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INTRODUCTION 

This data book p r e s e n t s a tabulation of the var ious data which defines 

or descr ibes the configuration, per formance , m a t e r i a l s , etc. , of the Tory 

II-C Reactor Exper iment . Some of this data is still subject to change. 

The data book is intended to be a handy reference for all pe rsons 

associa ted with Tory II-C. It also se rves as a common source of information 

for separa te groups involved in the Tory II-C p rogram. Because of its 

neces sa ry brevity, only data of most general in te res t a r e included. In some 

cases typical values only of p a r a m e t e r s a r e given. For further information 

on a specific subject, the r eade r is r e f e r r ed to the appendixes which l i s t 

per t inent Tory II-C memoranda and UCRL repo r t s . Copies of these docu

ments a r e usually available on request . 

The data book has been under continual compilation and revision for 

a lmost two yea r s by Harold Stern, J a m e s Collins, and P a r k e r Smiley in 

turn. The data book is reviewed by Carl Walter and Har ry Reynolds. The 

data book has also been reviewed in specific a r e a s as follows: 

Ethan P ia t t 

Eugene Goldberg 

Char les Barnet t 

William Russe l l 

Michael Mintz 

Joseph Behne 

Will iam Miller 

E a r l Sheridan 

Reactor 

Neutronics 

Operation 

Instrumentat ion 

Heat Transfer 

Tes t Vehicle 

Faci l i ty 

Controls 

- - X I -
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SYMBOLS AND CONVENTIONS 

For the purpose of this data book the following definitions a r e adopted: 

Reactor Assembly: The complete r eac to r duct and all 

components contained therein , cons is t 

ing of 

Reactor : The aft r eac to r duct and all components 

contained there in , and 

Reactor Control System: The forward r eac to r duct, including the 

control rods , the control ac tua tors , 

thei r suppor ts , and the external control 

packages , and 

Reactor Safety System: The safety rods , thei r supports and 

those of the i r actuating components 

mounted on the duct. 

The f latcar and all components on it 

except the r eac to r assembly and ins t ru 

mentat ion. 

All BeO components plus pe r iphera l 

sh ims , grouped and defined as shown: 

Test Vehicle: 

Reflected Core : 

F o r w a r d 
ref lector 
(including metal 
inser t s ) 

i^ 

Active 
core 

® 

- Aft ref lector 
(including t rans i t ion 
car t r idges) 

Side reflector (including 
unfueled BeO and per iph
e r a l shims) 

See notes below: 

1. "In the region of the active core" is taken to mean in a plane normal to 

the axis of the r eac to r and between the forward and aft re f lec tors . Such 

a c ros s section includes the annular side ref lec tor . 
-x i i -
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2. "In the region of the forward ref lector" is taken to mean in a plane normal 

to the axis of the r eac to r and forward of the active core . Such a c ro s s 

section also includes the annular side reflector (see sketch above). 

Average dimensions, e. g. , the active core d iameter 

length, a re shown thus . 3.000 in. (av) 

UNLESS OTHERWISE SPECIFIED ALL DIMENSIONS 

ARE NOMINAL DIMENSIONS AND ARE AT 70 "F 

- X l - l l -
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SYMBOLS 

A A c c e l e r a t i o n 

AC A i r coo l 

AV A i r v a l v e 

B B l o w e r 

B F Ba l l f i t t ing 

C . T h r u s t coef f ic ien t 

Cp Speci f ic h e a t a t c o n s t a n t p r e s s u r e , B t u / l b - ^ F 

CV Check v a l v e 

C. V. M i n i m u m C h a r p y V - n o t c h i m p a c t s t r e n g t h 

D D i s p l a c e m e n t , h y d r a u l i c d i a m e t e r , ft 

E E n e r g y , s t r a i n , e l a s t i c m o d u l u s 

f F r i c t i o n f a c t o r 

F F u r n a c e 

F 1 - F 3 F u e l e d t u b e s 

F M F l o w m e t e r 

G M a s s flow r a t e , I b / f t ^ - h r ( eva lua t e at bu lk v e l o c i t y , T-j^, and 
s t a t i c p r e s s u r e ) 

g(e ) P o w e r d i s t r i b u t i o n funct ion to a i r ( \ g(s)d6 = ij 

g ' (e) N u c l e a r p o w e r d i s t r i b u t i o n funct ion ( \ g'(e)d€ 

;o a i r [ \ g(i 

(i: 
h F i l m coe f f i c i en t , B t u / h r - f t ^ - ° R 

h Gas f i l m p r o p e r t y g r o u p ( s ee def in i t ion below) 

H H e a t i n g p o w e r d e n s i t y , h e a t e r 

HT Hea t t r e a t 

Izod M i n i m u m I z o d - n o t c h i m p a c t s t r e n g t h 

k M u l t i p l i c a t i o n c o n s t a n t , t h e r m a l conduc t iv i ty 

1 Leng th v a r i a b l e , a x i a l 

L T o t a l l eng th 

M M a c h n u m b e r , m o t o r 

M P Mel t ing poin t 

(nsy) R a d i a t i v e c a p t u r e r e a c t i o n 

Oy O r a l l o y 

P S ta t i c p r e s s u r e 

P** T o t a l p r e s s u r e 

.,5^^^^^^^^ 
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SYMBOLS (Cont inued) 

P r P r a n d t l n u m b e r 

PS P r e s s u r e s w i t c h 

P T P r e s s u r e t r a n s d u c e r 

q Hea t f lux , B t u / h r - f t ^ 

r Rad iu s v a r i a b l e 

R R e g u l a t o r 

Rec R e c e i v e r 

RT R o o m t e m p e r a t u r e 

S S o u r c e funct ion 

SOL Solenoid 

ST Solu t ion t r e a t 

SSS Side s u p p o r t s y s t e m 

T T e m p e r a t u r e 

T ° T o t a l t e m p e r a t u r e 

T]^ Bulk a i r s t a t i c t e m p e r a t u r e 

T-j! Bulk air stagnation temperature 

Tf Mean film static temperature 

T^ Air total temperature in trapezoid (void between tie rod and 
guard tubes) 

T^ Wall temperature 

U1-U7 Unfueled side reflector tubes 

V V o l u m e , v a l v e 

w F l o w r a t e 

WQ W a t e r quench 

X Leng th v a r i a b l e , a x i a l 

XJ E x p a n s i o n jo in t 

a I n s t a n t a n e o u s coef f ic ien t of l i n e a r t h e r m a l e x p a n s i o n 

a Mean coef f ic ien t of l i n e a r t h e r m a l expans ion 

P D e l a y e d n e u t r o n f r a c t i o n 

Y Worth of delayed neutrons , specific heat ratio 

r Porosity (flow area divided by total area) 

€ Elongation, normalized distance 

X Decay constant of delayed neutron precursor group 

|JL Dynamic viscosity, Ib/hr-ft 

- X V -

rriirẑ ^^Q^E'F*'̂ ^^" fS^W'V 
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SYMBOLS (Continued) 

\i^ Energy absorption coefficient (gamma ray) 

V Number of neutrons per fission, Poisson's ratio 

r Microscopic cross section, stress, psi 

0"̂  Ultimate tensile strength 

cr Yield tensile strength 

(\> Flux 

Subscripts 

amb Ambi ent 

c Core 

eff Effective 

f Dynamic 

i Internal 

w Wall 

X Axial coordinate 

y Transverse coordinate 

z Vertical coordinate 

y Gamma radiation 

1 Inlet 

2 Outlet 

-xvi-
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wireway 

Air 
disconnects 

Grid 

gy»o« \^l 
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Forward end 
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^-—lateral aligmieiit 
IXitrigger® 

Test vehicle flatcar 

General Station Ar rangement . 
(See p. III-5 for Reactor Dimensions) 
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CHAPTER I - PERFORMANCE 

A. PLUTO PERFORMANCE 

1. Diffuser Design Point Condition 

Miss i le Mach no. . . . . 

Miss i le alt i tude . . . . 

Ambient t empera tu re (hot day) 

Diffuser angle of attack 

Diffuser p r e s s u r e recovery rat io 

Bleed fraction . . . . . 

Momentum recovery of bleed 

Supersonic spillage 

Diffuser operat ion . . . . 

Miss i le d iameter . . . . 

Nozzle throat a r e a . . . . 

Nozzle exhaust p r e s s u r e 

Nozzle velocity coefficient 

Nozzle divergence factor 

Net th rus t . . . . . . 

Thrus t coefficient . . . . 

2. Reactor St ruc tura l Design Condition 

Miss i le Mach no. . . . . 

Miss i le alt i tude . . . . 

Ambient t empera tu re (hot day) 

Diffuser operat ion . . . . 

Net th rus t . . . . . . 

Thrus t coefficient . . . . 

3. Off Design Pe r fo rmance 

Thrus t vs Mach no. 

Thrus t coefficient vs Mach no. 

2.8 

1000 ft 

100°F 

0° 

0.80 

0.04 

0.80 

0 

Cri t ical 

57 in. 

750 in2 

Ambient 

0.98 

1.00 

34,718 lb 

0.174 

3.0 

1000 ft 

100°F 

Supercr i t ica l 

28,911 lb 

0.126 

See p . 1-2 

See p. 1-2 

Note: "Information in this chapter has been slightly modified and 

presen ted in UCRL-7933." 

"^^ ' • fS '^S" ! -^*? ^^ »#^^ft^^^^_ 
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2.4 2,6 2.8 3.0 
Flight Mach number (b) 
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GLL-639-2281 

R e l a t i v e ne t eng ine t h r u s t (a) and r e l a t i v e ne t eng ine t h r u s t coeff ic ient (b) 
v s f l ight M a c h n u m b e r (a l t i tude = 1000 ft, T ^ 3. "̂  2 5 0 0 ° F ) . 
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B . TORY I I - C R E A C T O R P E R F O R M A N C E 

1. S u m m a r y of O p e r a t i n g C o n d i t i o n s , wi th P e r f o r m a n c e P a r a m e t e r s 

Di f fuser 
d e s i g n 
po in t 

2.8 

100 

1,000 

946 

1 316 

491 

1,697 

77 .35 

1.42 

1.83 

1.47 

4 .09 

1.92 

0.82 

11.10 

34,718 

2,500 

Condi t ion 

R e a c t o r Cold 
s t r u c t u r a l in le t 

d e s i g n 

3.0 

100 

1,000 

1,063 

342 

489. 

1,814 

77.84 

1.41 

1.81 

1.45 

3.98 

1.87 

0.80 

10.83 

28,911 

2,500 

gas 

2.8 

-44 

1,000 

600 

313 

594 

1,771 

75.55 

1.47 

1.^0 

1.54 

4.46 

2.11 

0.89 

12.09 

52,109 

2,500 

Hot wal l 
off-

d e s i g n 

2.8 

100 

1,000 

946 

316 

583 

1,627 

76.64 

1.43 

1.85 

1.49 

4 .24 

2.00 

0.85 

11.50 

42,362 

2,850 

F l i g h t M a c h no» 

A m b i e n t t e m p e r a t u r e ( °F) 

Al t i t ude (ft) 

R e a c t o r i n l e t to ta l t e m p (°F) 

R e a c t o r in le t to ta l p r e s s u r e (ps ia) 

R e a c t o r t h e r m a l p o w e r (MW) 

R e a c t o r flow r a t e ( l b / s e c ) 

F l o w d i s t r i b u t i o n (%):: 

F u e l e d t u b e s 

G u a r d t u b e s (ac t ive c o r e ) 

Side r e f l e c t o r t u b e s 

P e r i p h e r a l s h i m s 

T i e r o d s 

C o n t r o l rods ' ' ' 

S p a r e c o n t r o l t i e r o d s 

Side s u p p o r t s t r u c t u r e 

Ne t t h r u s t (lb) 

P e a k fue led tube wal l t e m p (°F) 

M a x fue led tube t h e r m a l 
s t r e s s (psi) 

M a x fue led tube m a t e r i a l 
p o w e r d e n s i t y (MW/ft^) 

N o r m a l fueled tube ex i t M a c h no . 

R e a c t o r t o t a l p r e s s u r e d r o p (psi) 

T o t a l r e a c t o r ax i a l t h r u s t 
l o a d i n g (lb) 

F u e l e d tube exi t to ta l t e m p (°F) 

R e a c t o r m i x e d m e a n total t emp (°F) 

R e a c t o r ex i t t o t a l p r e s s u r e (psi) 

R e a c t o r ex i t s t a t i c p r e s s u r e (psi) 

N o z z l e in le t M a c h no . 

16,187 16,149 19,619 21,731 

27.57 

0.421 

101.9 

254,000 

2,160 

1,936 

218 

213 

0 .175 

27.47 

0.422 

111.9 

279,000 

2,181 

1,979 

235 

230 

0.175 

33.38 

0.418 

96.4 

241,000 

2 ,073 

1,777 

220 

215 

0.175 

32.77 

0.421 

101.3 

253,000 

2,446 

2,161 

218 

214 

0.175 
At 5 - h o u r n o m i n a l o p e r a t i n g p o s i t i o n . 
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2. Component Operating C h a r a c t e r i s t i c s 

Summary of Component Operat ing Cha rac t e r i s t i c s for Diffuser 
Design Point Condition 

Component 

Fueled tubes (average) 

Tie rod 1 Center 
,- 1^1 1 position Guard tubes j ^ 

Control rod 
(17.2 in. insert ion) 

Control tie rod 

Guard tubes 

Spare control tie rod 

Side ref lec tor (BeO) 

Inner rad ius 

Outer rad ius 

P e r i p h e r a l shim 

Inner radius 

Outer radius 

Side support s t ruc tu re 

Spring 

Rail 

Duct 

Peak 
wall 
temp 
(°F) 

2500 

1448 

2087 

1374 

1243 

1970 

1059 

2080 

1530 

1580 

1488 

1199 

1219 

1308 

Exit 
gas 

t emp 
(°F) 

2160 

1128 

1947 

1034 

1034 

1889 

967 

1970 

1520 

1535 

1451 

1120 

1120 

1120 

Single-
element 

flow ra te 
( lb/sec) 

0.06246 

0.6893 

0.01812 

2.431 

2.431 

0.02031 

3.474 

0.007920 
(average) 

0.01918 
(average) 

Total 
p r e s s u r e 

drop 
(psi) 

82.9 

65.7 

114.1 

71.6 

71.6 

113.9 

42 

122.0 

Peak ma te r i a l 
power density 

(MW/ft3) 

27.57 

8.62 

2.50 

20.8 

8.89 

2.97 

8.89 

1.07 

(average) 0.624 

119 
2.21 

(average) 1.92 

153.2(total)101.7 

153.2(total)101.7 

15 3.2 (total )101.7 

1.17 

0.914 

0.647 
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Flow channel diam: 

Porosity: 

Inlet total temp: 

Exit total temp: 

Inlet total pressure: 

Exit total pressure: 

0.227 in. 

0.5297 

946°F 

2160T 

316.4 psia 

233.5 psia 

Exit Mach number: 

Peak wall temp: 

Power to air: 
Average nnaterial 

power density: 

Flow rate: 

All dimensions at: 

0.421 

2500"^ 

22.377 kW 

16.670 MW/ft^ 

0,062456 lb/sec 

60"^ 

Average fueled tube, diffuser design point condition. 
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F l o w c h a n n e l d i a m : 

P o r o s i t y ; 

In le t t o t a l t e m p : 

E x i t t o t a l t e m p : 

In le t t o t a l p r e s s u r e : 

E x i t t o t a l p r e s s u r e : 

0 .093 in. 

0 .0895 

9 4 6 ° F 

1646 ' 'F av 

316 p s i a 

194 p s i a av 

E x i t M a c h n u m b e r : 0.324 av 

P e a k w a l l t e m p : 2 0 8 0 ° F (Reg ion 4, p a g e 1-5) 

P o w e r to a i r : 1.47 kW av 

A v e r a g e m a t e r i a l 
p o w e r d e n s i t y : 

F l o w r a t e : 

Al l d i m e n s i o n s a t : 

0 .569 M W / f t 3 av 

0 .00792 l b / s e c av 

60 ° F 

S ide r e f l e c t o r t u b e , d i f fuse r d e s i g n po in t cond i t i on . 
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GLL-639-2286 

Flow channel diam: 

Po ros i t y : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 in. 

0.1761 

946 °F 

1947°F 

316.4 ps ia 

202.3 ps ia 

Exi t Mach number : 

P e a k wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.410 

2087°F 

5.081 kW 

1.66 MW/ft^ 

0.01812 l b / s e c 

60°F 

Guard tube (central ) , diffuser design point condition. 
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Nominal radial profile of t ie rod t e m p e r a t u r e s , diffuser design point condi
tion. 
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Inlet total t emp: 946°F 

Exit total t emp: 1048°F 

Inlet total p r e s s u r e : 316.4 ps ia 

Exit total p r e s s u r e : 260.7 ps ia 

Inside control rod. 

Exit Mach number : 

P e a k wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow r a t e : * 

All d imens ions at: 

0.5499 

1374°F 

6.36 kW 

6.582 MW/ft3 

0.2222 l b / s e c 

60 "F 

Control rod ( inser ted 17.2 i n . ) , diffuser design point condition. 
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ŝ ^T 
,.^'"' 

\ 

-^'i 

-- — 

' 

i 

I 

1 

— 

r^ 

f 

T 
w 

,0 

. _, 

^ - ^ 

"?Ht ^ 
• ™ 

' 
'̂ -"xU 

Ks 

— 

— ^ -

^ « . 
[**« 

^ 

' 

1 

1 

! 
1 

^ ^ 

1 

\ 

f~--. 

- « _ 

1 

- " ^ 

1 

i 

^ . 

^ 

-—^ 

400 

to 

300 ^ 

3 

200 S 
A 

100 

j — 1.6 

I > 

V ^ 

1.2 

0.8 .-i 

0.4 

In 
0 0.2 0.4 0.6 0.8 1.0 

€ = X / L , L = 80 .9 i n . 
Gl i -639-2289 

F l o w c h a n n e l d i a m : 1.162 in . E x i t M a c h n u m b e r : 0 .4693 

P o r o s i t y : * 0 .7478 P e a k w a l l t e m p : 1243 ' 'F 

In l e t t o t a l t e m p : 9 4 6 ° F P o w e r t o a i r : 57 .218 kW 
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55 l b / s e c 

Control t i e rod (control rod in se r t ed 17.2 in.), diffuser design point condition. 
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Flow channel diam: 

P o r o s i t y : * 

Inlet total t emp: 

Exi t total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 
Control rod inse r t ed . 

1.162 in. 

0.7478 

946 "F 

iise^F 
316.4 ps ia 

238.2 ps ia 

Exit Mach number : 

P e a k wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imensions at: 

0.4234 

1412°F 

102.363 kW 

5.196 MW/ft3 

1.813 l b / s e c 

60 *F 

Control t ie rod (control rod inse r t ed 37.4 in.), diffuser design point condition. 



UCRL-7315 -1-16-

400 

CM 
r 

X 

<u 
u 
3 

U 
d) 
ft 
a 
0) 

EH 

I 

X 
•H 
to 

ft 
CO 

CO 

(a 
u 

•M 

w 

u 

300 

100 

CO 

ft 
0) 
U 
3 
CO 

200 S 
u 
P. 

0.2 0.4 0.6 

£ = X / L . L = 80.9 in . 

aa 

0.8 1.0 

GLL-639-2293 

Flow channel diana: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 in. 

0.1761 

946°F 

1927°F 

316.4 ps ia 

202.5 ps ia 

Exit Mach number : 

Peak wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow r a t e : 

All d imens ions at : 

0.4119 

2008°F 

5.225 kW 

2.467 MW/ft3 

0.01818 l b / s e c 

6 0 ' F , 

Guard tube (control t ie rod, control rod in se r t ed 37.4 i n . ) , diffuser design 
point condition. 
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€ = X / L , L = 63.075 m . 
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GIJ:.-639-229i!. 

Inlet total t emp: 

Exi t total t emp: 

Inlet total p r e s s u r e : 

Exi t total p r e s s u r e : 

946 "F 

1120°F 

316.4 ps ia 

214.7 ps ia 

Includes 53% of heat genera ted 
in pe r iphe ra l shim. 

Exit Mach number : 

P e a k wall temp: Duct, 1308°F, 

Power to air:* 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.21 
R a i l , 1 2 i 9 ' F 

Spring, U 9 9 ° F 
7.30 MW 

768.60 kW/ft^ 

153.21 l b / s e c 

60°F 

Side support s t r u c t u r e , diffuser design point condition. 
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Summary of Component Operat ing Cha rac t e r i s t i c s for Reac tor St ructura l 
Design Condition 

Component 
Peak 
wall 
temp 
CF) 

Exit 
g a s 
temp 
(°F) 

Single-
element 
flow rate 
( lb/sec) 

Total 
p r e s s u r e 

drop 
(psi) 

Peak ma te r i a l 
power density 

(MW/ft3) 

Fueled tubes (average) 2500 2181 0.06719 90.4 27.46 

Tie rod I Center 
r- J 4. -u I position Guard tubes! 

1522 

2112 

1230 

1984 

0.7224 

0.01947 

66.9 

123.9 

8.64 

2.49 

Control rod 
(17.2 in. insert ion) 

1466 1147 2.533 78.1 20.7 

Control t ie rod 

Guard tube 

Spare control tie 

Side ref lec tor (B< 

Inner radius 

Outer radius 

P e r i p h e r a l shim 

Inner radius 

Outer radius 

r o d 

BO) 

Side support s t ruc ture 

Spring 

Rail 

Duct 

1342 

2002 

1171 

2120 

1630 

1670 

1569 

1299 

1275 

1354 

1147 

1929 

1084 

2010 

1590 

1620 

1534 

1205 

1205 

1205 

2.533 

0.01972 

3.615 

0.008384 
(average) 

0.02027 
(average) 

183.0(total) 

183.0(total) 

183.0(total) 

78.1 

123.8 

46.4 

132.9 
(average) 

126.0 
(average) 

110.9 

110.9 

110.9 

8.86 

2.96 

8.86 

1.07 

6.22 

2.20 

1.91 

1.17 

0.910 

0.644 
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— Flow channel exit gas temp 

® Average flow channel mate r ia l temp 

€ = x/64.56 in. = axial position of peak ma te r i a l temp 

€=0.95 

- ^ 

• 

ss fuel re 

1.0 

^ ^ 

• 

duction 

1.0 

# 

1.0 

m 

1.0 

® 

0.95 

• 

0.85 

# 

2 3 
Fueled tubes — 
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10 

GIi-639-2295 

! ^ ^ 1 
Peripheral f—»— 

Ishim j 

N O 

a 
o 
pa 

-J 

Analysis of side ref lector region radial t e rapera tu re , at reac tor s t ruc tura l design condition. 
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GLL-639-2296 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0 227 m. 

0.5297 

1065°F 

2181°F 

342.3 psia 

251.9 ps ia 

Exit Mach number : 

Peak wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imens ions at: 

0.422 

2500°F 

22.289 kW 

16.605 MW/ft^ 

0.067191 l b / s e c 

60°F 

Average fueled tube, r eac to r s t ruc tu ra l design condition. 
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GLL-639-2297 

Flow channel diam: 

Po ros i t y : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.093 in. 

0.0895 

1065°F 

1710°F av 

342.3 ps ia 

209.4 ps ia av 

Exit Mach number: 0.324 

P e a k wall temp: 2182°F(region 4,page 1-19) 

Power to a i r : 1.463 kW av 

Average m a t e r i a l 
power density: 

Flow ra te : 

All dimensions at: 

0.567 MW/ft^ av 

0.008384 l b / s e c av 

60°F 

Side ref lector tube, r e a c t o r s t ruc tu ra l design condition. 
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Flow channel diam: 

Po ros i t y : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.4 0.6 

€ = X / L , L = 80.9 m . 

0.576 in. 

0 7391 

1065°F 

1230°F 

342.3 ps ia 

275.4 ps ia 

0.8 1.0 

Exit Mach number : 

P e a k wall temp: 

P o w e r to a i r : 

Average nnaterial 
power density: 

Flow ra te : 

All d imensions at: 

GLL-639-2298 

0.536 

1522"'F 

34.1 kW 

5.72 MW/ft3 

0.7224 l b / s e c 

60°F 

Tie rod (central ) , r e a c t o r s t ruc tu ra l design condition. 
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GLL-639-2299 

Flow channel diam: 

Po ros i t y : 

Inlet total temp: 

Exit total temp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 m. 

0.1761 

1065"F 

1984°F 

342.3 ps ia 

218.4 ps ia 

Exit Mach number : 

Peak wall temp: 

Power to a i r : 

Average nnaterial 
power density: 

Flow ra te : 

All d imensions at: 

0.412 

2112°F 

5.05 kW 

1.65 MW/ft3 

0.01947 l b / s e c 

60°F 

Guard tube (central ) , r e ac to r s t ruc tu ra l design condition. 
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condition. 
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GLL-639-e301 

Inlet total t emp: 1065*F 

Exit total t emp: 1160°F 

Inlet total p r e s s u r e : 342.3 ps ia 

Exit total p r e s s u r e : 281.1 ps ia 

Inside control rod. 

Exit Mach number : 

P e a k wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : * 

All d imensions at: 

0.5545 

1466°F 

6.31 kW 

6.554 MW/ft3 

0.2316 l b / s e c 

6 0 ' F 

Control rod ( inser ted 17.2 in.) , r e ac to r s t ruc tu ra l design condition. 
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GLL-639.2302 

Flow channel diam: 1.162 in. 

P o r o s i t y : * 0.7478 

lalet total t emp : 1065°F 

Exit total t emp : I147°F 

Inlet total p r e s s u r e : 342.3 ps ia 

Exit total p r e s s u r e : 264.2 ps ia 

Control rod in se r t ed . 

Control t ie rod (control rod in se r t ed 17.2 in.) , r e a c t o r s t ruc tu ra l design condition. 

Exit Mach number : 

P e a k wall t emp: 

P o w e r to a i r : 

Average m a t e r i a l 
power density: 

Flow r a t e : 

All d imens ions at: 

0.4716 

1342°F 

56.812 kW 

4.793 MW/ft3 

2.3017 l b / s e c 

6 0 ' F 
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GLL-639-^303 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exi t total t emp: 

Inlet total p r e s s u r e : 

Exi t total p r e s s u r e : 

0.130 in. 

0.1761 

1065^F 

342.3 ps ia 

218.5 ps ia 

Exi t Mach number : 

P e a k wall temp; 

P o w e r to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imensions at : 

0.4139 

ZOOZT 

5.013 kW 

2.281 MW/ft3 

0.01972 l b / s e c 

6 0 ' F 

Guard tube (control t ie rod, control rod inse r t ed 17.2 in.), r e ac to r s t r u c 
tu ra l design condition. 
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Control rod ( inser ted 37.4 m.) , r e a c t o r s t ruc tu ra l design condition. 
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€ = X / L , L = 80.9 m . 

0,8 

400 

300 

1.6 

1.2 

0.8 

0,4 

to 

ft 
<u 
u 

200 I 
u 
ft 

100 

50 

0 
1.0 

Gli-639-2305 

Flow channel diam: 

Poros i ty : * 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

Control rod inser ted . 

1.162 

0.7478 

1 0 6 5 ^ 

1263°F 

342.3 ps ia 

256.9 ps ia 

Exit Mach numiber: 

P e a k wall temp: 

Power to a i r : 

Average xnaterial 
power density: 

Flow ra te : 

All d imensions at: 

0.4243 

1500°F 

101.877 kW 

5.174 MW/ft^ 

1.897 l b / s e c 

60 °F 

Control rod t ie rod (control rod inse r t ed 37.4 m . ) , r eac to r s t ruc tu ra l 
design condition 
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€ = X / L , L = 80,9 in . 

60 

GLL-639-2306 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 

0.1761 

1065''F 

1963°F 

342.3 ps ia 

218.5 ps ia 

Exit Mach number : 

P e a k wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imens ions at: 

0.4141 

2038°F 

5.189 kW 

2.457 MW/ft^ 

•0.01956 l b / s e c 

60°F 

Guard tube (control t ie rod, control rod inse r t ed 37.4 in. ), r e ac to r s t r u c 
tu ra l design condition. 
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0.4 0.6 

€ = X / L , L = 63,075 in. 

1.0 

GLL-639-2307 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

* 

1063°F 

1205"F 

342.3 ps ia 

231.4 ps ia 

Includes 53% of heat genera ted 
in p e r i p h e r a l shim. 

Exit Mach number : 0.24 
, Rai l ,1275' 'F 

P e a k wall t emp: Duct, 1354 F , g ^̂ ^ j299 ' 'F 
Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

7.30428MW 

765.60 kw/ft^ 

182.97 l b / s e c 

6 0 ' F 

Side support s t r u c t u r e , r e a c t o r s t ruc tu ra l design condition. 
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S u m m a r y of C o m p o n e n t O p e r a t i n g C h a r a c t e r i s t i c s for Cold In le t G a s 
Condi t ion 

C o m p o n e n t 

F u e l e d t u b e s ( a v e r a g e ) 

T i e r o d \̂  C e n t e r 
^ J i -u 1 p o s i t i o n G u a r d t u b e s j 

C o n t r o l r o d 
(17.2 in. i n s e r t i o n ) 

C o n t r o l t i e r o d 

G u a r d tube 

P e a k 
wa l l 
t e m p 
CF) 

2500 

1198 

2011 

1113 

939 

1862 

E x i t 
gas 

t e m p 
( °F) 

2073 

804 

1846 

696 

696 

1761 

S i n g l e -
e l e m e n t 

flow r a t e 
( l b / s e c ) 

0 .06367 

0.7960 

0 .01815 

2 .776 

2 .776 

0 .01879 

To ta l 
p r e s s u r e 

d r o p 
(psi) 

77 .5 

51.4 

108.6 

66.4 

66.4 

108.5 

P e a k m a t e r i a l 
p o w e r d e n s i t y 

(MW/ft3) 

33.39 

10.50 

3.03 

25 .19 

10.77 

3.60 

S p a r e c o n t r o l t i e r o d 7 35 

Side r e f l e c t o r (BeO) 

624 3.954 39.2 

I n n e r r a d i u s 

O u t e r r a d i u s 

P e r i p h e r a l s h i m 

I n n e r r a d i u s 

O u t e r r a d i u s 

Side s u p p o r t s t r u c t u r e 

Sp r ing 

R a i l 

Duct 

1960 

1280 

1350 

1226 

884 

980 

1100 

1825 

1250 

1280 

1180 

824 

824 

824 

0 .02095 109.7 
( a v e r a g e ) ( a v e r a g e ) 

146.7( tota l ) 96.4 

146.7( tota l ) 96.4 

146.7( to ta l ) 96.4 

10.77 

1.30 
0 .008618 116.0 
( a v e r a g e ) ( a v e r a g e ) 0 .756 

2.68 

2 .33 

1.42 

1.11 

0 .784 
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€ = 0.9 
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Two-ciass fuel 
reduction 

Peak flow channel ma te r i a l temp 

Flow channel exit gas terap 

® Average flow channel ma te r i a l temp 

€ = x/64.56 in. = axial position of peak mcxterial temp 

LO 1.0 LO LO 1.0 

® 

~ ^ ~ ~ 

m 

—^ 

# 

— 

# 

«» 

® 

0.8 

~l 

® 

I 2 3 

— Fueled tubes 

Gli-639-2308 

5 6 7 8 9 

Side reflector tubes 

10 II 
Peripheral 
shim 

\ -

I 

I 

n 

1 

00 

A n a l y s i s of s ide r e f l e c t o r r e g i o n r a d i a l t e m p e r a t u r e , a t co ld in le t gas cond i t ion . 
U i 
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X / L , L, = 64.56 in. 

400 

300 

200 

100 

1.6 

1.2 

0.8 

0.4 

0 
0.8 1.0 

GLL-639-2309 

Flow channel diam: 

Po ros i t y : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.227 in. 

0.5297 

600^F 

2073^F 

312.9 ps ia 

235.4 ps ia 

Exi t Mach number : 

P e a k wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.418 

2500^F 

27.091 kW 

20.181 MW/ft3 

0.063673 l b / s e c 

60°F 

Average fueled tube, cold inlet gas condition. 
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X / L , L = 64.56 in . 

0.8 1.0 

GLL-639-2310 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.093 in. 

0.0895 
600°F 

I 4 l 6 ° F a v 

312.9 ps ia 

196.9 ps ia av 

Exit Mach number : 0.325 

P e a k wall temp: 196l°F(region 4, page 1-33) 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

1.78 kW av 

0.689 MW/ft'^av 

0.008618 l b / s e c 

60°F 

Side ref lector tube, cold inlet gas condition. 



UCRL-7315 -1-36-

I 

X 

0) 

u 
+ j 

U 
0) 

s 
tt) 

H 

to 

a< 
to 
(0 
0) 

4.J 

U 

0.2 0.4 0.6 

6 = X / L . L = 80.9 m. 
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GLL-639-2311 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.576 in. 

0.7391 

600°F 

804°F 

312.9 ps ia 

261.5 ps ia 

Exit Mach nunnber: 

Peak wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.534 

1198°F 

43.9 kW 

6.94 MW/ft3 

0.7960 l b / s e c 

60°F 

Tie rod (centra l ) , cold inlet gas condition. 
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011,-639-5312 

Flow channel diam: 

Po ros i t y : 

Inlet total t emp: 

Exit total temp: 
Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 in. 

0.1761 

600°F 

I846°F 

312.9 ps ia 

204.3 ps ia 

Exit Mach number : 

Peak wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.405 

2 0 1 i ° F 

5.95 kW 

2.01 MW/ft3 

0.01815 l b / s e c 

60°F 

Guard tube (centra l ) , cold inlet gas condition. 
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1400 

600 
8 12 16 20 
Rodiat position, in. 

24 28 
GLL-639-2313 

Nominal radial profile of t ie rod t e m p e r a t u r e s , cold inlet gas conditions. 
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€ = X / L , L = 80 .9 i n . 

0.8 1.0 

GLL-639-23lit 

In le t t o t a l t e m p : 

E x i t t o t a l t e m p : 

In le t t o t a l p r e s s u r e : 

E x i t t o t a l p r e s s u r e : 

6 0 0 ° F 

7 1 4 * ^ 

312.9 p s i a 

261 .8 p s i a 

E x i t M a c h n u m b e r : 

P e a k w a l l t e m p : 

P o w e r to a i r : 

A v e r a g e m a t e r i a l 
p o w e r d e n s i t y : 

F l o w r a t e : 

Al l d i m e n s i o n s a t : 

0 .5389 

1 1 1 3 ° F 

7.827 kW 

7.969 M W / f t 3 

0 .2538 l b / s e c 

6 0 ° F 

I n s i d e c o n t r o l r o d . 

C o n t r o l r o d ( i n s e r t e d 17.2 in . ), c o l d in le t g a s c o n d i t i o n . 
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GLL-^39-2315 

Flow channel diam: 

Poros i ty : * 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 
* 

Control rod inser ted . 

1.162 in. 

0.7478 

600' 'F 

696°F 

312.9 ps ia 

246.5 ps ia 

Exit Mach number : 

P e a k wall t emp: 

P o w e r to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.4627 

9 3 9 ' F 

68.094 kW 

5.828 MW/ft3 

2.522 l b / s e c 

60°F 

Control t ie rod (control rod inse r t ed 17.2 in.), cold inlet gas condition. 



- 1 - 4 1 - U C R L - 7 3 1 5 

I 

X 

u 

B 
u 
m 
ft 

s 

24 

20 

1 6 - -

12 

t ^ 
I 

o 301 -

to 
ft 
to 
to 
<u 
u 

20 

OT 1 0 

0.2 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.4 

€ = X / L , 

0.130 in. 

0.1761 

600'F 

1 7 6 r F 

312.9 psia 
204.4 psia 

0.6 

L = 80,9 in. 

Exit Mach number: 

Peak wall temp: 

Power to air: 

Average material 
power density: 

Flow rate: 

All dimensions at: 

0.8 1.0 

Gli-639-2316 

0.4065 

1862°F 

6.229 kW 

2.774 MW/ft3 

0.01879 lb/sec 

60 'F 

Guard tube (control t ie rod, control rod inse r t ed 17.2 in . ) , cold inlet gas 
condition. 
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GLL-639-2317 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exi t total p r e s s u r e : 

600°F 

1057°F 

312.9 ps ia 

247.7 ps ia 

Exit Mach number : 

P e a k wall t emp: 

P o w e r to a i r : 

Average mtaterial 
power densi ty: 

Flow r a t e : 

All d imens ions at : 

0.5107 

1534"F 

25.694 kW 

17.231 MW/ft3 

0.2040 l b / s e c 

60 "F 

Control rod ( inser ted 37.4 in. ), cold inlet gas condition. 

y 
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€ = X / L , L = 80.9 in. 

0.8 1.0 

GLL-639-2318 

Flow channel diam: 1.162 in. 

P o r o s i t y : * 0.7478 

Inlet total t emp: 600 °F 

Exi t total temp: 834°F 

Inlet total p r e s s u r e : 312.9 ps ia 

Exit total p r e s s u r e : 240.4 ps ia 
* 

Control rod inse r ted . 

Exit Mach number : 

Peak wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.4197 

1133°F 

122.356 kW 

6.291 MW/ft3 

2.031 l b / s e c 

60' 'F 

Control tie rod (control rod inse r t ed 37.4 in.), cold ijilet gas condition. 
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€ = X / L , L = 80.9 in. 
GLL-639-2319 

Flow channel diam: 

Poros i ty : 

Inlet total tenap: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 in. 

0.1761 

600°F 

1806°F 

312.9 ps ia 

204.4 ps ia 

Exit Mach number : 

P e a k wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imens ions at: 

0.4064 

1905''F 

6.416 kW 

2.987 MW/ft3 

0.01855 l b / s e c 

60°F 

Guard tube (control t ie rod, control rod inse r t ed 37.4 m . ) , cold inlet gas 
condition. 
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€ = X / L , L = 63.075 in. 

0.8 

V 0.4 

1.0 

GLL-639-2320 

Inlet to ta l t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exi t to ta l p r e s s u r e : 

600^F 

824*F 

312.9 ps ia 

216.5 ps ia 

Includes 53% of heat genera ted 
m pe r iphe ra l shim. 

Exi t Mach number: 0.16 
t̂  . ,iAA«r. Raxl,980°F 

P e a k wall temp: Duct,UOO F Spring,884«F 

P o w e r to a i r : * 8.79 MW 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imensions at: 

930.55 kW/ft^ 

146.67 l b / s e c 

6 0 ' F 

Side support s t r u c t u r e , cold inlet gas condition. 
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Summary of Component Operat ing Cha rac t e r i s t i c s for Hot-Wall Off-Design 
Condition 

Component 

Peak 
wall 
temp 
CF) 

Exit 
gas 
temp 
(°F) 

Single-
element 

flow rate 
( lb/sec) 

Total 
p r e s s u r e 

drop 
(psi) 

Peak ma te r i a l 
power density 
(MW/ft3) 

Fueled tubes (average) 2850 2446 0.05933 

Tie rod 1 Center 1565 1169 0.6794 

Guard tubes] P"^^*^""^ 2362 2188 0.01721 

Control rod 1461 1054 Z.419 

(17.2 in. insert ion) 

Control tie rod 

Guard tube 

Spare control tie rod 1083 971 3.463 

Side ref lector (BeO) 

82.3 

60.9 

113.4 

70.9 

42.2 

32.78 

10.31 

2.97 

24.73 

1309 

2200 

1054 

2105 

2.419 

0.01747 

70.9 

113.4 

10.57 

3.53 

10.57 

Inner radius 

Outer radius 

P e r i p h e r a l shim 

Inner radius 

Outer radius 

Side support s t ruc ture 

Spring 

Rail 

Duct 

2370 

1660 

1725 

1602 

1255 

1363 

1439 

2210 

1645 

1661 

1558 

1191 

1191 

1191 

0.007698 
(average) 

0.01869 
(average) 

129,6(total) 

129.6 (total) 

129.6(total) 

121.3 
(average) 

115.0 
(average) 

101.7 

101.7 

101.7 

1.27 

0.742 

2.63 

2.28 

1.39 

11.09 

0.769 
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GLL"639-2322 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.227 m. 

0 5297 

946 °F 

2446°F 

316.4 ps ia 

234.1 ps ia 

Exit Mach number : 

Peak wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imens ions at: 

0.421 

2850°F 

26.599 kW 

19.815 MW/ft^ 

0.059334 l b / s e c 

60' 'F 

Average fueled tube, hot-wall off-design condition. 
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Flow channel diam: 

Po ros i t y : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exi t total p r e s s u r e : 

0.093 in. 

0.0895 

946°F 

1804°F av 

316.4 ps ia 

195.1 ps ia av 

Exi t Mach number : 0.325 

P e a k wall temp: 2362"F (Region 4,page 1-47) 

Power to a i r ; 

Average m a t e r i a l 
power density: 

Flow ra te : 

All dimensions at: 

1.75 kW av 

0.677 MW/ft3 

0.007698 l b / s e c av 

60 "F 

Side ref lector tube, hot-wal l off-design condition. 



UCRL-7315 -1-50-

i 

X 

u 
•w 

u 

g 
(0 

H 

I 

o 

X 
to 

u 

24 

20 

16 

12 

30 

20 

»3 10 p 

,£3 
H 

1 
! 

'Z"": 

1 

1 

~" t 

-^ . 

:JJ 

; • 
•ih 

1 

'̂_ 
J 

t'-. 

Ss 
m | 

^ 
rf! 
it' 

?5 
1 1 . 

L* 

-
^ 

m . 

1 ^ 

M 
J^ 
ili 

i-t-
a 
•^i 
.".. 
Lx 

_ 
Is 

— 1 

-

„ t - ^ 

1 
T-

^-.L 

1 

fi««« 

'-t-

£. 
I T T 

r l . 

1_ ~ 

r-ri" 

•?! 
L' 

T17 

J 
. U 

.* 

i. 

**̂  

^ 
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GH,-639-2324 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.576 in. 

0.7391 

946 *F 

1169°F 

316.4 ps ia 

255.5 ps ia 

Exit Mach number : 

P e a k wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All dinaensions at: 

0.532 

1565°F 

42.8 kW 

6.80 MW/ft3 

0.6794 l b / s e c 

60 °F 

Tie rod (central) , hot -wal l off-design condition. 
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Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 in. 

0.1761 

946 °F 

2 I88°F 

316.4 ps ia 

203 ps ia 

Exit Mach number : 

P e a k wall t emp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imensions at: 

0.408 

2362' 'F 

6.07 kW 

1.97 MW/ft3 

0.01721 l b / s e c 

6 0 ' F 

Guard tube (central ) , hot -wal l off-design condition. 
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Nominal radial profile of t ie rod t e m p e r a t u r e s , hot-wall off-design condition. 
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0.4 0.6 

€ = X / L . L = 80.9 in. 

Inlet total temp: 946*F 

Exit total temp: 1068*F 

Inlet total pressure: 316.4 psia 

Exit total pressure : 261.3 psia 
* 

Inside control rod. 

