kw, or 1,700,000 

Btu/min, developed in the reactor active section passes directly to the 

process water and raises its temperature from 100 to 110°F. The process water 

yields this acquired heat to the cooling-tower water circulating through the 

condenser tubes of the flash evaporators. , The 200 gpm of flashed process

water vapors is condensed and returned to the process-water stream. The 

coolirig-tower water passes through the cooling towers" collects in,the cooling

tower basin, and is again pumped through the flash-evaporator condensers to 

complete its cycle. Water is provided ,to the basin to make up for the quantity 

lost by evaporation and drift and to dilute the ~oncentrating water solids so 

as to preven~ scaling. Provision is made to add chlorine solution inter

mittently to the circulating cooling-tower water to inhibit algae ,growth. 

'Dilute acid solution is mixed with the make-up water so as to stabilize the 

water by neutralizing part of the well-water alkalinity. Up to 100,gpm of the 

cooling-tower make~up water comes from the canal purge. Strict control of the 

Langelier saturation index is kept on the circulating cooling-tower water to 

minimize corrosion, scaling, and delignification of the wood. Particular 

design consideration was given to operation of ' the cooling towers during 

icing weathe~ and under heavy dusting conditions. 

10;5i2 Heat Load. If the air leaving the tower is saturated with water 

vapor at 95°F and the air entering is saturated with water vapor at 72°F, then 

66;500 lb of dry air per minute is needed to handle the heat load as follows: 

1EMPERA 11J8E H (Btu per DRY AIR WA1ER OPERATING e<:rIDITHNS 

(OF) Ih dry air) (lh/min) (lb/lilin) (cfm) (eu ft/lb) 

95 60.7 66,500 2,420 1,000,000 14.8 

72 35.1 66,500 1,120 920,000 13.8 
, . 

23 25.6 1,300 
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Following is a summary of the heat data: 

Latent, 1,300 lb of water 

Sensible, 1,300 lb of water 

Sensible, 66,500 lb dry air 

Total 

1.~aO.Ooo Btu/min 

15,000 

382,000 

1,697,000 Btu/min 

lO.~;3 Operation and Description of Cooling Towers and Basin~. The 

cooling-tower operations are based on a 7°F wet-bulb approach to the bighest 

summer wet~bulb temperature (65°F). A medium~height tower of 28 ft requires, 

according to accepted practice, about 600 sq ft of ground ~rea per lOOO.gpm of 

throughput. Thus, five 30- by:40-ft (ground area) towers provide the 6000sq 

ft needed. Dust conditions require especially deep basins for coll~cting mud 

and silt, while severe winter conditions require ice defrosting by means of 

reversible fan gear drives" For a pressure drop of ~ in. of water across the 

fans and a fan efficiency of 60%. the entire fan air load is 115 hp.The.fans 

h~ve waterproof and dustproof motor drives for outdoor operations. Each cell 

has an in~ependently drainable basin section which is 4 ft. deep .and holds 

about 175,000 gal. Make-up is estimated as 0.1% of the circulated flow times 

the cooling range, or 210 gpm. The drift losses should be about 0.1 to 0.2% 

of the circulating flow and thus are estimated as 10 to 20 gpm. The make-up 

requirements are then about 250 gpmduring the summer, plus a 50-gpm basin 

purge. Normal purge is accomplished by means of an adjustable overflow weir. 

With a 300-gpm make-up, and assuming 250gpm i~ Ya~orized, a sixfold increase 

1n concentration of dissolved solids in the cooling~tower water will occur. 

A brief summ~ry of an analysis of the raw water from the wells is given 

1n the following table: 

'MTRRa.'Well later 

CATImS ~OUNT ANIONS rW°UNT HARDNESS· ALKALINITY . 'IDS 
(epm) (epm) ASCaCOa (ppm) AS CaC03 (ppm) (ppm) 

-
Ca 2 6 HC03 3.6 205 172 239 (19 ppm Si02 ) 

Mg 1.6 S04 004 
Na 0.1 Cl 0.3 
K 0.1 N03 

0 .. 1 
-- --
4.4 4.4 

-- . 
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Partly neutralizing with sulfuric a,cid or 3.0 epm of S04 gives the following 

analysis for the cooling-tower make-up water: 

Acid~neutralized Well Water for Cooling Tower 

AMOUNT AMOUNT HARDNESS ALKALINITY IDS 
CATJ(~S '(epm) ANIONS '(epm) AS Cacoa (ppm) AS CaCOa (ppm) (ppm) 

'Q,. -J,>.'~ 

Ca 2.6 8COa 0.6 205 0 219 (19 ppm Si02~ 
4 

Mg 1,6 S04 3.4 

Na 0,], Cl 0.3 
" 

K 0.1 N03 0.1 
--, . 4,', 4,.4 

: .. i.ll" , 

The 2.6 epm ofCaS04 gives a concentration of about 170 ppm, A sixfold 

1ncrease would increase this to about 1000 ppm of CaS04 , which is still far 

below its solubility of about 1700 ppm a£ O°C. MgSO. is very water solubla 

arid thus it offers no problem with regard to crystallizing out of solution. A, 

sixfold :increase in concentration would also give about 1400 ppm of TDS. 

10.5.4 Pumping Station, The pump,house is some distance from'the cooli~g 

towers so as to facilitate air circulation and minimize. the amount of water 

spraying the pumping station. Acidulation and chlorination control of the 

cooling-tower make-up water are performed in a mixing chamber in the water

treatment building. Four vertical flooded turbine type pumps, each of 3300 

gpm at about a 100-fthead, are used. Three pumps are in continual op~ration, 

while one is held asa spare or alternate. It is recommended that the pump

house and cooling~tower-area equipment be inspected hourly, but that no one be 

stationed there permanently. The inlet ventilating air is filtered and the 

building.is pressurized so as to prevent the infiltration of dust and thereby 

protect electrical and other equipment. 

10;5~5 Instrumentation. At the pump house each of the four cooling

water pump motors is provided with an ammeter. A voltmeter is provided across 

the power supply feeder to these motors. A two-point pH recorder in the water

treatment building helps the operator guide the acid-neutralization dosage by 

recording the ~H of the entering acidulated make up ~ater and the circulatory 
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water streams. Each pump has a pressure ga~ge.The adjustable weir overflow 

is calibrated so that the purge flow is indicated visually. At the water

treatment building, the cooling-tower circulatory flow and inlet and outlet 

water temperatures are recorded. A low water level in the basin.is indicated 

by an alarm in the water-treatment building; a dry-wet bulb two-point outdoor 

recorder is also located here. When the water level in the basin is adequate, 

the make-up from the general water .reservoir is shut off but the make-up from 

the canal contiuues. 

10;5.6 Emergency Operation. In the event of power failure, the cooling

tower system is shut down completely. and the flow of make-up wa ter is automati 

cally stopped Make-up water is also shut off automatically :if the general 

water reservoir content is low. 

10;5. 'Z 'Design Data. Following is a summary of the design data: 

He.at load 1,700,000 Btu/min or 30,000 kw . 

Maximum wet-bulb temperature 65°F 

Approach temperature 7°F 

Altitude 

Water flow 

High temperature 

Basin temperature 

1948 

Air flow 

Dust 

Winds 

Jan 

Average max. 28 

Average 14 

Average min. 10 

Feb Mar 

34 43 

20 31 

16 24 

Apr' 

57 

43 

31 

5,000.it above sea level, 25 in. Hg, 28 it water 

9,000 gpm, 100 it water, 120 hp each pump 

95°F 

72°F 

66,500 lb/min. ~ in. water. llOhp total 

Moderate_to-strong"dust devils" 

Moderate-to-strong, SW and NE prevailing 2:1 

ARCo TEMPERA11JRES (OF)(6) I 
;'" 

May June July Aug Sept Oct Nov Dec Annual 

66 73 84 83 73 60 45 31 56 

51 56 66 64 55 44 32 19 ,41 

39 45 52 49 40 31 23 13 31 
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POCA'lEll.OREi.ATlVEHUMIDITY (%)(6) 

1948 Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Annual 

8 A.M. ao 79 73 69 67 60 55 54 59 68 73 79 68 

. Noon 71 67 56 45 38 31 27 29 32 47 60 70 48 

8 P.M. 73 67 54 42 37 30 24 25 30 45 60 72 47 

ABSOLUTE HUMIDITY (grains water/lb dry air) 

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

10.6 PROCESS RADIATION INSTRUMENTATION AND AREA MONITORING 

10.6 .. 1 Process Radiation Instrumentation. In detecting the radioactivity 

of the air and water systems some commercially available instruments are 

applicable .. For those installations in which such instruments prove in~ 

adequate, modifications of currently used instruments or entirely new d~signs 

are required. 

The methods used in detecting radiation give only relative values. 

Radiochemical analyses are to be used when accurate quantitative determina

tions are necessary. 

Cooling-air and Contaminated-air Systems. In the reactor ~ooling~air 

system the instrumentation is set up primarily to measure the arghn activity 

and the particulate activityof the air before it is discharged into the atmos

phere. The monitoring system extracts air from the main air duct, passes it 

first through a particulate monitoring device, then through a gas-monitoring 

chamber, and finally discharges it back into the main air stream. 

To detect t.he particulate activity, a modification of the continuous room

monitoring system used at Brookhaven National Laboratory is used. The in

strument consists ofa strip of filter paper moving across a series of openings 

through which air is pumped. The paper, after collecting the dust, passes in 

front of a mica end-window Geiger counter, where the counts a~e transmitted 
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through a scaler into a recording syste~~ 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 (~) the encasement of the u~it in an airtight 

container. 

The air, after passing the dust-monitoring device, is passed through a 

C.W.S. filter and then into the annular type ionization chamber. The purpose 

of the second filter is to further ensure dust~free air. The annular type 

chamber consists of two concentric cylinders and utilizes maximum geometry by 

allowing the radioactive air or gas to 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 '"Qr'I

gas system and discharged to the stack. To detect and me.sure this activity, 

a similar arrangement as described above for the reactor ai~ system is used. 

Process-water System.., In the water system the annular type ionization 

chamber is used. By-pass valves and conduits allow the radioactive water or 

gas to pass through the chamber. Activities are measured by this method at 

the seal tank~ liquid vent seal, and in the demineralized-water system . . 
The measurement of the water activity at the seal ta~k 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 ch~ck 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, a~d 

fluorine, which are present or formed in the"process water. These gases are 

radioactive and a measurement of the radiation is ~equired 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 annula~ type ionization chamber, using 

radioactive Na24 in an aqueous solution, yielded 8 sensitivity of 1.55 x 10
j 

curies/cc--amp and 1.12 x 102 curies/cc~amp for gas pressures of 29.9 atm and 

10.25 



20.15 atm, respectively. Similar tests for the (activated) Co 60 aqueous 

solution yielded a sensitivity of 2.22x 10 2 ~uries/cc amp at a gas pressure 

of 20.1 atm. Siice Na 24 will be the main radioactive constituent of-the exit 

process water, the sensitivity of the actual installation shouldbe essentially 

.that indicated ab6ve. 

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 

cool' tower make-up water. If the water becomes con tamina ted it is direc ted 

to el.ther 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. The radiation emitted by the radioactive water in the 

retention basin is measured by placing G.E. air-wall type chambers above the 

inlet and outlet troughs. 

10.6:2 Area·Monitoring. Area monitoring will be required wherever the 

radiation might exceed levels considered to be safe for personnel. In general, 

monitoring will be required in the following areas: (1) Reactor Buil.ding.wing 

(2) Reactor Building, (3) Process Water Building and (4) Fan Rouse. A va~iety 

of types of instruments for area monitoring .can be classified according to 

their respective functions as follows: 

ClASSIFICATION FUNCTION RADIATI(JIl INS'IBUMENT 

a Hea 1 t,h P hys ies, personnel moni toring Gamma Hand and foot 
counters 

Beta· 
Al-pha 

b Survey (portable) . Gamma Zeus 
Gamma Zeus with probe, 

Cutie Pie 

c Area monitoring (stationary) Gamma Beckman MX3A or 
. equi valen t 

Alpha Air monitoring -
air particle 

Beta or gamma 

d Monitoring of experiments Fast neutron 'Cheng and Eng 
Slow neutron Neut 

. Alpha and beta Zeuto 
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In Table 10.6.A are listed the numbers of each type of instrument to be 

used in each of the four general areas requiring monitoring. It will be noted 

that the greatest number of instruments is required for the Reactor Build:ng 
and wing 7 

TABLE to.G.A 
, 

Area-aadiati.b:.ODito~'Dg Instruments 

. ' NUMBER, REQUIBED 

'TYPE USE BEACTOn WING PROCESS FAN 
BUJG. BI.DG. .WATEB HOOSE . TOl'AL 

. 
Hand' and 'foot Health p'hysics 2 2 

Zeus SUrvey 5 10 2 2 19 

Zeus with probe Survey 4- 2 6 

Cheng and Eng Experimental 4- 4-
, 

Air particle Air monitoring 4- 1 5 

Slow neutron Mo~itrol Experimental 6 6 
ll~~~ 

-
Gamma.Detector for Area moni tozing t 2 2 11 

stationary,in-
stallation 

Alpha Experimental ,4,· 4---
, 57 

The ~ly instruments to which definite locations in the various buildings 

'can be assigned are the area-monitoring instr~~~flts, classification "e" above. 

The locations selected for these instruments have been arbitrarily chosen, 

'and actual survey when the reactor is in operation may r~sul t in these locations 

being changed. 
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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) 

TI1LE 

Layout of Boiler House 

Boiler House -Sections 

Mezzanine Plan and Sec~ions 

Electrical, Underground Distribution System 

Electrical, 2300 Volt - One Line 

Electrical, Road and Fence Lighting 

Flow Diagram, Filtered Water System 

Flow Diagram, Water Treating System 

Flow Diagram, Water System Demineralizer and 
Water System 

Retention Basin, Plan and Section 

Effluent, Control, Plan and Sections 

ter Retention System - Flow Diagram 

Effluent Control - Flow Diagram 

Cooling Tower and Pump House - Pump House Layout 

Cooling Tower and Pump House - Cooling Tower Layout 

Flow Diagram - Cooling Tower 
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,Appendix 1 

CRITICALITY STUDIES. ON'ENRICHEDURANIUM ,-,HEAVY 
'WATER 8YSTEMS( n 

AI.I EXPERIMENTAL ARRANGEMENT 

:The design and construction of the apparatus for ;these ex'periments were 

carried out by members ,of the Technical Divisi~on :('0'£ 'Clinton Laborato'ries) • 

The reactor was a lvertical welded stainlessste'el eyli'ndrieal tank 140 'c'm in 

diameter and built to be filled to a depth of 144 em wi'th 'heavy water. The 

top of the tank was covered by a perforated stain>les,s ,steel tu'be sheet ,w:hieh 

was. bolted and gasketed on the rim of the tan:kpro~per (Fig; ,AI.A) .'Wuel 

'tubes'" containing U235 could be lowered through the :t:ubesheet into theh(eavy 

water, and thus a lattice could be built up byaddin.g ,fuel ,tube,s until t'he 

assembly becamecri tica L The perforations in t'he:t:u'b'es'h'e etand theamou'n't 

of U235 in the fuel tubes were 'arranged so ·t'ha~t i{f:c'on'tigu'ous ,h'ole's ;weire 

filled, the mean concentration of U2 3 5 in ther'e'giono'f the lat tices'obui It 

upiri the heavy water moderator was 10.35 g/liter. Specifically, the holes 

were in a square lattice of 8.4 em spacing, and the fuel 'tubes, containing 

45;45g of U235 in the form of a heavy water solution ?f uranium oxyfluoride 

'(U0 2 F 2 ), were filled to a depth of 61.79 cm. Becauserreutrons have such'a 

large mean free path for diffusion in heavy water, ,t'he lattice arrangement can 

be treated as a homogeneous distribution of U23~ 'without large error provided 

,the 'foreign material in the f~el ~ubes is considered as well. By omitting 

alternate h'oles,it would be possible to obtain a lattice spacing of 16,8 cm 

:or a mean concent'ration of 2;58 'g/liter using the same fuel tubes and tube 

sheet, and by using the square 'lattice 'at 45° to the 

concentration of 5.17 g/liter could be easily achieved. 

foregoing, the mean 

'Five vertical control and safety"rods penetrated the active lattice region 

~hrough the tube s~eet. Each was composed of a sleeve of cadmium in an'other

wise empty aluminum thimble which ran down through the heavy water to the 

bottom of the active region of the lattice. The thimbles and rods could be 

moved individually as desired. The cadmi~m rods were supported by electro-. 
magne ts hung from pi ano wires, which in turn passed over pulleys on the cei ling 

to counterwejghted controls in a control room. Electrical safety circuits 
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FIG. A I. A . 
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PARTIALLY 
REMOVED t 

. . . ~ .. 
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AI.2 
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-----
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were so arranged that if either of two Monitrons* near the reactor were to 

trip, the electromagnets would become deactivated and the cadmium rods would 

drop in~o 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 tube sheet hole means that the hole con

tained a fuel tube with a full complement of U235 , viz., 45.45 g for solution 

depth of 61.8 em or 73.57 g for a 'depth of 100 cm. Fractional fuel tubes were 

also made up in order to permit close bracketing of the critical masS in an 

assembly. One phase of the experimentation called for the calibration of the 

control rod position against known amounts of poison distribut~din the 

lattice. 

Besides the reactor tank, an elaborate stainless steel system was pro

vided for handling the heavy water. The entire experimental arrangement 

occupied a two-level concrete cell enclosure so that the heavy water could 

be raised from a reservoir tank on the lower level into the reactor tank on 

the upper level by means of dried compressed air. The hea~y water could be 

dropped quickly, if necessary, to stop a chain reaction, Side holes in the 

reactor tank made possible the insertion of foils to be activated by the 

neutron flux for flux distribution measurements on a horizontal line thro~gh 

the ieactor, and vertical flux measurements were conveniently made in ~nempty 

fuel tube hole. Typical horizontal and vertical flux distributions are given 

1n Figs. Al.e and D, 

During changes in the lattice arrangement, boron trifluoride ~ounters and 

Geiger counters with registering circuits and audible signals kept operators 

infor~ed on reactor activity levels. The progress of the criti~al reactor 

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

Al.2 CRITICAL 'MASS EXPERIMENTS 

The main purpose of these measurements was to ascertain 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. 
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initial approach to criticality was made'by adding successive fbel tub~8 tb 

the heavy water tank, meanwhile following the neutron multiplication 'of Ii 

polonium-beryllium source quantitatively by plotting the reciprocal activity, 

as measured by several detectors, against fissionable mass present. When 

experience had been gained, it was sufficient to look for a certainam6uht of 

tiplication of the 'source as indicated on the Monitrons, and then to remove 

the source while the apparatus was in operation and retract the control rod a 

little more to get the critical condition. The amount of U21S was then 

adjusted so that the reactor was just critical when the cadmium was all out, 

Table AI.A gives a concise summary of the critical mass data as they were 

obtained. A general summary of the dimensions and constants of the expe~iments 

is given in Table AI.B. 
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'ITEM 

1 

2 

3 

4 

co 5 

6 

7 

8 

9 

10 

11 

TABLE ALA 

Amounts of'U 23s Required for Criticality in Various ~20 Systems 

MEAN 
CONCENTRATION 

(gjli tel') 

'HEIGHT 'OF 
LATtICE,h;j 

(em)' 

D20 REFLECTOR 
THICKNESS (em) 

BELOW ABOVE LATERAl 

MEAN 'LATtICE 
RADIUS~ R 

(em) 

'LATtICE 
VOLUME, V 

(Ii tel's) 

1 eon,trol rod thimble at r 1 control rod thimble at r = 0; 4 control rod thimbles at r = 18.8 emj, 
tube through reflector;11~-in. -0.0. radial tube to axis I I 

10.35 I 61.8'. I 20 1 20 1 62 47.9 23.1 104 

CRITICAL, 
MASS OF U235 

(g)l 

LATtICE 
'AS'IN 
FIGURE 

30. 3\cm;Q2~:in.-O.D. radial 

I 1078 I 5a 

1 control rod thimble at r = 0: 3 control rod thimbles at r 18.8 cm; 1 thimble at r = 30.3 cm; 2 radial tubes as in Item I 
10.35 I 61.8 1 20 I 20 I 62 I 48.2 I 22.8 I 101 I 104615b 

10,.35 
1 thimble at ,. = 30. 3cm; 2 radial tubes as in· Item 1 

22.4 I 97.5 1009 5c 

1 control rod thimble at r = 0; 2 control rod thimbles at r 18.8 cm; 

I 61.8 I 20120162148.61 

2 control rod thimbles at r = 18.8 cm; 1 thimble ,at r 30,3 cm; 2 radial,tubes as in Item 1 
10.35 I 61.8 I 20 I 20 1 62 1 49.2 1 21. 8 I 92.7 

1 control rod thimhle at r = 18.8 cm; 1 thimble at r 30.3 cm; 2 radial tubes as ~n Item 1 

10.35 I 61·,8 I 20 I 20 I 62 1 49 . 6 21.4 89.3 

1 control rod thimble at r = 18.8 cm; 2 radial tubes as in Item 1 

10.35 I 61.8 I 20 

1 control rod thimble at r = 18.8 cm 

20 62 49.7 

10.35 I 61. 8 20 20 62 49.8 

No-hole extrapolation 

10.35 I 61.8 20 20 62 50.2 

1 control rod thimble at r = 18.8 em; no other holes of consequence 
5.17 I 61.8 I 20.8 

No-hole extrapolation (estimated) 

5.17 I 61.8 I 
2 control rod thimbles at r 

2.58 100 
r 

20.8 

18,8 cm 
22.7 

20 62 40.1 

20 62 (40.6) 

20 24 29.0 

21.3 87.8 

21. 2 87.3 

20.8 84.0 

30.9 185 

(30.4) (180) 

