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ABSTRACT 

A descr ip t ion of the SNAP lOA reac to r subsys tem is p r e ­

sented. Design detai ls of the pr incipal a s sembl i e s which const i ­

tute the r eac to r subsystem a re d i scussed . System behavior for 

abnormal conditions such as d i sassembly during reen t ry , opera­

tion in rain-filled c r a t e r s , and long-term operation in space a r e 

included. 
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I. INTRODUCTION 

The S N A P lOA r e a c t o r i s i n t ended for u s e a s a p r i m a r y p o w e r s o u r c e on 

s a t e l l i t e s and o t h e r s p a c e v e h i c l e s . G e n e r a t i o n of p o w e r in s p a c e r e q u i r e s a 

c o m p a c t s y s t e m wi th r e m o t e c o n t r o l c a p a b i l i t i e s , long l i fe , h igh r e l i a b i l i t y , 

and an ab i l i t y to o p e r a t e in a s p a c e e n v i r o n m e n t c h a r a c t e r i z e d by a h igh v a c u u m , 

m e t e o r o i d s h o w e r s and o t h e r phenonaena no t c o m m o n to t e r r e s t r i a l e n v i r o n m e n t s . 

The c o r e of the S N A P lOA r e a c t o r c o n s i s t s of h y d r i d e d z i r c o n i u m fuel e l e -
235 " 

m e n t s e n r i c h e d wi th U . The fuel e l e m e n t s a r e h y d r i d e d to an NTT of 6.35 
22 (6.35 X 10 a t o m / c c ) wh ich i s s l i gh t ly l e s s t han the h y d r o g e n c o n c e n t r a t i o n 

in cold w a t e r . The fuel e l e m e n t s a r e p o s i t i o n e d and c o n s t r a i n e d in the c o r e 

by uppe r and l o w e r g r i d p l a t e s . The g r i d p l a t e s a r e s u p p o r t e d by a f ixed r i n g 

a t the bo t t om and h o l d - d o w n s p r i n g s a t the t o p . B e r y l l i u m s ide r e f l e c t o r s a r e 

u s e d in the vo id b e t w e e n the hexagona l fuel e l e m e n t a r r a y and the c i r c u l a r 

r e a c t o r v e s s e l . The r e a c t o r v e s s e l top h e a d a c t s both a s a v e s s e l c l o s u r e and 

r e s t r a i n i n g s t r u c t u r e for the c o r e h o l d - d o w n s p r i n g s . The r e a c t o r v e s s e l i s 

s u r r o u n d e d by a b e r y l l i u m s t r u c t u r e w h i c h fxinctions a s the r e f l e c t o r . F o u r 

c o n t r o l d r u m s , wh ich f o r m a p a r t of the r e f l e c t o r a s s e m b l y , p r o v i d e both the 

fine a n d c o a r s e c o n t r o l r e q u i r e d for SNAP_10A r e a c t o r o p e r a t i o n . The l i t h i u m 

h y d r i d e s h i e l d i s p o s i t i o n e d d i r e c t l y below^ the r e a c t o r v e s s e l and i s c o n t a i n e d 

in a s t a i n l e s s s t e e l c a s i n g . A f lexible m o u n t i s p r o v i d e d to s u p p o r t the L iH 

v/i thin the c a s i n g a l lowing for p r e l a u n c h t h e r m a l cyc l ing of the s y s t e m . C o n t r o l 

d e v i c e s such a s e l e c t r i c m o t o r s , s p r i n g s , and s e n s o r s a r e a t t a c h e d d i r e c t l y to 

the r e f l e c t o r a s s e m b l y . C o n t r o l l i n g e l e m e n t s such a s t i m e r s and r e a c t o r c o n ­

t r o l l e r a r e l o c a t e d in the i n s t r i i m e n t c o m p a r t m e n t . 

A s d e s c r i b e d above , t he S N A P lOA r e a c t o r subsys t ena ( F i g u r e 1) c o n s i s t s 

of five m a j o r s u b a s s e m b l i e s : the r e a c t o r s t r u c t u r e , r a d i a t i o n sh i e ld , r e f l e c t o r 

a s s e m b l y , r e a c t o r c o n t r o l e q u i p m e n t and r e a c t o r c o r e . E a c h m a j o r s u b a s s e m ­

bly c o n s i s t s of the following c o m p o n e n t s : 

A . R E A C T O R S T R U C T U R E 

1) R e a c t o r v e s s e l 

2) R e a c t o r v e s s e l top h e a d 

3) G r i d p l a t e s u p p o r t r i n g 

4) R e a c t o r v e s s e l s u p p o r t s t r u c t u r e 

N A A - S R - M E M O - 8 6 7 9 
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F i g u r e 1. SNAP lOA R e a c t o r and Shie ld 
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5) A t t a c h m e n t b r a c k e t s for p u m p s , r e f l e c t o r s , e t c . 

6) G r o u n d sa fe ty e q u i p m e n t (shipping s l eeve ) 

B . RADIATION SHIELD 

1) Sh ie ld c a s i n g 

2) Sh ie ld ing m a t e r i a l 

3) Sh ie ld s u p p o r t a s s e m b l y 

C . R E F L E C T O R ASSEMBLY 

1) Main r e f l e c t o r b lock 

2) C o n t r o l d r u m s 

3) D r u m d r i v e s ( g e a r s , b e a r i n g s , e t c . ) 

4) A c t u a t o r nao to r s 

5) P o s i t i o n i n d i c a t o r s 

6) R e f l e c t o r e j ec t i on s y s t e m ( r e t a i n i n g band , s p r i n g s , a c t u a t i n g d e v i c e s , 

e t c . ) 

7) W i r i n g h a r n e s s 

8) S e n s o r s 

9) G r o u n d sa fe ty s y s t e m (void f i l l e r b locks ) 

D . R E A C T O R CONTROL E Q U I P M E N T 

1) C o n t r o l l e r 

2) T i m e r 

3) T e m p e r a t u r e s e n s o r s w i t c h e s 

E . R E A C T O R CORE 

1) G r i d p l a t e s 

2) F u e l e lenaents 

3) C o r e pos i t i on ing m e c h a n i s n a 

4) I n t e r n a l r e f l e c t o r s 

B a s i c d e s i g n p a r a m e t e r s for the S N A P lOA r e a c t o r s u b s y s t e m a r e g iven in 

Tab le I . Tab le II g ives the shock and v i b r a t i o n e n v i r o n m e n t wh ich c o m p o n e n t s 

a n d s u b a s s e n a b l i e s have been d e s i g n e d to w i t h s t a n d . 

N A A - S R - M E M O - 8 6 7 9 
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TABLE I 

SNAP lOA REACTOR DESIGN SUMMARY 

Operating Conditions 

Reactor the rmal power (kwt) - Av erage 

Net e lec t r i ca l power (watt) - Minimum 

Operating life 

NaK outlet t empera tu re ("F) Cont 

NaK inlet t empera tu re ( "F) 

NaK operat ing p r e s s u r e (psia) 

Maximum fuel t empera tu re (*F) 

Maxinaum cladding t empera tu re (' 

Reactor Design 

Fuel e lements 

Number 

Fuel alloy (wt% U in Zr) 

rol Point 

•F) 

Degree of hydriding N „ (10 a t o m / c m ) 

Cladding ma te r i a l 

Fuel d iameter (in.) 

Cladding d iameter (OD, in . ) 

Cladding thickness (in.) 

Active fuel length (in.) 

Internal re f lec tors 

Mater ial 

Cladding 

Inlet plenum grid plate (lower) 

Mater ia l 

Thickness (in.) 

Outlet plenum grid plate (upper) 

Mater ia l 

Thickness (in.) 

Core Vessel 

Mater ial 

Internal dianaeter (in.) 

Length (in.) 

Wall thickness (in.) 

34 

500 

1 yr 

1010 

900 

10 

1085 

1050 

37 

10 

6.35 

Hastel loy-N 

1.212 

1.25 

0.015 

12.25 

Be 

None 

Hastel loy-C 

1/2 (sandwich 

Haste l loy-C 

1/8 

316 SS 

8.875 

15.6 

0.032 

= = 

construction) 

NAA-SR-MEMO-8679 
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TABLE I (Continued) 

SNAP lOA REACTOR DESIGN SUMMARY 

Reflector control e lements 

Number 

Mater ia l 

Nominal thickness (in.) 

Nuclear P a r a m e t e r s 
2 

Average core the rma l flux (n/cna -sec) 
Mean fission energy (ev) 

Average i so the rmal t empera tu re coefficient 
(il "F) 

235 Uranium loading (kg U ) 

Effective delayed neutron fraction 

Mean prompt neutron lifetinae (M -sec) 

Burnable poison 

Mater ia l 

Prepoison react iv i ty worth ($)* 

Initial cold excess react iv i ty ($)* 

Total 1 ifetime react ivi ty loss ($)* 

Xenon equil ibrium 

Samar ium burnout 

Tempera tu re and power defect 

Hydrogen loss 

Hydrogen redis t r ibut ion 

Burnup and fission product poisons 

Contingency 

Total control drum worth ($)* 

Total shim capabili ty ($)* 

Shield P a r a m e t e r s 

Mater ia l 

Dimensions 

Maximum diameter (in.) 

Mininaum diameter (in.) 

Height (in.) 