Exit Mach number: 

Peak wall temp: 

Power to air: 
Average material 

power density: 

Flow rate:* 
All dimensions at: 

0.5455 

I46l ' 'F 

7.556 kW 

7.808 MW/ft3 

0.2212 lb/sec 
60 'F 

Control rod (inserted 17.2 in.) , hot-wall off-design condition. 
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Flow channel diam: 

Po ros i t y : * 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

Control rod inse r t ed . 

0.4 

€ = X / L , 

1.162 in. 

0.7478 

946 °F 

1054°F 

316.4 ps ia 

245.5 ps ia 

0.6 

/ L , L = 80.9 in. 

Exi t Mach number : 

P e a k wall tenap: 

P o w e r to a i r : 

Average m a t e r i a l 
power density: 

Flow ra t e : 

All d imens ions at: 

0,4 

0.8 1.0 

GLL-639.2328 

0.4684 

i s o g ' F 

69.477 kW 

5.71 MW/ft3 

2.1981 l b / s e c 

60 °F 

Control t ie rod (control rod i n se r t ed 17.2 in.), hot-wal l off-design condition. 
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GIIi-639-2329 

Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 m. 

0.1761 

946°F 

2 1 0 5 ' F 

316.4 ps ia 

203 ps ia 

Exit Mach number : 

P e a k wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.4101 

2200°F 

5.988 kW 

2.718 MW/ft3 

0.1747 l b / s e c 

60 °F 

Guard tube (control tie rod, control rod inse r ted 17.2 in. ), hot-wall off-
design condition. 
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Inlet total temp: 946 °F 
Exit total temp; 1423''F 
Inlet total pressure: 316.4 psia 

Exit total pressure : 246.8 psia 
Inside control rod. 

Exit Mach number: 

Peak wall temp: 

Power to air: 
Average material 

power density: 
Flow rate: * 

All dimensions at: 

0.5153 

1880°F 

24.456 kW 

16.883 MW/ft3 

0.180 lb/sec 

60 *F 

Control rod (inserted 37.4 in. ), hot-wall off-design condition. 
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Flow channel diam: 

Po ros i t y : ''' 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

Control rod inser ted . 

1.162 m. 

0.7478 

946 "F 

120 T F 

316.4 ps ia 

238.9 ps ia 

Exit Mach number : 

Peak wall temp: 

Power to a i r : 

Average m a t e r i a l 
power density: 

Flow ra te : 

All d imensions at: 

0.4234 

1524°F 

123.029 kW 

6.164 MW/ft3 

1.790 l b / s e c 

60°F 

Control rod tie rod (control rod in se r t ed 37.4 m.) , hot-wal l off-design 
condition. 
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î  
''4:^rj 

... , .. 

• {•: 

: i : - t - : -

• • ; ; : " • 

• . • 

^ 

'::.[•;•• 
i 

43:i--

._t 

, . • . , . ! : . • • . -

' • " : ' ' 

.. . ..1 

*H^r-^^ 

" ^ :î  
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Flow channel diam: 

Poros i ty : 

Inlet total t emp: 

Exit total t emp: 

Inlet total p r e s s u r e : 

Exit total p r e s s u r e : 

0.130 in. 

0.1761 

9 4 6 ^ 

Z I S Z T 

316.4 ps ia 

203 ps ia 

Exit Mach number : 

P e a k wall t emp: 

P o w e r to a i r : 

Average m a t e r i a l 
power density: 

Flow r a t e : 

All d imens ions at: 

0.4100 

2247°F 

6.173 kW 

2.927 MW/ft3 

0.01727 l b / s e c 

60"F 

Guard tube (control t ie rod, cont ro l rod i n se r t ed 37.4 i n . ) , hot-wall off-
design condition. 
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= X / L , L = 63.075 m . GLL-639-2333 

E x i t M a c h n u m b e r : 0 .18 
.r̂  •, ,, . T̂  , ^ ^ „ o . „ R a i l , 1 3 6 3 ° F 
P e a k w a l l t e m p : D u c t , 1439 F „ , - , C C = T-

S p r i n g , 1255 F 
P o w e r to a i r : * In le t t o t a l t e m p : 946 " F 

E x i t t o t a l t e m p : 1191° F 

In le t t o t a l p r e s s u r e : 316 4 p s i a 

E x i t t o t a l p r e s s u r e : 214 ,7 p s i a 

I n c l u d e s 53% of h e a t g e n e r a t e d 
m p e r i p h e r a l s h i m . 

S ide s u p p o r t s t r u c t u r e , h o t - w a l l o f f - d e s i g n cond i t i on 

8.73kW 

Average ma te r i a l 
power density: 

Flow ra te : 

All d imensions at: 

913.63MW/ft3 

129.6 l b / s e c 

60°F 
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-1-65- UCRL-7315 

5 
2 

a. 350 

5 
o 
Q: 3 0 0 
O 

< 
UJ 

a: 2 5 0 

< 
I -o 

; ' 1 
— 

-

^ 

_ 
' 
-
— -

-

- Il 
~ n 
" §w 

W^ 

1 ' 1 ' 1 ' 1 ' 

,2800 
T° = I065''F , ^ „ „ U / 

3000 t / 

3400 / / \ / 

13200/ 1 K / 

/^yX^,^---''''''''''^ PMQOpslo 

•—-"rr i : ! A l . 

1 ' I ' 1 
\ 2400 

2600 A 

yy 
A \ 

/ \ / 
/ A 

/ / \ 
y \ 

/ \ / \ 
/ \ 

/ y 
/ 

\X 
\x 
\ ^ 

\ l50 

-——A—— 
1 , l\ ^ L, 

1 . 1 

2200 \ 
/ \ 
/ \ 

vsoo 

, 1 ,\ 1 

1 1 ' 1 ' 1 

.2000 

/ 

1800 

/ 
y^ 
\ 
\ \ \ 
\ ^ 1 6 0 0 

\ .y'''^ 
) ^ 

\ 

\ ^ 1 4 0 0 

Wo 
^ — T | « I 2 0 0 "F 

\ 

, ! 1, A.... 1 1 1 1 

• 

" 

-

" 

-
. 
, 

— • 

-
• 

• 

— 

-

" 
• 

2 0 0 4 0 0 6 0 0 800 IOOO 1200 1400 1600 1800 2 0 0 0 2 2 0 0 2400 2600 2800 3 0 0 0 

TOTAL REACTOR FLOW RATE ( I b / s e c ) GLL-629.18135A 

Per fo rmance map — lines of constant P i and Tl -

file:///2400


UCRL-7315 -1-66-

5 
5 

cr 3 5 0 
UJ 
5 
o 
0. 
(E 3 0 0 

o 

< 
UJ 
en 2 5 0 

< 
H 
O 

' 
-
-
-. 
— 
-
— 
L 
_ 1-

-

\— 
[ 
r 
[ 

P 

L 

[ 
u 

[ i 

' 1 

25 i 

M 
^ ^ 

, 1 1 1 

T° = eoo-F 

/ 

A 
Aw 

/AYA 
///Ky 
wAy^ 
^ ^ 
^--^1^ T" 

' 1 

W _ 
^ 

1 ' 1 

/ 
/ \ / \ / 

A / 
A\A/ 
AA 

/ / \ / 

AA\/ 
A/\ 
/A 

/ y 

A^ 
\ \ ^ 

yA 
—'^so 

1 \ 1 

1 ' 1 

2850 

\200 

, 1 A 

' 1 ' 

\ 
W500, 

/ ( 7 4 0 0 

X / 
y 

/ \ y 
/ \ y / \y y\ 

/ \ y 

y\ 
^y \ 

y\ 
y^ ^ 

\X^ A 
Ayy^ 

p?=2Vopsia^ 

"y. 
-"-y 

. i A 

\ 
\ 

^ \ 
00 \ 

/ 
r 

y 
y 

X 

V 
\ 

\ 

1 

"• T " " 

, / 
\y 
A 

\ \ y 

V/ 
y \ 

\ 

^y ̂
 

^ 

- ^ " ^ 

\300 

\y 
\ 

\ 

. 1 1 

1 
\y 

X / \ •^ 

350 

\ 
\ 

1 1 1 . J 
2000 \ 

j 
J 

y H 
\ ^1800 j 

\ i 
\ \ 1 
\ >max= J 
) y I600TJ 

\ J 
\ ^ I 4 0 0 

.^y'x 
\ 

\ ^ 2 0 0 

4om 1 

\ \J 
\_W^ 
\ 1 

____JL 800 ~ 

\ \ 

. 1 , \ , 
0 2 0 0 4 0 0 6 0 0 SPO IOOO 1200 1400 1600 1800 2 0 0 0 2 2 0 0 2 4 0 0 2600 2800 3 0 0 0 

TOTAL REACTOR FLOW RATE ( I b / s e c ) GLL-629-18132A 

Per fo rmance map - lines of constant P° and T ^ (T = fueled tube peak 
wall t empera tu re ) . ^ 



-1-67- UCRL-7315 

6 0 0 

4 0 0 — 

s 

CC 3 5 0 

5 

o 
IT 300 
O 

< 

< 
t -
o 

100 

-

-

' 

-

-

I 
— 

\r 

l 

r 
t 
N 

,—J.—^.„._j , „ , 1 , . 

Tt = eoo-'F 

y 
h 
h 

AAA/ 
If/// 
// / X / / 

\J/AA/\y 
WA//\Y //MAA\^^ wXA^^^'^Af 

^^^A-'-'A^ 
'^^T''\\\ . 1 A 

f ' " • 

26O0 

/ 
^ / 

/ 

A 
X y 

\ 

A\ ̂
 

- - - ^ 

1 . 

1—̂ —1 

1^400/ 

h / 
Y 

A A 
A A/ 
^ y 

y^ 
\ 5 0 

X-
\ 

1 A 1 

1 1 1 " | -
,ZZQQ 

/ \ !K)00 / 

Pf^VoOpsia 

1 A1 

' t ' 1 
1800 

y A 
\ / 

X\ 
V 

^ ^ 

\ ^ 

\ 
\250 

\ 

" " x " ^ 
\ 

\ 

. 1 A 

T y . 
/ I 6 0 0 

\300 

L 1 A 

1 • 1 ' 1 : 

\ 1400 -

\ • \ 1 
\ T|»I200'F -j 

\ 1 
\ IOOO ] 

jy^^'^ Uoo J 

\350 \ H 

\ \ 

v.—-—-s6o^ 

" ^ x j \ 1 
\ \ 

\ 1 
1 . 1 , \ , ] 

2 0 0 4 0 0 6 0 0 800 IOOO 1200 1400 1600 1800 2 0 0 0 2 2 0 0 2400 2 6 0 0 2800 3000 

TOTAL REACTOR FLOW RATE C l b / s e c ) GLL-629.I8131A 

Per fo rmance map - lines of constant P° and T° . 



UCRL-7315 -1-68-

200 400 600 800 IOOO 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 

TOTAL REACTOR FLOW RATE ( I b / s e c ) GLL-629-18133A 

Per fo rmance map - l ines of constant P° and T^. 



-1-69- UCRL-7315 

4. P a r a m e t e r Influence on Pe r fo rmance 

Total th rus t loss a s s e s s m e n t for p a r a m e t e r s not 
analyzed by NOMAC code* 

Boundary layer bleed . . . . . 

Ent rance (0.4% in p r e s s u r e ) . . . . 

Offset (misalignment in flow tubes) 

Power depress ion due to rods . . . . 

Sudden expansion loss (effect of bel l -
mouthing exit) . . . . . . . 

All o thers . . . . . . . . 

Reactor inlet p r e s s u r e effect on C^ net 

Peak fueled tube wall t e m p e r a t u r e effect on C. net 

F r ic t ion factor effect on C . net . . . . . 

Heat t ransfe r coefficient effect on C„ net 

Fueled tube discharge coefficient effect on C .̂ net 

Fueled tube flow passage d iameter effect on C^ net 

Fueled tube flow passage d iameter effect on C .̂ 
net ( F = const) . . . . . . . . 
Exit nozzle influence p a r a m e t e r s . . . . 

-7 .3% 

-3 .5% 

-0.7% 

-3.0% 

-2.0% 

+ 2.9% 

-1.0% 

Page I-

Page I-

Page I-

Page I-

Page I-

Page I-

P a g e l -

Page I-

-70 

-70 

-70 

-70 

-70 

-70 

71 

-72 

But included on page 1-4. 
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0.2 

0.1 

Sc, 
net 

net 

- 0 . 

- 0 . 2 

- 0 

> 

/ 

/ 

1 /o 0 

/ 1 

1 

f 

I 0. 

0.02 

0.0! 
Sc 

net 

Reactor inlet pressure 

net 

-0 .01 

-0 .02 

^ 

/ 

/ 

_ ^ J ' 

/ 

' ° ' " m o x 

/ 

0 2 

( o p ) 

0 

Peak fueled tubB wall 
temperature 

0.03 

0.02 

6C 0.01 
fnet 

^fnet 0 

- 0 . 0 1 

-0.02 

-0 .03 

0.03 

0.01 / 

\ / \ 

/ 

/ 

/I ' 
-0.1 -0.0 5yr 0 0.05 0 

-A 

/ 

/ 

/ 
Sh 

h 

.1 

Friction factor Heat transfer coefficient 

0.06 

0.04 

0.02 

-0.02 

0.04 

0.06 

0.224y^ 0.228 0.232 

Fueled tube f low_ 
passage diQmeter( inches) 

GLL-639-233^ 

Inf luence of ne t eng ine t h r u s t coef f ic ien t at d i f fuse r d e s i g n poin t cond i t ion . 
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/ 

/ 

/ 

/ 

y 
Tor> r I I -C Des 

f ^ L ^ ^ g ^ ^ r 
ign —A 

V 

\ 

\ 
^ 

0.16 0.18 0 . 2 0 0 . 2 2 0 . 2 4 0 . 2 6 0 . 2 8 

Fyeied Tube Flow Passage Diameter^ inches 
GLL-639-2335 

Ne t eng ine t h r u s t coef f ic ien t vs fueled tube flow p a s s a g e d i a m e t e r ( r e a c t o r 
p o r o s i t y kep t c o n s t a n t ) , d i f fuser d e s i g n point condi t ion . 
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5. Analysis and Heat Transfe r Data 

Inlet Diffuser 

Design point of c r i t i ca l operation . . . . Mach 2.8 

P r e s s u r e recovery rat io . . . . . . 0.80 

Bleed fraction . . . . . . . . 0.04 

Momentum recovery of bleed . . . . . 0.80 

Reactor 

Fueled Tubes 

Number of channels . . . . . . 21,012 

Length . . . . . . . . . 64.56 in. 

Diameter of flow channel . . . . . 0.227 in. 

Exit d ischarge coefficient (due to 
t rans i t ion losses ) 

Poros i ty 

Side Reflector Tubes 

Number of channels 

Length 

Diameter 

Poros i ty 

P e r i p h e r a l Shims (Circular Cooling Channels) 

Number of channels . . . . . . 942 

Length . . . . . . . . . 62.70 in. 

Diameter . . . . . . . . . 0.130 in. 

Poros i ty . . . . . . . . . 0.1559 

P e r i p h e r a l Shims (Key Slots) 

Number of channels . . . . . . 120 

Length . . . . . . . . . 62.70 in. 

Flow a r ea / channe l . . . . . . . 0.03334 in 

Wetted p e r i m e t e r of channel . . . . 0.7602 in. 

Tie Rod 

Number of channels . . . . . . 103 

Length . . 80.9 in. 

Diameter of flow channel . . . . . 0.576 in. 

Poros i ty . . . . . . . . . 0.7391 

0.76 

0.5298 

3888 

64.56 in. 

0.93 in. 

0.0895 
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Guard Tube (Standard Tie Rod) 

Number of channels . . . . . 

Length . . . . . . . . 

Diameter . . . . . . . . 

Poros i ty . . . . . . . . 

Reflector Inser t s (Standard Tie Rod) 

Number of channels . . . . . 

Length . . . . . . . . 

Flow a rea per channel . . . . . 

Wetted p e r i m e t e r of channel 

Control Rod 

Number of components . . . . . 

Length of inser t ion (measured from 
inlet to control t ie rod) 

J . 

Nominal 5-hour operat ing position 

Fully inser ted posit ion . . . . 

Flow^ a r ea per channel (within control tie rod) 

Wetted pe r ime te r (w^ithin control t ie rod) 

Control Tie Rod 

Number of components . . . . . 

Length . . . . . . . . 

Diameter . . . . . . . . 

Poros i ty . . . . . . . . 

Guard Tube (Control Tie Rod) 

Number of channels . . . . . 

Length . . . . . . . . 

Diameter . . . . . . . . 

Poros i ty . . . . . . . . 

Reflector Inse r t s (Control Tie Rod) 

Number of channels . . . . . 

Length . . . . . . . . 

Flow a r ea per channel . . . . . 

Wetted p e r i m e t e r of channel 

Side Support S t ructure (Structure Limi t Condition) 

Length . . . . . . . . 

876 

54.185 in. 

0.130 in. 

0.1761 

103 

10 in. 

0.5806 in2 

5.529 in. 

14 

32.3 in. 

55.8 in. 

0.87713 in2 

10.357 in. 

18 

80.9 in. 

1.162 in. 

0.9042 

324 

54,185 in. 

0.130 in. 

0.1761 

18 

10.0 in. 

0.8504 in2 

8.8813 in. 

63.81 in. 

Shim control rods 
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137.49 in2 

1623.3 in. 

750.0 in2 

0.98 

0.98 

1.00 

-1-75-

Flow a r ea (total effective) . . . . . . 

Wetted pe r ime te r (average) . . . . . 

Exit Nozzle 

Throat a rea (at operat ing conditions) 

Velocity coefficient . . . . . . . 

Discharge coefficient . . . . . . 

Divergence factor . . . . . . . 

6. T ime Constants and The rma l Capaci t ies 

T ime Constants''"'^ 

Symbols 

Channel wall m a t e r i a l density 

Channel wall specific heat 

Channel wall element volume 

Channel wall tenaperature 

Power genera ted in channel wall element 

Heat t r ans fe r coefficient between channel wall and gas 

Total gas t e m p e r a t u r e in channel element 

Channel wall element heat t ransfer surface a rea 

Channel axial station 

Time 

Channel d iameter 

Channel porosi ty 

' w 
C 

dV. 
• w 

T 
w 

w 
h 
T 

g 
dA 

X 

t 

D 

r 
F o r m u l a s 

The fundamental ae ro thermodynamic t ime constant for a step change 
in power is 

p c n^ 
^ o = ( ^ ^ ) ( ^ ) • 

The effective ae ro thermodynamic t ime constant for a step change in 
power is: 

r 
T * (X, t) = T (t) 1 + 

2f(t) 
D r 

-^0 

dT (X,t) w _ dX 

dTZIXTtT 
W ' 

dT 

See Tory II-C Memos 253 and 295. 
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1. T* values were derived from SEA LION for step changes in power 
at M = 2.8 conditions and a r e f i rs t o rde r approximat ions . 

2. The values p resen ted he re were obtained from t r ans ien t s with 
constant inlet gas t e m p e r a t u r e . The t ime constants for var iable 
inlet gas t e m p e r a t u r e s a r e somewhat higher . 

3. F o r other airflow conditions, 

0.8 
0 
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y 

/ 

y 

^y 
/ 

^ 

Reac 
duct 

/ 

/ / 

^ 

/ 

y ^ 

• — H 

tor 1 1 

1 1 

Gu< 

/ 

Nic 

P " . n ,n„ It ^ 

Fuelf 

Stan< 

1 i 
' Side 1 

reflector 
^tubes 1 1 

3rd tubei 

,kel shim 

5d tubes 

lord tie 
Control i i 

1 

s 

rods 
e rod? 

0 Q2 0.4 0.6 0,8 1.0 Gii-639-2337 

Axia l station, x/L(x/L=0atSta.36!.3) 

Effective t ime constants for design point operating condition (see p. 1-7 5) 
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C H A P T E R II - NEUTRONICS'- ' 

A. C R I T I C A L I T Y 

C r i t i c a l i t y c a l c u l a t i o n s a r e b a s e d upon t h e fol lowing input: 

A v e r a g e r e a c t o r t e m p e r a t u r e . . . . 

L i n e a r e x p a n s i o n in a l l d i m e n s i o n s 

V o l u m e f r a c t i o n s . . . . . . 

T o t a l n u m b e r of t i e r o d s . . . . . 

N u m b e r of c o n t r o l t i e r o d s of H a s t e l l o y 
R - 2 3 5 . . . . . . . . 

N u m b e r of c o n t r o l t i e r o d s of Rene 41 

N u m b e r of s t a n d a r d t i e r o d s of H a s t e l l o y 

R - 2 3 5 . . . . . . . . 

N u m b e r of s t a n d a r d t i e r o d s of R e n e 41 . 

A s s u m e d BeO d e n s i t y ( p e r c e n t of t h e o r e t i c a l ) 

F u e l e d t u b e s . . . . . . 

G u a r d t u b e s . . . . 

F r o n t r e f l e c t o r . . . . . . 

S ide r e f l e c t o r . . . . . . 

S ide s u p p o r t s y s t e m and p e r i p h e r a l s h i m 
s u r f a c e d e n s i t y . . . . . . . 

B a s e b lock s u r f a c e d e n s i t y . . . . 

P o w e r d i s t r i b u t i o n . . . . . . 

C r i t i c a l m a s s of O y 0 2 . . . . . 

M a s s of O y 0 2 p r e s e n t . . . . . 

Ef fec t on r e a c t i v i t y of f a c t o r s not c o n s i d e r e d by ANGIE: 

N o r m a l i z a t i o n to Spade a s s e m b l y 

( inc ludes p e d e s t a l effect) . . . . . 

S t r e a m i n g . . . . . . . . 

Xenon bu i ldup o v e r 10 h o u r s . . . . 

T h e r m o c o u p l e s . . . . . . . 

B a c k g r o u n d r e t u r n . . . . . . 

2330 ' ' F 

See p . IV-5 

See p . I I -5 

121 

4 

14 

36 

67 

99.2% 

97.5% 

98 .3% 

97.3% 

See p . I l l - 5 5 

11.7 g / c m 2 

See p . 11-16 

59.9 kg 

63.5 ± 1.0kg' 

Ak/k 

-0 ,009 

- 0 . 0 0 9 

- 0 . 0 2 3 

-0 .010 

-1-0.004 

' R e f e r e n c e s : T o r y I I -C mem.os 316, 4 1 5 , 429, 446, 454. 

T h i s u n c e r t a i n t y in O y 0 2 m a s s a c c o u n t s for the u n c e r t a i n t y in the g a m m a 
count ing and the s t a t i s t i c a l e r r o r in s o r t i n g . 
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Support grid . . . . . 

Coolant a i r . . . . . . 

Ce ramic tube packing efficiency 

Fuel burnup, 10 hours 

y-n contribution . . . . . 

New o-'s for Be, O, u235 

New cr's for Rene 41 , R-235 

Impur i t ies in fueled tubes 

P a r t i a l inser t ion of ve rn ie r rod 

F a s t per iod r e s e r v e . . . . . 

U235 enr ichment . . . . . . . 

Weight of U235 in c r i t i ca l m a s s 

All BeO in active core 
Gross mean mola r fraction; 

U 
235 

Mean wt % Oy02 . . . . . . . 

Maximuna wt % Oy02 in fueled tubes 

Minimum v/t % 0 y 0 2 in fueled tubes 

Approximate number of tube inches having 
given UO2 loadings . . . . . . 

Loading c l a s s descr ipt ion . . . . . 

D i sc re te UO2 concentrat ion step change 

Number of d i sc re te UO2 concentra t ions requ i red 

B. REACTIVITY REQUIREMENTS 

Total react iv i ty swing requi red . . . . 

Total t e m p e r a t u r e effect . . . . 

Nuclear . . . . . . 

Geometry . . . . . . 

Xenon over r ide . . . . . . 

Shutdown . . . . . . . 

Exces s at operat ing t e m p e r a t u r e 

E r r o r s in t empe ra tu r e effect assuming 
p = 0.008 . . . . . . . 

A k / k 

-fO.002 

- 0 . 0 0 3 

- 0 . 0 0 3 

- 0 . 0 0 1 

-fO.0004 

- 0 . 0 1 0 

- 0 . 0 0 5 

- 0 . 0 0 5 

- 0 . 0 0 3 

- 0 . 0 0 5 

93.2% 

38.5 kg 

362 

3.24 

8.12 

1.23 

See p . I I - 15 

See p . I I - 8 

8% 

26 

A k eff 

- 0 . 1 3 5 

- 0 . 0 7 4 

- 0 . 0 5 1 

- 0 . 0 2 3 

- 0 . 0 2 3 

- 0 . 0 2 8 

0.005 

0.010 
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C. REACTOR CHARACTERISTICS 

P r o m p t l ifet ime, i''* . . . . 

Delayed neutron fraction, p 

T e m p e r a t u r e coefficient / 
A T 

Neutron economy''' 

Neutrons captured in active core 

Oy02 

Rene 41 t ie rods 

R-235 tie rods 

Unfueled BeO 

Fueled BeO 

Y2O3 . . . 

Z r 0 2 . . . . . . . 

Shim rods at 5-hour position 

Neutrons captured in pe r iphe ra l shims 

Neutrons captured in side support s t ruc ture 

Neutrons captured in base blocks 

Neutrons captured in front ref lector 

Neutrons captured in cell p la tes 

Neutrons captured in aft ref lector 

Neutrons captured in side ref lector BeO 

Total pa ras i t i c capture of neutrons in reac to r 

Neutrons captured to cause fission 

Neutrons leaking from reac to r 

Total neutrons captured and leaking 

Effective number of neutrons generated 

90 X 10--6 sec 

0.00677 

-5.5 X 10 V'c 

-fO.300 

4-0.304 

-1-0.092 

-fO.023 

-0.013 

-0.131 

-i-0.009 

-F0,002 

-F0.015 

+0A63 

-1-0.111 

+0.015 

-f-0.021 

+ 0.003 

+0.001 

- 0 . 0 0 3 

0.630 

1.000 

0.698 

2.309 

2.309 

Neutrons per fission with r eac to r at high power and t empera tu r e . Base 
problem ANGIE RZ 501; shim rods at the expected operating position. 
The kgff for this problem was 1.0766. 
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Delayed neutron c h a r a c t e r i s t i c s 
235 (Thermal fission of U ): 

Absolute 
E X. group yield 

Group (MeV) (sec"-'') (n / f i s s . ) 
a 

i.eff 

(mod)b 

P. i,eff 

1 

2 

3 

4 

5 

6 

0.25 

0.46 

0.405 

0.45 

0.42 

0.0124 

0.0305 

0.111 

0.301 

1.13 

(0.43)c 3.00 

Totals 

0.00052 

0.00346 

0.00310 

0.00624 

0.00182 

0.00066 

0.01580 

1.090 
1.063 

1.069 

1.065 

1.068 

1.067 

0.00023 
0.00148 

0.00133 

0.00267 

0.00078 

0.00028 

0.00677 

0.00029 
0.00186 

0.00167 

0.00335 

0.00098 

0.00035 

0.00848 

^ p . ^^^ = Absolute gp. yield ^ y . ^ ^ ^^^g^ a s sumed . 
J eff 

This set is to be used when the shim rod worth cu rves of p . II-6 
a r e used. 

Assumed value. 

D. CONTROL ROD WORTH 

Shim rods , swing (Ak/k) 

Vern ie r rods , swing (Ak/k) 

Safety rods , swing (Ak/k) 

Multiplication constant, kgff, vs shim rod 

posit ion . . . . . . . 

P r ed i c t ed 

0.169 

0.0078 

0.0078 

See 

Desi red 

0.135 

0.0061 

0.0085 

p. II-6 
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Radial distr ibution on naaterials at axial loading zone D (Sta. 383.748). 

° y ° 2 Volume Frac t ions^ 
Radius" loading Fueled Guard Tie Control Refl Nickel Side supportf + duct 

(cm) (g/m ) tubes tubes rods'^ rods*^ tubes shims Rene 41 HA-C 

14 

18 

20 

22 

24 

28 

31 

34 

0 

102 

332 

661 

198 

993 

401 

489 

2 34 

36.772 

39 

41 

245 

435 

43 655 

45 

47 

714 

844 

50.094 

52 596 

56 

60 

137 

153 

65 264 

68 

72 

578 

706 

0.0277 

.0299 

.0323 

.0323 

.0350 

0379 

.0410 

.0443 

0479 

.0518 

.0560 

.0606 

.0656 

.0710 

.0769 

0832 

.0901 

0976 

0 

0 

0 

0 4357 

0.3906 

0 4357 

0.4333 

0 

0 

0 

0.03828 

0 06472 

0.03828 

0.04101 

0 

0 

0 

0 004466 

0 006141 

0 004466 

0.004784 

0.008492 

0 

0 

0 

0 02189 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.8579 

0 

0 

0 

0 

0 

0 

0 

0.659 

0 

0 

0 

0 

0 

0 

0 

0.2228 

0 

0 

0 

0 

0 

0 

0 4097 

Standard 
unit 
cells 

Control 
unit 
cell 

Standard 
unit 
cells 

Standard 
unit 

cells'^ 

Side 
reflector 

Volume fractions given a re fractions of the annular volume contained within the radii 

Nominal tube dimensions a r e assumed Effects of camber and twist are not included 

^ Rene 4 I comprises 66.7% of the tie rods, Hastelloy R-235 accounts for 33 3% 

Value given corresponds to 12 shxm rods. The vernier rods and their associated tie rods and guard tubes a re not 

included m the present format 

Adjusted for mass conservation 

Includes spr ings, wiper bars rai ls wipers , and duct GLL-639-2343 
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1.12 

1.08 

1.04 

- 1.00 

0.96 

0.92 

0,88 

0.84 

Room temperature 
no coolant flow 

100 120 140 160 Insertion depth(cm) 

High temperature, 
full coolant flow, 
Doppler broadening 
of hafnium included 

GLL-632-260A 

Multiplication constant of reac to r vs shim rod position. (Note: 
0.135, which is the des i r ed rod worth.) 

Ak/k hot 
40 in. 



Side support structure (Ni alloy) 
SHiivis(Nrr 

Forward 
reflector 

(BeO) 

m 

v-Cell plates b 
(stainless ° 

steel) 

I I I I I., I I i / i I, I ii i _ i 

1465 
1349 

EG 
"R1 

1555 
mm. D976 
0901 
.0832 
.0832 0710 
.0759 

0710 
i5655 
.0606 

.0560 

Fuel loading 
zone designotion 

sT^ 
S T 

4 6 5 
3 4 9 
2A2 
T4n 
mK ?76 

mr .0832 
.0769 
.0710 

.0656 

.0606 
.0560 
.0518 

.0479 

1147 
1058 

m m msz 076' 
mi 0656 
0606 
0 5 6 0 
0518 
0479 

0 4 4 3 
0410 

. 0379 

.0350 

5832" 

rszE 0901 
0 8 3 2 
0769 m 
0 5 6 0 
0518 
0479 
0 4 4 3 
0410 
0379 

0350 

2515. 
.0299 

. 0277 

ide 
57T0 

re f lec tor (BeO) 

D13Z 
0 7 6 9 
0710 
0656 m 
Mi 
0 4 4 3 
0410 
0379 
0350 
0 3 2 3 

0299 
0 2 7 7 
0256 

0 2 3 7 

0 6 0 6 
0 7 1 0 

0 6 5 6 

isia. azu mt 
0 3 7 9 
0 3 5 0 
0 3 2 3 
0 2 9 9 
0 2 7 7 

0256 

. 0 2 3 7 

.0219 

I I I I I •' I I I I l l I I I I 1' ' I I I I ' I I ' I I I I I I I I I I I I I I I r I I I I I I I I I . I I r I i l l I 

o 
CD 

CD 

>. 
c 

a 
.a 
U 

en 

a 
o 

cu 
D 
to 

B D 

Tube stagger 
designQtion~\ 

"A" 
- 2 

Forward 
re f l ec to r 

^ 6 ^ 3~780 
962 3 925 

I 962 3 T80 
3 780 I 962 

© 
I73T25 r 
i3i 3 9"25 j 

© 

Active core 

© © 
"T925 "T S 9"25 I 3 925 

1962)2 463} 3 925 | ^ 9 2 5 | 3925 j 3 925 | 3 92^ | 3 925^ 
3925 I 3 9 2 5 " 

3 925 I 3 925 | 2 933 | 2 463 
2 933 11 962 

S6SI 3 9"25 i 3 925 i~"T925 P 3925 T 3 925 
TTS: a i 3 925 [ 3 9 2 5 ' " ^ ^ 3 925 I 3 925 I 3 925~ 

3 780 119621 3 925 19621 2 46?j 3 925 T 3 925 | 3925 j 3 925 | 3 925 | 3 9 2 ^ 
' 3 9 2 5 I 3 925 

3 925 3925 
3 925 I 3 925 

GLL-62I2-I9I4OA Ax ia l fuel zone boundaries * * 

F u e l load ing m a p . N u m b e r s d e s i g n a t e the we igh t of O y 0 2 in g r a m s p e r inch l eng th of tube , 
pp . I I - 9 t h r o u g h 11-14 for r a d i a l fuel zone b o u n d a r i e s . 
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F u e l e d tube c l a s s d e s c r i p t i o n . 
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Wt % O y 0 2 
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2.446 
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3.067 
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r~\ 

GLL-632-25T 

Radial fuel zone boundaries for axial zone A (looking downstream). 
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Radial fuel zone 
boundaries for axial zone B (looking downstream). 
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C 

GLL-632-189A 

Radial fuel zone boundaries for axial zone C (looking downstream). 
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GLL-632-19OA 

Radial fuel zone boundaries for axial zone E (looking downstream). 
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F 

^ r- GLL-632-I9IA 

Radial fuel zone boundaries for axial zone F (looking downstream). 
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Thousands of tube inches 
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c l a s s . 
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Deviation from design power profile (shim rods at 5-hour point). 
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The effect of shim rod movement on axially integrated power 
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G a m m a e n e r g y s o u r c e s p e c t r a in the ac t i ve c o r e a t 90% f i s s i o n p r o d u c t s a t u r a t i o n , e q u i v a l e n t to 10 
h o u r s s t e a d y o p e r a t i o n . 

S(E), M e V / f i s s i o n C o m p o s i t e 

E n e r g y , MeV 
_ —— • — — — ^ _ _ _ _ P r o m p t 

G r o u p E E A E f i s s i o n 
'^ m a x 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

8.91 
7.08 
5.62 
4 .47 
3 .55 

2.82 
2 .24 
1.78 
1.41 
1.12 

0.891 
.708 
.562 
.447 
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.224 
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.0562 

.0447 

.0355 
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10.0 
7.943 
6.31 
5.012 
3.981 

3.162 
2.512 
1.995 
1.585 
1.2 59 

1.00 
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.631 
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.3162 

.2512 
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.1585 

.1259 

.100 

.0794 

.0631 

.0501 

.0398 

.0316 

.0251 

.020 
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0 .0126 

2 .057 
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.326 
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.0517 
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.6189 

.5602 

.5366 
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.818 
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.037 
0.030 

0 
0 
0 
0 
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0 
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P e a k n e u t r o n flux d i s t r i b u t i o n in a c t i v e c o r e ( n o r m a l i z e d to a v e r a g e uni t 
c o r e povi'er d e n s i t y ) . 



Nuclear heating densi t ies in the active core . 

All heating density values a r e given in MW/ft^ of solid component m a t e r i a l normal ized to 1 MW/ft-^ of 

average core power density based on the hot fueled volume of the active co re , V ,̂ = 54.04 ft^. The 

heating calculat ions were per formed for 90% fission product saturat ion, equivalent to 10 hours steady 

operation. 

Control unit cell 
at R = 8.5 in. 

Rene 41 tie rod Guard tubes 

Standard unit cell 

ene 41 Guard 
t ie rod tubes 

Control rod inser t ion (in.) 

Peak heating density 
(MW/ft3 per MW/ft 3) 

P e a k - t o - a v e r a g e ra t io^ 

Average heating density^ 
(MW/ft3 per MW/ft3) 

Considered component vo lume" 
(ft3) 

Total component power 
(kWper MW/ft3) 

13 

0.935 

1.47 

0.648 

0.00417 

40 

1.143 

1.60 

0.714 

0.00417 

13 

0.319 

1.46 

0.218 

0.0424 

40 

0.360 

1.55 

0.232 

0.0424 

-

1.065 

1.50 

0.712 

0.00329 

-

0.285 

1.50 

0.190 

0.0294 

1 

XsJ 

I 

2.70 2.98 9.26 9.85 2.34 5.58 

Average was taken over the full length of the hot r eac to r (L„ = 63.5 in.) . 
R 

The components were a s sumed to be hot and to extend the full length of the hot r eac to r . 

a 

U l 
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Nuclear heating of Rene 41 control tie rod at R = 8.92. 
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N u c l e a r h e a t i n g d e n s i t y d i s t r i b u t i o n s in the s ide r e f l e c t o r and s ide s u p p o r t s y s t e m a t a x i a l 
p e a k ( X / L = 0.5) . All h e a t i n g v a l u e s g iven a r e a v e r a g e d o v e r the c o n s i d e r e d z o n e s , and a r e g iven in 
M W / f t 3 of so l id c o m p o n e n t m a t e r i a l p e r M W / f t 3 of a v e r a g e c o r e p o w e r d e n s i t y b a s e d on c o r e v o l u m e 
of 54.04 f t3 . 
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T o t a l n u c l e a r h e a t i n g dens i t y d i s t r i b u t i o n m f o r w a r d r e a c t o r r e g i o n s at 
R = 0. Note : B a n d s r e p r e s e n t u n c e r t a i n t y m n i c k e l n u c l e a r c r o s s s e c t i o n s . 
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1 1 
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— 

^ ^ 
^ 

N̂  " 
• ^ 

0.2 0.4 0.6 0.8 
x / D 

1.0 
Gli-632-234A 

Axial and radial nuclear heating density in support grid and cell plate 
instal lat ion (normalized to peak). 
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N u c l e a r hea t ing d i s t r i b u t i o n i r i a f t r e a c t o r r e g i o n s (in MW/ft p e r MW/ft ), 
b a s e d on c o r e v o l u m e of 54.04 ft . 

Object 

Aft 
r e f l e c t o r 

(BeO) 

T r a n s i t i o n 
r i n g s 

( C r - M g O ) 

C e r m e t 
c a r t r i d g e 

l a y e r 
(Cr -MgO) 

B a s e b locks 
(F -48) 

S o u r c e s 

^ " " - " " • - - - ^ 

P e a k 
on a x i s 

A v e r a g e 

P e a k 
on a x i s 

A v e r a g e 

P e a k 
on a x i s 

A v e r a g e 

P e a k 
on a x i s 

A v e r a g e 

C o r e 
g a m m a s 

0.034 

.022 

.0254 

.0169 

.071 

.060 

.056 

0.049 

T r a n s , 
r i n g s 
(n,7) 

0.007 

.000 

.0144 

.0096 

.0000 

.0000 

.0000 

0,0000 

B a s e 
b lock 
(n,Y) 

0.0031 

.0021 

.0023 

.0015 

.013 

.008 

.018 

0.012 

C e r m e t 
c a r t r i d g e 

in,y) 

0.0101 

.0067 

.0034 

.0023 

.012 

.008 

.008 

0.0051 

To ta l 

0.054 

.0308 

.0455 

.0303 

.096 

.076 

.082 

0.066 



Radiation leakage summary. 
a o 
r 
- J 
CA) Forward^ Aft̂  Lateral 

Gamma leakage flux averaged over leakage plane 
(MeV/cm^ sec per MW/ft^)^ 

Gamma leakage peak-to-average ratios 

Neutron leakage flux averaged over leakage plane 
(neutrons/cm2 sec per MW/ft•^) 

Neutron leakage peak-to-average ratios 

Gamma dose rate averaged over leakage j(Rads/MWh) 
plane |(Rads/sec per MW/ft^) 

Neutron dose rate averaged over leakage KRads/MWh) 

plane \(Rads/sec per MW/ft^) 

Neutron dose peak-to-average ratios 

rr, . 1 J J - 1 1 1 f (Rads /MWh) 
i otai dose averaged over leakage plane • /„ i / •K^-xxr/r^3\ 

'^ to i- (^(Rads/sec p e r MW/ft ) 
Average gamma flux-to-dose (Rads/sec per neutron/cm'^ sec) 
conversion 
Average neutron flux-to-dose (Rads/sec per neutron/cm^ sec) 
conversion 
Peak total dose at leakage plane (Rads per MWh) 

Total dose rate f Gamma 
composition averaged ^ Fast neutrons 
over each surface Intermediate 
(in percent) i Slow neutrons 

13 

6.31 X 10^^ 

1.2 

1.21 X 10 

1.97 

1.43 X 105 
2.12 X 103 

1.49 X 10^ 
2.21 X 10^ 

1.42 

1.63 X 10^ 
2.42 X 10^ 

3.36 X 10-10 

3.87 X 10 

1.31 

13 2.87 X 10 

1.51 

1.09 X 10 

1.87 

9.78 X 105 
1.45 X 104 

1.85 X 10^ 
2.74 X 10^ 

1.30 

2 .83 X 10^ 
4.2 X 10^ 

3.75 X 10 

13 

13 

13 

-10 

1.12 X 10 

1.41 

6.1 X 105 
9.05 X lO^ 

1.43 X 10^ 
2.19 X 10^ 

1.55 

2 .09 X 10^ 
3.1 X 104 

3.26 X 10' 10 

1 . 8 3 X 1 0 - 9 2 . 5 1 X 1 0 " ' ^ 1 .96X10 '*^ 

2 . 2 9 X 1 0 ^ 3 . 6 9 x 1 0 6 3.21 X 10^ 

26.5 
45 .6 
19.1 

34.5 
30.5 
28.8 

6.2 

29.2 
42.5 
26.6 

1.7 

0 0 

• 1 ^ 

a Station 360.938 (front surface of cell plates). 

b Station 425.498 (aft surface of base blocks). 

Based on core volume = 54»04 ft-̂ ^ 
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G a m m a - r a y l e a k a g e flux s p e c t r a a v e r a g e d o v e r f ront , aft, 
and l a t e r a l bounding s u r f a c e s , b a s e d on c o r e v o l u m e of 54,04 ft-^. 