42.0 552 

959 5d 

924 

909 6h 

904 6c 

869 

954.5 

(930) 

1425 7a 



;I> ..... 
\0 

-------.~~~~ 

e e 

TABLE iiI. A (Cont' d) 

D20 REFLECTOR 
MEAN HEIGHT OF THI CKNESS ( em) MEAN 'LATTICE 

ITEM CON CENTRA TI ON LATTICE.h. TEMPERATURE RADIUS, R 
(gj li ter) (em) (OC) BELOW ABOVE LATERAL '(em) 

12 1 control rod thimble at r = 18.8 em 
2.58 I 100 22.7 20 24 29.8 .41.2 

13 No-hole extrapolation 

I 2.58 I 100 22·7 20 24 30.6 40.4 

14 2 control rod thimbles at r lS.S cm; 1 control rod thimble at r 30.3 em 
10.35 I 100 I 23.5 20 24 

l 
52.4 1S.6 

15 2 control rod thimbles atr = 18.8 em 
5.17 I 100 I 23.5 20 24 45.0 26.0 

16 2 control rod thimbles at r = 18.8 em; circle of iron at r = 51.9 cm 

5.17 I 100 I 21. 6 20 24 41.6 29.4 

17 1 control rod thimble atr = 18.S cm 

~6_J 61. 8 

I 
21.2 20 62 20,,7 50.3 

- - - -

e 

CRITICAL 
'LATTICE 

MASS OF U235 LATTICE 
VOLUME, V AS IN 

(liters) (g) FIGURE 

532 1374 7b 

512 1323 -

109 1126 7c 

212 1098 7d 

272 1404 .' Sa 

491 1405 Sh 

- -



TABLE 'AL'B 

Collected Dimensions a~d Constants of the Experiments 

'U235 

¥ 
Mean concentration, of U235 

Constants of theory 

Fuel tubes 

Control'rod thimbles 

Control rods 

U02F2'+'D20'solution 

Reactor tank 

Tube inserts 

Poison rods 

Square lattice spacing 

Iron'rods simulating thorium 

Thorium insert in iron ,rod 

Average isotopic concentration = 95.4% U235 

Average isotopic concentration 99',7% D 

(a) 2.58 g of U235 per liter 
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 

O.D. = 1.500 in,; 28 aluminum; wall' thickness '" 0.035 in.; 
ho~tom thickness = 1/8 in.; length below top of tube'sheet = 
,4 ft 9J(\ in.; thermal-neut,ron cros$,-section== O. 89 cm2 per tube 
for solution depth of 61.8 cm 

28 aluminum: 2-3/8 in. O.D.; liB-in. wall; liS-in. bottoJ: 
thermal-neutron cross-section = 4.62 em2 

O.D. ;; l~ in.; type 304 sta~nless steel No. 16 BWG: length 
6~'in. overall; 0.020-in. Cd sleeve cemented inside 

Height in fuel rods (a) 61;S em,' (b) 100 em: amount of fuel 
per tube, (a)' 45.45 g, (b) '13,57 g;' thermal-neutron cross-sec
tion == 7.4'.5 cm2 per tube for 61: 8 cm solndon height 

142 cm LD.; ~-in.' wall; type 304 stainless steel 

1.25-in.O.D.; wall thickness:: 0.035 in.; 24ST aluminum; bot
tom thickness, " 1/8 in.; overall length ,. 10 in.: abou t 9 in., 
Ii lled wi th D20 

Length' be 1l)W , top of tube sheets" 4 ft 8~ in.; type 304 stain
less,steel: diameters: 3/16 and 1/4 in.; thermal-neutron cross-' 
section = 0.0273 cm2 per gram, !p'lmg for 6l.S cmdeptb, 2.58' cin2 

and 4.58 cm2 per rod for 3/16-' and 1/4-in. rods" resJilectively, 
and 4.18 cm2 and 7.41 cm2 for 100 cm depth, respectIvely, for 
the rods 

2.59 g/liter 
16.86 em 

5.17 s/liter 
11. 92 em 

10; 35 g/liter 
8.43 em 

Armco iron; diameter 3.65 cm; length overa'll = 139.7 em; spaced' 
14.8 cm, center to center on circle 5109 cm in radius 

Diameter 4.00 em; iength 7~ in; centrally located in iron rod 

Total neutron absorption cross-section of materials in active 
volume of assembly : 

(1) For ~epth of 61.8 em: 

'Vertical experimental tube (AI) 
Radial experimental tube,(Al) 
Control rod thimble (AI) 
FUel ' TUbes (AI), each 
Solution, per fuel tube 

A1.10 

0.63 cm2 

2.61 em2 

4.62'cm2 

. 0.89 ein2 

74;53'em2 

e 
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TABLE Al.B (Cont'd) 

'Thorium insert in iron rod(c ont' d) (2) For depth of 100 cm: 

Vertical experimental tubes 
Vertical experimental tubes, small 

large 
Control rod thimble 
Fuel tubes, each 
Solution, per fuel tube 

Al.3REFERENCEREP~RT 

1.02 cm2 

0.08 cm2 

1.64 cm2 

7.48 cm2 

1.44 cm2 

120.6 ,:cm2 

(1) Snell, A. H., Critical Studies on Enriched Uranium-Heavy Water Studies, 
MonP-454, December 15, 1947. 
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Appendix '2 

WORK ON CRITICAL EXPERIMENTS? JULY 19:46 TO DECEMBER 1948 

A2,1 CRITI~AL EXPERIMENTS WITH Al + H20 MODERATOR AND HEAVY'WATER, 

LIGHT WATER, AND BERYLLIUM REFLECTORS(l) 

The experiments with Al t 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. A2.1.While 

the decision, for a beryllium reflector had been made, a sufficient quantity 

could not be~vailable soon enough to justify the removal of the heavy water 
I 

system. Consequently a broad expe~imental pro'gram on enriched small reactors 

was initiate~, to include reflectors of ordinary water, heavy water, pure 

beryllium, and beryllium plus a small percentage of ordfnary water, The last . . 

case was in anticipation of cooling water in a beryllium reflector for the .MTR. 

The first g~oup of experiments in the enriched reaitor program, beginning 

in the s~mmer of 1946, involved the heavy water reflector, and it is these 

I, which are now to be described. 

A2.t.l Experimental Facilities. Some extensive changes were made in 

the physical .a~rangement of the equipment des~ribed in Appendix I which in

, creased safety, e:ase of operation, and control of the ,~ritical assembly. The 

general arra~gement is sketched' in Fig.A2.A.. Not shown is an exit from 

the control room to the outside as an emel'gency, exit and secu'rity gate. 

With respect to instrumentation, new and fas,ter, Monitrons (ion chambe,rs 

-and associated ~ir~uits) were ad~ed so ihat,t~ree we~e in operatioriat all 

times and all were connected to the 'control rod safety sys'tem. The time 

copstants of the safet-y circuits were about 0.2 to 0;5 sec. Ester1in~-Angus 

recorders installed in the control room were d'riven by two of the Monitrons 

so that ,visual monitoring of the pile was provided. II'/. addition, ,the usual

array of counters,gamma ray and neutron, were in use with mechanical recorders 
, I .', . . , 

for counting rate purposes andloud speakers fo-,:- '.continuous-auditory monitoring. 

A2.1 
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A2,1,2 Pile Geometry and Design. In the design of the high~flux reactor 

go~ng on.during 1946 and 1947 the core would contain a considerable quantity 

of aluminum in alloy with uranium or otherwise in structural £orm~ It there

fore became desirable to study, in the critical experiments, t~e effect of 

var~ous 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 asa homogeneous mixture of uranium, aluminum) and water. Consequently, 

experiments were undertaken in which the concentration of U235 was held 

constant while the volume ratio of aluminum to water was varied for the 

reasons that (1) engineering design depended upon the allowable quantities of 

aluminum in the reactor, and (2) the dependence of critical mass, fast flux to 

slow flux ratio, and neutron "age" on the AI/H2 0 ratio is of both theoretical 

and practical interest. The AI/H 2 0 ratios studied were 0.88, 0.76, 0,6·5, and 

0.303, 

The problem of constructing and assembling a reactor that was essentially 

homogeneous in reasonably small integralprurts was solved by the use of square 

aluminum tubes, each of which contained about 20.3· gof U23S in the form of 

UO;F2 in light water solution. A square tube satisfies the requirement of 

clos~ packing and approximation to homogeneity, and a reasonable size was 

available, namely I 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 individual fuel tube = 2:54 by 2.54 by 90 em 

U23S Content of fuel tube = 20.3 ~ per tube 

AI/H2 0 volume ratios attainable = 0.88, 0.76, 0.65, 0.303 

The actual pile geometry utilized was cylindrical with n~reflection 

above and below the core but D20 reflection on the cylindrical side. For this 

purpose a concentric inner tank was built into the D2 0 ta~k described in 

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

The procedure during assembly was as follow.: (1) the reactor tank has 

a full complement of tubes at all ~jmes; (2) some tubes initially are fuel 

A2.3 
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tubes and the rest are D20; and (3) the gaps between the square tubes and the 

cylindrical tank ~re 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 theoretical 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 H20 reflector. 

The experiments in which H2 0 was employed as reflector were carried out for 

two reasons: (1) the results would provide information regarding the effect 

of the water that would be present on top and bottom of the high-flux pile, 

and (2) the study of a pile in which both the moderator and the reflector are 

of the same substance is of considerable interest to theoreticians. 

When beryllium was used for the reflector the experiment was somewhit 

"~leaner" with a square arrangement in that it was possible to do away with 

the irregular region between reactor and reflector. This will be evident from 

Fig. A2.C. It turned- out that the beryllium-reflected pile becam~ critical 

just four fuel tubes short ~f a nine-tube square, and the reactor was built 

out to completely fill this square geometry, the excess k being taken up by 

poison. Figure A2.D is a photograph looking down on the beryllium assembly. 

. A2.1.3 Results aDd DiscussioD. Experiments were performed with D20, 

beryllium, and H2 0 reflectors to find (1) critical mass, (2) neutron distri

butions, and (3) values of control r~ds, cavities, etc., in terms 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 same ~anditions. 

The 'values for the critical mass found in both theory and experiment ar~ 

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 t~e 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%. 

A2.S 
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TABLE A2 . A 

Critical Masses in Kilogra_s of U235 

-~ OBSERVED CALaJLAn:D, 2-GROOP 

VOLUME RATIO CORRECTED FOR EMP'IY 
REFLECTOR AI/H2 O GROSS CONmoL ROD PORTS, ETC. 2 - REGION 3-REGION 

.-

D20 0.88 2.48 2.40 2.10 2.64 

D2 0 0.76 2.23 2 . 15 2.43 

I Be 0.76 l. 54 l. 42 1. 54· 

H2O 0.76 3.29 3 . 22 3.34 

H2O 0.66 2.82 2 . 72 3.04 

·Where critical K 0.988 x k of pile without poison. 

One might be te mp te d to conclude t ha t l erylliu rn ex h ibits advantages as 

a reflector which were unsuspected , bll t it seems probable that the experiment 

merely emphasizes known shortcomings of a two-grouf theory . A three-group 

calculation is shown in Fig. A2 . E . The source of the remaining discrepancy 

between theory and experiment was not yet clear . Age measurements in beryllium 

were in progress at Argonne . 

Vertical neutron distributions were studied also; typical results will 

be found in Fig . A2 . F . It will be recalled that no reflector was present 

at top or bottom of the experimental 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 from center is apparently due to the presence of a 

portion of a control rod in the top of the pile . It is clear that the extra

polation distances for thermal and epithermal neutrons are the same, within 

the experimental limits. 

A few rough measurements of the values of control rods were made . In the 

beryllium case, the rod near center was found equal to 160 g of 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 ~qual 35 g. 

A2.9 
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A2.2 FURTHER CRITICAL EXPERIMENTS ON ENRICHED REACTORS WITH 

~ Al + H20 MODERATOR AND SOLID BERYLLIUM REFLECTOR(2) 

-

-

With the termination of the experiments dealing with liquid reflectors 

and in preparation for a series of experiments on reactors having solid 

reflectors , it was decided that it would be worth while to make certain maj~r 

changes in the experimental arrangement in the criticaLity cell in order to 

provide for greater flexibility and greater convenience in stacking solid 

reflectors . The entire liquid storage and piping system was removed from the 

cells , and in place of the tank assemblies which had been used for D2 0 and 

H2 0 reflectors , a low platform framework of steel was erected . A ~- in . plate 

of 2S aluminum was placed over the steel framework to serve as a floor on 

which to build critical assemblies . The center portion of the plate was cut 

out , and flanges were provided to hold a centet plate .of ~ - in . aluminum, 

through which was drilled a rectangular array of holes accurately spaced to 

position the lower ends of the fuel tubes for AI/H 2 0 ratios equal to or 

greater than 0.65 . Thus the bottom of the reactor was relatively clean, the 

core and a considerable portion of the reflector having only the ~-in . perfo

rated aluminum plate immediately under them . 

A2 . 2 . 1 Experimental Facilities. Figure A2 . G shows a core of square 

cross-section with the beryllium reflector assembled on the platform . The 

level of the fuel was at the same height as the top of the reflector in these 

assemblies , the remaining upper portion of the fuel tubes being empty up to 

the rubber stoppers . 

Practically all the radiation detection and monitoring instruments were 

replaced by imp roved circuits of more recent design. In particular , it was 

~ound that the vibrating - reed Monitrons , two of which can he seen in Fig . 
\ 

A2 . G, .are a decided improveme nt over tbe older designs in stability , sensi-

tivity . and response time. 
I 

The operation of the control rod system was improved by replacing the 

hand - 9perated control rod counterweights and clamps. by small gear boxes (one 

for each control and safety rod) , which were designed to limit the maximum 

rate of withdrawal of the rods . While the operation of the rods was still 

basically manual , the use of the gear boxes ensured a reasonably slow and con 

stant rate of withdr a wal of the rod and also facilitated changing the control 

rod position in small increments with accuracy . 

A2.11 
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A2~2~2 Experimental Result.. Bare Pile .. While waiting for the arrival 

of sufficient beryllium to continue the studies for the high. flux pile, it was 

decided to try to obtain a figure for the bare critical size as a check on the 

fundamental characteristics of thii reactor. Abare assembly was built with 

cadmium sheets around the sides of the reactor to reduce the effect of nearby 

objects, and, although criticality was not finally reached, a multiplication 

of about 11.6 was obtained at a load of 5050 g. The extrapolation of the 

reciprocal counting rate versus mass curve (Fig. A2.H) indicates a critical 

mass of about 5.5 kg. After correcting for the presence of holes for control 

rods, it was estimated that the bare critical mass was 5.3 ± 0."1 kg. The 

AI/H2 0 volume ratio in this case was 0.65, the height of the core was 66 em, 

the maximum loading attained was 48 by 43 cm in area, approximating square 

geometry. 

Be r y.z l i u m - ref lee ted Rea c tor s • The description will be limited to a 

discussion of the experiments which have been done on relatively "'cleann, 

beryllium assemblies, Le. s assemblies which have simple, calculable geometries. 

The first experiment in this series on beryllium-reflected reactors 

was that on the measurement of the critical mass of a square assembly having 

an AI/H 2 0 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 turn~d out to be approximately straight lines, .showing no 

tendency to either turn downward or curve upward near the critical mass, as 

happens in many cases. Two Po-Be sources were used, one (10 7 neutrons per 

second) located directly beneath the lower surface of the reactor below the 

center of the core,and another (10 5 neutrons per second) suspended in an 

empty tube at the core reflector boundary at mid-height of the reactor.. Two 

BFapropo~tional counters were used to observe the multiplication of .th~ 

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 "lookthrough'~ the multiplying medium to 

u;see'" the sources. One counter ,was placed on the top surface of the reflector 

1.n the immediate vicinity of the core (Fig. A2,G), the other was pl.aced about 

15 tt from the pile at an elevation about 4 ft higher than the t~p surface 

of the assembly. 

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

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

A2.13 
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it was necessary to add a small amount of poison (about 60cm2 ) in the form 

of th;irty.,.one 0.0,30-in.-diameter gold wires, uniformly distributed throughout 

the core. The resulting reactor then has a core 22:5 by 22:,5 cm in ,cross

section and 66 cm in height and containing 1.21 kg of U23S at a fuel concen

tration of 38 g of uranium per liter of reactor ,volume. The AI/H2 0 ratio in 

the core was 0.65. The core was reflected on all sides, the reflector con

sisting of more than 30 cm thickness of beryllium, but there wa& no reflector 

on the top or bottom. When corrections were made for the presence of control 

rod ports (air holes) and for distributed gold wires, in the corel the m1n1mum 

cri tical mass of a square reactor' of t'h~s type turned ou t to be 1.07 kg. 

The second clean beryllium-reflected pile to be built was a thin-slab 

assembly. It was desired to find the critical mass of a rectangular geometry 

having a length~to-width ratio of approximately 5. The width selected for the 

core of the pile was four fuel iubes, or 11 cm, and the assembly became 

critical at a length of 19 fuel tubes (51 em) with 30 c~2 of excess poison in 

the core. 7he mais of U23 S i~ this case was 1.35 kg, and when corrections were 

made for excess poison and control rod ports, the minimum critical mass for 

this thin-slab geometry was 1.28 kg. The height of the reactor, reflector 

thickness. fuel concentration. and the AliH20 volume ratio ,in the core Were the 

same in this case as for the square assembly. 

The plot of the reciprocal counting rate versus fuel aboard~ shown in 

Fig. A2~I, indicates the linearity of results that can be obtained with 

reasonably good source and counter geometry. 

Spatial distributions of thermal and epithermal neutron flux were measured 

1n both the square reactor and the thin-slab reactor. The measurements were 

made with indium foil,s, used alternately bare and cadmium covered. Figure 

A2.J shows the distributions of thermal and epithermal neutron flux along a 

perpendicular bisector of the side of the square reactor. Figure A2.K shows 

the same distributions along a diagonal of the square assembly. All these 

foil measurements were taken at mid-heights of the assemblies~ 

The ratio of the thermal-neutron flux at certain points in the pile to 

that at the center of the core is of interest; these data are presented in 

Table A2.B. 
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TABLE A2.B 

Relations Between Thermal Flux at Certain Locations in the Reactor 
and Tbat at Center of Core 

ASSEMBLY NO. 

1 (lateral) 

1 (diagonal) 

2 (lateral) 

2 (longitudinal> 

¢~h (peak) 

¢th (center) 

¢th (edge) 

cPth (center) 

FROM CENTER 
OF CORE 

----=----l===-==--=,...:=·,~=="'=t,,·:::"'·.'=,.,,=~,=_;:_~~ 

1.32 

1.16 

1.42 

0,90 

1.19. 

1.13 

1.24 

0.85 

26.5 

25 

22 

;OM EDGE 

15 

9 

16.5 

.--------------------~----------~.~--------. 

The ratio of the peak thermal flux to the thermal flux at the center. ~s 

an indication of the maximum slow flux, for a given operating level, which the 

assembly will provide for experimental purposes. The ratio of a thermal flux 

at the edge of the core to that at the center is a measure of the maximum heat 

production per unit volume to be expected in the core. The extent to which 

the thermal flux holds up in the reflector is of interest in planning experi~ 

ments which will make use of this flux. 

A few preliminary experiments were carried out which yield an estimate of 

fast-neutron flux in these reactors. A threshold type fission chamber(3) was 

constructed using 145 mg of uranium from K-25,which.was depleted in U235 con

tent to approximately 1 part in 100,000. 

The fission chamber was first placed in a graphite column containing an 

Sb-Be source at a position where the thermal-neutron flux and the Cd ratio 

wer~ known from standard indium foil measurements. By exposing the chamber 

alternately bare and Cd covered, it was determined that 93% of the fissions ~n 

U235 were caused by neutrons of energy below the Cd cutoff at a position~n 

the graphite column approximately 10 cm from the Sb-Be source where the Cd 

ratio was 3.7. 
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The chamber was then placed at the center of the active lattice of the 

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

U 23S , indicated that the flux of neutrons having energies above the U238 

threshold (;'>1 Mev) is 0.50 (nv)th' This result is in reasonably good a~ree

ment wi th the calculated virgin flux in this core·, 0.60 (nv) th (see MonP-272). 

The correction for thermal fissions in U2 35 in this case amounts to only 2% of 

the total counting rate. 
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Appendix 3 

CRITICAL·EXPERIMENTS ON 'SIMULATED MTR SlRUCTURE(l) 

In particular, the third set of critical experime.ts was designed to study 

the following: 

1. The critical mass (or, more directly, the excess of 6k/k) o~ 
slabreactnrsasa function of the length-to-width ratio of the 
core. 

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

3. The heat load in the reflector arising from gamma-ray absorp
tion. 

4. Spatial distributions of thermal, indium resonance, and fast 
(E > 1 Mev) neutron flux in the core and in the reflector, 
particularly the distributions of thermal and indium resonance 
neutrons in the experimental holes. 

5. The effectiveness of control rods of various materials and of 
various sizes in te rms of 6k/k. 

A3.I THE EXCESS REACTIYITY OF U-AI-HaO REACTORS. WITH Be 
REFLECTOR, ASA FUNCTION OF GEOMETRY AND REFLECTOR COMPOSITION 

The starting point for these experiments was the small clean-slab reactor 

which. is described in Appendix 2, p. A2.115. The core was '51 by 11 cm in cross

section and 66 cm high. It hada 30-cm beryllium reflector on each face except 

the top and bottom. The volume ratio of Al to H20 was 0.65, and the fuel con

centration in the core was 31.1 g of U23S per liter of core. 

The size of the reactor was increased in a series of discrete steps, the 

final objective being a core of dimensions 71 by 22;5 by 66 em, with a re

flector on all sides (except top and bottom} consisting of 30 em of beryllium, 

diluted with about 2% water (imitated by plexiglas). This final assembly 

approximated very closely the dimensions and composition of one of the probable 

configurations of the high-flux reactor. 