*one dollar = 0.008 A k / k 

Be 

1.9 x 10 

0.18 

•0.22 

4.75 

0.008 

6.5 

11 

S"^2°3 
-1.80 

2.62 

-2.24 

-0.12 

+0.17 

-2.04 

-0.06 

-0.13 

-0.06 

+0.38 

8.80 

1.26 

LiH 

21.08 

17.56 

27,47 

NAA-SR-MEMO-8679 
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TABLE I (Continued) 

SNAP lOA REACTOR DESIGN SUMMARY 

Shield casing 

Mater ia l 

Thickness (in,) 

Integrated radiat ion doses below shield for 
1 year of full power operation (fast neutrons 
and gasaimas) 

Mating plane (NPU-Booster) 

Center of plane r = o 

Inner edge of instrumentat ion compar t ­
ment (max) (r = 13-3/4 in , ) 

Outer edge of instrumentat ion compar t ­
ment (max) (r = 24-1 /2 in . ) 

Reference plane (17-1/2 ft below core) 

Center of plane r = o 

Outer edge of plane (max) (r = 30 in . ) 

Weight Summary 

Reactor , core and vesse l assembly (lb) 

Reflector-control assembly (lb) 

Shield assembly (lb) 

Electronic equipment (lb) 

Total nuclear sys tem (lb) 

316 SS 

0.032 

1 O 

1.5 x 10 nvt 

6,2 X 10^ r 

4.5 X 10^^ nvt 

8.5 X 10^ r 

2.0 X 10^^ nvt 

9.2 X 10^ r 

4.5 X 10^^ nvt 

1.5 X 10^ r 

1.9 X 10^^ nvt 

2.0 X 10 r 

168 

106 

217 

13 

504 

NAA-SR-MEMO-8679 
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TABLE II 

SHOCK AND VIBRATION ENVIRONMENT PARAMETERS OF SNAP lOA 
REACTOR SUBSYSTEM TESTS 

I 

M 

O 
I 

00 

Assembl ies 

Components 

Shock 

Shape 

Half sine wave 

Half sine wave 

Axes 

Longitudinal 

La te ra l and 
Normal 

Longitudinal 

La t e r a l and 
Normal 

Magnitude 
(g) 

5.5 

1.5 

20 

10 

Duration 
(^sec) 

8 

6 

Vibration 

Axes 

Longitudinal 

La te ra l and 
Normal 

Longitudinal 

La tera l and 
Normal 

Magnitude 
(g) 

0.5 in. DA 

3.5 

7.5 

0.5 in. DA 

2.5 

5 

7.5 

l / 4 i n . DA 
* 

12 

5 

7.5 

l / 4 i n . DA 

5 

7.5 

Frequency 
(cps) 

5 to 12 

12 to 400 

400 to 3000 

5 to 10 

10 to 250 

250 to 400 

400 to 3000 

5 to 30 

30 to 250 

250 to 400 

400 to 3000 

5 to 20 

20 to 400 

400 to 3000 

*Instrument compar tment components only. Other reac tor subsystem components a re requi red to 
withstand 5g over this frequency range 
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II. REACTOR STRUCTURE AND CORE 

The SNAP lOA reac to r s t ruc tu re has been designed to support the r eac to r 

co re , r e f l ec to r s , and NaK coolant pump, and to contain the NaK during prelaunch 

checkout, launch, and orbi tal operating conditions. S t ruc tura l behavior under a 

var ie ty of environmental conditions was considered in establishing the final con­

figuration. Environmental conditions studied a r e l is ted below. 

a) Accelera t ions during launch 

b) Coolant sys tem p r e s s u r e 

c) Space vacuum 

d) Cor ros ion by NaK 

e) Elevated t empe ra tu r e 

f) Neutron flux 

The r eac to r s t ruc tu re and core cons is t s of a r eac to r vesse l assembly , 

1 top head, 2 grid p la tes , 6 in ternal re f lec tors , 12 hold-down spr ings , 37 fuel 

e lements , and 4 support l e g s . The reac tor core and vesse l (including grid 

plates) weighs 168 lb . Approximately 7 lb of this is NaK coolant. 

The r eac to r vesse l a s sembly shown in Figure 2 cons is t s of a deep draw^n and 

spun r eac to r ve s se l to which a support r ing , 2 NaK inlet p ipes , and ref lector 

support b racke t ry a r e welded. The as sembly is const ructed ent i re ly of s ta in less 

s tee l , Type 316. The r eac to r vesse l has an inside d iameter of 8.875 in. and an 

overal l length of approximately 16 in. It is essent ia l ly a r ight c i rcu la r cylinder 

with the lower c losure an inver ted dome. Wall th icknesses va ry from 0.032 in. 

in the co re region to 0.125 in. in a r e a s to which a t tachments a r e welded. The 

fuel e lements a r e supported and positioned in the r eac to r vesse l by the 2 grid 

plates which a r e shown in F igures 3 and 4. Each plate is 8.750 in. in d iameter 

and is fabricated from Hastelloy C alloy. The upper plate is a solid piece of 

naaterial 0.125 in. thick. The lower plate is a brazed assembly consisting of a 

0.060-in. - thick baffle plate and a 0.060-in. - thick orifice plate with space r s 

between them. The overal l thickness of the lower grid plate is 0.500 in. The 

pla tes have 37 holes a r ranged on a 1.260-in. - t r iangular pitch for positioning the 

fuel e lements . The plates a r e a lso perfora ted with 72 holes on a 0.728-in. -

t r iangular pitch for coolant flow. The d iameter of the flow holes in the upper 

NAA-SR-MEMO-8679 
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grid plate , and the baffle plate of the lower grid plate is 0.375 in. The dianaeter 

of the flow holes in the orifice plate va r i e s from 0.250 in. , surrounding the cen­

t r a l fuel element , to 0.188 in. at the outermost ones. Six pins a r e attached to 

each plate for positioning of the internal r e f l ec to r s . Twelve pins a r e attached 

to the upper grid plate for location of the core hold-down spr ings . 

Six bery l l ium internal side re f lec tors as shown in Figure 5 a r e positioned 

between the grid p la tes ; pins in the grid plates mate with holes in the re f l ec to r s . 

The re f lec tors a r e 12.455 in. in length and a r e shaped to fit fuel element and 

reac to r vesse l wall contours . The in ternal re f lec tors have no major s t ruc tura l 

function. 

The reac to r vesse l top head. F igure 6, is the final c losure for the reac tor 

ves se l . It is forged from s ta in less s teel , Type 316. In finished form, it is a 

1 50 ° cone with a NaK outlet at the center and a flange at the outer edge for a t tach­

ment to the reac tor ves se l . The wall thickness of the conical section is 0.095 in. 

Sockets a r e forged in the head for locating the core hold-down springs and also 

for a t tachment of the pump support ou t r iggers . The flange has an extended lip 

which is welded to the r eac to r ves se l . This simplifies the final c losure ope ra ­

tion and provides a configuration w^hich facil i tates top head burnoff during a t ­

mospher ic r een t ry . 

Twelve core hold-down springs a r e compressed between the reac to r 

ve s se l top head and the upper grid plate . These springs hold the core 

in place during launch operat ions but allow re la t ive the rmal expansion between 

the core and reac tor ves se l . The spr ings a re fabricated from Rene 41 w^ire and 

exer t a force of 37.5 lb each as instal led. F r e e and compressed lengths a r e 

0.605 and 0.500 in. , respec t ive ly . 

The reac to r is supported on the conver ter s t ruc tu re by four support legs 

(Figure 7) formed from 0.032-in, 4AL-6V ti tanium alloy and welded. The legs 

a r e designed to support the r eac to r s t ruc tu re , with NaK pump and re f lec tors 

at tached, during launch. The legs pe rmi t re la t ive the rmal expansion between 

the reac to r and conver ter s t ruc tu re . The support legs a r e attached to both 

reac to r and conver ter s t ruc tu res with blind bol ts . 

During launch the reac to r s t ruc tu re will experience simultaneous a c c e l e r a ­

tions in both longitudinal and l a t e ra l d i rec t ions . For design calculat ions , th ree 

extrenae conditions were considered: 
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a) 7.5 g aft ±1.0 g l a t e ra l 

b) 2.5 g forward ±1.0 g l a t e ra l 

c) ±2.0 g longitudinal ±5.0 g l a t e ra l 

Because the reac tor s t ruc tu re is cant i levered on the support legs in the 

l a t e ra l di rect ion, condition (c) has proved to be the mos t severe mode of loading. 

The mos t c r i t i ca l a r e a is the "knee" of the support l egs . S t r e s s e s calculated on 

the bas i s of static loading indicate a factor of safety of about four on the ul t imate 

load-carrying capacity. Because of the low ductility of t i tanium, a fatigue p r o b -

lena is c rea ted by s t r e s s concentrat ion in welded a r e a s ; the safety marg in is very 

much reduced. Exper imenta l s tudies , ho'wever, have confirnaed the integri ty of 

the design. Other c r i t i ca l a r e a s include the blind bolt joints between the legs and 

the vesse l and the attachnaent between the vesse l and ref lector positioning bracket . 

Unlike the support l egs , local failure in these two cases would not neces sa r i l y 

jeopardize miss ion s u c c e s s . 

During orbi tal operat ion, the following nominal conditions will exist for l y r : 

Average core t empera tu re 955 or-o-r-

Coolant sys tem p r e s s u r e 10 psia 

Because launch loading and fabricabil i ty impose m o r e s t r ingent design r e ­

qui rements on the reac to r vesse l and top head than does in ternal p r e s s u r e , the 

s t r e s s e s under this condition a r e quite nominal . Thermal s t r e s s e s , even under 

t rans ien t s ta r tup conditions, a r e l ikewise smal l . The p r e s s u r e drop through the 

ent i re r eac to r is 0.17 psi and provides no significant load on the grid p la tes . 

By proper selection of m a t e r i a l s , p roblems c rea ted by space vacuum and 

NaK cor ros ion have been el iminated. I r radia t ion damage to the reac tor s t r uc ­

ture during the design lifetime is expected to be negligible since the integrated 
21 

fast neutron flux is w^ell below the 10 nvt cons idered to cause problems in 

austenit ic s ta in less s teel . The port ions of the r eac to r exposed to meteoro id 

bombardment a r e the top head and the top port ion of the vesse l where the wall 

th ickness is 0.095 in. For s t ruc tura l r e a s o n s , these surfaces a r e much thicker 

than requ i red for meteoroid protect ion. 
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During handling operat ions , when the ref lector is not attached to the reac tor 

vesse l , a shipping sleeve will be instal led around the v e s s e l . This device is 

designed to maintain the reac tor subcri t ical with water in the core and infinite 

wa te r surrounding the reac to r v e s s e l . F igure 8 i l lus t r a t e s the configuration of 

the shipping s leeve . The sleeve is designed to withstand a free fall of 15 ft onto 

a concre te surface, retaining i ts s t ruc tura l in tegr i ty . The void space between 

the inner and outer cyl inders of the sleeve a r e compar tment ized to ensure sub-

cr i t ica l i ty if as many as th ree compar tments a r e filled with w a t e r . 