E 
Y 

(MeV) 

8.91 

7.08 

5.62 

4.47 

3.55 

2.82 

2.24 

1.78 

1.41 

1.12 

0.891 

0.708 

0.562 

0.447 

0 .355 

0,282 

0.224 

0.178 

0.141 

0.112 

0.089 

A v e r a g e 

A E 

(MeV) 

2.057 

1.633 

1.298 

1.031 

0 .819 

0.65 

0.517 

0.41 

0 .326 

0 .259 

0.2057 

0 .1635 

0.1298 

0 .1031 

0 .0819 

0 .065 

0.0517 

0.041 

0.0326 

0 .0259 

0.02057 

g a m m a i 

M e V / f i s s i o n l eak 

P e a k - t o - a v e r a g e 

•^max 
(MeV) 

10.0 

7 .943 

6.310 

5.012 

3.981 

3.162 

2,512 

1.995 

1.585 

1.259 

1.00 

0 .7943 

0,6310 

0.5012 

0 ,3981 

0.3162 

0.2512 

0 .1995 

0 .1585 

0 .1259 

0.100 

T o t a l cf) 

e n e r g y (MeV) 

ing 

r a t i o 

M e V / c m ^ sec p e r MW/f t^ 

F o r v ^ a r d ^ 

7.6 

6.95 

X 

X 

8,54 X 

5.23 

5.40 

5.95 

4 .77 

4 ,22 

X 

X 

X 

X 

X 

2.86 X 

3.09 

2.36 

1.55 

1.01 

8.80 

8.34 

4 .79 

4 .79 

3.42 

2.32 

1.73 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1.34 X 

6.31 

1.62 

X 

0,042 

1.2 

l o i i 

l o i i 

l o " 

l o i i 

1 0 " 

l o i i 

l o i i 

l o i i 

l o i i 

l o " 

l O " 

l o i i 

l o i i 
l o io 

lo io 

lo io 

lo io 

lo io 

I Q l O 

lo io 
lo io 

10l2 

Aftb 

1.26 X 10^2 

2.18 X 10^2 

3.04 X 10^2 

4 .61 X 10^2 

5,08 X 10^2 

4 .19 X I 0 l 2 

4 .06 X 10^2 

3.68 X 10^2 

3.52 X 10^2 

2.34 X 10^2 

1.55 X i o l 2 

1,37 X 10^2 

8.72 X l o l l 

4 .51 X lO^l 

2,56 X l o l l 

1,35 X l o l l 

4 .5 X lOlO 

1.5 X 10^0 

-

_ 

-

3.87 X i o l 3 

1.83 

0.26 

1.31 

L a t e r a l 

5.16 X 10^^ 

4.69 X 10^2 

3,06 X 10^2 

2.04 X 10^2 

2.25 X 10^2 

1.92 X 10^2 

1,48 X 10^2 

1.37 X 10^2 

1.32 X 10^2 

1.05 X 10^2 

7.94 X l o l l 

7,18 X lO^l 

7.43 X l O l l 

4 ,52 X lO^l 

3,53 X lO^l 

1,85 X lO^l 

1,06 X lO^l 

6.02 X lO^O 

1.43 X lO^O 

3.05 X i o 9 

1,15 X 10^ 

2.78 X 10^3 

2 .03 

0,66 

1.51 

S ta t ion 360.938 (front s u r f a c e of ce l l p l a t e s ) . 

S t a t ion 425 .498 (aft s u r f a c e of b a s e b l o c k s ) . 
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x / L 
1.0 

G-Ii-632-237A 

G a m m a r a y l e a k a g e a t o u t e r duct s u r f a c e ( n o r m a l i z e d to peak in m i d p l a n e ) 

1.0 

0.8 

0.6 — 

£ 

c:0-
~©̂  0.4 

0.2 

0 

-Side 
reflector 

a support 

Forward 

0 0.2 0.4 0.6 0.8 
r /R 

1.0 
GLL-632-238A 

G a m m a r a y l e a k a g e at s t a t i ons 360.938 and 425.498 ( n o r m a l i z e d to p e a k on 
a x i s ) . 
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. N e u t r o n l e a k a g e flux s p e c t r a a v e r a g e d o v e r f ront , aft, and 
l a t e r a l bounding s u r f a c e s , b a s e d on c o r e v o l u m e of 54.04 ft^. 

G r o u p 

Slow 

1 

2 

3 

4 

I n t e r m e d i a t e 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

F a s t 

15 

16 

17 

18 

% fas t 

E 
miax 

0 .03162 

0.10 

0,3162 

1.0 

3.162 

10.0 

31.62 

0.10 

0.3162 

1.00 

3 ,162 

10.0 

31.62 

0.1 

0 .3162 

1.0 

3.162 

10.0 

Tota l 

% i n t e r m e d i a t e 

% s low 

eV 

eV 

eV 

eV 

eV 

eV 

eV 

keV 

keV 

keV 

keV 

keV 

keV 

MeV 

MeV 

MeV 

MeV 

MeV 

• ^ 

L e a k a g e flux 
( n e . u t r o n s / c m ^ sec p e r MW/f t ) 

F o r w a r d ^ 

4 .35 X 

2.84 X 

9.87 X 

1.23 X 

7.54 X 

5.43 X 

5.48 X 

lo io 

1 0 " 

l o " 

10 l2 

l o i i 

l O U 

l o i i 

5.64 X l o l ^ 

5.68 X 

5.97 X 

6.17 X 

5.44 X 

6,42 X 

6.44 X 

7.77 X 

7.71 X 

1.71 X 

3.18 X 

1.21 X 

29.0 

50.0 

21.0 

l o H 

l o i i 

l o i i 

l O U 

l o i i 

l o H 

l O H 

l o i i 

10 l2 

l o i i 

1 0 l 3 

Aft^ 

4,50 X 

6.30 X 

3.51 X 

6.20 X 

4,94 

1.10 

6,35 

3.19 

3.21 

6,11 

6.53 

6.67 

7.29 

8,18 

1.07 

1.15 

2.37 

4 .89 

1.09 

46.5 

44.0 

9,5 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

109 

lo io 

l o i i 

l o i i 

l o i i 

l o i i 

lo io 

l o i i 

l o i i 

l o i i 

lo^ i 

lo i^ 

l o i i 

l o " 

10l2 

10l2 

10 l2 

l o i i 

1 0 l 3 

L a t e r a l 

2.22 X 10*^ 

1.64 X 10^° 

7.54 X 10^0 

1.76 X I Q I I 

2.34 X 10^^ 

1.91 X 10^^ 

3.14 X 10^^ 

3.09 X 10^^ 

3.24 X 10^^ 

5.53 X 10^^ 

6.17 X 10^^ 

2.72 X 10^^ 

2.77 X 10^^ 

1.18 X 10^^ 

1.59 X 10^^ 

1.99 X 10^^ 

2.67 X 10^2 

3,9 X 10^1 

1.12 X 10^3 

60.. 0 

37.5 

2.5 

S ta t ion 360.938 (front s u r f a c e of ce l l p l a t e s ) . 

S t a t ion 425 .498 (aft s u r f a c e of b a s e b l o c k s ) . 
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T o t a l n e u t r o n aft l e a k a g e flux p r o f i l e ( n o r m a l i z e d to uni t p o w e r d e n s i t y ) . 
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GLL-639-2341 

Total neutron forward leakage flux profile (normalized to unit power density). 
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T o t a l l a t e r a l n e u t r o n l e a k a g e flux p ro f i l e ( n o r m a l i z e d to unit p o w e r dens i t y ) . 
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Total radiation dose rate of : (3.2x10^) rads per MW-hour 
0.015 

276.5 
GLL-632-2ll-lA 

338.0 361.3 398.85 424.4 442.5 

Stat ion (inches) 
486.76 

Isodose contour map (normalized to peak). Fo r dis tances x (in feet) g rea te r than 1000 feet, use 

Dose (rads/MWh) 1.35 X lo"^ V. oc , -0.010(x-2.5) , „ „^ -0.015(x-2.5) p .25 e ^ + 0.75 e 

I 
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c 
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CHAPTER III - MECHANICAL DESIGN 

A. REACTOR ASSEMBLY 

Reference drawings . . . . . . . 

Reac tor assembly genera l a r r angemen t 

1. The Reactor 

Reactor schemat ic . . . . . . 

Reac tor dimensions . . . . . . 

Reactor ^veights . . . . . . . 

a. Reflected Core 

Overal l d iameter (ceramic and per iphera l 
shims) . . . . . . . . 

Overal l a r e a (ce ramic and per iphera l 

shims) . . . . . . . . 

Overal l c e r a m i c length . . . . 

Volume of the ref lected core 

Active core d iameter . . . . . 

Active core a r e a . . . . . . 

Active core length . . . . . 

Volume of the active co re cylinder 

F o r w a r d ref lec tor th ickness 

Aft ref lector th ickness . . . . 
Side ref lector th ickness (incl, pe r iphera l 
shims) . . . . . . . . 

P e r i p h e r a l shim th ickness 

To le rances on r eac to r rad i i 

Total number of flow channels in the 
region of the act ive core 

Number of fueled channels 

Number of guard tube channels 

Number of side ref lec tor BeO channels 

Number of pe r iphe ra l shim channels 

Number of wireways in active core 

Number of wireways in side ref lector 

Total a r e a of flow channels 

Area of fueled channels . . . . 

AAA 109471 
AAA 109474 

See p. I l l-3 

See p. III-4 

See p. III-5 

See p. lV-2 

53.42 in. (av)' 

2241 in^ 

63.075 in 

81.8 ft^ 

47.46 in. 

1769 in^ 

51.03 in. 

52.2 ft3 

9.667 in 

2.38 in. 

2.98 in. 

0.97 in. 

.. 

(av)^' 

(av) 

(av) 

(av)'' 

(av) 

See p. III-6 

27,030 

20,952 

1,200 

3,888 

1062 

60 

3 

952.30 in 

850.37 in 

2 

2 

'"'Most probable dimension, based on 90,000 production tubes. 
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2 
Area of guard tube channels . . . . . 15.92 in 

2 
Area of side reflector BeO channels . . 26.41 in 

2 
Area of peripheral shim channels . . . 16.50 in 

* 2 
Area of flow channels through tie rods''" . . 43.35 in 

2 
Area of wireway channels in active core . . 2.43 in 

2 
Area of wireway channels in side reflector . 0.12 in 

„ . total area of fueled channels r. ^ r,, o 
Core porosity: 7~r; r:— — - — T 0.4813 

^ ^ area of the active core circle 
_ . total area of fueled channels _ ^^^-^ 
Reactor porosity: ' j-—, T", •z~3 • r~ 0.3802 

"̂  ' area of the reflected core circle 
,,, , . ., ,, ., total area of fueled channels _ o..^/ 
"Missile " porosity: r-r-.—71 1 3—i r 0.3406 

•' a r e a w i t h i n the r e a c t o r duc t o. d. 

T o t a l n u m b e r of c e r a m i c t u b e s . . . 465 ,000 ( s e e p . III-23) 

Unit ce l l a r r a n g e m e n t . . . . . See p p . 111-15, 16 

Unit c e l l c r o s s s e c t i o n s . . . . . See pp . I I I -9 to 14 

R e f l e c t e d c o r e a r e a a n a l y s e s . . . . See pp . I l l - 1 8 , 19 

A s s u m e s c o n t r o l r o d s i n s e r t e d . 



s ta t ion scale: distance from vehicle connection with bunker ( in.) 
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Actuator moynting structure 
Actuator 
support structure 

62.125 

GLL-639-23ll-i{-

Control package 
(Gplaces) 

Reactor support grid 

00 
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a 
o 

Reactor assembly , general a r r angement . All dimensions a r e in inches. -J 
ON) 



REACTOR DUCT 

ACTIVE CORE 

T IE ROD ASSY 

CONFIDENTIAL R D 

SUPPORT GRID 

GM,-627-17514.14.8 
CONTROL ROD 

BASE BLOCKS 
AFT REFLECTOR 

SIDE REFLECTOR 

SIDE SUPPORT SPRINGS 

FORWARD REFLECTOR 

PERIPHERAL SHIMS 

-CELL PLATES 

a 
pa 

00 

! 
4^ 

R e a c t o r s c h e m a t i c . 



56.375 

0.375-

57. 250 
6.438-

9.667-

Cell plates 

-ForwarcJ reflector 

Base blocks 

Aft 
reflector 

8.750 7.750 

Aft reactor duct 

Support grid 
GLL-639-23^5 

•63.075-

47 464 

51.03 

0.438 2.98 

•2.375 

I. 110— 53.42 

Active core 

Side reflector 

R e a c t o r d i m e n s i o n s . ' '"Most p r o b a b l e d i m e n s i o n , b a s e d on s t ack ing a l l o w a n c e of 0 .0004 
i n . / t u b e . 

1 

a 
a 
IT 
I 

- 4 
OJ 



26.628R (Spr ing) 

25.577R (Shim points >-

•23.7l6R(Average active core)-
^ ^ 0.086 w-

h-0.0!6 

•25.721 R (Average ceramic cylinder) 

26.69R (Average reflected core ) — 

GLL-639-23i)-6 

28.170 
28. 190 

D/2 (Duct, from inspection data) 

— 5^«- 0.086 

I-™0.0I7 

- * ^ i : — 0.090 u 
p=^ 

S ^ 0 . 0 ! 7 -r 

- * ^ ^ - ~ 0.10 

— f e ^ 0.02 

Tolerances on reac tor radi i at 70°F. Both nominal and most probable radi i a re shown, the la t ter (dashed 
l ines) being based on 0.2972 in. average tube c ros s - f l a t s dimension to allow for buildup on stacking, 
as d iscussed on the following page. (All dimensions in inches, R = rad ius , D / 2 = 1/2 diam.) 

c; 
n 

-4 
00 

1 
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Calculation of Radii in Fig . III-4. 

A stacking allowance of 0.0004 in. pe r tube is included, as measu red 

in a stackup of production tubes . 

Effective core and ref lected core rad i i were calculated from the number 

of tube posi t ions , the nominal tube a rea , and the 0.0004-inch buildup per tube. 

The spring radius was calculated from the actual par t dimension in the 

two planes of symmet ry . The th ickness of ce ramic was obtained by a tube 

count, and the distance a c r o s s the shim and spring assembly was m e a s u r e d 

on a l a rge scale lofting of the side support region. The two measu remen t s 

differed by 2 m i l s . The average is repor ted . 

The to le rance bands were obtained by combining the spring and shim 

to le rances with the specified ±0.0005 in. allowable on the tube average 

dimension. 

Based on the f i rs t 90,000 production tubes , the most probable tube c r o s s -

flats dimension is 0.2972 in. 
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Up cm feet ¥eMel® 1 
See pages Iir--9 and on 
for tmlt @@11 detail® Unit C©11 

O Btaa«lM>& f i e BM 

Control Tie Eod (mim) 

0 Coatrol f i e I M (¥@«i®r) 

O Smrm C@etr©l f i# R©4 

4" Saf ®ty EM 

.t ®ad l ^ s igna t iw of tteit C«ll8 

View looking downstream 

The imaginary tube column located at 
the center of the tie rod has the stagger 
designation shown. See Fig . III-16. 
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Up on Test Vehicle 

10' k2" 

Gli-639-231+8 

Unit cell a r rangement and numbering system. View looking downstream. 
Applicable to K, L, M, N, and P , unit cel ls except that inner "r ing" of tubes 
is omitted in control ce l l s . 



> I—
' 

O
 

fU
 

cr
 

I—
' 

fD
 

a 3 O
Q

 

' 
ft)

 

ti
 

IV
 CD

 
t-

i i-
i 

i—
' 

n fD
 

cr
 

CD
 

O
Q

 

0)
 

fD
 

i—
' 

' 
O

 
O

 

O
P

 

o
 

I-
i 

a o
 

I -J
 

O
O

 

o
 

I 



I 

u
 

o v̂ 
C

T
N

 
C

O
 

'̂ 
a 

(D
 

!H
 

•i-i 
m

 

:> 

S « 
I 

H
 S 

m
 

n
 ^ 

0 
T

3 

Cue 

c 
• i-j 

^ O
 

o
 

1—
1

 

^ 
<u

 

> 0) 

M
) 

C
 

•r-J 

!-( 
(U

 

^ s T
J 

c rd 

4
-^ 

e! 
(U

 

S
 

tu 
DJO

 

d
 

n
j 

M
 

!H
 

n
j 

1 
1 

, 
1 

0) 
u

 
4

-i 

13 

CO
 

.—
1 

0) 
1 o 

.—
i 

n
j <̂ 

0) 
4:1 

P
H

 
•r-l 

^ <U 
a, o

 IT
) 

13 ^ o
 

r\l 
K

 ^ o
 

(V
I 

C
4 
„ a^ 
(—

.[ 

D̂
 o
 —
t 

D̂
 •̂
 

o
 

p̂
 

o
 (L>
 

1—
1

 

rO
 

rt 
(J 

. 
1 

C
I, 

a, 
<

 



U C R L - 7 3 1 5 - I I I - 1 2 -

GLL-639-2351 

U n i t c e l l a r r a n g e m e n t a n d n u m b e r i n g s y s t e m . V i e w l o o k i n g d o w n s t r e a m . 
A p p l i c a b l e t o R „ , R „ , R 

•17' ^ 1 L T ^ , a n d R p e r i p h e r a l c e l l s . 



r 1 
UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 

L i v e r m o r e , California 

August 27, 1964 

TO: Distr ibution 

FROM: Technical Information Division 

RE: UCRL-7315, entitled " T o r y II-C Data Book," by Car l E. Walter 
and P a r k e r C. Smiley. [Nuclear Reac tors for R a m - J e t 
Propulsion, C-90, M-3679 (30th Ed.)] (Report: SRD) 

ERRATA 

Please make the following cor rec t ions to the Tory II-C Data Book, 

UCRL-7315: 

Page I-1 Add Note: "Infornnation in this chapter has been slightly 

modified and presented in UCRL-7933." 

Page 1-70 Fr ic t ion factor curve: Ordinate should read: 

fnet ,, 

fnet 

Fueled tube flow passage d iamete r : Label ordinate 

fnet 

fnet 

Page I I -9 , 10 Outside fuel zone (.1349) should be unshaded as the .1058 

zone on page 11-11. 

This document contains confidential r e s t r i c t ed data relat ing to 
civilian applications of atomic energy. 

:A 

T h i ^ ^ ^ ; u m e n ^ ^ n t a i n s r e s t r i c t ed data 
as def in^^jn the Ait^mic Energy Act of 
1954. Its rK.^nsmittS,xor the d isc losure 
of i ts content^^^in any r r ^ i n e r to an un-
authorized persd l^ i s prohlMted. 

GROUP 1: ExcludeOiirom Au%toiatic 
Downgrading and DecftlssificatiOT. 

^ON*5*»»«T»TJ^ 



; ^,„™, i 
- 2 -

Page 11-43 "Dose (rads/MWh) = 

should read: 

"1.35 X lo"^ „ ^^ 
2 °-"-

'Dose (rads/MWh) = ^'^^ ^^^° 
X 

0.25. 

Page III-10 Add " R i / " to caption between " R i , " and " R 2 r " 

Page III-12 Cross out " R , Q " in caption. 

Page III-20 "Aft ref lector t rans i t ion t u b e s " should read "aft ref lec tor 

t rans i t ion ca r t r i dges . " 

Page 111-21 The r ight hand tie rod should be moved 1 tube in the five 

o'clock direct ion. The two perpendicular center l ines 

should be rotated to correspond to the new position of the 

tie rod. 

Page III-26 Guard tube re ference drawing: add "62-128625." 

Page III-40 Inside d iameter "0 .0576" should read "0 .576 ." 

Page III-82 Add note: " Information on pages III-82-84, -87 , -94 has been 

revised- See Tory II-C Memo 748." 

Page III-85, -86 Mark out everything on these pages. Add note: "Aft 

p r e s s u r e and tenaperature rake was replaced by 2 a i r -cooled 

del ta-shaped canti lever r a k e s . Dwg. No. 64-107275 and 

64-107307." 

Pages VI-9-14 In note 1, " MEL 523 " should read " M E L 5 7 3 . " 

Page VI-31 Ordinate of 0" , cr curve: " s t r e s s , psi X 10" " should 
u y _ 

read " s t r e s s , psi X 10" . " 
Page VI~37 cr , cr curve: Top curve should be labeled "cr " instead of u y '^ u / 

"cr . " On " E " curve "ps i X 10"-^ " should read "ps i X lO"*^." 

Page VI-39 " E " curve ordinate: "ps i X lo""^" should read "ps i X 10~^." 

Page VI-41 C curve : " B t u / l b - ° F X IQ-^ ti gho^ld read " B t u / l b - " F X 10^. " 

Page VI-43 Tensi le p rope r t i e s : base line on ordinate should be labeled 

" 0 " instead of "10. " 

According to our r e c o r d s you have copy(s) Series t ransmi t ted 
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GLL-639-2352 

Unit cell a r rangement and numbering system. View looking downstream 
Applicable to R^, R^, R^^, R^^, R24' and R^g, per iphera l cel ls . 
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GLL-639-2353 

U n i t c e l l a r r a n g e m e n t a n d n u m b e r i n g s y s t e m . V i e w l o o k i n g d o w n s t r e a m . 
A p p l i c a b l e t o R-,, R , , R , - , , R . . , , R-,^, a n d R T - , p e r i p h e r a l c e l l s . 



on test vehicle) 

Cont3rol Bod 

Control Tie R)d 

GLL-639-235^ 

S t a n d a r d and c o n t r o l uni t c e l l s in the r e g i o n of the a c t i v e c o r e . View looking d o w n s t r e a m . 

a, 
o 



Up (On Test Vehicle) 

Control Tie Rod 

Control Rod 

C 

o 
f 
I 

o 

GLL-639-2355 

S t a n d a r d a n d c o n t r o l u n i t c e l l s . 
l o o k i n g d o w n s t r e a m . 

T y p i c a l c r o s s - s e c t i o n in t h e r e g i o n of t h e f o r w a r d r e f l e c t o r . V i e w 

f > 



Side Reflector Tubes (BeO) 
0.093-in.-diam« Flow Channels 

I I I / r / ; 
1 ! i r \ I <• 

Per iphera l Shim No. 

Fueled Tubes 
0.227-in.-diam. Flow Channels 

Guard Tubes (BeO) 

0,130-ine-diam. Flow 
Channels in the Active Core 

Only. 
Shim-
aligning 
keyways 

v/, 

-Unit Cell 'D' 
GMi-6llo-iii.683A 

-Unit Cell ' C Unit Cell 'G' Unit Cell 'F* -Unit Cell 'E ' 

Re f l ec ted c o r e p e r i p h e r y . T y p i c a l s ex t an t "in the r e g i o n of the a c t i v e c o r e " . View looking down
s t r e a m showing d e s i g n a t i o n of t y p i c a l a c t i v e c o r e p e r i p h e r a l uni t c e l l s and of p e r i p h e r a l s h i m s . 

^ 

o 



a 
o 

-J 

Frontal Areas in a Typicat 

Number of lube 
co lumn pOHit.oos (1) 

Number of tube 
co lumns 

Fueled tube co lumns 

Unfueled tube columnG 

P e r i p h e r a l sh im 
flow channe l s 

F r o n t a l a r e a bi-eakdown 

Total so l ids 

Fue led BeO <Z) 

Unfueled BeO 

Tie rod 

Cont ro l rod 

P e r i p h e r a l sh im Ni 

(Nichel with.n a 
52 882 m ^ i a m c . r c i e ) 

Tota l voidB 

Fue led flow channe l s 

Unfueled flow channe l s 

P e r i p h e r a l sh im flow 

Flow channe l s ins ide 

Voids be tween BeO 

O t h e r nonflow voids 
m BeO 

Nonflow voids s u r 
rounding s h i m s 

Flow channe! in p e r i p h e r a l 
s h i m s within a 52 882 m 
d iam c i r c l e 

TOTALS 

Standard unit cel l 
(43 each) 

259 

"̂ 
240 

12 

A r e a Rela t ive 
in^ a r e a % 

1 9 4581 47 675 

8 6210 4 i 455 

i 0 7451 3 756 

! 0 0920 0 464 

1 10 3808 52 3Z5 

9 7128 48 958 

0 1592 0 802 

0 2606 [ 314 

0 1873 0 944 

0 0609 0 307 

19 8389 100 000 

(\8 pach) 

2 59 

240 

222 

IS 

A r e a Rela t ive 

9 3890 47 326 

7 9745 40 196 

1 1177 5 634 

0 1123 0 566 

0 1845 0 930 

10 4499 52 674 

8 9846 45 288 

0 2389 1 204 

0 8760"*' 4 416 

0 2888 1 456 

0 0616 0 310 

19 8589 100 000 

Act ive C o r e P e r i p h e r a l Ce l l s 

C ((. each) 

308 

30 1 

289 

12 

.n^ 

1) 2183 

Rela t ive 
a r e a % 

47 551 

10 3812 44 003 

0 7451 3 158 

0 0920 0 390 

12 5739 

! ! 6961 

0 1592 

52 449 

49 576 

0 675 

0 2606 

0 1873 

0 0707 

1 105 

0 7 ,4 

0 500 

23 5922 100 000 

D (6 each) 

24 5 

238 

226 

12 

Area Rela t ive 

8 9552 47 719 

8 1181 43 258 

0 7451 3 970 

0 0920 0 490 

9 8114 52 281 

9 1464 48 738 

0 1592 0 848 

0 2606 1 389 

0 1873 0 998 

0 0579 0 508 

18 7666 100 000 

E (6 each) 

105 

98 

86 

12 

'^n^^ a r l a . ' r ! 

3 9263 48 819 

3 0892 38 410 

0 7451 9 264 

0 0920 1 144 

4 1163 51 18! 

3 4805 45 276 

0 1592 1 979 

0 2606 3 240 

0 1873 Z 329 

0 0287 0 357 

8 0426 100 000 

F (6 each) 

245 

» 8 

226 

12 

A r e a Rela t ive 
m^ a r e a % 

8 9552 47 719 

8 1181 45 25K 

0 7451 3 970 

0 0920 0 490 

9 8114 52 2 8 ! 

9 1464 48 738 

0 1592 0 84H 

0 2606 1 J89 

0 IH7i 0 998 

0 0579 0 508 

18 7666 100 000 

G (6 each) 

308 

301 

289 

12 

Area 
a r e a % 

11 2183 47 551 

10 3812 44 005 

0 7451 3 158 

0 0920 0 390 

12 3739 

11 6961 

0 1592 

52 449 

49 576 

0 675 

0 2 506 

0 1873 

0 0-07 

1 1 0 5 

0 794 

0 300 

2 5 5922 100 000 

Total ac t ive c o r e 

23.065 

ZZ 212 

21 012 

1 200 

A r e a Rela t ive 
in2 a r e a . % 

: 840 602 1 47 580 

754 7708 42 722 

74 5109 4 218 

8 7374 0 495 

2 5830*' ' ' 0 146 

1 926 1J20 52 420 

850 5662 48 132 

15 9218 0 901 

35 5 2 9 8 ' ^ ' 2 Oil 

18 8713 1 068 

5 4429 0 508 

1766 734 1 100 OOO 

S 

Unfueled BeO 

4098 

3888 

3888 

*"* 
271 5625 

Re la t ive 

87 0J4 

268 6025 

2 7600 

86 149 

0 885 

40 4256 12 966 

26 4112 8 471 

7 8180 2 507 

5 6190 

0 5774 

1 802 

0 185 

5 1 ! 7881 ,00 000 

ide Ref lec tor 

P e r i p h e r a l s h i m s 

1062 

A r e a Re la t ive 

140 6418 88 901 

140 6418 88 901 

(89 76481 (56 74!) 

17 5604 1! 199 

16 5044 10 432 

1 0560 0 667 

{16 5044) (10 432) 

158 2022 100 000 

Total s ide r e f l ec to r 

4098 

3888 

3888 

A r e a Re la t ive 
in2 a r e a . % 

412 0043 87 662 

268 6025 57 150 

2 7600 0 587 

140 6418 29 924 

{89 7649) (19.099) 

57 9860 !2 538 

2 6 4 U 2 5 6 1 5 

16 5044 3 512 

7 8180 1 663 

5 6190 1 196 

0 5774 0 125 

1 0560 0 225 

(16 S0441 (5 512) 

469 9903 100 000 

Tota l r e f l ec ted c o r e 

27 163 

26,100 

2! .012 

5,088 

I 062 

A r e a Re la t ive 
m 2 a r e a . % 

1253 3444 56 035 

754 7708 33 744 

343 1134 IS 340 

1 1 4 9 7 4 0 514 

2 5830 0 115 

140 6418 6 288 

983 3800 43 965 

850 3662 38 016 

42 3330 1 895 

16 5044 0 738 

43 3478 ! 938 

24 4903 1 095 

6 0203 0 269 

I 0560 0 04 7 

2236 7244 100 000 

00 

! 

{U The number of tube column positions is 
fill the area withm the nickei periphera 
rods 

(2) Thermocouple wireways {unfueled tubes 

©11-633-393 

s h m 

om 

umber of tube colu 
Ts including areas 

tted from this tabu 



Frontal Areas m a Typ ica l 
Sect ion in the Region of the FORWARD REFLECTOR 

Niimber of tube 1 
c o l u m n pos i t ions (1) 1 

N u m b e r of 0 227 i d 
tube c o l u m n s 

N u m b e r of s ide r e 
H e c t o r tube c o l u m n s 

P e r i p h e r a l sh m i 
f i o ^ channe l s 

Typica l t r o n t a l 

Tota l s o l i d s 

BeO 

T i e rod 

Con t ro l roa 

. Ref l ec to r i n s e r t 

j Total vo ids 

j BeO n o w channel 

H s i d e t i e rod 

Be tween t i e roa and nse r c 

P e r i p h e r a l shiiv flow 
channe l s 

Nonf!o^J. voids n^e r t 
=.nd B O 

O t h e r nonflow o ds 
n BeO 

1 Nonflou o d a oand sh i ins 

[~ TOTALS 

S t a n d a r d unit ce i l 
(43 each) 

2 59 

240 

in^^ 
R e U t i v e 
a r e a % 

9 07O9 

8 6215 

0 0920 

42. 723 

45 456 

0 464 

0 3576 1 803 

:10 7680 

: 9 7128 

1 0 2606 

0 =80= 

54 277 

48 9S8 

i 314 

2 926 

0 16,8 

0 0483 

0 836 

0 243 

19 838° 100 000 

(18 e a c h ) 

259 

222 

i . r e a Re la t ive 

8 7793 44 253 

7 9742 40 195 

0 1123 0 366 

0 1845 0 930 

0 5083 2 562 

U 0=96 uS 747 

e 9845 43 286 

0 8 6 0 " I 4 4 . 6 

0 8^04 4 287 

0 3038 1 ̂ 31 

0 04^1 0 22 

19 8589 !00 000 

C (6 

P 

e a c h ) 

308 

A r e a Rela t ive 

10 8311 

10 381o 

0 0920 

43 910 

44 004 

0 390 

0 3.7O 1 516 

12 7611 

H 69^8 

0 2606 

34 09D 

49 37? 

i 103 

0 =S0= 2 460 

0 !6:=8 

0 0^84 

0 703 

0 24 

23 3922 IQO 000 

r i p h e r a l C 

D (6 

e l l s Withi 

each) 

245 

226 

. 
t?" Rela t ive 

8 3680 

8 1184 

0 0920 

45 636 

4 3 260 

0 490 

0 33 6 1 906 

10 1986 

9 1462 

0 2606 

0 3803 

54 344 

48 37 

1 589 

3 093 

0 1638 

0 0435 

0 883 

0 242 

18 7666 100 000 

n t he Ac t 

F {6 

ve C o r e C 

each) 

10 5 

86 

\T Rela t ive 
a r e a % 

3 5387 

3 0 8 9 ! 

45 999 

38 409 

0 0920 I 144 

0 3576 4 446 

4 '^039 

3 4804 

0 2606 

0 5803 

56 001 

43 275 

3 240 

7 218 

0 I638 

0 0166 

2 062 

0 206 

8 0426 iOO 000 

r c l e {47 524 m d i a r 

F !6 each) 

245 

'« 

A y Relat ve 
a r e a =4 

8 5680 

8 1184 

0 0920 

43 636 

43 260 

0 490 

0 35 6 1 906 

10 1986 

9 1462 

0 2606 

0 3803 

54 544 

48 757 

1 389 

5 093 

0 1658 

0 04 55 

0 885 

0 242 

18 7666 100 000 

} 

G (6 each) 

308 

289 

t ? Relat ve 

10 8511 

10 3815 

0 0920 

43 910 

44 004 

0 590 

.. 
0 35 6 . , . 

12 7 6 U 

11 6958 

0 2606 

0 38(>5 

54 090 

49 575 

1 105 

2 460 

0 1658 

0 0384 

0 703 

0 247 

23 5922 100 000 

Tota l with I n the ! 
c i r c l e 

23 O63 

21 012 

1 m'"̂ ^ 
Rela t ive 

e o i 5395 

754 7S49 

8 7574 

2 5830<^' 

i 33 2542 

45 358 

42 722 

0 495 

0 146 

1 993 

T 965 5746 

850 3542 

35 5298(^ ' 

I 57 6837 

54 942 

48 431 

2 Oil 

5 265 

1 3718 

4 2351 

0 995 

0 240 

j 1766 7341 100 000 

Siae Ref lec tor 

S d e refie 

4 

c t o r BeO 

:)98 

3328 

i A r e a Re la t ive 
a r e a % 

1250 3409 

243 7319 

2 7600 

80 292 

78 172 

0 885 

1 3 8490 1 234 

j 61 4472 

23 9637 

8180 

j 17 4130 

19 708 

7 686 

2 307 

5 386 

11 336O 

0 6925 

3 706 

0 222 

311 7881 iOO 000 

P c - i p h e r a i s h i m s 

1062 

A r e a Re la t ive 

140 6418 88 901 

140 6418 88 901 

r 5604 n 099 

16 3044 10 432 

1 0560 0 667 

158 2022 100 000 

Tota l s ide r e f l e c t o r 

4098 

5528 

A „ . Rela t ive 
a r e a % 

390 9827 

243 7319 

2 7600 

83 189 

51 859 

0 587 

3 8490 

140 6418 

0 819 

29 924 

79 0076 

23 9657 

7 8180 

17 4150 

16 5044 

11 5560 

0 6923 

i 0560 

16 810 

5 099 

i 663 

3 705 

3 512 

2 459 

0 147 

0 225 

469 9903 100 000 

Tota l refl 

27 

c ted c o r e 

163 

2 1 0 1 2 

3 528 

1 062 

".y a r e a '"% 

1J92 3422 

998 5168 

11 4974 

2 5830 

39 1032 

140 6418 

53 308 

44 642 

0 514 

0 115 

1 748 

6 268 

1044 3822 

874 3199 

43 3478 

75 0987 

16 5044 

29 1278 

4 9276 

1 1 0560 

46 692 

39 0R9 

I 938 

3 358 

0 738 

1 302 

0 220 

0 047 

j 2236 7244 100 « 0 0 

Gil-639-2357 
in t rol rods to be 

•ol rod t o be in 

1 

a a 

-~3 
OJ 



Tube stagger 
designat ion" 

"A "o r "B " ^ 
co lumns L& 

GLL-6212- t 9 1 4 l B 

Aft reflector 
transition W*B® , 

875 

Tube Stagger Arrangements 

*3.925- inch guard tubes are notched so t h a t they break in 
the cen t e r wi th a thermal g rad ien t r a t h e r than load the 
fueled t u b e s . 

T h e s e t u b e s a r e c n a m f e r r e d on both e n d s . 



" I I I - 2 1 - U C R L - 7 3 1 5 

GLL-639-2358 

Tube c l u s t e r and s t a g g e r a r r a n g e m e n t . View looking down s t r e a m . In a 
" l A " un i t c e l l , the c e n t e r tube c o l u m n would be 1 and the c e n t e r 7 tube 
c l u s t e r would be A, if not r e p l a c e d by a t ie rod . See page I I I - 8 . 



Forward reflector tubes 

-Tie rod 

Cel l_ 
plate 

s:5 
I 

Spring adapter 
GLL-639-2359 

Nickei tube 

Active core tubes 

Forward reflector inserts 

Guard 
tubes 

F o r w a r d r e f l e c t o r — a c t i v e c o r e i n t e r f a c e . Sec t ion t h r o u g h a s t a n d a r d uni t c e l l . 



- I l l - 2 3 - UCRL-7315 

Ceramic tube quanti t ies (dimensions in inches): 

Fueled 

Unfueled 

Hole 
d iam. 

0.227 

0.227 

0.130 

0.093 

Size 
code 

R 
S 
T 
U 

B l 
C I 
E l 
F l 
G l 
HI 
J l 
K l 
L I 

A2 
E 2 
G2 
H2 
K2 

A3 
D3 
E 3 
F 3 
G3 
J 3 
K3 
K4 
L 3 

Length 

1.962 
2.463 
2.933 
3.925 

Total fueled 

1.000 
1.500 
1.962 
2.375 
2.463 
2.933 
3.780 
3.925 (C) 
3.425 (C) 

1.462 
1.962 
2.463 
2.933 
3.925 

1.462 
1.875 
1.962 
2.375 
2.463 
3.780 
3.925 
3.925 (C) 
3.425 (C) 

Total unfueled 

Total r eac to r 

No. of tubes 

22,604 
19,298 
10,479 

240,947 
293,328 

11,088 
11,124 
21,081 

3 
60 
33 

21,015 
20,115 

1,623 
86,142 

408 
792 
402 
608 

14,191 
16,401 

108 
2,610 
8,877 
1,275 
2,058 
3,525 

46,743 
3,228 

300 
68,724 

171,267 

• 464,595 

Tube-inches 

44,349.048 
47,530.974 
30,734.907 

945,716.975 
1,068,331,904 

11,088.000 
16,686.000 
41,360,922 

7.125 
147.780 
96.789 

79,436.700 
78,951.375 

5,558.775 
233,333.466 

596.496 
1,553.904 

990,126 
1,783.264 

55,699.675 
60,623.465 

157.896 
4,893.750 

17,4]6.674 
3,028.125 
5,068,854 

13,324.500 
183,466.275 

12,669.900 
1,027.500 

241,053.474 

535,010.405 

1,603,342.309 

(C). Chamfered tubes . 



Fuel loading dis t r ibut ion. 

C 
O 

f 
I 

-v] 
OJ 

Size Code -» 
Leng th in—» 

Load ing , 
(g O y 0 2 / i n . ) 

0.0219 
.0237 
.0256 
.0277 
.0299 

.0323 

.0350 

.0379 

.0410 

.0443 

.0479 

.0518 

.0560 

.0606 

.0656 

.0710 

.0769 

.0832 

.0901 

.0976 

.1058 

.1147 

.1243 

.1349 

.1465 
0.1591 

T o t a l s 

1 

Quant i ty 

225 
450 
339 
312 
386 

330 
325 
393 
345 
391 

300 
380 

1254 
1349 
1055 

1767 
808 

1537 
778 

1700 

775 
747 
970 

2609 
1552 
1607 

22,664 

R 
962 

T u b e - i n . 

441.5 
882 
665 
612 
757 

647 
637 

. 771 
676 
767 

588 
745 

2460 
2646 
2069 

3466 
1585 
3015 
1526 
3335 

1481 
1465 
1903 
5118 
3045 
3152 

9 
1 
1 
3 

5 
6 
1 
9 
1 

6 
6 
3 
7 
9 

9 
3 
6 
4 
4 

3 
6 
1 
9 
0 
9 

44,467 

S 
2.463 

Quant i ty 

234 
436 
348 
318 
384 

330 
324 
384 
348 
378 

326 
367 

1089 
1171 

952 

1673 
585 

1211 
632 

1309 

553 
602 
741 

2034 
1252 
1378 

19,358 

T u b e - i n . 

576.3 
1073 
857 
783 
945 

812 
798 
945 
857 
931 

802 
903 

2682 
2884 
2344 

4120 
1438 
2982 
1556 
3224 

1362 
1482 
1825 
5009 
3083 
3394 

9 
1 
2 
8 

8 
0 
8 
1 
0 

9 
9 
2 
1 
8 

6 
4 
7 
6 
1 

1 
7 
1 
7 
7 
0 

47,679 

2. 

Quant i ty 

336 
696 
495 
470 
580 

508 
484 
570 
529 
589 

436 
598 
602 
979 
763 

1877 

10,512 

T 
933 

T u b e - i n . 

985.5 
2041 
1451 
1378 
1701 

1490 
1419 
1671 
1551 
1727 

1278 
1753 
1765 
2871 
2237 

5505 

4 
8 
5 
1 

0 
6 
8 
6 
5 

8 
9 
7 
4 
9 

2 

30,832 

U 
3.925 

Quant i ty 

5,136 
11,138 
8,607 
8,974 

10,252 

9,236 
10,278 
11,652 
10,751 
11,377 

11,356 
12,528 
13,314 
19,063 
15,211 

35,096 
5,422 
6,534 
4,546 
4,521 

3,191 
3,388 
3,541 
2,175 
2,102 
2,245 

241,634 

T u b e - i n . 

20,158.8 
43 
33 
35 
40 

36 
40 
45 
42 
44 

44 
49 
52 
74 
59 

137 
21 
25 
17 
17 

12 
13 
13 
8 
8 
8 

948 

716.6 
782.5 
223.0 
239.1 

251.3 
341 
734 
197 
654 

572 
172 
257 
822 
703 

751 
281 
646 
843 
744 

1 
1 
7 
7 

3 
4 
4 
3 
2 

8 
4 
0 
0 
9 

524.7 
297.9 
898.4 
536.9 
250.4 
811.6 

413 

T o t a l 

Quant i ty 

5,931 
12 

9 
10 
11 

10 
11 
12 
11 
12 

12 
13 
16 
22 
17 

40 
6 
9 
5 
7 

4 
4 
5 
6 
4 
5 

294 

720 
789 
074 
602 

404 
411 
999 
97 3 
735 

418 
873 
259 
562 
981 

413 
814 
282 
956 
530 

499 
737 
252 
818 
906 
230 

186 

T u b e - i n . 

22,162.1 
47 
36 
37 
43 

39 
43 
49 
45 
48 

47 
52 
59 
83 
66 

150 
24 
31 
20 
24 

15 
16 
17 
18 
14 
15 

[,071 

714 
756 
996 
643 

201 
196 
122 
283 
080 

242 
575 
165 
224 
355 

844 
305 
644 
926 
304 

368 
246 
626 
665 
379 
358 

8 
6 
8 
4 

5 
4 
8 
2 
4 

6 
8 
7 
6 
7 

5 
4 
2 
1 
4 

0 
2 
6 
5 
0 
6 

391 

Tota l 
fuel 

(g Oy02) 

485 
1,131 

941 
1,053 
1 

1 
1 
1 
1 
2 

2 
2 
3 
5 
4 

10 
1 
2 
1 
2 

1 
1 
2 
2 
2 
2 

63 

305 

266 
512 
862 
857 
130 

263 
723 
313 
043 
353 

710 
869 
633 
885 
372 

626 
863 
191 
518 
107 
444 

450* 

S u b t r a c t 160 g for fueled t ubes r e p l a c e d by unfueled t h e r m o c o u p l e w i r e w a y s . 

Note : N icke l t u b e s t aken into account . 

611.-639.^360 

t\J 

I 
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i . F u e l e d t u b e s 

M a t e r i a l . . . . 

D e n s i t y . . . . 

T o t a l n u m b e r of fueled t u b e s 

F u e l load ings 

BeO + H o r s e r a d i s h (see L R L Spec. 
M E L 573) 

See p . VI -11 

See p . I I I -23 

See p . I I I -24 

R e f e r e n c e 
d r a w i n g s 

62 -102879-

62-102879-

62-102879-

62-102879-

1 

2 

3 

4 

Size 
code 

R 

S 

T 

U 

F u e l e d tube t o l e r a n c e s (in 

Leng th 
(in.) 

