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FORhWORD 

This report i s  issued primarily t o  make available a general 

description of the  Oak l idge  Research Reactor (Om) i n  i t s  present 

20 Mw form- 
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I. ABSTRACT 

The proposed ORNL Research Reactor is designed t o  serve as a general 

purpose research t o o l  delivering an average thermal neutron f lux  of 

1.3 x lolli n/cm -sec a t  the i n i t i a l  power l eve l  of twenty megawatts. 

Operation a t  power levels  up t o  t h i r t y  megawatts i s  proposed f o r  such 

times as suff ic ient  cooling capacity is available t o  handle the in- 

creased heat load. 

2 

The reactor w i l l  use MTR type fue l  elements and beryllium ref lec tor  

pieces i n  a 7 x 9 grid with moderation and cooling provided by forced 

circulat ion of demineralized water. 

pool  f i l l e d  with water with walls and bottom of barytes concrete which 

serves as a biological shield. 

"Engineering Test Fac i l i t i es"  approximately 19" x 25w and six 6" diameter 

beam holes. In addition, access t o  the core i s  available through t h e  

water of the pool. 

The reactor tank is submerged i n  a 

Experimental f a c i l i t i e s  include two 
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11. INTRODUCTION 

The h is tory  of t h e  ORR (ORNL Research Reactor) Pro jec t  began i n  the 

ear ly  par t  of 1950 when it was determined t h a t  a permanent reactor facil- 

i t y  was required a t  the Oak Ridge National Laboratory i n  order t o  carry 

out successfully the various research programs then being undertaken. The 

reactor  selected was a simplified version of t h e  MTR (Platerials Testing 

Reactor), t o  operate a t  a power l eve l  of f i v e  megawatts, -which would 

require a minimum of design and development. 

the ORR was supported by the  Atomic Energy Commission, 

phase the proposed design changed considerably as required by t h e  s h i f t  

i n  emphasis on the  experimental programs, With the operating experience 

of the M!TR and other reactors  as a guide and the addi t iona l  data now 

avai lable  i n  t h e  f i e l d  of reactor technology a number of improvements have 

been made i n  the basic  design, 

Preliminaxy d.esign work on 

During the i n i t i a l  

The need € o r  improved f a c i l i t i e s  f o r  experiments requiring neutron 

beams, expanded f a c i l i t i e s  f o r  isotope production, and the  necessi ty  f o r  

an i r r ad ia t ion  f a c i l i t y  t o  permit engineering t e s t s  of t h e  materials and 

components of l iqu id  €uel reactors has become increasingly urgent. Con- 

s t ruc t ion  and operation of the ORR i n  conjunction with ex is t ing  f a c i l i t i e s  

w i l l  help meet the requirements f o r  neutron i r r ad ia t ion  space of both the  

basic  and applied research programs of the Laboratory and w i l l  help meet 

t he  expanding requirements f o r  radioisotope production a t  this location,. 
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(1) 
A preliminary Proposal which outlined the  basic  features of the  

reactor was submitted t o  the Atomic Energy Commission i n  Marc?, lY54. 

This proposal was approved, and a direct ive was issued permitting the use 

of funds t o  secure the services of an Architect Engineer f o r  t h e  purpose 

of preparing a design on t h e  basis of f i ve  megawatt operation, A contract, 

ca l l ing  f o r  t h e  def in i t ive  design of the building, reactor shielding 

structure,  and cooling system was executed, on July 21,  1954, with The 

McPherson Company of Greenville, Si C. 

of t h i s  direct ive was issued authorizing design and procurement of the 

reactor and controls by ;;he Oak Ridge National Laboratory, 

modification was issued early i n  1955 providing funds to  allow design and 

ins t a l l a t ion  of equipment necessaly € o r  i n i t i a l  operation a t  twenty mega- 

watts, Construction of the  building, reactor shielding structure,  and 

cooling system is being performed by Blount Brothers Construction Company 

of Montgomery, Alabama, a contractor who was selected on a competitive 

ltlump-sum'r bid basis. 

service i n  the  summer of 1957* 

On August 25, 1954 a modification 

A subsequent 

It is estimated tha t  the reactor w i l l  be placed i n  

Copies of the Preliminary Proposal were sent t o  members of the 

Advisory Committee on Reactor Safeguards. 

f a c i l i t y  was given a t  a meeting of t h i s  Committee held a t  Cincinnati, 

Ohio on April  21, 1954.. 

A fu r the r  description af t h e  

On December 15, 1954 a review was made of the s t a tus  of the ORR 

Project coupled with a review of the requirements f o r  i r rad ia t ion  space 

by the ANP and HRPI One re su l t  of this review was the decision tha t  

su f f i c i en t  j u s t i f i ca t ion  existed t o  warrant an increase from 5 - 10 Mw 

i n i t i a l  power leve l  t o  20 PM. 

discussed with members of 

This increase i n  i n i t i a l  power l e v e l  was 
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the Advisory Committe on Reactor Safeguards and i n  March, 1955, the  following 

modifications were agreed t o  cons t i tu te  adequate safeguard measures considering 

the design of the reactor,  t he  locat ion and the  proposed use: 

a) Containment is  t o  be provided t o  the  extent  t h a t  an accident 
releasing t h e  v o l a t i l e  f i s s ion  product gases from the reac tor  
core w i l l  not const i tute  a widespread hazard, 

b )  Available excess r eac t iv i ty  is t o  be minimized i n  s o  f a r  ;as 
prac t ica l ,  

c) That t h e  e q r i m e n t a l  i n s t a l l a t ion  i n  the  engineering t e s t  
f a c i l i t i e s  be r e s t r i c t e d  so t h a t  upon f a i l u r e  or malfunction 
of t h e  in s t a l l a t ion  no more than l&$ r eac t iv i ty  w i l l  be 
added t o  the reactor, 

DESCRIPTION OF FACILITY 

A .  General Descrir%ion o f  the  Reactor 

The Oak Ridge National Laboratory has proposed cl) t h a t  a research 

reactor of intermediate power be b u i l t  and operated i n  support of  i t s  basic  

and applied research programs, It i s  now proposed tha t  t h i s  system be 

operated a t  a pokier l e v e l  of twenty megawatts corresponding t o  an estimated 

average thermal neutron f l u x  o f  1-3 x lo1' neutrons/cm.2 sec ,  It i s  fu r the r  

proposed tha t  at  such times as adequate cooling is  avai lable  the system be 

operated a t  power leve ls  up t o  t h i r t y  megawatts, 

The design of  the ORR incorporates a heterogeneous core which u t i l i z e s  

enriched uranium f u e l  wi th  ordinary water as coolant and moderator, The 

r e f l e c t o r  w i l l  be a r e l a t ive ly  th in  layer  ( 3  t o  6 inches) or" beryllium 

metal, backed by a thick l aye r  (approximately 4%) of water. 

of the core is shown i n  Fig, 1, 

A plan view 

The core arrangement, fue l  elements, and methods of shim and cont ro l  

The reactor  core is  housed near are similar t o  those used i n  the  NTR(*). 

the bottom of an aluminum tank approximately f i f t e e n  f e e t  i n  overal l  hei. ht? 



5 

ORNL- LR-DWG.-8234 

- .  

+--- 
'\ 

SCALE-INCHES: 
I 

NOT CLASSIFIED 

LATTICE PATTERN: F- FUEL. S-SHIM ROD. OTHERS- REFLECTORS. 
EXPERIMENTAL FACILITIES: HN 8 HS- LARGE FACILITIES. HB- BEAM HOLES. 

ORNL RESEARCH REACTOR 
HORIZONTAL SECTION THRU REACTOR 4 

Figure 1 



6 

and approximately five feet i n  diameter as shown i n  Fig, 2. 

are operated from below the  reactor through a large shielding plug as 

i l lus t ra ted  in Fig. 3, This assembly, together with a top cover plate, 

constitutes the reactor u n i t  which may be completely removed (with con- 

siderable effor t )  should the  occasion arise, see Fig, b o  The design of 

t h i s  reactor unit incorporates many features which have already been tes ted 

o r  which are now being used i n  other installations 

Control drives 

(2),(3)9(4),(5) 

The reactor uni t  is located in a pool of demineralized water which is  

approximately twenty-one f ee t  long, ten f ee t  wide, and twenty-eight feet- 

ei&% ixi~hes deep, as i l lus t ra ted  i n  Pigs* ~ 3,. 5 and 6. 
of water above the  core centerline prcmides t h e  main shielding above the 

reactor during operation and a l s o  provides the shielding required f o r  t he  

transfer of fuel elements, control rods, and vertical. experiments from the 

The t w d p f  m f e& 

reactor t o  %he storage areas of the pool. 

t o  the reactor pool i t s e l f  and are  separated from it by removable aluminum 

gatesa The en t i re  ser ies  of pools are  t o  be l ined with a" welded aluminum 

plate i n  order t o  help maintain high water puri ty  and t o  insure against 

leakage through the pool walls and floore 

These storage areas are adjacent 

Although the pool water i s  normally independent of the reactor cooling 

system, provision is made f o r  circulation of t h i s  large volume o f  w a t e r  

through the reactor core should such a procedure be necessary under emergency 

conditions, 

The structure above the sub-pile room cei l ing and the adjacent storage pools 

is designed t o  meet biological shielding requirements during reactor operation 

and also to permit safe t ransfer  of fue l  and experimental equipment between 
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pool sections. The pool w a l l s  are  t o  be constructed of hi& density barytes 

concrete, The barytes concrete shielding w i l l  be a minimum of four f ee t  th ihk  

i n  the vicinity of t he  reactor core, Immediately adjacent t o  the six beam 

holes, the shield is nine f e e t  thick? 