Al.l 



The major steps in building up the small slab to final size were the 

following: 

1. Increase in length of the slah from 51 to 71 cm and addition of 
a 30-cm graphite layer to one side (long side of the beryllium 
reflector). 

2. Inc~ease 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 
assembly has been shown in Fig. A3.A~ 

As the size of the teactor was increased over that of the small clean 

slab, it was necessary to ~dd uniformly distributed poison in the core to hold 

k~effective to a value close to unity. The poison used in these experiments 

was type 347 stainless steel in the form of strips 1/8 by 15/16 by 126 in. 

These were inserted in place of aluminum strips of the same dimensions which 

were used to attain the desired AI/H2 0 volume ratio in' the core. Although 

this substitution changed the AI/H2 0 ratio to some extent, the magnitude of 

the change was small and the effect on the neutron age was also small. 

Beginning with the 51- by 11- by 66-cm riactor; containing 1.35 kg of 

fuel, both poison and fuel were added in appropriate increments until a length 

of 71 cm was reached. At this stage the reactor contained 1.94 kg of fuel, 

and the excess O. 59 ~_g (over the clean critical mass oJ: 1. 35 kg) required 266 

cm2 of uniformly dis~ributed poison to hold the excess reactivity to zero witb 

all control rods removed. Table Al.A shows the excess reactivity, repre

sented by poison content, for each of the assemblies, studied. The excess 

!J.kjk is obtained by computing the k for each assembly. from k = 0- 25/0-total where 

a.total 0"25 + o-Al + 0"°
2

0 + O"poison; then b.k/k = (k o - hi >/k i' where ko refers 

to the clean, ,unpoiio~ed core and hi to the poisoned assembly. 

When the reactivity is changed by a means which does not.alter the total 

amount of fuel in the core or the concentration of fuel, it can easily be shown 

that the fractional' change in k is give~ simply by b.k/k = ~/L, where ~ is 

the amount of uniform poison added or removed from the core and L = No- is the 

total cross-section of the reactor having the smaller amount of poison. For 

example, when graphite is added to one side of the beryllium reflector of 

assembly 3 {Table A3.A~ 37 cm2 of ~dditiorial poison is required to offset 

the increased reactivity, and the effect of the graphite iayer is given by 
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37/4384 = ~/L = ~/k = 0.9% 

Table A3.A - summarizes the pertinent criticality data for each of the 

beryllium-reflected reactors in this series. Column 3 indicates the amount of 

U23S required to fill the core having the dimensions shown in Column 2 at a 

fuel concentration of 37.1 g per liter of core. Column 4 shows the amount of 

uniformly distributed poison required to hold the excess k of the assembly to 

zero, i.e., to hold the reactor just at criticality with all control rods 

withdrawn. For each assembly, the Lpile=L25+LAl +2u
2
o is given in Column 5, 

the experimental k is shown in Column 6, and in Column 7 is shown the excess 

6k/k which can be made available by the removal of distributed poison. 

I 

1 

2 

3a 

TABLE A3.A 

Critical Mass and Poison Content (Excess k) of V-AI-H2 0 Reactors 
with Be Reflector 

(AI/H20 volume ratio = 0.65; Be thickness = 30 cm; reactor bare top and 
bottom; '0 = 1.6167 for clean core) 

DIMENSIalS MASS POISal PILE 
ASSEMBLY NO. (cm2y (c.2 ) 

, 
LxffxH I (kg) 

• 

22 X 22 X 66 1.21 66 2591- 1.5626 

51 X 11 X 66 1.35 30 2882-' 1.5849 

71 X 11 X 66 1.94 266 4118 1. 5184 

3b (30 cm graphite 71 X 11 X 66 1. 94 303 4118 1. 5057 
on one aide) 

4 (30 cm graphite 71 X 14 X 66 2.44 640 5179 1.4388 
on one side) 

5 (30 CIII graphite 71 X 17 X 66 2.94 1140 6240 1. 3610 
on one side) 

6 (30 cm graphite 71 X 22.5 X 66 3.95 1848 8384 1.3247 
on one side; 2% 
water in Be) 

7 (30 cm graphite on 71 X 22.5 X 66 3.95 1580 8384 1.3603 
all sides of Be; 

seven 6-in.holes 
in reflector; 2% 

D.k/k 
EXCESS 

(%) 

3.5 

2.0 

6.5 

7.4 

12.4 

18.3. 

22.0 

18.8 

water in Be) --~ ------- --- - - -----

• These coutain fractional fuel tubes. 
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A3.2 EFFECTS OFTBE EXPERIMENTAL HOLES THROUGH THEBEFLECTOR 

The research facilities of the high-flux reactor as conceived in 1948 

included seven large experimental holes, four of which began at the core 

reflector. The other three holes began 15 cm out in the beryllium and extended 

through the remainder of the reflector. In connection with these irregularities 

in the reflector a number of experiments were of interest: (1) the cost of 

the holes in terms of ~/k, or in terms of additional fuel, (2) 'the effect on 

the reactivity of the core of filling anyone or all of the holes with water, 

and (3) the effect of various absorbers, such as experimental apparatus, at 

var10US positions in the holes. Item 2 is of interest from the standpoint of 

safety since .it is conceivable that an accident might occur in which the wall 

of the hole would collapse or otherwise fail, ca~s~ng :the hole to fill with 

water and thereby increasing the reactivity. Furthermore, it is likely that 

water cooling will be desired for experimental apparatus in one or more of the 

holes on certain occasions, and the data obtained here will indicate the 

maximum effect of water cooling on 6k/k. 

The location of the holes in the critical experiments is shown in Fig. 

A3~A,and also in Fig. A3:.B which is a sketch of the assembly.3b of Table A3;A. 

'The so-called 6-in. hole is made up of-.a hollow ,aluminum tube of square cross

section, having ~-in. wall thickness and measur,ing· 6 in. overall along the 

edge. The 8.,.in. hole is of similar. construction and lI\eaSures 8 in. along the 

outer edge. 

The effects of the various holes were measured by the following pro

cedure: A reactor which was ju'st cri tical with a given amoun t of poison and 

with no holes in the reflector was used. A portion of the graphite'and 

beryllium in the region of the hole to be studied was removed, a square 

aluminum shell was inserted at the proper place, and the reflector was re

stacked around i,t. In order to offset the leakage through the hole and bring . . 
the reactor back to the point of criticality, an amount !.>fdisttibuted pois,on 

must be removed from the core. The effec t of the hole 'on the react~ vi ty of 

the reactor is given by ~/k = ~/L. Before inserting a close-fitting paraffin 

block into the aluminum shell to simulate water filling, the core was poisoned 

excessi vel y to offset the expected increase in reacti vi ty. 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 introducti~n of 

paraffin was determined as before. 
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Table A3.B presents ~heresults of the experiments just ,described for 

assemblies~3.5. and 6 of Table A3.A. Measurements were taken for 6-in. 

holes at the edge pO,sitions and for both 6- and 8-in. holes at the center 

pos1t10n. It was thought at one time that some interaction between the holes 

might take place. but measurements made on individual holes and on various 

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

additive. 

T/lBLE /l3.B 

Effect of Experimental Holes in the High-flux Reactor Critical Assemblies 

Assembly No. 

Reactor dimensions (cm) 

Critical mass (kg) 

Pile (cm2 ) 
'2 

Poison (cm ) 

Total (cm2) 

3 

71 X llx 66 

1.94 

4;118 

'303 

4,421 

5 6 

71 X 17 X 66 71 X 22. 5 X ()6 

2.94 3,95 

. 6,~40 &,,384 

1.140 1,848 

7,380 10,232 

Effect of the Holes in Ak/II. (%) .Where' k Is the k of the Reactor with Solid Reflector 

Holes extendin~ ~o reactor
reflector ~nterface 

6-in. hole on edge 
6-in. hole in center 
B-in. hole in center 

Holes beginning 15 c. from 
reactor 

6-in. hole on edge 
6-in. hole in'center 
8-in. hole in center 

Holes extending to reactor, 
water filled 

6-in. hole on edge 
6-in. hole in center 
8-in. hole in center 

Holes beginning 15 em from 
reactor, water filled 

6-in. hole on edge 
~6-in. hole in center 
8-in. hole in center 

1.17 
2.20 
4.80 

0.11 
0.34 
0.68 

0.9,0 

3.88 

0.24 
0:37· 

0.75 

2.84 

0.12 

0.40 

0.65 

2.45 

0~08 

0.23 

A3.7 

0.49 
0.86 
1.71 

0.08 
0.13 
0.22 

0.42 
0.84 
1. 53 

0.06 
0.06 
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It is interesting to note that the effect of the holes decreases per

centagewise as the thickness of the slab is increased. This was expected on 

theoretical grounds. 

Table A3.C contains a summary of the total cost in M/k for two alter

nate provisions for experimental holes. This-table shows the change in !J.k/k 
that would be expected if the holes in ~hese 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 t:.M/M= 4.5 !J.k/k. However, this 

relation leads to a reasonably accurate result only in the case of fuel !J.M 
added to the periphery of a cylindrical core. In the case of a rectangular 

geometry, the cost in critical mass (~), corresponding to a given M will 

depend strongly on the statistical weight of the position at which the addi-
- . 

tional fuel is added, and the figure obtained from 4.'5 !J.k/k is a reasonable 

approximation only for positions of average statistical weight. 

TABLE A3.C 

Summary of Total Effect of Experimental ,Holes 

Assembly No. 

Reactor dimensions (em) 

Mass (kg) 

Cost in ~/. of two 8-in. holes 
plus five 6-in. holes (%) 

Cost in ~/k of seven 6-in'. holes (%) 

Effect in~/k of ' water filling two 
8-in. holes and five 6-in.holes 
(%) 

Effect in ~/. of water filling seven 
6-in. holes (%) 

3 

11 X 11 X 66 

1.94 

9.33 

6.39 

2. i4 

1.41 

5 

7i:x 17x 66 

2.94 

5.73 

4.23 

0.94 

0,66 

6 

11 X R2.S X 66 

3.95 

,3;56 

2.62 

0.54 

0.34 

The effect of possible absorbers (experimental apparatus) in the holes on 

the exces~ k,o£ the pile was studied by taking the extreme case of a cub~cal 

Cd box (0.020 in. of Cd, 10 cm along an edge). The effect of this relatively 

large absorber on the k of the pile when it was placed at various positions in 

the holes is shown in Fig. A3.C. From these measurements it is estimated 

that the maximum excess k required to offset the effect of experimental 

apparatus in the holes is 1.'5%. 
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Finally the excess k of the 3.9S-kg mock-up of the high-flux reactor was 

measured. The characteristics of this mock-up include: (l) a core of di

mensions 71 by 22:S by 66 cm, containing 3.95 kg of U23s in water solution at 

a concentration of 31.1 g uranium'per liter of pile volume, (2) AI/H 20 volume 

ratio in the core = 0.65, (3) a· reflector on all sides consisting of 30 cm of 

beryllium plus 30 cm of graphite, (4) no reflector top or bottom, (5) lucite. 

distributed throughout the beryllium to simulate 2% in cooling water, and (6) 
seven 6-in. ex~~imental holes through the reflector as prescribed in the 

design of the high-flux reactor. The excess k of this mock-up assembly is 

found to be 18.8% ... · " When ,allowance is made for the top and bot tom wa te r 

l'eflectors of the high-flux"machine. the total available excessk is increased 

to about ~()..% for this loading,. Therefore it appears that. a comfortable margin 

exists over· the, total k requirements, which are estimated .(see Chapter 4') _ to 

be as follows: 

Xenon 

Depletion 

'Temperature coefficient 

Experimental apparatus in holes 

Total ~/k requ~red 

A3.3 NEUTRON DISTRIBUTIONS 

9·6% 

3.5% 

0.5% 

1.-5% 

15.1% 

The spatial distributions of thermal and epithermal neutron flux in the 

2.94-kg pile, the 3:9S-kg pile, and in the various experimental holes of 

the mock-up as sembi y, as indicated in the listing below, were measured. 'These 

measurements were made with indium foils, used ~lternately bare and cadmium 

covered, as described previously~ A calibration of foil~ in the standard 

(sigma)~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.'SOAthermal 

'" ? ~~ .MJ.ffi~~ -
(nv) epithermal 1. 66A epithermal 
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Several of the neatron distributio~s .were, measured as follows: 

1. Figure A3:D: A lateral traverse across the 2.94-kgr.eiu:'tor{along 
the short axis of the slab, at mid-height). 

2. Figure A3.E: A. series of measurements' along the centerline of 
the 6-in. hole which is located at the edge of the long side of 
the core: (a) with solid reflector in place, (b) with hole 
extending .to the core-reflector interface. and (c) with the 
hole beginning 15 cm out from the edge of the core. These curves 
show the depressions in the "solid reflector" neutron distri
butions caused by the presence of a single 6-in. hole in the 
reflector. 

3. Figures A3.F, G, H: These show the neutron distributions along 
the axes of the various experimental holes which were planned 
for the high-flux~acto~. These measurements were made with all 
seven6-in. 'holes (or equivalent) in the reflector. 

I 

4. 'Figure A3. I: The fast-neutron flux (E > 1 Mev) and the indium 
resonance flux, measured along a line midway between two of the 
large experimental holes that extend through the reflector. 

The U238 fission chamber used to measure the flux of fast neqtrons has 

been des.cribed in previous OHNL reports. (2.3) 

The results of these experimen~ts indicate that the {nv )fast near the center. 

of the 3.9S-kg assembly is 40% of the . {nv)therma1' in reasonably good agreement 

with the calculated value of (nv) .. = 60% of {nv)th l' given in the report 
Vl.rgJ.n . erma 

MonP-272. 

A3 .. 4 GAMMA BEAT'PRODUCTION IN THE REFLECTOR' 

In the high-flux reactor the beryllium is water c901ed 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 1n

formation on the heat production in graphite was desired to substantiate 

theoretical calculations. In the reflector, heat production is primarily from 

absorption of gamma rays. Most of these come from the core of the reactor, 

but some arise from neutron capture in beryllium and in graphite. 

The gamma~ray absorption measurements were made in the rectangular 

assembly having core dimensions 71 by 17 by 66 cm and loaded to 2.94 kg of 

fuel. Measurements were made in the core and in the ~eflector along a line 
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perpendicular to the long dimension of the reactor. Three graphite 10n 

chambers having volumes of approximately 1, 10, and 200cc were u~ed to cover 

the range of gamma flux encountered in going from the inte~ior of the core 

through the beryllium reflector and out to the edge of the graphite portion of . . 
the reflector. In order to minimize the possibility of measuring ionization 

due to unforeseen neutron reactions in the gas of the ion chamber, the measure

ments were taken with each of four filling gases: air, argon, CO2 , and helium. 

The lower solid-line ~urve in Fig. A3.J represents the total heat pro

duction in the ~eflector calculated from theoretical considerations. This 

calculation was based on the neutron distribution for a thinner slab pile 

(70 by 11 by 60 cm) where the heat load in the reflector is somewhat heavier 

than in the case of the assembly in which our measurements were made (71 by 17 

by 66 em). The measured spatial thermal-neutron distribution in this assembly 

is shown as a dotted curve. 

A3.5 CONTROL ROD EXPERIMENTS 

A number of experiments were carried out to study the effectiveness of 

control rods of various sizes in the 4-kg mock-up of the high-flux reactor. 

The experiments are performed in the following way: the uniform poison in 

the "clean" core (before the control rod is inserted) is adjusted until the 

assembly is just critical. The control rod is inserted and the amount of 

uniformly distributed poison in the core is reduced until the assembly is just 

cri tical. When the experiment invol ves no change in the amoun tor concen

tration of fuel in the.cor·e, the percentage change in k, i.e., !1k/k, 1S g1ven 

simply by &./2:. where !:1i.. ,is. the chan·g.e inu(l.iform poison and 2:. is the total 

cross-section. of... the· active portion.o·f the corie.after the rod is inserted. In 

experiments which·.entail the r.emoval of fuel and the· insertion of a control 

rod, the k of the clean core, k 1 , is calculated, the k of the active portion 

of the core after insertion of the rod, k2' is calculated, and !1k/k is then 

given directly by (k 1 - k 2 )/k 2 • 

The Cd control rods tested in these experiments were essen~ally 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 in. long and were filled with water 

to duplicate the conditions that will be obtained in the case of the high~flux 

reactor. 
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The thorium rods for the high-flux reactor are designed to be m.de up of 

several plates; they are stacked in a sandwich-like assembly, with spaces 

between plates for the passage of cooling w,ter. Iron was used instead of_ 

tho~ium for reasons of availability ~nd ease of fabrication, the amount of iron 

being adjusted to give the same total thermal cross-section as _that provided 

by the thorium rods. The test rod then consisted of a rectangular ~andwich 

of iron and Iucite plates havin~ the same dimensions as the Cd rods described 

above. 

For use in the high-flux reactor it was planned for these rods to be 

attached at one end to fuel assemblies so that as a rod is withdrawn fuel is 

inserted in its place and vice versa. Therefore the measurement of interest 

was the effect of the rod versus fuel in the same position. The percentage 

changes in reactivity of the active portion of the core, when ~hese::rods were 

inserted in place of fuel, were as follo~s: 

ROD ~/k (%) 

Cd 7.3 

Cd 20.7 

Th 4.2 

Th 9.0 

It was also observed tha"t the reactivity change due to the removal of 

180 g of fuel (nine tubes or a 3~- by 3~-in. section) from a central position 

amounted to ~bou t 3%. 
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Appendix " 

MOCK-UP 

INTRODUCTION 

In 1947 when the design of the MTR's predecessor. the High Flux Pile. 

was nearing completion it was recognized that many features of the reactor 

would require thorough testing before the design could be considered final. 

It appeared logical. economically and experimentally. to assemble a full-scale 

model ~ith which many studies could b. made rather than to construct separate 

equipment for each experiment. It was planned to fabricate 'major par-ts 

(e.g., top plug, aluminum tank, grids. castings) with the in~ention of using 

them later, if proved satisfactory. in the actual reactor. The reflector. an 

item of major importance for -hydraulic testing, was to be fabricated of 

aluminum because beryllium production was still in the development stage. 

Two general groups of experiments were made. Studies of a mechanical nature 

:included assembly and alignment techniques,. stress-strain investigation of 

major structural parts, performance of the safety and regulating rod systems. 

and the development of tools for refueling and remote disassembly of all parts. 

Hydraulic studies were made to investigate the adequacy of cooling in the 

reflector. safety rods, and fuel pieces. 

After completion of this "mechanicil~ program in September, 1949, it 

appeared that much could b~ learned by converting the Mock-Up into equipment 

for low-power nuclear experiments such as critical mass determination, neutron

and gamma-flux meaSUrements, and operation of the control system. These studies 

occupied the period ~rom February, 1950 to September, 1950. 

A4.1 DESCRIPTION OF-FACILITY 

'In an effort to keep the cost of the project at a minimum. the Mock-Up 

structure was designed for outdoor operation with the enclosed space limited 

to the control room. The structure, illustrated in Fig. A4.A,consists of 

four main steel columns to support the reactor tank and a 10-ton traveling 

crane~ The working level at the top of the tank, 22 ft above grade level, 

is floored. A 12-ft deep "'sub-pile room,'" f5 by 15 ft, is provided underneath 

the reactor tank. 

A4.1 



"T
I 

G
')

 

l>
 

.Il
o 

l>
 

'" ~ ~ . 
  



-

e 

e 

The water-circulating system was greatly simplified as compared to the 

MTR. Its only purpose was to provide a maximum flow of 15,000 gpm, .and it 

consisted of two 7500-gpm 100-psi-head pumps which fed the reactor tank 

through 20-in.-diameter pipe lines. The discharge from the. base of the 

reactor flowed to a 6000-galcapacity surge tank and thence back to the pumps. 

Six small shell-and-tube heat exchangers were supplied to remove the energy 

input (about 350 kw) of the pumps. The entire circulating system with the 

exception of the aluminum secti~n of the reactor tank was constructed of mild 

steel and coated with Amercoat, a plastic material for corrosion protection. 

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

actual reactor design(l) of that date except for the substitution of Amercoat

covered mild steel for stainless steel at tank sections A, B, E, and F. The 

top plug was equipped with two safety rods and one regulating-rod drive. All 

bearings, grids, etc. were supplied for the aluminum tank section. The 

reflector was made of aluminum, as already mentioned, and the n,fuel n , was 

fabricated as uranium-aluminum alloy. 

A detailed description of all parts of the Mock-Up may be found in the 

Mock-up Design Report. (2) Information concerning the assembly and erection of 

the system is presented in Procedure for Erectio~ of the MTR Mock-Up. (a) 

After approximately six months of study on the dummy reactor, changes were 

made to allow operation as a nuclear machine intended to duplicateMTR con

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

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

tially in providing the following necessit1es: 

1. Fuel in the form of standard MTA assemblies. 

2. A beryllium reflector built with small beryllium bricks to 
approximate MTR dimensions on two faces of the lattice with 
Class II reflector pieces ("V" pieces, Be in lattice) on the 
other two faces. 

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

4. A 4-ft-thick shield of concrete block, unmortared, surrounding 
the graphite. 

5. Instrumentation equivalent to two MTR safety channels and other 
necessary operating circuits. 

These details are shown in Figs. A4.B and C. 
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A4.2 .ECHANICAL·EX~RIIENTS 

The mechanical and hydraulic investigations were begun in May, 1949 and 

consisted of the following: 

1. Stress-strain measurements. 

2. Mechanical test of the control system. 

3. Development of remote-handling tools. 

4. Hydraulic measurements in lattice and reflector. 

A4.2.1 stress-strain Measurements. The complexity of tank structure D 

with respect to stress analysis made it desirable to obtain measurements at 

questionable points in the Mock-Up. The required information was obtained from 

Baldwin-Southwork strain gauges attached directly to the various components 

of the tank. The results of these measurements are reported in ORNL-472.(4) 

The electric resis·tance wire elements were attached according to the 

following plan: 

Tank section D, outside surface 

Skirt. plates 

Upper assembly grid 

Upper support casting 

Lower support casting 

NO. OF 
ELEMENTS 

14 

4 

2 

5 

5 

Roughly half of the strain gauges were single elements which were employed 

at locations where the direction of the stress could be easily predicted. 