1.962 

2.463 

2.933 

3,925 

\ 

0 
0 
0 

Volume 
(in 3) 

0 .0701 

0,0880 

0.1048 

0.1402 

229 M a x i m u m 
227 N o m i n a l 
225 M i n i m u m 

Approx 
weight ( 

3.63 

4.56 

5.43 

7.26 

0.2985 

V o l u m e t r i c L i m i t 

Hole a r e a , in. 

BeO a r e a , in^ 

Tota l a r e a , in^ 

P o r o s i t y : 

Hole a r e a 
Tota l a r e a 

0,5428 

0.298 M a x i m u m 
0.297 N o m i n a l * * 
0.296 M i n i m u m 

GLL-

Nom 

0.0405 

0.0359 

0.0764 

639-2361 

Min 

0.0398 

0.0347 

0.0759 

0.5298 0.5170 

Not a l lowing for t h e r m o c o u p l e w i r e w a y s . 

In c o n s i d e r i n g a m a t r i x of s e v e n o r m o r e t u b e s , a s t ack ing a l l owance of 
0.0004 i n . / t u b e should be added to the f l a t - t o - f l a t d i m e n s i o n . 
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ii . Unfueled Tubes 

Mater ia l . , , . . . , . 

Theore t ica l density . . . . . . 

Minimum specified density (96.3% theoret ica l ) 

Total number of unfueled tubes . . . . 

. BeO 

. 3,01 g/cc 

. 2,90 g/cc 

. 171,267 (see p . I I I-23 
for breakdown) 

Nominal hole d iamete r , in. 

Nominal dis tance a c r o s s flats, in.'"' 

Reference drawing 
Hole a r e a , in^ 

BeO a r e a , in^ 

Weight / l inear inch, g 
(nominal dimensions): 

@ Theore t ica l density 

@ 96.3% theore t ica l density 

Poros i ty : 

Hole a r e a 
Total a r e a 

F o r w a r d 
ref lec tor 

0.227 

0.297 

62-102881 

0.0405 

0,0359 

1,771 

1,707 

0.5298 

Guard 
tubes 

0.130 

0.295 

Side 
ref lec tor 

0.093 

0.296 

62-102883 62-105506 

0,0133 0.0068 

0.0621 

3,061 

2,952 

0.1764 

0,0691 

3.405 

3,283 

0,0895 

In consider ing a ma t r i x of seven or m o r e tubes a combined to le rance 
buildup of 0.0004 in. a c r o s s flats per tube is a s sumed . There fore , f l a t - to -
flat d imensions of 0.2974 and 0,2964 for forward and side ref lector tubes , 
respect ively , should be used for dimensional ana lyses . 

I l l - Nickel Tubes 

Location , . . . , . . 

Mate r i a l 

Configuration . . . . . 

Number of tubes in active core region 

Number of tubes in side ref lector region 

See pp, 111-22,28 

Nickel 200 

See p. 111-27 

1620 

30 3 
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Weight of t u b e s in a c t i v e c o r e r e g i o n 

Weight of t u b e s in s ide r e f l e c t o r r e g i o n 

Void o u t s i d e n i cke l tube 

D e n s i t y . . . . 

V 

13.3 lb 

2.49 lb 

0.00889 in3 

8.86 g / c m 3 

1.000 

0.580 

•0.240 

•0.295 

0.230 diam. 
GLL».639-2362 

Nicke l t u b e , u s e d to p r e v e n t g r o s s m i s a l i g n m e n t be tween front r e f l e c t o r 
and a c t i v e c o r e (all d i m e n s i o n s in in . ) . 
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Arrangement of Nicke l Tubes 

GIL-639-2363 
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i v . Pe r i phe ra l Shims 
Location, a r r angemen t , and c r o s s sections 
of shims . . . . . . . . . See pp. III-17, 32, 

56 

Mater ia l . . . . . . . . . Grade "A" nickel 

Average annular th ickness , . . . . 0 , 9 6 in. 

Fron ta l a r e a s , , . . . . . See p. III-18 

Total number of flow channels . . . . 1 0 6 2 

Number of s tandard flow channels , . . 942 

Number of flow channels adjacent to 

alignment keys . . . . . . . 120 

Standard flow channel d iameter . . . 0,130 in. 

Total porosi ty , . . . , , , 0.1053 

Flow porosi ty (within a 26,441-in. radius) . 0.1559 

Length of shim "column" . . . . . 62.564 in. 

Shim lengths . . . . . . . . 3,925 in. (15 per 
column)''^ 

1.205 in. (1 per 
column) 

2.384 in. (1 per 

column) 

Circumferent ia l gap between shims . . . 0.040 in. 

Shim quanti t ies , weights , volumes . . . See p. I l l -31 

The aftmost shim is of modified design due to base block and side support 
spring r equ i r emen t s . 





Per iphe ra l shim data. See p . III-17for shim identification. 

Shim 
No. 

1 

2 

3 

4 

5 

6 

Length 
(in.) 

1.205 
2.384 
3.925 (std) 
3.925 (aft) 
1.205 
2.384 
3.925 (std) 
3,925 (aft) 

1.205 
2.384 
3.925 (std) 
3.925 (aft) 

1,205 
2,384 
3.925 (std) 
3.925 (aft) 

1,205 
2.384 
3.925 (std) 
3,925 (aft) 

1.205 
2.384 
3.925 (std) 
3.925 (aft) 

Drawing No. 

62-111532 

62-111533 

62-111535 

62-111537 

62-111538 

62-111540 

No. of flow 
channels 

(0.130 in. -
diam) 

14 

13 

17 

15 

17 

19 

Reactor 

No. of flow 
channels 

at keyways 

2 

2 

2 

2 

2 

2 

totals 

Ma te r i a l* 
frontal 
a r e a 
(in2) 

2.16 

2.21 

2.42 

2.34 

2.40 

2.56 

140.6 

Volume''' 
(in3) 

2.60 
5.15 
8.48 
7.39 
2.66 
5.26 
8.66 
7.58 

2.92 
5.77 
9.49 
8,41 

2.82 
5.57 
9.17 
8.07 

2.89 
5.72 
9.42 
8.33 

3.08 
6.10 

10.05 
9.09 

8733 

Weight* 
(lb) 
0.83 
1.65 
2.72 
2.37 
0.85 
1.69 
2.78 
2.43 

0.94 
1.85 
3.05 
2.70 

0.91 
1.79 
2.94 
2.59 

0.93 
1.84 
3.02 
2.67 

0.99 
1.96 
3.23 
2.92 

2803 

Quantity 
6 
6 

84 
6 

12 
12 

168 
6( rh) 
6 ( lh ) 

12 
12 

168 
6( rh) 
6 ( lh) 

12 
12 

168 
6(rh) 
6 ( lh ) 

12 
12 

168 
6(rh) 
6 ( lh ) 
6 
6 

84 
6 

1020 

I 

1—I 
l-H 
I 

O J 
1—' 

1 

a 
o 
1 

Including keys, 
U l 



K 
Q. 
O 

o> 
c: 
? 
lO 

d 

S 
3.925 

R 
! .205 

\ V \ \ \ V v \ V \ \ \ \ \ \ \ \ \ V I 

Q 
3.925 

P 
2.384 

^/////////^^^fsVNSXV^^ww^'^^'gssa fe^^^\\\\\yx^\\\\\\\^^^ 

9.667 
Forward ref lector 

_Ce!! 
piate 

N 
47 .100(12x3 .925) 

B *-» A 
3.925 

3 W 
X I 

i I Base block 

Springs 

Alignment 
keys 

2 . 3 7 5 
Aft 
reflector 

*x- Except ! 
GLLL-639-23614-

L o n g i t u d i n a l a r r a n g e m e n t of p e r i p h e r a l s h i m s . * G a p w i l l b e d i s t r i b u t e d b e t w e e n s h i m s . 
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Aft Reflector 

Mate r ia l . . . . . . . . Chromium-5% MgO 

Aft ref lector configuration and pa r t 
a r r angemen t . . . . . . See p. Ill-34 
Aft ref lec tor Cr-MgO t rans i t ion par t 
vo lumes , weights , and quantit ies . . See p. Ill-35 
Average aft ref lector thickness . . . 2.375 in. 

3 

Aft ref lec tor volume . . . . . 4219-7 in 

Volume fractions 

BeO . . . . . . . 0.236 

Chromium par t s . . . . . 0.195 

Tie rod m a t e r i a l . . . . 0.006 

Void . . . . . . . 0.563 
1.000 
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Section "K 

Trans i t ion Ring „ T̂  i, 
* Seven-Tube 

C l u s t e r s 

Tie Rods 

Control Rod 

Column Stagger Desigiia: 

Section " M ' 
""{Base Block) 

A 

Section " L " -' 

Section " M " 
(Base Block) 

l ^ / V - ^ Section " « 

t Detail ^'D 
Fueled Tubes 

Standard 
Unfueled Tubes 
(7 per c lus t e r 

Section " L ' 

T 1 r .T 

Cut Back 

Trans i t ion 
Car t r idge \ ^ | 

Section "S 
/ I A. 
/ Flow 

i i '1 Block 
i r | | Holes 

Cut-back Trans i t ion 
Car t r idge 

"B " Columns 

" A " Columns 

J 
GLL-62i|-l61)-33B 

Aft r e f l e c t o r g e n e r a l a r r a n g e n a e n t , view looking d o w n s t r e a m . 



Aft ref lector t rans i t ion p a r t s : we igh t s , volumes , and quanti t ies . 

Item 

Car t r idge , s td . 

Car t r idge , std., cut back 

Car t r idge , type A 

Car t r idge , type A, 
cut back 

Tube, type B (1) 

Tube, type B {2) 

Rings 

Totals 

Length, 
in . 

1.375 

0.875 

1.375 

0.875 

1.375 

0.875 

1.375 

0.875 

1.375 

0.875 

1.375 

0.875 

1.375 

1.375 

Drawing No-

62-116987 

62-116991 

62-116990 

62-116988 

62-102685 

62-102410 

62-102688 

62-102413 

62-109494 

62-109496 

Quantity 

590 

578 

740 

748 

218 

208 

8 

4 

52 

56 

52 

56 

10 

8 
3328 

Volume 
each, in-̂  

0.324 

0.196 

0.313 

0.186 

0.329 

0.200 

0.320 

0.189 

0.057 

0.038 

0.057 

0.038 

0.953 

1.123 

Weight 
each, lb 

0.0766 

0.0464 

0.0741 

0.0440 

0.0779 

0.0471 

0.0755 

0.0447 

0.0136 

0.0090 

0.0136 

0.0090 

0.226 

0.266 

Total 
weight, lb 

45.1 

26.8 

54.8 

33.0 

16.9 

9.7 

0.6 

0.2 

0.7 

0.5 

0.7 

0.5 

2.3 

2.1 
194 

1 

1—1 
I—t 

1 

1 

O 
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vi. Fo rward Reflector I n s e r t s 

Mater ia l . . . . . . 

Weight 

Length of inser t "s tack" 

Number of i n se r t s per s tandard tie rod 

Number of i n se r t s per control t ie rod 

Total number of i n se r t s 

I. d. 

Nominal radia l c lea rance between inse r t 
and t ie rod . . . . . . 

Nominal radia l c lea rance between inser t 
and BeO . . . . . . . 

Stainless 

120 lb 

10.23 in. 

15 

15 

1815 

Standard 
inse r t 

1.0 90 in. 

0.210 in. 

0.005 in. 

steel type 410 

Control rod 
inse r t 

1.605 in. 

0.191 in. 

0.005 in. 

Inse r t 
type 

Standard Inser t 

Key block 

Tie rod 

Inser t "A" 

Core face 

Drawing 
No. 

AAA62-117000 

AAA62-116971 

AAA62-111893 

AAA62-116116 

Length 

6.164 in. 

0.250 in. 

1.000 in. 

0.500 in. 

Max m a t ' l 
frontal a r ea 

0.485 in2 

0.188 in^ 

0,698 xn2 

0.382 in^ 

Quantity 

103 

1,236 

103 

103 

Control Rod Inser t 

Key block AAA62- 116970 

Tie rod L13C4112 

Inser t " B " AAA62-111895 

Core face L13C4123 

Total 1,545 

6.164 in. 

0.250 in. 

0.500 in-

0.500 in. 

0.602 in2 

0.446 in^ 

1.254 in^ 

0.434 in2 

Total 

18 

216 

18 

18 

270 



standard Insert 

GIi-639.^365 

! 
-̂  
I 

a 
o 

I 

OJ 
1 — ' 

Forward ref lector i n s e r t s . 
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b. Tie Rod Assembly 

Mate r ia l s 

Total weight, lb 

Total number of tie rods 

Assembly drawing number 

Length of a s sembly , in. 

Total number of tie rods 

Number of Rene 41 tie rods 

Number of R-235 t ie rods 

Tie rod o . d . , in. 

Tie rod i. d. , in. 

Wall th ickness , in. 

Minimum i .d . at forward end, in. 

Aft flange o .d . , in. 

Aft flange length, in. 

Average t ie rod weight, l b / in . 

Tie rod nut 

I. d. , in. . . . . 

0 . d. , in. 

Flange d iame te r 

Length, in. 

Threads . . . . 

Insulating cup 

Mater ia l . . . . 

1. d. , in. . . . . 

Depth, in. . . . . 

Wall th ickness , in. 

Weight, lb . 

Coating . . . . 

Insulating washe r s 

Mater ia l . . . . 

Number of washe r s per tie rod 

0 . d. , in. 

I . d . , in. (small) . 

1. d. , in. (large) . 

Thickness , in. 

Rene 4 l and Haste 

325 

121 

Standard 
t ie rod 

L16B9984 

80.70 

103 

69 

34 

0.670 

0.576 

0.047 

0.477 

1.100 

0.500 

0.0267 

0.600 

1.000 

1.375 

2.030 

0.675-7 (rh) 

5lloy R-235 

Control 
tie rod 

62-100009 

80.875 

18 

12 

6 

1.222 

1.162 

0.030 

1.162 

1.600 

0.500 

0.0297 

1.314 

1.480 

2.062 

2.093 

0.693-8 8 (rh) 

P la t inum-5% Ruthenium, coated 

1.102 

0.850 

0.044 

0.094 

dde "A" 

5 

1.107 

0.676 

0.698 

0.06 

, 0, 

Ha 

,010 

stell 

in . 

oy 

1.634 

0.850 

0.060 

0.139 

thick 

" C " 

5 

1.648 

1.441 

1.258 

0.06 
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Threaded adapter lockscrew (2) 

Tie rod nut 

Support grid beam 

Support grid plate 

Threaded adapter 

Spacer sleeves 

-Front reflector inserts 

U3 

-Key block insert 

'Tie rod inserts 

Core face insert 

Insert "A" 

H Compression sp 

Spacer sleeves 

Forward ada 

Aft adapter 

Cell plate 

Tie rod 

Air flow 

Base block 

Insulating cup 

Aft flange 

Insulating washers-

GL^6212-19142A 

Standard tie rod assembly (not to scale). 
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LI6B9523 
P t -5%Ru 

GQP20.033 
t =0.047Pt +0.010 Rokide "A" 

on outside 

0 . 5 7 6 

x z , / Av / / / ' / / y r/z/.r 
I 6 B 9 5 4 3 

L I6B 9553 
Rene 41 or 
Hasteiloy R-235 

S m a l l w a s h e r da ta i l 

Gap 0.035 

•t =0.047 
La rge washer deta i l 

Chamfer 0,020 
45 

(Front washer t WOi 

nly) only 

LI3C6983-I 

0.698diam 

Ref. Dwgs. 
A-L13C 6 9 8 3 - 2 
B - L I 3 C 6 9 7 3 - 2 

0.063 

V 

0.216 

^-Chamfer 0.020x45" 
U \ J J (aft washer only ) 

0.676eJianD \ 
^ L I 3 C 6 9 7 3 - | 

GLL-639-2366 

Standard t ie rod: aft end detail (all dimensions in inches). 
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I .068-

0 . 9 0 7 

, l[__Gap=0,OI |-—0.500 

1.162 

Chamfer 
0.020x45 

\ T ^ V4^IS3,JvAA, 

0 . 0 3 0 / 
62-111514 
62-!n517 
Rene 4! or 

s;s 

.Gap = 0.032 
.t=0.047+O.OIORokide A 

on outside 

Reference Dwgs. 
A' -62 -111043 
A° -L13C 7 0 0 3 - 1 
A - L I S C 7 0 0 3 - 2 

^ B - L I 3 C 6 9 9 3 - 1 
« ^ 6 Q P = 0 . 0 3 5 B - L I 3 C 6 9 9 3 - 2 

P t - 5 % R u 

Hasteiloy R-235 Chamfer 0.010 x 45" 

Small Washer Detail Large Washer Detoil 

t = 0.063 

® 

0.629R 
Chamfer 0 0 2 0 x 4 5 ° 

(Front washer only ) 

0.207 

0.063' 

0.617R 

/].»-Chamfer 
0.020x45" 

( Aft washer 
only) 

GLL-639-2367 

Control t ie rod: aft end detail (all dimensions in inches). Note all 
washers a r e s e m i - c i r c u l a r . 
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c. Ce l l P l a t e I n s t a l l a t i o n 

Quant i ty . . . . 

T o t a l we igh t , l b 

i. 

i i . 

i i i . 

iv . 

Ce l l P l a t e 

M a t e r i a l 

T h i c k n e s s , in . 

Add i t i ona l d a t a 

N o m i n a l ho le d i a m , ac 

N o m i n a l ho le d i a m , s i 

Aft A d a p t e r 

M a t e r i a l 

D r a w i n g n u m b e r 

N u m b e r of a d a p t e r s 

Weigh t , ea . , lb 

M a x i m u m o. d. , in. 

I. d, , in . 

C o m p r e s s i o n S p r i n g 

M a t e r i a l 

D r a w i n g n u m b e r 

N u m b e r of s p r i n g s 

O. d. , in. . . 

I. d. , in . 

W i r e d i a m e t e r , in. 

S p r i n g c o n s t a n t , l b / i n . 

F r e e l eng th , in. 

F u l l y c o m p r e s s e d leng 

A s s e m b l y p r e l o a d , l b 

F o r w a r d A d a p t e r 

M a t e r i a l 

D r a w i n g n u m b e r 

N u m b e r of a d a p t e r s 

Weight , ea . , l b 

M a x i m u m o. d. , in. 

I. d. , in . 

• 

. 

. 

. 

. 

t i ve c o r e 

, 

• 

. 

. 

, in . 

de r e f l e c t o r , in . 

;th, in. . 

• 

• 

. 

. 

S t a n d a r d t i e 

SS type 410 

61 -914916 

103 

0,2 

1.7 

1.1 

Incone l X 

63-107552 

103 

1.75 

1.32 

0.207 

62.4 

5.297 

2.90 

135 

SS type 410 

61-914917 

103 

0.1 

1.7 

1.1 

9] [ 

287 

SS type 410 

0. 375 

See p 

0. 

0. 

r o d 

232 

232 

. 111-44 

C o n t r o l t i e r o d 

SS t y p e 410 

61 -914948 

18 

0.2 

2.0 

1.6 

Incone l X 

63 -107554 

18 

2.06 

1.60 

0.225 

56.8 

5.81 

2 ,93 

139 

SS type 410 

61 -914949 

18 

0.1 

2.0 

1.6 

'See page 111-39 for s k e t c h , 
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V. Spacer Sleeves 

Mate r i a l . . . . . 

Drawing number 

Total number of spacers 

Number of s p a c e r / t i e rod 

0 . d. , in. . . . . 

1. d. , in. . . . . . 

Wall th ickness , in. 

Nom. length of spacer "s tack ," in. 

Nom. length of each spacer , in. 

Standard 

SS type 410 

62-100862 
62-100858 

309 

3 

0.800 

0.710 

0.045 

7.9 

2.635 

Control cell 

SS type 410 

62-100054 

54 

3 

1.562 

1.262 

(0. 1 50 max 
0.050 min 

8.1 

2.710 



Type 

A 
(standard 

cell) 

B 
(control 

cell) 

Reactor P> 

C 

D 

E 

F 

G 

Number 
of each 
type 

43 

18 

eriphery: 

6 

6 

6 

6 

6 

Drawing 
number 

L16B1424F 

L13C4514E 

L13C6836C 

L13C6846C 

L13C6856C 

L13C6816C 

L13C6826C 

Cell plate 

Number of 
flow 

vt.. 

channels 

217 holes 
42 slots 

199 holes 
42 slots 

421 holes 
60 slots 

365 holes 
54 slots 

308 holes 
52 slots 

378 holes 
56 slots 

429 holes 
55 slots 

data. 

Total 
frontal 
a r e a , 
(in2) 

19.5 

19.5 

41.3 

32.1 

30.8 

37.9 

37.6 

Total 
poros i ty 

0.561 

0.578 

0.504 

0.571 

0.516 

0.500 

0.561 

Total 

WeigljX 
each, 

(lb) 

0.82 

0.75 

1.50 

1.31 

1.15 

1.34 

1.52 

. r eac to r 

Total 
weight, 

(lb) 
35 

13 

9 

8 

7 

8 

9 

89 

a n 

- J 

CJJ 

on 

1 

(—1 
1—t 

I 

Not all flow channels a r e the same size since the tie rod holes a r e included in this tabulation. 

Weights a r e based on represen ta t ive p a r t s . 
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Base Blocks 

Number of base blocks . . . . . . 9 1 

Location, a r r angemen t , and 
identification . . . . . . . . See p. III-47 
Mater ia l . . . . . . . . . 79Cb-15W-5Mo-IZr 

(Du Pont D-40) coated 

Coating . . . . . . . . . Dual cycle S i / C r - F e B 

Coating th ickness , in. . . . . . . 0.005 

Base block th ickness , in. . . . . . 1.110 (uncoated) 

Additional base block data . . . . . See p. III-46 
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Base block data . 

Block 
type 

A 
(standard 

block) 

B 
(control 

block) 

C 

D 

E 

F 

G 

Total 

No. of 
each 
type 

43 

18 

6 

6 

6 

6 

6 

91 

Drawing 
No. 

L12E9444 

L16B2784 

L16B7966 

L16B7976 

L16B7986 

L16B7996 

L16B8006 

No. of 
flow 

passages 

36 

36 

199 

194 

248 

208 

207 

Overal l 
frontal 
a r e a * 
(in2) 

20.127 

20.127 

36.11 

32.18 

25.921 

32.53 

36.89 

Total 
p o r o s 

i t y 

0.523 

0.536 

0.448 

0.391 

0.297 

0.388 

0.424 

Weight 
each*''''* 

(lb) 

3.40 

3.11 

8.07 

7.33 

7.18 

7.70 

8.19 

Total 
weight 

(lb) 

146.2 

56.0 

48.4 

44.0 

43.1 

46.2 

49.1 

433.0 

Not all flow passages a r e the same s ize . All "flow" passages in the pe
r iphera l base blocks a r e included above but not all have flow. 

Weights a r e based on r ep resen ta t ive par t s and include coating weight. 
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GLL-639-2368 

Base block a r rangement . View looking ups t ream. Note: Pe r i phe ra l repeats 
ithout inversion) each 60°. 
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Support Grid 

Drawing number 

Weight . . . . 

Poros i ty : at front plate 

at beams 

Total depth of grid 

Beam or ienta t ion 

Number of key posi t ions (ring to duct) 

i. Ring 

Mate r i a l . . . . 

Drawing number 

Maximum o. d. 

"Root" d iamete r 

I .d . 

Number of lugs 

Ci rcumferen t ia l lug width 

Axial lug depth 

Axial depth of r ing 

Axial depth of beam grooves 

i i . Beams 

Mate r i a l 

Drawing number 

Number of beams 

Beam th ickness 

Depth of beam 

Method of a ssembly to ring 

Axial depth of tongue 

Length of beams : longest beam 

shor tes t beam 

Beam spacing, o. c. : max 

min 

62-109561 

900 lb 

0.74 

0.83 

8.50 in. 

Horizontal 

12 radia l (pins) 

Hastei loy "C" 

AAA61-133958 

56.062 in, 

54.686 in. 

53.250 in. 

96 

0.938 in. 

1.50 in. 

7.00 in. 

2.00 in. 

Rene 41 

AAA62-108279 

12 

0.500 in. 

7.75 inT 

Tongue and groove 

2.0 in. 

54.5 in. 

30.9 in, 

4.678 in. 

3.208 in. 

The depth of s eve ra l shor t beams has been dec reased to control the 
deflection pa t te rn of the support grid. 



Ring—I Beam -Cell Plat© (typ) 

Support grid. 

8]^cer8 

4^ 

I 

a o 
f 

OO 

CJI 
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iii . Grid P l a t e 

Mate r i a l . . . . . . 

Drawing number . . . . 

Th ickness , in. . . . . 

Method of assembly 

iv. Space r s 

Mate r ia l . . . . . 

Drawing number . . . . 

Number of space r s 

V. Ring P in 

Mate r ia l . . . . . . 

Drawing number . . . . 

Number of r ing pins 

Diamete r . . . . . 

fP 

Rene 41 

62-103338 

0.75 

Bolted to ring and beams 

Outer Inner 

Hasteiloy C Same 

62-108275 62-108278 

2 2 

Rene 41 

62-127080 

12 

0,500 in. 
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Side Support System 

Note: The nickel sh ims and aft r eac to r duct a r e , by definition, not 
pa r t of the side support system, although many analyses of the 
sys tem include these components. Unless otherwise stated, the 
following data does not consider the shims or the duct. 

Assembly drawing number . . . . . . . See reac tor 

assembly 

Length of the sys tem (from Sta. 361.313) . . . . 63,075 in. 

Thickness (from av shim o. d. to duct i. d. ) , , . 1.56 in. 

Total frontal a r ea . , , . . . , . . 268,5 in*̂  

Mater ia l frontal a r e a , . . . . . . , 100.7 in^ 

Weight of the sys tem . . . . . . . . 3 1 lb /axia l in. 

Surface density and weight data , . . , . . See p. I l l -55 

P re load . . . . . . . . . . . 17 psi max 

8 psi min 

i. Spring Segment 

Reference drawing . . . . . . . . 62-109268 

Mater ia l . . . . . . . . . . Rene 41 

Number of spr ings . . . . . . • . . 3 2 

Width (axial), in. 

Standard . . . . . . . . . . 1.952 

F i r s t . 1.200 

Sixth . . . . . . . . . . 1.387 

Mater ia l th ickness . . . . . . ' . . 0,150 in. 

Depth (radial) . . . . . . . . . 1.00 in. 
(center to 
center) 

P i tch of spring corrugat ions . . . . . . 1,40 in. (3°) 

Spring deflection c h a r a c t e r i s t i c s . . . . . See p. I l l-54 
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ii. Support Rail 

Reference drawings 

Mater ia l 

Number of support r a i l s 

Fwd AAA62-127093 
Std AAA62-127098 

Rene 41 

510 

Rail length . . . . 

Rail height (radial) 

Rail width . . . . 

i i i . Wiper B a r s 

Reference drawing 

Wiper bar assembly , short 

Mate r ia l , , , , 

Number of wiper b a r s 

Long •wiper b a r s 
Short wiper b a r s 

Wiper bar lengths 

Long w^iper bar 
Short w^iper bar 

Wiper bar height (radial) 

Wiper bar width 

iv. Wipers 

Reference drawings 

Mate r ia l . . . . 

Number of wipers . 
(circumferential ly) 

Total number of w^ipers 

Stock th ickness , in. 

Width . . . . . 

3.792 in. 

1,200 in. 

0,510 in. 

Wing 
wipe r s 
63-107561 
63-107557 

Rene 41 

60 

• 

. 

. 

B 

AAA63- 109518 

Hastelloy " C " 

90 

60 
30 

76.184 in. 
64.987 in. 

1.10 in. 

0.375 in 

a r 
wipers 

63 
63 

-107561 
-107557 

Rene 41 

120 

:. 

Rail 
wipers 
63-102788 

Rene 41 

30 

600 1200 

0.022 0.022 

See p . III-53 

300 

0.022 
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W i p e r Wid ths 

eJ 3. 188 ' 

Mount ing S c r e w s 

W i p e r 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

X / L 

0.047 
.059 

.142 

.155 

.237 

.250 

,332 
,345 

.427 

.440 

.522 

.535 

,618 
.643 

.713 

.738 

.808 

.833 

.903 
0.928 

B a r 

0 .285 

.285 

.315 

.310 

.320 

.275 

.295 

.315 

.315 

0.320 

Wid ths (in. ) 

Wing 

0 .675 

.800 

.900 

.900 

.950 

.925 

.950 

.950 

.975 

0.950 

R a i l 

0 .345 

,345 

,345 

.315 

.315 

.315 

.290 

,290 

.290 

0.290 

S t r u c t u r a l l i m i t cond i t ion . 

" " x / L = 0 @ Sta . 361 ,3 ; L = 6 3 . 0 7 5 . 



CO 
Q. 

&_ 
3 
CO 
CO 
CD 

-a 
o 

c 
o 

"co 
c 
a 
a. 
X 
(D 

c 

a. 
CO 

"O 

o 

c 
a 

c 
o 
o 

c 

O D 

34 

32 

30 

28 

26 

OA 

^ 

! 

X . 

—r—"^"V'^^^ 

t '̂  
.00 in. ' 

s 

1 

\ , 

,40 in. 

/\V\\"<Jv 

\ 
s 

s 

s »-S 

V 

.,_« r\ 1 c: pv : -. 
"" u. 1 ou ! n. 

-A N \ ^-y 

Mate ria 1 : Rene 41 

\ 

\ 

\ 

\ 

" ^ 

0 200 400 

GII.-639-2369 

600 800 1000 
Temperature,T 

1200 1400 1600 

a o 

00 

CJI 
i4^ 

Side support spring constant vs t e m p e r a t u r e . 



Weight and surface density data for r eac to r components outside the BeO. 

C o m p o n e n t 

N icke l shims'" ' 
(F low p o r o s i t y wi th in 
R = 26 .441 : 0,1559) 

C o r r u g a t e d s p r i n g 

B a r w i p e r s 

Wing w i p e r s 

Wing w i p e r s u p p o r t s 

Suppor t r a i l s 

T o t a l R e n e 

W i p e r b a r s 

Aft r e a c t o r duct''"'' 

4 1 

T o t a l H a s t e i l o y C 

T o t a l s 

M a t e r i a l f r o n t a l a r e a i s 

Not p a r t of the s i 

A v e r a g e 
m a t e r i a l 

f ron ta l 
a r e a 

. 2 
m 

6" 

2.344 

0,966 

0.018 

0.044 

0.012 

0.171 

1.21 

0.502 

1.301 

1.803 

5.36 

for c o m p l e t e s 

de s u p p o r t s y s t e m . 

J 

T o t a l 

140.64 

57.96 

1.10 

2.65 

0.70 

10.27 

72.7 

30.12 

78 .06 

108.18 

321.5 

ihina. 

D e n s i t y , 

l b / i n ^ 

( g / c m ) 

0.321 
(8.88) 

0 ,298 
(8.25) 

0 .323 
(8.94) 

Weight , 
l b / a x i a l 

inch 
6° 

0,752 

0.288 

0,005 

0,013 

0 ,003 

0,051 

0.36 

0.162 

0.420 

0.582 

1.69 

T o t a l 

45 .15 

17.27 

0 .33 

0 .79 

0.21 

3.06 

21.7 

9.72 

25.21 

34 .93 

101.78 

A p p r o x 

a v e r a g e 
r a d i u s 
(cold) 

(in.) 

26 ,3 

27.1 

26 ,9 

27,8 

28,0 

27.8 

27.5 

27 .6 

28.4 

28,0 

27 .3 

S u r f a c e 
d e n s i t y 

a t 
a p p r o x 
a v e r a g e 
r a d i u s 
( g / c m 2 ) 

19.21 

7.13 

0,14 

0.32 

0 .08 

1.23 

8 .9 

3.94 

9,93 

13.87 

42.0 

E q u i v . 
r a d i a l 

t h i c k n e s s . 
(cm) 

2 .33 

0.87 

0.02 

0.04 

0 ,01 

0,15 

1.1 

0.44 

1.11 

1.55 

1—i 
1—i 
1—1 
I 

CJI 
CJI 

O 
JO 

- J 
OO 



SMM 4^ 

^p^w^. 

a 
o 
pa 

I 

CJI 

o 
I 

GLL-639-2370 

Side s u p p o r t s y s t e m . 
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g. Duct shroud 

P u r p o s e 

Drawing nunaber 

Mate r ia l 

Weight 

I. d. 

Thickness 

Length 

Sketch 

h. Control Rod* 

Drawing number . . . . . 

Absorber ma te r i a l . . . . . 

Minimum number of shim control rods 

Maximum number of shim control rods 

Number of ve rn ie r control rods 

Weight each, lb . . . . . 

Rod shape . . . . . . 

Rod length, in. . . . . . 

Stroke, in. . . . . . . 

Location of rod tip in the full-out position 

Maximum diameter , in. 

"Leaf th ickness , " in. . . . . 

C ross - sec t iona l a rea , in^ 

Volume of absorber , in-^ 

Preven t reac tor 
exhaust gas from 
contacting duct 

See reac tor 

assembly-

Rene 41 

48 lb 

54.356 in. 

0.025 in. 

13.289 in. 

Attached to 
wiper ba r s 

62-115610 

Hafnium 

12 

16 

2 

5.7 

See p. Ill-58 

63.25 

40 

Sta. 361.313 
(forward face of 
forward reflector) 

1.130 

0.084 

0.1845 

12.0 

Each control rod has a cent ra l Rene 41 safety s t rap , 0.375 in. X 0.050 in. 
which is at tached to the s l ider . The s t rap is designed to prevent the control 
rod from leaving the r eac to r should it b reak . 



a o 
pa 
f 

Control tie rod 

0.31 R 

15^-30' 

• 0 . I 25R 
Hafnium sheet 
0.042 in. thick 

0 . 0 8 4 

GLL-639-2371 

—1.000— 

Center cross section 

f 

00 
I 

Control rod details (dimensions in inches). 
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Aft Reac tor Duct 

Drawing number . . . . . . . . L16B3635 

Mater ia l Hastelloy "C" 

Weight . . 4050 lb 

Length . . . . . . . . . . 103.0 in. (from 

Sta. 338.00) 

0 . d. at r eac to r . . . . . . . . 57.250 in. 

1. d. at r eac to r . . . . . . . . 56.375 in. 

Flange o. d. . . . . . . . . . 62.125 in. 

Flange i. d. . . . . . . . . . 56.250 in. 
(fwd. flange) 
56.375 in. 
(aft flange) 

Number of support lugs (see p . III-60) . . . 96 (at Sta. 351.00) 

Lug height (radial) . . . . . . . . 0.730 in. 

Lug width (circumferent ial) . . . . . . 0.896 in. 

Lug depth (axial) . . . . . . . . 1.25+ in. 

Number of ins t rumentat ion pass - th rough glands . 56 front 

8 r e a r 



INSTRUMENTATION PASS-THRU GLAND 
TYP (63 PLACES) 

RAIL BOLT HOLES 
TYP (510 PLACES) 

SUPPORT LUGS 
GLL-639-2372 

WIPER BOLT HOLES 
TYP (90 PLACES) 

WIPER BAR (TYP) 

RAIL (TYP) 

a 

-J 

I — s 

I 

O 
o 
I 

Aft r eac to r duct. 
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Reactor Control System 

Assembly drawing 

Pneumat ic sys tem schematic 

Control sys tem a r r angemen t 

Actuator a ssembly schematic 

a. Control Rod Actuator 

i. Environment 

Duct a i r t empe ra tu r e 

Duct a i r p r e s s u r e 

Duct a i r velocity, max 

Total radiat ion dose at 
Sta. 283 

F a s t neutron dose 

Slow^ neutron dose 

Gamma dose 

i i . Actuator Mechanical Ar ran j 

Pu rpose 

Number of ac tua tors 

Number of control rods 
per actuator 

Max c r o s s - s e c t i o n a l a r ea 

Actuator weight 

Weight of s l ider 

Weight of control rods 

Overal l length (rack 
extended) . . . . 

Servo drive 

Sc ram drive 

Stroke . . . . 

Maximum over t rave l 

F o r w a r d 

Aft . . . . 

Clutch . . . . 

T r a n s m i s s i o n 

62-126126 

See p. I l l - 65 

See p. III-66 

See p. III-67 

0 to 1060''F 

12 to 360 psia 

100 f t / sec 

10^ rads 

5 X lo"^ r ads -

3 X IQl r ads 

2 X 10'7 rads 

ement Shim 

Large slow r e a c 
tivity adjustments 

40 in. 

Vernier 
Power control , 
fast r e se t , and 
cal ibrat ion 

3 

95 in2 

240 lb 

17 lb 

18 lb 

124 in. 

Rack & pinion 

Pneumat ic piston, 
10 in^ a r ea 

1 

5 5 in2 

220 lb 

12 lb 

6 lb 

Same 

Same 

Same 

Same 

1.5 in. 

3 in. 

Torque limiting 
(p ressu re r e l ease 
on scram) 

56:1 two-s tage 
planetary 

Same 

Same 

None 

None 
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Motor . . . . 

Servo control valve type 

Posi t ion t r a n s d u c e r type 

Fu l l - in snubber type 

Ful l -out snubber type 

Scram lock 

Actuator mounting location 

Mechanical connection 

E lec t r i ca l connection 

Pneumat ic connection 

Supply and Control Package 

Power medium 

Air s torage capacity 
(supplies both sys tems) 

F i l t e r . . . . . 

Servo supply p r e s s u r e 

S c r a m supply p r e s s u r e 

Servo p r e s s u r e differential 

S c r a m p r e s s u r e differential 

Maximum servo a i r t e m p e r a t u r e 

Maximum s c r a m a i r t e m p e r a t u r e 

Servo a i r p r e s s u r e rel ief valve 
setting . . . . . 

S c r a m a i r p r e s s u r e relief 
valve setting . . . . 

Sc ram a i r orifice control valve 

Rece iver volume No. 1 

Rece iver volume No. 2 

Shim 
Fixed d isp lace
ment gear 

Two-s tage , four-
way e l ec t ro -
pneumatic 

Vern ie r 
Same 

Same 

Linear var iab le 
differential t r a n s 
ducer (LVDT) 

Pneumat ic 

Helical spr ing 

Spring-loaded pin 

Sta. 283 

Three 3/4- in . 
bolts 

Ten pins at 
interface 

"K" sea ls at 
interface 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Air Air 

5522 ft^ @ 3600 ps i or 103,000 lb 
at 60°F 

10-micron 

712 to 1060 

1000 ps ia 

700 psid 

1000 to 625 

1060°F 

580°F 

ps ia 

psid 

Same 

Same 

Same 

Same 

Same 

Same 

1260 psia Same 

1200 psia 
Var iable a r e a 
control led by 
duct p r e s s u r e 

900 in3 

37 in3 

Same 
Same 

Same 

None 

\ 
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Operational Cha rac t e r i s t i c s 

Operat ing flow ra te per ac tuator 
at 700 psid . . . . 

Null flow ra te per actuator 
at 700 psid 

S c r a m regulator flow ra te 

@ 50 psid . . . . . 

Servo control valve r equ i r emen t s 

Servo supply valve r equ i remen t s 

Clutch valve . . . . 

Sc ram valve . . . . 

Motor stall torque 

LVDT 

Voltage . . . . 

Output gain 
Output l inear i ty (over 
environmental range) 

Resolution . . . . 

Design friction load on control 
rod and sl ider . . . . 

Aerodynamic load on control 
rod and s l ider . . . . 

Rod posit ion demand signals 

Ful l -out . . . . 
Mid . . . . . 
Fu l l - in . . . . 

S t roke- to-s igna l ra t io 

Accelera t ion capabili ty 

Normal velocity 

Saturat ion velocity 

Decelera t ion, full-in 

Decelera t ion, full-out 

Sc ram inser t ion t ime 

Stiffness . . . . . 

Closed-loop frequency 

Shim 

300 scfm, max 

50 scfm, max 

0.43 pps 

48 V, 0.6 A 

6 V, 0.8 A 

48 V, 0.6 A 

48 V, 0,3 A 

±250 in . - lb 

10 V r m s 

0.5 v / i n . 

±5% 

± 0.02 in. max 

75 lb 

210 lb 

+ 20 V dc 
+ 10 

0 

2 in. /V 

15 g's 

0.67 i n . / s e c 

3 in . / sec 

50 g's 

50 g's 

3 sec max 

0.004 in./lOOO lb 

15 cps for ± 0.2 in. 
demand amplitude; 
phase shift l e s s 
than 90° 

UCRL-7315 

Vern ie r 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

25 lb 

70 lb 

+ 10 V dc 
0 

- 10 

2 in. /V 

30 g's 

1 i n . / s ec 

170 in . / s ec 

100 g's 

50 g's 

1,4 sec max 

0.2 in./lOOO lb 

1 to 4 cps for 
0,06 in. demand 
amplitude; phase 
shift l e ss than 
90° 
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Over t rave l on step demand, 
g rea te r of . . . . 

Repeatabil i ty of position to signal 

Minimum gain marg in 

Minimum phase m a r g i n 

Result of e lec t r ica l power failure 

Full s t roke t ime: out 

in 

Shim 

2% or 0.02 in. 

±0.02 in. 

6 dB 

50° 

Control rod is 
inse r t ed due to 
mechanical ly 
b iased servo valve 

120 sec max 

40 sec max 
(limited mechan
ically and e lec
t r ica l ly) 

Vern ie r 

12% or 0.1 in. 

Same 

Same 

Same 

Same 
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3. Reactor Safety System 

Purpose 

Safety systenn sketch 

Environment , duct in te r ior 

Environment , duct ex te r io r 

Ambient t e rape ra tu re 

Duct wall t e m p e r a t u r e 

Safety rod 

Drawing number 

Sketch . . . . 

Absorber m a t e r i a l 

S t ruc tura l m a t e r i a l 

Number of rods 

Configuration 

Absorber length 

Overal l length 

Absorber d iamete r 

Absorber a r e a , min imum 

Absorber volume, min imum 

Absorber weight, min imum 

Tube o. d. . . . 

Tube a r e a 

Total weight 

Power source 

Drive sys tem, a r r angemen t 

Motor type 

Number of mo to r s 

Flexible cable type 

Provide added safety 
for personnel . Allow 
checkout of control 
ac tua to r s . Shut down 
reac to r in case of 
cer ta in control sys tem 
failure 

See p . III-70 

Same as control 
actuator , see p . I l l - 61 

O-UO^F 

0-1100°F 

62-119024 

See p . III-7 1 

Boron-10 carbide 

Hastelloy X 

6 

Boron carbide-f i l led 
tube 

45.75 in. 

47.25 in. 

0.350 in. 

0.0962 in^ 

4.40 in3 

0.374 lb 

0.400 in. 

0.0239 in. 

0.742 lb 

See p . I l l-7 2 

Dc Class C 

2 

"Teleflex" 
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Flexible cable o. d. 0.338 in. 