Each of the three pool sections is approximately the same s i ze  (see 

Fig, 6) w i t h  a t o t a l  capacity of 1~09000 gallons, The sections a re  separated 

by remmable aluminum gates and can be f i l l e d  and drained independent*, 

There is  sufficient water provided between the reactor and the w a l l s  i n  m o s t  

cases t o  prevent serious activation of the cmcrete, The concreke closest 

t o  t he  reactor will be protected by thermdl shields t o  prevent excessive 

heat ingo 

Be Reactor S i t e  ' 

The construction s i t e  f o r  the  OBR is located i n  the no*h central  portion 

of the  Oak Ridge National Laboratory as indicated i n  Fig, 7o 

approximately 650 fee t  south of the nearest periphery fence, 

T h i s  location is 

Other buildings 

i n  the general vicini ty  (see Fig, 8) are as follows: 

Building Location 
Bulk Shielding Faci l i ty  (3010) 801 ME 

Blot w 
EfTR (3005) 800 N 
Rolling Kill (3012) 125' E 

X-10 Graphite Reactor (3001) 

The building hausing the OlIR is  t o  be located on the s ide of a h i l l  which 

slopes i n  an easter ly  direction f r o m  elevation 8350 t o  a small creek at 

elevation 8009, approximately 350' east  af tb reactor site, This par t icular  

location w a s  chosen because of the avai labi l i ty  of services already fn the 

area, integration of operations with currently existing similar facf l i t i es ,  

and t he  avai labi l i ty  of space f o r  future expansion and f o r  conducting neutron 

experiments a t  same distance from the  neutron sourcee The cooling system 
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c f o r  the pool water is located east of Building 3010, the Bulk Shielding Facility, 

and the cooling system f o r  the care is located approximately 300' northeast of 

the reactor building as shown i n  Fig. 8. 

C, Reactor Controls 

The reactor control and safety system resembles the system installed 
(21, (6) 

on the ETMZ. However9 experience with e d r o l  sy&eBls on similar reactors, 

particularly the LER and the Geneva Conference Reactor, has given sufficient 

confidence i n  the  instruments to permit an SnstPument-controlled startup, 

leaving the  operator f r ee  t o  cmcem himself with things not amenable t o  

reactor controls, such as the cooling system, the experimenbs, and any 

unusual o r  abnormal conditions tha% m i g h t  occur. Actions of the  operator 

and of the automatic controls are monitored continuously by instruments 

independent of the safety system. The autmatic  start i s  terminated at  

about 300 kw; a% powers above t h i s  level the operator must take into accomt 

the requirements of the expepiments and the condition of the cooling system, 

before proceeding, The autcanatfc start is not used above 300 kw, 

The Level Safety System is wmnted on t o  shut .&he reactor down i n  case of 

malfunction o f  opera%or o r  eontmls, bat considerable effor t  is made t o  fore- 

stall a scmn caused by an aperating e m r  OP a false signal by equipping the 

control system with less drast ic  modes of corrective action, which can correct 

nmny potentially dangerous situations before a scram becomes n e c e s s q .  

The control of the reactor is effected by the accurate ver t ica l  position- 

. -  ing of four o r  more removable elements within the reactor corea 

are approximately twice the length of the reactor core, the lower half of the 

element consisting of fuel of the sam shape and essential  c q o s f t i o n  as the 

fixed fuel elements of the core and the upper half consisting of  a poison 

These elements 
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Section, 

ing i n  a rise i n  reactivity. 

and poison is  introduced i n  the core result ing in  a lowering of the react ivi ty  

of the core. 

When any rod is raised more fuel and less  poison is i n  the core result-  

When any control rod is  lowered fue l  is removed 

For nomud. control of the reactor the movement of these control elements 

takes place i n  small  ver t ica l  increments, requiring precise positioning by 

ei ther  manual o r  automatic means9 

screw, to which the  guide tube is attached, by a reversible electric m o b r e  

A t  times it is  necessary to  reduce t h e  core react ivi ty  rapidly. 

operation the control rod should be dropped; thus removing fue l  and ime.apting 

poison as rapidly as possibleb 

rod from the drive mechanism and allowing it t o  f a l l  under the action of gravity 

t o  its lowes t  position. 

decelerated to prevent shock damage to the rod or its lower stopg see Fig. 9b 

T h i s  movement is effected by dr iv ing  a lead 

For this 

T h i s  is  accomplished by disengaging the control 

Near the lower extremity of the t rave l  the  rod is 

Since it i s  possible t o  conceive that a rod may tend t o  s t ick  and not f a l l  

entirely t o  the lowest position when released from the drive mechanism it is 

necessary t o  provide a power drive follow up which w i l l  pu l l  the rod dawn slowly 

if t h i s  sticking should occur. 

A t  the lowest extremity of rod t rave l  it is neeessaxy t o  provide posit ive 

indication that, when dropped, the rod indeed f a l l s  t o  the bottom of its travel. 

Such indication is provided by the seat switch. 

consists of f a r  identical  and interchangeable units comprising the following 

major components for each unit. 

The contml assembly thm 

1. A fuel-poison control rod guided by two spring loaded bearings which 

permit f r e e  ver t ical  t rave l  of the rod in  the reactor coree 
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2. reversible drive mechanism f o r  ve r t i ca l  positioning of t h e  rod along 

w5th posit ion indication of t h e  rod. 

3. A method of connecting and disconnecting the drive mechanism t o  or  

from the control  rod. 

Very near t h e  top of the guide tube there i s  an assembiy comprising eight 

s t e l l i t e  balls which occupy one of two positions I) e i the r  extended from the  

guide tube w a l l  by approximately .075" o r  2) withdrawn j u s t  below the  surface 

of t h e  guide tube. h%en t h e  ba l l s  are extended they engage a shoulder on t h e  

inside of the control rod and when t h e  drive mechanism i s  raised the ba l l s  bear 

the weight of the rod, When t h e  dr ive mechanism is lowered, the  rods follow the  

drive mechanism down under the  force of gravity. 

s t i c k  i n  the bearings, the balls would pu l l  away from the  control  rod when t h e  

drive i s  larered. To prevent t h i s  happeninga cap flange is provided above t h e  

b a l l s  that engages t h e  top side of t h e  control rod shoulder and pulls the  

control rod down t o  the safe ty  position. 

Assuming tha t  t h e  rod could 

A t  any time that  the  balls are withdrawn there is no support f o r  t h e  

control rod a?d it w i l l  normally f a l l  t o  the  bottom of i ts  travel. 

The actuation of t h e  eight b a l l s  i s  extremely c r i t i c a l  since upon t h i s  

mechanism depends the quick release of the control  rod which in turn  effects 

a quick shutdown or  "scramtt of the reactor. 

Operation of this ba l l  release is effected by cam ac t ion  of a plunger 

with a tapered shoulder forcing the  b a l l s  into tapered holes when the plunger 

i s  raised by t h e  push rod, When the push rod is not ra ised it is held i n  t h e  

down posit ion by a heavy c o i l  spring. 

under tne  action of gravity, f a l l  o r  r o l l  i n  their respective tapered holes 

t o  the lowest position. 

