
M ^ti^iJ \i^^ ^ M 

UCRL-7036 (Par t 1) 
uc lear Reactors for Ram-

Jet Propuls ion , C-90 
M-3679 (26th Ed.) 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Labora to ry 

L i v e r m o r e , California 

Contract No. W-7405"eng-48 
- N O T I C E -

This report was prepared as an account of work 
sponsored by the United States Government . Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors , or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 

THE TORY II-C PROGRAM: 

INTRODUCTION AND GENERAL DESCRIPTION 

(Title: Unclassified) 

Eugene Goldberg 

August 21 , 1962 

RESTRICTED DAJA 

This document G&nlg*«^^^^j;fict§d-data 
as d^iixi&t±Jkt--'ifSS^^rA:tS^r(f?S^u^ of 
1 
o 
autSerri'zed p e r s o n iSp'rohibited. 

...dkr^ggS ure 
in-3.fiy xrLant^j:-i<r~Sn un-
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FOREWORD 

This is P a r t 1, "Introduction and General Descr ipt ion," of the ten-

par t repor t UCRL-7036. A l is t of all ten p a r t s , including t i t les and major 

subheadings, appears on the following two pages . 
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INTRODUCTION 

The La"wrence Radiation Labora tory plans to operate its second reac to r 

of the Pluto P r o g r a m , Tory I I -C , during the late summer of 1963. To make 

the Tory II-C p r o g r a m available in repor t form, there will be a s e r i e s of 10 

repor t s i ssued as separa te p a r t s under the same UCRL number . These 

various r epor t s have each been assigned a p a r t number and will be on specific 

topics as indicated in the preceding l i s t , pages iv and v. 

This r epo r t , UCRL-7036 (Par t 1), s e rves as an introduction to the 

s e r i e s of repor t s and gives some genera l descr ipt ion of the Tory II-C p r o g r a m . 

The p a r t s to follow will not be issued in chronological o rde r but ra ther as they 

a re made ready by the various au thors . This will insure that the informa

tion is made available as soon as possible and also p e r m i t those pa r t s which 

a re unclassif ied to be so published. Once this s e r i e s of documents has been 

completed, a more concise one-volume repor t on Tory II-C will be p r e p a r e d 

under a separa te UCRL number . 

GENERAL DESCRIPTION 

In 1957, the Lawrence Radiation Labora tory (LRL) was requested by 

the U. S. Atomic Energy Commission to undertake a p r o g r a m to develop a 

nuclear r eac to r capable of propell ing a ramjet vehicle. After lengthy con

s idera t ions , attention was d i rec ted to a vehicle which would t rave l at supe r 

sonic speeds over long dis tances and at very low al t i tudes. Ambient a i r 

would enter at the intake end and pass through the r eac to r , where it would be 

heated to high t e m p e r a t u r e s and forcibly discharged r e a r w a r d thorough the 

nozzle , thus impar t ing th rus t to the vehicle. Thrus t values sufficient to p e r 

mit t ranspor ta t ion of la rge thermonuclear warheads were des i red . 
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To meet these ends, a p r o g r a m was es tabl ished at LRL to design, 

develop, and tes t a se r i e s of high-power , h igh- tempera tu re nuclear r e a c t o r s . 

The f i rs t of these , Tory II-A, was successfully tes ted a number of t imes 

during 1961 at the Nevada Test Site (NTS). This reac to r was designed with 

facility l imitat ions in mind, but never the less provided very per t inent informa

tion on fuel element integri ty under rea l i s t i c operating conditions. The 

engineering feasibili ty of the engine concept w âs thereby establ ished. In

valuable design and operat ional experience was acquired. Not only were the 

des i red operating conditions attained, but the r eac to r itself withstood ex t reme 

t empera tu re and pow^er levels for the des i red per iod of t ime . 

Tory II-C is the second reac tor of the Pluto P r o g r a m . It i s , in fact, 

meant to be adequate as an engine for a ramjet vehicle. Problenas such as 

control e lement operat ion within the reac to r environment , which were avoided 

in the Tory II-A design, a re inherent in Tory I I -C. Its design is essent ia l ly 

complete , and many components a r e fabricated. Full power operat ion is 

expected to occur in the late summer of 1963. The reac to r is expected to 

operate at a power level of 500 MW and at peak fuel e lement t e m p e r a t u r e s of 

2500° F during a 5-minute run. 