Drive mode . . . . . . . . Drive wheel engages 

helix on cable 

Gear ra t io . . . . . . . . 941:1 

Exte rna l lock 
P u r p o s e . . . . . . . . . P reven t accidental 

removal of safety rod 
when personnel a r e 
p resen t 

Type . . . . . . . . . Removable mechanical 

stop 

Operat ion . . . . . . . . Manual 

"Locked" position indicator . . . . Red pennant 

Rod posit ion t r ansduce r type . . . . Potent iometer 

Operat ional c h a r a c t e r i s t i c s 

Inser t ion depth in ref lected r eac to r core . . 45 =t 1 in. 

T rave l . . . . . . . . . 65 in. 

Pos i t ion t r ansduce r accuracy . . . . ±0.125 in. 

Cable operat ing t e m p e r a t u r e , max . . . 1200°F 

Motor operating t e m p e r a t u r e , max . . . 300°F 

Maximum safety rod velocity (approx) . . 65 in . /min 
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0 (o) (S 
GLL.639-2376 

A. Elec t r ic drive motor 

B. Gear speed reducer 

C. Moto r - r educe r mounting bracket 

D. Coupler — manual safety stop 

E. Ganged Teleflex control boxes 

F . Automatic safety stop, drum 

G. Potent iometer 

H. Potent iometer coupler and shaft extension 

J. Potent iometer mounting bracket 

K. Potent iometer gears 

M. End support bracket 

N. Lower "V" slide 

O. Upper "V" slide 

P . Micro switch support plate 

Q. System inounting plate 

R. Duct wall 

Reactor safety sys tem drive components. 
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TEST VEHICLE 

1. Fla t Car 

Overal l length of flat car . . . . . 36.5 ft 

Overal l width of flat car . . . . . 10 ft 

F la t car bed (bottom of support pads) height 

above t r a cks in unloaded condition . . . 34.625 in. 

Height above t r a c k s to duct center l ine . . 8 ft 

F la t ca r m a t e r i a l . . . . . . . AISI 1020 steel 

Method of fabrication . . . . . . Weldment 

Total weight of flat ca r (including duct 

support stands) . . . . . . . 34,300 lb 

Trucks . . . . . . . . . 7,400 lb 

St ruc tura l floor . . . . . . . 25,100 lb 

Support stands . . . . . . . 1,800 lb 

Wireway with cabling . ' . . . . . 3,500 lb 

Thickness of flat car deck . . . . . 0 . 3 7 5 in. 

Distance between double axles . . . . 30 in. 

Distance between front and r e a r axles . . 354 in. 

Lifting lug ma te r i a l . . . . . . AISI 1020 steel 

Distance between lifting lugs . . . . 8 5 . 5 in. 

Minimum t rack curva ture . . . . . 250 ft radius 

2. Brake System 

Brake location . . . . . . . . F ron t t ruck wheels 

Brake application method . . . . . Springs 

Brake r e l ease method . . . . . . Pneumat ic 

Brake fluid . . . . . . . . Nitrogen 

Nitrogen s torage in cyl inder . . . . 222 scf 

Schematic of brake sys tem . . . . . See p. Ill-74 

Brake shoes 

Number . . . . . . . . . 4 

Mater ia l . . . . . . . . Low carbon 

H. R. steel 

Radius of curva ture . . . . . . 1 0 in. 

Length . . . . . . . . . 8 in. 

Width . . . . . . . . . 3.093'in. 

Distance from pin center l ine to brake shoe 
surface . . . . . . . . . 2.718 in. 
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Pneumat ic cylinder 

Size . . . . . . . . 

Type 

Stroke . . . . . . . . 

Rod d iameter . . . . . . 

Sealing naaterial . . . . . . 

Length of cylinder assembly 

Brake solenoid power (max) 

Brake shoe design force . . . . . 

Brake shoe design speed , . , . . 

F r i c t ion coefficient between wheel h shoe 

Fr i c t ion coefficient between wheel & t rack 

Braking distance at 3 mph . . . . 

Response t ime of b rake sys tem 

Horizontal force needed to cause b rakes to slip" 

Locomotive drawbar pull . . . . 

Right Outrigger Wheels 

Number of outr igger wheels 

Distance between outr igger wheels 

Rail height above t r ack . . . . . 

P u r p o s e . . . . . . . . 

Wheel d iameter . . . . . . 

Wheel th ickness . . . . . . 

Wheel m a t e r i a l . . . . . . 

Distance between right out r igger wheels 

Location of forward outr igger wheel 

Location of aft outr igger wheel 

3.25 in. diam 

Double action 

2 in. 

1 in. 

Hycar rubber 

27 in. 

12 V dc, 8 A 

6000 lb per wheel 

3 mph 

0.20 

0.20 

117 ft 

1-3 sec 

4,800 lb 

8,000 lb 

99.562 in, 

10 in. 

Ver t ica l & la te ra l 
alignment to 
±0.005 in. 

10 in. 

2.25 in. 

AISI 4140 steel 

166 in. 

Sta. 276.5 

Sta. 442.5 

Slipping occurs between brake shoe & brake drum so that wheels turn on 
t rack . Brake p r e s s u r e is removed by a cam actuated by a special ra i l at 
tes t bunker. 
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L a t e r a l al ignment wheels 

Number . . . . . 

Location . . . . . 

Diamete r . . . . . 

Thickness . . . . . 

4, Left Outr igger Wheels''^ 

Number of outr igger wheels 

P u r p o s e . . . . . . 

Distance between left outr igger wheels 

Location of forward outr igger wheel 

Location of aft outr igger 'wheel 

5. Truck Assembly 

T r a c k gage (STD) . . . . 

Rail type . . . . . . 

Wheel and axle a s semb l i e s 

Axle m a t e r i a l . . . . . 

Axle length . . . . . 

Wheel dimensions 

Outer d iameter . . . . 

Running d iameter 

Width . . . . . . 

Wheel m a t e r i a l . . . . 

Wheel bear ings . . . . 

Distance between double axles 

Springs 

Nuinber per t ruck as sembly 

Outside d iameter 

Wire d iameter . . . . 

F r e e height . . . . . 

Solid height . . . . . 

2 at each out
r igger wheel 

3.5 in. 

2 in. 

Ver t ica l alignment 

166 in. 

Sta. 276.5 

Sta. 442.5 

56.5 m . 
90# A. R. A. Type 
"A" ra i l 

AISI C1042 steel 

68,875 in. 

24 in. 

20 in. 

10,812 in. 

Cast AISI 1020 Stl, 

Tape red ro l le r 
bear ings 

30 in. 

6.25 in. 

1.25 in. 

8 in. 

6 in. 

Wheel descr ipt ion same as for right outr igger wheels . 
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Spring constant . . . . 

Capacity at 7.25 in. 

Capacity at solid height 

6. Auxil iary Drive 

Motor . . . . . . 

Type 

Power rat ing . . . . . 

Maximum load rat ing 

Running speed . . . . . 

Tes t vehicle speed at full motor power 

Location of auxi l iary dr ive 

Power supply . . . . . 

Line used between supply and motor 

Mechanical linkage 

Coupling . . . . . 

Drive rat io of motor to wheels 

Coupling engagement method 

7. Wireway 

Length . . . . . . 

Height . . . . . . 

Width . . . . . . 

Metal th ickness . . . . 

Mater ia l . . . . . . 

8. Nozzle Cooling Air P ipe 

Pipe size . . . . . . 

Inside d iameter . . . . 

P ipe type . . . . . . 

Length . . . , . , 

P ipe ma te r i a l . . . . . 

9,500 lb / in . 

5,000 lb 

19,000 lb 

Boston Ratiomotor 

Worm gear reduce 
with ro l le r chain 
drive 

0,5 hp 

0.21 hp @ 1.5 rpm 

1800 rpm 

5 fpm 

Rear left co rne r 
of flat car 

208-V, 3 - ^ 

80 ft 14/4 600-V 
type PVC cable 

Square clutch 
coupling and rol ler 
chain 

Manual lever 
(normally dis
engaged) 

44 ft 6 in, 

18 in. 

16 in. 

0.25 in. 

AISI 1020 steel 

8 in, schedule 40 
(8.625 in, o. d.) 

7.981 in. 

ASTM B241-58T 
alloy GSl lA 

48 ft 

6061-T6 Al 
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9. Control Air Pipe 

P ipe size . . . . , 

Inside d iameter . . . , 

P ipe type . . . . , 

Length . . . . . . 

P ipe ma te r i a l . . . 

10. Duct Support System 

F o r w a r d support location 

Aft support location 

Height . . . . . 

Mater ia l . . . . . 

Support a r r angemen t 

11. Duct System 

a. Fo rward Inlet Duct (No. 1) 

Length , , . . 

I. d. at forward flange 

Wall thickness 

I. d, at aft flange 

Length of cyl indrical section 

Mater ia l . . . . 

Weight . . . . 

b . Diffuser Grid 

Length . . . . 

O. d. , . . , 

Number of flow passages 

Flow passage throat d iameter 

Total throat a r e a 

Poros i ty , , . . 

Mater ia l , , . . 

Weight , , , . 

Discharge coefficient 

2.375 in. 

1.503 in. 

5400 ps i double 
ext ra strong 

32 ft 

304 s ta inless steel 

Sta. 276.5 

Sta, 442.5 

Trunnion center 
line 59-625 in. 
from deck 

AISI 4140 steel 

See p. I l l -80 

100.250 in. 

23 in. 

0.625 in, 

37,448 in. 

41 in. 

Hastelloy C 

2580 lb 

5.00 in. 

37.624 in. 

241 

1.170 in. 

258.0 in2 

23% 

A-286 

800 lb 

0.9995 
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Aft Inlet Duct (No. 2) 

Length 84.250 in. 

I. d. forward flange . . . . . . 37,672 in. 

I. d. at aft flange . . . . . . . 56.250 in. 

Wall th ickness . . . . . . . 0.625 in. 

Mate r ia l . . . . . . . . . Hastelloy C 

Weight 3650 lb 

Access Duct (No. 3) 

Length . . . . . . . . . 91.00 in. 

I. d. . . . . . . . . . . 56,250 in. 

Wall thickness . . . . . . . 0.625 in. 

Number of manholes . . . . . . Z 

Manhole i. d 17.500 in. 

Mate r ia l . . , . . , . . . Hastelloy C 

Weight 4900 lb 

Controls Duct (No, 4) 

Length , . , . . . . . . 60.00 in, 

I, d. 56.250 in. 

Wall th ickness . . . . . . . 0.625 in. 

Mater ia l . . . . . . . . . Hastelloy C 

Weight . . . . . . . . . 3500 lb 

Reactor Duct (No. 5) 

Length . 10 3.00 in. 

I. d. . . . . . . , , , . 56.375 in. 

Wall th ickness , . . , . . . 0.437 in. 

Number of ra i l mounting holes . . • . 510 

Diameter of ra i l mounting holes . . . . 0,500 in. 

Axial dis tance between mounting holes , . 3,85 in. 

Mate r ia l . . . . . . . . . Hastelloy C 

Weight . . . . . . . . . 4050 lb 

Nozzle (No. 6) 

Nozzle type . . . . . . . . Convergent, double-
wall, a i r -cooled 
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Nozzle weight . . . . . . . . 1700 lb 

Mater ia l of p r i m a r y nozzle . . . . . Hastelloy C 

Mater ia l of cooling shroud . . . . . SS type 321 

Length of nozzle . . . . . . . 42.76 in. 

Ent rance d iameter , , . . . . . 56.125 in. 

Throat d iameter . . . . . . . 30.80 in. 

Throat a r ea . . . . . . . . 745 in^ 

Throat a r e a (hot) . . . . . . . 758 in^ 

Method of at tachment . . . . . . 56-bolt flange 

Cooling a i r p r e s s u r e l imit . . . . . 150 ps i 

P r i m a r y a i r p r e s s u r e l imit . . . . . 250 psi 

P r i m a r y nozzle wall t empe ra tu r e l imit . . 1500°F 
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C. INSTRUMENTATION 

1. Nonnuclear 

Total Number of Data Channels 

Strain . . . . . . . 

Displacement . . . . . 

Accelera t ion . . . . . . 

Stagnation p r e s s u r e . . . . 

Static p r e s s u r e (wall) . . . . 

Static p r e s s u r e . . . . . 

Trans ien t p r e s s u r e . . . . 

Stagnation t e m p e r a t u r e 

Reactor component t e m p e r a t u r e (see 
p. I l l - 9 et seq. ) . . . . 

Control actuator component t empera tu re 

Miscel laneous component t empera tu re 

T ransduce r Types 

Strain gage 

Displacement gage 

Acce le romete r 

P r e s s u r e t r ansduce r 

Thermocouple 

T ransduce r Tempera tu re L imi t 

Strain gage . . . . 

Displacement gage 

Acceleronaeter 

P r e s s u r e t r ansduce r 

Thermocouple 

P t / P t - l O R h 

Cr /Alumel . . . . 

374 

20 

16 

11 

42 

16 

12 

4 

23 

153 

22 

34 

SR-4 

LVDT 

Ceramic , self-
checking 

Bonded s t ra in gage 

P t -10 R h / P t 
Cr /Alumel 

1100°F 

400°F 

120°F 

1 2 0 ^ 

2700°F 

1800°F 

note: " Information on pages 111-82-84, -87 , -94 has been 

rev i sed . See Tory II-C Memo 748 . " 
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Instrumentat ion Summary 

Station''' 

-1000 

•297 

86 

95 

100 

184 

248 

250 

278 

328 

338 

X 

Measurement 

6 P ° 
2 P 
4 T" 

6 P° 
2 P 
4 T° 
2 P w 
2 E 
2 T 
1 Dy 
1 D 

8 P " 
2 P 
2 T° 
2 P 

w 

2 E 

1 Ax 
1 Ay 
1 Az 
4 P ° 
2 P 
2 P w 
2 T 

Ojj^t^ 

1 A. 
1 A. 

8 E 
22 T 

2 T 

2 Pi 
1 A 
1 A 
1 A: 

y 
X 

X 

y 

Purpose 

(No. 0' rake) in 24-in. bypass line for 
facility checkout 

(No. 0 rake) in 36-in. mainline for flow 
control 

Clamp s t ra in and t empera tu re 

Duct displacement with respect to ground 

(No. 2 rake) aid in flow control and calibre 
tion of No. 0 rake 

Static p r e s s u r e before grid 

Flange s t ra in (fillet radius) 

Tr iaxia l accelera t ion on flange 

(No. 4 rake) control actuator operating 
conditions 

Shim actuator housing accelera t ion 

Flange, bolt, and support a r m s t ra in 
Actuator t empera tu re 
Support ring t empera tu re 

Static t rans ien t p r e s s u r e (short-coupled) 

Tr iaxia l acce lera t ion on flange 

See p.xviifor station n u m b e r s . Negative station numbers give number of 
inches forward of station 0. 

X, y, z refer to t r a n v e r s e , ve r t i ca l and axial components respect ively, 
pages III-83 and III-84 only. 
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S ta t ion M e a s u r e m e n t P u r p o s e 

(No, r a k e ) p r e s s u r e a t s u p p o r t g r i d 

D i s p l a c e m e n t b e t w e e n duct and c a r (1), c a r 
and g round (1) 

D i s p l a c e m e n t b e t w e e n duct and r e f l e c t e d 
c o r e (2) 
D i s p l a c e m e n t b e t w e e n c a r and g round 

P r e s s u r e in s ide s u p p o r t annu lus 

T e m p e r a t u r e of o u t s i d e duct wal l o p p o s i t e 
w i p e r 

T e m p e r a t u r e t h r o u g h o u t r e a c t o r ( s ee p . 
I l l - 90) 

T e m p e r a t u r e of o u t s i d e duct wa l l on nut 

T e m p e r a t u r e of o u t s i d e duct wa l l o p p o s i t e 
w i p e r b a r (2), o p p o s i t e r a i l (2) 

S ta t i c p r e s s u r e in s ide s u p p o r t annu lu s 

D i s p l a c e m e n t b e t w e e n duct and r e f l e c t e d 
c o r e 
D i s p l a c e m e n t b e t w e e n duct and r e f l e c t e d 
c o r e 

8 T T e m p e r a t u r e of o u t s i d e duct wa l l o p p o s i t e 
w i p e r (2), o p p o s i t e w i p e r b a r (2), o p p o s i t e 
r a i l (2), on nut (2) 

418 2 D y D i s p l a c e m e n t b e t w e e n duct and c a r (1), 
c a r and g r o u n d (1) 

422 1 P ^ S ta t i c p r e s s u r e in s ide s u p p o r t annu lus 

2 Dy D i s p l a c e m e n t b e t w e e n duct and r e f l e c t e d 
c o r e 

1 Djj. D i s p l a c e m e n t b e t w e e n duct and c a r 

2 T T e m p e r a t u r e on o u t s i d e duct wa l l o p p o s i t e 
w i p e r b a r 

433 2 P£ S ta t i c t r a n s i e n t p r e s s u r e ( s h o r t - c o u p l e d , 
h igh r e s p o n s e ) 

441 6 T T e m p e r a t u r e of aft s u p p o r t r i ng 
1 -^x V z T r i a x i a l a c c e l e r a t i o n of aft s u p p o r t r i n g 

6 E F l a n g e , s u p p o r t a r m , and n o z z l e s t r a i n 

348 

375 

380 

381 

R e a c t o r 

397 

398 

407 

8 P ° 
4 P 

2 D y 

2 D y 

1 Dx 

I P w 

2 T 

176 T 

2 T 

4 T 

4 P w 

2 D x 

2 Dy 
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S ta t ion \ 

448 

N o z z l e 

^ M e a s u r e m e n t 

\ 1° ^° 
\ 12 T° 

\ 4 T 
\ P 

w 

P u r p o s e 

(N6.. 10 r a k e ) t e m p e r a t u r ^ a n d p r e s s u r e of 
r e a c t o r exi t a i r ( r a k e y ^ t i c a l ) 

Inne r n o z z l e wa l l t ^ a p e r a t u r e 
E x h a u s t a i r s t a t i ^ p r e s s u r e 

Aft P r e s s u r e and T e m p e r a t ^ e R a k e 

P u r p o s e 

D r a w i n g n u m b e r 

S k e t c h 

N u m b e r of p r e s s u r ^ ^ a p s 

N u m b e r of t h e r n ^ K ; o u p l e s 

M a t e r i a l 

Weigh t 

F r o n t a l ^ r e a 

P r e s a S r e t u b e s 

P m s s u r e tube m a t e r i a l 

roating 

C o a t i n g t h i c k n e s s 

M e a s u r e t o t a l 
p r e s s u r e and to t a l 
t e m p e r a t u r e in 
n o z z l e r e g i o n 

D - 36 ( c o l u m b i u m 
a l loy) 

27 lb 

in 2 

O . ^ O - i n . o. d. ; 
C O - w - i n . w a l l 

^ 

no te : "Aft p r e s s u r e and t e m p e r a t u r e r a k e w a s r e p l a c e d by 2 a i r - c o o l e d 

d e l t a - s h a p e d c a n t i l e v e r r a k e s . Dwg. No. 64-107275 and 

6 4 - 1 0 7 3 0 7 . " 



0.250 O.D. 
COATED TU 

T C ^ : 2 |4 |6 J § ^ y r ^ 2 14 i|6 18 20 22 24 fj'C#: 

h-6.60-
-4.19 — 

0.125 WALL THICKNESS 

L25 

1.50 

4 4 8 . 3 7 

26. 50 

52 .94 

Aft p r e s s u r e , t e m p e r a t u r e r a k e ( d i m e n s i o n s in i n c h e s ) . 

n 

a 
00 
I 
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2. Reactor Thermocouples 

Outer Sheath 

Mater ia l P t - 1 2 % R h 

O. d. 0.062 in. 

Minimum wall th ickness . . . . . . 0.00 6 in. 

Inner Sheath 

Mater ia l . . . . . . . . . Thermocouple 

grade P t 

O. d. . . . . . . . . . . 0.025 in. 

Wall th ickness . . . . . . . . 0.005 in. 

Center Wire 

Mater ia l . . . . . . . . . Thermocouple 

grade Pt-10%Rh 

Minimum o. d. . . . . . . . . 0 . 0 0 5 in. 

Total thermocouple length in active core . . . 37 3.9 ft 

Thermocouple weight per foot of wi re . . . 7.42 g/ft 

Total thermocouple weight in active core . . . 2.776 kg 

Total weight of plat inum in active core . . . 2 . 1 7 kg 

Total weight of rhodium in active core . . . 0.228 kg 

Total weight of MgO in active core . . . . 0.378 kg 

Thermocouple weight distr ibution . . . . See p.III-88 
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400 

350 

300 

^ 2 5 0 
c 

0) 

> 

200 

2 ^50 
_j 

E 
zs 

O 

100 

50 

0 
10 20 30 40 

Distance , in. 
50 60 

GLL-639-2379 

C u m u l a t i v e t h e r m o c o u p l e w i r e d i s t r i b u t i o n in r e a c t o r (cf. T o r y I I -C m e m o 
No . 331). 
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HEAVILY 
INSTRUMENTED 

NUMBERING SYSTEM 

X XX 

- ' ^ I T E M NUMBER 

-DEFINED STATION 

-PARAMETER DESIGNATION 

PARAMETERS 

0 FUELED TUBES 
1 UNFUELED TUBES 
2 TIE RODS 
3 SIDE SUPPORT SPRINGS 
4 AFT SHROUD 
5 SHIMS ( N I C K E L ) 
6 SUPPORT GRID 
7 BASE BLOCK 

SIDE SUPPORT ANNULUS 
DUCT WALL 

GLL-639-2380 

•Numbering s ta r t s at center of reac tor and 
proceeds clockwise at each radius 

•All tube t empera tu re s a r e measu red in 
Type 2A or 2B columns (see p. III-20) 

• Thermocouple wires a re located in Type 
lA or IB columns. The ent i re column 
uses 0.227-in.-diam. unfueled tubes when 
wi res a re present 

Reactor thernaocouple location. 
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Reactor thermocouple locat ions . 

Station 
No. 

365.8 

367.8 

369.8 

371.7 

372.7 

373.7 

375.7 

Transducer 
No. 

11001 

11002 

11003 

10004 

10005 

10006 

10007 

10008 

10009 

10101 

11102 

10103 

10104 

10105 

11106 

11107 

10109 

11110 

11112 

10113 

11114 

10115 

11116 

10117 

10118 

11119 

10120 

11121 

10122 

10123 

10124 

e 
(deg) 

55 

55 

55 

50i 

55 

127i 

227 

240 

55 

55 

64i 

76| 

79 

136 

206 

206 

226 

226 

240 

244i 

310 

44 

55 

60 

68i 

2031 

210 

222 

226 

232 

Radius 
(in.) 

1.6 

1.6 

1.6 

16.5 

1.6 

19.3 

8.1 

19.8 

1.6 

1.6 

8.8 

21.0 

8.8 

23.2 

4.4 

10.0 

1.6 

18.1 

25.2 

13.5 

17.6 

16.6 

1.6 

19.9 

13.6 

6.8 

13.9 

12.0 

22.0 

18.0 

Unit cell 
No. 

K 

K 

K 

^2 
K 

R9 

Mg 

RI8 
K 

K 

M^ 

^5 
M3 

^10 

H 
M7 

K 

Pl4 

R19 

N12 

P20 

^2 
K 

P3 
N3 

^4 

^10 

^11 

^17 
Pl4 

Tube 
No. 

145 

145 

145 

6 

145 

30 

19 

28 

145 

145 

90 

38 

235 

229 

127 

81 

88 

81 

410 

30 

77 

99 

145 

147 

102 

23 

143 

49 

120 

233 

'See page III-89> III-8, and III-20 for numbering sys tem. 



•III-91 UCRL-7315 

Station 
No. 

Transducer 
No. (deg) 

Radius 
(in.) 

Unit cell 
No. 

Tube 
No. 

377.6 

381.5 

385.5 

389.4 

10125 

11126 

10201 

11202 

10203 

10204 

10205 

11206 

10207 

10208 

10209 

10210 

10211 

10212 

10213 

11301 

10302 

10303 

10304 

10305 

10306 

10307 

11401 

10402 

10403 

10404 

10405 

10406 

10407 

11501 

10502 

10503 

10504 

10505 

251 

255 

50i 

64i 

76i 

79 

136 

206 

211 

226 

230 

244i 

252 

256i 

310 

64i 

76i 

79 

136 

226 

244i 

310 

64i 

76i 

8li 

133 

226 

244i 

310 

64i 

761 

8li 
133 

226 

17.7 

24.3 

1.6 

8.8 

21.0 

8.8 

23.2 

9.0 

16.6 

1.6 

22.5 

13.5 

22.3 

20.7 

17.6 

8.8 

21.0 

8.8 

23.2 

L6 

13.5 

17.6 

8.8 

21.0 

8.8 

23.2 

1.6 

14.1 

18.2 

8.8 

21.0 

8.8 

23.2 

1.6 

R 

K 

M, 

M, 

R 

M, 

N 

K 

R 

N 

16 

20 

10 

10 

R 

18 

12 

19 

20 

20 
M. 

^5 
M, 

R 

K 

N 

10 

12 

20 
M. 

M, 

R 

K 

N 

10 

12 

20 
M-

M, 

R 

K 
10 

24 

308 

145 

90 

38 

235 

229 

135 

60 

88 

237 

30 

138 

116 

77 

90 

38 

235 

229 

88 

30 

77 

171 

38 

214 

284 

88 

29 

106 

171 

38 

214 

284 

88 
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Station Transduce r 6 
No. 

11507 

11508 

10509 

10510 

10511 

10601 

11602 

10603 

10604 

14605 

13606 

15607 

10609 

14610 

13611 

15612 

10614 

10615 

10616 

10617 

10701 

10702 

10703 

11704 

10705 

10706 

11707 

11708 

10709 

10710 

10711 

14712 

13713 

(deg) 

240 

241 

244i 

252 

310 

50i 

64i 

76i 

8li 

93 

51 

84 

133 

177 

171 

174 

226 

232 

244i 

310 

6 

15i 

26 

44 

50i 

60 

62 

68i 

76i 

8li 

92 

93 

51 

Radius 
(in.) 

25.2 

24.0 

14.1 

22.3 

17.6 

16.5 

8.8 

21.0 

9.1 

27.3 

26.9 

26.4 

23.2 

27.3 

26.4 

26,4 

1,6 

18.0 

13.5 

18.2 

15.9 

19.0 

15.8 

16.6 

16.5 

19.9 

9.2 

13,6 

21.0 

9.1 

16.1 

27.3 

26,9 

Unit cell 
No 

^19 

^19 

^12 

^19 

^20 

^2 
M , 

^5 
M ^ 

No, 

Row 

F-59 

^10 
No, 

Row 

F-14 

K 

^14 

^12 

^20 

^23 

^24 

^1 

^2 

^2 

^3 
M^ 

N3 

^5 
M 3 

^4 
No. 

Row 

11 

11 

rail 

spring 

• shim 

11 

11 

rail 

spring 

: shim 

13 rail 

7 spring 

Tube 
No. 

410 

360 

29 

138 

106 

6 

171 

38 

214 

284 

88 

233 

29 

106 

41 

208 

222 

99 

6 

147 

119 

102 

38 

214 

66 
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Station Transduce r 0 
No. 

5714 

0716 

0717 

0718 

0719 

0720 

0721 

4722 

3723 

5724 

0726 

0727 

1728 

0729 

1730 

1731 

1733 

0734 

1735 

0736 

0737 

1738 

0739 

0740 

0741 

0742 

1743 

0745 

1746 

0747 

0748 

1749 

0750 

(deg) 

84 

103 

124 

127i 

133 

153 

165 

177 

171 

174 

196 

20 3| 

206 

207 

207 

20 8i 

210 

211 

211 

222 

225 

226 

227 

230 

232 

240 

240| 

242i 

246 

251 

252 

255 

256i 

Radius Unit cell Tube 
(in.) No. No. 

26.4 

16.2 

13.6 

19.3 

23.2 

16.0 

19.3 

27.3 

26.9 

26.4 

17.2 

6.8 

10.0 

1.6 

4.4 

9.0 

13.9 

16.6 

23.4 

12.0 

22.0 

18.4 

8.1 

22.5 

18.0 

19.8 

25.2 

13.8 

8.0 

17.7 

22.3 

24.3 

20.7 

D-59 shim 

P6 

^6 

R9 

^10 

^7 

^10 
No. 13 rail 

Row 7 spring 

D-14 shim 

^11 

^4 

M7 
K 

^4 
M , 

^10 

^10 

^16 

^11 

^17 

^14 
Mg 

^18 

^14 
Rjg 

^19 

^12 
Mg 

^16 

R|9 

^20 
RT/-I 

188 

137 

30 

284 

38 

24 

140 

23 

81 

61 

127 

135 

143 

60 

75 

49 

120 

81 

19 

237 

233 

28 

410 

9 

171 

24 

138 

308 

116 
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Station Transducer Q Radius Unit cell Tube 
No. No. (deg) (in.) No. No. 

412.9 

416.9 

424.4 

10751 

10752 

10753 

10754 

10755 

10756 

11801 

10802 

10803 

10804 

10805 

10806 

10807 

11901 

10902 

10903 

10904 

10905 

10906 

10907 

18908 

18909 

18910 

18911 

273 

291 

309 

310 

334 

349 

62 

76i 

8li 
133 

207 

309 

62 

76i 

8li 

133 

207 

242i 

309 

93 

177 

273 

357 

17.7 

14.5 

17.6 

14.5 

16.1 

16.4 

9.2 

21.0 

9.1 

23.2 

1.6 

17.6 

9.2 

21.0 

9,1 

23,2 

1,6 

13.8 

17.6 

28.0 

28.0 

28.0 

28.0 

^17 

^14 

^20 

^15 

^16 

^22 

^2 

^5 
M3 

^10 
K 

^20 

^2 

^5 
M3 

^10 
K 

^12 

P20 
SS air 

SS air 

'SS air 

SS air 

137 

212 

106 

204 

223 

57 

119 

38 

214 

284 

61 

106 

119 

38 

214 

284 

61 

9 

106 

near duct 

near duct 

near duct 

near duct 

Inner duct wall thermocouple location 

Station 
No, 

431.0 

435.0 

Transducer 
No. 

05512 

05513 

05514 

05515 

05516 

05517 

6 
(deg) 

6 

126 

248 

6 

68 

126 

Station 
No, 

435,0 

440.0 

Transducer 
No, 

05518 

05519 

05520 

05521 

05522 

05523 

e 
(deg) 

186 

248 

306 

6 

126 

248 



S u m m a r y of n u c l e a r i n s t r u m e n t a t i o n . (See p . 111-97 for g e n e r a l a r r a n g e m e n t . ) w 

2 
p: 
n 
I — " 

CD 
P 
H 

t-t 
0 
CD 
r+ 
^i 

3 
3 

O 
3 

N o m e n c l a t u r e 
D e t e c t o r 

t y p e 

L o c a t i o n 

N o . P u r p o s e S e n s i t i v i t y E x t e n d e d R e t r a c t e d 

Range, ' '" w a t t s 
of r e a c t o r 
p o w e r (approx) 

B F . 

' S " S e r i e s 

Low log N 

High log N 

M i c r o m i c r o 
a m m e t e r 

N Wood 
G 2 0 - 1 2 
d e t e c t o r 

C l u s t e r of 
3 (A, B, C) 
f i s s i on 
c h a m b e r s 

W e s t i n g h o u s e 
6377 c o m 
p e n s a t e d ion 
c h a m b e r s 

M o n i t o r p o w e r 
l e v e l in the v e r y 
low pow^er r a n g e 

C l o s e d - l o o p 
c o n t r o l in 
i n t e r m e d i a t e 
r a n g e 

C l o s e d - l o o p 
c o n t r o l in full 
p o w e r r a n g e 

C o l l e c t i o n of 
e x p e r i m e n t a l 
da ta 

20 c p s / n v 

A: 1 c p s / n v 
B: 0.1 c p s / n v 
C: 0.01 c p s / n v 

4 X 10 
14 

A / I n v 

10 ft 
above 
g round 
8 ft f r o m 
c o r e 
c e n t e r 
l ine 

U n d e r t e s t 
v e h i c l e 

B u n k e r 

40 ft f r o m 
c e n t e r of 
c o r e r e a c t o r 

10"^ to 10^ 

- 4 6 
10 to 10 

0 9 
10 to 10^ 

10 to 10 

10-2 to 10^° 

See p . I I I - 9 8 . 
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COfrfcTROU t = > 0 1 t ^ 

COMTWlBa. 

^ . •y^==i 

M11L-183S0 

Block d iagram of the nuclear instrumentat ion sys tem. 



REACTOR 
VOLUME 

' S ' SERIES FISSION 
CHAMBERS k L 0 » 
LEVEL LOG N CHAMBER 
DRIVES 

(^Mrs 

B ' SERIES BF2 X~ 
CHAMBER ORIVE^ / 

MUL-18363 

• R ' SERIES MICROMICRO-
AMMETER I HIGH LEVEL 
LOG N CHAMBER DRIVES 

m. !01 
INSTRUMENT 
ROOM 

APPROXIMATE S C A L E - F E E T 

; • • ^mJ '1 

J 

1 

- J 

Nuclear detector sys tem a r rangement . a 
o 

! 
OJ 



a 
o 

,1 10. lo ! ID ! ID ! IO! T 
>—- I 1 1 1 i ^ 

COUNTS/SEC. BASIC ( B " ' F 3 ) ^ 
,1 10, 10| lOj 111 10^ RET. ^ 

^L^IOj '0̂  Ĵ ^ _ _ _ J ! 'A' CHBR 

fl IO4 ^^ ^ 1 ^ IO?'B' CHBR y ^ X T 
fJ LO4 I0| !^ W| raf'C'CHBR J 

COUNTS/SEC. STARTUP (FISS. CHBR. CLUSTER) 
,1 10, 10, 10̂^ 10] lOJ 'A' CHBR 

JL 10i lof 10̂ , lo j ^^'B'CHBR ^ REj. 
jl , ,10^ \i 10̂  lOl 10 ] 'C CHBR 

g lOĵ  ^:J \i ^J li^ loj EXT. 
AMPERES, INTERMEDIATE(C. I .C .W6377) 

|i0! 10,! 111 € ^ f 4 i^"* f'ET. 

EXT. ,10''° 10",̂  lO'ĵ  10"̂  10")̂  10^^ lO'i'' 
AMPERES, POWER {CI.C. I 637?) 

RFT,,I0'° 10,̂  10/ 10,̂  III ^ 

EXT. ,10'̂  10,'̂  I0-" C—10| K iC € ^ ^i ^ 
AMPERES, REFERENCE ( C I . C , I 6 3 7 ? ) 

RET. ,10"'̂  I0"|^ IQ'I' 10]'° lO'f 107 lOf 107 y ^ 

10;^ 10:^ 10;^ 10".' 10,° lOi 10.̂  10.̂  10.̂  10^ 10? lOj 10°. 10? io'.° 

MUL-l836i|- REACTOR P O W E R - W A T T S 

E s t i m a t e d d e t e c t o r p o w e r r a n g e c h a r t . 

00 
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' • 

D. TEST FACILITY 

1. Site 401 Descr ipt ion 

Location . . . . . . . 

Site plan . . . . . . . 

Size . . . . . . . . 

Elevation . . . . . . . 

Winds 

Summer . . . . . . 

Winter . . . . . . . 

Average t empe ra tu r e and humidity 

Summer . . . . . . 

Winter . . . . . . . 

Dis tances 

Control building to tes t bunker 

Control building to d i sassembly building 

Disassembly building to t es t bunker 

Disassembly building to check station 

Commerc ia l power high line rat ing 

Commerc ia l power sys tem 

Utility power sys tem . . . . 

Ins t rument power sys tem 

Location of gene ra to r s . . . . 

2. Tes t Air System 

Piping schemat ic . . . . . 

Piping design life . . . . . 

Allowable s t r e s s . . . . . 

Maximum flow . . . . . . 

Maximum t empe ra tu r e (at station 0) 

Maximum p r e s s u r e (at station 0) 

Relief valve p r e s s u r e set points (2 valves) 

Flow capacity for each relief valve 

28 mi les northwest 
of Mercury 

See p . Ill-100 

4 square mi les 

4400 feet 

Southerly 

Norther ly 

7 5 ' F , 20%RH 

45°F, 33%RH 

8450 feet 

4380 feet 

8190 feet 

2300 feet 

6 MW 

3 MW at 69 kV, 
3-phase 

3 diesel genera to r s , 
125 kVA, 480 V, 
3-phase 

2 diesel genera to r s , 
75 kVA, 480 V, 
1-phase 

In power house 

See p . Ill-101 

100,000 hours 

50% of minimum 
yield strength 

1900 l b / s e c 

1060°F 

560 psi 

730 ps i & 740 psi 

6225 lb / s ec (0°F air) 
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Flow m e t e r range-s 

FM 2 . . . . . . . . . 0-450 l b / s e c 

FM IB 450-1200 l b / s e c 

FM 1 1200-2000 l b / s e c 

Tes t a i r cutoff p r e s s u r e . . . . . 920 ps i 

Nozzle cooling a i r . . . . . . . 75 l b / s ec @ 150 psi 

Actuator control a i r . . . . . . 3 l b / s e c @ 3600 psi 

Actuator a i r cutoff p r e s s u r e . . . . 1300 ps i 

Steady-s ta te tes t a i r 

Power for two l o w - p r e s s u r e blowers . . 900 hp 

Maximum flow . . . . . . . 23 l b / s e c 

Blower d ischarge p r e s s u r e . . . . 7.25 psig 

Air Storage System 

Storage a r ea I . . . . . . . . 30 cas ings , each 580 ft 
long 

Casing size . . . . . . . . 9-5/8 in. o. d. 

X 0.472 in. wall 

Casing ma te r i a l . . . . . . . API-N80 

Volume . . . . . . . . . 7542 ± 31 ft^ 

Storage capacity (60°F & 3600 psi) . . 140,900 lb 
Storage a rea II . . . . . . . 12 cas ings , each 1685 

ft long and 36 casings 
each 2252 ft long 

Casing size . . . . . . . . 10-3/4 in. o. d. 

X 0.400 in. wall 

Casing ma te r i a l . . . . . . . A P I - P I 10 

Volume . . . . . . . . . 55,331 ± 192 ft-̂  

Storage capacity (60°F & 3600 psi) . . 1,034,000 lb 

Actuator a i r s torage . . . . . . 6 cas ings , each 1685 
ft long 

Casing size . . . . . . . . 10-3/4 in. o. d. 

X 0.400 in. wall 

Casing ma te r i a l . . . . . . . A P I - P I 10 

Volume . 5522 ± 20 ft^ 

Storage capacity (60°F & 3600 psi) . . 103,200 lb 
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4. Air Compress ion System 

Number of c o m p r e s s o r s . . . . 

Normal delivery p r e s s u r e . . . . 

Pow^er for two 4-s tage c o m p r e s s o r s 

Capacity of two 4-s tage c o m p r e s s o r s 

Power for one 5-stage c o m p r e s s o r 

Capacity of 5-stage c o m p r e s s o r 

Air s torage r echa rge t ime (all compres so r s ) 

F r o m ambient to 3600 ps i 

F r o m 920 ps i cutoff to 3600 ps i 

4000 ps i 

900 hp 

1.8 l b / s e c 

700 hp 

1.4 l b / s e c 

102 hours 

76 hours 

Air s torage r echa rge t ime (5-stage compres so r only) 

F r o m ambient to 3600 ps i 

F r o m 920 ps i cutoff to 3600 ps i 

Actuator a i r s torage r echa rge t ime (5-stage 
c o m p r e s s o r only) 

F r o m ambient to 3600 ps i 

F r o m 1300 cutoff to 3600 psi 

Number of a i r d r i e r s 

Rate of water removal (3 d r i e r s ) 

Mois ture content in s tored air 

Dew point t empera tu re 

232 hours 

174 hours 

20 hours 

1 3 hours 

3 

6.8 lb /hour at 2000 psi 

0.001% wt 

-72°F 
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Air Heater (Stored Energy, Pebble Bed) 

Sketch S e e p . Ill-106 

Heater design life . . . . . . . 100 tes t runs 

Number and a r r angemen t . . . . . 4 vesse l s in para l le l 

Total heat m a s s weight . . . . . . 1,900,0001b 

F o r m of heat m a s s . . . . . . l - in . -d iam, 405 SS 
balls 

Ball stack (each vesse l ) . . . . . 103.8 ft2 by 16.8 ft 

high 

Poros i ty of heat m a s s . . . . . . 0,37 

Liner m a t e r i a l 

Ends . . . . . . . . . 410 SS 

Heat m a s s region . . . . . . 405 SS 

Liner inside d iameter . . . . . . 138 in. 

Vesse l ma te r i a l . . . • . . . T-1 steel 

Vesse l inside d iameter . . . . . . 156 in. 

Vesse l design p r e s s u r e . . . . . 700 ps i 

Insulation m a t e r i a l . . . . . . B & W Kaowool 

Packing density . . . . . . . 12 Ib/ft^ 

Rating . . . . . . . . . 2000°F continuous 

Es t imated heat loss (heat m a s s at 1200°F) . 140 Btu/hour-ft^ 

Maximum flow p r e s s u r e drop (1200°F) . . 22 psi 

P r e s s u r e drop for top ball l aye r to roll . . 25 ps i 

P r e s s u r e drop for l / 2 to 3/4 bed lifting . . 32 ps i 

Flow ra te at which bed flotation r e su l t s . . 130% of design 
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36"NOZZLE; 

MILD ST. WELD 
PADS-S/8"0.D. 
3/8"TAP,1"DEEP 

TI-FBQ.ST VESSEL 
28GAGE S.ST 
AIR SPACE 
28 GAGE S.ST. 

STUD,5!4LOh4G 
WASHER&HEXHEAO 
405 SST. LINER 
AIR SPACE 

- 28 GAGE S.ST. 
/AIR SPACE 

- 28 GAGE S.ST 
KAOWOOL INSULATION 

DETAIL "A' 

Wjh-X75h6 

Pebble bed hea te r vesse l . 
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6. Air Heater Fu rnace 

Type 

Combustion gas t e m p e r a t u r e 

Combustion gas flow ra te . . . . 

Fuel . . . . . . . . 

Heating value . . . . . . 

Flow ra te . . . . . . . 

Storage . . . . . . . . 

Time to heat hea t e r s . . . . . 

7. Tes t Bunker 

Concrete wall th ickness 

North 

Others . . . . . . . . 

O v e r p r e s s u r e requ i red to blow out relief panel 

Distance from tunnel en t rance to ze ro point 

Oil-f i red 

1250°F 

30 l b / s e c 

Fuel oil,No. 2 

139,000 Btu/gal 

3 ga l /min 

20,000 gal 

30 hours 

48 in. 

18 in. 