In this "down" posit ion t h e  balls, 

The ba l l s  can be extended only a t  t h e  lower posit ion 



of the drive when the tension of t he  heavy mil. spring is  renoved, thereby allow- 

ing a small compression spring t o  raise the push sod driving the balls in to  

the i r  extended position, This occurs o n l y  at the bottom of the  rod drive t rave l  

when the balls m u s t  be below the shmlder of the control rodo 

Xnthis reset  ppemtion the drive mechanism compresses the heavy co i l  

spring allowing the small compression spring t o  ra i se  the push rod and the  

magnet keeper, thereby ex&ending the balls. The lower end of t he  push rod 

extends thru the  core of an electromagnet, the armature of which in the form 

of a disc is attached t o  the push rod. When the push rod is raised this a== 

ture  comes in contact with the  face of' the  electromagnet and is  held there by 

the magnetic f i e l d  when the c o i l  of the  magnet is energized, This force holds 

the push rod in this *cocked@ position as the drive mechanism is raised. Thus 

._ 

the large co i l  spring is now compressed and exerts a force downward on the 

push rod, When the magnet is de-energized tEs  spring pulls down on the push 

rod allowing the balls to  re t ract  thus releasing the control rod which dropso 

When the control rod enters the shock absorber it displaoes watea,from the 

shock absorber unita This water has t o  pass through rest r ic ted passages famed 

by annular grooves in the bottom of the control sodo Such action provides a 

hydraulic shock absorber cushhning the impact of the rod on i t s  seat. When 

seated, the rod depresses a 3116- diameter push rod which transfers this dis- 

placement a m u g h  a bellows seal  a t  t h e  bottom of the shielding plug flange t o  

a micro switch thereby giving indfcation that the control rod has seated i n  

the shock absorbero 

The cap piece which bolts on the guide tube above the b a l l  release mechan- 

ism serves t o  allow the drive mechanism t o  exert a downward pull on a stuck con- 

t r o l  rod, It fhrther insures against any force, such as reversed water f l o w  

f rom moving the control rod upward off the drive mechanism more than a short 

distance. 



This cap must be attached after the guide tube is inserted th ru  the 

"Pahettoft seals  and must be removed befsze subsequent vithdrawal of t h i s  guide 

tube through these seals, A means must be provided f o r  passing the shoulder 

of the control rod over this cap and maintaining th i s  engagement un t i l  it is 

desired to remove the control sohi QI? drive assembly, In order t o  effect  this 

the shoulder i n  the control rod has four s lo t s  at 90 spacing and the cap on 

the guide rod has four ears of proper dimension t o  pass through these slots 

when the two are in juxtiaposition. 

0 

After the control rod has been slipped over the  locking cap it is neces- 

sary t o  r o h t e  the ent i re  drive mechanism 45' with respect t o  the axme zhreLt4J. 

lead screw, so as t o  engage the control rod with the locking cap. The mechan- 

i s m  is now ready t o  operate and may be mcocked" by driving down t o  the lowest 

position. 

t r o l  rod, the ba l l  release mechanism ell not Wcockw when the drive mechanism 

reaches the lowest l i m i t  of travel, 

If the drive assembly is not rotated 45' a f t e r  slipping on the con- 

The release mechanism magnet is connected Lo  the reactor safety system 

as in the LlTR and MTR(6p. 

from a drive motor operaked from the am-@ line,  Alternating current motors 

have been specified in  order t o  minimize the possibi l i ty  of greater than 

n o m 1  speeds, 

Rod motion, other than scram inserbion, proceeds 

Single phase power w i l l  be used throughout t o  avoid potential  

troubles encountered by opening one w i r e  of a 

Four limit swi%ches are  provided on each 

(1) Upper l i m i t  on drive mechanisma 
(2) Lower l imi t  on drive mechanism, 
(3)  Clutch switch showing aspect af 

polyphase l ine,  

shh-safety rod as follows.: 

release mechanisme 
(4) Seat switch showing whether or not the md is actually seatedo 

In addition t o  these l imi t  sbaitches, a double sylachm pai r  is provided 

f o r  each rod, the coarse synchro t o  rotate  270' fo r  the f u l l  rod t ravel  of 30"; 
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the f ine synchro t o  rotate 360’ f o r  each inch of trave%, 

t o  indicate the  position of the rod drive mechanism t o  the nearest 0.01inch 

It w i l l  be possible 

and 

The 

the 

per 

and 

The 

still avoid any ambiguity as t o  rod posi%ion. 
(7) The four rods control a$k/k of about 30 $ ( 9  i n  a 5 x 5 or 3 x 9 l a t t i c e  . - -  

average ra te  of addition of reactivity is Q.l% per second and occurs when 

rods are  simultaneously withdrawn at  the i r  ma.s&xnutn speed of f ive  inches 

minute. e 

Nuclear infomat&on is transmitted t o  the operator and t o  the control 

safety systems from several channels. as follows, s$e Figo 100 

(1) Level safety. Three r&T chanrbers supply cu1”refit to three 
Level Safety Channels 

(2) Period, One c m ensated chamber supplies current t o  a 
Period Channel P6B e 

(3) Linear, One compensated chamber supplies e u m n t  to a 
Leeds and Northmp ?+Ecromicroammeter., 

(4) Counting ~%te. me fiss%on chamber supplies pulsw !to a 
Linear Amplifier, h u e  Height Selector, Scaler and Log 
Count, %$e Meter. 

three types Qf chambers designated above are t o  be d the same ty-pe as 

those currently i n  use on other ORNL reactors. 

chambers w i l l  be installed i n  a manner simila~ t o  those used on the Tower 

Shielding Facility, and the Geneva Conference Reactor, that is, Wsealedn 

chambers which do not require a flow of gas, 

the Westinghouse sealed type a8 used on the Geneva Conference Reactor and TSF., 

Both the PCP and cmfiensated 

The f i ss ion  chamber w i l l  be of 

Control of the cooling system is accomplished through the use of 

conventional instrumentation a6 regards parameters such as flows, temperatures 

and pressurese 

waterp (see Fig, 32.) e 

Radiation detectors m e  provided t o  give warning of contanhated 
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It is planned t o  provide a servo system t o  maintain the  neutron f l u  a t  

constant level,  and t o  change leve l  i n  a n  orderly manner. 

w i l l  be one of the shim rods, The servo-controlled rod may be any one of the  

shim rods; however mechanical connections must be made up and therefore the  

selection cannot be changed during a run. The rate of rod motion i n i t i a l l y  

w i l l  be ident ical  with t h a t  available t o  the shim control, although it may 

be desirable t o  change the  m a x i m u m  rate f o r  the  servo-controlled rod by a 

f ac to r  of as much as two i n  one direct ion o r  the other. A maximum rate of 

about O.OS%&k/k per second is the highest now contemplated. 

servo-controlled rod moves a t  shim-rod speed, the reac t iv i ty  turned over t o  

the servo is l imited only by e l ec t r i ca l  interlocks. Additional l i m i t  

switches are provided however, t o  make shimming more orderly, and t o  help 

the  operator keep the  servo-controlled rod i n  a region of useful sensi t ivi ty .  

If i n  t h e  future  it become desirable t o  turn  over t o  t h e  servo additional 

amounts of react ivi ty ,  t o  compensate f o r  depletion, xenon, etc., t h i s  

additional reac t iv i ty  will be carefully l imited and made available i n  

predetermined amounts by way of fixed l imitat ions bu i l t  i n t o  the  control system. 

The control element 

Since t h e  

D.  Experimental F a c i l i t i e s  
--1-- 

Figure 5 is  a section through the reactor  s t ruc ture  showing t h e  

arrangement of  the major experimental f a c i l i t i e s .  Six nominally 6'1 diameter 

holes penetrate t h e  biological sh ie ld  t o  one face of the  l a t t i c e  and w i l l  be 

used mainly f o r  t h e  semi-permanent type beam experiments, i n  which the length 

of the beam hole is not a major consideration and where the bulk of t h e  equip- 

ment can be mounted on the f loor  area, the cubicle, o r  t he  face of  the  shield. 

Examples of such experiments are: neutron o r  gamma ray spectrometers, neutron 

velocity selectors ,  neutron diffract ion,  nuclear alignment studies, etc,, 
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Shielding i n  this region consists of a minimum of six fee t  of water and nine 

fee t  of barytes concrete,, 

be hydraulically separated fromthe reactor tank i n  order t o  make provision 

f o r  a future D 0 blanket for the purpose of increasing the neutron flux i n  

th i s  region, 

described in t h i s  report. 

and w i l l  present no unusual problems except f o r  safeguarding the D200 

Whether or not the D20 blanket i s  used is  contingent upon the requirements of 

the experimenters. 

with l i gh t  water i n  t h i s  regione 

The r eg im aruund the 6 horizontal beam holes W i l l  

2 
Such a blanket w i l l  require an auxiliary cooling system not 

This system w i l l  be conventional i n  a l l  detai ls  

J.h any case the reactor will f i r s t  be put into operation 

The two large penetrations t o  the reactor l a t t i c e  am designated a8 

s engineering Test Facilitiesfl and are  designed for  a nuniber of anticipated 

installations.  Two large water t ight  balkheads approximately f ive  and one 

half fee t  in diameter pierce the  shield t o  a point just outside the reactor 

tank opposite the la t t ice ,  where a transi t ion section of obround shape 

approximately 19" x 25" penetrates the tank, 

Wil l  hause water-tight dummy plugs which w i l l  duplicate the main shielding i n  

t h i s  vicinity, These facil it ies are being designed specifically to m e e t  

the needs of the type experiment now required f o r  the  f lu id  fus l  reactor 

loop programs, where it is desirable t o  have the plug diameter as large as 

possible and the length of the plug as short as possible, 

Initially these' holes 

The c e l l  immediately outside af t h e  engineering t e s t  f a c i l i t i e s  will be 

erected as required for the shielding of the auxiliary equipmeat required f o r  

the experiment and w i l l  have provisions f o r  service connections f r a  the 

basement area and fo r  instrumentation and control connections a t  the balcony 

level* Space is provided f o r t h e  construction of disassembly ce l l s  t o  be 
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located ei ther  on the main f loor  o r  the basement floor, Sufficient permanent 

shielding is t o  be provided so that  the equipment cells can be entered -ring 

shutdown periods, pmvided the type of  exprkenb is such as t o  allow entry. 