Where the direction was unknown, a triangular arrangement of three elements 

was used so that both the magni tude and the direction of the s tress could he 

determined. 

Measurements were made early in the experimental program and before the 

full pressure drop across the lattice was applied. However, the magnitude of 

the stresses calculated from the strain measurements were low enough in all 

cases to provide assurance tha t no component was in danger of being overstressed 

even at much higher press ure drops. 
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were: 

Maximum stresses for the components during operation atahout 30 psi 6P 

LOCATlCft 

Tank sectian D, 6 in. below upper flange 

Skirt plate, center 

Upper assembly grid, center 

Upper support casting, center bottom 

Lower support casting (side, center of grid 
opening) 

STRESS (psi) 

1920 (tension) 

1850 (tension) 

950 (compression) 

1300 (cOlllpl'ession) 

2020 (compression) 

The 356-T1A aluminum alloy with w~ich the castings were made has a yield 

strength of 25,000 psi at 0.2% set. Tank section D was fahricated of 3SF 

aluminum with a tensile strength of 11,850 psi and a minimum yield strength 

of 6.000 psi • 

.\4.2.2 Control System. Except for the control sys tem, which includes both 

shim-safety and regulating rods, .the reactor has prac ticall y no moving parts. 

Because this system is roughly the hrain and nervous system of the reactor and 

should operate 'for its lifetime, it was important that the control mechanics 

be tested very thoroughly. 

For these' reasons the Mock-Up was provided with two complete shim-safety

rod channels and one regulating rod channei. The control rOQm'contained the 

operating console which served as. the study model for the MTR desk and a 

relay panel, hoth equipped with the necessary electrical equipment for .testing 

system per formance'-

Console. The console for the Mock-Up was little'different from that 

planned for the MTR. A few switches were relocated and the functions of one 

or two were changed. The wings to the right and left of the operator were 

moved inward to bring them wi thin easier reach. Except for these minor changes, 

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

Shim-SafetyRods and Drive Mechanisms .:(6. 7) The shim-safety rods and 

drive mechanisms constituting the original Mock-Up controls were considerably 

different from the elements currently designed for the MIR. A brief history 

of the evolution of the present MTR shim-safety assemblies will be given for 

each part of the assembly. 

A4.1 



(i) Shim-Safety Rods. Originally the rods consisted of five separate 

sections which were, from top to bottom: armature section, upper stainless 

steel section, cadmium (or thorium) section, fuel (or beryllium) section, and 

lower stain less stee I section. These rods were expensive (about 3&3,000 each) 

to manufacture considering their estimated life (one month). In the course of 

,testing the rods several possible refin~ments to the original design hecame 

apparent. 

In the armature section the cadmium plating was not sufficient protection 

to prevent rusting. of the loio steel. Nickel plating was substituted for 

better corrosion protection. The nickel ,plating, being magnetic, had the 

additional advantage of reducing the magnet-to-armature air gap, allowing a 

gain of about 25 Ib in magnet holding force. The original sharp-edged;;corners 

of the ,armature made it difficult tq p~ition the upper assembly of grids over 

the rod~ and as a result the corners were beveled to make this GP~ration 

easJ.er. 

The upper' section of the rod serves three purposes:' (1) as bearing 

surface for the guide bearings, (2) as inlet port for cooling water, and 

(3) as a "~pacer~ to keep electromagnets outside the intense neutron-flux 

region. Being necessarily long, this stainless steel section was also heavy 

(about 50 lb). Mass at this point and in the absorber section below ,is 

undesirable because of the large force exerted on the comparatively weak 

uranium-aluminum section during deceleration of the rod. ~n fact, after 

repeated dro~s the aluminum was found to be deformed at its joints and the 

machine screws holding these joints were loosened. It was apparent that the 

upper sections of the rod should be made of lighter material, and an aluminum 

extrusion with a cadmium box insert was designed to replace the upper stainless 

steel and cadmium sections. 

Although this weight reduction was desirable from the standpoint of 

damage to the fuel section and joint strength, it was considered necessary to 

keep the tot~l weight of the rod above 100 lb for the situation requiring a 

scram with no water flow. Experiments showed that buoyancy and bearing-friction 

forces were great enough to keep a rod weighing less than 70 lb from falling 

if the 350-lb driving force due to water pressure were absent.(s} To eliminate 

this danger lead was added to the lower stainless steel section, and guide 

bearings were redesigned to minimize friction. 
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Velocity measurements on the original 'rods 'showed a peak speed of 16 ft/sec 

with full water flow (see Fig. A4.D). An acceleration of about 4g, is indi'

cated, and these data should hold for present MTR rods. 

The Mock-Up was equipped with safety-rod shock absorbers with bello.s

sealed plungers at the base to indicate the pre sence of the rod. The indi

cating function is unrelated to the primary purpose of the shock absorber, 

that ofdecelerat~ng the falling rod, but is important from the standpoint of 

control. The plunger' type indicator gave cons tant trouble by water leakage 

to the limit switches underneath and from galling. Hydraulic ~ctuators were 

designed for the MTR but could not be tested in the Mock-Up because of limited 

time. 

The oper~tion of the dash pots as decelerators is illustrated by the 

curve of Fig. A4.E which ~hows a terminal rod velocity of 3 ft/sec. Maximum 

pressure~ were measured for various entrance velocities and found to be 200 PS1 

for the l6-ft/sec velocity resulting from a 10-psi pressure drop across the 

reactor tank. 

The bearings which serve to guide the upper and lower ends of the rods 

originally contained spring-loaded graphite pads as the bearing surfaces. The 

graphite scored easily and was found to offer a resistance of approximately 

40 Ib to the fall of ,the rods. Stainless steel rollers with graphite inserts 

have be~n designed to replace the graphite and have ,proved adequate during 

severalmon~hs of usage. 

(b) Ele~tromagnets. The initial design of the electromagnets was based 

on the requirement that they op~rate under a water pressure of 50 psi, support 

1000_ Ib load at 200 mamp current, and release this load in less than 30 msec 

(the minimum period of which the reactor is capable in a start-up accident). 

After test units had been constructed, it was found that the release times 

were about double those expected and that the water-tight seals .ere inadequate. 

The release time deficiency was traced to shorted turns in the coils. 

Subsequent coils were redesigned and manufactured by the Westinghouse Electric 
~ , 

~orporation. 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 m~ec were measured. 
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In fact if one min1m1zes the ratio of holding force to force actually held 

by varying the current, the armature-to-pole-face air gap,or the load sup

ported, the release time can be reduced to 2 or 3 msec. The net result of 

much experimen.tation with these factors-was to specify a current of 100 mamp 

and-an air gap of about 0.010 iL which can be adjusted to give a holding 

force of 600 lb. For the case of full water flow, the total- load on the 

magnets is about 500 Ib and a re Ie ase time of about 10 msec c an be expec ted. 

With no water flowing and only the dead weight of the rod (about 100 Ib) 

supported, the release time is 30 to 40 msec. The holding-force curve for a 

typical magnet is presented in Fig. A4.F. In Fig. A4.G are the records of two 

release-time measurements. 

The failure of the gasketed water seals on the _pole pieces of the initial 

design led to a complete enclosure of the core with a stainless steel can. 

This change necessitated removal ~f a microswitch and a bellows-sealed actuator 

which were contained inside the old can for the purpose of indicating physical 

contact with the- shim-safety rod . The indic·ator currently. in use takes 

advantage of the fact that the rods are at ground potential electrically and 

the demineralized water has a high resistance. By insulating the magnets from 

the drive shafts and applyini a-6-volt potential, the current which flows when 

the magnet face contacts the. rods is sufficient to trip a relay which indicates 

contact and energizes the magnets. 

The magnets installed at the Mock-Up were fastened to the drive shafts 

by six ~-in. bolts. Calculations indicated that the magnets would be con

siderably above tolerance radiation after long-time operation at MTR levels. 

To simplify the replacement of faulty magnets a quick-release mechanism has 

been adopted for MTR magnets. 

The req~irement for an insulating and shielding liquid with which magnets 

and drive shafts c041d be filled is that the liquid not suffer radiation 

damage (i. e., loss of insulat ing qual i ties or severe dega~sin g), that it be 

heavier than water (so that leakage water will not accumulate above the 

magnets), and that it not attack the magnet construction materials. The 

liquid now used is the only insulator of many tested which adequately fills 

these requirements. 

The flexible connections now incorporated in the shim-safety rod design 

were previously a section of the drive shafts, immediately above the magnets. 
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Their purpose is to correct misalignment and to allow approximately 3/8-in. 

overtravel of the drive motors after current cut-off. The original design 

allowed excessive movement of the magnets under full water flow and gave 

considerable difficulty through abrasion of the magnet leads. The simpler 

joint now at the top oT the safety rod appears to be adequate. 

(c) Drive Mechanisms. The worm gear-acme thread speed reduction units 

were studied with respect to measurement of backlash, overtravel. wear. actual 

speed reductio~ and time of reversal. Total backlash from motor shaft to 

magnet drive shaft was less than 0.010 in. Overtravel was 0.10· in. upward and 

0.11 in. downward. The actual speed of .rod withdrawal was 5.0 in./min, and 

time of reversal was less than 0.1 sec. All measurements were made with shafts 

loaded to 600· lb. After approximately 400 hr of operation the total backlash . . 

had not increased, and it was assumed ihat no serious we~r had resulted. 

Regulating Rod and Drive. Mechanism. (9) The MTR regulating rod and drive 

mechanism assembly are very similar to the originals installed in the Mock-Up. 

The Mock-Up rod was thoroughly tested from standpoi~ts of general operability, 

mechanical design, and reactor control. 

Some difficulty was experienced with the sleeve guide bearing located in 

the upper and lower support castings. Because of grit particles the rod and 

bearings galled severely, necessitating removal and refinishing. The bearings 

were redesigned as spring-loaded stainless steel rollers which eliminated the 

galling trouble. However. during the low-power nuclear experiments with full 

water flow it was learned that the bearings permitted lateral movement of the 

rods, which affected neutron detection instruments as would a minor instability 

of the reactor.: The low-power experiments were completed before s.tronger 

springs could be tested. 

Another difficulty with the original design was the method of attaching 

the rod to its drive shaft. The coupling was designed as a screw joint to be 

actuated by a 20-ft-Iong bolt after removal of the upper shock absorber. 

Rotation of the rod during the coupling operation was prevented by a horizontal 

pin through the rod which mated wi th a slot in the upper bear ing .. Awkward 

features were eliminated by a redesign including a new upper shock absorber 

which need not be removed to accomplish attachment or detachment of the rod; 

a ball-and-socket joint replaced the threaded joint, and the necessity for a 

pin and slot were thus eliminated. 

A4.15 



The lower shock absorber of the drive mechanism exhibited an annoying 

quirk of not returning to its rest position after compression. This trouble 

was corrected by insertion of a stronger spring and by attachment of a small 

check valve at the oil-fill port. 

Before the regulating rod was used with its servo mechanism as a control 

device, experiments were devised to measure its response time. The test 

consisted in unbalancing the electronic system with an applied voltage (instead 

of an ion chamber signal) and measuring the time required for rebalancing. 

The response time for the maximum unbalance was found to be about 0.1 sec and 

is considered adequate for control of known"MTRinstabilities. 

Full~scale test of the servo mechanism as an automatic control device 

was accomplished during the low-power nuclear experiments described in Section 

A4<5.1. The system performed satisfactorily for several months at power levels 

from 100 watts to 115 kilowatts. 

A4.3 HYDRAULIC EXPERIMENTS 

The high-power density (about 300 kw/liter) at which the MTR operates 

imposes rather stringent requirements for heat removal. Cooling-water veloc 

ities of 30 ft/sec and heat fluxes as high as 500,000 Btu/sq ft~hr. are 

necessary for the realization of design performance. 

The desire for more complete knowledge of the complex hydr aulic char ac

teristics of the MTR was an important reason for construction of the full

scale Mock-Up. 

Early design calculations indicated that the following conditions could 

be expected in the reflector and fuel lattice: 

LOCATIm 

(I) 1/8-in.~diameter holes in reflector pieces 

(2) 0.118-in. slot between fuel elements 

(3) Fuel elements with O.IIS-in. gaps 

(4) Shim~safety rods (Th-U) 

(5) Across upper assembly grid 

(6) Across lower assembly grid 

(7) Across lower support casting 
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VELOCITY 
(it/sec) 

10. 

25 

30 

30 

PRESSURE DROP 
(psi) 

6 

17 

42 (including 
end boxes) 

42 

12 

13 

36 
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Water requirements for 42 psi pressure drop were; 

ELEMENT 

23 fuel pieces (slab loading) 

8' shim-safety rods 

Reflector 

Lattice interstices and Be in lattice 

Total water requirement 

FLOW OF 
WATER (gpm) 

10,500 

3.200 

1.000 

1,500 

16,200 

The Mock-Up problem assignment was to determine whether the 'calculated pressure 

drops and flow rates actually existed. 

The experimental work was divided into two groups: 

reflector, 'and (2) flow inside the fuel lattice. 

(1) flow in the 

,-"4.3.1 filow in Reflector ontside tbe Fuel Lattice., The reactor is 

designed in a manner such that the beryllium reflector occupies the space 

(15 by 30 in.) between the rectangular lattice area. at the center and the wall 

of tbe 54-in.-diameter aluminum tank. At the time the Mock-Up was built the 

reflector consisted of approximately two hundred separate pieces, each roughly 

3 by 3 by 40 in. high. In general, each separate piece was provided with 

several 1/8- in. ~diameter cooling holes extending through the piece from top 

to bottom. A few pieces of odd sizes and shapes, such as those above and 

below the experimental thimbles, had larger or different cooling passages. The 

general aim in the design of the reflector cooling passages was to provide 

sufficient water to remove approximately 6,000 kw of heat produced by y-ray 

and neutron energy from the fuel lattice. 
/' 

The problem of measuring the various velocities and pressures was ap

proached by ,.selecting a typical quadrant of the reflector ,for detailed study., 

A few pieces were chosen in other quadrants as check points .and others where 

special situations arose. Figures A4.H and I show these selections., One 

cooling channel in each reflector piece was provided with tw,O' static pressure 

taps and calibrated for flow versus pressure drop before installation. 

After positioning a particular piece in the Mock-Up reflector. small 

stainless steel tubing leads from the pressure points were attacheq to Cannon 
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type connectors in the reactor tank wall and then run directly to a manometer 

board in the control room. Approximately 120 lines were. connected from ins ide 

the reactor tank to manifold·sand thence to mercury and oil-filled Merriam 

manometers. 

Nine experimental determinations of velocities were made in the 56 

reflector pieces selected for study at pressure drops r~nging from 11.5 to 

33.7 psi. After two runs it was seen that flow in the reflector was con

siderably in excess of that anticipated. An unsucce~sful attempt was m~de to 

reduce the flow by plugging weep holes in the lower support casting and filling 

some open area at the "A"· piece end box socke ts. Mean velocitie.s in vari ous. 

types of channels for a typical test at 33.6 psi. after reducing the . open area 

in the lower support casting. are shown in Table A4.A. 

TABLE A4. A 

water Velocities in Various Reflector Channels 

CHANNEL VELOCITY 
(it/sec) 
. --

"A" pieces (l/S-in. holes) 18.7 

.5/16-in. holes above thimbles 9.0 

5/l6-in. holes below thimbles 8.9 

liS-in! holes above thimbles 10.9 

l/S-in. holes below thimbles 3.8 

l/S-in.holes above ~-in. horizontal tubes 15.2 

Using these ~elocities as ~ ~asis, the total flow rate through the re

flector was computed astfollows: 

A section was taken above the thimbles and just below the top surface of 

the reflector. Counting the numbers of various types of holes and using 

measured dimensions, flow rates in gallons. per minute for each foot per second 

measured velocity were deriv.ed. These are shown in Table A4.B. 
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TABLEA4~·B 

Flow Rates for Various Reflector Holes 

CROSS- FLOW RATE 
NO. OF SECTION (gpm) 

TYPE OF CHANNEL HOLES (sqin.) AT I it/sec I 

I/O~in. holes above thimbles 320 0.0129 12.9 

5/l6-in. holes above thimbles 86 0.101 27.1 

Full length liB-in. holes 744 0.0129 30.0 

I/O-in. holes in "A" pieces 20B 0.0129 8.4 

1/8-in. holes above ~-in.horizontal tubes 44 0.0129 1.8 

1/8-in. holes above I-in. horizontal tubes 64 0.0129 2.6 
.. 

Flow through gaps between reflector components was estimated as a function 

of gap thickness. Assuming that the velocities vary as the 2/3 power of the 

equivalent diameters, and that the equivalent diameter of a wide thin slot 

is approximately twice the thickness T, 

V2 VI [::r' VII;~r' 
The O.127-in. hole designated as pressure tap 41 (Fig. A4.D) is suitable as a 

standard. Then 

V =y _2_ (T)2/3=6.30Y(T)2/3 
[ ] 

2/3 

2 1 0.127 2 1 2 

Values of flow rates in gallons per minute at 1 ft/sec measured velocity at 

pressure tap 41 are thus derived for the gaps between reflector pieces. These 

values are shown in Table A4.C. 
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TABLE A4.'C 

Flow Rates at Pressnre'Tap41 

CROSS- FLqW RATE 
, SECTI(If (gpm) 

CLEARANCE, T 2 NO. OF GAPS (T
2

) 2/3 (sq in.) AT 1 ft/sec 

0.011 228 0.065 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 0.185 0.240 10.5 

0.1065 2 0.225 0.320 2.8 

0.0625 (at tank wall) 1 0.158 10.6 33.0 --Total 14.0 

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

the factors derived above and the measured velocities in Table A4.A. 

TABLE A4.D 

Flow Rates in Reflector 

FLOW RAlE TOTAL FLOW (gpm) 
" (gpm) 

AT 1ft/sec TEST 6 lEST 7 lEST 8 lEST 9 

b.p 33.5 psi /).P 33. 5psL /).p 33.7 psi fj.p 33.6 psi 

- - - '1_.",",: 

Components of flow rate 

1/8-in. holes above thimbles 12.9 138 140 138 141 
5/16-in. holes above thimbles 27.1 244 264 255 244 
Full length l/8-in. holes 30.0 362 362 362 312 
l/8-in. holes in .. AU pieces 8.4 154 152 152 149 
1/8-in.' holes above ~-in. 

horizontal tubes 1.8 25 28 30 27 
1/8~in. holes above I-in. 

horizontal tubes 2.6 33 34 30 30 -- -- -- -
Subtotal 956 980 961 963 

Clearan~e channels 74.0 898 898 898 920 
-- -- --

Total reflector flow, 1854 1878 1865 1883 
, -, 
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During these experiments measurements were also made of total flow and 

velocities through fuel elements (see Section A4;3.2,Lattice Measurements}. A 

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

Total flow. by calibrated orifice (gpm) 

Component flow, by calibrated pressure taps (gpm) 

1. 19 fuel elements (27.5 ft/sec velocity) 

2. Shim rods and substitutes 

3. " Hery Ilium" lattice pieces 

4. Lattice interstices 

5. Open I-in. rabbit tubes 

Total flow, by components except reflector (gpm) 

Flow through reflector, by difference (gpm) 

14,900 

8,300 

2,890 

70 

1,577 

220 

13,057 

1.843 

This excellent agreement of two independent measures indicates accuracy better 

than the ±l% which more probably existed. 

On the basis of these data and simultaneous lattice measurements (Section 

A4.3.2), which indicated that a pressure drop of approximately 40 psi would 

he required to realize a 30-ft/sec velocity through the fuel, refle~tor re

quirements at 40 psi were estimated as approximately 2000gpm. This figure. 

was roughly 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 elements and shim-safety rods and in the inter

stices between fuel elements. Pressure drops were studied wherever significant 

Ireductions 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-SO-6-102.(lO) 

Flow Through Fuel Elements., A group of six fuel elements was selected 

for calibration. Two static pressure 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 ina separate experiment before 

the fuel pieces were installed in the reactor lattice. Figure A4.K is a plot 

of the calibration of these assemblies. Also shown are data from a previous 
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f 
calibration of a single assembly reported in ORNl.J.SO,. The pressure drops were 

measured over the length of the fuel pl~tes and the agreement of the two 

independent calibra tion~ is good. 

The overall pressure drop, which ipcludes losses in both upp~r and lower 

end boxes (reported in ORNL-SO), indicated that the desired velocity of 

30 ft/sec past the plates would be realized at a total pressure drop of 30 to 

35 psi. This value was taken as the basis for design of the hydraulic system 

for the MTR. However, full-scale measurements in the Mock-Up indicated that 

an overall pressure drop of about 40 psi was required to attain the 30-ft/sec 

veloci ty. / 

This diagreement of 5 to 10 psi was the subject of an investigation which 

resulted in an explanation of the difference in the two cases. It was found 

that the upper end box of the fuel piece used in the experiments described in 

ORNL-50 had an inside diameter 1/8 in. longer than the end boxes of more 

recent design used in the Mock-Up. A calculation of the two cases confirmed 

a loss of about 4 psi for the smaller Mock-Up end boxes. An additional loss 

of 3 psi was measured across the upper support casting, through which the 

water must pass before it reaches the fuel. Thus the total design pressure 

drop for the reactor tank was increased to 40 psi, which may be broken down 

as follows: 

RESISTANCE 

Upper support and grid spacer castings 

Upper end box 

Fuel plates 

Lower end box 

Total pressure loss in tank section D 

Flow Through Interstices Between Fuel Elements. 