0.1 psi 

500 ft 
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E. LOCOMOTIVE 

1. Pow^er Plant 

Voltage 115 V dc 

Ampere -hour rat ing . . . . . 1009 ampere -hou r s 

Control . . . . . . . . E lec t r i ca l , local & 

remote 

Max drawbar pull (at standstill) . . . 8000 lb 

2. Locomotive Coupler 

No. of couplers . . . . . . 2 (one on each end) 

Location of jaws above t r a c k s . . . 23 in. 
Jav/ ma te r i a l . . . . . . . Low-carbon, hot-

rolled steel mostly 
0.75-in. plate 
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CHAPTER IV - DESIGN ENVIRONMENT AND ANALYSIS 

ACCELERATIONS OF REACTOR VEHICLE^ 

Fl ight^ '^ 

Longitudinal 

La te ra l 

Ver t ica l 
2 

Ground handling 

Longitudinal 

La te ra l 

Ver t ica l 

Design 
c r i t e r i a 

+ 6.0 to -0.32 g 

1.5 g 

+4.0 to -0.5 g 

±5.04 g 

0.5 g 

+ 2.7 to - 1.0 g 

Structural 
capability 

See note 

4.0 

4.0 

See note 

4.0 

4.0 

Note: 

Support s t ruc tu re for axial loads is designed to withstand a force 

equivalent to 24 t imes the weight of the supported m a s s for a period of 10 

hours . Its capability for any phase of operat ion introducing forward 

acce lera t ion loads or combinations of axial p r e s s u r e drop and forward 

acce lera t ion may be judged by compar ison with this figure. 

Aft acce lera t ion without p r e s s u r e drop is pe rmis s ib l e up to 1 g, or 

with handling f ixtures , up to 5 g. The aft acce lera t ion tolerance is inc rease 

by axial p r e s s u r e drop. 

1 
Accelera t ions a r e posi t ive upward or forward. 

2 
E a r t h ' s gravity, 1 g, is included. 

3 
At operating t e m p e r a t u r e s . 

4 With handling f ixtures . 
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B. WEIGHTS AND CG LOCATIONS __ 
1. Reactor- . . . . . 

a. Reflected Core 

Active core . . . . 

Fueled BeO 

Unfueled BeO . 

Side re f lec tor . 

BeO . . . . . 

Nickel tubes 

Forward ref lec tor inse r t s 

P e r i p h e r a l shims 

Forward ref lec tor 

BeO . . . . . 

Nickel tubes 

Fo rward ref lec tor inse r t s 

Aft ref lector . . . . 

BeO . . . . . 

Cr-MgO . . . . 

b. Tie Rods . . . . 

Standard . . . . 

Control . . . . . 

c. Retainer Assembly 

Cell plates . . . . 

Retainer spr ings . 

Spring adap te r s and spacers 

d. Base Blocks . . . . 

e. Support Grid . . . . 

f. Side Support System 

Spring segments 

Rails and wiper assembly . 

Wipers . . . . 

Wiper B a r s 

g. Aft Reactor Duct • 

h. Shroud . . . . 

2. Test Vehicle . . . . 

4,360 

400 

1,769 

2 

30 

2,803 

775 

16 

120 

106 

194 

Wt., lb 

18,700 

10,575 

4,760 

4,604 

911 

300 

325 

263 

62 

287 

89 

81 

117 

433 

900 

2,100 

1,150 

211 

70 

670 

4,050 

48 

See page IV-3 

CG Station 
390.2 

394.2 

370.9 

331.6 

424.9 

349.3 

393.1 

388.7 

431 



- I V - 3 - U C R L - 7 3 1 5 

The duct s y s t e m and 
its con ten ts : 38,760 lb 
@ Sta. 287.40 (wireway 
cables excluded) 

l o z z l e j 1,700 lb' 
@ Sta , 455.00 
Aft Si;^port Mag, 790 
Ibi @ S ta . khl.QQ 

Aft Besetor Duct, 18,700 
w» @ St®, 338.70 

Forward Hgaetor Duetj 
6^050 l b @ Sta , SQ^.m-
llaeliidliig c o n t r o l s ) 
Foji'OTirt Support King J 
790 l b @ St®, 278.00 
m r e M y tebl@@j 3500 
l b @ i t®, 270. 
A@MS8 toet, 4^900 Us, 
@ St®. 231. i«) 
Afitnator Support Btrue-
t u r e , 160 l b « St®. 206.00 

M t la l®t m.ffm@Tg 3,650 
l b # St®. lfeT.20 

Orldj 8QQ Ih t B%%. 

f©n^«d inlet Diffuser 
2,580 l b @ at®, 59.1©-

The flat ca r and 
support s t ands : 
34,300 lb (& Sta. 
298.00 

Aft fruek, 3#TO0 lb 
® S ta . 458.00 
Aft Support Stands, 
900 l b @ S ta . Wi£.50 

F la t Q@T F m s s , 25,100 
lb @ ita. 294.(» 

For^mM Support Stands« 
90© lb @ Sta. 276.50 

l b @ i t a , 130.W 

OLL-639-2384 

W e i g h t s a n d C G l o c a t i o n s of t e s t v e h i c l e c o m p o n e n t s . 
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C. COMPONENT ANALYSIS 

1. Reflected Core 

Radial pre load on reflected core at 70°F . . . 12 ps i 

Maximum radia l pre load by spring on 
reflected core at operating t e m p e r a t u r e s ^ . . . 14 to 17 ps i 
Minimum radia l pre load requi red for stabili ty 

in flight environment . , . . . . . 1 2 ps i 

Axial pre load on reflected core . . . . . 10,600 lb 

Minirnum axial pre load requi red for stabil i ty . . 8,800 lb 

Radial expansion . . . . . . . . See p . IV-6 

Maximum radial reflected core expansion 
(70 to 2500°F, includes pe r iphe ra l shims and 
cor ruga ted spring) . . . . . . . . 0.687 in. 
Maximum radia l reflected core expansion 
(70 to 2850 °F , includes pe r iphe ra l shims 
and corrugated spring) . . . , . . . . 0.767 in. 
Maximum axial reflected core expansion 
(70 to 2500°F, includes cell p la tes and 

base blocks) . . . . . . . . . 0.700 in. 

2. Reactor Components 

Fueled tubes 

Tempera tu re distr ibution . . . . . . See p . 1-6,20,34,48 

The rma l s t r e s s . . . . . . . . See p . IV-6 

Tie rods 

Nominal axial s t r e s s due to axial load . . . 27,100 psi 

Maximum axial s t r e s s due to bending 
(at R = 26 in.) . . . . . . . . 17,000 psi 
Maximum thermal s t r e s s (at R = 0) . . . . 4,450 ps i 

2 
Fac to r of safety (considers radiat ion 
aging effects). - . • • • • . . 1 . 3 

Cell p la tes 

Maximum bending s t r e s s (at 70°F) . . . . 12,600 psi 

Maximum the rmal s t r e s s . . . . . . 6,000 psi 

Fac to r of safety (based on <x at 70°F) , . . 7 

Base blocks 

Maximum bending s t r e s s . . . . . . 8,000 psi 

Fac to r of safety (based on a at 2500°F) . . . 3 

Design. 
2 

Based on 10-hour rupture s t r e s s at operat ing t empera tu r e . 
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Side s u p p o r t s p r i n g 

M a x i m u m bending s t r e s s . . . . . 

M a x i m u m t h e r m a l s t r e s s . . . . . 

F a c t o r of s a fe ty . . . . . . . 

Side s u p p o r t r a i l s 

M a x i m u m bending s t r e s s . . . . . 

M a x i m u m t h e r m a l s t r e s s . . . . . 

F a c t o r of sa fe ty . . . . . . 

C o n t r o l r o d s 

M a x i m u m ax ia l s t r e s s . . . . . 

M a x i m u m t h e r m a l s t r e s s . . . . . 

F a c t o r of sa fe ty (based on o" at o p e r a t i n g 
t e m p e r a t u r e ) . . . . . . . 

Suppor t g r i d 

M a x i m u m def lec t ion ( t h e r m a l and m e c h a n i c a l ) 

L a t e r a l n a t u r a l f r e q u e n c y of b e a m s (under load) 

D e s i g n load on c e n t e r b e a m s . . . . 

M i n i m u m buck l ing load on c e n t e r b e a m s with 
f ron t p l a t e . . . . . . . . 

C e n t e r b e a m 

. 60,000 p s i 

4,000 p s i 

. 1.5 

. 60,000 p s i 

6,000 p s i 

. 1.5 

. 7,000 p s i 

. 1,700 p s i 

. 3.2 

. 0.140 in . 

. >300 cps 

. 30,000 lb 

. 100,000 lb 

2 
F r o n t p l a t e 

F w d s u r f a c e Web at t ie Tie r o d 
Aft s u r f a c e (@ bol t hole) r o d hole bol t hole 

Bending s t r e s s , cr,, kps i 

T h e r m a l s t r e s s , k p s i 

S t r e s s c o n e , f a c t o r 

M a x i m u m e l a s t i c s t r e s s , 
kps i 

A p p r o x . t e m p e r a t u r e , ° F 

Safety f a c t o r (dead load) 
0" /o". 

y 

+38 

+ 10 

None 

+48 

1250 

2.8 

- 3 8 

None 

2.0 

-76 

1130 

>2.9 

1 

3 . T e s t V e h i c l e 

Duct s y s t e m n a t u r a l f r e q u e n c y 

T9 T9 

- 5 0 

2.0 2.4 

-23 ±21.6 

1120 1120 

12 12 

1 8 , 4 8 , 6 6 , 1 2 0 , 
150 cps 

1 B a s e d on 1 0 - h o u r r u p t u r e s t r e s s at o p e r a t i n g t e m p e r a t u r e . 
> 
' B a s e d on e v e n l y d i s t r i b u t e d load; load c o n c e n t r a t i o n f ac to r 1.5. 
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GLL-638-2036 
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Tern p e r a t u r e ( ° F ) 

8wt "/oOyOglf rom 
washer data) 

5 w t % 0 y 0 « ( f r o m washer 
data) 

2.1 wt "/oOyOo f r o m modulus 
of rupture dat< 

9 0 % \ 
% f ( f r o m 

5 0 % \ Iw t7o0y02 washer dote) 

demand p a r a m e t s r s 
for central fue led tube co lumn 

2600 

1 
I—I 

< 
1 

Pred ic ted thermal s t r e s s demands and cha rac t e r i s t i c s of fueled tubes. (Washer data is obtained 
in special the rmal s t r e s s apparatus (Ref UCRL-6852).) 
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FUELED TUBE WALL "̂  
I t M P t K A I U K t A N U U h l 
DniMTC 0 a. -x n o r n n r x 
TEMPERATURE 

1 1 1 1 1 1 1 

WITHOUT DUCT PRESSURE 

1 1 1 

X X 
^ 

y X 
X 

.0^ 

V 
/ ' 

/ 
X 

^ / 
y r 

/ 
/ 

/ ' 

1 ! 

/ 
K 4 

400 800 1200 1600 2000 

TEMPERATURE, ''F 

2400 2800 

GIL-639-2385 

Effect of t empera tu re on cr i t ica l side support radii . 
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Duct Flange Analysis 

Calculated 
max ex Expe r i -
pected menta l max 
s t r e s s 
(kpsi) 

14.9 

16.5 

24.6 

20.9 

15.8 

22.7 

25.9 

15.8 

25.9 

25.9 

15.8 

25.9 

25.7 

22.6 

17,8 

26.2 

22.1 

s t r e s s 
(kpsi) 

__ 

24.0^ 

18.5 
__ 

25.0^ 

23.61 
__ 

23.6^ 

24.0 

- -

24.0 

- -

__ 

18.5 

«. — 

Fac to r of 
safety based 

on yield 
strength at 

UOO^F 

2.0 

2.2 

l . l2 

1.52 

2.3 

1.42 

1.22 

2.4 

1.32 

1.42 

2.3 

1.32 

1.4 

1.6 

1.72 

l . l 3 

1.63 

Temp at 
position 
of max 
s t r e s s 
CF) 

900 

1000 

800 

800 

1000 

800 

800 

950 

800 

800 

1100 

1100 

1100 

1400 

1200 

1200 

1400 

Forward 
Diffuser 

Aft 
Diffuser 

Access 
Duct 

Forward 
Reactor 
Duct 

Aft 
Reactor 
Duct 

Nozzle 

Fwd flange 

Plate sect ion 

Aft flange 

Fwd flange 

Plate sect ion 

Aft flange 

Fwd flange 

Plate sect ion 

Aft flange 

Fwd flange 

Pla te sect ion 

Aft flange 

Fwd flange 

Plate sect ion 

Aft flange 

Fwd flange 

Plate sect ion 

Maximum predic ted s t r e s s and the maximum exper imenta l s t r e s s do not 
occur at the same posit ion. 

2 
Based on exper imenta l va lues . 

3 
Based on p roper t i e s at 1400°F. 
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CHAPTER V - OPERATION 

A. PROPOSED TEST PLAN 

1. Cr i t ica l Experi inents at L ive rmore 

Determine c r i t i ca l control rod position. 

Determine spat ial power dis t r ibut ion with fission detector . 

Determine differential rod worth by rod bump method. 

Determine react ivi ty t empe ra tu r e coefficient by heating reac tor 
to 200°F. 

Study power dis t r ibut ion at s imulated design wall t empera tu re 
(poison core with boron s t r ips ) . 

'^Z. Subsystem Checkout at NTS 

Mate tes t vehicle to facility. 

Check out data collection sys tem from t r ansduce r s to recording 
equipment. 

Complete checkout of r eac to r control sys tem. 

Verify location of thermocouples with hot probe. 

''~3. Cold Blowdown Through Reactor 

Observe and check a i r p r e s s u r e instrumentat ion. 

Observe r eac to r and duct sys tem vibration cha rac t e r i s t i c s . 

4 . Cr i t ica l Exper iment at Room Tempera tu re 

Recheck c r i t i ca l rod bank height. 

Check s t a r t -up nuclear ins t rumentat ion. 

Determine count r a t e vs absolute power level by foil i r radia t ion. 

5. Zero Power Reactor Control Dynamics 

Measure open-loop r eac to r t ransfer function. 

Determine power level response to step inser t ions of ion 
chamber demand. 

6. Cr i t ica l Exper iment at Elevated Tempera tu re s 

Heat r eac to r to 950°F with low p r e s s u r e blower a i r . 

Check t empe ra tu r e ins t rumenta t ion. 

Determine c r i t i ca l rod bank height. 

7. In termedia te Power Test 

P roof - t es t r eac to r at design wall t empera tu re and one-third 
power. 

Check r eac to r heat t r ans fe r and air flow behavior . 

'•'Tests 2 and 3 a r e per formed f i rs t with reac tor controls and simulated 
reactor , then repeated with r e a c t o r . 
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8. Full Power Tests 

B. TYPICAL REACTOR OPERATION SEQUENCE 

T e m p e r a t u r e , flow vs t ime . . . . . . . . 

Event 

Star t air s torage c o m p r e s s o r s 

Start checkout of facility ins t rumenta t ion 

Star t checkout of facility equipment 

Start hot a i r furnace 

Hold p re run meeting 

Conduct analog runs 

Limit a cces s to tes t a r e a 

Hold p re run meeting 

Manually check position of a i r supply valves 

Unlock m a s t e r block valves 

Clear t es t a r ea of all personnel 

Review operat ing and emergency procedures at 
control point 

Bring r eac to r c r i t ica l 

Increase power to about 1 MW and t ransfe r to 
closed loop control 

Star t low p r e s s u r e blowers (23 lb / s ec ) 

Star t p r o c e s s r e c o r d e r s on low speed 

Raise inlet a i r t empera tu re to tes t condition 

Divert low p r e s s u r e blower a i r 

Shift p roces s r e c o r d e r s to high speed 

Star t air flow from main a i r supply 

Increase reac to r t e m p e r a t u r e to 2200 °F 

Star t nozzle cooling flow 

Star t automatic air flow p rogram 

Increase core t empera tu re to 2500 °F 

Shut down reac to r 

Reduce a i r flow to 50 l b / s e c 

Reduce inlet a i r t e m p e r a t u r e 

Shut down nozzle cooling flow 

Return low p r e s s u r e blower a i r to r eac to r 

See p. V- 4 

Time 

X - 85 hours 

X - 80 hours 

X - 55 hours 

X - 40 hours 

X - 24 hours 

X - 20 hours 

X - 4 hours 

X - 2 hours 

X - 1-1/2 hours 

X - 1 hour 

X - 1 hour 

X - 45 minutes 

X - 30 minutes 

X - 20 minutes 

X - 10 minutes 

X - 9 minutes 

X - 8 minutes 

X - 30 seconds 

X - 10 seconds 

X 

X + 2 minutes 

X + 2 minutes 
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Shut down main air supply 

Secure 

NUCLEAR CONTROL MODES 

1. Manual Mode 

Reactivity change r a t e : Vernier 

Shim 

Action in case of malfunction 

2. Automatic Log Power Mode 

Control range . . . . . 

Power monitor . . . . . 

CIC location, 100 W to 10 MW . 

G r e a t e r than 500 kW . 

Logari thmic output (proportional 

to log J power) . . . . . 

Power r a m p s avai lable 

Power excurs ion r a t e l imi te r (PERL) 

Automatic Reactor Core Terapera ture Mode 

Control means . . . . . . 

Number of thermocouples 

Location of thermocouples 

Thermocouple fai lure l imit before 
complete sys tem failure . . . . 

Thermocouple failure l imit for 
control without opera tor action 

Rate of change of power demand, max 

Tempera tu re r a m p s available on 
automatic control panel . . . . 

Automatic Fas t Reset Mode 

Purpose . . . . . . . 

±1 ';!:/sec 

+ 5 to +20 '^/sec 

Rods a r e held in present 
position automatical ly. 
Operator may s c r a m rod 

100 watts to lOX design 
power 

6 compensated ion 
chambers (CIC's) 

3 at I 0 ft from core 

3 at 50 ft from core 

1.6 vol ts /decade 

±5, 10, 30, 60 sec 

Limits positive ra te of 
change of power to p r e 
set r amp 

A Log power determined 
by t empera tu re demand 
12 
X / L = 0.7 

11 

5-second period 

5, 10, 15°F / sec 

Holds reac tor at p r e 
determined power level 
to allow t ime for 
cor rec t ion 
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Initiation 

Rate of change of react iv i ty : Safety rod 

Shims . 

Safety rod withdrawal r a t e 

Scram Mode 

Initiation conditions 

AIR FLOW RATE CONTROL 

High range . . . . 

Control valve 

Flow ra t e sensor 

Intermediate range 

Control valve 

Flow ra t e senso r 

Low range . . . . . 

Control valve 

Flow r a t e sensor 

Automatic valve position control 

Initiated manually or 
when 2 of 3 log power 
cur ren ts or period 
ci rcui ts exceed a p r e 
set value. For automatic 
control , power limit is 
set at 1.2 t imes demand 
power 

93 ^ / sec 

3 1 ^ / sec 

+ 2.5 ' r /sec 

Manual. 
Individual actuator 
s c r a m s if its supply 
p r e s s u r e drops below 
800 psi . 
2 of 3 period amplif iers 
exceed a prese t period. 
2 of 3 log power 
amplif iers exceed a p r e 
set power level . 
Power demand circui t 
failure 

1300 to 2000 lb / sec 

AV3 

P r e s s u r e and t empera 
ture downstream of 
AV103 or ups t ream of 
AVI 04 

450 to 1300 l b / s e c 

AV4 

Venturi FMl or 
p r e s s u r e at Station O 
or near AV104 

0 to 450 lb / s ec 

AV4 

Venturi FM2 or p r e s s u r e 
downstream of AV103 or 
ups t ream of AV104 

Feed forward predict ion 
and feed back e r r o r ; no 
t empera tu re correct ion 
in in termediate and low 
ranges 
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A c c i d e n t c o n t r o l 

High and i n t e r m e d i a t e r a n g e s , 
m a n u a l s e r v o o r a u t o m a t i c c o n t r o l 

All r a n g e s 

E . AIR T E M P E R A T U R E C O N T R O L 

B u t t e r f l y c o n t r o l v a l v e s 
( m e c h a n i c a l l y l inked) 

T o t a l a r e a of va lve open ings (cons tan t ) 

A u t o m a t i c va lve p o s i t i o n c o n t r o l 

A u t o m a t i c t e m p e r a t u r e r a m p s 

T e m p e r a t u r e s e n s o r s 

C o n t r o l p r o c e s s t i m e de l ay c o n s t a n t 

M a n u a l va lve p o s i t i o n c o n t r o l . 

M a n u a l o v e r r i d e ( h y d r a u l i c 
s lewing) r a t e . . . . 

Manua l s e r v o r a t e s 

O P E R A T I N G LIMITS 

1. R e a c t o r T e m p e r a t u r e s 

M a x i m u m fue led tube wal l 
t e m p e r a t u r e (T ) 

M a x i m u m fue led tube wa l l 
t e m p e r a t u r e at d e s i g n point 

M a x i m u m t e m p e r a t u r e d i f f e r e n c e : 
T - T -

w ig . . . . . 
O p e r a t i n g e n v e l o p e for T ^ vs 
"^duct . . . . . . 

Valve pos i t i on is c o n 
t r o l l e d so tha t p r e s s u r e 
r a t e n e v e r e x c e e d s a 
p r e s e t l e v e l (non
locking) 

C o n t r o l r e v e r t s to 
m a n u a l o v e r r i d e if 
p r e s s u r e l e v e l , r a t e , or 
v a l v e pos i t i on e r r o r 
e x c e e d p r e s e t v a l u e 
( locking) 

AV5A, AV5B 

243 in^ ± 3% 

P o s i t i o n p r e d i c t o r p lus 
e r r o r feedback 

100, 150, or 2 0 0 ' ' F / m i n 

3 c h r o m e l - a l u m e l 
t h e r m o c o u p l e s down
s t r e a m of AVI03 

0.5 s e c a t d e s i g n 

F u l l s t r o k e in 50 s e c 

F u l l s t r o k e in I, 2, 
4 m i n 

or 

2850°F 

2825°F 

1900°F 

See p. V-8 
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2. Exper iment Duration 

Design max imum length of full 

power run . . . . . . . 7 minutes 

Planned length of full power run . . 5 minutes 

Minimum t ime to attain full flow 
ra te . . . . . . . . 1.25 minutes 
Minimum t ime to attain des i red 
inlet t e m p e r a t u r e . . . . . 1.25 minutes 
Maximum number of full power 

runs . . . . . . . . 10 

Maximum integrated power per run . 50 MW-hours 

Minimum t ime between full power 
runs . . . . . . . . 2 weeks 
Maximum number of t empe ra tu r e 
cycles (including full power runs) . . 35 
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CHAPTER VI. MATERIAL PROPERTIES 

Mater ia l p rope r t i e s depend upon many var iab les such as condition, 

p r io r h is tory , and method of manufacture . It is difficult to set down in a 

concise manner all the p rope r t i e s of in te res t . F u r t h e r , data is not available 

in most cases for the pa r t i cu la r set of conditions applicable to the reac tor . 

Wherever poss ible , LRL data obtained under a specific set of condi

tions a r e used. Often data from manufac tu re r s ' b rochures or general 

ma te r i a l handbooks is quoted. The data in this chapter must therefore 

be considered only as a genera l s ta tement of ma te r i a l p rope r t i e s . 

When not otherw^ise noted, p rope r t i e s a r e those exhibited at room 

t e m p e r a t u r e . 
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Notation and units used on p. VI-2 and in formulas below: 

Y 

h 

h 

G 

F o 

D 

T b 

Tb 

Tf 

Tw 
f 

q 

P r 

i rmulas: 

where 

Specific heat ra t io 

Dynamic viscosi ty , Ib /hr - f t 

F i lm coefficient, B tu /h r - f t ^ - °R 

Gas film proper ty group (see definition below) 

Specific heat at constant p r e s s u r e , B t u / l b - ° F 

Mass flow r a t e , Ib/ft^ -hr (evaluate at bulk velocity, T-^, and 

static p r e s s u r e ) 

Hydraulic d iamete r , ft 

Bulk a i r static t e m p e r a t u r e , " R 

Bulk a i r stagnation t e m p e r a t u r e , "R 

Mean film stat ic t e m p e r a t u r e , °R 

Wall t e m p e r a t u r e , °R 

Fr ic t ion factor 

Heat flux, Btu/hr-ft^ 

P rand t l number 

h = 0.0205 h 
'G 

0.8^ 
0.8 

^D 0.2 , T . 

h = C ii-
0.2 

0.6 
^ P r 

(T + T, w b 

(evaluate h at T^ on p. VI-2), 

f = 0 . 0 4 6 f ^ 

'A-
0.2 ' T , 

0.2 

T 
b 

(evaluate jo, at T^ on p. VI-2), 

References : 

1 

q h (T - T°) . w b 

"Table of T h e r m a l P r o p e r t i e s of Gases , "NBS Ci rcu la r 564, November 
1955. 

P .M. Uthe, 'A Summary of Tory II-A Aero thermodynamics , " PTN 208, 
1 July 1960. 
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B. PROPERTIES OF CERAMICS AND CERMETS 

1. BeO P r o p e r t i e s 

Use 

Powder specification . . . . . 

Ce ramic tube specification . . . . 

Powder p roducer . . . . . . 

Tube producer . . . . . . . 

Melting point . . . . . . . 

Theore t ica l density . . . . . 

Average density of 0 .227- in . -d iam-bore tubes 

Average density of 0.1 30- in . -d iam-bore tubes 

Average density of 0 .093- in . -d iam-bore tubes 

Average modulus of rupture (0.227-in.-
d iam-bore tubes) . . . . . . 

Standard deviation of modulus of rupture 

Average modulus of rupture at t e m p e r a t u r e 

Thermal expansion . . . . . . 

The rmal conductivity . . . . . 

Dynamic modulus of elast ici ty 

Dynamic P o i s s o n ' s ra t io . . . . 

The rma l s t r e s s p roper ty group E a / k ( l - v) 

Specific heat . . . . . . . 

Pow^der chemical analysis . . . . 

Tube chemical analysis . . . . . 

Unfueled ce ramic 
tubes 

MEL 292 

MEL 523 

Brush Beryl l ium 

Coors 

4620°F 

3.010 g/cc 

98.3% 

97.7% 

97.1% 

39,000 ps i 

7,500 ps i 

See p. VI- 5 

See p. VI- 6 

See p . VI- 7 

See p. VI-7 

0.3 

See p. VI- 7 

See p . VI-8 

See p. VI-9 

See p. VI-9 

References : 

1. D. K. Smith, "Density of BeO, " Tory II-C Memo 334 dated June 1962. 
2. J . Li l l ie , "Some P r o p e r t i e s of BeO," UCRL-6457 dated May 1961. 
3. Reactor Handbook, 2nd Ed. , Vol. 1, "Ma te r i a l s . " 
4. W. Wells, pe rsona l communication. 
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BeO(Contd . ) 

A v e r a g e m o d u l u s of r u p t u r e for 0 . 2 2 7 - i n . - d i a m - b o r e c e r a m i c t u b e s . 
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BeO (Contd.) 

- V I - 6 -

Thermal Expansion — Average proper t ies for severa l types of BeO (Ref' 
UCRL-6457). 
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BeO (Contd.) 

Specific Heat (Ref.: Reactor Handbook) 
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BeO (Contd. ) 

BeO Powder and Tube Chemical Analysis 1,2 

Element 

Chromium 

Copper 

Iron 

Nickel 

Magnesium 

Calcium 

Aluminuna 

Silicon 

Sulfur 

Boron 

Cadmium 

Cobalt 

Lithium 

Manganese 

Sodiura 

Ti tanium 

Silver 

Average 
concen
t ra t ion 
(ppm) 

Powder Tube 

2 

1 

16 

2 

27 

9 

22 

37 

798 

0.4 

0.6 

1.2 

2 

2 

14 

5 

5 

7 

4 

25 

7 

15 

12 

60 

47 

149 

13 

12 

Standard 
deviation 

(ppm) 
Powder 

2.6 

0.5 

10 

1.3 

13 

5 

13 

18 

278 

0.33 

0.62 

7 

0.4 

Tube 

20 

1 

64 

18 

19 

23 

78 

70 

12 

17 

9 

Maximum 
concen
t ra t ion 

analyzei 
(ppm) 

d 

Powder Tube 

18 

7 

75 

10 

90 

50 

70 

90 

1500 

0.4 

0.6 

1.2 

4 

6 

50 

10 

5 

55 

8 

150 

50 

60 

40 

200 

150 

150 

50 

40 

Sum 

c / q 

Powder Tube 

0.1 

.1 

.1 

.1 

.1 

.3 0.25 

.1 0.25 

0.1 

1.0 0.5 

See Specification MEL 292 and MEL 573- for definitions and l imi ts 
specified. 

Values a r e high since nondetectable e lements a re computed as being 
p resen t in the amount of the detection threshold. See Tory II-C 
Memo 338. 
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2. Fueled BeO P r o p e r t i e s 

Use in r eac to r . . . . . . . . . Fueled tubes 

Ceramic tube specification . . . . . . MEL 523 

Fuel composit ion . . . . . . . . "Hor se rad i sh" 

Tube producer . . . . . . . . Coors 

Theore t ica l density . . . . . . . See p. VI-11 

Average tube density . . . . . . . See p. VI-11 

Average modulus of rupture . . . . . 38,700 ps i 

Typical product var ia t ion of modulus 

of rupture . . . . . . . . . See p. VI-12 

Average modulus of rupture at t e m p e r a t u r e . . See p. VI-13 

Thermal expansion . . . . . . . * 

Thermal conductivity . . . . . . . . * 

Dynamic modulus of elast ici ty . . . . . * 

Dynamic P o i s s o n ' s ra t io . . . . . . * 

Thermal s t r e s s p roper ty group E a / k ( l - v ) , . * 

Specific heat . . . . . . . . . * 

Tube chemical analys is . . . . . . See p. VI-14 

References : 

1. E. Robinson, persona l communication. 
2. W. Moran, memorandum dated F e b r u a r y 19s 1963. 
3. J . Coll ins, personal communication. 

See BeO proper ty va lues . No data on fueled BeO tubes avai lable. 
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Fueled BeO (Contd.) 

Density of Fueled Tubes 

Curves a r e based on nominal tube c ros s - sec t i ona l a r ea and nominal Horse
radish composition. 

Data points a re measu red average values (averaged in size groups). 

0 .02 0 .04 0.06 
UO2 loading, g/in. 

0.14 0.16 

GLL-639-2392 
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Fueled BeO (Contd.) 

-VI -12-

Typical (Coors) product var ia t ion of modulus of rup ture at room t empera tu re 
(large range of fuel loadings). 
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Fueled BeO (Contd.) 

Correc ted average modulus of rupture of fueled tubes . Using the curve on 
page VI-12, a cor rec t ion is applied in accordance with the position of the tube 
batch tested relat ive to the s t r e s s i value for 50% probability of fai lure. 
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Fueled BeO (Contd. ) 
1 2 Fueled tube chemical analys is ' 

(with exception of UO^, Y->0^, and ZrO^) 

Average Standard Maximum 
Element concentrat ion deviation concentrat ion c /q 

(ppm) (ppm) analyzed (ppm) 

Chromium 

Copper 

Iron 

Nickel 

Magnesium 

Calcium 

Aluminum 

Silicon 

Sulfur 

Boron 

Cadmium 

Cobalt 

Lithium 

Manganese 

Sodium 

Titanium 

Silver 

Gadolinium 

Samar ium 

Europium 

Indium 

Dyspros ium 

T i n 

Hafnium 

Gold 

Rhodium 

Erb ium 

5 

4 

34 

4 

36 

12 

40 

61 

159 

0.4 

0.6 

1.2 

2 

2 

1.0 

5 

5 

0.1 

0.5 

0.8 

2 

3 

3 

3 

3 

4 

5 

0 .3 

0.5 

23 

0.2 

26 

31 

25 

49 

0.02 

.03 

.05 

.1 

0.1 

7 

0.2 

.2 

.00 

.05 

.04 

.1 

.3 

.1 

.1 

.1 

.2 

0.2 

10 

5 

5 

150 

155 

200 

0.4 

0.6 

1.2 

2 

2 

60 

5 

5 

0.1 

1 

0.8 

2 

6 

3 

3 

3 

4 

5 

Sum 

0.1 

.2 

0.1 

1.9 

1. See MEL 523 for definitions and l imi ts specified. 
2. Nondetectable e lements a r e computed as being p resen t in the amount 

of the detection threshold . 
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3. Carbon P -56 HT P r o p e r t i e s 

Use . . . . 

Cha rac t e r i s t i c s 

Density . . . . . . 

Po ros i ty . . . . . . . 

Coefficient of the rmal expansion 

Modulus of elast ici ty . . . . 

Compress ive strength . . . . 

Tensi le strength . . . . . 

Modulus of rupture . . . . 

E las t i c compress ive deformation 

Hardness (Shore sc leroscope) 

Maximum recommended t e m p e r a t u r e in a i r 

Carbon P-30 3C P r o p e r t i e s 

Use . . . . . . . 

Cha rac t e r i s t i c s . . . . . 

Density . . . . . . . 

Po ros i ty . . . . . . . 

Coefficient of the rmal expansion 

Modulus of elast ici ty . . . . 

Compress ive strength . . . . 

Tens i le strength . . . . . 

Modulus of rupture . . . . 

E las t ic compress ive deformation 

Hardness (Shore sc leroscope) 

Maximum recommended t e m p e r a t u r e in a i r 

Slider bear ings 

Graphite, medium-
hard,chemical 
salt impregnated, 
oxidation res i s tan t 

1.65 g/cc 

14% 

2.73 X 10"^°F"^ 

1 X 10^ psi 

18,000 psi 

2,200 psi 

6,500 psi 

1.8% 

65 

1100°F 

Control actuator 
seals and bear ings 

Carbon, hard, oxi
dation res i s tan t 

1.84 g/cc 

4% 

2.02 X 10"^' 'F-1 

1.2 X 106 psi 

18,000 psi 

2,200 psi 

8,500 psi 

1,5% 

78 

1000°F 

Reference: P u r e Carbon Co. , Inc. , b rochure . 
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5. Chrome 2400-30Prope r t i e s 
Use in r eac to r . . . . . . . . Trans i t ion r ings 

and ca r t r i dges 

Specification . . . . . . . . . MEL 624 

Stock . . . . . . . . . . Extruded rod 

Ambient a i r ignition t empe ra tu r e . . . . 3000"F 

Melting point . . . . . . . . . 3400*Ffchromium) 

Density . . . . . . . . . . 6 . 5 5 g / c m 

Hardness (Brinell) . . . . . . . . 100 

Impact t rans i t ion t empe ra tu r e . . . . . 415°F 

Chemical composit ion 

Cr . 95% 

MgO . 5 % 

Modulus of e last ic i ty . . . . . . . 32 X 10° ps i 

Coefficient of t he rma l expansion . . . . See p. VI-17 

The rma l conductivity . . . . . . . See p . VI-17 

Ult imate s t rength . . . . . . . . See p . VI-17 

Yield s trength . . . . . . . . . See p. VI-17 

Elongation . . . . . . . . . See p . VI-17 

Creep s t rength . . . . . . . . See p . VI-17 

Oxidation r e s i s t ance . . . . . . . See p . VI-17 

References : Memo by E. P ia t t dated January 16, 1963. 
W. Hay, personal communicat ion. 
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C h r o m e - 2400-30 
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C. P R O P E R T I E S O F COATINGS 

1. A l u m i n a Coa t ing P r o p e r t i e s 

U s e in r e a c t o r 

Spec i f i c a t i on 

P r o c e s s . . . . 

D e n s i t y . . . . 

T h i c k n e s s . . . . 

T h e r m a l conduc t iv i t y 

2 . S i / C r - F e B Coa t ing P r o p e r t i e s 

U s e in r e a c t o r 

Spec i f i ca t i on 

P r o c e s s . . . . 

T o t a l coa t i ng t h i c k n e s s 

F i r s t cyc l e coa t ing t h i c k n e s s 

F i r s t cyc l e coa t ing d e n s i t y 

S e c o n d cyc l e coa t ing t h i c k n e s s 

Second cyc l e coa t ing d e n s i t y 

F i r s t c y c l e p a c k c o n s t i t u e n t s 

A l u m i n a 

S i l i con . . . . 

P o t a s s i u m a c i d f l o u r i d e 

Second cyc l e p a c k c o n s t i t u e n t s 

A l u m i n a 

C h r o m i u m 

F e r r o - b o r o n 

P o t a s s i u m iodide 

P r o c e s s t e m p e r a t u r e and t i m e 

F i r s t c y c l e 

S e c o n d c y c l e 

I n s u l a t i n g cup, 
t r a n s i t i o n p a r t s , 
b a s e b l o c k s 

M E L 706 
( in su la t ing cup) 

P l a s m a s p r a y 

3. 3 g / c m 

0,010 inch 
( i n su l a t i ng cup) 

2 B t u / h r - f t - ' F 
above 1022°F 

B a s e b l o c k s 

M E L 623 

T w o - c y c l e pack 
diffusion 

5 m i l s 

2.6 m i l s 

19 m g / c m ' ^ 

2.4 m i l s 

25 m g / c m 

30% 

60% 

10% 

33% 

30% 

30% 

7% 

4 h r 

8 h r 

2 3 0 0 ° F 

2 2 0 0 ° F 
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Life of S i / C r - F e B coating on D-40 in cyclic t e s t s , in s tat ic* a i r . (*Ignition 
fai lures occurred in h igh- ra te airflow test . ) 

No fa i lures , t e s t s discontinued 
_, o - - - - Fa i lu re (coating loss in excess of l /S - in . -d i am 

spot) 
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D. PROPERTIES OF COBALT ALLOYS 

1. Haynes 25 P r o p e r t i e s (L-605) 

Use 

Stock . . . . . . . . 

Melting point . . . . . . 

Density . . . . . . . 

Specific heat . . . . . . 

P o i s s o n ' s ra t io . . . . . 

Modulus of e last ic i ty . . . . 

Mean coefficient of t h e r m a l expansion 

Thermal conductivity . . . . 

Ultimate s t rength . . . . . 

Yield s trength . . . . . . 

Creep rupture s t rength . . . . 

Impact s t rength (C. V. @ 0°F) 

Hardness (Rockwell C) (15% cold reduced) 

Heat t r ea tmen t . . . . . 

Chemical composit ion 

Cobalt . . . . . . . 

Chromium . . . . . . 

Tungsten . . . . . . 

Nickel . . . . . . . 

Iron . . . . . . . 

Manganese . . . . . . 

Silicon . . . . . . . 

Carbon . . . . . . . 

Control actuator 
rack 
Bar , pinion 15% 
cold reduced 

2425°; 
9.13 g 

0.092 

0.29 

See p. 

See p. 

See p. 

See p. 

See p. 

See p. 

150 ft. 

31 

F 

/ c m 3 

Btu/ lb -°F 

VI-

VI-

VI-

VI-

VI-

VI-

-Ib 

Aged 4 hr 
1200°F 

49.4% 

20% 

15% 

10% 

3% (max) 

1.5% 

1% 

0.1% 

•21 

-21 

•21 

-21 

-21 

-21 

@ 

Reference: ARDC-TR-59-66 . 
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Haynes 25 P r o p e r t i e s (continued) 
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2. Stellite 68 P rope r t i e s 

Use . . . . . . . . . Servo valve and 
misce l laneous actu
a tor p a r t s 

Melting point . . . . . . . . 2470 " F 

Density . . . . . . . . . 8.38 g/cm-^ 

Po i s son ' s ra t io . . . . . . . . 0,27 

Modulus of e last ic i ty (70 to 600°F) . . . 30.4 X 10^ ps i 

Mean coefficient of t he rma l expansion . . 7.7 i n . / i n . - ' ' F @ 70°F 

9.7 i n . / i n . - ° F ©lOOO^F 

The rma l conductivity . . . . . . 8.6 B t u / h r - f t - ° F 

Ult imate s t r e n g t h © 1500"F 70,000 ps i 

Impact s t rength (Charpy, unnotched) . . . 65 

Hardness (Rockwell C) . . . . . . 37 
Chemical composition 

Cobalt 

Chromium 

Tungsten 

Nickel 

Iron 

Carbon 

Silicon 

Molybdenum 

Manganese 

52.7% 

30% 

4. 5% 

3.0% 

3.0% 

1.1% 

2.0% (max) 

1.5% (max) 

2.0% (max) 

Reference: ARDC-TR-59-66. 
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E. PROPERTIES OF COLUMBIUM ALLOYS 

1. D-36 P r o p e r t i e s 

Use . . . . . . . . . . Instrument rake 

Stock . . . . . . . . . . Sheet and plate 

Condition . . . . . . . . . Recrys ta l l ized 

Melting point . . . . . . . . 3500°F 

Melting point of Cb^O . . . . . . 2570°F 

Density . . . . . . . . . 7.95 g /cm 

P o i s s o n ' s ra t io . . . . . . . 0.25 

Modulus of e las t ic i ty . . . . . . 16.5 X 10 ps i 

Mean coefficient of t he rma l expansion . . 4 X 10~" °F" 

Thermal conductivity . . . . . . Use D-40 p rop 

er t ies 

Ultimate s t rength . . . . . . . See p. VI-24 

Yield s trength See p. VI-24 

Elongation . . . . . . . . > 2% 

Creep rupture s trength, 1 hour @ 2000°F . . 18,000 ps i 

Creep rupture s trength, 1 hour @ 2200°F . . 7,000 ps i 

Chemical composit ion 

Columbium . . . . . . . . 85% 

Titanium 10% 

Zirconium . . . . . . . . 5% 

Carbon . . . . . . . . . 50 ppm 

Nitrogen . . . . . . . . 100 ppm 

Oxygen . . . . . . . . . 400 ppm 
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D-36 p rope r t i e s (continued) 
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Reference: Dupont Metal P roduc t s Data Sheet No. 1. 
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2. D-40 P r o p e r t i e s (F-48) 

Use . . . . . . . . . . Base blocks 

Specification MEL 504 

Stock . . . . . . . . . . P la te 

Melting point . . . . . . . . . 4 3 5 0 ' ' F 

Melting point of Cb205 . . . . . . . 2570°F 

Density . . . . . . . . . . 9.42 g / cm 

P o i s s o n ' s ra t io . . . . . . . . 0.25 

Modulus of elast ici ty . . . . . . . See p. VI-26 

Mean coefficient of the rmal expansion . . . See p . VI-26 

The rma l conductivity @ 1600° F . . . . . 34.8 B t u / h r - f t - ° F 

Ult imate strength . . . . . . . . See p. VI-26 

Yield s trength . . . . . . . . . See p . VI-26 

Elongation . . . . . . . . . See p. VI-26 

Impact t rans i t ion t e m p e r a t u r e . . . . . 800°F 

Creep rupture s t rength 3.7 hr @ 2200°F . . . 30,000 psi 

Creep strength, 1%, 1 0 h r @ 2 2 0 0 ° F . . . 14,000 ps i 

Creep strength, 1%, 1 0 h r @ 2 5 0 0 ° F . . . 6,000 psi 

Hardness (DPH) . 250 

Heat t r ea tmen t . . . . . . . . Recrys ta l l ized, 20% 

Oxidation res i s t ance . . . . . . . See p. VI-27 

Chemical composition 

Columbium . . . . . . . . . 79% 

Tungsten . . . . . . . . . 15% 

Molybdenum . . . . . . . . 5% 

Zirconium . . . . . . . . . 1% 

Carbon . . . . . . . . . . 400-500 ppm 

Oxygen . . . . . . . . . . 200-400 ppm 

Nitrogen . . . . . . . . . 20-40 ppm 
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D-40 P r o p e r t i e s (Contd.) 