The reac tor is essent ia l ly a right c i rcu la r cylinder about 7 feet long and 

4.75 feet in d iameter . The co re , which is 51.0 in. long and 47.25 in. in di

ame te r , is composed of about 300,000 fueled and unfueled BeO tubes . The 
235 mass of OyO^ (i. e . , 93.2% U ) is about 52 kg. Each fuel tube is hexagonal 

in c ros s sect ion, with a coolant hole pass ing down the 3.925-in. length. The 

outer f lat- to-flat dimension is 0.297 in. and the hole d iameter is 0.227 in. , 

giving a fuel element poros i ty of 53%. Fuel loading is var ied throughout the 

core to achieve a pa r t i cu la r power profi le . Approximately 25 c lasses w îll 

be spanned, where success ive c la s ses differ in fuel content by 8.0 wt %. 

The core is reflected on all s ides . The u p s t r e a m end ref lector is 9.7 

in. thick, while the downstream reflector is slightly more than 2 in. thick. 

Both a re essent ia l ly of BeO. The side ref lector is more complex, especia l ly 

when one recognizes that the support s t ruc ture influences the neutronic design 

significantly. A layer of low-porosi ty BeO approximately 2 in. thick and also 

composed of hexagonal tubes is in immediate contact with the core . In tu rn , 

a layer of nickel pe r iphera l s h i m s , nominally 1 in. thick, surrounds the BeO. 
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C o r r u g a t e d s p r i n g s app ly a u n i f o r m r a d i a l c o m p r e s s i v e fo rce on the 

e n t i r e tube a r r a y t h r o u g h the n i c k e l s h i m s . T h e s e a r e m e a n t to p r o v i d e 

s y s t e m s t a b i l i t y and con tend not only with n o r m a l v i b r a t i o n s and e x p a n s i o n , 

but a l so loads i n d u c e d by m i s s i l e m a n e u v e r s . 

The s p r i n g s a r e coupled to the p r e s s u r e duct t h r o u g h r a i l s , which p r o 

vide only l a t e r a l s u p p o r t of the r e f l e c t e d c o r e . Ax ia l s u p p o r t is p r o v i d e d by 

121 s u p e r a l l o y t ie r o d s which p a s s a x i a l l y t h r o u g h the e n t i r e r e a c t o r and a r e 

f i r m l y a n c h o r e d to a f ront s u p p o r t s t r u c t u r e . The d o w n s t r e a m ends of the 

t ie r o d s s u p p o r t the b a s e p l a t e s a g a i n s t which the r e a c t o r p r e s s e s . 

Dur ing n o r m a l o p e r a t i o n , an a v e r a g e c o r e p o w e r d e n s i t y of 10.0 MW/f t 

wil l be r e a l i z e d . P e a k p o w e r d e n s i t i e s wi th in fueled tubes wi l l be as high as 

27 MW/f t . T e m p e r a t u r e s in the fueled tubes wil l r a n g e up to 2 5 0 0 ° F . The 

t ie r o d s , which a r e of Rene 41 and H a s t e l l o y R - 2 3 5 , wi l l be coo led so tha t 

t e m p e r a t u r e s do not e x c e e d 1 4 0 0 ° F . 

B e f o r e e n t e r i n g the r e a c t o r , the coo lan t a i r is t h r o t t l e d down by an 

a e r o d y n a m i c g r i d which is s i t u a t e d s e v e r a l fee t f o r w a r d of the r e a c t o r . The 

g r i d s e r v e s to decoup le the t ank f a r m a i r supp ly f r o m r e a c t o r t r a n s i e n t s , 

and a l s o m a k e s p o s s i b l e the r e l i a b l e d e t e r m i n a t i o n of the flow r a t e t h r o u g h 

m e a s u r e m e n t of t e m p e r a t u r e and p r e s s u r e i m m e d i a t e l y upstreann. of the g r i d . 

Af te r p a s s i n g t h r o u g h the r e a c t o r , the a i r e n t e r s a c o n v e r g e n t n o z z l e and 

then l e a v e s the s y s t e m . The a i r is a l l owed to expand f r e e l y a f te r p a s s i n g 

t h r o u g h the n o z z l e t h r o a t . The d e s i g n e m p l o y e d does not a d v e r s e l y affect 

the p r e s s u r e p r o f i l e a c r o s s the r e a c t o r , but does b y p a s s the n e e d for cool ing 

a nozz l e be l l . 