SLEEVE PICKUP POINT 

SLEEVE CONNECTING BOLTS 

SLEEVE INTERLOCK BOLT 

SLEEVE CONNECTING BOLTS 

6-27-63 

UPPER SUPPORT HOOKS 

PROTECTIVE SHELL 

VOID CELLS 

INNER SLEEVE POSITIONING 
SPACERS 

BORON 

LOWER SUPPORT HOOKS 

7561-0514 

Figure 8. SNAP lOA Shipping Sleeve Assembly 

NAA-SR-MEMO-8679 



III. RADIATION SHIELD 

The SNAP lOA shield is a shadow shield. Its configuration is determined by 

the outer ex t remi t ies of the r eac to r assembly and the 5-f t -diameter dose plane, 

located 17.5 ft below the bottom of the reac tor c o r e . The shield assenably i s 

located d i rec t ly below the reac tor and has a total weight of 217 lb . For normal 

r eac to r operat ion at an average thermal power of 34 kw for 1 yr , the gamma 

and fast neutron flux levels for neutron energies above 0.1 Mev a r e descr ibed 

in Table III. 
TABLE m 

GAMMA AND FAST NEUTRON FLUX LEVELS FOR NORMAL 
REACTOR OPERATION FOR 1 YR 

Plane 

Mating 

Mating 

Mating 

Mating 

R e f e r e n c e 

R e f e r e n c e 

Loca t ion 

Cen te r l i ne 

I n s t r u m e n t c o m p a r t m e n t inner edge 

I n s t r u m e n t c o m p a r t m e n t outer edge 

Outer edge of p lane 

Cen te r l i ne 

Outer edge of p lane 

F a s t Neut rons 
( n / c m 2 / y r at 34 kwt) 

Radius 
( in ) 

0 

1 3 - 3 / 4 

2 4 - 1 / 2 

30 

0 

30 

M i n i m u m 

3 7 X 1 0 ^ ^ 

2 9 X 1 0 ^ ^ 

5 5 X 1 0 ^ ^ 

1 6 X 10^"^ 

9 0 X 1 0 ^ ^ 

6 0 X 1 0 ^ ^ 

- J : 

M a x i m u m 

3 7 X l o ' ^ 

5 2 X 1 0 ^ ^ 

2 0 X 1 0 ^ ^ 

3 0 X 1 0 ^ * 

9 0 X 10^^ 

2 6 X 1 0 ^ ^ 

G a m m a D o s e R a t e 
( r / y r a t 3 4 k w t ) 

9 6 X 10^ 

1 4 x 10^ 

1 6 X l o ' ' 

1 6 x 10^ 

2 1 X 10^ 

2 9 X 10^ 

•-Maximum neutron dose occurs directly below fine control drums. 

The SNAP lOA shield assembly ut i l izes a co ld -p res sed lithiuna hydride 

shielding naaterial re inforced with s ta in less s teel honeycomb and contained in 

a Type 316 s ta in less steel casing. The honeycomb ma t r i x is used to el iminate 

c r ack propagation and to hold the li thium hydride block together when subjected 

to t he rma l g rad ien ts . The honeycomb ma t r i x cons is t s of 0.00 1-in. -thick s ta in­

l e s s s teel foils which divide the shield into 1-in. square ce l l s . The foil contains 

1/2-in. perforat ions on 3/4- in . cen te r s to pe rmi t even distr ibution of the granu­

lar hydride p r io r to co ld -press ing . Exper ience at the Oak Ridge National Lab­

o ra to r i e s (ORNL) motivated the select ion of the co ld -p res sed honeycombed com­

pact as the form mos t r e s i s t an t to cracking under t he rma l cycling. F igure 9 is 

a photograph showing the effects of the honeycomb ma t r i x on a typical SNAP lOA 

shield configuration which has been subjected to the rmal cycling. Cold-press ing 

with a thick-walled honeycomb m a t r i x r e su l t s in a lower density shield. The 

thin, perforatedfoi l p resen t ly being util ized offers low re s i s t ance to the compact ­

ing forces thereby assur ing high l i thium hydride densi t ies while maintaining sufficient 

s t ruc tu ra l integri ty of the block. 
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Figure 9. SNAP lOA Shield after Thermal Cycling 
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The compress ive and tensi le s t rengths for co ld -p ressed LiH at room 

t empera tu re a r e 10,000 and 1,500 ps i respect ive ly . At elevated t e m p e r a t u r e s , 

the allowable m a t e r i a l s t r e s s e s a r e reduced considerably. At an average ope r ­

ating t empera tu re of 800 *F the allowable compress ive and tensi le s t r e s s leve ls , 

compared to room t empera tu re values , a r e reduced by a factor of five. ( The 

naelting point of l i thium hydride is 1240°F . ) 

To posit ion the hydride against the forw^ard end of the casing during the 

launch phase , a spring-support ing mechan ism pre loads the hydride to an equiv­

alent 7.5 g ver t ica l acce lera t ion load. This is the naaximuna acce lera t ion force 

expected during launch. The spr ings pernait expansion of the hydride during 

pre launch the rma l testing and at operating t e m p e r a t u r e s . The supporting m e c h ­

anisna consis ts of eight spring a s s e m b l i e s . The springs a r e at tached to the 

shield casing and to a parabol ic plate below the shield, thus forming a "s l ing" 

supporting the shield from below. The support plate was sized in such a manner 

as to dis t r ibute its load uniformly and minimize c reep effects in the LiH m a t e ­

r i a l . Excess ive c r eep , incur red during prelaunch the rmal operat ion, would 

cause re laxat ion of the pretensioning load. Once in orbit , c reep of the LiH 

m a t e r i a l has no harmful effect. Below 700 °F , LiH will c r eep l e s s than 1% under 

a compress ion load of 350 ps i . Above this t empera tu re the c r eep ra t e a c c e l e r ­

ates rapidly resul t ing in g ross deformat ions . A bear ing s t r e s s of 28 ps i , r e s u l t ­

ing from the 7.5 g pretensioning load, is p resen t in the vicinity of the parabol ic 

p la te . At an average operating t empera tu re of 800 °F the l i thium hydride expands 

re la t ive to the casing and induces an additional bearing s t r e s s of 25 ps i . Thus, 

the nieiximum bearing s t r e s s on the LiH at operating t empe ra tu r e s is 53 ps i . 

The pretensioning load from the spr ings to the hydride is accomplished by 

eight turnbuckle a s s e m b l i e s . The turnbuckle assembly consis ts of a threaded 

eye-bolt which is hooked to the spr ing, a turnbuckle b a r r e l , and a threaded 

T-bolt which ternainates at a fastening lug brazed to the s ta in less steel casing. 

(See F igure 10.) Inconel-X hel ical coiled spr ings a r e uti l ized to minimize r e l a x ­

ation at t empe ra tu r e . The pre load s t r e s s in each spring is 59,500 ps i . At op­

erat ing conditions the total majcimum s t r e s s in the spring caused by both the 

pretensioning and expansion of the hydride is 89,000 psi at 750 °F. 

During prelaunch the rma l operat ion, a 3% relaxat ion occurs in the spr ings . 

Relaxiation of the springs during long- t e rm t empera tu re operat ion in orbit is not 

de t r imenta l ; re laxat ion of the springs reduces the bear ing load on the lithium 

hydride . 
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Thickness and s ize of the shield casing is based on l imiting the m e m b r a n e 

s t r e s s e s due to internal p r e s s u r e to 90% of yield s t r e s s at tenaperature . For a 

t empera tu re of 800°F the allowable membrane s t r e s s of s ta in less s teel 316 is 

20,000 ps i . At operating conditions, the shield casing is subjected to an in ternal 

p r e s s u r e of 42 ps i . The maximum m e m b r a n e s t r e s s due to p r e s s u r e at an op­

erat ing t empe ra tu r e of 800°F is 15,400 ps i . (At this t empera tu re a p r e s s u r e of 

191 ps i would be requ i red to rupture the casing. ) 

The major contribution of p r e s s u r e buildup in the shield assembly is the 

differential expansion between LiH and the s ta in less steel casing (the coefficient 

of t he rma l expansion for l i thium hydride is approximately 2-1/2 t imes that of 

s ta in less s teel ) . Lithium hydride expands re la t ive to the casing and c o m p r e s s e s 

the cover gas within the void provided. The casing weight was optimized on the 

bas i s of in ternal p r e s s u r e and wall th ickness , yielding an optimum void volume 

(Figure 11). 

6000 
35 40 60 65 45 50 55 

PRESSURE (psia) 

7-10-63 7623-0002 

Figure 11. Shield Casing Volume vs P r e s s u r e 
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Each shield rece ived by AI mus t be cert if ied with r e spec t to an outgassing 

potential . This is to ensure that l i thium hydride shields have been p roper ly han­

dled during fabrication and that p r e s s u r e buildup resul t ing from outgassing during 

a long shelf life of the assembly (approximately 1 yr) is minimized. Certif ication 

consis ts of guaranteeing that the total amount of hydrogen gas which may be 

evolved during the LiH-H_0 react ion is l imited to 0.5 cc of H_ per square inch 

of LiH surface a r e a . 

During prelaunch and orbi ta l opera t ions , the shield casing will be exposed 

to the s teady-s ta te t empera tu re environment descr ibed below. 

a) The lower end will see the inside of the support s t ruc tu re which will 

be at an average t empera tu re of 800 °F . 

b) The upper surface shall see the base of the r eac to r vesse l at approxi ­

mate ly 900 °F . 

c) The lower side shall be adjacent to the power sys tem conver ter s t r u c ­

tu re which will be at a t empera tu re of 840 °F. 

d) The upper side a r e a and p a r t of the upper surface shal l be exposed to 

the space environment. 

The r eac to r shield ^vas designed to be removable from the power sys tem 

by use of bolted a t tachments . The shield will withstand the t he rma l cycling 

encountered during prelaunch testing in a 1 g environment. The maximum v ib ra ­

tory and stat ic loads encountered at launch a r e +7.5 g, -2.5 g longitudinal in com­

bination with 1 g l a t e r a l , or 5 g l a t e ra l in combination with 2 g longitudinal. 

When these loads a r e p resen t , the shield t empera tu re should not exceed 100°F. 

During orbital operat ion, the shield shall function in a ze ro g space environment 

and will be subjected to the the rmal environment given above. Trans ien t and 

s teady-s ta te t empe ra tu r e s a r e given in F igure 12. Tempera tu re s a r e given for 

the case of no internal heat generat ion to co r r e l a t e nonnuclear testing r e s u l t s . 

NAA-SR-MEMO-8679 
34 



REACTOR TEMP 
885° F 

CONVERTER TEMP 
8 4 0 " F 

OUTER SPACE TEMP 
70° F 

WITHOUT INTERNAL 
HEAT GENERATION 

WITH INTERNAL 
HEAT GENERATION 

TEMPERATURES AT 
CENTER OF EACH 
NODE IN 'F 

S42 
636 
729 
820 

l l - Z l - 6 2 7573-5623D 
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IV. REFLECTOR AND SAFETY DEVICES 

The control and ref lector assembly shown in Figure 13 can be divided into 

four subassembl ies which include the safety dev ices . These subassembl ies 

overlap in many r e spec t s , but a r e sufficiently distinct to explain the var ious 

features of the completed a s sembly . These subassembl ies a r e the reflector 

and control assembly , support assembly , ejection assembly , and ground safety 

a s sembly . 

A. REFLECTOR AND CONTROL ASSEMBLY 

The ref lector consis ts of a beryl l ium s leeve, approximately 2 in. thick, 

surrounding the reac to r co re . The inside of this sleeve is a cyl inder , while the 

outside is made up of plane sections approximating a cylinder. 