Removal of the large plug from e i the r  side of the reactor w i l l  

allow f o r  the insertion af what  may be t e m d  %ador engineering experhSntsw, 

in which a l l  the primary components f o r  the  t e s t  such as the fiel loop, pumps, 

heat exchangers, et&, are to  be exposed t o  the high flux region of the reactor. 

In t h i s  proposal, the reactor would be completely unloaded, the original plug 

placed i n  a storage c e l l  and the experiment inserted as a package, 

believed that  with the proper selection o f  construct ion and shieldfng 

materials, primarily aluminum and chemically pure lead, in both the reactor 

and f ac i l i t y  design, and with fuel and reflector removed t o  a storage pool, 

insertion of these experiments can be accomplished with a minfmun of remote 

handling equipmente 

It is 

By locating t&e control rod drive mechanism below the  reactor, it is 

possible t o  consider insertfons into any of t he  sixty-three possible fuel  

or  reflector spaces, depending upon the l a t t i c e  arrangemente Small experiments 

which require outside connections can be inserted i n  tubes and guided in to  

the reactor throu& sleeves located i n  the top plug, 

on t h e  side walls of the pool during refueling operations can be accomplished 

without breaking the external i n s t m m t  o r  service connectionSo 

expriments such as small fue l  loops can be inserted h such a manner tha t  

they can remain i n  the  reactor during the refueling operation, 

tions here are t o  be made through flanges on the top cover plate. 

Storage of these tubes 

Larger 

The connec- 

The fourth face of the  reactor l a t t i ce  provides a major f ac i l i t y  fo r  

.. 

the  in s t a l l a t ion  of experiments from the pool side,  f o r  shielding s tudies  

a theriaal column, engineering type tes ts ,  etc, 



The top region of t h e  reactor  tank is  designed with su f f i c i en t  access 

openings t o  accommodate several  rabbi t  hole type f a c i l i t i e s .  

design of such f a c i l i t i e s  are being made a t  present. 

No specif ic  

E, 7,:ater Systcm 

1, Main Reactor Cooling Loop: 

For 20 Mw operation approximately 12,000 gpm w i l l  be pumped from the exi t  

header of the reactor tank through two 18" O.D. l ines;  these l i n e s  jo in  i n t o  

one 24" O.D. l i n e  which expands t o  a 36* O.D. l i n e  outside o f  the building, 

The 36'1 O.D. l i n e  leads t o  a decay tank of approximately 10,000 gallon capa- 

c i t y  immediately preceding the  main c i rcu la t ing  pumps. A 24" O.D. l i n e  from 

t h e  decay tank w i l l  serve as a pump header. 

be ins ta l led ,  

70 feet  head and requiring a 250 h.p. motor. 

air-cooled heat  exchanger t o  the pumps. 

the  air-cooled heat exchanger there w i l l  be a flow measuring device and a 

strainer.  The 24" O.D. reactor return l i n e  w i l l  divide into two 1 8 ~  O.D. 

l i n e s  which return t o  the upper reactor  tank (see Fig. 12). 

Three main circulat ing pumps w i l l  

Each w i l l  be a 6,000 g p m  pump operating a t  approximately 

A 24a O.D. l i n e  w i l l  connect t he  

In the  24" O.D. l i n e  leading from 

A 12" IPS l i n e  w i l l  connect t h e  two 24a O.D. l i nes  leading t o  and from 

the  air-cooled heat exchanger. 

which w i l l  control  t h e  flow. 

point in order t o  reduce the t o t a l  pressure drop i n  the  main reactor  cooling 

loop. 

12,000 gpm may be pumped through t h e  reactor  tank with t h e  proposed pump head. 

This by-pass l i ne  w i l l  contain a globe valve 

As much as 6,000 gpm may be by-passed a t  t h i s  

Thiis, quant i t ies  of water i n  excess of t he  designed f l o w  rate of 

During operation a t  low ambient a i r  temperature, it may be desirable t o  

take one o r  two of the c e l l s  of the air-cooled heat exchanger off-stream 
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f o r  maintenance purposesc 

these uni t s  w i l l  be by-paseed; thereby maintaining the design pressure drop 

across the air-cooled heat exchanger. 

In t h i s  event the water ordinar i ly  flowing in  

Two 100 g p m f n t R r S  will be placed in pa ra l l e l  across the by-pass control 

valve, 

used t o  remove suspended sol ids  from the main reactor cooling loop water. 

Piping for these f i l t e r  units w i l l  be 3n TPS. The f i l t e r s  w i l l  be  

Two 3" IPS lines w i l l  connect the main reactor  cooling loop t o  the reactor  

pool, 

water i n  the  main reactor cooling loop during start-up and shut-downe 

b&i.ng the reactor cooling loop system from 60 t o  12OoP, approximately 600 

gallons w i l l  flow through these l ines.  

pool w i l l  a l s o  replenish any leakage from the  main reactor cooling loop 

systema 

This interconnection w i l l  allow f o r  the expansion and contraction of 

I3 

Flow through these lines from t h e  

In the event tha t  t h e  leve l  of radioact ivi ty  i n  the reactor Cooling 

loop makes the introduction of this water t o  the pool undesirable, several  

a l ternat ives  are possible, Small mixed bed demineralizer units containing 

about 2 cubic f e e t  of res in  could be submerged i n  t h e  pool and connected 

t o  the flanged ends of the two 3n IPS overflow lines, Flow either i n  or out 

of t he  reactor cooling system would pass through the  beds thereby removing 

radioactive ionsr The beds would be removed f o r  regenerationo 

A second a l te rna t ive  would be t o  drain water from the  reactor cooling 

Th i s  loop during the  period t h a t  the water was increasing i n  temperature, 

could be done eas i ly  by placing a remota control valve i n  the  l i n e  draining 

water t o  the retention ponds or i n  the l i n e  draining water t o  the storage 

tanks n 

The reactor tank and t h e  two invert  loops i n  t i e  exit l i nes  w i l l  be 

vented cbntinuously t o  the off-gas system through two b a l l i f l o a t  traps, 



The 10,000-gallon decay tank and the  36* section of reactor  cooling loop 

piping w i l l  a l so  be vented through bal l - f loat  traps.  Gas from these sources 

w i l l  go in to  the plant off-gas system. A l l  other high points of the reactor  

cooling loop w i l l  be vented t o  the  surrounding a i r  through loca l ly  operated 

valves , 

A 1,000-gpm pump is provided t o  c i rculate  water i n  the reactor tank and 

main cooling loop f o r  cooling purposes a f t e r  the reactor  has been shut-downo 

2, Emergency Reactor Coolingr 

Provision has been made t o  insure cooling i n  case of emergency shutdown 

conditibns, The e l e c t r i c  1,000 gpm shutdown pump is fed  from a separate 

feeder than the  main pumps and some s m a l l  measure of protection i s  afforded 

thereby, In addition an emergency generating plant is  now being designed t o  

supply e l ec t r i c  power f o r  the reactor  and experiments i n  t h e  case of f i l i lure  

of outside power; re la t ive  merits of steam turbine and d i e se l  dsives a re  

now being evaluatedo 

matic t ransfer  t o  t h i s  system i n  case of f a i l u r e  of the  secondary feederso 

As fur ther  insurance a 1,000 gpm gasoline driven pump w i l l  be automatically 

s ta r ted  on f a i l u r e  of e l ec t r i c  power, 

l ined  systems the water i n t h e  reactor pool c m  be used under gravity head t o  

provide a flow suf f ic ien t  f o r  shutdown cooling, 

in the drain l i n e  from the  reactor cooling loop t o  the  retent ion pond may be 

The e l e c t r i c  1,000 gpm pump w i l l  be arranged f o r  auto- 

As a backup f o r  the previously out- 

To accomplish t h i s  a valve 

opened i n  the event of an emergency, and water w i l l  drain from the  reactor 

cooling loop thereby drawing the water from the reactor  pool through the 

l a t t i c e ,  

in t h i s  manner. 

A flow of from 600 t o  900 gpm may be provided through the l a t t i c e  

The capacity-of t h e  pool i s  such tha t  cooling may be con- 

* 

tinued u n t i l  such a time that danger of damage t o  t h e  rekctor due to. shut-down 

heating has passed, 

necessary during the t e s t ing  period. 