Life of uncoated D-40 in static a i r . 

Fa i lu re defined at t ime for 0.005 in. me ta l recess ion to occur. 

UCRL-7315 
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F . PROPERTIES OF FERROUS ALLOYS 

1. Mild Steel P r o p e r t i e s 

Use . . . . . . . . . . Blowdown ducts 

Specification . ASTM A-350/LF2 
A285/Grade C 

Stock . . . . . . . . . . Ring forging, 
plate 

Melting point 2 8 0 0 ' ' F 

/ 3 

Density . . . . . . . . . 7.85 g / c m 

Specific heat . . . . . . . . 0.12 B t u / l b - ° F 

P o i s s o n ' s ra t io . . . . . . . 0.29 

Modulus of e last ic i ty . . . . . . 30 X 10" ps i 

Mean coefficient of t h e r m a l expansion . . See p. VI-29 

The rma l conductivity . . . . . . See p. VI-29 

Ultimate strength . . . . . . . See p. VI-29 

Yield strength . . . . . . . . See p. VI-29 

Chemical composit ion . . . . . . 

Iron 98% 

Manganese . . . . . . . . . 1, 3% 
Carbon 0.25% 
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Mild Steel 
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S t a i n l e s s S tee l T y p e 347 P r o p e r t i e s 

U s e . . . . . . 

Me l t i ng po in t . . . . . 

Dens i t y . . . . . . 

Spec i f ic h e a t . . . . . 

M o d u l u s of e l a s t i c i t y 

M e a n coef f ic ien t of t h e r m a l e x p a n s i o n 

T h e r m a l c o n d u c t i v i t y 

U l t i m a t e s t r e n g t h . . . . 

Yie ld s t r e n g t h . . . . . 

C r e e p r u p t u r e s t r e n g t h 

H a r d n e s s (Br ine l l ) . . . . 

H e a t t r e a t m e n t . . . . 

C h e m i c a l c o m p o s i t i o n 

I r o n 

C h r o m i u m 

N i c k e l 

M a n g a n e s e 

S i l i con 

C o l u m b i u m 

C a r b o n 

C o n t r o l a c t u a t o r 

2 5 5 0 ° F 

8.05 g / c m 3 

0.12 B t u / l b - ^ F 

See p . V I - 3 1 

See p . V I - 3 1 

See p . V I - 3 1 

See p . V I - 3 1 

See p . VI -31 

See p . VI -31 

200 

1800" 'F / l / 2h r , WQ 

70% 

18% 

12% 

2% m a x 

1% m a x 

0.8% m a x 

0.08% m a x 
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3, S ta in less Steel Type 405 P r o p e r t i e s 

Use 

Specification . . . . . 

Stock . . . . . . 

Melting point . . . . . 

Density . . . . . . 

Heat capacity . . . . . 

Modulus of elast ici ty 

Mean coefficient of t he rma l expansion 

The rma l conductivity 

Ult imate strength . . . . 

Yield s t rength . . . . . 

Elongation (in 2 in. ) 

Impact s t rength . . . . 

Hardness (Rockwell B) . . . 

Heat t r ea tmen t . . . . 

Chemical composition''" 

Iron 

Chromium 

Nickel 

Silicon 

Manganese 

Aluminum 

Carbon 

Phosphorus 

Faci l i ty a i r 
hea te r 

NECO 292-62-3 

Forgings 

2700"F 

7.78 g/cm-' 

See p. VI-33 

29 X lo6 ps i 

See p. VI-35 

See p . VI-35 

60,000 psi 

32,000 ps i 

20% 

25 ft-lb 

90 

Not hardenable 

85% 

12% 

1% max 

1% max 

1% max 

0.20% 

0,12% max 

0.04% max 

Modified from usual composit ion for this application. 
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Stainless Steel Type 405 (Contd.) 

Heat Capacity 

Reference: Thermotest Laboratories Report No. 61-1166, June 1961. 
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4. S t a i n l e s s S t ee l T y p e 410 P r o p e r t i e s 

U s e 

Spec i f i ca t i on . . . . . 

M e l t i n g point . . . . . 

D e n s i t y . . . . . . 

Spec i f ic h e a t . . . . . 

M o d u l u s of e l a s t i c i t y 

M e a n coef f ic ien t of t h e r m a l e x p a n s i o n 

T h e r m a l conduc t iv i ty 

U l t i m a t e s t r e n g t h . . . . 

Yie ld s t r e n g t h . . . . . 

C r e e p r u p t u r e s t r e n g t h 

C h e m i c a l c o m p o s i t i o n 

I r o n . . . . . . 

C h r o m i u m . . . . . 

Cell p l a t e s , a d a p t e r s , 
and r e f l e c t o r i n s e r t s 

M E L 60 3 

2 7 0 0 ' F 

7.75 g / c m ^ 

0.11 B t u / l b - * F 

See p . V I - 3 5 

See p . V I - 3 5 

See p . V I - 3 5 

See p . V I - 3 5 

See p . V I - 3 5 

See p . V I - 3 5 

78% 

12% 

R e f e r e n c e s : 

1. R e a c t o r Handbook, Vol . 3, S e c . 1, 1st Ed . , p . 276. 
2. C a r p e n t e r S tee l B r o c h u r e . 
3. M e t a l s Handbook, Vol . 1, 8th E d . , p . 422 . 
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410 Stainless Steel 
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5. Nickel Chromium Steel A-286 P r o p e r t i e s 

Use 

Stock 

Melting Point 

Density 

Specific heat 

Po i s son ' s - rat io 

Modulus of elast ici ty 

Mean coefficient of t he rma l expansion 

The rma l conductivity 

Ult imate s t rength . . . . 

Yield s t rength . . . . . 

Elongation . . . . . 

Impact s t rength (Charpy) 

Impact s t rength (1200°F) (Charpy) 

Hardness (Rockwell C) . . . 

Heat t r ea tmen t . . . . 

Chemical composition 

Iron 

Nickel 

Chromium 

Titanium 

Manganese 

Molybdenum 

Vanadium 

Aerodynamic grid 

Forg ings 

2500' 'F 

7.94 g / cm3 

0.11 B t u / l b - ° F 

0.306 

See p . VI-37 

See p . VI-37 

See p . VI-37 

See p . VI-37 

See p . VI-37 

See p . VI-37 

65 ft-lb 

38 ft-lb 

28 

ST 1800°F, I h r , WQ 
Age 1325°F, 16 hr , AC 

54% 

25% 

15% 

2% 

1.5% 

1.3% 

0.3% 

Reference: Allegheny Ludlum Brochure , ARDC-TR-59-66. 
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Nickel Chromium Steel A-Z86 
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6. Ul t ra High Strength Steel (Vascojet 1000) 

Use . . . . . . . . . . . Duct bolts 

Stock . . . . . . . . . . . Forg ings 

Density . . . . . . . . . . 7.75 g / c m 

P o i s s o n ' s ra t io . . . . . . . . 0.281 

Modulus of e last ic i ty . . . . . . . See p . VI-39 

Mean coefficient of t he rma l expansion . . . See p . VI-39 

T h e r m a l conductivity . . . . . . . See p. VI-39 

Ult imate s t rength . . . . . . . . See p. VI-39 

Yield s trength . . . . . . . . . See p . VI-39 

Elongation . . . . . . . . . See p . VI-39 

Impact s t rength (Izod) . . . . . . . 19 ft-lb 

Impact s t rength (Izod, 1000°F) . . . . . 30 ft-lb 

Hardness (Rockwell C) . . . . . . . 53 

Heat t r ea tmen t . . . . . . . . Austenize 1850°F, 
45 min AC 
Tr ip le t emper 
1025°F, 2 hr AC 

Chemical composit ion 

Iron . . . . . . . . . . 93% 

Chromium . . . . . . . . . 5% 

Molybdenum . . . . . . . . 1.3% 

Vanadium . . . . . . . . . 0.5% 

Carbon . . . . . . . . . 0.4% 

References ; 

1. Vanadium-Alloys Brochure . 
2. ARDC-TR-59-66 . 
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G. PROPERTIES OF HAFNIUM 

Use . . . . . . . 

Specification . . . . . . 

Stock . . . . . . . 

Melting point . . . . . . 

Density . . . . . . . 

Specific heat . . . . . . 

P o i s s o n ' s ra t io . . . . . . 

Modulus of e las t ic i ty . . . . 

Mean coefficient of t he rma l expansion 

The rma l conductivity . . . . 

Ult imate strength . . . . . 

Yield s t rength . . . . . 

Elongation . . . . . . 

Impact s t rength (Izod, 0°F) 

Hardness (Rockwell A) . . . . 

Oxidation c h a r a c t e r i s t i c s 

Heat t r ea tmen t . . . . . 

The rma l neutron absorpt ion c r o s s section 

Resonance in tegral . . . . 

Chemical composit ion 

Hafnium 

Zirconium 

Aluminum 

Copper 

Iron 

Oxygen 

Nitrogen 

Tungsten 

T itanium 

Hydrogen 

Uranium 

m 
Control rods 

MEL 534 

Sheet 

3978''F 

12.9 g/cm-' 

See p. VI-41 

0.29 

See p. VI-41 

See p. VI-41 

See p. VI-41 

See p. VI-41 

See p. VI-41 

See p. VI-41 

2.5 ft-lb 

55 

See p. VI-41 

Annealed 

100 b 

2000 b 

96,5% 

3.5% 

50 

50 

200 

180 

100 

100 

50 

25 

20 

^ 
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H. PROPERTIES OF NICKEL ALLOYS 

1. Nickel Grade 200 P r o p e r t i e s 

Use . . . . . . . 

Specification . . . . . 

Stock . . . . . . . 

Melting point . . . . . 

Density . . . . . . 

Specific heat . . . . . 

P o i s s o n ' s ra t io . . . . . 

Modulus of elast ici ty 

Mean coefficient of t he rma l expansion^ 

Thermal conductivity-^ 

Ult imate s trength4 . . . . 

Yield strength"* . . . . 

Elongation"* . . . . . 

Creep rupture strength"* 

Hardness (Brinell) . . . . 

Heat t r ea tmen t . . . . 

Chemical composit ion 

Nickel . . . . . . 

Cobalt . • 

Manganese . . . . . 

I ron . . . . . . 

Carbon . . . . . . 

Copper . . . . . . 

Silicon . . . . . . 

Sulfur . . . . . . 

P e r i p h e r a l shims 

MEL 606 

Bar 

2615°F 

8.92 g /cm^ 

0.13 B t u / l b - ° F 

0.31 

See p. VI-43 

See p. VI-43 

See p. VI-43 

See p. VI-43 

See p. VI-43 

See p. VI-43 

See p. VI-43 

90 

Anneal 1500°F 
1/4 hr , AC 

99.2% min 

0.3% max 

0.25% max 

0.15% max 

600 ppm max 

500 ppm max 

500 ppm max 

50 ppm max 

1. Reac tor Handbook, 2nd Ed. , Vol. I, p . 644. 
2. Jo rdan and Swanger, B . J . S . R e s e a r c h 5, 1291, 1930, MBS Ci r . 592, 

p . 20. 
3. WADC-TR-58-476, Vol. I. 
4. LRL - Metcut Report No. 511-4039-1 . 
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2. Hastelloy B P r o p e r t i e s 

Use 

Stock . . . . . . 

Melting point . . . . . 

Density . . . . . . 

Specific heat . . . . . 

Modulus of e last ic i ty 

Mean coefficient of the rmal expansion 

Thermal conductivity 

Ultimate s t rength . . . . 

Yield s t rength . . . . . 

Creep rupture s t rength 

Impact s t rength (Izod) 

Hardness (Brinell) . . . . 

Heat t r ea tmen t . . . . 

Chemical composit ion 

Nickel 

Molybdenum . . . . 

Iron . . . . . . 

Cobalt . . . . . . 

Chromium . . . . . 

Silicon . . . . . . 

Carbon . . . . . . 

Control ac tua tors , 
pinion space r s 

Bar 

2408''F 

9.24 g / cm3 

0.091 B t u / l b - ° F 

30 X 10^ ps i 

See p. VI-45 

See p. VI-45 

See p . VI-45 

See p. VI-45 

See p. VI-45 

58-62 ft-lb 

205 

2125' 'F AC 

61% 

28% 

5.5% 

2.5% max 

1% max 

1% max 

0.05% max 
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Hastelloy C P r o p e r t i e s 

Use 

Stock . . . . . . . 

Melting point . . . . . . 

Density . . . . . . . 

Specific heat . . . . . . 

Poisson'-s rat io . . . . . . 

Modulus of elast ici ty . . . . 

Mean coefficient of t he rma l expansion 

The rma l conductivity . . . . 

Ult imate strength . . . . . 

Yield s trength . . . . . . 

Elongation . . . . . . 

Creep rupture s t rength (10 hr @ 1500°F) 

Impact s t rength (Izod) . . . . 

Impact s trength (Izod, 1 5 0 0 ' ' F ) 

Hardness (Rockwell C) . . . . 

Heat t r ea tmen t . . . . . 

Chemical composition 

Nickel 

Chromium 

Molybdenum 

Iron 

Tungsten 

Cobalt 

Silicon 

Manganese 

Ducts 
P la te , 

2380' 

8.94 g 

0.092 

0.3 

See p. 

See p. 

See p. 

See p. 

See p. 

See p. 

for 

F 

/ c m 

gings 

3 

Btu / ib - ° ; 

VI-

VI-

VI-

VI-

VI-

VI-

25,000 psi 

65 ft-

47 ft-

22 

Ib 

lb 

-47 

•47 

-47 

•47 

.47 

-47 

ST 2225°F, 
2 h r . 

56% 

16% 

16% 

5% 

4% 

1.5% 

0.6% 

0.6% 

WQ 
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4. Hastelloy X P r o p e r t i e s 

Use 

Melting point . . . . . 

Density . . . . . . 

Specific heat . . . . . 

Modulus of elast ici ty 

Mean coefficient of the rmal expansion 

The rma l conductivity 

Ultimate s t rength . . . . 

Yield s trength . . . . . 

Elongation in 1 in. (sheet, 70-1500°F) 

Elongation in 1 in. (casting, 70-1500°F) 

Hardness (Rockwell B) 

Heat t r ea tmen t 

Chemical composit ion 

Nickel 

Chromium 

Iron 

Molybdenum 

Cobalt 

Tungsten 

Carbon 

Control ac tuator . 
guide sys tem 

2350*F 

8.23 g /cm^ 

0.105 B t u / l b - ^ F 

See p. VI-49 

See p. VI-49 

See p. VI-49 

See p. VI-49 

See p. VI-49 

60% 

10% 

90 

2175°F, 1/2 hr , WQ 

47% 

22% 

18% 

10% 

. 2% 

0.5% 

0.1% 
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5. Hastel loy R-235 P r o p e r t i e s 

Use . . . . 

Specification 

Stock 

Melting point 

Density 

Specific heat 

Po i s son ' s ra t io 

Modulus of elast ici ty 

Mean coefficient of t he rma l expansion 

Thermal conductivity 

Ult imate s t rength 

Elongation 

Creep rupture s t rength 

Impact s t rength (Charpy) 

Hardness (Rockwell C) 

Heat t r ea tmen t 

Chemical composition 

Nickel 

Chromium 

Iron 

Molybdenum 

Cobalt 

Ti tanium 

Aluminum 

Manganese 

Silicon 

Carbon 

Tie rods 

MEL 333 

Welded tubing 

2400' 'F 

8.23 g / c m 

0.11 B t u / l b - " F 

0.3 

See p . VI-51 

See p . VI-51 

See p . VI-51 

See p . VI-51 

See p . VI-51 

See p . VI-51 

31 ft-lb 

31 

ST 1975°F, 1/2 h r ,WQ 
Age 1400 ' 'F , l6hr , AC 

64% 

14% 

10% 

5.5% 

2.5% 

2.5% 

2% 

1% 

1% 

0.16% 

References: H. Conrad, "Heat T rea tmen t of R-235 and Rene 4 1 , " Dec. I960. 
Haynes Stellite Co. Brochure (March 1958). 
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6. Rene 41 P r o p e r t i e s 

Use . . . . . . . . Tie rods , conapression 
spring, ga r t e r spring, 
support gr id, r a i l s , 
and wipers 

2400°F 

8.28 g /cm3 

0.11 B t u / l b - ' F 

0.31 @ 80°F ,0 .35 @ 
1700°F 

Modulus of e las t ic i ty . . . . . See p. VI-53 

Mean coefficient of the rmal expansion . See p. VI-53 i 

T h e r m a l conductivity . . . . . See p. VI-53 

Ult imate s t rength . . . . . . See p. VI-53 

Yield s t rength . . . . . . . See p. VI-53 

Elongation . . . . . . . See p. VI-53 

Creep rupture s t rength . . . . . See p. VI-53 

Hardness (Rockwell C) . . . . . 42 

Heat t r ea tmen t . . . . . . ST 1975°F, l / 2 h r , W Q 
Age 1400°F, 16 hr , AC 

Chemical composit ion (typical) 

Nickel 

Chromium 

Cobalt 

Molybdenum 

Titanium 

Aluminum 

Iron 

Silicon 

Carbon 

Manganese 

Silicon 

Boron 

Phosphorus 

54% 

19.5% 

11.1% 

9.8% 

3.1% 

1.5% 

0.8% 

0.2% 

0.1% 

500 ppm 

100 ppm 

40 ppm 

10 ppm 

Reference: H. Conrad, "Heat T rea tmen t of R-235 and Rene 4 1 , " Dec. I960. 

Melting point 

Density 

Specific heat 

P o i s s o n ' s ra t io 
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Inconel X P r o p e r t i e s 

Use 

Melting point 

Density 

Specific heat 

P o i s s o n ' s ra t io . 

Modulus of e las t ic i ty 

Mean coefficient of t he rma l expansion 

The rma l conductivity 

Ult imate strength . . . . 

Yield s trength . . , . . 

Elongation . . . . . 

Hardness (Brinell) . . . . 

Heat t r ea tmen t . . . . 

Chemical composition 

Nickel 

Chromium 

Iron 

Ti tanium 

Columbium 

Aluminum 

Control actuator 

2540°F 

8.3 g/cxTL-' 

0.13 B t u / l b - ° F 

0.29 

See p. VI-55 

See p . VI-55 

See p. VI-55 

See p. VI-55 

See p. VI-55 

See p. VI-55 

300-360 
1 6 2 5 ' ' F / 2 4 h r , A C 
1 3 0 0 ° F / 2 0 h r , A C 

74% 

15% 

7% 

2.5% 

1% 

0.7% 
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Pla t inum Alloys 

P t - 5 Ru P r o p e r t i e s 

Use 

Specification . . . . . 

Stock 

Melting point (estimated) 

Density . . . . . . 

Modulus of elast ici ty 1 

Mean coefficient of t he rma l expansion'^ 

Thermal conductivity 

Ult imate strength"^ . . . . 

Yield strength^ . . . . 

Elongation-^ . . . . . 

Creep rupture strength•' 

Hardness (Brinell) . . . . 

Heat t r ea tmen t . . . . 

Chemical composition 

Pla t inum . . . . . 

Ruthenium . . . . . 

Tie ro d insulating cup 

MEL 611 

Sheet 

3300*'F 

20.67 

See p . 

See p . 

See p . 

See p . 

See p . 

See p . 

See p . 

130 

g /cm 

VI-57 

VI-57 

VI-57 

VI-57 

VI-57 

VI-57 

VI-57 

Anneal 

95% 

5% 

1. LRL - Metcut Report No. 511-4101-1, 
2. L R L - S o u t h e r n R e s e a r c h Repor t No. 5638-1409, 14101. 
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APPENDIX A 

LIST OF TORY II-C MEMORANDA BY NUMBER 

Memo 
No. Subject 

1959 

1. Descript ion of the Tory II-C Reactor 

2. Ea r ly P r o g r e s s on Neutronics 

3. Poros i ty Definition 

4. Tory II-C Objectives 

5. Power Distr ibution for d T ^ / d x > 0 

6. Fie ld Strength from Gamma Activity 
of Tray Reactor Section 

7. Modular Alike Reactor 

8. Comparison of Generic Reactor 
Systeins for Tory II-C 

9. Some General Neutronic Calculations 
on Tory II-C Type Cylindrical Reac tors 

10. Design P roposa l for a Tory II-C Reactor 
Containing No Metal P a r t s 

11. Metal Volume Frac t ion in an Alike-
Integral Reactor 

12. P r o g r e s s Report : Aero thermodynamics 

I960 

13. P r o g r e s s Report : Neutronics 

14. Pe r fo rmance 

15. Summary of T ray Reactor Design 

16. Tory II-C P e r f o r m a n c e Choice 

18. P r o g r e s s Report : Neutronics 

19. Axial Support 

20. Reactor P r e s s u r e Drop for St ructura l 
Considerat ions 

21. S t ructura l Ma te r i a l s Selection for 
Reactor Axial Load 

23. Pe r fo rmance 

24. P r o g r e s s Report : Neutronics 

25. St ructura l and Stability Requi rements 
of the Ceramic Matr ix in a Reactor 
without Internal S t ruc ture 

Author 

H. 

L . 

H. 

H. 

P . 

L . 

c. 
C. 

L . 

W. 

C. 

p . 

L . 

M. 

J . 

H. 

L . 

W. 

T . 

C. 

H. 

L . 

P . 

Reynolds 

Russel l 

Reynolds 

Reynolds 

Uthe 

Russel l 

Walter 

Walter 

Russel l 

Wells 

Walter 

Uthe 

Russel l 

Mintz 

Cox 

Reynolds 

Russe l l 

Wells 

Tyson 

Walter 

Reynolds 

Russe l l 

Mohr 

Month 

January 

July 

July 

July 

August 

September 

October 

October 

October 

November 

November 

December 

January 

January 

January 

Februa ry 

March 

March 

March 

May 

May 

June 

July 
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Memo 
No. Subject 

(1960 contd.) 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41 . 

42. 

43. 

44. 

46. 

47. 

48. 

49. 

50. 

Survey of Gamma Heat Deposition in 
Tory II-C 

Calculation of Thermal S t r e s s in Side 
Reflector Configuration 

Tory II-C Design Analysis 

Fueled Tube Hole Non-Symmetry as 
Regards T h e r m a l S t r e s s 

P r e l i m i n a r y Study of Non-Nuclear 
Ins t rumentat ion 

Mate r ia l F ron ta l Area in a Standard 
Unit Cell 

Operat ions 

BeO The rma l S t r e s s 

Reactor Side Support Design 

Structura l Composition Outline for 
the Tory I I -C-2 Reactor 

P e r f o r m a n c e 

P r e l i m i n a r y Design of Reactor Duct 
and Support Grid 

Review of Tory II-C Memos 

Const ra in ts on Reactor Operating 
Conditions 

Descr ipt ion of Tory II-C Neutronics 

Control Rod Design 

Reactor Design Information 

Schedule for Tory II-C Reactor 
Exper iment 

Review of II-C Instrumentat ion 
Requi rements 

P r e l i m i n a r y Design Specification for 
Reactor Control Actuator 

Design Ground and Flight Loads 

Design Analysis Responsibi l i t ies 

1961 

Fron t Reflector Thickness 

Unit Cell Design 

Au 

A. 

L . 

P . 

P . 

T . 

W. 

P . 

P . 

J . 

P . 

P . 

E . 

C. 

C. 

L . 

J . 

J . 

C. 

T . 

R. 

E . 

P . 

C. 

C. 

thor 

Lorenz 

Deveral l 

Uthe 

Uthe 

Rehder 

O'Neal 

Uthe 

Uthe 

Cox 

Mohr 

Uthe 

Jackson 

Walter 

Walter 

Russel l 

Hovingh 

Cox 

Walter 

Rehder 

Finnigan 

Arbtin 

Uthe 

Walter 

Walter 

Month 

July 

August 

August 

August 

September 

September 

September 

September 

October 

October 

October 

October 

October 

October 

October 

October 

October 

November 

November 

December 

December 

December 

January 

January 
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Memo 
No. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

Subject 

(1961 contd. ) 

Maximum Mate r i a l T e m p e r a t u r e s in 
Tie Rods and Inse r t s 

Tory II-C Nomencla ture 

Mater ia l Fron ta l Area in a Standard 
Unit Cell 

Tory II-C Data Book 

Neutronic Descr ipt ion of January 
1961 Reactor Configuration 

Fuel Element Size 

Tes t Report : Glazed Bonded Tubes 

Control Actuator Mounting System 

Reactor Assembly and Disassembly 

Tes t s on Coated and Uncoated F -48 
Columbium Alloys 

Pe r fo rmance 

Reactor Tes t Run Time 

Number of Flow Channels in Reactor 

Mater ia l F ron ta l Area in a Standard 
Unit Cell 

Cr i t ica l Mass 

Tory II-C Subassembly Tes t s 

Mockup Reac tor 

Mate r ia l F ron ta l Area in a Control 
Unit Cell 

Hybrid Equivalent Hydraulic Flow 
Channels 

Fuel Element Size 

Control Console Design 

Reactor Assembly 

Nuclear Heating in Tie Rods 

The rma l Analysis of Control Rod 

Nuraber of Flow Channels in Reactor 

Heating of Hafnium Control Rods 

Neutronic Aspects of Control Rods 

Reactor After Cooling 

Author 

R. Var 

H. Stern 

W. O'Neal 

H. Stern 

L. Russel l 

P . Uthe 

W. O'Neal 

E. Jackson 

C. Walter 

R. Werner 

M. Uthe 

H. Reynolds 

W. O'Neal 

W. O'Neal 

E. Goldberg 

P . Uthe 

P . Uthe 

W. O'Neal 

M. Mintz 

P . Uthe 

C. Barnet t 

A. Will iams 

A. Lorenz 

L. Deveral l 

W. O'Neal 

A. Lorenz 

E. Goldberg 

H. Reynolds 

Month 

January 

January 

January 

January 

January 

January 

January 

January 

January 

February 

February 

February 

February 

February 

February 

Februa ry 

Februa ry 

Feb rua ry 

Februa ry 

Feb rua ry 

March 

March 

March 

March 

March 

March 

March 

March 
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Memo 
No. Subject 

(1961 contd.) 
80. Tie Rod Tempera tu re s Along Several 

Radial Posit ions , 

81. Side Reflector Design 

82. Sudden Expansion Losses in Tur 
bulent Air Flow 

83. Schedule for Reactor Exper iment 

84. Per formance 

85. New Tempera tu re Distr ibution for 
Control Rod 

86. Pebble Bed Heater (Pre l iminary) 

87. Reactor Assembly Drawing 

88. Chance-Vought Information Request 

89. Cri t ical Mass 

90. Support Grid Aerothermodynamics 
(Pre l iminary) 

91. Design of Side Support Springs 

92. Fac i l i t ies Committee 

93. Fuel Loading Request 

94. Reactor Control Actuators and 
Pneumatic Sub-System Configuration 

95. Cri t ical i ty Adjustments 

96. Mechanical P r o p e r t i e s of F-48 

97. Tie Rod Flange Tempera tu re 
Distr ibution 

98. Reactor Duct Cooling Requirement 

99- Fac i l i t i es Commit tee 

100. Nuclear Heating of Reactor Side 
Support Components 

101. Foil Self-Shielding Calculations for 
Europium, Gadolinium, and Samar ium 

102. Nuclear Heating of Unfueled BeO 

103. Pneumatic Control Rod Simulation 

104. Posi t ion Limits in Simulation 

105. Angle Resul ts on Reactor Configura
tion Having a Side Support St ructure 
and Control Rod Holes 

106. Engineering Status Meeting Report 

Author 

N. 

P . 

M. 

C. 

P . 

L. 

P . 

J . 

P . 

E . 

R. 

J . 

C. 

R. 

J . 

L. 

J . 

W. 

P . 

C. 

A. 

R. 

A. 

S. 

S. 

K. 

W. 

Balling 

Uthe 

Mintz 

Walter 

Uthe 

Deveral l 

Uthe 

Cox 

Uthe 

Goldberg 

Var 

Cox 

Walter 

Var 

Day 

Russel l 

Cox 

O'Neal 

Uthe 

Walter 

Lorenz 

F r i e s 

Lorenz 

Ross 

Ross 

Russe l l 

Myers 

Month 

March 

March 

March 

March 

April 

April 

April 

April 

April 

April 

April 

April 

April 

April 

May 

April 

April 

April 

May 

May 

May 

May 

May 

May 

May 

May 

June 
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Memo 
No. Subject 

(1961 contd. ) 

107. Addendum to Tory II-C Memo No. 97 

108. Reac tor Safety System Requirement 

109. Hafnium Oxidation Studies 

110. Pneumat ic Actuator Simulation 

111. Revision and Summary of Nuclear 
Heating Values 

112. Resul t s of 13 June 1961 Assembly 
and Grit Meeting 

113. Duct Dimensions 

114. Fuel Loading C las ses 

115. T e m p e r a t u r e Analyses of Pe r iphe ra l 
Shims 

116. Mass Fterturbations of Reactor 
Mate r i a l s 

117. Nuclear Heating of 80 Mil A s t e r i s k -
Shaped Hafnium Control Rod 

118. P roposed Reactor Safety System 

119. Shim Rod and Flow Valve, AV-3 
Simulation 

120. Ramjet Per fo r inance Calculations 

121. Pe r fo rmance 

122. On - Line 6K Computer for Nevada 
Site 

123. Resul t s of Ins t rumentat ion Group 
Meeting 

124. Control Systems Philosophy 

125. Static, Dynamic, and The rma l Design 
Considerat ions of the Test Vehicle, 
Duct, and Mounting System 

126. Nuclear Heating of Fueled BeO 

127. Typical Weight and Surface Density of 
Side Support System 

128. T e m p e r a t u r e Analysis of Pe r iphe ra l 
Shims 

129. Schedule for Tory II-C Manuals 

130. P r e h e a t e r Faci l i ty 

131. Base P l a t e s 

Author 

W. 

H. 

J . 

S. 

A. 

H. 

H. 

H. 

W, 

L . 

A. 

J . 

S. 

M. 

P . 

S. 

c. 

R. 

A. 

A. 

C. 

R. 

H. 

M. 

R. 

O'Neal 

Reynolds 

Hovingh 

Ross 

Lorenz 

Reynolds 

Reynolds 

Reynolds 

O'Neal 

Russel l 

Lorenz 

Cox 

Ross 

Mintz 

Uthe 

Ross 

Barnet t 

Finnigan 

Miller 

Lorenz 

Walter 

Var 

Reynolds 

Mintz 

Werner 

Month 

June 

June 

June 

Jiine 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

July 

July 

July 

July 

July 

July 

July 

July 
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Memo 
No. 

132. 

134. 

135. 

136, 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

149. 

150. 
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Subject 

(1961 contd. ) 

Ideas on Control Philosophy 

Mechanical P r o p e r t i e s of Hastel loy 
Alloy C 

Tolerance Specifications for the Side 
Reflector BeO Tubes 

Thermal S t re s s in Fueled Tubes 
Adjacent to Tie Rods 

P r e l i m i n a r y Report of Reflector 
Exper iments 

Duct Bolted Joints 

Hastelloy C Evaluation P r o g r a m s 

Notes on Assembly Slice Tes t , Phase 2 

Reactor Safety System 

Natura l F requenc ies of Distr ibuted 
Systems by Fini te Differences Imple
mented by Computer P r o g r a m 

Use of Silicon Containing Steel Balls 
in Pebble Bed Hea te r 

Cr i t ica l Review of Chance-Vought 
SLAM Design 

Suggested P lacemen t of T h e r m o 
couples in Reactor 

Tube Column, Reflector Car t r idge , 
and Unit Cell Designations 

Fuel Loading Map 

Exit Nozzle Area 

Inc rease in Diameter of Reac tor Due 

Author 

c. 
E . 

R. 

L . 

A. 

S. 

E . 

G. 

C. 

A. 

J . 

T . 

V. 

H. 

V. 

H. 

W. 

Barnet t 

Jackson 

V a r 

Deveral l 

Cole 

Giampapa 

Jackson 

P a t r a w 

Walter 

Mil ler 

Kane 

Tyson 

Hampel 

Stern 

Hampel 

Reynolds 

, O'Neal 

Month 

July 

July 

July 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 

August 
to Tolerance Buildup of Fueled Tubes 

151. Bendix Liaison Meeting, August 1961, 
Control Actuator Development 

152. Checkout Faci l i ty Control Group, NTS 

153. Exit Nozzle Design 

154. Fuel Loading Request 

155. Analysis of Silicon Iron Pebble Bed 
Heater 

156. Ceramic Tube Quantit ies 

157. Status of Control Rod Sys tems: 
Neutronic Aspects 

J . Day 

R. Finnigan 

M. Mintz 

R. Var 

M. Mintz 

H. Stern 

E. Goldberg 

August 

August 

August 

August 

August 

August 

August 
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Memo 
No. Subject 

(1961 contd. ) 

158. Side Reflector Nickel Shims 

159. Transformat ion from NOMAC to 
SEA LION Geometry 

160. F - 4 8 Mechanical P r o p e r t i e s 

161. Product ion of Photo-Neutrons by the 
Be9 (Y,n) Reaction 

162. Non-nuclear Ins t rumentat ion 

163. Nozzle Cooling Air Requi rements 

164. Control Rod Heating (see Addendum 
10-10-61) 

165. Geometr ic Representa t ion of Reactor 
in Machine Codes 

166. Inlet Grid Throat Area 

167. Dynamic Analog of Tes t Vehicle 

168. Trans ien t Aerothermodynamic Anal
ys i s of a Gas-Cooled Reactor — 1. 
Single Conduit Response to Step and 
Sinusoidal Inputs 

169. Trans ien t Aerothermodynamic Anal
ys i s of a Gas-Cooled Reactor - 2, 
The rma l Coupling between Adjacent 
Conduits 

170. Aerothermodynamic Time Constants 
of the Reactor 

171. Review and Status of the Tory II-C 
Reactor Exper iment 

172. Neutron Absorption by Tie Rods 

173. T e m p e r a t u r e and S t res s Analysis -
Tie Rod F a s t e n e r 

174. Highlights of Visit to Bendix R e s e a r c h 
Labora to ry 

175. Request for Ins t rumentat ion to M e a s 
u re Reactor Radial Expansion 

176. Duct Joint Bolts H-11 (Vasco Jet 1000) 

177. P r e l i m i n a r y Resul t s : Computation of 
Natura l F requenc ies of Tes t Vehicle 
Car F r a m e 

Author 

M. Mintz 

H. Rodean 

J. Cox 

A. Lorenz 

C. Barnet t 

J. Behne 

S. Kellman 

V. Hampel 

D. Corallo 

A. Weston 

H. Rodean 

H. Rodean 

H. Rodean 

C. Walter 

A. Lorenz 

W. O'Neal 

C. Walter 

V. Hampel 

S. Giampapa 

A. Mil ler 

Month 

August 

September 

September 

September 

September 

September 

September 

June 

September 

September 

September 

September 

September 

September 

August 

September 

September 

September 

October 

October 
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Memo 
No. 

178. 

179. 

180. 

181. 

182. 

183. 

184. 

185. 

186. 

187. 

188. 

189. 

190. 

191. 

192. 

193. 

194. 

195. 

196. 

197. 

Subject 

(1961 contd.) 

Bendix Lia ison Meeting, September 
1961, Control Actuator 

Neutronic Calculations for Reac tor 
Assembly Operat ions 

Analysis of T e m p e r a t u r e s in the F i r s t 
Row of Ce ramic Tubes Adjacent to the 
Active Core 

Specification for Control Actuator Aft 
Guide Section 

Thermocouple Averaging Device 

Thermal S t re s s in BeO Car t r idge 
(Sunflower) 

Input Data and Analytical Resu l t s 
for Duct Joints 

Snowflake S t res s Analysis (Transi t ion 
Section) 

Nuclear Heating of BeO Tubes and Tie 
Rods 

Tie Rod Development P r o g r a m Status 

T e m p e r a t u r e Distr ibution in Control 
Rod 

Support Grid Status 

Trans ien t Aero thermodynamics Anal
ys i s of a Gas-Cooled Reactor - 3. 
Aero thermodynamics Time Constant 
Variat ion with Conduit Station 

Location of Reactor Inlet P r e s s u r e and D. Pesche l 
T e m p e r a t u r e Measur ing Station 

Reac tor Safety and Hazards Manual 

Compatibili ty Tes t of Reac tor 
Mater ia l 

Author 

J. Day 

J. Scott 

L. Deveral l 

J. Day 

C. Barnet t 

W. O'Neal 

S. Giampapa 

W. O'Neal 

A, Lorenz 

W. O'Neal 

L. Deveral l 

E. Jackson 

H. Rodean 

Radiative Capture Data 

Gamma Energy Source in the Active 
Core 

Side Support System Dynamics 

Const ra in ts on Reactor Operat ing 
Conditions. P a r t II: Revised Ground 
and Flight Loads to be Used for Bas is 
of Reac tor Design 

E. Goldberg 

R. Werner 

A. Lorenz 

A. Lorenz 

E. P ia t t 

E. Arbtin 

Month 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

September 

October 

October 

October 

October 

October 

October 

October 

October 

November 
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Memo 
No. Subject 

(1961 contd. ) 

198. Reac tor Safety System 

199. Bendix Lia ison Meeting, October 1961, 
Control Actuator Development 

200. Control Room F e a t u r e s Des i red 

201. Side Support Design 

202. Dimensions of Slice Tes t Steatite 
Tubes 

20 3. T rans ien t Aerothermodynamic Anal
ys i s of a Gas-Cooled Reactor - 4. The 
Effect of Variable Reactor Air Flow 

204. Lumped P a r a m e t e r Heat Balance 
Equation for the Reactor 

205. P roposed Nuclear Ins t rument System 

20 6. Modifications to AV3, AV4, AV5 
Valves and Controls 

207. SEA LION Analysis of Typical 
Reactor Tes t 

208. Typical Weight and Surface Density 
of Metal Components External to the 
BeO Side Reflector 

209. Effect of Tube To le rances and Camber 
on Reactor Dimensions 

210. Trans ien t Aerothermodynamic Anal-
sis of a Gas-Cooled Reactor - 5. 
Applicability of Steady Gas Flow 
Equations 

211. Cur ren t Status of Base P la t e Coating 
P r o g r a m 

212. Tie Rod and Control Rod P a r a m e t e r s 

213. SEA LION Re suits for Chance-Vought 
Miss i le Boost Tra jec to ry 

214. Summary of Recent Oxidation Tes t of 
Coatings on F -48 Alloy 

215. Dimensional Analysis of 163 LRL 
"Chicken Fa t" Tubes 

216. On Camber 

217. Base P la t e T e m p e r a t u r e Prof i le 

Author 

C. Walter 

J . Day 

C. Barnet t 

E. P ia t t 

W. O'Neal 

H. Rodean 

H. Rodean 

G. St. Leger-
B a r t e r 

D. Pesche l 

H. Rodean 

R. Cole 

C. Walter 

H. Rodean 

R. Werner 

R. Var 

H. Rodean 

G. Rynders 

J. Collins 

G. Pa t r aw 

M. Mintz 

Month 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 

December 
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Memo 
No. 

218. 

219. 

220. 

221. 

222. 

223. 

224. 

225. 

226. 

227. 

228. 

229. 

230. 

231. 

232. 

233. 

234. 

235. 

236. 

237. 

238. 

239. 

240. 

241. 

Subject 

(1961 contd. ) 

Es t imated Effective C e r a m i c Tube 
Size 

Vibration Ins t rumentat ion 

LRL Radiation Monitor Network at 
Site 401 

Fa i lu re Pro tec t ion in Control Actuator 

Dimensions and Chemical Analysis of 
Tie Rods 

Bunker Quick Disconnect and Align
ment Section Requi rement 

S t r e s s in Base P l a t e s at Rear of Side 
Reflector 

Control Rod System 

Base P la t e The rma l S t r e s s 

Fueled Tube Samples for Pos t Mor tem 
Test ing 

Cr i t ica l Exper iment , Summary of 
Measurements Requested at L i v e r m o r e 

Bendix Liaison Meeting, December 
1961, Control Actuator Development 

Modulus of Rupture Tes t ing 

Hafnium Slowdown Tes t 

Number of Fueled Flow Channels 
1962 

Summary of Side Support Require -
ments 

Support Grid Aero thermodynamics 

Review of NTS Air Flow Rate 
Meter ing System 

Tory II-C System Component Review 

Pe r sonne l Assignment 

SEA LION Analysis of Typical 
Reactor Tes t 

Aft Reflector and Reflected Core 
Length Changes 

Trans i t ion Tube Design 

P r e l i m i n a r y Objectives - Digital 
Reactor Test Data Reduction 

Autho r 

E. P ia t t 

C. Barnet t 

E. Goldberg 

J. Day 

V. Hampel 

J . P i t t s 

L . Deveral l 

E. Goldberg 

M. Uthe 

A . Wil l iams 

C. Barnet t 

R. Holls t ien 

J . Collins 

J. Hovingh 

H. Stern 

C. Walter 

R, Var 

R. McConnell 

B. Myers 

B. Myers 

H. Rodean 

W. O'Neal 

W. O'Neal 

T. Varl jen 

Month 

December 

December 

December 

December 

December 

Decenaber 

December 

December 

December 

December 

December 

Decenaber 

December 

December 

December 

January 

January 

January 

January 

January 

January 

January 

January 

January 
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Memo 
No. 

242. 

243. 

244. 

245. 

246. 

247. 

248. 

249. 

250. 

251. 

252. 

253. 

Subject 

(1962 contd.) 

254. 

255. 

256. 

257. 

258. 

259. 

260. 

261. 

P r o c e s s Air T e m p e r a t u r e P robe 
Response 

Effects of Bent Tie Rod on Control Rod 

On P r e s s u r e Drop Caused by Draining 
and Fill ing Heater Vesse l Insulation 
Containers 

Ce ramic Tube Quantit ies 

Steady State E las t i c The rma l S t r e s s 
in Control Rods 

Tes t Vehicle Assembly 

Summary of Unit Cell Tes t s 

Heating of Reactor P e r i p h e r a l Regions 
(Pre l iminary) 

Comments on Control Systems 
Requi rements 

Control Console 

P r e p a r a t i o n of Refined Fuel Loading 
Map 

Trans ien t Aerothermodynamic 
Analysis of a Gas-Cooled Reactor - 6. 
Redefinition of Aero thermodynamic 
Time Constant Variat ion with Conduit 
Station 

Typical Weight and Surface Density of 
Metal P a r t s Externa l to the BeO Side 
Reflector 

Base P la t e Tes t s 

Sintering Studies on Thin Wall BeO 
Tubes 

Scram, Annunciator, and Ala rm 
System 

Tory II-C Pe r fo rmance 

B a r r e l Angle at Reflected Core 
P e r i p h e r y 

T e m p e r a t u r e Analysis of Shim F inger 

Trans ien t Heat Balance Equation for 
the Reactor at Axial Station X / L = 0.70 

Author 

R. McConnell 

J . Hovingh 

W. Wells 

H. Stern 

J. Hovingh 

J. Behne 

N. Brown 

A. Lorenz 

C. Barnet t 

G. St. L e g e r -
B a r t e r 

V. Hampel 

H. Rodean 

R. Cole 

H. Reynolds 

W. Sandholtz 

G. St. Leger-
Ba r t e r 

M. Mintz 

W. O'Neal 

W. O'Neal 

H. Rodean 

Month 

January 

January 

January 

January 

January 

January 

January 

January 

January 

January 

January 

February 

February 

February 

January 

February 

February 

February 

February 

February 
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Memo 
No, Subject 

(1962 contd.) 