Control of reflect ivi ty is obtained by using four d r u m s . In their full in po­

sit ion, these d rums complete the reflecting s leeve; however, they may be rotated 

to a position 135° from the full in position leaving a cavity in the s leeve. Each 

d rum may be inc reased in thickness with as many as three l / 8 - i n . - thick sh ims . 

With the control d rums in their full out posit ion, the r eac to r is adjusted to be 

$6.13 subcr i t ica l at room t e m p e r a t u r e . 

When the s tar tup conamand is received, squibs a r e fired in ac tua tors adja­

cent to each control d rum. This action pulls a pin, re leas ing the d rum. The 

two coa r se control d rums a r e spr ing- loaded, and when re l eased , a r e inamediate-

ly inser ted . This adds $4.40 of react iv i ty . Fifty seconds after the s tar tup com­

mand is received, the two fine control drunas take their f i rs t s tep. They then 

move a half-degree step each 150 sec until r eac to r operating t empera tu re is 

reached. It will be approximately 7 hr after s tar tup before cr i t ica l i ty is reached, 

and approximately 2 hr m o r e before operating t empera tu re is reached. 

The t empera tu re switch located in the outlet NaK line is set for 1010 ± 10 °F, 

and will control the r eac to r during full power operat ion. When the outlet t e m ­

p e r a t u r e drops below the set point, the fine control d rums will take another step 

inward. This continues until 72 hr after the s tar tup command, at which t ime the 

control systena is commanded "off. " 

The unique features of the coa r se control d rum package include the snap-in 

spr ing, coa r se control d rum stop, and the drum r e l ea se sys tem. 
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The snap- in spring is a flat wi re tors ion spr ing, made of Rene 41 , which 

exer t s a lO-in.- lb moment on the drum shaft in the full out pos i t ionanda 5- in.- lb 

moment on the shaft in the full in posit ion. The lower torque provides a factor 

of safety of approximately two over the maximum expected bear ing friction, and 

guarantees that the drum will stop in the full in position. 

The c o a r s e control d rum stop is a stiff Rene 41 canti lever spring which 

stops the d rum in the full in posit ion. It has enough flexibility to stop the drum 

•without causing excess ive s t r e s s . 

The drum r e l e a s e sys tem includes the d rum r e l e a s e actuator and drum lock 

b racke t assembly . Each actuator has two M-130 squibs, though either squib f i r ­

ing alone w^ill cause a successful actuation. The squibs fire into a chamber , 

naoving a piston which in turn pulls a pin to r e l e a s e the drum from the full out 

posit ion. The lock b racke t ry on the coa r se control d rum, which engages the 

lockout pin, incorpora tes a safety feature which prevents remova l of the ground 

safety lock if the pin is not engaged with the control d rum. The safety feature 

is a spr ing- loaded clip w^hich is inse r ted into the locking arna of the ground safety 

lock when the lockout pin is not p roper ly engaged. The ground safety lock is 

descr ibed in P a r a g r a p h IV-D. 

The unique features of the fine control d rum package include its d rum r e ­

l ease sys tem, the control d rum actuator , position indicator , and gear l inkage. 

The d rum r e l e a s e actuator in the drum r e l e a s e sys tem is identical to the 

one in the coa r se control d rum package. Since the brake on the control d rum 

actuator prevents inser t ion of the drum even though the lockout pin is removed, 

the spr ing- loaded safety feature mentioned above for the coa r se control d rum is 

not incorpora ted in the d rum lock b racke t ry on this d rum. The b racke t ry does 

include a forked slide which may be disengaged to allow 2° of d rum movement 

with the lockout pin and ground safety lock in p lace . This pe rmi t s a check of 

the control sys tem on the launch pad. During the boost phase , this sl ide will be 

engaged to hold the drum immobi le . 

The control d rum actuator is a motor that ro ta tes infinite s teps . The windings 

a r e each connected in s e r i e s with a brake on the motor shaft. When a signal is 

rece ived from the cont ro l le r , the brake is r e l ea sed and the shaft turns a finite 

d is tance . Four motor s teps complete one duty cycle and rotate the control drum 

0.5° ± 0.1° . Each t ime the motor is operated, a full duty cycle is completed. 
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Two gear s link the control d rum actuator to the control d rum. The pinion 

gear at tached to the motor shaft is made of Haynes Stellite 6B, and the gear seg­

ment attached to the d rum is made of t i tanium. These gea r s a r e matched se ts 

which l imit the backlash to 0.1° d rum rotat ion at all t i m e s . A Molykote X-15 

layer is used to prevent self-welding of the g e a r s . 

The posit ion indicator in the fine control d rum package is provided for diag­

nostic ins t rumentat ion only. The output voltage of the indicator va r i e s with drum 

posit ion to give the des i r ed posit ion information. Two ranges of operat ion a r e 

provided; a coa r se range indicating posit ion between 0 and 135° and a fine range 

indicating posit ion between 0 and 30° from the full in posit ion. 

B. SUPPORT SYSTEM 

The control and ref lector assembly is mounted on the r eac to r in two ha lves . 

Each half is supported on two hinges located at the lower end of the assembly . 

The halves a r e rotated into posit ion on the hinges until stops located near the 

top of the r eac to r a r e contacted. The complete assembly is then held in posit ion 

by a band around the upper end of the ref lector ha lves . 

Both hinges on a side a r e of a s imi la r design, although one is r e s t r a i n e d 

against l a t e ra l motion while the other is free to allow the rma l expansion. Each 

hinge s i ts on a l / 4 - i n . -dianaeter pin at tached to the r eac to r s t r uc tu r e . The 

hinge is held down by a 3 /8- in . -d iamete r pin at tached to the r eac to r s t ruc tu re 

that bea r s on a cyl indrical surface concentr ic with the 1/4-in. d iameter pin. The 

3/8- in . -d iameter pin is an eccent r ic pin and can be adjusted to obtain the proper 

c lea rance in the hinge. Ejection spr ings , descr ibed in P a r a g r a p h IV-C, push 

upward on the ref lector so that the 3 /8- in . -d iamete r pin and the cyl indrical 

surface w^ill alv^ays be in contact except during launch w^hen maximum a c c e l e r a ­

tions a r e p resen t . Coatings a r e used on the hinge to prevent self-welding. 

Posit ioning bolts a r e used on the upper end of the ref lector assenably to 

adjust the posit ion of the assembly . These bolts bear against the stop bracke ts 

at tached to the r eac to r v e s s e l . Again, coatings a r e used to prevent self-welding. 

The band used to hold the a s sembly in place incorpora tes two spr ings to 

maintain the band tension within to lerance at all t imes . The tension of the band 
+ 15 is set a t l65 ^ _ lb at ambient conditions. During launch, the band will be heated 

to a tenaperature g rea te r than the bery l l ium ref lec tor , but the spr ings will naain-

tain sufficient tension to overcome acce lera t ion fo rces . During t he rma l acceptance 
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tes t ing and operat ion, the band will be cooler than the beryl l ium ref lec tor , but 

the spr ings allow stretching of the band without increas ing tension in the band to 

the yield point. Thus, the band is reusab le after the the rma l cycles expected 

p r io r to launch. 

The ref lector a s sembly is mounted 0.026-in. off center from the reac to r at 

ambient conditions w^ith a nominal gap of 0.070-in. between it and the vesse l . 

During s ta r tup , the bery l l ium t empe ra tu r e r i s e s much slower than the reac to r 

t e m p e r a t u r e . When the r eac to r f i rs t r eaches full pow^er the gap is reduced to 

a nominal 0.040 in. At this t ime the ref lector will be concentr ic with the r e a c ­

tor as re la t ive the rma l expansion takes place from the hinges fixed against l a t ­

e ra l motion. These hinges a r e located 3-1 /2- in . off the reac tor center l ine . 

During s teady-s ta te operat ion the gap between the reac to r and beryl l ium will 

have inc reased to 0.055 in. and the ref lector will be 0.014 in. off center frona 

the r e a c t o r . 

C. EJECTION SYSTEM 

Reactor shutdown may be effected by ejection of the control and ref lector 

assembly . Ejection is accomplished by compress ion springs located at the bot-

tona of the ref lector ha lves . When the re ta ine r band is r e l eased , the ref lector 

halves a r e pivoted outward around their support hinges by the spring force . 

P r i o r to ejection of the the rmal shield, the ref lector halves can be rota ted 

outward at leas t 7° by re leas ing the retaining band. After the the rmal shield 

is ejected, the ref lector halves can be ejected completely away from the r e a c t o r . 

The two ref lector halves will st i l l be connected to the r eac to r by the e lec t r i ca l 

wir ing. Seven degrees outward rotat ion of the ref lector reduces react iv i ty by 

about $17.00, and complete ref lector ejection reduces react iv i ty by $20.30. 

Two ejection springs a r e used for each ref lector half. These Rene 41 com­

pres s ion springs a r e located beneath the ref lector adjacent to the ref lector halves 

separa t ion. Each spring exer ts 100 ± 5 lb on the ref lector at room t empera tu re , 

and 85 ± 5 lb at operat ion t e m p e r a t u r e . 

The hinges a r e descr ibed in P a r a g r a p h IV-B. When the ref lector ro ta tes 

outward about 15°, the 3 /8- in . -d iameter pin disengages frona the cyl indrical 

surface allowing the two pa r t s of the hinge to completely disengage. 
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Three dist inct ly different signals a r e used to init iate ref lector ejection. All 

th ree signals activate an e lec t r i ca l device which r e l e a s e s the ref lector re ta ine r 

band. An e lec t r i ca l signal can be provided: (1) by ground command 

through an umbilical p r ior to liftoff, (2) by t e l eme t ry , or (3) by a fai lure-sensing 

device (low conver ter output voltage). The fai lure-sensing device s t a r t s a 1-min 

t imer which r e s e t s if the malfunction signal is removed. If the signal p e r s i s t s , 

a 1-hr delay t imer is s t a r ted . This in turn t r i gge r s the e lec t r ica l ly actuated 

band r e l ea se device. The e lec t r ica l ly actuated band r e l e a s e device consis ts of 

one cylinder inside another b razed together with a low t empera tu re melting 

alloy. These cyl inders house a smal l e lec t r i ca l heater which rece ives power 

when the ejection signal is rece ived . The band r e l e a s e device is built into the 

re ta iner band. When the heater r a i s e s the t empera tu re of the b raze to i ts me l t ­

ing point (approximately 1250 °F), the two cyl inders a r e pulled apar t , severing 

the band. The 1/2-in. overlap of the two cyl inders is l e s s than the available 

s t roke of the two spr ings in the band, thus the springs ensure complete s e p a r a ­

tion of the device. 

A mechanical device is a lso used to separa te the ref lector retaining band. 

This mechanical device is activated by a drop in t empera tu re of the NaK in the 

outlet line adjacent to the r eac to r . The t empera tu re actuated band r e l e a s e de ­

vice works on the pr inciple of differential t he rmal expansion of two m a t e r i a l s . 