This last feature  wil l  be incorporated i f  determined 
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The second emergency involves a major catastrophe resul t ing i n  the 

loss  of water from all or par t  of the  reactor cooling loop system. 

i n  the  reactor exit lines are provided t o  prevent t h e  drainage of water 

by gravity from t h e  reactor tank, 

of these loops t o  tihe top of the reactor tank t o  prevent the syphoning of 

t h e  water from the Peactor tank. In t h e  event that these measures f a i l  t o  

keep a head of water over the reactor lattice, a 2" l i ne  is provided t o  spray 

plant process water over t he  reactor  lattice, This line is operated by a 

valve placed near t h e  north w a l l  of the reactor building just below t h e  first 

f loo r  elevation, An extension handle on t h i s  valve permits operation of the 

valve from the  first f loo r  o r  from the exter ior  of the building a t  t h i s  

approximate loca t  ion, 

Loops 

Suction breaks a re  provided from the top 

* 3q Heating Sjrstem and AiMooled Heat %changers$ 

Ih order t o  prevent in te rna l  freezing i n  the  heat exchanger u n i t s  

during shut-down i n  cold weather, each uni t  w i l l  be provided with a s e t  

of remotely operated louvers and a steam supply, 

closed posit ion w i l l  prevent the e s c a p  of a i r  through the top of t h e  

units, and steam-heated finned-pipe sections w i l l  provide heat below 

the  tubes. 

drained, 

The louvers i n  t h e  

During long shut-down periods the u n i t s  w i l l  be vented and 

n The EkperirmnCaLb Faclility Coeling Loop: 

Approximately 400 gallons per minute will be pumped from the reactor 

cooling loop line. 

go t o  e i the r  of the two reactor system demineralizer units; the remainder 

of the  flow w i l l  go t o  the  headers leading t o  the experimental f a c i l i t y  

cubicles,, 

Approximately 80 gallons per minute w i l l  be diverted t o  

This water w i l l  flow through the experimental facil i t ies 



providing cooling 

headers t o  return 

and w i l l  then be collected i n  the experimental f a c i l i t y  exit 

t o  t he  reactor exit line, 

The head provided by the  two experimental f a c i l i t y  cooling pumps w i l l  

provide a flow of approximately 80 gallons per minute t o  e i t h e r  of the  two 

reactor  system demineralizers. 

The reactor  system demineralizer is composed of two ident ica l  units 

e i t h e r  of which w i l l  provide the necessary flow for standard Operation. U s i  

of a l te rna te  un i t s  allows the inoperative unit t o  bo regenerated Wf-bout 

fnterruption of demineralizer service. When it is  desirable both units my 'us 

used concurrently t o  provide a maximum flow of approximately 160 gpm, 

6. Pool and Circulating Loops 

It has been estimated tha t  approximately 1* Mw of heat w i l l  be trans- 

fer red  t o  the  reactor  pool by gamma radiat ion from the reactor  and eonvec- 

t i o n  f r a t b e  reactor  tank, This heat  w i l l  be removed by pumping approxi- 

mately 900 gpm of the  reactor  pool water through the tube sect ion of a 

(8) 

U-tube, shel l  and tube heat exchanger, 

of 900 gpm of plant process water c i rculated through the s h e l l  of t he  heat 

This water w i l l  be cooled by a f l o w  

exchanger and through an induced-draft cooling tower. 

have been selected as approximately 101%' f o r  the reactor  pool water and 

90% as  the return temperature,(seg n g ,  139 e 

The design temperatures 

One of %he major problems envisioned a t  present and ye t  not subject 

t o  refined calculations is the radiat ion due t o  nitrogen-16 formed i n  t h e  

pool. A major source of t h i s  isotope will be a t  the surface of the indented 
(89 

side of t h e  reactor  tank. Provisions havs'been made t o  place a Wchimneyn 
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a t  t h i s  point througJ which t h i s  highly radioactive water may be removed. 

The "spareft l i nes  may be used t o  take t h i s  water t o  a decay tank and then 

t o  the pool  demineralizer, o r  t o  any al ternate  disposal system. 

F. Building and Services 

The f a c i l i t y  w i l l  be housed i n  a s t ruc tu ra l  s t e e l  framed, insulated 

metal panel sided, mill-type building 108 f e e t  long, consisting of a central  

crane bay area 601 wide with a service wing on 

of the mill-type s t ructure ,  measured from the f i r s t  f l o o r ,  (see Fig. 14) i s  

each s ide  201 wide. The  height 

about 361 f o r  the service wings and about 71' f o r  the crane bay. The area 

grade contour is such tha t  a truck entrance t o  the building a t  s t r e e t  l eve l  

has been provided a t  the second f l o o r  l eve l  on t h e  west s ide of the building, 

and a second s t reet- level  truck entrance on the east s ide  of the building a t  

the f i r s t  f l o o r  level.  

concrete. The basement f l o o r  i s  201 below the f i r s t  f l o o r  level.  Approximately 

A l l  construction below grade leve l  will be reinforced 

30' of shale and ear th  below the exis t ing grade w i l l  be excavated t o  place t h e  

s t ructure  on a rock f oundat ion. 

The reactor  pool s t ructure  w i l l  be of barytes concrete with walls of 

various thickness. Thick walls of reinforced concrete enclosing the basement 

sub-pile room and pipe chase support the reactor pool, and concrete columns 

support the storage pools. 

The building w i l l  be divided into four working leve ls  a s  follows: 

(1) A f u l l  basement of 11,400 square f e e t  (see Fig. 15) which w i l l  include 

a fan and f i l t e r  room, the sub-pile room, shielded demineralizer rooms, 

reactor sub-structure, e l e c t r i c a l  load center, and fu ture  c e l l  areas. 

(2)  A f i r s t  f loor  of 9,500 square f e e t  ( s ee  Fig, 16) which w i l l  contain the 

reactor  beam hole areas, general experimental area, and truck access. 

* 

I 

c 

I .  
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( 3 )  A second floor of 3,000 square fee t  (see Fig, 17) which w i l l  contain 

truck access to  the building, office, rest rooms, and balcony access 

around the reactor pool a t  an intermediate leve l  58 - 6 ~  above t h e  second 

floor. 

contain four  off ices, six laboratories, control room, equipment and 

instrumerrt repair  shop, access around the pool, and a future hot c e l l  t o  

be Bocat,ed over t h e  west end of the PO&, 

(4) A th i rd  f l o o r  of 6,800 square fee t  (see Fig. 18) which w i l l  

The t o t a l  floor area is 30,700 square feet  and the gross building 

v o l u e  is 831,000 cubic feet, 

A twenty-ton bridge crane with auxiliary one-ton hook w i l l  be pro- 
* 

.. 

vided as illustrated i n  Fig. 

Heating alad ventilating w i l l  be provided by forced draft  units having 

steam heating coils,  and power roof  exhauster^'^). Auxiliary summer venti- 

l a t ion  w i l l  be provided by forced mft from the fan and f i l t e r  room, located 

i n  the basement, 

from the f loors  above by hatch covers and f i r e  w a l l s  around the st3i.r wellsa 

As a f i r e  prevention masure, t h e  basement i s  sealed o f f  

A i r  i n  the  basement w i l l  be exhausted from the building through a ver t ica l  

tunnel- A i r  conditioning w i l l  i n i t i a l l y  be limited t o  the thi rd  floor 

control room, offices, and equipment and instrument repair  roomse 

Services provided t o  the reactor include plant process water,, 

demineralized water, compressed air, nhott1 of f-gas exhaust which connects with 

(10) the existing 1'3039" 250p stack "hot" drains which connect with the exist- 

ing  am was tk  disposal plant(u), and process drains. These services are 
- .  

provided t o  cohvenient locations on the th i rd  f loor  walkway around the pool, 
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on the sec.ond f l o o r  a t  the back of the pool convenient t o  t h e  "rabbit* 

s t a t ions ,  and t o  a l l  t he  experimental s t a t ions  around the  fa= of the reac tor  

a.tp~&x~m 3% the first f l o o r  level ,  

reactor cooling c i r c u i t  are provided t o  the first f loo r  experimental s t a t ions  

f o r  cooling purposesI 

provide adequate shielding fran N16 ac t iv i ty ,  

vo l t  convenience out le t s  are  provided a r m d  the  reac tor  

Supply and return l i n e s  from t h e  main 

These lines are imbedded i n  the pool w a l l  i n  order t o  

Both 440 vo l t  and 1206208 

In 

addition, ten 50 amp, d is t r ibu t ion  boxes on the 1151230 vol t  special service 

bine are provided t o  the  experimental areas f o r  instrumentsn 

the  experimental areas are arranged t o  provide a high degree of f l e x i b i l i t y c  

NUD~POUS sleeves, pipe chases, and empty conduits are provided, 

A l l  services i n  

I n i t i a l l y ,  services t o  t h e  s i x  t h i r d  f l o o r  laborator ies  w i l l  include 

plant water, compressed air, spec ia l  and normal e l e c t r i c a l  services and 

process drains, 
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I V e  OPERATING PROCEDURE 