PRESSURE. DROP 
(psi) 

3 

13 

18 

6 

40 

In order for cooling 

water to flow between adjacent fuel elements, it must move past the upper 

~ssembly grid, down past the outer fuel plates, and discharge through the 

lower assembly grid. It was desired to maintain a velocity of 25 ft/sec in 

the spaces between fuel elements, but the Mock-Up measurements indicated 
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velocities of roughly 15 ft/sec. 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 velocity through the 

interstices. 

Flow Through Safety Rods.. The shim-safety rods also require a cooling 

velocity of 30 ft/sec through the fuel section. Measurements in a previous 

experimeut(li) indicated a pressure drop of 40 psi for this velocity. Cali

bration of the Mock-Up rods agreed with this figure. The curve of velocity 

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

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

rates through tank section D are summarized in Table A4.E. 

TABLE A4.E 

Pressure Drops and Flow ·aates Throo'gh Tank Section D 

FLOW (gpm) 

PRESSURE ~TS COMPONENTS 
IDeATION DROP (psi) PARALLEL N(IfllABALLEL 

Upper support.casting 3 17,670 

Upper assembly grid 10 2,500 i 

Fuel assemblies (23.required) 37 10,925 

Lattice beryllium pieces (14.required) 37 35 

Gaps in lattice 17 2,500 

Shim rods, cadmium· (4 required) 40 1,725 
" Shim rods, beryllium (4 required) 40 10 

Reflector (Mock.Up design) 9 2,000 

Lower support casting 31 2,000 •. 
Lower as sembi y grid 10 2;500 

By-pass 475 

Total flow required (with 4 cadmium shim 
rods) 17.670 

A4.27 



'\I 
.~ 
" a 
~ 
::t 
~ 

50 

40 

25 

10 

5 

4 

3 

2 

o 
2.5 4 8 

OWG. .tt I 0809 
 

~/ 
7;1 

I; 

Oyer·allloss c9Cn:J$S / 

C<9dmium Rod ~ b 
~ . 

Wifh sfeel roller .bearing 
oyer exif perfs 

I} 
!l 

J Loss through 
CadmIum Secflon 

I 'l 
7; 
/ 

8 10 20 40 

Yeloci~ rt/sec. fhru ruel section 

FIG.A.4.L 

80 80 100 

CALIBRATION OF CADMIUM SHIM SAFETY ROD 
New TYPE- 0.060" rUEL PLATES 

A4.28 

e 

e 

e 



e 

e 

e 

A4.4 HANDLING TOOLS 

Normal and frequent operations such as fuel replacement and adjustment 

of reactor and reflector geometry for experiments require special tools and 

appurtenances for remote handling . It will -be recalled , fprthermore , that 

one of the basic design requirements of the MTR is that any part of the reactor 

proper be replaceable. Because many parts will be intensely radioactive 

after extended operation , remote handling is required. Working models for 

most of the operations noted have been tested in the Mock - Up ; Figs . A4 . M and 

N are -shown as typical of this work. 

The results of Mock - Up experience have been incorporated in the MTR 

handling tools mentioned in Section 2.9. 

A4 . 5 NUCLEAR EXPERIMENTS 

Problems associated with the nuclear characteristics of the operating 

reactor were studied for a period of seven months (starting in February , 1950) 
using the assembly illustrated in Figs. A4.B and C. As is often the case when 

a heavy program is undertaken with limited time available , it was impossible 

to refine the experiments as desired. However, from the MTR design standpoint 

little could have been gained by greater precision because MTR experimental 

conditions could not be exactly duplicated . The principal topics of study 

were the following : 

1. Determination of critical mass for a slab type loading . 

2 . Calibration of regulating rod . 

3 . Measurements of temperature coefficient . 

4 . Measurements of reactivity changes caused by water flow , a1r 
bubbles , and open beam holes . 

5 . Performance of the control and safety systems . 

6 . Measurements of neutron and gamma fluxes inside and above the 
fuel, in the graphite reflector outside the tank , and in the 
thermal shield. 

A4 05 . 1 Critical Mass Determination . Several extraordinary safety pre

cautions were taken for the initial fuel loading . For instance , a standard 

safety rod was rebuilt with a beryllium section in place of the fuel section 
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for use as a "~ocked~ safety during loading. The cadmium section of this rod 

was kept suspended above the lattice by an electromagnet while each fuel piece 

was inserted . 

Another precaution was the install~tion of separate neutron - level and 

period indicators at the loading platform which was 30 ft above the control 

room. Also, a boron fluoride neutron detector was used in addition to the 

slow fission chamber and three other neutron chambers. The relative locations 

of source , fuel , and detectors is shown in Fig. A4 . 0. 

The critical mass determination was begun after recording backgrounds of 

all the neutron detectors with the addition of four fuel pieces containing 

a total of 560 g of U235 • The control rods were then withdrawn completely and 

the new counting rates were measured with pulse counters. The usual plot of 

reciprocal counting rate against mass of U235 was made upon addition of each 

additional fuel element (140 g of U235). As the critical point was approached, 

smaller quantities of uranium in the form of partial fuel elements were added. 

Criticality was attained with approximately 2000 g of U235 • 

A4.~.2 Regulating-rod Calibration. The regulating rod is a 1~-in.-

diameter aluminum rod with a 20 - in. - long cadmium tube inserted at its center; 

it is located in the permanent beryllium at the edge of the lattice. The 

total reactivity of the rod, expressed as 6k/k , is intended to be less than 

the delayed neutron fraction to prevent sudden complete removal from making 

the reactor "prompt-critical."- For safety. therefore, it was necessary to be 

certain of the total reactivity change possible from the regulating rod. 

Furthermore , for control purposes it was desirable to determine a curve of 

sensitivity as a function of rod position . 

The method of calibration was as follows : Beginning with the rod com~ 

pletely inserted and the reactor level (infinite period), the rod was with 

drawn a short distance manually and the resultant period was measured as the 

slope of the logarithmic plot of neutron level. After complete withdrawal of 

the rod , similar points were obtained by stepwise insertion . The reactivity , 

(6k/k}ef f ' was obtained from the usual in - hour - relation . (12) Curves of 

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

Considering the accuracy of the determination (about~~} J it 1S seen 

that the original rod was ppssibly worth as much as O.7~ in (6k/k}eff' 
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As a result, the total movement of the cadmium section of the rod was reduced 

hy 4 in •. with a resultant reduction in equivalent reactivity to about 0.65%. 11; 

is expected that the regulating rod in the M1R will .contain less than 0.65% in 

(~/k)eff because the M1R core will be larger than that in the Mock-Up. 

A4.5.3 ~emperature Coefficieut. The measurement of the Mock-Up tempera

ture coefficient was made in the following way: The reactor was made critical 

at the ambient bulk water temperature (usually 20 to 25°C), and positions of 

the shim and regulating rods were carefully recorded. After the reactor was 

shut down, the water pumps were operated until the pump input energy (about . . 
350 kw) had increased the temperature of the circulating water a sufficient 

amQunt (5 or lO°C). At the new temperature, the pumps were stopped and the 

reactor was again bro~ght to some low power level with the shim rods set 

exactly at their previous locations, corrected for rod expansion at the 1n

creased temperature, and the new position of the regulating rod was recorded. 

From the rod calibration curve the change in reactivity for that particular 

temperature increment was read. This change in (~k/k)eff was checked later by 

measuring the reactor period resulting from the same movement of the regulating 

rod. 

Measurements made in this manner are listed in Table A4.F. The average 

of 0.013 is in fairly good agreement with the calculated value of 0.017% per 

degree centigrade for the Mock-Up core with a k of about 1.58. 

TABLE A4.F 

Experimental Values for Temperature Coefficieut 

TEMPERATURE (oC) PERCENT (&jk) eft PER °c 

36.1 -0.013 

37 -0.012 

43 -0.012 

45 -0.012 

46.5 -0.014 

48 -0.012 

53 -0.014 

54 -0.013 

-0.013 (avg.) 
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A4.5.4 Effect of an Empty Experimental Beam Hole, The effect on re-

activity of removing a beryllium plug from the 6-in.~diameter northwest 

experimental thimble (see Fig. A4.C' extending to the lattice face was deter

mined by comparison with changes in the position of the regulating rod. For 

the Mock-Up core the effect was a 0.6% reduction in (~k/k)eff' Filling the 

empty hole with a paraffin plug resulted in a (~k/k)eff increase of 0.3%. 

Although the effect of an empty hole measured here is considerably greater 

than that obseryed in tbe critical experiments. tbe difference in core size 

and asymmetry of reflector are probably responsible, and it is expected that 

the MTR will exhibit effects more similar to those of the critical experiments. 

A4. 5. 5 Effe,ct of water Flow, It has been speculated that high-velocity 

water flow in the fuel assemblies might result in sufficient movement to be 

detectable as small fluctuations in reacti vi ty, and an experiment was conduc ted 

to investigate this possibility. The upper fuel~positioning grid was removed 

so that fuel elements would be unconfined at their upper ends. A water 

velocity of 30 ft/sec was maintained through the cooling clearances. The 

ion chamber which normally ,fed the servo control mechanism was used as the 

detector of reactivity changes. Several measurements were made both with and 

without water flow, but no difference ~as detectable. It was therefore con

cluded that water flow had no significant effect on the stability of the 

reactor. Furthermore, since many small air bubbles were visible in the 

circulating water, it was concluded that, as expected, uniformly distributed 

air bubbles would not cause reactivity fluctuations. 

A4.5.6 Performance of control and Safety Circuits. The two instruments 

in which most interest has been evidenced are the period indicator and the 

servo mechanism. 

The period meter is a direct indicator of rate of increase or decrease 

of reactor level. Its scale is calibrated in seconds so that the period. i.e., 

the time required for the power level to change by a factor of 2.7, can be 

read directly. This instrument proved extremely valuable in start-ups and was 

also ,useful for making changes in power level when the reactor was being 

controlled manually. 

The servo mechanism performed exceptionally well. With this device any 

desired power level in the operating range could he maintained for hours with 
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only minor attention from the operator. The response of the circuit to large 

disturbances was measured asapp~oximately 0.1 sec by applying an electrical 

pulse equivalent to a (~k/k)eff step of about 0.6%. During operation. steps 

as high ~s 0.3% (~k/k)eff were added in approximately 1 sec by injecting 

compressed air at the center of the fuel lattice. The servo mechanism easily 

followed these disturbances without losing control of the reactor. 

Another feature of the MTR control arrangement -is the safety circuits 

which protect against higher-than~normal power levels. Unsafe levels cause 

a reduction in current to the electromagnets and subsequent release of the 

control rods. The time required for release of-the rods had been measured as 

approximately 15 msec before installation in the Mock-Up. During operation 

the time interval between the "'scram'" signal and shutdown of the reactor was 

observed to be ~pproximately 30 msec. 

Although a number of minor changes in the control instrumentation were 

deemed desirable before construction of the final MTR instruments, it can 

be said that their performance in the Mock-Up was very satisfactory. 

A4.5.7 Measurement of Neutron Fluxes. The data presented below have 

been analyzed and compared with previous calculations.(13.14) Neutron flux 

distributions were measured by determining the saturated activity (As> induced 

in bare and cadmium-covered metal foils. The measurements can be divided into 

three series of experiments, based on the experimental conditions and the 

information sought in each series. 

In the first group of experiments the northwest thimble was left open. 

Fluxes were measured in the fuel lattice, the northwest quadrant of the 

graphite reflector, and at other miscellaneous points in the structure. 

In the second series the northwest thimble hole was closed, as described 

later, and additional foil exposures were made at many of the locations 

mentioned above. Neutron attenuations in the water above the lattice up to 

the elevation of the shim-rod electromagnets were measured also. 

The third series included attenuation in concrete blocks and in paraffin 

stacked behind a portion of the steel thermal shield outside the graphite 

stack. 

Gold foils (1 em square, 0.005 in. thick) ~ere used for exposures in the 

graphite. The foils were spaced 6 in~ apart on 1/16-in.-thick aluminum strips 
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for exposures in the fuel lattice and in the I-in.-diameter holes which 

extended vertically through the graphite reflector. Measurements of very low 

fluxes (e.g •• in the water above the fuel) were made with large indium foils 

(25 cm square, 0.005 in. thick) which were held on lucite stri~s during 

exposure. Correction for the activity induced by resonance and fast neutrons 

was made by exposing foils covered with cadmium. The cadmium covers were 

0.020 in. thick and were coated with lacquer to prevent contamination of the 

foils. 

Mica-window· Geiger tubes were used to count the I-cm foils, and the glass 

tubes were used with the large indium foils. The small foils were placed o~ 

a flat aluminum plate beneath the mica-window tubes; the large foils were 

enclosed in a brass cylinder and slipped over the glass tubes. Only the side 

of the foil which had faced the reactor was counted, and this side was always 

placed nearest the counting tube. 

The foils and counters were calibrated by irradiating foils in positions 

of known flux in a standard graphite pile.(16) 

In almost all instances exposure time and start-up time were comparable; 

consequently a start-up correction has been applied to the foil data.(i6) The 

power levels for the many foil activations varied from 10 watts t02kil~watts~ 

First Series. Experimental conditions for the first ser1es were: 

1 .. ·Lattice arrangements as shown in Fig. A4.C. 

2. No thermal shield. 

3. Experimental holes filled as follows: 

(a) Southwest thimble -- filled solidly with graphite from edge 
of the lattice to outer edge of graphite. 

(b) Center west thimble -- filled with an 18-in.-long by 6-in.
diameter cylinder of beryllium beginning 1 in. from the edge 
of the lattic~; the differeiltialchamber and one safety 
chamber occupied the otherwise empty space behind the be
ryllium plug. 

(c) Northwest thimble - empty exce'pt for the U235 fiss.ion 
chamber and one safety chamber. 

(d) Southeast and center east thimbles -- filled with paraffin, 

(e) Northeast thimble 
crete plug. 

filled with graphite backed by a con-
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4. Regulating rod removed. 

5. Shim rod No. I completely withdrawn, shim rod No.2 withdrawn 80%. 

6. Graphite reflector arranged as indicated in Fig. A4.C with I-in.
diameter boles extending from top to bottom in the numbered 
pos,i tions. 

7. Reactor tank filled with demineralized, deaerated water. 

All measurements in this series were normalized by comparing gold foils 

activated in graphite hole 44 during each run. 

Figures A4~R and S show the data for the mid-plane and,top plane of the 

active lattice. Typical curves showing vertical distribution of neutron fluxes 

in several holes in the graphite reflector are presented in Figs. A4.T. U, and 

V. Table A4.G lists the thermal-neutron flux values at various mid-plane 

positions in the graphite reflector with the cadmium ratio at the points where 

it was measured. 

TABLE .\4. G 

Neutron Flux in Midoplane 

First series': NQJ:.tiliwest Thimble Open 

HOLE NO'. n'f (thermal) * CADMIUM llATIO" 

44 123 X 10~3 

45 81 19 

46 107 

13 27 

19 16 100 

15 13 44 

16 5.0 140 

34 0.3 230 

38 1.83 

11--· 0.92 

16 1.1 

34 0.24 

37 0.65 

-Normalized to n'f (thermal) of 1.0 neutron/cm2.sec at center of lattice. 
··Corrected for absorption of res~nance neutrons in cadmium. 

*·-outer surface of graphite behind hole. 
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Second Series. The significant changes from the experimental co~ditions 

1n the first series were: 

1. The beryllium cylinder in the center west thimble was moved to 
the northwest thimble; the space behind the beryllium was filled 
with graphite. 

2. The regulating rod was put into operation. 

3. Both shim rods withdrawn to the same height (approximately 
26 in.). 

4. Center west thimble empty except for ion chamber. 

5. Southwest thimbde empty except for ion chamber. 

6. A partial thermal shield 4 ft by 4 ft by 4 in. thick was placed 
temporal".ily behind-hole 11'.at,the edge of the.graphite for the 
measurements reported in Table A4.I. 

Table A4.H lists the flux at mid-plane in most of.the holes in' the north

west quadrant of the graphite reflector'and the cadmium ratio in the positions 

where it was measured. Table A4.I shows the measurements taken on the top and 

bottom of the graphite reflector. Traverses on the west face of the graphite 

behind hole 17 with and without the partial steel thermal shield section in 

place are presented in Table A4.J. 

Figure A4.W is a plot of the neutron flux along the vertical centerline 

of the active lattice. starting at the bottom of the lattice and continuing up 

to the shim rod electromagnets. The flux at the magnets is seen to be too low 

to give good counting statistics. To check this measurement the neutron 

attenuation curve from the X-I0 reactor lid tank was normalized and plotted 

with the curve from the Mock-Up. co~sidering t~e top of the Mock-Up lattice to 

be the source plate. 

Third Series. This series includes two sets of measurements taken behind 

a 4-ft-square section of the steel thermal shield. 

For the first measurements barytes concrete blocks were stacked behind 

t~ 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 backedw.i"th graphite. 

Fluxes were measured in the concrete blocks using small indium foils ( 1 cm 

square) which gave activities too low for accurate counting. 
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TABLE A4.B 

Neotroo Flox io MidQplaoe 

Second Series: Northwest Thimhle Clos~d; Center Thimble Open 

BOLE NO. ny (thermaU· CAlJdIUM RATIO·· 

44 126' - X 10-:- 3 40 
45 6l 80 
46 82 60 
13 31:' .. 
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 
28 -8.5 1300 

.. 29 12 . -
"11 3.1 
l6 2.0 -- .. 8QO 
1'1 1.2. 1800 
25 0.54 1600. 
34 0.18 1050 
35 0.49 
36 0.87 
37 1.6 --
38. 2.0 1300 
11~" 1.1-
16!*! 0.55 
17'!''' 0.36 
2s~"" 0.22 
34~" 0.19 
35·" 0.29 
36*·* 0.46 
37··· 0.65 
38··· 0.85 

·Normalized to nv (thermal) of 0.1 neutron/cm2-sec at center 
of lattice. 

··Corrected for absorption of resonance neutrons in cadmium. 

···Outer surface of gr~hite behind hole. 
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TABLE A4.1 

Horizontal Traverse 

DISTANCE.FROM TANK WALL 
(in. ) 

nv (thermal)" 
.1 

I 

On Bottom Plane of Graphite on North-South Centerline of Reactor 

6 

18 

24 

30 

1.20 X 10-3 

0.56 

0.45 

0.32 

'On' Bottom P1ane""f Graphite from"Tailk ; Witl 1 Towaid Bole No. '11 

6 0.47 X 10.3 

18 0.69 

'24 0.73 

30 0.44 

47 0.10 

59 0.050 

62 0.045 

On Top PI~ne of Graphite from Tank Wall Toward Bole No. 17 

6 0.14 X 10-3 

18 0.22 

24 0.21 

30 0.24 

47 0.071 

59 0.049 

62 0.047 

-Normalized to 1 neutron/cm2.sec at the center of the lattice. 
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TABLE A4 • .J 

Traverses Behind Bole No. 17 on surface of Graphite 

POSITION 

Vertical 

Top 

Cenb';Ul.ne 

Bottom 

Horizontal 

North 

Centerline 

South 

DISTANCE BETWEEN 
ADJACENT FOILS 

(in. ) 

10 

12 

12 

10 

10 

12 

12 

10 

Ii ~ is· .~~ .. ~ \ , \ ,.. 
,. n~ (t~e~al). NEGLECTING 

,.. ..... £PI -CAlJlIllM FUg. 

WrI1l>UT S'J.'EEL 

0.34 X 10-3 

0.32 

0.32 

0.30 

0.27 

0.19 

0.24. 

0.32 

0.43 

0.52 

Wlm 4- in. S'J.'EEL 

0.35 X 10-3 

0.38 

0.42 

0.33 

0.23 

0.14 

0.24-

0.41 

0.53 

0.73 

*Normalized to 1 neutron/cm2-sec at the center of the lattice. 
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After this unsuccessful attempt to measure fluxes in the concrete. the 

barytes blocks were removed and the space behind the steel,,,tas fi lled wi th a block 

of paraffin, 4 'ft by 4 ft by 20 in. thick (Fig. A4.X), containing horizontal 

and vertical slots for the ,exposure of large indium foils (25 sq cm). The 

paraffin cube was surrounded by "sheets ofboron-tygon plastic and had addi

tional paraffin (left after the concrete experiment) on the north face and 

underneath. 

Figure A4.Y is a centerline traverse perpendicular to the steel thermal 

shield through 18 in. of paraffin. It shows that leakage from the concrete 

biological shield behind the paraffin distorts the attenuation curve as far 

as the middle of the paraffin. 

In Figs. A4.Z and AA hori~ontal and vertical traverses taken behind 

various thicknesses of paraffin show the centerline traverse to be relatively 

unaffected by leakage from the top and sides of the block, making Fig. A4.y 

useful through the first half of the curve. Many of the cadmium-covered foils 

exposed in the paraffin showed essentially no activity above background and 

are not plotted. 

A4.5.8 Heat production in Graphite, Thermal Shield, and Concrete. One 

of the most important MTR design problems has been the determination of the 

cooling requirements of the graphite, thermal shield, and concrete portions 

of the r~actor structure. It was felt therefore that measurements of the 

heat generation in these media in the Mock-Up were of particular imp~rtance 

because once the reactor has been constructed major changes in the structure 

will be impossible. 

Measurements of" this kind have been made for the beryllium reflector in 

the critical experiments.(18) For this purpose, small thimble~type ion 

chambers were used; ,this method also was employed in the present experiments. 

The chambers used were of three sizes, 10, 50, and 95 cm3
• Figure A4.BB 

shows a typical design. A six-channel vacuum-tube electrometer circuit(i9) 

was used with the chambers, making it possible to minimize the time required 

for the necessarily large number of measurements. 