In this design a s teel rod is used inside a molybdenum tube. While the t e m p e r a ­

ture is increas ing , the s teel rod, which has a much higher coefficient of t he rma l 

expansion than the molybdenum, is allowed to grow freely re la t ive to the tube. 

On decreas ing t e m p e r a t u r e , the rod is gripped and placed in tension as it t r i e s 

to d e c r e a s e in length re la t ive to the tube. With a t empera tu re drop of 350 ± 100 °F 

the tension becomes grea t enough to break a bolt holding the re ta ine r band to ­

gether . A t empera tu re drop of g rea te r than 500 °F at the location of the device 

can occur in one of two ways: (1) if the NaK flow s tops , or (2) if the sys tem is 

penetrated and al l NaK is lost . 

The re ta ine r band is a lso designed to r e l ea se upon reen t ry heating if r e ­

flector ejection has not a l ready occur red . The brazed joint in the e lec t r ica l ly 

actuated band r e l ea se device will mel t at about 300,000 ft thereby re leas ing the 

re f lec tors . If for some reason this does not occur, the ent i re band will mel t at 

about 285,000 ft result ing in reflector ejection. 
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D. GROUND SAFETY SYSTEM 

A g r o u n d sa fe ty lock a s shown in F i g u r e 13 i s p r o v i d e d for e a c h c o n t r o l 

drxim. T h e s e l o c k s a r e o p e r a t e d wi th a key and wi l l be r e m o v e d d u r i n g the 

" c o u n t - d o w n " s e q u e n c e . When i n s t a l l e d and l ocked , an a r m p o s i t i v e l y p r e v e n t s 

i n s e r t i o n of the c o n t r o l d r u m s . T h e s e l o c k s wi l l be in p l a c e du r ing a l l sh ipp ing 

and g r o u n d hand l ing o p e r a t i o n s . The l o c k s on the c o a r s e c o n t r o l d r u m s canno t 

be r e m o v e d u n l e s s the s q u i b - a c t u a t e d lockou t pin i s e n g a g e d . 

R e m o v a l of the g round sa fe ty l o c k s wi l l be one of the final o p e r a t i o n s p r i o r 

to l a u n c h . A c c e s s h o l e s a r e p r o v i d e d in the n o s e cap to a l low r e m o v a l a f t e r a l l 

s q u i b s h a v e been i n s t a l l e d and the n o s e cap i s put in p l a c e . 

P r i o r to i n s t a l l i n g the n o s e cap o v e r the SNAP uni t the c o n t r o l d r u m s a r e 

r e s t r a i n e d by void f i l l e r b l o c k s . T h e s e d e v i c e s a r e c a p a b l e of m a i n t a i n i n g the 

r e a c t o r s u b c r i t i c a l when the r e f l e c t o r s a r e i n s t a l l e d and the r e a c t o r i s s u r ­

r o u n d e d by inf in i te w a t e r . F i g u r e 14 i l l u s t r a t e s the vo id f i l l e r c o n f i g u r a t i o n . 

6 - 2 7 - 6 3 7561-0513A 

F i g u r e 14. SNAP lOA Void F i l l e r A s s e m b l i e s 
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V. REACTOR CONTROL 

A. INTRODUCTION 

The functions of the control sys tem a re (1) to control the r a t e of react iv i ty 

inser t ion during the s tar tup p rocedure , (2) to establ ish operat ion stabili ty at 

design leve ls , and (3) to reduce react iv i ty to a subcr i t ica l condition at t e r m i n a ­

tion of the miss ion . 

Because of the smal l s ize of the r e a c t o r , about 40% of the neutrons born in 

the fission p roces s will leak away from the core unless it is surrounded by an 

adequate neutron ref lec tor . Thus, complete control of the r eac to r is achieved 

simply and efficiently by varying the effective thickness of the neutron ref lector 

surrounding the co re . The ref lector is a hollow cylinder of beryl l ium with a 

w^all th ickness of approximately 2 in. Four semicyl indr ica l d rums compr i se a 

port ion of this cyl indrical wall of beryl l ium. Rotation of the control d rums has 

the effect of varying the thickness of the re f lec tor , thus permit t ing s ta r tup 

and control of the r eac to r . 

B. SYSTEM OPERATION 

After orbit has been establ ished, s ta r tup command is given by T /M. This 

signal energizes the "on" coils of the s tar tup r e l a y s . Switching these re lay con­

tacts energizes the control ler re lay "on" coi ls , thus switching their contacts and 

supplying unregulated 28vdc and plus and minus regulated 28vdc power to the 

cont ro l le r . At the same instant , the control d rum squibs a r e fired re leas ing the 

d r u m s . Coar se control d rum "in" l imit switches provide t e l emete red ver i f ica­

tion. 

The control ler s t a r t s to dr ive the two fine control d rums in at the r a t e of 
. o 

1/2 each 150 sec . The control ler will continue to dr ive the control d rums in 

until the r eac to r outlet t he rma l switches close (1010 ± 10 °F). These switches 

a r e located on the reac to r NaK coolant outlet l ine. This event will occur ap ­

proximate ly 9 hr after the s t a r t command. For the following 72 h r , during 

which the reac to r reaches equil ibrium, the control ler is maintained in an a c ­

tive condition. It dr ives the d rums in if the r eac to r t empera tu re drops below 

the t empera tu re switch setpoint. (The reac to r outlet tenaperature switches open 

when the t empera tu re drops below the setpoint . ) E lec t r ica l power is then r e ­

moved to deactivate the control ler which can be reac t iva ted by T /M command. 
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Diagnostic ins t rumentat ion is provided for status information. Variable 

position senso r s a r e mounted on the two fine control d r u m s . Limit switches 

provide "full in" and "full out" status on both the fine and coa r se control d rum. 

Limi t switches also provide "on" and "off" status on each half of the ref lector 

assembly and on the retaining band. 

End of miss ion can be initiated by a malfunction signal from the conver ter 

sys tem or by T /M command. The terminat ion signal act ivates a 1-min t imer . 

This t imer will r e s e t to ze ro if the terminat ion signal is removed before the 

1-min per iod is completed and thus w^ill prevent te rminat ion due to shor t - t ime 

malfunction indicat ions. If the te rminat ion signal is s t i l l p r e sen t at the end of 

one minute , this t imer act ivates a 1-hr t i m e r . The purpose of the 1-hr t imer 

is to allow acquisit ion of diagnostic data pr ior to r eac to r deactivation. At the 

end of the 1-hr period, e lec t r ica l power is applied to the e lec t r ica l ly actuated 

reflector band r e l e a s e device to break the ref lector retaining band. This allows 

the reflector to be ejected, thereby reducing the reac to r to a subcr i t ica l con­

dition. 

C. CONTROL COMPONENTS 

Components compris ing the r eac to r control sys tem a r e : 

1) Control ler 

2) Control ler d rum actuators 

3) Thermal switches 

4) Timer (1-hr and 1-min combined) 

5) Elec t r ica l ly actuated band r e l ea se device 

These components a r e descr ibed as follows. 

1. Control ler 

The reac tor control ler (see Figure 15) is a digital device which provides 

four sequenced power steps to the control d rum actuators every 150 sec when 

the t empera tu re switches indicate that the reac tor outlet t empera tu re is below 

the t empera tu re setpoint. The control ler employs t r ans i s to r i zed logic through­

out with the exception of the output power switches which a r e r e l a y s . The in­

te rna l frequency source or t ime base is a t r ans fo rmer -coup led mul t iv ibra tor . 
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6-26-62 7580-5560D 

Figure 15. Reactor Control ler 
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The p r i m a r y reason for the 150-sec t ime delay period between succes ­

sive 1/2° drum rotat ions is to allow t ime for the reac tor t empera tu re to r e ­

spond to the i nc r ea se in reac t iv i ty . This stepping ra te produces a reac to r 

s tar tup t ime compatible with the reac tor c h a r a c t e r i s t i c s , s tar tup bat tery 

capacity, and t empera tu re t rans ien t capabil i t ies of the nuclear power sys t em. 

2. Control Drum Drive Actuators 

The control d rum dr ive actuator is requ i red to ro ta te the drum in smal l 

(1/2°) i nc r emen t s . A stepper motor is used, together with a single 13.8:1 gear 

set . The motor is a synchronous machine , with a permanent magnet ro tor and 

a 2-phase s ta tor . The ro tor and stator a r e notched to form 50 and 48 teeth on 

each respect ive ly . The misma tch produces the effect of 200 poles . Therefore , 

w^ith each change in polar i ty in the s tator w^indings, the ro tor ^vill ro ta te 1.7°. 

Each phase of the s tator is divided into two windings, which a r e wound in oppo­

site polar i ty . This is done to allow simple ON-OFF switching to produce the 

effect of phase polar i ty r e v e r s a l . At any t ime during actuation two stator wind­

ings a re always energized. The direct ion of rotat ion is de te rmined by the s e ­

quence in which the windings a r e energized. The actuator is designed to per form 

four steps in order to ro ta te the drum 1/2°. A 4-s tep sequence is used to allow 

the electronic c i rcui t s in the control ler to r e tu rn to a stable condition. 

A solenoid-actuated brake is mounted in the upper end bell of the actuator , 

with the solenoid a r m a t u r e spr ing- loaded against a disc on the ro tor shaft. The 

solenoid winding is in s e r i e s with the s ta tor , being connected to the common r e ­

turn of the four stator windings. Therefore , the brake is r e l eased when power 

is applied to the actuator and is reappl ied when the actuator is deenergized. 

3. Thermal Switches 

Thermal switching required for control of the SNAP lOA is accomplished 

by a platinum res i s t ance sensor coupled to an electronic sw^itch. The r e s i s t ance 

sensor is placed in a t he rma l well in the NaK outlet line above the reac to r vesse l 

head, and the switching unit is located in the SNAP unit ins t rument compar tment . 

Two switches in para l le l a r e used for inc reased rel iabi l i ty . 
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4. Timer 

The 1-min and 1-hr t imer functions a r e combined in one unit. This is 

an e lec t romechanica l device . Figure 16 i l lus t ra tes the external configuration. 