It is anticipated that the ORR w i l l  be operated on a basic 24 hour 

day pmnobably with a scheduled shu.&-down one day pes week, 

t o  modify t h i s  schedule i n  accordance w i t h  the  requirements of the experimen- 

tal programa 

It will be necessary 

Operation of the reactor  will be the  responsibi l i ty  of t he  Reactor 

Operations Department of the Oak Ridge National Laboratory Operations Divfsion, 

This department is currently responsible f o r  operation of both tihe L E R  and 

the  X-10 Graphite Reactor, 

oyganixatian, which has gained severaJ years experience in operating a 

reactor of s imilar  design, the LTrTZ; and will. report  through t h e i r  supervisor 

t o  the department superintendenbo 

Operating personnel w i l l  be  chosen from %!%is 

A t  l e a s t  two persons w i l l  b e  present a t  a l l  times during operation; 

an operator t o  perform the  required manual tasks, including manipulation of the 

control mechanisms3 observation of instruments, recording of operational data, 

etc,; an experienced reactor foreman w i l l  be available t o  oversm thn -wactor 

operations and give instruct ion i n  the event of sane atypical. behavior of t h e  

machine. Since the  Reactor Operations Department maintains a crew of four o r  

f ive  on all sh i f t s ,  assistance i s  available f o r  the performance of operatime 

requiring addi t ional  personnel+ 
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I n i t i a l  operation of the OHR w i l l  be accomplised by the Reactor 

Operations Department with the  assistance of experienced members of the 

Laboratory staff and i n  accordance with loofficial procedures. 

i n  operating procedure, modificlations o r  fue l  loading, etc., w i l l  be reviewed 

by the Reactor Operations Review CowRfttee which consists of f ive senior 

members of the Laboratory staff. 

Major changes 

It is not contemplated t o  change an ent i re  loading a t  any one time, A 

tentative fueling plan, similar t o  that  used i n  the LITRo ca l l s  f o r  the shift- 

ing of the elements, at intervals of about two weeks, in  such a way as to 

achieve uniform burnout. 

having a calculated burnout such that the minimum excess reactivity required 

w i l l  be unavailable before the next scheduled shutdown, w i l l  be replaced. 

A t  the time this shift iag is done those elements, 

Elements having a burnout equal t o  the maximurn determined t o  be per- 

missible w i l l  be placed i n  racks i n  one of the storage pools f o r  a time suf f i -  

cient t o  permit cooling t o  a level  which w i l l  allow the i r  safe transfer in 

shielded shipping containers t o  the processing plant at the National Reactor 

Testing Station a t  Arco, Idahoo 

v* EQPERIMEIWALPROGFW 

A. Types of E2qx rimrrnts 

The ORR is t o  be constructed t o  serve as a permanent general purpose 

irradiation f ac i l i t y  fo r  use i n  the  experimental and production programs at 

the Oak Ridge National Laboratory. The experiments anticipated, therefore, 

may be expected t o  be quite varied, including the  conventional win-pile" ir- 

radiation of sma l l  samples as well as complicated circulating fue l  loops 

which release large amounts of energlr during irradiation. 



The fobl~.”5x~g types of experiments a re  expected ta form a la rge  part of 

the operational  ad of the  OR& 

i,,; Dynamic loop tests t o  determine t h e  e f f ec t  on f l u i d  
fuels ,  and on the engineering equipment; associated 
with themc 

2, The i r rad ia t ion  of f l u i d  fue ls  i n  quant i t ies  large 
enough t o  permit chemical s tud ies  of continuous Pael 
prmassing systems, 

3* *#Conwentionaln neutron experiments i n  which the reactor 
is u t i l i zed  as a source of neutrons, 

h .  Radio4sotope production, 

Sa Solid-State physics and metallurgy investigakions of 
t he  a f fec ts  of radiation on engineering nntsrials and 
basic s%u&iea of %he properties of mtd-s, aXhys and 
ceramics 

Et. L i n i t a t i o n ~  t o  be Placed jpperi_mexmt:a --- 
Generalization ~f the  l imitat ions t o  be placed on experiments would 

serve little purpose herea 

spsciffc problems direckly concerned w i t h  the safe ty  sf the axpar-imenbal 

apparatus, any ef fec t  t h a t  t h e  experiments may have on the  reactor  must be 

governed by the same basic safety considerations as govern operation of the 

1% is obvious, however: t h a t  in addition t o  the  

reactor  i tsel f ,  

mean- whereby information concerning the  experiments can be introducede 

The reactor cont+mP and safety system will be provided w i t t i  

A l l  

experiments w i l l  be careful ly  reviewed i n  order t o  avoid v io la t ion  of basic  

sa fe ty  criteriac Experiments t o  be installed in t h o  engineerjag test facili- 

t ies  w i l l  bs designed so t h a t  any mishag 

r eac t iv i ty  cbaxlge of more than IC@ as set for th  by the A ~ v ~ s s ~  Comm5.$%ee an 

Reactor Safeguards, 

and col lect ively w i t h  respect t o  their effect on the  overa l l  opemtion 0f 

t h e  facility,- 

i n  t h e  expsimeart cannot introduce a 

In addition the ~x.m+xenta must be t rea ted  individually 

L 

. 

. .  
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In order t o  insure t h e  safety of the reactor and personnel, a l l  

proposed experiments w i l l  be reviewed by the Oak Ridge National Laboratory 

Experiment Review Committee, a permanent committee which consists of f i ve  

senior members of the Laboratory Staff. 

VI* DESCRTPTION OF TKE SAFETY MECHANISMS 

A. Nuclear Safety 

The primary nuclear safety device is the  Level Safety System (6) . 
Three ionization chambers supply current t o  amplifiers whose outputs f om an 

auctioneer c i rcui t :  The largest  s igna l  governs the response of the system. 

When the  neutron flux a t  any chamber exceeds a preset  l eve l  (usually 1.5 
times f u l l  power; much lower during c r i t i c a l  experiments), the Sigma Bus 

voltage (output of t he  auctioneer) w i l l  vary s o  as t o  cause a decrease i n  the 

curent i n  the rod release magnets which i n  tu rn  w i l l  release the rods, 

Following Newson''*) one calculates t he  shortest  period occurring 

during a s tar tup accident wherein t h e  rods a re  simultaneously withdrawn. 

The Period is found t o  be approximately 60 milliseconds. The rod release 

solenoids and mechanisms introduce a delay of l e s s  than 2 1  milliseconds (13) , 
between the t i m e  the  l e v e l  reaches 1,s times full power, and the time the rods 

actual ly  begin t o  move, If one assumes a downward rod acceleration of 1 g, 

the power excursion t o  be expected from t h i s  s i tua t ion  w i l l  have a maximum 

value of 3.5 times f u l l  power. 

The start-up accident described above uses a built- in potent ia l ly  

dangerous mechanism--shim rod withdrawal--and the ins ta l led  safety system 

prevents ill effects ,  Other nuclear accidents may be postulated which add 

va r ims  amounts of reac t iv i ty  a t  various ra tes ,  due to, f o r  example, sudden 

changes i n  ins ta l led  experiments. The inser t ion  of experiments or proposed 



changes i n  the reactor must be controlled by administrative action consisting 

i n  review of a l l  proposed changes in operating procedure by the  Operations 

Review Committee, and review of a l l  proposed experiments by the Experiment 

Review Committee and strong Operating Department Control on proposed experi- 

ments. The possible interact ion between eqeriments  and the reactor is 

investigated by these committees, and paslticular a t tent ion i s  given t o  

mking sure t h a t  no credible accident can introduce reac t iv i ty  i n  amounts 

o r  a t  ra tes  exceeding those which can be adequately handled by the safety 

system, 

During startups,  o r  a t  l a w  power, a period shorter  than one second 

w i l l  r e su l t  i n  a scram. This i s  done so tha t  malfunction of equipment o r  

maloperation a t  low levels  need not r a i s e  the  power above rated f u l l  power 

before a scram resul tsc  

L 

I 

Less d ra s t i c  means a re  provided f o r  correcting a poten t ia l ly  dan- ” 

gerous s i tua t ion  before it requires a scram. In order of decreasing severi ty  

they are: 

9. Reverse - Motor-driven inser t ion of all rods. 

2. Setback - Automatic decrease €or requested f l u x  l eve l  on servo 
system 0 

3 .  A l a r m  - T h i s  requests t he  operator t o  i n i t i a t e  manual corrective 
actiono 