The chambers were calibrated by two independent methods: (1) against 

radium and cobalt sources (in air), and (2) against a sensitive liquid~nitrogen 

calorimeter by comparison of heat generated in a graphite block inserted in 

the ORNL graphite reactor with that calculated from ion chamber measurements 

in a similar block.(20) 
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ATTENUATION IN PARAFFIN BEHIND THE THERMAL SHIELD 

Points are As vs Thickness of Paraffin behind 8 In. of steel 
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FIG. A4.Z 

HORIZONTAL· TRAVERSE BETWEEN PARAFFIN AND STEEL 

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

Foils are Indium, 25 cm sq, 0.005 in. thick, 
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e FIG.A4.AA 

VERTICAL TRAVE RSE BE TWEEN PARAFFIN AND STE!L 

Points are saturated activity vs distance below 
the top of a block of paraffin placed behind 

eight inches of steel. 
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Calibrations were made:with air, CO 2 , argon, and helium, but 00 2 was 

used for the measurements, making it unnecessary to correct for iopization 

by protons from the nitrogen (n.p) reaction. Constant flow of gas through the 

chambers was supplied through the coaxial cables and connectors. 

The method of measurement consis~ed 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 purpose of normalization, ion chambers in two holes 

(8 and I3) were checked carefully against neutron (foil) measurements in the 

:core. 'and thereafter all measurements were referred to ,chambers in these holes. 

In computation of the heat production. the ion chamber measurements have 

been referred to a neutron flux of 1 neutronicm2 -sec at the center of the ,cor'e. 

Two major groups of measurements were made at various points in the 

graphite ,reflector. In the first experiments the arrangement of :the 'experi

mental holes and tank thimbles was that of the first series of neutron-flux 

measurements. The second series of ion chamber measurements corresponds to 

the second.series of neutron' experiments. Tables A4.K and L and Figs. A4.OC, 

DDt 'EE, :and FF 'contain the results. These data have been analyzed in ORNL 

CF-SO-7-86, 

Measurements were also made in sections of barytes concrete which were 

placed behind the simulated thermal ,shield. ·For this purpose a special chamber 

with a polystyrene wall of 0.010 in. thickness was constructed. This modifi

cation produced, in effect, an air-wall chamber, and it is believed therefore 

that the measurements in concrete are probably correct within about 25%. 

Typical results are shown in Fig. A4.GG. 

A4. 5. 9 Attenuation of Y~RaYs.In8ide Reactor Tank. The:,t,op plug of,. the 

MTR tank is designed so that it can' be filled with 

of 10 in., although the~xact thickness required 

was thought to be les/than 10 in. An estimation 

lead to a maximum thickness 

for shielding at 60,000 kw 

of this thickness has been 

obtained from measurements of y~ray attenuation in the Mock-Up tank with the 

active lattice operating at approximately 270 watts. 

Attenuation measurements were made with sensitive watertight ion chambers 

along two vertical lines above the active lattice. Data are plotted in 

Fig.' A4.HH and indicate a factor of e reduction in 29.5 cm. The discontinuity 
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TABLE A4.& 

Beat Production· in Mid-plane. Grapbi te Reflector 

HEAT PRODUCTION (watts/cm3 /unit neutron flux in core) 

NOR1llWEST TRIMBLE CLOSED, NOR'IHWEST THIMBLE. OPEN. 
HOLE NO. CENTER TRIMBLE OPEN CENTER THIMBLE CLOSED 

11 2.4 X 10- 18 2.8 X 10- 18 

12 8.2 :' 7.5 . ' ~ 

13 36.3 

15 6.1* 

16 2.3· 3.8 

17 1.9· (0.7) 4.2 

18 2.95* (3.35) 6.0 

19 f(8 •. 9)* (8.5) 11.6 

20 32 29. 

21 14.5 70S 

22 68.0 71. 

25 0.85* (0.4) 0.75 

26 1.07 1.3 

27 2.3 

28 5.0 

29 7.55 
, 

30 i 53 

34 0.23 0.36 

35 0.31 

36 0.52 

37 0.96 

38 1.1 

44 ·44S 

45 ISS. 18S . 

46 380 

,/'. 

·Steel section' •• simulating thermal shield, behind graphite; parentheses 
indicate no steel behind graphite. 

'" 
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TABLE A4.L 

Measured Beat production in Top and Bottom 

PlaDesof Grapbite Reflector 

HEAT PRODUCTION (watts/cm3/unit'n~utron flux in core) 

HOLE NO. TOP PLANE 6 in.. BELOW BOTIOM PLANE 6 in. ABOVE 
TOP GRAPHITE BOTTOM GRAPHITE 

11 0.5 X 10- 18 0.6 X 10- 18 

12 1.0 1.5 

13 

15 0.7 1.5 

16 0.5 1.0. 

17 0.4 0.4 
18 1.2 LO 

19 0.8 3.0 
, 

20 6. o. 7.0 

21 1.4 8.65 

22 

25 0.2 0.2 

26 0.2 0.5 

27 0.3 0.8 

28 0.5 1.14 

29 0.4 1.4 

30 

34 0.2 0.3 

35 0.3 0.3 
1 

36 0.3 0.3 

37 0.2 0.3 

38 0.2 0.3 

44 1.9 1:5 

'45 2.0 10;5 

46 1.6 9.5 

A4.65 
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of the curves.~eginning at approximately 70 in. above the fuel, was studied 

furt~e~,with thre~ horizontal traverses, plotted in Fig. A4.1I.Traverse No.1 

clearly indicated an additional y-ray source on the north side of the tank. 

This source is explained by the ,construction of the graphite reflector and the 

concreteshield:as shown in Fig. A4.JJ. 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 kwindicated approximately 500 mr/hr. requiring a 6-in. thickness of 

lead shot in the top plug for adequate protection. 

Complete details of this work are reported in ORNL CF-50-8-85. (21) 
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Appendix'S 

.. BERYLLIUM 

.n.l CHEMICAL AND MECHANICAL TESTS 

When it becam~ 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 th~ initial corrosion testing was done on this. 

The corrosion-test procedures ahd preliminary results are fully described in 

ORNL-298. (1) Thi,s and later reports e~phasize that the corrosion of beryllium 

in ~imulate~ cooling water can be controlled to a large extent by: 

1. Controlling the ,amounts cif impurities present in the metal 
through improved processing techniques., Corros ion- tes t da ta 
indicate that these impurities are a very important factor in 
determining the corrosiop resistance of this metal. 

2. Controlling the quality of the demineralized water used as a 
cooling medium.' A water of high specific resistanqe is desired 
as, well as one relative~y free from such detri~ental i6ns as 
chlorides, sulfates, copper, and iron. 

In general, 'however, data presented in ORNL-298 and in ORNL-733(2) 

indicate that the corrosion resistance of either extruded or hot~pressed 

beryllium is such that no serious corrosion problems are to be expected. As a 

r.esult of the data in ORNL-733, .the decision was made to use hot-pressed 

beryllium for theMTR rather than extruded material because: 

.1. 'The hot-pressed method allo\¥ed the. manufacture of large odd
shaped pieces and hence reduced the stacking problem in the MTR. 

, . . 

2; Hot-pressed beryllium appeared then to have a somewhat better 
corrosion resistance. It is now known that there is very little 
difference between the two in this respect. 

-The following types of. beryllium are mentioned in various reports: 

1. Extruded beryllium. 
2. Q.M.: Normal high··purity ber.yllium 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 



A final report on the corrosion tests on beryllium 1S now in composition 

and will be issued sometime after'March, 1951.as an ORNL report. 
~ 

The mechanical tests on beryllium involved both machining tests and 

calculation and experimental work on thermal stresses. An example of the 

machining tests is given in ORNL CF-'SO-4-l10,(l) which is a report on deep. 

hole drilling in beryllium. As of Jan. 1, 19SI the machining of the MTR 

beryllium had been 95% completed by the Y-12 Beryllium Sh~p with no major 

difficulties encountered. 

Some concern was felt that the temperature differentials in the berylliu~ 

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 operation at 30 megawatts. the maximum 

thermal stresses occurring are 12,000 psi at the surface of the bar and 4700 

psi at the surface of the axial hole, well within the tensile strength of 

beryllium. 

To check these calculations, experiments(S) were performed in which' 

thermal stresses were set up in.beryllium bars using the same basi~ of,cal

culation as above. It was found experimen~ally that the minimum stress at 

failure for the hot-pressed beryllium was 28.200 psi, well above the value 

obtained in MTR operation . 

.4:5.'2 'MANUFACTURE AND SPECIFICATIONS OF'MTR BERYLLIUM 

Since, a full report on the method of manufactur~ and chemical analysis of 
• I 

each piece, of MTR beryllium is being prepared (Gre'gg, 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 ~ulverizing vacuum-cast billets. The raW metal is refined and 

then is melted and cast in vacuum. 'The castings are cut on a lathe, rolled, 

and pulverized to produce particles that will pass through a 200-mesh scree~. 

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 pres sings 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) doe's not exceed 15 for all 
impurities or elements other than boron, and the boron content shall 
b~ below that which increases the total danger summation by 15. In 
addition,' the chemical composition shall be within the following 
limits: 

Free beryllium metal assay 98.0% min. 

. Total carbon reported as Be 2 C 0.25% max. 
Aluminum 1500 ppm max, 

Cobalt 2 ppm max. 

Copper '500 ppm max" 

Iron 2000 ppm max, 

Lithium 3 ppm max. 

Magnesium 3{)00 ppm max. 

Manganese 250 ppm max. 

Nickel 200 ppm max 

Silicon 700 ppm max. 

Silver' '5 ppm max. 

Zinc 1'50 ppm max, 

An example of how well the metal is ~eeting these specifications is 

given in Table AS.A, which is an excerpt from the Beryllium Control Record 

for one. pressing of the MTR metal from which were obtained five "A" pieces 
(see Fig. 2,4,A). 
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TABLE AlLA 

SINlERED PROOUCT 

SIN1ERING 

DA1E OF DIMENSI())IS OF WEIGHT OF. ' C<I't1PACTING TEMPERA- TIME PRE.8SURE RADIaiRAPH 

PRESSING HL()(]{ (in.) BLOCK, (lb) FURNACE PRESSURE (ps i) !ruRE' (oC) (hr) ATMOSPHERE ' (p.. Hg) NO. DENSIlY 

7-14-50 41 x 21 x 3.6 211.6 Horizontal 125 1050 3~ Vacuum 100 L855 

ANALYSIS 
-,,_. 

(percent) ( arts per million) 1113 1113 
,Exc) , Incl. 

Assay BeO Be
2
C Ag AI H Ca QI Co Cr en Fe Li Mg Mn Ni Si Zn B B 

Brush 99.45 1.03 0~20 ,-I 700 0.4 .-10 -0.2 -1 13 80 900 -0.3 50 88 85 380 -30 8.21 10.59 

N.B. 'VI 290 0.9 ,-20 NO 'VI 180 27 980 -1 "-15 100 "-100 1500 "-'20 9.33 14.69 

Remarks: Si over limit based on New Brunswick analysis. 

, AU'IOCLA VE 

PIECE WEIGHT PRESSURE TEMPmATURE TIME AU'IOCLA VE ! 
NO. (lb) (psi) (OC) (hr) NO. PLACE GRADING C(J.1MENTS DISPOSITION 

A-H, 26.03 550 ± 30 250 ± 5 96 1 Cleveland Excellent No visible All fieces shi~ped on' 
, attacl!. noticed 1-3 -50 to Oa Ridge 

A-IS 26.08 550 :I: 30 250 ± 5 96 1 Cleveland Excellent Same on MlC No. 1346B ' 
roiL No., AT-85193; 

A-16 25.86 550 ± 30 ,250 ± 5 . 96 1 Cleveland EXcellent Same total weight l55.98'lb 

A-If 26.02 550 :t'SO 250 ± 5 96 ·1 Cleveland Excellent Same 

A-18 25~90 550 ± 30 250 ± 5 96 1 Cleveland Excellent. Same 

A-l9 26.09 550 ± 30 250 ± 5 96 1 Cleveland 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 H.ndbook 

(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 

K (i) = Si = N (}O" / Ai = 0" i x 1 s 

8 Sa NoO"a/As eTs x Ai 

where 

K = s danger coefficient with respect to reference or standard 
substanc~ (usually natural uranium). 

Si = effective area presented to ne~trons by 19 of impurity (cm2/g). 

S~ = effective area presented to neutrons by I g of r,ference sub-
stance (cm2 /g). . 

N o = number of atoms 
atoms/mole)~ 

in one mole of any substance (6.03' x 10 23 

Ai = atomic weight of impurity (g/mole). 

As = atomic weight of reference· substance (g/mole), 

0", = atomic cross-section of impurity for absorption of thermal 
neutrons (cm2 /atom). 

·o-s = atomic cross-section of reference substance for absorption 
of thermal neutrons (cm2/atom).~ 

(1) 

.The total danger sum ('roS.) is de fined as. the value. which is equal to the 

sum of the products of the concentration of each impurity in a ·substance and 

the danger ~oefficient for that impurity. It is used to determine whether the 

total number of thermal neutrons absorbed by the material exceeds the al

lowable absorption. For example" the MTR beryllium specifications call for a 

maximum TDS of 30, which means that the increase in absorption of thermal 

neutrons due to impurities in beryllium metal shall not be greater than 30% 

AS.S 



of the absorption due to beryllium alone. Since the cross-section~~f beryl
lium is 0.01 barn) the allowable cross-section due to impurities cannot be 
greater than 0.003 barn, giving a total .absorption cross-section of no greater 

than 0.013 barn. 

The following example shows the calculation of danger coefficient and 
TDS for boron in beryllium.(7) 

Using formula (1) above, 

Ks (i) 

For boron in beryllium, 

KBe (B) = 

O"i X As 

O"sx Ai 

705 x 9 .. 02 
0.01 x 10.82 = '58;800 

for the concentration of boron in beryllium expressed in percent, or '5.88 for 

concentration in parts per million. 

If we assume 0.0.002% boron in beryllium, then the IDS is '58,800 x 0.0002 
= 11. 76. Similarly expressed :as 2 ppm, '5.88 x 2 ,= 11.76. ' 

A.5.4 REFERENCE REPORTS 

(1) English, J. L., Interim Report on the Corrosion of Beryllium in S.imulated 
Cooling Water for the Proposed Development Reactor, ORNL"298, March 16, 
1949. 

(2) Olsen, A. R.o Initial Corrosion Tests on Brush Process QM and QRM'Beryl
lium, ORNL-733, July 14, 1950. 

(3) Cunningham, J. E., Deep H.o1e D.rilling of Hot-pressed Beryllium Metal, 
ORNL CF-'SO-4-110, April 20, 1950. 

(4) Lane, J. A:, Thermal s.tress in Beryl.lium C.lass II, Pieces,. ORNL CF-'SO-6-9, 
June 2, 1950. 

('5) Savage, H. C., Thermal Stresses in Beryllium,. ORNL-'S71. February 9, 1950. 

(6) Mann, M. M. ,. Specifications for Rough Sections of Beryllium fo~ the MTR. 
ORNL CF-'SO-3-114, March 22, 1950. 

(7) Liss, B., Danger CDefficients for Impurities in Several Substances. 
'NYO -108, March 6, 1950. 
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Appendix: 6 

FUEL ',ELEMENTS 

A6.! DEVELOPMENT 

The active ingredient of the MTR, 93.5% enriched uranium, is introduced 

as an aluminum alloy, 14% by weight, rolled' toshee't form and clad on the 

edges and faces with 28 aluminum. The fini~hed,core dimension is to be 0.p20 

by 23.75 by 2.~5 in.: and .is to be centered, with respect to edges, end-s, and 

faces. Dimensional details are given in Table A6.A. Eighte~n of these fuel 

pl~tesare theri ~urnace brazed.to grooved aluminum side plates io form sub

assemblies. A cross-section of such an assembly is shown in Chap.: 2, Fig..: 

2.~. ~. 

In, preliminary wO,rk at Battelle Mem!o'ldaJ: Institute(J) and later at 

ORNL, (2) it was shown that. uranium- aluminum: aJ,loys. conta·in·ing up to 3'0'%, 

uranium by weight could be cast and rolled, \,Jiith'out too- much difficurty. TWlo 

methods of alloying were studied. The direct method consisted inm.lting a 

mixture of metallic uranium and metallic alumin-um. In the reduction method, 

some compound of uranium - UF., UsO a , 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(S) because it was fast and produced a smaller volume of contaminated 

wastes. 

For cladding, (4) the alloy was at first enclosed in an aluminum "picture 

frame, ", another sheet of aluminum was wrapped over bbth' frame and core, and 

the assembly was hot rolled for a total reduction of 50%.- The resulting 
laminate usually developed large blisters at the trailing end of the sheet 

(when tested by annealing for 1 hr at 900°F).: This was considered to be the 

result of a poor fit between core and frame; air entrapped in voids at the 

core-frame interface became compressed during rolling.: Frames for these first 

rollings were made with hand tools and consequently were quite crude. 

Later work at ORNL(5) showed 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 



TABLE ,A6.4 

Fuel Assembly Plates 

Overall dimensions 

Length, internal plates (in.) 

Length, external plates (in.) 

Width, before ~urving (in.) 

Thickness (in.) 

Core dimensions 

Length (in.) 

Width (in.) 

Thickness (in.) 

Composition 

Total uranium in U-Al ,alloy (%) 

U28 S enrichment (%) 

U28S content per plate (8) 

Quality 

Blister free 

A6.2 

24- 5/8 ± 1/64 

28- 5/8 ± 1/64 

2. fJ45 ± 0:.001 

0.060: ± O.pOI 

23~ ± ~ 

2.$5 ± 0.01 

O~O!1 ± O~pOI 

14.~ (approx.) 

93 •• (approx;) 

7.10' ± 1% 

e 
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e 



e 

e 

e 

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, very low yields of blister-free 

plates were obtained. I~ 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, t~ 1100°F allowed the blister-forming gas (hydrogen(7» to 

escape •• 

The fuel subassembly went through three shape changes before the present 

design was frozen .• "The first design conception was that of a s~iral, about 

3 in. in O.D-: by about 30 in_ .. long, made from a 0:.060:- by 27- by 3D-in. 

plate.: An .annulus of 0.:120 in.: between turns provided space for cooling 

water •• Since flow tests showed this type of .assembly to be mechanically un

stable, it was discarded. The second type consisted of a plate which was 

folded back and forth with annuli of 0.120 in. between folds. This design was 

discarded for two reasons: (1) The cladding became too thin on the outside of 

the 180 0 bends, and (2) there was mechanical instability during flow testing. 

The third and final design consisted of narrow 3-in.: curved plates brazed 

to aluminum side plates with cooling annuli between the active plates. A 

complete list of drawings concerned with the fuel assembly is given at the end 

of this appendix.: 

A6.a CONSTRUCTION OF PLATES 

A full report on the fabrication of the active plat~s 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. A&.A shows that operations of melting, 

rolling, punching, cladding, hydrogen removal, shearing, machining, and 
'" 

forming take place in sequence." The ingots of 14.1% U-AI alloj a~e made in 

batches containing 80{) g of uranium, each batch making two ingots.: After 

being melted and thoroughly rinsed, the charge (usually alumipum, virgin 

uranium, recycled U-Al alloy •. and rej ect clad plates) is cas t into "two graphite 

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 

wl.dth of 5 in.: Using a double-acting punch and die, rectangular cores 2 by 

2.~5 in.: with 1/8-in.:..radius corners are blanked from the alloy slab.: About 

thirty cores are produced per ingot.' Using the same punch and die,. two holes 

4 by 8 in.: are punched in 0:, 245-in.: aluminum, forming two picture frames into 

which two cores are pressed.: This assembly is preheated and rolled toO. :125 

in.: thickness and then cut to allow individual handling of each core.: Each 

core and frame is then clad by insertion into 2S aluminum cover sheets 1/8 by 

4 by 13 i~which ar. scratch-brushed and bent into a V shape with the scratch

ed .urfaceinside.; The sandwich is then preised flat and rolled. 

Ih periods of high absolute humidity a considerable amount of hyd~ogen is 

absorbed by the V-AI alloy during melting and hot roll/ing.: When this is 

present in sufficient quantities, it tends to collect at bond interfaces and 

around UAl4 particles and cause. blistering.: To avoid this .• it is necessary to 

coat each ~late with an alcohol slurry of brazing flux and heat to.ll00°F for 

% hr. The dissolution of the oxide layei 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
l 

and ,the plate is then marked and sheared to rough 

plate dimens.ions •. After being sheared, the plates are milled to ,finish dimen

s ions and again checked by X ray so that any plates wi th exposed cores can I?e 

discarded.: Finally, the milled plates are formed to a 5.~-in< radius in a 

25 q ton press.; 

Before further assembly. each plate is checked for longitudinal straight

ness and correctness of lateral curvature. This is. of course, exceedin~ly 

important because of the small clearance between the plates in the final as

sembI y.' 

A6.3 FABRICATION OF TREFUEL ELEMENTS 

As shown in the flow diagram (Fig," A6~~~ 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.~.~; a 

summary of the construction details follows.' 

A6.:S 



The grooved side plates are prepared by gang mi.lling sheets of 2S alumi

num of proper thickness.: The inside ends of these side plates are milled to 

provide proper fit for the end boxes, which are plug brazed into position. 

Combs milled from Alcoa No.: 12 braze~clad aluminum sheet are placed at each 

end of the fuel assembly to aid in alignment and reinforcement at the center

line. ' 

Before final assembly, all parts except the fuel plates are carefully 

cleaned by pro~essing, as follows: (1) vapor degreasing, (2) air drjing for 

1 hr at 300:o F, (3) acid dipping (10% HNOa ). (4) water rinsing, and (5) air 

drying as above., The fuel plates are degreased only.' 