7-1-63 7623-5501 

Figure 16. Delay Timer 

5. E lec t r ica l ly Actuated Band Release Device 

The e lec t r ica l ly actuated band r e l ea se device consis ts of a pair of con­

cent r ic cyl inders brazed with a m a t e r i a l having a melt ing t empera tu re of approx­

imately 1250 °F . Each of the cyl inders is at tached to the band so that the device 

is a link in the band. A r e s i s t ance heater inside the inner cylinder heats the 

device to the melt ing point of the solder thereby allowing the cyl inders to be d i s ­

engaged by the band tension and ref lector ejection spring loads . 
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D. POSITION INDICATING DEVICES 

The fol lowing d e v i c e s p r o v i d e p o s i t i o n s t a t u s of v a r i o u s c o m p o n e n t s of the 

r e f l e c t o r a s s e m b l y for d i a g n o s t i c i n f o r m a t i o n : 

1) C o n t r o l d r u m p o s i t i o n s e n s o r and denaodula tor 

2) P o s i t i o n sw^itches 

T h e s e a r e d e s c r i b e d a s fo l lows . 

1. C o n t r o l D r u m P o s i t i o n S e n s o r and D e m o d u l a t o r 

The c o n t r o l d r u m p o s i t i o n i n d i c a t o r s a r e r o t a r y d i f f e r e n t i a l t r a n s f o r m e r 

d e v i c e s d i r e c t l y coup led to the d r u m shaf t s by z e r o b a c k l a s h c o u p l i n g s . P o w e r 

input to t h e s e un i t s i s 26 v 400 c y c l e supp l i ed by a s t epdown t r a n s f o r m e r l o c a t e d 

in the i n s t r u m e n t c o m p a r t m e n t . The output s i g n a l s f r o m the p o s i t i o n s e n s o r s 

a r e the inpu t s to tw^o d e m o d u l a t o r s . E a c h d e m o d u l a t o r h a s tw^o 0 - t o 5 - v d c ou tpu t s . 

A c o a r s e s c a l e i n d i c a t e s d r u m p o s i t i o n f r o m 135 to 0° and a fine s c a l e i n d i c a t e s 

d r u m p o s i t i o n f r o m 30 to 0 ° . 

2. P o s i t i o n Swi t ches 

T w e l v e p o s i t i o n s w i t c h e s a r e u s e d on the r e f l e c t o r a s s e m b l y . T h e s e a r e : 

C o a r s e C o n t r o l D r u m No. 1 in l inait (PnS-1 ) and out l i m i t (PnS-2 ) 

C o a r s e C o n t r o l D r u m No. 2 in l i m i t (PnS-3) and out l i m i t (PnS-4) 

F i n e C o n t r o l D r u m No. 1 in l i m i t (PnS-5 ) and out l i m i t (PnS-6 ) 

F i n e C o n t r o l D r u m No. 2 in l i m i t (PnS-7) and out l i m i t (PnS-8) 

+Z r e f l e c t o r a s s e m b l y p o s i t i o n on-off (PnS-15) 

- Z r e f l e c t o r a s s e m b l y p o s i t i o n on-off ( P n S - l 6 ) 

+Z r e f l e c t o r band on-off (PnS-17) 

- Z r e f l e c t o r band on-off (PnS-18) 

T h e s e s w i t c h e s a r e of the h igh t e m p e r a t u r e n o n s e a l e d s i n g l e - p o l e d o u b l e -

t h r o w t y p e . When a s e c o n d po le i s r e q u i r e d , two s w i t c h e s a r e u s e d . 
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VI. FUEL 

The r eac to r fuel ma te r i a l is a hydrided z i rcon ium-uran ium alloy. The 
22 

alloy contains 10 wt % uranium and is hydrided to a nominal N of 6.35 x 10 
3 

a toms of hydrogen /cm of fuel. This ma te r i a l is formed into rods of 1.21-in. 

d iameter and 12.25-in. length and is canned in Hastel loy-N cladding tubes . The 

cladding tubes a r e 1.25-in. OD and have a wall thickness of 0.015 in. Internal 

surfaces of the cladding tubes a r e coated with a 2.5 to 3.5 mil layer of ce ramic 

glass m a t e r i a l . This coating acts as a b a r r i e r to hydrogen leakage from the 

fuel. The ends of the fuel elements a re sealed with end caps of Hastel loy-N 

m a t e r i a l welded to the cladding tube. The end pins which position and hold the 

e lements between the grid plates a r e an in tegra l pa r t of the end caps . Each fuel 

e lement w^eighs 3.4 lb and has an overal l length, including end pins , of 12.82 in. 

The fue l /modera tor e lement is show^n in F igure 17. 
235 Each unclad fuel rod contains approximately 128 g rams of U , 11.8 g rams 238 of U , 24.6 g rams of hydrogen, and 1215 g rams of z i rconium. Total w^eight is 

approximately 1380 g r a m s (3.04 lb). A smal l amount of carbon (approximately 

0.15 v/t %) is added as a grain refiner to produce a s t ronger rod. The fuel is a 

ha rd semibr i t t l e m a t e r i a l w^ith a meta l l ic appearing machined surface . All edge 

of the fuel rod a r e rounded to prevent damage to the ce ramic hydrogen b a r r i e r 

during assembly and handling of the fuel element . 

The ce ramic glass hydrogen b a r r i e r prevents excess ive loss of hydrogen 

from the fuel rod operating in the high t empera tu re and high radiat ion environ-

naent of the r eac to r co re . Integrity of this b a r r i e r mus t be maintained. Hence, 

handling and shipping of fuel e lements mus t be accomplished with suitable p r e ­

cautions to prevent damage due to excess ive shock or vibrat ion. 

The ce ramic glass b a r r i e r is composed p r i m a r i l y of oxides of aluminum, 

si l icon, t i tanium, manganese , and bar ium with smal le r amounts of sodium, 

l i thium, and potass ium. This ce ramic coating is general ly applied in three 

f i r ings . In the las t two firings a smal l quantity of samariuna oxide (Sm_0_) is 

incorpora ted into the coating. The samariuna is a burnable poison. Depletion 

of this m a t e r i a l i n se r t s sufficient react iv i ty at the proper ra te to provide m o r e 

than 1 yr of stable r eac to r operat ion. 
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9-28-61 7550-20211 
F igure 17. SNAP lOA/2 Fuel Element 
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One end cap of the fuel e lement is welded to a cladding tube p r io r to appl i ­

cation of the ceranaic b a r r i e r . After the ce ramic b a r r i e r is fired, a fuel rod is 

inse r t ed into the cladding tube. The cladding tube is then sealed against hydro­

gen loss by inser t ion o"f a c e r amic coated blend cap. The hydrogen b a r r i e r is 

made complete by locally heating the cladding tube and blend cap to blend the 

ce r amic surfaces together . Following the blending operation, an end cap is 

welded to the cladding tube, covering the blend cap. No end play exists between 

the fuel rod and cladding tube. 

A smal l number ( less than 10) of the 37 fuel e lements r equ i red for a SNAP 10 A 
22 3 

core loading will have a nominal hydrogen content of 6.0 x 10 a t o m s / c m of 

fuel. These special low hydrogen content e lements a r e used to adjust the excess 

reac t iv i ty of the core . Low N^. e lements a r e identical to the s tandard element 

except in hydrogen content. 
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VII. OPERATING CHARACTERISTICS 

The SNAP lOA reac tor is s imi la r in nuclear design to the tes t and develop­

mental r e a c t o r s w^hich have been developed, or a r e present ly being operated by, 
1 2 3 Atomics International for the Atomic Energy Commiss ion . ' ' The SNAP 

Exper imenta l Reactor (SER) has been extensively tes ted and its nuclear c h a r a c ­

t e r i s t i c s de termined. After 6000 hr of operat ion, the SER was d i sassembled 
3 

and the SNAP Developmental Reactor (SDR) placed in operat ion. The SDR 
logged over 11,000 hr pr ior to being shut down. These two operating r e a c t o r s , 

along with the SCA-4B and SCA-4C cr i t i ca l exper iments , have provided a wealth 

of exper imenta l information regarding nuclear c h a r a c t e r i s t i c s . Nuclear c h a r a c ­

t e r i s t i c s of the SNAP lOA reac to r have been determined analytically mainly 

through use of the AIM-6 mult igroup diffusion code with the Los Alamos l6-group 

c r o s s section l i b r a ry . The AIM-6 code is an expanded vers ion of the WANDA 

code, incorporat ing a g rea te r group s t ruc tu re and other features and operat ions 
4 

which have been found des i rab le . The basic AIM-6 calculations have been found 

by experience to agree reasonably well with SNAP exper imental data. Additional 

nuclear calculations have been made using the ZOOM, CURE, ULCER, and SNG 
5 6 7 8 

codes . ' ' ' F a s t neutron and gamma shielding calculations have been made 

using the FARSE 2, SCAR 1, and 14-0 codes . ^ ' ^ ° ' ^ ^ A summary of SNAP 10A 

reac to r design, nuclear , kinet ic , shielding, and weight cha rac t e r i s t i c s is p r e ­

sented in Table I. Most of the nuclear pa r ame te r information summar ized in 

Table I (Section I. E . ) is based on experimental data obtained from SER, S2DR, 

or the SCA cr i t ica l exper iment . The remaining p a r a m e t e r s have been calculated 

using the AIM-6 or other nuclear codes . Only calculated radiation dose informa­

tion is p resen ted in Table I; exper imental verif ication of shielding calculational 

methods is now in p r o g r e s s . 

F igure 18 shows the anticipated long- t e rm t empera tu re drift of the SNAP 10 A 

r e a c t o r . During the f i rs t th ree days of operat ion, the r eac to r outlet t e m p e r a ­

tu re w^ill be controlled through inward rotat ion of the beryl l ium control d r u m s . 

The react iv i ty changes due to t empera tu re and power defect, xenon buildup, and 

par t i a l hydrogen redis t r ibut ion take place during this period. At the end of 

72 hr , control drum movement ceases and the reac to r opera tes on pass ive 

control for the remainder of the 1-yr operating per iod. For the f i r s t month of 

pass ive control per iod, sys tem react iv i ty (and therefore t empera ture ) drops as 
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Figure 18. Long-Te rm Tempera tu re Drift of SNAP lOA Reactor 

the negative react ivi ty effect accompanying hydrogen redis t r ibut ion rapidly 

reaches i ts maximum value. Following completion of hydrogen redis t r ibut ion, 

core t empera tu re slowly r i s e s as the positive react ivi ty inser t ion caused by 

samar ium prepoison burnout more than balances the react ivi ty l o s ses due to 

fuel depletion, fission product accumulation, and hydrogen l o s s . 

Reactivity values of the SNAP lOA reac tor in var ious normal and abnormal 

configurations and environments form an ex t remely inaportant pa r t of the safety 

ana lys i s . In addition, they govern to a l a rge naeasure the formulation of safe 

handling p rocedures and emergency p lans . 