These corrections my be applied in  echelon, such tha t  an increasing 

dangerous condition c a l l s  f o r  an increasingly d ra s t i c  cure, culminating i n  a 

scram i f  necessarye The leve l  s a fe t i e s  are  independent of other corrective 

actions, 

Bo Non-Nculear Safety Considerations 

The reactor and the people associated with i t s  operation must be 

protected against  harm which could r e s u l t  from malfunction o r  misuse of non- 

nuclear equipment. 
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Health physics instrumentation is  provided t o  warn personnel of con- 

tamination o r  high radiation, These w i l l  include the following, 

1, One hand-and-foot counter, - personnel contamination 

2, Two constant-air-monitors, - part iculate  air-borne contamination 
(Five may be in s t a l l ed  eventually) 

3. Six monitrons, - neutron and ghma ray intensi ty ,  (Thirteen 
may be ins ta l led  eventually) 

4. Beta-gamma survey instruments of various types, - f o r  operation 
and maintenance work i n  potent ia l ly  dangerous areas 

Many experiments in te rac t  with the  reactor i n  such a way tha t  diff- 

culty with t h e  experiment could ru in  the experimental. device, cause an in- 

crease i n  reactivity,  o r  even endager the reactor s t ructure ,  Detection of 

I -  

, 

such conditions must be made t o  c a l l  f o r  appropriate remedial act ion by t h e  

experimental device and by the reactor  control system, Provision i s  made f o r  

interconnecting the  experiment instrumentation with t h e  reactor  controls, so 

tbat  more o r  l e s s  dras t ic  corrective act ion may be taken as required, De= 

pending on the  nature of the  experiment t h i s  may consist  of simply an alarm 

t o  the reactor operator, o r  circumstances may require a f u l l  array of scrams, 

setbacks and alarms. 

The in t eg r i ty  of the reactor  may be jeopardized by the f a i l u r e  of the 

cooling system, It i s  therefore provided with appropriate safety devices, as 

follows: 

a. If the l eve l  of the  water i n  the  reactor pool o r  i n  e i t h e r  of 
the storage pools is  lowered by an unsafe amount, an alarm w i l l  
sound t o  warn personnel of the condition, 

b, If f o r  some reason a l l  water is l o s t  from t h e  reactor  cooling 
loop and a l so  from the pool, plant process water may be sprayed 
onto the  l a t t i c e  i n  order t o  diss ipate  afterheat.  Valves f o r  
t h i s  purpose w i l l  be provided on the  first f loor  and a l so  ou$- 
s ide the building, 



, 
cr The act ivi ty  of. the reactor cooling water and af the 

reactor pool uater w i l l  be nonitcmd continuously; 
excessive ac t iv i ty  w i l l  sound an alam i n  the control 
room. 

dr The cooling system instrumentation will be interconnected 
uith the  reactor controls i n  such a way that, a t  power bvels 
w h e r e  cooling i s  needed, cooling failure will initiate a 
reactor shutdowno Ib particular, l a w  f l o w  or high reaetor 
outlet  temperature w i l l  initiate a shutdom 

Other interlocks w i l l  supervise the operation of the cooling system 

t o  slbiniae the effects of its malfunction or misoperation on reactor opera- 

tion. 

VZI. 

A. Natural Meardst Fhw, W$ndstona, n o d ,  Egrkhquake 

Fire  cannot direct ly  dazuage the reactor  since it w i l l  be caple te l$  
7 

surruunded by a large volume of water, The possibil i ty of f i r e  darsage t o  

tb pool structure is m o t e  since it is not constructed of combustible 

materials. Care will be taken t o  see tha t  a l l  combustible material u t i l i sed  

in expepiments is properly safeguarded against dangerous increases in tempera- 

ture. 

3ven though most of the equipnent in the building w i l l  be noncombus- 

t ible,  certain combustible items w i l l  be present, W e d i a t e  f lre protection 

w i l l  be available i n  the  form of lp standpipes and hose racks together with 

602 extinguishere located a t  strategic points throughout the  building. 

addition t o  t h i s  t h e  Laboratory Fire Departaent is available at a l l  times and 

m q  be smmoned by c a l l  boxes located in the bailding. 

lh 

- ,  

A severe windstorm could possibly result in damage t o  the ORR build- 

ing; however, there  would be no radiation hazard from the reactoro Damage 
I 
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t o  the cooling system by windstorm is unlikely, but could possibly resu l t  

i n  l oca l  contamination of the area i n  t h e  v i c in i ty  of the  coolers with small 

quant i t ies  of Ha . 24 

The location of the ORR a t  elevation 835' effect ively precludes 

danger t o  the reactor i t s e l f  by flood conditions. 

system under such circumstances is  conceivable but not likely. 

Damage t o  t h e  cooling 

The eastern portion of Tennessee, including the Oak Ridge area, does 

Shocks not have a h is tory  of any major earthquakes or  of frequent minor ones. 

of moderate in tens i ty  (5-6 on t h e  Rossi-Forel scale) which d id  not 

cause any s igni f icant  damage, were recorded i n  Knoxville (1877, 1913), 

Chattanooga (1902) , Sweetwater (19lh) and Lenoir City ($918) . The compara- 

t i v e  freedom from seismic shock of the Valley of East Tennessee, i n  which 

Oak Ridge is  located, is due t o  t h e  general s t a b i l i t y  of the  ear th ' s  crust  

i n  t h i s  area ( l.4) In  the unlikely event that an earthquake severe enough t o  

rupture the pool  walls occurred, it is not believed tha t  other than i o c a l  

damage would be encountered. 

Be Hazards During Normal Operation 

The poten t ia l  hazards which e x i s t  during the normal operation of t h e  

reactor, but against  which no automatic devices other than alarms are pro- 

vided f o r  the  protection of the reactor and i t s  operating personnel-are: 

1. Cracking of the sh ie ld  due t o  thermal s t r e s s ,  

2. High radiation in t ens i t i e s  due t o  inadequate shielding. 

3. 

4. 
High radiation in t ens i t i e s  due t o  contamination of the  pool  water, 

High radiat ion in t ens i t i e s  due t o  contarriination of the reactor  
cooling loop. 

5. Leakage from one o r  both water systems. 



The steps taken t o  minimize these hazards follow: 

A radial  temperature gradient w i l l  be created i n  the shield, par- 

t icular ly  a t  a plane passing horizontally through the core center, due t o  the 

deposition of energy by the attenuation of- gamma rays, It has been estimated 15) 

that the  maximum temperature reached i n  the main shield w i l l ,  at t h i r t y  

megawatts operation, be insufficient t o  cause excessive stresses in the con- 

crete. Since the temperature i n  the inter ior  of the shield is a very sensi- 

t ive function both of the conductivity o f t h e  shield and of the heat transfer 

coefficient at  the  imer wall, thermocouples w i l l  be installed in the  shield '  

in order t o  determine the  actual temperature distribution and t o  5.nsu.m against 

excessive heating. 

will develop, additional thermal sh i a ldhg  w i l l  be installed, 

Should measurements indicate that excessive temperatures 

Estimates indicate t h a t  w i t h  the exception of the demineralizer 

ce l l s  no regions of high radiation intensity (several B/hr,) are available 

t o  personnel. 

of locked doors OF security gates. 

t h i s  equipment during operation, Lower level  ac t iv i ty  (c&. 30-200 m d h r )  

may be encmntered i n  the pump house, near the main heat exchanger, the mzb-pile 

room and the f ac i l i t y  cooling pumps, 

reglons and local  shielding w i l l  be provided as necessary. 

Access t o  the demineralizer ce l l s  W i l l  be prevented by means 

It w i l l .  not be necessary t o  approach 

'These areas will be restr ic ted aeeess 

Radiation intensity above the pool may be caused by the upward con- 

vection of N16 produced near the surfaces of the reactor core tanko 

undesirable intensi t ies  actually occuro provision has been made t o  i n s t a l l  

Should 

baffling i n  order t o  prevent t he  direct  upward f low of the d 6 bearing water 

from the vicini ty  of the core and thus eliminate the  hazard, 



. 

C. Contamination i n  t h e  pool water i s  expected t o  be largely due t o  

i t s  use as a storage f a c i l i t y  f o r  contaminated o r  activated material. 

amount of induced a c t i v i t y  w i l l  be small since the  thermal f lux  avai lable  

outside of t he  c o r e  tanks w i l l  be qui te  low. 

pool i s  therefore la rge ly  an operational problem, It is  anticipated t h a t  the  

system w i l l  be operated i n  such a manner as t o  r e s t r i c t  the  max imum radiat ion 

in t ens i ty  a t  t h e  edge of t he  pool t o  l e s s  than  t h e  tolerance level,  

of the short  h a l f  l i f e  of N16 it is believed t h a t  essentially none of t h i s  

material w i l l  leave the  reactor  pool except through the shielded reac tor  exit 

water l ines ,  

The 

The control  of ac t iv i ty  i n  the 

Because 

In addition t o  these sources of rad ia t ion  there  i s  a minor in t e r -  

change of water between the cooling system of t he  reactor  and the  pool system. 

This, too, i s  expected t o  be negligible compared t o  contamination from stored 

materials. 

Adequate instrumentation will be provided t o  give warning of increases 

i n  a c t i v i t y  of t h e  pool water. 