262. Loads Induced on Control Rod by a 
Bent Tie Rod 

263. Tie Rod Weights and P r o p e r t i e s 

264. S t re s s Analysis of P e r i p h e r a l Shims 

265. S t r e s se s in Standard Unit Cell P la te 

266. Information Concerning Boron Steel 
Str ips to be Used in Cr i t ica l E x p e r i 
ment 

267. Instrumentat ion Required on the Duct 
and in the Reactor Side Support Region 

268. Horse rad i sh Composition 

269. Calculational Effects of a Control Rod 
and Infinite Cylindrical Geometry 

270. Range Selection for Air Flow Rate 
Meter ing System 

271. Heating of P e r i p h e r a l Reactor Regions A. Lorenz 

272. Cracking of Coors BeO Tubes 

27 3, Modified Control System for AV5 
T e m p e r a t u r e Control Valves 

274. Aerodynamic Grid Design 

275. Bendix Liaison Meeting, Feb rua ry 
1962, Control Actuator Development 

27 6. Effect of Hor se r ad i sh on Reactivity 
and Local Power Density 

277. Review and Status of Components 
Included in the Actuator Control 
Package 

278. Water Content of Air of Three Trans -
Pacif ic Routes 

27 9. Buckling of Control Rod 

280. AV5 Actuator Torque Requi rements 

281. P r e l i m i n a r y Heat Trans fe r Analysis 
of Side Support System (III) 

282. Trans ien t Aerothermodynamic 
Analysis of a Gas-Cooled Reactor - 7, 
P red ic t ion of Steady State and Trans ien t 
Operating Envelopes 

Author 

J . 

W. 

W. 

L . 

C. 

E . 

A. 

R. 

R. 

A. 

E . 

J . 

B . 

J . 

V, 

D. 

E . 

J . 

J . 

N . 

H. 

Hovingh 

O'Neal 

O'Neal 

Yost 

Barnet t 

Arbtin 

Rothman 

F r e i s 

McConnell 

Lorenz 

Robinson 

Wood 

Rose 

Day 

Hampel 

Buddington 

Arbtin 

Hovingh 

Day 

Balling 

Rodean 

Month 

F e b r u a r y 

F e b r u a r y 

F e b r u a r y 

Feb rua ry 

Feb rua ry 

F e b r u a r y 

F e b r u a r y 

F e b r u a r y 

Feb rua ry 

F e b r u a r y 

F e b r u a r y 

F e b r u a r y 

F e b r u a r y 

Feb rua ry 

March 

Feb rua ry 

F e b r u a r y 

F e b r u a r y 

March 

March 

March 
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Memo 
No. Subject 

(1962 contd.) 

283. Ce ramic Tube Fabr ica t ion and 

Requi rements Review 

284. Doppler-Broadening in Control Rod 

285. IBM 7090 Code Swindler 
286. P r e l i m i n a r y Dimensional Analysis 

of Coors Tubes 

287. Reviewed Aerodynamic Grid Throat 
Area and Hole Contour 

288. Density of H o r s e r a d i s h Tubes 

289. Steady-State and Trans ient Operat ing 
Envelopes of the Reactor 

290. Support Grid Tes t P lan 

291. Exit Gas P r e s s u r e and T e m p e r a t u r e 
P r o b e Location 

292. Side Reflector Tube Size Change 

293. Nuclear Heating of Base P la te 
Coating (Pre l iminary) 

294. Automatic Data Acquisition Requ i r e 
ments for the L i v e r m o r e Cr i t ica l 
Exper iment 

295. T ime Constants for Reac tor Com
ponents 

296. Res t r i c t ion on Core and Duct T e m 
p e r a t u r e s to Satisfy Side Support 
System Requi rements 

297. Axial Varia t ion of the Maximum 
Internal Control Rod T e m p e r a t u r e 
and Aerodynamic Loads on the 
Control Rod 

298. Effect of Xenon 135 Buildup on 
Reactivi ty and Spatial Power Prof i le 

299. Operat ions and Tes t P r o g r a m s 

300. Cutback Tubes Review 

301. Tie Rod Unfueled BeO P e r i p h e r a l 
E lements 

302. Monte Car lo Analyses of Control Rod 
Configurations 

30 3. Control Rod P r e s s u r e Drop Analysis 

Author 

C. Walter 

C. Donaghy 

J. Collins 

J. Collins 

J. P i t t s 

A. Rothman 

H. Rodean 

G. P a t r a w 

C. Barnet t 

A. Mil ler 

A. Lorenz 

T. Varl jen 

H. Rodean 

E. Arbtin 

J. Hovingh 

Month 

March 

March 

March 

March 

March 

March 

March 

March 

March 

March 

March 

March 

March 

March 

March 

V. 

c. 
c. 
M. 

K. 

M, 

Hampel 

Barnet t 

Walter 

Mintz 

Russel l 

Mintz 

March 

March 

April 

April 

April 

Apri l 
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Memo 
No. Subject Author Month 

(1962 contd. ) 

304. P r o g r a m for P r o c u r e m e n t of Side E. Arbtin April 
Support Springs 

305. Control Rod Stop W. O'Neal April 

306. P r e l i m i n a r y Core Dimensional Tes t G. P a t r a w April 
Resul ts 

307. Geometr ic and Neutronic Representa t ion V. Hampel May 
in Machine Codes, P r e p a r a t o r y to the 
Determinat ion of the Cr i t ica l Mass and 
Final Fuel Maps 

Guard Tube Insulation 

Revised Lumped P a r a m e t e r Heat 
Balance Equation for the Reactor 

Monitoring of Impuri ty Levels in 
Ceramic Tubes 

Trans ient Behavior of the Pebble Bed 
Heater 

Resul t s of Examinat ion and Test ing of 
Silicide Coatings P r e p a r e d by Boeing 
Fluidized BeO P r o c e s s 

Maximum Explosion Yield of the Reactor E. Goldber 

Es t imated Time that Exit Air May Be 
at or Near Design T e m p e r a t u r e 

Dynamic Measu remen t s on Tes t Vehicle 

Basic Considerat ions P r e p a r a t o r y to 
the Determinat ion of the Final Fuel Maps 

Reactor Neutron Economy and Flux 
Spectra 

Use of Additives in the Fabr ica t ion of 
Fuel Elements 

IBM 7090 Code Swindler 3,4 

Reactor Safety System 

Actuator Guide System Convection 

Coefficient 

Reduction of Data on Swindler Code 

Full Length Tie Rod Tes t s 
Reactor Safety and Hazards Manual 
Second Draft on Reac tor Design 

325. Instrumentat ion Summary 

308. 

309. 

310. 

311. 

312. 

313, 

314, 

315, 

316. 

317. 

318. 

319, 

320. 

321. 

322. 

323, 

324. 

W. 

H. 

V. 

M. 

J . 

E . 

C. 

c. 
V. 

V. 

J . 

J , 

E . 

E . 

J . 

W. 

c. 

w. 

O'Neal 

Rodean 

Hampel 

Mintz 

Rynders 

Goldberg 

Barnet t 

Walter 

Hampel 

Hampel 

Kane 

Burke 

Jackson 

Jackson 

Burke 

O'Neal 

Walter 

Russe l l 

April 
April 

April 

April 

April 

April 

April 

May 

May 

May 

May 

May 

May 

May 

May 

May 
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Memo 

No. Subject 

(1962 contd. ) 

326. Reac tor Instrumentat ion 
327. Heat T rans fe r Analysis of Nickel 

Shim No. 6 
328. Reactivi ty vs Asymptotic Pe r iod 

329- Fueled BeO Densit ies in Reference to 
MEL 573 Specification 

330. Activation of the Aft Reac tor Duct 

331. Thermocouple Mater ia l Content in 
the Reactor 

332. Bendix Lia ison Meeting, May 1962, 
Control Actuator Development 

333. Ce ramic Components: Reac tor Safety 
and Hazard Manual 

334. Density of Beryl l ium Oxide 

335. T r a n s v e r s e St ructura l Stability of 
Reac tor Tube Ar ray 

336. Tie Rod Tenn.perature Distr ibution 

337. Two-Dimensional Heat T rans fe r Codes 

338. Chemical Analysis of Ledoux of BeO 
Powder 

339. Operat ion Manual, Cold Assembly 
P r o c e d u r e , Tes t Vehicle Ducting 

340. Heat Trans fe r and Core Design P r e -
Mor tem 

341. Modulus of Rupture T e s t s of LRL 
Tubes at Elevated T e m p e r a t u r e s 

342. Core T e m p e r a t u r e Rise Result ing F r o m 
Shim Rod Withdrawal at Maximum 
Velocity 

343. Radiation Heating of the Aft Reactor 
Duct Flange 

344. F i s s ion F ragmen t Recoil Loss 

345. Suggested Specifications for L i v e r m o r e 
Grit Automatic Data System 

346. Reac tor Tes t Faci l i ty 

347. Use of Boron 1 1 in Base Block Coating 

348. Loss of Airflow Accident 

Author Month 

L. 

N. 

C. 

A. 

A. 

W. 

J . 

A. 

D. 

A, 

W. 

M. 

J . 

J . 

H. 

W. 

C. 

A. 

C. 

T. 

W. 

R. 

C. 

Huntsman 

Balling 

Donaghy 

Rothman 

Lorenz 

Russel l 

Day 

Rothman 

Smith 

Miller 

O'Neal 

Mintz 

Collins 

Behne 

Reynolds 

Sandholtz 

Donaghy 

Lorenz 

Donaghy 

Varl jen 

Miller 

Werner 

Donaghy 

May 

May 

May 

May 

May 

May 

May 

May 

June 

June 

June 

June 

June 

May 

June 

June 

June 

June 

June 

June 

June 

June 

June 
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Memo 
No. 

349. 

350. 

351. 

352. 

353. 

354. 

355. 

356. 

357. 

358. 

359. 

360. 

361, 

362. 

363. 

364. 

365. 

366. 

367, 

368, 

369. 

Subject 

(1962 contd. ) 

Exper imenta l Verification of the Nickel 
Absorption Cross -Sec t ions 

Appraisa l of Cri t ical Mass Without 
Recourse to Digital Computer Codes 

The Effect on Thrus t of a Core Length 
Change 

Heat Trans fe r of Shaevitz Engineer ing 
Displacement T ransduce r 

Disassembly Considerat ions 

Side Support Gap 

P r e l i m i n a r y Neutronic Calculat ions of 
the Effect of Dome Modification to 
Tory II-C (C-RD) 

T e m p e r a t u r e Overshoot Result ing from 
Slow Withdrawal Rate of Shim Rods 

The Effect on Thrus t of a Side Reflector 
Change 

Side Support System 

Bendix Lia ison Meeting, July 1962, 
Control Pneumat ic Actuator Develop
ment 

Control System 

Control Rod Weights 

Radiation and BeO Hazards Result ing 
from High Pow^er Operat ion 

The rma l S t r e s s Cha rac t e r i s t i c s in 
Cylinders 

R e m a r k s on Loading Optimization 

Final Report Dimensional Buildup 
Expected on Reactor 

Trans i t ion and Base P la t e P r e s s u r e 
Drop 

Control Rod Worth 

Resul t s of Front Reflector Core 
Interface Redesign 

Review of the Operat ing Envelopes and 
L imi t s of the Reactor Side Support 
System 

Author 

A. 

E . 

J . 

N. 

C. 

H. 

A. 

C. 

J . 

E . 

J . 

E . 

J . 

E . 

C. 

J , 

G. 

B. 

S, 

w. 

H. 

Cole 

Goldberg 

Moyer 

Balling 

Walter 

Reynolds 

Cole 

Donaghy 

Moyer 

Arbtin 

Day 

Sheridan 

Hovingh 

Goldberg 

Walter 

Hadley 

P a t r a w 

Rose 

Kel lman 

, O'Neal 

Rodean 

Month 

July 

July 

June 

July 

July 

July 

July 

July 

August 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

August 
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M e m o 
N o . Subjec t 

(1962 c o n t d . ) 

370. P o s s i b l e R e v e r s e P r e s s u r e L o a d s on 
R e a c t o r R e s u l t i n g f r o m a Sudden Change 
to S u b c r i t i c a l In le t O p e r a t i o n s 

371 . R a d i a t i o n L e a k a g e and R a d i a t i o n L e v e l s 
E x t e r n a l to the R e a c t o r 

372. B a s e P l a t e T e m p e r a t u r e R i s e 

37 3. R a d i a t i o n L e v e l s w i th in t h e R e a c t o r 

and R a d i a t i o n D a m a g e 

374. E x i t N o z z l e 

375. T i e Rod O p e r a t i n g T e m p e r a t u r e s 

376. S u m m a r y of R a d i a t i o n E f f ec t s S t u d i e s 
377. E x i t N o z z l e Inf luence P a r a m e t e r Study 

for D e s i g n P o i n t F l i g h t C o n d i t i o n s 

378. Bend ix L i a i s o n M e e t i n g , A u g u s t 1962, 
C o n t r o l A c t u a t o r D e v e l o p m e n t 

379. R e j e c t i o n C r i t e r i a in the C o r e T e m 
p e r a t u r e A v e r a g i n g N e t w o r k 

380. S e l e c t i o n of F i n a l Coa t ing S y s t e m for 
B a s e B l o c k s 

381 . S ide S u p p o r t S p r i n g s 

382. D e t e r m i n a t i o n of P o w e r D e l i v e r e d to 
the A i r S t r e a m 

38 3. N e u t r o n S t r e a m i n g 

384. P r e l i m i n a r y A p p r a i s a l of C r i t i c a l 
M a s s U s i n g M a c h i n e C a l c u l a t i o n s 

385. T e s t V e h i c l e B r a k e S y s t e m 

386. S u b s y s t e m C h e c k o u t of AV4 Ai r f low 
C o n t r o l S y s t e m 

387. A M e t h o d of C o n t r o l l i n g a F u t u r e F l i g h t 
R e a c t o r 

388. S u b s y s t e m C h e c k o u t of AV5 A i r T e m 
p e r a t u r e C o n t r o l S y s t e m 

389. C r o s s - s e c t i o n s and T r a n s f e r Coef f i 
c i e n t s of M a t e r i a l s U s e d in Diffusion 
Code C a l c u l a t i o n s 

390. R e a c t o r P a r t s L i s t 

391 . S u b s y s t e m Checkou t of AV3 A i r F l o w 
C o n t r o l S y s t e m 

H. R o d e a n 

A. L o r e n z 

J . Hovingh 

A. L o r e n z 

J . Behne 

J . P i e r c e 

A. L o r e n z 

M. Mintz 

J . Day 

T . V a r l j e n 

R. W e r n e r 

N. B rown 

C. B a r n e t t 

S. K e l l m a n 

V. H a m p e l 

N. A n d e r s o n 

G. Boyadjieff 

V. H a m p e l 

M. J a c q u e s 

V. H a m p e l 

E . P i a t t 

G. Boyadjieff 

Month 

J u l y 

Augus t 

Augus t 

Augus t 

Augus t 

Augus t 

Augus t 

Augus t 

Augus t 

Augus t 

Augus t 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 

S e p t e m b e r 
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Memo 
No. 

392, 

393. 

394, 

395. 

396. 

397. 

398. 

399. 

400. 

401 , 

402. 

403. 

404. 

405. 

406. 

407. 

408. 

409. 

410. 

411. 

412. 

413. 

414. 

Subject 

(1962 contd. ) 

Final Radial and Axial Boundaries 
Between Fuel C l a s s e s 

A Pos tu la ted Maximum Credible 
Accident: Sudden Cut-Off of Coolant Air 

Steady State Cha rac t e r i s t i c s of the NTS 
Air Supply 

Fueled Tube Requi rements 

Fueled Tube Requ i rements , Rev. I 

Fuel Loading Map 

Emergency Use of Safety Rods During 
High Power Reactor Operat ion 

Descr ipt ion of NTS Rai l road Equipment 

P lacemen t of Tie Rods in the Reactor 

Change of Thrus t with Core Length 
(Supplement to Memo 351) 

Change of Thrus t With a Reflector 
Modification (Supplement to Memo 357) 

As-Bui l t Throat Area of the A e r o 
dynamic Grid 

Stra in Relaxation and Residual S t r e s s 

Action Based on Heat T rans fe r and 
Reactor Design P r e - M o r t e m Meetings 

Duct P r e s s u r e s During Cold Blo^vdown 

Tory II-C Pe r fo rmance 

Neutronic C r o s s - s e c t i o n s for Nickel, 
Iron,Cobalt , Rene 41 , and Hastel loy 
R-235 

Fueled Tube Requi rements (Rev. II) 

Bendix Liaison Meeting, October 1962, 
Control Actuator Development 

Duct P r e s s u r e s During Automatic 
Control of the Air Supply 

Control Rod Catcher Mechanisms 

Effect of Improved Modera tor and Fuel 
C r o s s - s e c t i o n s on Neutronics Calcula
tions 

Cr i t ica l i ty vs Var ious Water Accident 
Conditions 

Author 

V. Hampel 

E, Goldberg 

R. Hollst ien 

V. Hampel 

V. Hanapel 

V. Hampel 

H. Rodean 

N. Anderson 

V. Hampel 

J . Moyer 

J . Moyer 

J. P i t t s 

E, Robinson 

C. Walter 

R. Hollstien 

M. Mintz 

A. Cole 

V. Hampel 

J . Day 

R. Hollst ien 

J. P i e r c e 

A. Cole 

V. Hampel 

Month 

Septemb 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

October 

Novemb 
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Memo 
No. 

415. 

416. 

417. 

418. 

419. 

420. 

421. 

422. 

423. 

424. 

425. 

426. 

427. 

428. 

429. 

430. 

431. 

432. 

433. 

434. 

435. 

436. 

Subject Author Month 
(1962 contd. ) 

Spatial Power Prof i le of the Reactor 
at High T e m p e r a t u r e 

Summary of Reactor Trans ien t 
Aero thermodynamics 

Calculat ions of P r e s s u r e L o s s A c r o s s 
the Wipers in the Side Support System 

Fuel Loading Map: Modification 

Heat T rans fe r Analysis of the Side 
Support System 

Cursory Investigation of Ignition of 
F -48 

Hydrosta t ic Tes t P lan of Support Grid 

Appra i sa l of Cr i t ica l Mass of Tory II-
C Without Recourse to Digital Computer 
Codes: (Contd. ) 

The rma l S t r e s s Relaxation 

Median F i s s ion Energ ies 

Fueled Tube Requi rements (Rev. Ill) 

Notching of Guard Tubes 

Effect of the Change of Fuel in Reactor 

Chronicle of Events Leading to the 
Final Fuel Loading Maps 

Radiation Effects Studies: Summary 

AV4 Airflow Control Valve Subsystem 
Test Resu l t s 

Curl ing of Tie Rod Guard Tubes and 
Adjacent Fueled Tubes 

Nuclear Control System P e r f o r m a n c e 
During a Typical Full Power Run 

Log Power Control System Step 
Response 

Log Power Control System Response 
to Step Reactivi ty Dis turbances 

Core T e m p e r a t u r e Control System 
Trans ien t Response 

The Effect on Reactivity and Power 
Prof i le Due to Tie Rod Exchange 

V. 

H. 

N. 

H. 

N. 

C. 

G. 

E . 

C. 

V. 

V. 

w. 
A. 

V. 

A. 

G. 

M. 

R. 

R. 

R. 

E , 

V. 

Hampel 

Rodean 

Balling 

Reynolds 

Balling 

Walter 

Pa t r aw 

Goldberg 

Walter 

Hampel 

Hampel 

C^Neal 

Lorenz 

Hampel 

Lorenz 

Boyadjieff 

Mintz 

Hollstien 

Hollstien 

Hollstien 

Alexander 

Hampel 

Novennber 

November 

October 

November 

November 

October 

November 

November 

November 

November 

November 

November 

November 

November 

November 

November 
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November 
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Subject 

(1962 contd.) 

Tie Rod Status Report 

P r ed i c t ed Safe Operat ing Conditions 
for P r o g r a m m e d Control Rod With
drawal During Reactor Startup 

Reactor Duct Ins t rumentat ion 

Review of Low T e m p e r a t u r e Ignitions 
of Columbium Alloys in Flow Tes t s 
Conducted at Marquard t 

Lightning Rod Effect 

AV3 Air Flow Control Valve Subsystem 

Author 

W. 

H. 

E . 

W. 

S. 

G. 

O'Neal 

Rodean 

Jackson 

Wells 

Kellman 

Boyadjieff 

Month 

November 

November 

December 

December 

December 

December 
Test Resul t s 

443. Tes t Resul t s : Subsystem Checkout of 
the Tory II-C Air Flov/ Control System 
T e m p e r a t u r e Control Valves , AV5A-5B 

444. Air Supply Analog System Pe r fo rmance 
M îth Modified Capacitance Between 
Valves AV5A and the Hea t e r s 

445. Tes t Vehicle Descr ipt ion 

1963 

446. Neutronic Design 

447. Resul t s of Matr ix Model Tes t 

448. Effect of Scram Logic Circui t Speed 
on Pow^er Level and Core T e m p e r a t u r e 
Sc ram Systems 

449. Monthly Liaison Meeting with Bendix, 
December 1962, Pneumat ic Actuator 
Development 

450. Instal lat ion of Air Flow Control Valves 
AV3 and AV4 at NTS 

451. Base P la t e T e m p e r a t u r e Distr ibut ion 

452. P r e l i m i n a r y Analysis of Heat Transfe r 
in an Advanced Tory Design 

453. Strength of I r r ad i a t ed Rene 41 

454. Neutron Economy, Revised 

455. Effect of the u235 ^y , fission) React ion 

456. Core T e m p e r a t u r e Control System 
Response to Step Reactivi ty Disturbance: 

M. Jacques 

R. Hollst ien 

J. Behne 

E. Goldberg 

G. P a t r a w 

E. Alexander 

J. Day 

M. Mintz 

S. Kel lman 

W. O'Neal 

S. Ross 

A. Lorenz 

E. Alexander 

December 

December 

December 

January 

January 

January 

January 

G. Boyadjieff January 

January 

January 

January 

January 

January 

January 
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Memo 
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(1963 contd. ) 

457. Accuracy of Calculated Dependence 
of React ivi ty on T e m p e r a t u r e 

458. Radiation Flux Field: La te ra l Leakage 
Contribution 

459. A. A. S. Piping P r e s s u r e Drop 

460. Nuclear Heating of Vehicle Components 
and P roposed Shielding 

461. Tie Rod Status 

462. Dummy Core Tension Control Tube 
Air Flow 

463. Blowdown Operat ion with the Reac to r 
Flow^ Siinulator 

464. Non-uniform Air P r e s s u r e a c r o s s 
the Core 

465. Suggested Tes t P lan for Side Support 
P r e s s u r e Drop T e s t s 

466. Exper imen t s at "N" Division 

467. Special Fuel Tubes 

468. Control Rod Attachment Tes t 

469. The Dynamic Modulus and the Coeffi
cient of Linear The rma l Expansion of 
Hafnium 

470; Exper iment to Size Side Support 
Wipers 

471. Some Ground Rules for the P . D. M. 
Data Reduction P r o g r a m 

472. Activation Exper iment P roposa l 

47 3. F a s t Flux in the L P T R Center Fac i l i ty 

474. P la t ing Calculat ions of Tie Rods 

475. Subsystem Checkout at NTS of T e m 
p e r a t u r e Control Valves (AV5) 

476. Bendix Lia i son Meeting, Control 
Actuator Development 

477. Weighted Averaging Device for Core 
T e m p e r a t u r e 

478. Control Actuator No. 1 P e r f o r m a n c e 
Data at Room T e m p e r a t u r e and 1200°F 
under Load Simulation 

Author 

A. Cole 

A. Lorenz 

M. J e s t e r 

A. Lorenz 

C. Walter 

M. J e s t e r 

J. P i t t s 

T. Stubbs 

D. Jordan 

E. Goldberg 

A. Williams 

J. Hovingh 

J. Hovingh 

N. Brown 

T. Varl jen 

A. Lorenz 

C. Walter 

R. Doyas 

M. Jacques 

J. Day 

R. Staker 

G. Boyadjieff 

Month 
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January 

February 

February 
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March 

March 

March 

March 

March 

March 

March 
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Memo 
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(1963 contd.) 

479- Safety Considerat ion and Fa i lu re 
Protec t ion of the Control System 

480. Control of the Tube Conveyor and 
Cutter in Bldg. 192-C 

481. Faci l i ty Testing and Evaluation Group 

482. Control and Safety Systems 
Assembly P rocedure — P a r t I 

483. The Effects of Xenon-135 on Axially 
Integrated Power in Fueled Tube 
Columns. Corr igenda and Addenda to 
Tory II-C Memos No. 415 and 446 

484. Shear Strength of Control Rod Welds 

485. Qualitative and Quantitative Chemical 
Analyses of Mater ia l s for the Reactor 

486. Vernier Actuator Ser ia l No. 1 Room 
Tempera tu re and P r e s s u r e 

487. Tie Rod Gold Coating 

488. An Asses smen t of the Possibi l i ty of 
Operating BeO Fueled Reactor Tubes 
at 3000 °F Wall Tempera tu re (CRD 
Title) 

489- Fueled Tube Assembly Check System 

490. Power Smearing Due to Fueled 
Tube Stagger 

491. Short Time I r rad ia t ion Effects on 
Enriched Boron Carbide 

492. Fuel Loss -Coors and LRL Fuel 
Elements 

493. Exper iments at " N " Division 
No. II 

494. Documentation of an Improved Cross 
Section for Base Block Mater ia l 

495. Revision of Nuclear Heating in Aft 
Reactor Regions 

496. Monte Carlo Analysis of Neutron Dis
tr ibution in Regions Forward of the 
Active Core 

Author 

G. Boyadjieff 

R. Hollst ien 

M. Smith 

E. Jackson 

V. Hampel 

Month 

March 

March 

March 

March 

March 

J . 

E . 

G. 

W. 

A. 

Hovingh 
Lounsbury 

Wright 

Hay 

Rothman 

March 
April 

March 

March 

March 

A. 

G. 

J . 

C. 

E . 

V. 

A. 

A. 

Williams 
P i e r c e 

Hovingh 

Hoenig 

Goldberg 

Hampel 

Lorenz 

Lorenz 

April 
April 

April 

April 

April 

April 

April 

April 
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Memo 
No. 

497. 

498. 

499. 

500. 

501. 

502. 

503. 

504. 

505. 

506. 

507. 

508. 

509. 

510. 

511. 

512. 

513. 

514. 

515. 

Subj e ct Author 
(1963 contd.) 

Re-evaluat ion of the Dispar i ty Between V. Hampel 
the Calculated and Measured Axial 
Power Profile of Tory II-A, and its 
Effect upon the Tory II-C Design 

Heating of Solenoid No. 1225 

Modulus of Rupture Testing 
Quality Assurance P r o g r a m 

Reactor P a r a m e t e r Variat ions 

Reactivity Effects due to Mass 
Per turba t ions of Tory II-C Mater ia ls 

Summary Report Vernier SN-1 
Actuator 

Foi l Activation Exper iments on the 
Reactor 

Bendix Liaison Meeting Control 
Actuator Development 

Heat Transfer Analysis of Coated Base 
Blocks and Transi t ion Car t r idges 

Dimensional Analysis of Fueled Tubes 

Specially Measured Fueled Tubes 

The Effect of Exposure to Water 
Vapor on the Short Time Strength 
of Coors BeO 

Road Test of Truck Transpor t of the 
Reactor 

Stability Testing of Fueled Tubes 

Fa i lu re of Tubes Due to The rma l 
S t re s s with Radially Inward Heat Flux 

Control Rod Heating in Power Tran 
s ients 

AV-3, P F M l - B Transfer Function 

Resul ts of the Gamma Counter Inspec
t ion Phase of the Fueled Tubes Quality 
Assurance P r o g r a m 

Neutronic P r e - M o r t e m 

Month 

April 

G. 

J . 

J . 

V. 

G. 

T. 

M. 

J . 

J . 

J . 

E. 

A. 

J . 

N. 

J . 

R. 

J . 

A. 

Pie r c e 
Collins 

Hadley 

Hanapel 

Wright 

Varl jen 

Jacques 

Hovingh 

Collins 

Collins 

Robinson 
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Collins 
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Hadley 
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Collins 
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April 
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May 
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May 

April 

May 

May 

May 
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May 
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APPENDIX B 

LIST OF KEY TORY II-C MEMORANDA BY SUBJECT 

Ceramic Tubes 

Thermal s t r e s s in cyl inders 

BeO density 

Fueled BeO density 

Additives in fueled BeO 

Ceramic tube dimensions 

Ceramic tube fabricat ion 

Hor se rad i sh 

Camber . . . . 

Controls 

Nuclear control sys tem per formance 

Control sys tem . . . . 

Reactor safety sys tem 

Reactor safety sys tem 

Control actuator specification 

Reactor 

Rene 41 s t rength 

Matr ix model tes t 

Tie rod s ta tus r epor t 

Notching of guard tubes 

Support grid t es t . . . 

Reactor p a r t s l i s t 

Base block coating 

Front r e f l ec to r - co re interface 

Dimensional buildup 

Side support sys t em 

Tube a r r a y stabili ty 

Silicide coating . . . . 

Control rod t e m p e r a t u r e and loads 

Side ref lec tor tube size 

Control rod buckling 

P e r i p h e r a l shim s t r e s s 

P e r i p h e r a l shim t e m p e r a t u r e 

363 

334 

329 

318 

286 

283 

268 

216 

432 

360 

320 

198 

46 

453 

447 

437 

426 

421 

390 

380 

368 

365 

358 

335 

312 

297 

292 

279 

264 

260 

C. 

D. 

A. 

J . 

J . 

C. 

A. 

G. 

R. 

E , 

E . 

C. 

R. 

W. 

G. 

W 

W 

G. 

E . 

R. 

W 

G. 

E . 

A. 

J . 

J . 

A. 

J . 

W 

W 

Walter 

Smith 

Rothman 

Kane 

Collins 

Walter 

Rothman 

Pa t raw 

HoUstien 

Sheridan 

Jackson 

Walter 

Finnigan 

O'Neal 

Pa t r aw 

O'Neal 

O 'Neal 

Pa t r aw 

Pia t t 

Werner 

O'Neal 

Pa t r aw 

Arbtin 

Miller 

Rynders 

Hovingh 

Miller 

Hovingh 

O'Neal 

O'Neal 

7/62 

6/62 

5/62 

5/62 

3/62 

3/62 

2/62 

11/61 

11/62 

7/62 

5/62 

11/61 

12/60 

1/63 

1/63 

11/62 

11/62 

11/62 

9/62 

8/62 

7/62 

7/62 

7/62 

6/62 

5/62 

3/62 

3/62 

2/62 

2/62 

2/62 
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R e a c t o r , c o n t i n u e d 

B a r r e l ang le at r e f l e c t e d c o r e 
p e r i p h e r y . . . . . 

Uni t ce l l t e s t s . . . . 

C o n t r o l r o d t h e r m a l s t r e s s 

T r a n s i t i o n tube d e s i g n 

G r o u n d and flight l o a d s 

H a s t e l l o y C p r o p e r t i e s 

N e u t r o n i c s 

N e u t r o n i c d e s i g n 

R a d i a t i o n e f fec t s 

P o w e r p r o f i l e . . . . 

O p e r a t i o n and I n s t r u m e n t a t i o n 

C o r e t e m p e r a t u r e a v e r a g i n g 

Duct i n s t r u m e n t a t i o n 

Safe o p e r a t i n g c o n d i t i o n s 

P o w e r . . . . . . 

O p e r a t i n g l i m i t s of s i de s u p p o r t 
s y s t e m . . . . . 

T h e r m o c o u p l e m a t e r i a l con ten t 

R e a c t o r i n s t r u m e n t a t i o n 

I n s t r u m e n t a t i o n s u m i n a r y 

O p e r a t i o n s and t e s t p r o g r a m s 

B o r o n s t e e l s t r i p s 

C r i t i c a l e x p e r i m e n t 

T e s t V e h i c l e and T e s t F a c i l i t y 

T e s t v e h i c l e . . . . 

In le t g r i d t h r o a t a r e a 

R e a c t o r t e s t f ac i l i ty 

T e s t v e h i c l e a s s e m b l y p r o c e d u r e 

In le t g r i d . . . . . 

H e a t e r p r e s s u r e d r o p 

B u n k e r v e h i c l e d i s c o n n e c t and 
a l i g n m e n t . . . . . 

259 

248 

246 

240 

197 

134 

446 

429, 495 

415 

477 

439 

438 

382 

369 

331 

326 

325 

299 

266 

228 

445 

40 3 

346 

339 

287 

244 

223 

W. 

N. 

J . 

W. 

E . 

E . 

E . 

A. 

V. 

R. 

E . 

H. 

C. 

H. 

W. 

L . 

W. 

C. 

C. 

c. 

J . 

J . 

w. 
J . 

J . 

w. 

J . 

O'Neal 

Brown 

Hovingh 

O'Neal 

Arbtin 

Jackson 

Goldberg 

Lorenz 

Hampel 

Staker 

Jackson 

Rodean 

Barnet t 

Rodean 

Russe l l 

Huntsman 

Russe l l 

Barnet t 

Barnet t 

Barnet t 

Behne 

P i t t s 

Mil ler 

Behne 

P i t t s 

Wells 

P i t t s 

2/62 

1/62 

1/62 

1/62 

11/61 

7/61 

1/63 

11/62 

11/62 

3/63 

12/62 

l i / 6 2 

9/62 

8/62 

5/62 

5/62 

5/62 

3/62 

2/62 

12/61 

1/63 

10/62 

6/62 

5/62 

3/62 

1/62 

12/61 
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Test Vehicle and Test Faci l i ty , conti 

Duct joints . . . . . 

Tes t vehicle natural frequencies 

Dynamic analog of tes t vehicle 

Nozzle cooling . . . . 

Heater bal ls . . . . 

The rino dynamics 

Base block t empera tu re 

Trans ien t ae ro thermodynamics 

Pe r fo rmance . . . . 

Emergency use of safety rods 

Trans i t ion and base block p r e s s u r e 
drop . . . . . . 

Heater t rans ien t behavior 

Heat balance equation 

Time constants . . . . 

SEA LION analysis of r eac to r t es t 

d 

184 

177 

167 

163 

143 

S. 

A. 

A. 

J . 

J . 

Giampapa 

Miller 

Weston 

Behne 

Kane 

10/61 

10/61 

9/61 

9/61 

8/61 

451 M. Mintz l/63 

416 H. Rodean ll/62 

407 M. Mintz 10/62 

398 H. Rodean 10/62 

366 B. Rose 7/62 

311 M. Mintz 4/62 

309 H. Rodean 4/62 

295 H. Rodean 4/62 

238 H. Rodean l/62 
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LIST OF PERTINENT UCRL REPORTS 

U C R L - 7 3 1 5 

U C R L 
No. Subjec t 

50 19 ANGIE 

5019 P r e p a r a t i o n of Input for the IBM 704 
Suppl . ANGIE Code and O p e r a t i n g I n s t r u c t i o n s 

5082 Solu t ion of the T i m e - D e p e n d e n t T h e r m a l 
N e u t r o n Diffusion E q u a t i o n 

5235 A N o n - D e s t r u c t i v e M e t h o d for D e t e r m i 
n a t i o n of F u e l L o s s f r o m R e a c t o r F u e l 
E l e m e n t s 

5 2 3 7 - T W o r k in P r o g r e s s a t U C R L on M a t e 
r i a l s for N u c l e a r P r o p u l s i o n 

5293 ZOOM: A O n e - D i m e n s i o n a l , M u l t i -
g r o u p , N e u t r o n Diffusion T h e o r y 
R e a c t o r Code for the IBM 704 

5363 G a m m a and N e u t r o n H e a t i n g in and 
about a H o m o g e n e o u s R e a c t o r 

5381 T h e r m a l F r a c t u r e R e s i s t a n c e of 
S i inu l a t ed B e r y l l i a F u e l E l e m e n t s for 
P l u t o - P r e l i m i n a r y R e p o r t 

5397 Sea L e v e l N u c l e a r R a m j e t P a r a m e 
t e r Study 

5465 C o n t r o l C o n c e p t s for N u c l e a r R a m j e t 
S u m m a r y R e a c t o r s 

5515 P l u t o P r o g r a m m a t i c R e p o r t I 

5515 A p p e n d i c e s I -VI for P l u t o , P r o g r a m -
S u p p l . I m a t i c R e p o r t I 

5515 A p p e n d i c e s VI I -X for P l u t o , P r o -
Suppl . I I g r a m m a t i c R e p o r t I 

5625 The N u c l e a r R a m j e t P r o p u l s i o n 
R e v . S y s t e m 

5682 9-ZOOM, A O n e - D i m e n s i o n a l M u l t i -
g r o u p N e u t r o n Diffusion T h e o r y R e a c t o r 
Code for the IBM 709 

5692 T e m p e r a t u r e s and T h e r m a l S t r e s s e s 
in H e x a g o n a l T u b e s and P i e r c e d P l a t e s 
wi th I n t e r n a l H e a t S o u r c e s 

5693 T h e r m a l F r a c t u r e of B e r y l l i a F u e l 
E l e m e n t s 

Au thor 

S. S tone , 
R. S t u a r t 

S. Stone 

Da t e 

1 1 / 2 5 / 5 7 

L . D e v e r a l l l / l 4 / 5 8 

J . C a r p e n t e r l / 7 / 5 9 

O. K r i k o r i a n 6 / 1 2 / 5 8 

S tone , et a l . l l / l 9 / 5 8 

R a y m o n d F o x 9 / 3 0 / 5 8 

R. F i n k e , 1 1 / 5 / 5 8 
R. M e u s e r 

R. F i n k e , 3 / 1 6 / 5 9 
et a l . 
R. F i n n i g a n 2 / 9 / 5 9 

1 /3 /59 

1 /3 /59 

1 /3 /59 

T. C. M e r k l e 5 / l 5 / 6 l 

P r o p u l s i o n 
Div. Staff 

P r o p u l s i o n 
Div . Staff 

P r o p u l s i o n 
Div. Staff 

S. Stone 8/25/59 

R. B. M e u s e r 9 / 2 2 / 5 9 

R. M e u s e r 19/59 
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UCRL 
No. Subject 

5804 An Accurate Express ion for Gas P r e s 
sure Drop in High-Speed Subsonic Flow 
with F r i c t ion and Heating 

5829 Pluto Quar te r ly P r o g r e s s Report No. 2 
(October -December , 1959) 

5925 Pluto Quar ter ly P r o g r e s s Report No. 3 
( January-March , I960) 

5956 SOPHIST I An IBM 709/7090 Code which 
Calcula tes Multigroup Trans fe r Co
efficients for Gaseous Modera to r s 

6031 Control Concepts for Nuclear Ramjet 
Reac to r s 

6036 Pluto Quar te r ly P r o g r e s s Report No. 4 
(Apri l -June, I960) 

6076 9-ANGIE-ATwo-Dimens iona l , Mult i -
group, Neutron-Diffusion-Theory 
Reactor Code for the IBM 709 or 7090 

6076 The 4K ANGIE Code 
Suppl. I 
6100 The Design and Construction of the Site 

401 Disassembly Faci l i ty 

6143 Pluto Quar ter ly P r o g r e s s Report No. 5 
(Ju ly-September , I960) 

6148 Escape of F i s s ion Produc t s from U O T -
Loaded BeO Fuel Elements 

6187 Engineer ing Test ing of the F - 4 8 
Rev. I Columbium Alloy 
6238 Application and Evaluation of Ce ramic 

Mate r i a l s in Tory Reactor Sys tems 

6258 Pluto Quar te r ly Report No. 6 

6325 Some Exper iences with Noble-Metal , 
Metal Sheathed Thermocouples 

6329 Summary Report on a H igh -Tempera 
tu re Beryl l ium-Oxide Cr i t ica l 
Exper iment 

6331 Sea Lion—A-Time-Dependent Approxi
mate Aero thermodynamic Code to 
Calculate Axial T e m p e r a t u r e D i s t r i 
butions of Multiple Conduits 

6349 NOMAC - A Multichannel Aero thermo-
Abst rac t dynamic Digital Computer 

Author 

Rober t Fox 

Propuls ion 
Div. Staff 

Propuls ion 
Div. Staff 

E. Canfield, 
et al . 

R. Finnigan 

Propuls ion 
Div. Staff 

S. Stone 

S. Stone 

Date 

12/59 

1/7/60 

4/1/60 

10/19/61 

6/11/60 

7/1/60 

10/28/60 

3/5/62 

W. H. Moran 8/I8/6O 

Propulsion 9/30/60 
Div. Staff 

H. Hicks, 1/12/61 
J . Arms t rong 
J . Cox. 8 /2 /61 
R. Werner 

J. H. Moyer, 11/30/6O 

Nuclear P r o p . 1/3/6I 
Div. Staff 

W. E. Bostwick 2 /6 /61 

R. Finke, 
et a l . 

R. Var, 
P . Uthe 

M. Mintz , 
P . Uthe 

3/21/61 

6/27/61 

2 /20/61 
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UCRL 
No. 
6376 

6398 

6457 

6476 

6502-T 

6516 

6589 

Subject 

Pluto Quar ter ly Report No. 7 

The Pluto P r o g r a m 

Some P r o p e r t i e s of Beryl l ium Oxide 

Nuclear Ramjet Reactor Tes t Faci l i ty 
Requi rements 

Beryl l ium Oxide: Its P r o p e r t i e s and 
Application in Nuclear Reac to r s 

Pluto Quar te r ly Repor t No. 8 

Author Date 

A Note on P la t inum/Pla t inum-Rhodium 
Thermocouple Uncertainty 

6609-T Mate r i a l s Requ i rements for Nuclear 
Abs t rac t Ramje ts 

6625 Pluto Quar te r ly P r o g r e s s Repor t No. 9 

6673 A Cooled-Reflector , Hot -BeO-Core 

Cr i t i ca l Exper iment 

6704-T Development Work on BeO and Fue l s 

6726 Pluto Quar te r ly Report No. 10 

6743-T P r o p e r t i e s of BeO C e r a m i c s and their 
Application in a Nuclear Propuls ion 
Systera (Pluto) 

6743-T Refractory Ma te r i a l s for a Nuclear 
Summary Ramjet Engine (Pluto) 

6758-T Exper iments with Nickel as a Reac tor 
Reflector Mate r i a l 

67 65-T Exper imen t s Involving Gaps in Cr i t ica l 
Assembl i e s 

6784-T The Pluto Nuclear Ramjet P r o g r a m 
Abs t rac t 

6829-T Pluto Aero thermodynamic T rans i en t s 

6833-T Neutronic Design of Tory II-C Control 
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