SCA-4C paraffin block exper iments have shown that the worth of one human 

leaning against the reac tor surface is approximately 30^ for reflected cores and 

about $1.10 for a bare r e a c t o r . However, the r igid rectangular blocks do not 

r ep resen t the more flexible contours and appendages of the human body w^hich 

occur during reac tor assembly opera t ions . Additional exper iments involving 

use of a hydrocarbon plast ic human mockup, w^hich could be draped over and 

around the reflected r eac to r , were performed to obtain effects of a s imulated 

flexible human body. 
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The m o c k u p w a s p r e p a r e d by pack ing 200 lb of p l a s t i c p e l l e t s and para f f in 

in to a p a i r of c o v e r a l l s . Tw^o long r u b b e r g l o v e s , r e p r e s e n t i n g a r m s , w e r e 

a l s o f i l led wi th the p l a s t i c p e l l e t s . It w a s found e x p e r i m e n t a l l y tha t the m o c k u p 

w a s w^orth about $0.85 when l e an ing a g a i n s t and o v e r the r e f l e c t e d r e a c t o r . The 

to ta l w o r t h i n c r e a s e d to a p p r o x i m a t e l y $1.95 when " a r m s " w e r e i n s e r t e d as far 

a s p o s s i b l e in to open d r u m v o i d s . 

The r e a c t i v i t y i n f o r m a t i o n s u m m a r i z e d in T a b l e s IV and V i s t h e r e f o r e 

b a s e d on t h r e e s e p a r a t e c a s e s of po t en t i a l h u m a n body r e f l e c t i o n : 

a) S ingle h u m a n body - s t and ing a d j a c e n t 

Th is con f igu ra t i on c o r r e s p o n d s to a s ing le p e r s o n s t and ing a g a i n s t 

the r e a c t o r c o r e o r r e f l e c t o r , a s the c a s e m a y be , wi thout any p l a c e ­

m e n t of h a n d s in the d r u m v o i d s . T h e s e r e a c t i v i t y v a l u e s a r e b a s e d 

on the para f f in b lock e x p e r i m e n t s . 

b) S ingle h u m a n body r e f l e c t i o n - w r a p a r o u n d 

This e s t i m a t e i s b a s e d on w h a t i s b e l i e v e d to be the m a x i m u m p o s ­

s ib l e w o r t h of a h u m a n body, even wi th i n t en t iona l n a o t i v e s . It i s 

t h e r e f o r e c o n s i d e r e d to be an a b s o l u t e u p p e r l i m i t for one p e r s o n . 

F o r r e f l e c t e d r e a c t o r c o n f i g u r a t i o n s , r e s u l t s of the h u m a n m o c k u p 

e x p e r i m e n t s have been u s e d . With b a r e r e a c t o r c o r e s , h u m a n body 

w o r t h s , w h i c h a r e 1/3 t h o s e of inf in i te r a d i a l w a t e r r e f l e c t i o n h a v e 

been c h o s e n to r e p r e s e n t an u p p e r r e a c t i v i t y l i m i t . 

c) M a x i m u m h u m a n body r e f l e c t i o n 

T h i s c a s e i s an e x t e n s i o n of b) a b o v e , wi thou t l i m i t to the n u m b e r of 

p e r s o n s invo lved (at l e a s t t h r e e ) . The r e a c t i v i t y w o r t h a s s o c i a t e d 

wi th m a x i m u m h u m a n body r e f l e c t i o n r e p r e s e n t s an a b s o l u t e u p p e r 

l i m i t to the r e a c t i v i t y t ha t can be added to the SNAP lOA s y s t e m by 

any n u m b e r of p e o p l e . 

The r a n g e of r e a c t i v i t y v a l u e s p r o v i d e d in T a b l e s IV and V for t h o s e c a s e s 

w h e r e h u m a n body r e f l e c t i o n i s invo lved i s b a s e d on the v a r i o u s h u m a n - r e a c t o r 

c o n f i g u r a t i o n s d i s c u s s e d a b o v e . 

A se t of r e f e r e n c e v a l u e s both a n a l y t i c a l and e x p e r i m e n t a l i s g iven in 

T a b l e s IV t h r o u g h VIII. 
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T A B L E IV 

S N A P lOA REACTIVITY VALUES ($) UNDER VARIOUS ABNORMAL 
CONDITIONS DURING ASSEMBLY AND S H I P M E N T 

Condition of Reactor 

On Right 
Side 

sleeve 

s leeve 

sleeve 

ref lector 
with void-
fiUer blks 

ref lector 
with void-
fil ler blks 

bare 

On Left 
Side 

sleeve 

bare 

ref lector 
with void-
filler blks 

ref lector 
•with void-
fiUer blks 

bare 

ba re 

Reactivi ty 

In Air 

-19.40 

-20.50 

-12.70 

- 6.00 ± 1.00 

-13.80 

-21.70 

Single Human 
Standing Adj. 

-19.10 

-20.20 
-19.40* 

-12.40 

- 5.70 

-13.50 
-12.70" 

-20.60 

Single Human 
Wrap Around 

-17.40 

-18.50 
-13.50 

-10.70 

- 5.00 

-12.80 

- 6.20-" 
-14.70 

Maximum Human 
Wrap Around 

-13.40 

- 7.00 

- 8.20 

- 3.00 

- 1.80 

- 0.70 

Infinite Water Reflection 

NaK in Core 

-10.20 ± 1.20 

- 3.60 ± 2.00 

- 6.00 ± 2.00 

- 1.50 ± 0.50 

0.60 ± 1.50 

3.00 ± 0.80 

HpO in Core 

-3.00 ± 0.50 

4.20 ± 2.00 

1.30 ± 2.50 

5.60 ± 1.50 

7.90 ± 2.00 

10.30 ± 1.50 

i«Huraan on ba re side 

T A B L E V 

REACTIVITY VALUES ($) F O R B E R Y L L I U M - R E F L E C T E D 
SNAP l O A - NO VOID F I L L E R BLOCKS 

Bery l l i um Reflected Reac to r — All D r u m s Out 
No Void F i l l e r Blocks 

Single human body ref lec t ion — standing adjacent 

Single human body ref lec t ion — wrap around 

Two human body ref lec t ion —wrap a round 

Maximum human body ref lec t ion 

Water in co re — no wa te r re f lec t ion 

Infinite wa te r re f lec t ion — no wa te r in c o r e 

Infinite wa te r re f lec t ion and wate r in c o r e 

Agena nose shroud and cap in p lace (launch c 

Be ry l l i um Reflected Reac to r — Two D r u m s In 
No Void F i l l e r Blocks 

onfig.) 

Single human body re f lec t ion — standing adjacent 

Single human body re f lec t ion — w r a p a round 

Maximum human body re f lec t ion 

Infinite wa te r re f lec t ion — no wa te r in co re 

Infinite wa te r re f lec t ion and wa te r in co re 

Infinite half plane wa te r re f lec t ion (no c o r e wa te r ) 

Agena nose shroud and cap in p lace (launch config.) 

-6.13 

-5.78 

-4.20 

-2 .25 

0 

± 1.00 

± 1.00 

± 1.50 

1.20 ± 0.79 

7.10 

14.40 

-6.08 

-1.73 

-1.38 

+0.20 

+3.70 

8.30 

± 2.00 

± 3.00 

± 0.50 

± 1.50 

± 2.00 

15.60 ± 2.00 

0.70 

-1 .68 

± 2.00 
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TABLE VI 

REACTIVITY VALUES ($) FOR BARE SNAP lOA REACTOR 
UNDER SEVERAL ABNORMAL CONDITIONS 
(See Table IV for additional ba re r eac to r data) 

Ba re Reactor — NaK in Core 

Infinite half plane water reflection 

Infinite half plane sand reflect ion 0% H2O 

Infinite half plane sand reflect ion 30% H2O 

Infinite half plane concre te reflection 

Bare Reactor Completely Submerged in Sand — 
Moisture Content for Cr i t ica l i ty — NaK in Core 

Bare Reactor — Water in Core , No Water Reflector 

-8.00 ± 2.00 

-18.00 ± 2.00 

-12.00 ± 2.00 

-12.00 ± 2.00 

35% ± 5% 

-14.40 ± 1.00 

TABLE VII 

NORMAL SNAP lOA REACTIVITY WORTHS, TEMPERATURE, 
AND POWER COEFFICIENTS 

Normal React ivi ty Worths 

Mater ia l 

Hydrogen 

^235 

Zirconium 

NaK (in core) 

Cent ra l Fuel Element 

Edge Fuel Element 

Shield 

Worth 

64î  per wt % Hydrogen 

9.16 per wt % U^^^ 

15.6^ per wt % Zr 

$0.09 ± 0.10 

$3.15 ± 0.05 

$1.55 ± 0.05 

$0.35 (extrapolation) 

R e m a r k s 

Small Changes in 
Fuel Loading 

Small Changes in 
Fuel Loading 

Small Changes in 
Fuel Loading 

Es t imated 

SCA-4A Data with 
Be Reflector 

SCA-4A Data with 
Be Reflector 

Tenaperature and Power Coefficients 

Value R e m a r k s 

Fuel Tempera tu re Coef. 

Total Tempera tu re Coef. 

Power Coefficient 

•0.07 to -O.lUfF 

•0 .22^/°F 

•0.4^/kw 

- C l O ^ i / ' F 
Probable Value 

Average Value 

Average Value 
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TABLE V m 

OPERATIONAL SNAP lOA REACTIVITY DATA 

Condition 

Reactivi ty Data for ATF 
(Bldg 019) 

Be Reflected Reactor (Dry) 
Including Vault Effect 

Four Drums In 

Three Drums In 

Two Drums In 

One Drum In 

All Drums Out 
(No Void F i l l e r s ) 

All Drums Out 
(Void F i l l e r s 

Required Excess Reactivi ty 
at 75 »F with NaK 

Required Zero Power Excess 
Reactivi ty at 9 6 8 ' F Includes 

Bldg 019 Vault Worth 

Power Defect 

Bldg 024 Vault Worth 

Recommended Excess Reactivi ty 
in Space at 950 "F, Full Power , 
72 Hr after Startup 

Reactivi ty 
($) 

+2.80 

+0.60 

-1.60 

-3.80 

-6.00 

-5.50 

+2.70 

+0.72 

+0.03 

-0.13 

+0.02 

+0.40 

R e m a r k s 

75 °F Average Tempera tu re 

75°F Average Tempera tu re 

75°F Average Tempera tu re 

75 °F Average Tempera tu re 

75°F Average Tempera tu re 

75°F Average Tempera tu re 

All Drums In 

All Drums In 
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VIII. REACTOR CORE 

A. DESIGN 

The SNAP 10 reac tor core is composed of 37 modera tor - fue l e lements . 

These elements a r e a r ranged in a t r iangular a r r a y , on 1.26-in. cen t e r s , to 

form a core which is hexagonal in c r o s s section. The overal l dimensions of 

the core a r e : 9 in. a c r o s s the c o r n e r s , about 8 in. a c r o s s the f lats , and 

12-1 /4 in. in length. 