C. Reactor Hazard Protection 
~~ ~ 

The building design i s  such t h a t  the  accidental  release within t h e  

building of gasem’s f i s s ion  products will not  present an undue hazard due t o  

ingested material  t o  personnel i n  other areas near t o  the Reactor Building (16) , 

Prac t i ca l  containment within the  building is accomplished by evacu- 

a t ing  air from the  building a t  a su f f i c i en t  pumping r a t e  t o  insure t h a t  any 

a i r  leakage through the  building s h e l l  w i l l  be inward ra ther  than outward. 

The conclusion from a study made of t h e  contaminated gas disposal problem was 

t h a t  the  exhausted a i r  from the building could be  f i l t e r e d ,  scrubbed f r e e  of 



the  iodine nuclides and be discharged 

hazard t o  personnel a t  ground level. 

through a near by stack without undue 

The building has a separate 10,000 cfm 

capacity duct system intended only f o r  the emergency a i r  evacuating of t he  

building, discharging as described above. 

Design provisions f o r  ma~mum building air-t ightness include taped 

and caulked jo in t s  i n  the insulated metal siding panels, gaskets around door 

jambs, and spring closers actuated by electro-penumatic switches on a l l  

dampers i n  the building vent i la t ion openings, both intake and exhaust, The 

two large truck doors have pneumatic motors f o r  emergency closure. 

ing vent i la t ion units,  the truck doors, and the emergency building exhaust system 

A l l  build- 

can be operated f rom a push-button s t a t ion  i n  the  reactor control roomo 

The addition of an appreciable amount of f i s s ion  products t o  the 

cooling system would resu l t  i n  higher than normal in t ens i t i e s  i n  the  pump 

house and a t  the heat exchangers. The cooling loop w i l l  be provided with ade- 

t 

I 

quate instrumentation t o  de tec t  abnormal r i s e s  i n  act ivi ty .  

increases would be quickly detected by an increase i n  ac t iv i ty  on t h e  ion 

In addition, such 

exchange beds of the  demineralizer, 

D. Cooling System Failure 

It has been shown by E. T. Jurney (I7) t h a t  a sudden removal of a l l  

coolant concurrent with shut down of a reactor of t h e  ORR type operating a t  

f ive megawatts would not r e su l t  i n  melting of the  f u e l  elements i n  l e s s  than 

13 minutes. Extrapolation of t h i s  calculation t o  t h i r t y  megawatts indicates  

t h a t  about two or three minutes would be required t o  supply suff ic ient  a f te rhea t  
. P  

7 

t o  melt the core even i f  no heat t r ans fe r  from the core were permitted, 1 



i 

In order t o  protect  a g a i m t  a possible loss of cooling water, seal 

legs  are provided on the e x i t  water l ines  and provision is =de t o  permit 

water from the pool t o  enter  the  reac tor  plank, 

may be added cliwctly t o  the c ~ r e  from the plant process systema 

In addition t o  this, water 

B view o f  these precautions it would appear t h a t  only a major catas- 

trophe r e s u l t i n g n o t  only i n  loss  af water t o  the core cooling loop, bu t  also 

rnpturing the pool i tself  and a t  %he same t i m e  disrupting the  process water 

supply would be l i k e l y  t o  r e s u l t  in. melting of t he  coreo 

8, Loss of Shielding Due t o  Loss of Pool Mater 

Since the top shielding and t o  a lesser extent the s ide  shielding of 

t he  ORR depend upon the  fact that t h e  core tanks are immersed i n  the  pool, it 

is c l e a r  that  any s i t a a t i s n  i n  which. t h e  l e v e l  of t h e  water i n  t h e  pool i s  not 

maintained is dangeruus. 

Tn order t o  prevent accidental  dralning a f t h e  reac tor  sect ion of t he  

pool no provision has been made t o  dra in  %his section below the  top of t h e  

reactor  tank. 
t 
! 

i 

A l l  co'mections, both inlet  and outlet, are above this level, 
< 

Temporary piping would have t o  be installed i n  the  event t h i s  seckion is t o  

be drained, 

The remaining two pool sjeceions have i n l e t  and ou t l e t  l i n e s  located in 

the f loor  of the pool, however the gates between these pools and the  reac tor  

pool will normally be jn place during operation, The inlet lines t o  the 

( 1  storage pools are &@ diameter and me protected from inadvertent draining by 

check valves immediately below the pool floor,, The o u t l e t  l i n e s  are 2@ diam- 

e t e r  and approximately 3* hours is required t o  dra in  the  s-torage poolsa This 

r 

C 
I 

should be sufficiently long .e0 detect  and correct  an operating e r ro r s  An 

alarm system w i l l  be provided t o  warn when the  l eve l  of any of the pool sec- 

t ions drops below the safe minimum, 



F. Accumulation of Large Volumes of Contaminated Water 

While the pool and cooling loop demineralizers are  considered ade- 

quate t o  handle contamination i n  excess of the leve ls  expected, there  does 

exist the p o s s i b i l i t y t h a t ,  due t o  malfunction of the system, it may become 

necessary t o  dispose of l a rge  quant i t ies  of contaminated water. 

The two water system contain a t o t a l  of approximately 150,000 gal- 

lons * 

methods of handling this water. 

There are available at  t h e  Oak Ridge National Laboratory several  

The water could be sent  d i r ec t ly  to one o r  

both of two 20,000 gallon retention ponds ard then bled slowly into the 

Clinch River by way of White Oak Creek as is done with other wwann waste". 

Dn case additional capacity were needed temporary l i n e s  could be installed 

- 

t o  e i the r  or both of two other re tent ion ponds which have a t o t a l  capacity 

of 400,000 gallons. The water could be impounded here f o r  a time suf f ic ien t  

t o  allow f o r  decay of the shorter  l ived components and then handled through 

the regular wwarm waste" system. 

Should the ac t iv i ty  of the water be too great t o  handle by either 

of the above methods, temporary piping from the reactor building could be 

ins ta l led  conveying the water t o  the ORAL tank farm (a distance af approfi- 

mately 400') whence it could be l ed  through existing piping t o  either of 

two 500,000 gallon lagoons where i t s  volume would be dissipated by solar 

evaporation and t h e  concentrate impounded indefinitely.  

i n  current use for  t he  disposal of large volumes af radioactive chemical 

This procedure is 

c 

waste from other processes a t  t h e  Laboratorg. 



REFEFENCES 

1. ORNL Research Reactor (ORR) Preliminary Proposal #179, 
ORNL-CF-54-3-49 (Classif ied)  . 

2.  Buck, J. H., Lyse, C. F., Materials Testing Reactor Handbook, 
ORNL-963 (Classif ied)  rn 

3. Beall, S .  E., Safety Aspects of Operating t h e  PlTR Mockup as L E R ,  
ORNL-CF-50-11-81 (Classif ied)  . 

k. Brezeal, W. M., The Bulk Shielding F a c i l i t y  Safeguard Report, 
ORNL-991. 

5 e  Clifford,  C. E., Abbot, W p  S., The Tower Shielding F a c i l i t y  

Cole, T o  E., St .  John, E. E., Hana.uer, S. H I ,  The I f l R  Safety System 

Safeguard Report, ORNL-1550 (Classif ied)  . 
6. 

and Its Components, ORNL-1139. 

7. Webster, J. W., Estimated Reactivity of t h e  FER Shim Safety Control Rods, 
IDO-16136. 

8. Lansing, N. F., Free Convection i n  the  ORR Reactor Pool, 
ORNL-CF-54-4-170. 

9. Sanders, J. Po , Effect of Pool  Temperature on Humidity i n  t h e  ORR Building, 
ORNL-C F-54 -5 -2 7 0 

10, Patchen and Zimmerman, Spec i f ica t ion  f o r  Brick Stack f o r  Isotope Processing 
Area, Special  11-s-6 (8.023-48) . 

11, Browder, F. N., ORNL Liquid Waste Data and Explanatory Note f o r  Waste 
Processing, ORNL-CF-50-6-70 (c lass i f ied) .  

12. Newson, H. W., The Control Problem i n  P i l e  Capable of Very Short  Periods, 
MOTS‘-271, 

13* Oakes, L. C., Pr iva te  Communication. 

lk. Heck, N. H., Earthquake History of the  u. S., 
U e  S. Cost Geodetic Survey #609. 

15. Binford, F. T., E s t i m a t e  of t h e  Thermal S t r e s s  i n  t h e  ORNL Research Reactor, 
Om-CF-53-6-119 

16. Binford, Fe T., Burnett, T. H. J., A method f o r  the  Disposal of Vola t i le  
Fiss ion Products from a n  Accident i n  t h e  Oak Ridge Research Reactor, 
ORNL - 2 08 6 . 

17. Jurney, E. T., A Hazards Summary of t he  L. A. mega West Reactor, 
LA-1648 (Classif ied)  . 