In final assembly braze strips (silicon-afuminum 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 all plates are inserted and the combs ,are in plac~, the 

jig is closed to put the side plates into correct position.' The whole assembly 

is then dried and charged into a box type electric furnace for preheating to 

800°C.: After being preheated, the assembly is placed in another futnace a~ 

1100°C to acc~mplish final brazing.: 

After caoling, the assembly is carefully inspected for spacing, plate 

curvature, overall dimensions and properly brazed joints.' If the assembly 

passes this in$pection, the'end adapters are inse~ted, aligned, and ~lug 

welded into place ready for final machining.: 

The final machining determines the position of the fuel assembly ,bodies 

relative to each other in the reactor core according to the bottom and top 

supporting grids.: The sequence of operations is as follows: 

1.: Sides.: The plug welds are milled flush. 

2.: Top.: A shaped cutter is ,used to mill the assembly body ends to 
5~~in.-radius flush with the surface of the top plate.: This 
operation trims theside plates and removes excess plug material. 
About, 2,· in.: from the end of the assembly body the cut ter 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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,,,;1, 

• j • , 1 • • , '. ";' ~ 't i 

Top adapter.: The ass,embly is aligned in B, spec1Eil machining 
fixture, using the t6p and bottom plate centetliti~ shrfa~~s ~s 
references.: The sequence is: 

ao. Machining of cylindrical surface .. 
b. Machining of slot to fit a retainin'g Hpg fo~, ,tH~, 

h~lical ~p~ing and b~veled ring whi~h will be fit~~H 
later •. 

c. ~a~hid~ng of the inside t~ ~h~ r~~~i~~d di~~~ief.: 
a. Cui~i~i away cif excess ~e~Wl ~f ~~~:; 
~. Dri~lt&* of a 3/8-in. hol~ ~id~~~~{g~1i~ io provid',~ 

", t... , , ' 'r " " "j' f ':"" 

grip for the assemblyharidlirig tools.: 

5~ Bottom adapter~: Using the same iixt~~~ as ~ *ti{a~; fki i~fi~H~ 
bosses at~ ~illed to specification;: 

A6.J 
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A6.5REFERENCE DRAWINGS 

DWG. : NO. : 

Casting Drawings 

TD-I543 

TD-1542 

Preassembly Machining Drawings 
TD-1166, 

TD-1165 

Brazing Alignment Drawing 

TD-1l67 

Final Machining Drawing 

TD-1472 

Fuel Assembly Drawings 

TD-966A 

TD-1533 

TD-IS34 

TD-1535 

TD- 256, 

TD-2S7 

ID- 251 
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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 eonere te 

J.L 
(em-I) 

0.45 

0.235 

0.025 

0110 

TABLE 'A7. A 

L2 

(em 2 ) 

1.1 

T 

(cm 2 ) 

·350 

·Asymptotic relaxation length for fission neutrons. 

p. A. .. 
(g/ee) n 

(em) 

11.1 

1.85 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 interaction has 

been added to the photoelectric and pair cross-sections. 

Table A7.B. a convenient summary of some declassified nuclear data, 1S 

taken from "ffhermal Neutron Cross Sections and Related Data'" by H. R. Kroeger* 

and is used with permission. 

Figure A7.E presents the energy dependence of the same linear absorption 

coefficients, based on the total cross-sections of some materials of particular 

interest. 
4 .. ,,' 

·Nucleonics, VoL 5, No. 4,pp. 51-54. October, 1949. 
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TABLE ~"t._,B 

Symbols which are undefined in the table 'are: 

b = average cosine of the scattering angle relative to the initial direction; ~T = total microscopic cross-section for collision; ~S = microscopic 
cross-section for a scattering collision; ~7R = microscopic, cross-s:~ion for a transport collision; ~A = microscopic cross-section for an absorp~ 
tion collision. 

Cross-sections for hydrogen and deuterium are for H and D atoms in combination with ° (H20 and D20), The density given for 86Rn~22 ,is for liquid radon . 

. The atomic weights and den~it:ies are from "Handbook of ,"Cti;mis'try and Physi"cs" (Chemical nif£ber Publishin~ Co.; cle'veiand); ':·the IIlacroscopic <c:ross " 
sectIons, mean free paths, slowlng-do~. powers, and moderal;long powers are based on .thermal neutron cross-sectlon' data gathered from the -following 8ources: 

1. 
2. 
3. 
4. 
5. 

Atomic 
Number Name 

Z' 

1 H 
, 1 D 

2 He 
3 Li 
4 Il1 

·5 B 
6 C 
7 N 
8 ° 9 F 

lO Ne 
11 Na 
12 Mil 
13 Al 
14 Si 
15 P 
16 S J 

17 Cl 
18 A 
19 K 
20 Ca 

K. 
E. 
R. 
K. 
H. 

,~, 

Way, G. Haines, Thermal neutron cross sections for elements and isotopes, CNL-33 , 2/29/48. 
Melkonian, L. J. Rainwater, W. W. Havens, Neutron beaa spectrometer studies of oxygen, M~2554. 

G. Nucholls, The total ,scattering cross-sections of deuterium and oxygen for fast neutrons, MODe-37 , 6/17/46. 
Way, ,G. Haines. Tables of neutron cross-sections, MonP-405, 10/28/47 (supplement issued 4/20/48). 
H. Goldsmith, H. W. Ibser. Neutron cross-secfions of the elements, MUC-,J'IHG-7, 12/5/45. 

De(sity 
Thermal (0.025 ev) Thermal (0.025 ev') 1 Thermal, (0.025 ev) 

Chemica Nuclei Avg. Log Neutron Cross-Sections Macroscopic Cross- Mean-Free Path 
gmYc~. ' (~) in barns Sect.iQns, L: = aN em 

Atomic per cc (1~b) 'EIiergy 
Weight 200C (x 10"24) Loss ~T O's ~m ~l\ ; :I:s L:m 'L: "-r , As AiR AA A 760 mm Hg N e A -. 

1.008 .00008 .00005 .3329 1.0 46 46 15 0.32 
2.0147 .00017 .00005. .6662 .7261 5.3 5.3 3.5 _ 0, 

4.003 .00016 .000025 .~?O .4281 1.5 1.5 1.2 .008 
6.940 .534 .0463 ' .9031 .2643 66.5 1.5 1.4 65 3.1 .07 .07 3.0 .33 14 15 ,33 

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 

10.82 2.535 ' .1411 .9379 .1756 719 3.8 3.6 715 100 .54 .51 100 .01 1.9 2.0 0.01 

12.01 1.67 . 0838 .9440 .1589 4.8 . 4.8 4.5 .0045 .40 .40 .38 .0004 2.5 2.5 2.6 2600 

14.008 .00116 .00005 .9520 .1373 11.7 10 9.5 1.7 
16.000 .00133 .00005 .9580 .1209 4.1 4.1 3.9 .001 
19.00 .00158 .00005 .9646 1025" 4 4 4 0.01 
20.183 .0op84 .000025 .9667 .0967 2.8 
22.997 .. ~712 .0254 .9708 .0852 4.5 4 4 0.45 .11 .10 .10 .011 8.8 9.8 9.8 88 

24.32 1. 741 .0431 .9724 .0801 3.0 2.7 2.6, 0.3 .13 .12 .. .11 .013 7.8 8.6 8.9 77 

26.97 2.699 .060.3 .9751 .0730 1.6 1.4 1.4 0.22 .097 .084 .084 ·.Ol3 10 12 12 11 

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 

30.98 2.34 , ,~JI4~5 .9183 .0637- 4.4 4.1 4.0 0.3 .20 .19 .18 .014 5.0 5.4 5.5 73 

32.06 2.0 .0376 .9790 .0616 1.4 1 1 0.4 .053 ' .038 .038 .015 19 27 27 67 

35.457 .00295 .00005· .9810 .0558 55 20 20 35 
39.944 .00166 .000025 .9832 .0497 3 2 2 1 
39.096 .81 .0134 .9828 .()507 4.0 1.5 1.5 2.5 .054 .020 .020' .034 19 50 50 30 

40.08 1.54 .0231 .9832 .0495 '-, 4 3.5 3.4 0.5 .092 .081 .079 .012 11 12 13 86 

Slowing 
pown 

Moderating 
Ratio 

Power (~S/~A) x e 
Nq"se 

140 

80 
.018 .006 
.156 150 
.094 .001 
.064 170 

.81 
,500 
41 

.009 .76 

.009 .73 

.006 .41. 

.008 .81 

.012 .87 

.002 .15 
.032 
.099 

.001 .030 

.004 .35 



Chemioal 
Density Thermal (0.0.25 ev) Thermal (0..0.25 £IV) Thel!'mal (0..0.25 £IV)' 

Atomio (p) Nuclei Avg. Log Ne~tl!'on Cross Sections Macroscopic~Cros8 Mean Free Path Slowing Modsl!'ating 
NumbeR' Name Atomic p/cc, per ec (I-b) 'Energy (0") in barna Sections, c oN em DOwn RatiLO 

Z Weight 2o.oC. (x 10. 024) Loss ·Powell' (O"S/O"A)x e ' A 76o.mm Hg 'N ~ O"T O"s .. - O"TR O"A ~T ~S ~Te ~A AT As ATe AA N!ts~ 

21 So 45.10. 2.5 .0.334 .9851 .0.441 22 .74 1.4 
22 Ti 47.90. 4~5 .0.566 .9860' .0415 11 6 6 5 .62 ',.34 .34 .28 1.6 2.9 2.9 3.5 .0.14 .0.50 
23 V 5O.9S, 5.96 .070.5 .9868 .0.391 '12, 7 7 4.5 .85 .49 .49 .32 1.2 2.0. 2.0. 3.2 .0.19 .061 
24 Cr 52.0.1 6.92 ,0.801 .9871 .0383 6.5 4 4 2.5 .52 .32 .32 .20. 1.9 3.1 3.1 5.0. .0.12 .061 
25 fib 54.93 7.2 .0.789 .9878 .0.363 15.3 2.3 2.3 13 1.2 .18 .18 1.0. .83 5.5 5.5 .95 .0.0.7 .0.06 
26 Fe 55.85 7.85 .0.847 .9880 .0357 13.5 11 11 2.5 1.1 .93 .93 .21 .88 1.1 1.1 4.1 .0.33 .16 
27 Co 58.94 8.n .0.890. .9886 .0338 41 5 5 36 3.1 .45 .45 ,3.2 .27 2.3 2:3 .31 .0.15 .0.05 
28 Ni 58.69 8.9 .0913 .9885 .0340 22, 17 17 4.5 2.0. 1.6 1.6 .41 .50. .65 .65 2.4 .0.53 .13 
29 Ol 63.57 8.89 .0.842 .9894 .0314 10..2 7.2 1.1 3 .86 .61 .60. .25 1.2 1.7 1.1 4.0. .0.19 .075 
30. Zn 65.38 7.19 .0.662 .9891 .0395 4.5 3 .. 6 3.6 0..9 .30. .24 .24 .0.60 3.4 4.2 4.2 17 .0.07 .12 
31 Gt. 69.72 5.9 .0.510. ,9904 .0287 18 16 16 2.2 .92' .82 .82 .11 1.1 1.2 1.2 8.9 .0.23 .21 
32 Ge 72.60. 5.46 .0.453 .• 9907 .0275 9 6' 6 2.8 Al .27 .27 .13 2.5 3.1 3.7 7.9 .0.07 .0.59 
33 As 74.91 5.73 .0461 .. 9910. .0.267 8.8 4.5 4.5 4.3 .41 .21 .21 .20. 2.5 4.8 4.8 5.1 .006 .028 
34 Se 78.96 4.5 .0.343 .9915 ,,0253 28 13 13 15 .96 ;45 .45 .52 1.0. 2.2 2.2 1.9 .0.11 .0.22 
35 Br . 79.916 3.12 .0235 .9916 .0250 11.5 5 5 6.5 .21 .12 .12 .15 3.1 8.5 8.5 6.5 .0.0.3 .019 

c::o 36 Kr 83.1 .00348 .000025 .9920. .0.239 27 27 27 0..0.5 " 
13 

37 Rb 85.48 1.532 .0.10.8 .9921 .0.234 12.6 12 12 0.6 .14 .13 .13 .0.0.6 7.4 7.7 1.7 150 .0.03 .47 
38 Sr 87.63 2.6 .0.179 :9923 .0.228 11,3 9.5 9.4 1.8 .20 .11 .17 .0.32 5.0 5.9 5.9 31 .0.0.4 .12 
39 y ~.92 3.8 .0257 .9924 .0225 4.2 3 3 1.2 .11 .Q8 .08 .031 9.3 13 13 '33 .0.0.2 .051 
40 'l;r: 91.22 6.44 .0425 .9.926 .0.220 8.4 8 8 0.4 .36 .34 .34 .0.17 2.8 2.9 : 2.9 59 .007 .44 
41 Cb 92.91 8.4 .0.545 .9928 .0216 8.2 7 7 1.2 .45 .38 .38 .0.65 2.2 2.6 2.6 IS .008 .13 
42 Me> 95.95 10.2 .0.640 .9930 .0209 9.6 7 1 2.6 .61 .45 .45 .17 1.6 (2.2 2.2 6.0. .00.9 .056 
43 Tc 99 .9932 .0.202 
44' Ru 101.7 12.2 .0723 .9934 .0197 9 6 6 3 .65 .43 .43 .22 1.5 2.3 2.3 4.6 .009 .0.39 
45 III 10.2.91 12.5 . .0732 .9935 ,.0.195 155. 6 6 149 11 .44 .44 11 .0.88 2.3 2.3 .092 .0.0.9 '.0.0.1 
46 N 106.7, 12.16 .0.686 .9937 :0.188 10:5 4.5 4.5 6 .72 .31 .31 .41 1.4 3.2 3.2 2.4 .0.06 .014 
47 Ag 10.7.880 10..5 .0.586 .9938 .0.186 66 6 6 60. ~.9 .35 .35 3.5 .26. 2.8 2~8 .2p, . .0.07 .002 
48 '0:1 112.41 8 .• 65 .0463 .9940 .0178 2500. 6 6 250.0 120. .26 .28 120 .0.0.9 3.6 3.6 .009 .005 0. 
49 In. 114.76 'J.28 , .0382 .9941 .0175 192. 2 2 190 7.3 .08 ,,08 7.3 .14 13 13 .14 .0.01 0. 
SO· &1 118.7 1.3 .0.370. .9943 .0.169 4.6 4 '4 0.6 .17 .15 .15 1.0.22 '5.9 6.8 6.8 46 .0.0.3 .11 
51 Sb 121.76 6.691 .0331 .9945 .0165 9 ,4 4 5 .30. .13 .13 .17 3.4 7.6 7.6 6.0 .002 .013 
52 Te 127.61 ' -6.25 .0295 . .9947 . .0.157 9 5 5 4 .21 .15 ,.15 .12 ,3.8 6.8 6.8 8.5 .002 .020. 
53 I 126.92 4.94 .• 0234 .9947 .0.158 10. 3 3 7 .23 .07 .07 .16 4.3 14 14 6.1 .00.1 .0.07 
54 Xe 131.3 .00546 .0.0.0025 .9949 .0153- " 

\ 
37 
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\0 

Atomic 
Number 

Z· 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
11, 
72 
73 
74 
75 
16 
77 

'-'78 
79 
80 
81 
82 
83 
84 
85 
86 

• 
Chemical 

Name Atomic' 
Weight 

A 

Cs 132.91 
Ba 137.36 
La 138.92 
Cs 140.13 
Pr 140.92 
Nd 144.27 
Rn 141 
Sn 150.43 
Eh 152.0 
G:l 156.9 
'lb 159.2. 
Dy 162.46 
Ho 164.94 
Er 167.2 
'lin 169.4 
Yb 173. ()4. 

1Jl 174..99 
Hf 178.6 
Ta 180.88 
W 183.92 
Ie 186.31 
Os 190.2 
Ir 193.1 
Pt 195.23 
An 197.2 
Hg 200.61 

, T1 204.39 
F4:> 207.21 
Bi 209.00 
Po 210 
At 211 
& 222 

Density 
(p) Nuclei Avg. Log 

gm~~c. per cc (l';'b) Energy 
Q,·C' (x 10"24) Loss 

160l11li Hg N € 

1.873 .0085 .9949 .,0151 
3.78 .0166 .9951 .0146 
6.15 .02~ .9952 .0145 
6.9 .0297 .9952 .014.3 
6.415 0277 .9952 .0142 
6.96 .0291 .9953 .0139 

.9954 .0137 
7.1 .0308 .9955 ' .0134 
5.24 .0208 .9956 .0132 
1.94 .0305 .9957 .0128 
8.33 .0315 ' ·9958 .0126 
8·56 .0317 .9959 .0124 
8.76 ,0320 .9959 .0122 
9.16 .0330 .9960 .0120 
9.34 .0332 .9960 .0119 
7.01 .0244 .9961 .0116 
9.74 .0335 .9962 .0115 
11.4 .0384 .9962 .0113 
16.6 .0553 .9963, .0111 
19.3 .0632 .9963 .0109 
20, .0647 .9964 .0108 
22.48 .0712 .9965 .0106 
22.42 .0699 .9965 ' .0104. 
21.31 .0659 .9966 .0103 
19.3 , ·0589 .9966 .r)l02 
13;546 .0407 .9966 .0100 
11.86 .0349 .9967 .0098 
11.347 • 0330 .9968 .0097 
9.8 .0282 .9968 .0096 

.9968 .0096 

.9968 .0095, 
4.4. .0119 .9970 .0091 

•• e 

TABLE A7.B (Coot'd) 

Thermal (0.025 ev) ThelMllal (0.025 a'l) Thermal (0.025ev) 
Neutron Cross Sections Macrosc~ic Cross Mean Free Path Slenng Moder:llting 

(er) in balmS Sec dons. ~ = oN ,em Down Ratio 
'Powell' (o-s/erA) x€ 

erT ers ' erm erA ~T ~s ~TR ~A AT As Am AA No-s€ 

SO, ' 24. 24. 26 .4.3 .20 .20 • 22 2 •• 4.9 4.9 4.5 .003 .014 
9.3 8 8 1.3 .15 .13 .13 .022 6.5 7.5 7.5 46 .022 .090 
28 20 20 8 ' .75 .53 .53 .21 1.3 1.9 1.9 4.7 .008 .036 
29 23 23 6 .86 .68 .68 ,18 1.2 1.5 1.5 5.6 .010 .055 
15 '5 5 10 .42 .14 .14 .28 2.,4 7.2 7.2 3.6 .002 .om 
100 2.9 .34 

60 
8900 8900 270 270 .004 .004 
6000 6000, 120 ' 120 .008 .008 
40000 40000 1200 1200 .001 .001 

10 , .32 3.2 
1200 1200 38 38 .026 .026 
65 5 5 60 2.1 .16, .16 1.9 .48 6.3 6.3 .52 .002 .001 
200 6.6 .15 
120 '20 20 100 4.0 .66 .66 3.3 .25 1.5 1.5 .30 ,008 .002 
60 1;5 .69 
170 30 30 140 5.7 1.0 1.0 4.7 .18 1.0 1.0 .21 .0l2 .002 
125 20 20 105 4.8 :17 .77 4.0 .21 1.3 1.3 .25 .009 .002 
25 5 5 20 1.4 .28 .28 1.1 .73 3.6 3.6 .90 .003 .003 
23 5 5 18 105 .32 .32 1.1 .69 3.2 3.2 .88 .003 ·003 
98 ;13 13 85 613 .84 .84 5.5 .16 1.2 1.2 .18 .009 .002 
32 15 15 17 ,2.3 1.1 1.1 1.2 .44 i.94. .94 .83 .011 .009 
464 14 14 450 ,32 .98 .98 31 .031 '1.0 1.0 .032 .010 0 
18 10 10 8, 1.2 .66 .66 .53 .84 1.5 1.5 1.9 .007 .013 
102 6.5 6.5 95 6.0 .38 .38 5.6· .17 2.6 2.6 .18 .004 .001 
415 15 15 ,400 17 .61 .61 16 .059 1.6 1.6 .061 .006 0 
12 9 9 ,3 .42 .31 .31 .11 2.4 3.2 3.2 9.5 .003 .029 
B B 8 0.2 . .26 .26 .26 .007 3.8 3.8 3.8 ISO .003 .39 
6.5 6.5 6.5 0.015 .18 ,,18 .18 .00Q4. 5.5 5.5 5.5 2400 .002 4..2 
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Atomic 
Number 

Z 

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

/ 

Name 

Fr 
Ra 
Ac 
Th 
Pa 

U 
Np 

Pu 
Am 
On 

Density 
Chemical (p) 
Atomic gm/cc, 
Weight 20°C 

A 760 mm Hg 

223 
226.05 5 
227 
232.12 U.5 
230.9 
238.07 18.7 
237 
239 
241 
242 

-------... ~~ _ ...... -

Nuclei 
per cc 
(x 10-24) 

N 

.0133 

.0298 

.0473 

(l-h) 
Avg. LOg 
Energy 

Loss 
~ 

.9970 .0090 

.9970 .0089 

.9970 ,.0089 

.9971 .0087 

.9971 .0087 

.9972 .0084 

.9972 .0085 

.9972 .0084-

.9972 .0083 

.9972 .0083 

TABLE A'l.By _ (Coot'd) 

r H~ __ .... _ 

Thermal (0.025 ev) 1 Thermal (0.025 ev) 
Neutron Cross Sections Macroscopic Cross 

(0') in barns Sections, 2: = oN 

O'T CTS CTTR erA 2: I 
T 2: s 2:TR ;£ 

.. _ . . _-

J .. --"""-~-. 