N u c l e a r c o n t r o l i s a c h i e v e d t h r o u g h the m o v e m e n t of 14 ha fn ium c o n t r o l 

r o d s within the c o r e . Twe lve of t h e s e , c a l l e d " s h i m " r o d s , a r e s i t u a t e d 

a p p r o x i m a t e l y 9 in. off a x i s , whi le the r e m a i n i n g two a r e c l o s e r to the s ide 

r e f l e c t o r . One s e r v e s a s a v e r n i e r r o d , the o t h e r as a s a fe ty r o d . Al l m o v e 

a x i a l l y wi th in t ie r o d s , t h r o u g h the f ront r e f l e c t o r , and m a y p e n e t r a t e at m o s t 

40 in . into the r e a c t o r . The t ie r o d s which a c c o m m o d a t e t h e s e a r e o v e r s i z e d 

s i n c e the c o n t r o l r o d s , which have an a s t e r i s k l i k e c r o s s s e c t i o n , have a 1.0-

inch s p a n . 

N o r m a l s h i m r o d m o v e m e n t i s m e c h a n i c a l l y r e s t r i c t e d to l e s s t han 3 

i n c h e s p e r s e c o n d . S c r a m t i m e , h o w e v e r , i s a p p r o x i m a t e l y 1.5 s e c o n d s . 

F o u r a c t u a t o r s l o c a t e d wi th in the duct m o v e the s h i m r o d s ; e a c h a c t u a t o r 

h a n d l e s a s e t of t h r e e s h i m r o d s . The s a f e ty and v e r n i e r r o d s have 
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separa te ac tua to r s . These ac tuators a re pneumatical ly powered from external 

sources and a re designed to operate over the very la rge t empera tu re and 

p r e s s u r e ranges expected within the forward duct. 

An independent safety sys tem composed of six poison rods is a lso 

mounted within the ducting. This sys tem is designed to yield a standby shut

down capability. It may be used only when the reac tor is at zero or low power , 

for entry of these rods into the corresponding central ly located tie rods r e 

s t r i c t s coolant flow in the tie rods . The sys tem is mechanical ly actuated 

from outside the duct to provide a high degree of re l iabi l i ty . 

The reac tor is mounted on a ra i l road flatcar to pe rmi t movement b e 

tween the tes t point and d i sassembly building. The car is special ly designed 

to accommodate the mass ive body throughout the ent i re operating phase . A 

ba t te ry-powered p r ime mover is available to move the flatcar and reac to r 

about through remote control. The flatcar itself is provided with a fail-safe 

breaking sys tem to prevent any but del iberate car movement . 

The basic requi rement of the tes t facility is to deliver 1900 pounds of 

a i r pe r second to the reac tor at 1060° F for 300 seconds. The flow ra te and 

t empera tu re correspond to a flight condition of Mach 3 at 1000 feet elevation. 

These conditions a re met through provis ion of 1.2 mill ion pounds of a i r s to red 

in a tank farm. The a i r is heated by passage through a pebble-bed heat mass 

composed of 2 million pounds of large s ta in less s teel ball bea r ings , p rehea ted 

to a t empera tu re somewhat above 1060° F . The flow ra te and t empera tu re 

may be continuously adjusted during operat ion by valve manipulation. Flow 

m e t e r s and p r e s s u r e and t empera tu re t r ansduce r s p e r m i t determinat ion of 

the flow r a t e s . 

The major features of the tes t facility at NTS have been descr ibed 

e l sewhere . At Site 401, the r eac to r will be operated remote ly from a control 

building 8200 feet from the tes t point. A d i sassembly building equally distant 

from the tes t point is connected by a ra i l road t r ack to it. The concrete bunker 

at the tes t point accommodates a ir supply ducting and bunker control equip

ment , and is designed to allow entry of personnel short ly after a high-power 

run. The d isassembly building is special ly designed to handle the ki locurie 

act ivi t ies which resul t from the high-pow^er nuclear opera t ions . 

High-power operat ion of Tory II-C is expected in the la t te r port ion of 

1963. Initial runs will be at one- th i rd of full power to check out the facility 
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as well as r eac to r aerodynamic heat t ransfe r and neutronic design pred ic t ions . 

No more than 10 high-power runs a re anticipated. Automated data reduction 

techniques will p e r m i t rapid a s s e s s m e n t of field data and so reduce usual 

p r o g r a m m a t i c delays. 

The hazardous aspects of field operat ion a re also reviewed in this s e r i e s 

of r epo r t s . It is implici t in the basic philosophy of the p r o g r a m that since 

Pluto r e a c t o r s , by their na tu re , operate at ex t reme t e m p e r a t u r e s and p r e s 

s u r e s , and since only now is operat ional experience being acquired , expe r i 

ments should be c a r r i e d on at a remote s i te . This should be , if no other 

reason than the r eac to r s a re operated in open cycle and so r e l ease r ad io 

activity and beryl l ium to the a tmosphere . Hazards of normal operat ion are 

therefore evaluated. Credible accidents as well as an ex t reme accident 

situation a r e also studied. 
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