Thermal (0.025 ev) 
Mean Free Path 

cm 
Slowing 

Down 
Power 
No-sg _ 

Moderating 
-Ratio 

(crS!CTA)x ~ 

----l---J---+--+----_.------
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Appendix 8 

SHIELDING CALCULATION AIDS 

The data in 'Figs. A8.A through Fare included with the expectation that 

they may be of se~vice in reading Section 4.6.3 as well as ia connection 

with the solution of other problems. The nomenclature employed in the figures 

is presented in the following tabulation. 

'The shield is presumed to ,consist of one or more slabs of thickness t 1" 

t 2 ,t3 , The source elements are assumed to be isotropic emitters. 

The following symbols are used: 

r:PE undirected energy flux (Mev/cm 2 -sec) 

E energy of the primary y rays (Mev) 

B build-up factor to correct ,for multiple scatteri,ng 

Qo source strength of a_point source (y rays/sec) 

QL source strength of a 'line source (y rays/cm-sec) 

QA source strengtho'f ,a plane source (y rays/cm 2 -,sec) 

QV source strength ,oJ a volume source (y rays!cm3 -sec) 

J-LR,; f1. s; J.L l' J-L 2 absorption coefficierrts of receptor; souice;shield (cm"l) 

b
1 J-L 1 t 1 + J-L 2,t 2 .;. ••• 

b 2 b 1 + J-LsZ 

b 3 b 1 + J-Lsh 

Z effective self-absorption distance (em) 

C = :radius of disk or 'c,ylindrical source (cm) 

t I a, h, d dimensions as indicated icm) 

00 

F 0 (b) f e- Y d,y 

y 
b 

AB.l 
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NOT CLASSIFIED 

SOURC£ 
sr,t:UIGIIT LINE ,,, 

I 

Dwg. # 8182 

ENERGY FLt/X (~/en-v .2/:uc.) 

@19 ~ £ J; .11 14:=8 *i?fl/l,4/-:;/iI,,4j 

@~ ?E~B -I~[S'(¢/l,/J')"f-7(¢,,4Jj 
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-+-----'''' z - - - - - - -P" - <iii> £' ,~.- ¢E=8 ~ rp;(4).fi{4 S4C ;)j 

, ~~~~~~~~~~---~----------------------~---------
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Appen~ix 9* 

, PNElJMATlICRABBITS 

A9.1GENERAL'DESCRIPTION OF PROPOSED RE-ENTRY 'SHUTTLE SYSTEM 

'The layout of the re-entry shuttle system is shown in Figs. A9.A and Bo 

The equipment provides for the introduction of the shuttles into the system in 

the basement and provides a means of propelling 'them to the inner end of the 

rabbit tube. After a predetermined irradiation time in the reactor, they are 

expelled either to the laboratories or to an unloading station in the basement. 

The major components of 'the system are a ,loading terminal, a shock absorber, a 

transfer unit. a laboratoryQselector. and unloading terminals. An elect~ic 

circuit provides timing and operation of the solenoid-operated' valves that 

control the flow of air and mo~ion of the shuttle through the system. 
I , 

The:loadingterminal ~rovides the means for insertion of the loaded 

shuttle into the system. Two ",8 ft
, 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, shoc~absorber. After 

ir~adiation the shuttle is propelled out of,thereactor to the transfer uriit, 

from which it is sent either to the unloading ,terminal in the basement or' to 

the laboratotyselector. :If ,sent to the laboratory selector, it is t,hen 

directed to the unloading terminal in any oneofthe four laboratories provided 

with this facility. 

A9.2 PROPOSED EQUIPMENT AND FACILITIES FOR REoENTRY SHUTTLE SYSTEM 

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

1. Rabbit tube HR-2. 

2. Remotely 'operated solenoid valves to control direction of air flow 
in pressure and vacuum lines. 

3. Electric air-controlled gate valve t~ permit passage of shuttle 
and to isolate the laboratory system from the reactor prppelling 
pressure system. 

-ANL contribution. 

A9.1 
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NOT CLASSIFlEI) 

.DNq .- /0 7$Q 

ELECTRIC AIR 
CONTROLLED GATE VALVE 

LABORATORY 
SELECTOR 

e 

~ 
KWIK-LOCK 
COUPLING ~ . 'I 

~, : r:: 
I I 

SOLENOID VALVE 
NORMALLY OPEN 

SHUTTLE TRANSFER 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I I 

SHOCK ABSORBER 
- INSERTED FOR 
REENTRY SHUTTLE 

f\ c: -:=-- __ ----1 ...-"" 
:.:::::,::.::..1- - -- - - -'" 

I I REACTOR I: ~ 
: I ENTERLINE 

TO LABORATORY 

SHUTTLE TUBE I" I,D. "I 

VACUUM LEAK 

LOADING TERMINAL 

SHOCK AS SORBER 

SOLENOID VALVE 
NORMALLY CLOSEr::5 5 

ORIFICE 

AIR SUPPLY LINE 
FOR TRANSFERING 
SHUTTLE TO LAB 

I I 
I 

~J: ~' I I . 

: :---..e.IR E HAUST DUC T 

~ U~IRVAC~ 

SOLENOID VALVE I " II L- REACTOR FACE 
NORMALLY OPEN ,7 ~ 

M • RELIEF VALVE 

ORIFICE 
I' ~ ~======:l"""--AIR INLET 

OPERATION VALVE I VALVE I VALVE I VALVE I VALVE I VALVE I VALVE 
1234567 

IwLENolD VALV~ 
NORMALLY CLOSED 

MAI\!UALLY OPER~TED VALVE 

AIR FLOW FOR COOLING 
SHOCK ABSORBER 

i INSERTING SHUTTLE 
IN TERMINAL 

DRIVE SHUTTLE TO 
CENTER OF REACTOR 

COOL SHUTTLE 

CLOSEDICLOSEDICLOSEDI OPEN I OPEN ICLOSEDICLOSED 

CLOSED I CLOSED I OPEN I OPEN ICLOSEDI OPEN ICLOSED 

OPEN ICLOSEDICLOSEDiCLOSEDICLOSEDICLOSEDICL05ED 

OPEN ICLOSEDICLOSED I OPEN ICLOSEDICL05EDICLOSED 

RETURN SHUTTLE TO TERMlcLOSEOI OPEN I OPEN ICLOSEOlcLOSEOICLOSEDlcLOSED 

SEND SHUTTLE TO LAB ICLOSEDI OPEN I OPEN ICLOSEDfCLOSEDI OPEN HEMATi<- LAYOUT _T 

e 

PNEUMATIC SHUTTLE SYSTEM 

AFTER PASSING TRANS-'CLOSEDlcLOSEDI OPEN IC.LOSED! OPEN ICLOSE 
FER STATION -+I-- FIG. A. 9. 8 



4. Loading terminal. 

5. Shuttle transfer unit. 

6. Laboratory selector. 

7. Shock absorber to position re-entry shuttle. 

·8. Electric timing device. 

9. Monitoring device to determine flux at center of shuttle tube. 

The more important items in this list are discussed in the following paragraphs. 

A9.2.1 Rabbit Tube. The proposed layout of the pneumatic shuttle system 

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 I 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

matelyl ft 3 in. east of the reactor north-south centerline at an elevation 

of approximately 99 ft. Beyond the graphite, the tube again makes an offset 

bend to emerge from the north wall of the reactor in a location similar to its 

entry point in the south wall, From here it bends down through the floor and 

continues along the basement ceiling to the other inlet valve at the west wall. 

In the recesses in the north and south reactor faces at the first floor level, 

the curved sections of tubing are 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 are constructed of copper tubing. 

A9.2.2 Electric Air-controlled Gate Valve. An electrically operated a1r

controlled gate valve, located .between the shuttle transfer unit and the 

laboratory selector, separates the system into two sections and stops the flow 

of air into the laboratory while the shuttle is propelled into the reactor, 

irradiated, and expelled. 

The laboratory section consists of the laboratory selector and the four 

tubes that terminate in separate laboratories. At each unloading terminal a 
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line to the contaminated-air system withdraws any air that is discharged from 

the shuttle tube during tbe delivery or unloading of a shuttle. This is a 

precaution to prevent escape of contaminated air into the laboratory building. 

A9.2.3 Shuttle TraDsfer. The shuttle transfer design is illustrated in 

Fig.A9.Co The transfer unit consists of a housing that encloses the transfer 

tube, indexing gear, and guide disk. Four tie rods unite these parts into a 

single unit. Both the section of the tube connected to the laboratory selector 

and the section of tube leading from the loading station fasten to the gear 

end of the housing. At the other end a single tube leads to the reactor. 

The shuttle transfer unit ~nd 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 'Lahoratory Sel~etor. No drawings have been prepared for the 

laboratory selector unit as its construction will be very similar to the 

shuttle transfer unit. It differs only in the arrangement and number of tubes 

required for servicing the laboratories. The selector can be located close to 

the transfer unit or.it can be set up at some convenient location in the 

laboratory building. 

A9.2;5 Shock Absorber. Experiments which require that the shuttle be 

delivered in a very short time, ~ sec or less, need a special shock absorber 

to stop the shuttle. A suitable design, illustrated in Fig. A9.D, has been 

engineered from the standpoint of high speed, adequate cooling,and ease of 

insertion and withdrawal. It consists of a series of alternate sections of 

bellows and straight tubes, approximately 12 ft long and fastened 'to the shock 

absorber body, to provide the means for insertion and.location of the shock 

absorber in the shuttle tube. Three openings formed between the shock absorber 

and the inside diameter of the shuttle tube provide the space for the passage 

of cooling air when the shuttle rests against the shock absorber. They also 

form the small orifices that restrict the flow of air when the large orifice 

1S closed during the slowing down of the shuttle. The large orifice is formed 

by the seat and the beveled surface of the valve. When the valve is open the 

larger portion of the air flows through the valve opening and then out the 

portholes to mix with the air flowing through the small orifices. The aIr 

continues to flow in the annulus formed between the body diameter and the 
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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 d{vide into two streams, one flowing inside 

and the other outside the bellows. A spring enclosed in a sealed chamber In 

the shock absorber body holds the valve open until the p~essure of ~he air In 

front of the shuttle overcomes the spring force" After the valve closes a 

greater pressure is required to force the air displaced by the shuttle through 

the small orifices, This increase in pressure acts as a retarding force to 

slow down and stop the shuttle. When the shuttle depresses a spring-backed 

button secured in the valve head, an electrical circuit for controlling the 

shuttle timing device is completed. The wires for the timing device enter 

through connections at the removable section of the shuttle tube. One wire is 

grounded to the flexible tubing and the other continues through the bellows 

and terminates at the electrical terminal mounted in an insulation bobbin that 

IS pressed into the shock absorber body" The electrical circuit is completed 

by means of a spring, a plunger. and a rod that is secured in an insulation 

bushing mounted in the valve. 

The parts that comprise the shock absorber should be made as light as 

possible in order to minimize the heat generated by gamma absorption. A 

continuous flow of air at the rate of 0.04 lb/sec is required to cool the. 

shuttle and shock absorber. 

A9.2.6 Delivery Stations and Deliyery~station Shock Absorbers. Speed 

of delivery of the shuttle to the laboratory may be of prime importance; hence 

the delivery velocities may be high and adequate shock absorbing means must be. 

provided at the delivery stations. For this purpose conventional pneumatic 

dash~pot delivery stations can be used, since heating due to nuclear reactions 

is not involved. In general these consist merely of a 3-ft blind length of 

tubing beyond the exit for the propelling air. Suitable doors are provided to 

remove the shuttles after delivery. The doors should not be opened until the 

delivery ~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 a1r 

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 also when it is desired to 

transfer a shuttle to a laboratory. Solenoid valves at the extremities of the 

shuttle tube control tbe direction of the air after it bas passed through the 

reactor and prior to its enterinl:ftherreaetOJI:' cooling-air exhaust duct. These two 

valves remain open except during a charging operation. A relief valve governs 

the maximum pressure allowed in the exhaust line during charging of a shuttle. 

A solenoid valve permits the escape of gas when the shuttle transfer tube has 

been rotated to the labor,atory position. 

A9.2;8 Vacuum System. Both ends of the shuttle tube are connected, 

through solenoid-operated valves, to a single pipe which terminates at the 

reactor cooling-au exhaust duct. Since the exhaust duct is under vacuum and 

the valves are normally open, one or both ends of the shuttle tube are always 

under a vacuum. This tends to clear the shuttle tube of dust particles and 

simplifies the periodic purge required ~o clear the lines. Vacuum leak lines, 

continually open to the exhaust line that leads to the reactor cooling-air 

exhaust duct, place the loading terminal and the shuttle transfer unit under a 

continuous negative pressure and provide against leakage of contaminated air 

into the Reactor Building. 

Vacuum exhaust connections for the through shuttles are provided at the 

face of the reactor for the convenience of experimenters in setting up their 

equipment. These are part of the experimental services normally provided at 

all beam hole facilities. 

A9.3 OPERATION OF REoENTRYSBUTTLE SYSTEM 

Prior to delivery of a shuttle to the reactor, the pneumatic shuttle 

system is under a slight vacuum since the solenoid valves at the ends of the 

shuttle tube are open to the rea.ctor cooling-air exhaust system. The sequence 

of operations ihattake place during the deliverr of a shuttle can be better 

understood by reference to Fig. A9.B. 

Shuttles prepared for delivery to the reactor are introduced into the 

system at the loading terminal. After the cover is secured, the operator 

presses a switch which automatically closes all valves in the vacuum lines and 
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opens the solenoid valve in the pressure line to admit the air that propels 

the shuttle. The incoming air, metered through an orifice, increases the 

pressure in the section of pipe between the shuttle and the orifice, and drives 

the shuttle against the shock absorber at the center of the reactor. The.air 

in front of the shuttle is compressed since it is not permitted to escape. 

The pressure continues to build up and eventually overcomes the spring force 

that normally holds the shock absorher valve open. With closure of the valve 

the flow area at the body section is reduced to that of the three small 

openings formed between the shock absorber body and the inside of the shuttle 

tube. This decrease in orifice area increases the pressure required to dis

charge the air displaced by the shuttle. The volume of air displaced 1S a 

function of the pressure and the velocity of the shuttle. In an effort to 

reach a state of equilibrium, the pressure acts as a retarding force on the 

shuttle. The maximum pressure build-up in the low-pressure section of the 

line is limited by a relief valve. When the shuttle contacts the shock 

absorber, an electrical circuit is completed which simultaneously operates an 

electric timing device and opens the solenoid valve that permits the gas to 

escape into the reactor cooling-air exhaust system. The steady flow of air 

through the tube cools the shock absorber and shuttle. 

If the shuttle is. to be sent to the laboratory, tbe shuttle transfer 

tube is rotated to the laboratory position during the time interval in which 

the shuttle is irradiated. Rotation of the shuttle transfer tube automatically 

closes the solenoid valve that has been supplying the air to propel and cool 

the shuttle and, after a fraction of a second delay, opens the solenoid valve 

in the air-supply line that by-passes the shuttle transfer unit. This now 

provides the.air necessary to cool the shuttle and the shock absorber. 

At the end of a preset exposure time for the shuttle, the electric circuit 

1n the timing device is broken. This automatically reverses the solenoid 

valves that control the direction of air flow, thereby expelling the shuttle. 

At the same time, the solenoid valve on the vacuum side of the transfer unit 

opens to permit the air in front of the shuttle to discharge into the reactor 

cooling-air exhaust system. After a 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 the shuttle ~o the 

unloading termi~al in the laboratory. After a suitable time delay to ensure 

delivery of the shuttle and to purge the system, the valves in the vacuum line 

open automatically. The unloading terminal cover can then be opened and the 

shuttle removed. The air-supply valve can still be open to permit a flow of 

air to cool the shock absorber. 
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A9.3.1 Pressure Drop. When the shuttle is positioned at the center of 

th~ reactor by the ~hock absorber an approximate pressure drop of 38 Ib/sq 

1n" is required to force 0.04 Ib of air per second through the shuttle tube. 

This is equivalent to 31 8 cfm of air at 70 o,F and atmospheric pressure of 14.7 

lb/sq in. 

A9,3.2 Anticipated Operating Curves. The curves shown in Fig. A9,E are 

not to be construed as·the actual representation of the air pressures in the , -
tube and the velocities of the 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 in

creases the pressure behind the shuttle and drives it to the center of the 

reactor. The maximum pressure is reached whert the shuttle velocity and the 

speed of the incoming air in the tube are equal. Maximum acceleration also 

occurs at this point. A decrease in the propelling pressure occurs when the 

shuttle travels' faster than the air velocity in the tube. This is due to the 

volume behind the shuttle increasing at a greater rate than the build~up in 

pressure, 

During the driving of the shuttle, no air is permitted to escape through 

the exhaust valves., The travel of the shuttle compresses the volume in front 

of the shuttle and thereby increases the back'pressureu The difference between 

the propelling pressure:' and the back~pressure is the unbalanced'pressure ,that de~ 

creases the acceleration, This continues until the two pressures are equalized, 

at which time the acceleration becomes zero and'the velocity becomes a maximum. 

Further increase in back-pressure results in deceleration of the shuttleo 

Wh'en the pressure in front of the shuttle overcomes a spring force in tne 

shock absorber, the valve closes 

After the valve close~ a greater pressure is required to force thea1r 

displaced by the shuttle, through the small orifices between the shock absorber 

body and shuttle tube" This accounts for the sharp rise in the back-pressure 

curve, the increase in deceleration, and the decrease in shuttle velocity. 

It should be noted that the velocity is practically zero when the shuttle is 

approximately 8 ino from its stop, The shuttle continues to stall until the 

propelling and back-pressure are again equal, at which' time the shuttle is 
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forced against the shock absorber valve head. The pressure in back of the 

shuttle then increases until the steady flow required to cool the shuttle and 

shock absorber is attainedo 

A9.3.3 Shuttle Material. Some of the characteristics of an ideal shuttle 

material are 0) low-activation cross-section, (2) low density, (3) high 

thermal conductivity, (4) stability to radiation, and (5) structural strength. 

The first property is desirable to prevent the carrier's becoming active 

e~ough to require s~ielding during the unloading operation. Materials that 

satisfy this requirement are electrolytic iron, beryllium, zirconium, carbon, 

polystyrene, and bakelite. 

Of the preceding materials, iron is attractive with respect to thermal 

conductivity, stability to radiation, and structural strength, but, because of 

its density, it hasahigh rate of gamma heat generation that introduces cooling 

difficulties. However, the cooling problem can be minimized by limiting the 

weight of the carrier to approximately 12 g. For a 3-in.-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 or zirconium would permit a larger wall thickness 

for a given weight carrier. The activity of these elements is controlled by 

the impurities aluminum and hafnium. 

Some of the plastics are promising, but the inherent low thermal con

ductivity makes cooling of the sample difficult. Information on the effects 

of radiation on plastics is rather incomplete at this time. However, from 

expe~iments 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 

carrier is a function of the total mass and the desired maximum temperature. 

Since it may become necessary to irradiate samples that have a low decomposition 

tempe.rature, such as hydrocarbons, the cooling system sbould be capable of 

limiting the maximum sample temperature to approximately 300°F. In addition, 

the use of a plastic carrier would limit the temperature to a similar maximum. 

It is estimated that the upper limit on the mass of a loaded shuttle will be 

25 g. To cool this shuttle and the shock absorber with air, a flow of 0.04 

Ib/sec is required. This value is based on a heat transfer area of 9.6 sq in. 

with a 3-in.-Iong carrier. 
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A9.3~5 Shielding. The exposure hazards in the shuttle system will be 

from activation of the propellant gas or the sample and carrier. Computations 

indicate that no permanent shielding willbe required to satisfy health physics 

requirements, and temporary shielding will be adequate when needed to provide 

instrument background. 

The air used as a propellant will contain active argon, nitrogen, and 

oxygen. To prevent the escape of active ai~ it is necessary for ~he parts of 

the system that operate at a positive pressure to be leakproof. 

A9.3.6 'Use. of Air V8. CO 2 for Propellant. Air is used as a medium to 

drive the pneumatic shuttle in and out of the reactor. It was selected because 

it is economical to use as a cooling medium for khe sample and shock absorber. 

A comparison of CO2 and air made on the basis of cost and radiation hazard 

indicates that air is preferable. The inherent disadvantage of air is the 

formation of IIO-min argon. However, the exhaust lines in the proposed shuttle 

system will operate at a negative pressure so that the escape of active argon 

is not likely. 

The exposure at the surface of aI-in. shuttle tube containing active 

exhaust air is calculated to be 0.02 r per 8 hr. At short decay periods no 

decrease in exposure can be realized through the use of CO2 because the 

significant fast flux at the shuttle tube gives appreciable 016(n,p)N 16 

activity, 
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Appendix 10 

HYDRAULIC RABBITS 

The hydraulic rabbit system for the MTR consists of two I-in.-I.D. 

vertical tubes through the east end of the beryllium reflector (see Beryllium 

Layout, Figs. 2.4.A ~nd B) a~d al:310-in.-I.D. t~be 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 some~hat 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 ~hute and pushed through 

valv~ 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 

th~ 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 demineralizednwater (low 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 bucke~ type coffin in the canal 

without letting any great volume of active water get into the canal. Since 

valve A is normally an open solenoid valve, ii ~ill 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 ~ith ihe. rabbit 

tubes, permit the use of ~ long rod for pushing any shuttle which might stick 

above.the canal. 

The actual design of the shuttle is, of cou;~e. best done by the MTR 

operator or the experimenter. If i shuttle design similar to that of the 

hydraulic rabbit system of the X-IO reactor is used. the tubes should have a 

minimum radius of curvature of 48 in. The rabbit tbbe positions ~t the east 

end of the reflector will accommodate 1.190~in. -O.D~ tubes, a.nd the regu'lating 

rod holes will accommridate 1.SOO-in.-O.D. tubes. The inside diameters of 

these tubes have been set at 1.000 in. and 1.310 in.i. respe,ctively. 
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Demineralized water at 15 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 absorbers are provided, but speed of insertion can be 

easily regulated by the demineralized-water flow. 
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