The core assembly is contained in a cyl indrical r eac to r vesse l of Type 316 

s ta in less s teel . The vesse l is 9 in. in d iamete r , 16 in. in length, and has a 

min imum wall thickness of 0.032 in. Internal side re f lec tors of beryl l ium a r e 

used to round out the hexagonal core configuration and fill the void spaces in the 

core vesse l . 

The elements a r e positioned in the vesse l between grid plates of Hastel loy-C 

m a t e r i a l . End pins, 0.242 and 0.180 in. in d iamete r , engage holes in the upper 

and lower grid plates respec t ive ly to position the elements in the co re . The 

lower grid plate is supported by a r ing at the bottom of the reac tor vesse l . The 

top grid plate is spr ing- loaded against the vesse l top head to pe rmi t t he rma l ex­

pansion of the core in the axial direct ion. 

All coolant flow through the core is through the in te r s t i ces formed by adja­

cent fuel e lements or by e lements and the internal side re f l ec to r s . Coolant 

p a s s e s through the grid plates by means of 3/8- in . d iameter coolant holes 

dr i l led to align with the core coolant pa s sages . 

An orifice plate located below the lower grid plate was designed to produce 

the des i r ed flow distr ibut ion. The des i red flow distr ibut ion is one which p r o ­

duces equal coolant t empera tu re r i s e in all coolant channels and a constant 

outlet t e m p e r a t u r e profile a c r o s s the core . The coolant plenum chambers l o ­

cated above and below the core assembly in the vesse l provide mixing space for 

the coolant. 

B. THERMAL AND HYDRAULICS ANALYSIS 

1. Core Flow Distribution 

Coolant en te rs the r eac to r via two d iamet r ica l ly opposed inlet nozzles 

below the lower grid plate . The velocity of entry is 3.2 f t / sec in a direct ion 
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norma l to the axis of the r e a c t o r . After entering the reac to r ves se l , the flow 

dece le ra tes and turns to enter the co re . The lower grid plate is made up of 

two p la tes : a support plate and an orifice p la te . The coolant f i r s t flows through 

the orifice plate which contains 72 holes of d i amete r s ranging from l / 4 t o 3/ 16 in. 

in s teps of 1/64 in. , giving five different orifice s i zes . The orifice plate was 

designed to provide a flow distr ibut ion to match the rad ia l core power d i s t r ibu­

tion. After passing through the orifice plate , the coolant en te rs the core through 

seventy-two 3/8- in . holes in the support plate . 

The composite plate provides a r igid but lightweight support for the fuel 

elenaents and provides spacing betw^een the orifice plate and the en t rances to the 

coolant channels . If a single plate were used to support and orifice the co re , 

the l a rge r orif ices would be par t ia l ly covered and blocked by the fuel e lements . 

The core flow a r e a is composed of the 72 orificed coolant channels and 

12 ex t reme per iphera l channels to which the re is no entry from the lower plenum. 

The pe r iphera l channels rece ive flow by crossflow between the fuel elenaents. 

NaK leaves the core through seventy-two 3/8- in . d iameter holes in the upper 

gr id plate . The flow converges upon the outlet nozzle in the center of the top 

head, and leaves the reac to r at a velocity of 8.2 f t / s ec . 

Velocities in the coolant channels a r e governed by (1) the grid plate o r i ­

f ices , (2) the p r e s s u r e drop in the channels , and (3) the amount of crossflow p e r ­

mit ted by the nominal 0.010-in. c learance between fuel e lements . Hydraulic t es t s 

of core velocity profi les were conducted using sal t injection to m e a s u r e average 

veloci t ies . Shaping of the core flow was general ly achieved, but the amount of 

crossflow could not be m e a s u r e d by this naethod. Analysis has shown that c r o s s -

flow has a significant effect in reshaping the core velocity distr ibution down­

s t r e a m of the or i f ices . It is expected that by the t ime the coolant has t r a v e r s e d 

half the length of the co re , the flow dis t r ibut ion will be near ly uniform. The i m ­

por tance of the core flow distr ibut ion upon fuel element t e m p e r a t u r e s can be a s ­

sessed by a compar ison of two limiting c a s e s . F i r s t , in an ideally orificed 

SNAP lOA core , where the coolant flow profile exactly matches the radia l power 

profi le, the maximum fuel tenaperature in the core would be 1035 °F. Second, if 

no orificing were provided and the velocity distr ibution were uniform, the max i ­

mum fuel t empera tu re in the center fuel elenaent would be 1080°F. These tena-

p e r a t u r e s a r e based on an inlet t empera tu re of 900 °F . These t empera tu re s 

show what l i t t le can be gained by perfect orificing of the SNAP lOA reac to r and. 
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converse ly , the effect that a 30% flow deficiency would have on fuel element 

t e m p e r a t u r e s . Since the higher of the t empe ra tu r e s is well below cur ren t t e m ­

p e r a t u r e l imi t s , and since the ideal flow distr ibution may not be achieved, much 

of the SNAP lOA analysis was based on the higher t empe ra tu r e s attained in a 

fuel element surrounded by flow-deficient channels . 

2. Core Power Distr ibution 

Because of symmet ry of the SNAP lOA core and ref lec tor , radia l and 

ajcial pow^er dis tr ibut ions a r e expected to be symmet r i ca l about the core cen te r . 

Local power peaking around the fuel e lements is expected to be negligible. There 

is no significant ref lector peaking in either the cuxial or radia l p lanes . Because 

of smal l fractional burnup of fuel and resu l tan t smal l control sys tem movements , 

l i t t le change of core power profiles is expected during the design life of the r e a c ­

to r . For analys is pu rposes , cixial and rad ia l power dis t r ibut ions can be r e p r e ­

sented by the following express ions . 

a) Axial Power Distr ibution — Normal ized to an average cixial power 

generat ion ra t e of 1.0. 

P(z) = 1.47 Cos (1.48 - 0.241z), 0<z<12.25 in. 

b) Radial Power Distr ibution — Normal ized to a peak radia l power 

generat ion r a t e of 1.0. 

P(r) = Cos 0.244r, 0<r<4.03 in. 

3. Fuel Element Tempera tu re Distr ibution 

a. Steady-State Tempera tu re s 

The highest fuel element t empera tu re s and t empera tu re gradients a re 

at tained in the center fuel element in the co re . This e lement will be in the r e ­

gion of peak radia l flux, and will exhibit the highest fuel t empera tu re in the co re . 

It will also produce the highest t empera tu re r i s e in the adjacent NaK coolant. 

The la t ter would not be t rue for a perfect ly orificed core ; i. e. , the coolant t e m ­

p e r a t u r e r i s e would be the same in all channels . However, it is a s sumed that 

the flow r a t e adjacent to the center fuel e lement l ies between the ex t remes p r o ­

duced by an ideally orificed core and an unorificed co re . Tempera tu re profi les 

in the fuel, clad, and coolant for the two ex t remes a r e shown in Figure 19 for 

a core inlet t empera tu re of 900°F. The coolant profile has the "S" shape typi­

cal ly produced by a cosine axial power dis tr ibut ion. Clad surface t empera tu re 
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exceeds coolant t empera tu re due to a film drop of 2 to 26"F . Fuel surface t em­

pera tu re exceeds the clad t empera tu re by an average of 15*'F due to the t emper ­

a ture drop a c r o s s the hydrogen-fi l led gap between fuel and clad. The average 

fuel t empera tu re , averaged over the length and d iameter of the fuel rod, is 

1014 "F for the higher t empera tu re curves of Figure 18. The axial average clad 

t empera tu re for the same curves is 987 " F . These t empera tu re s a r e used to 

evaluate the inc rease in the axial fuel-cladding c learance in Section VIII, B, 4b. 

At the point of peak fuel t empera tu re , the average t empera tu re a c r o s s the di­

amete r of the fuel is 1068 "F; the adjacent clad t empera tu re is 1037 °F . These 

t empera tu re s w^ere used to evaluate the change in the radial c lea rance in 

Section VIII, B, 4b. 

b . Tempera tu re s During Startup 

F r o m ground to s teady-s ta te operating t empera tu re s in orbit , the 

coefficient of expansion of the fuel clad ma te r i a l exceeds that of the fuel. Al­

though the fuel-clad c lea rances inc rease from ground to operating t empera tu re 

in orbit , the per iods of maximum fuel- to-clad t empera tu re during the s tar tup 

t rans ient requ i re evaluation. The power, flow, and inlet t empera tu re for the 

initial s tar tup t rans ient a r e shown in Figure 20. These curves span a 170-sec 

period during which the power peaks at 56 kw. Fue l - to -c lad t empera tu re excess 

in the center fuel element reaches a maximum 60 sec after the power peaks . At 

this t ime, and at a point 7 in. from the low^er end of the fuel rod, the difference 

between the average fuel and the adjacent clad t empera tu re r eaches a maximum 

of 116"'F (486-370 "F) . (See Figure 21.) At this t ime, the difference between 

the axial average fuel and clad t empera tu re s on the center l ine fuel element is 

53 "F (386-323 "F) as compared to the s teady-s ta te difference of 29 °F . 

The minimum axial c learance occurs on an edge-of-core fuel element, 

15 sec after peak power . Average fuel and clad t empera tu re s for the core edge 

fuel element a r e show^n in Figure 22. 

To evaluate the rmal s t r e s s e s in the fuel rod, t rans ien t radial t em­

pe ra tu re distr ibut ions have been determined for the f i rs t 170 sec of the s tar tup 

t r ans ien t . Highest thermal gradients occur 7 in. frona the lower end of the 

center fuel rod . Radial t empera tu re distr ibutions in the center e lement at this 

elevation a r e plotted in Figure 23. The t empera tu re gradient i nc r ea se s to a 

maximum 60 sec after peak pow^er (150 sec after initiation of t ransient) and 
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Figure 23 . Radial Tenaperature Prof i les 
in Center Fuel Element at 7 in. E l e ­
vation During Initial Power Transient 

(Time is relat ive to initiation of 
transient) 

thereaf ter d e c r e a s e s . Peak s t r e s s occurs at the fuel surface w^here the tena­

pe ra tu r e is lowest . Tangential s t r e s s at this point is +1550 psi ; this value is 

well below the ul t imate tensi le s trength of the fuel (CT > 15,000 psi at the local 

t e m p e r a t u r e ) . 

Throughout s tar tup and during s teady-s ta te operation, t empera tu re s 

of the hydrogen b a r r i e r and the Hastelloy N clad differ by no m o r e than 1 2 ' F . 
2 

This can be shown by using a peak heat flux of 29,800 Btu /hr - f t corresponding 

to the 56 kw peak power level during s t a r tup . For this heat flux, the t e m p e r a ­

tu re difference between the inside surface of the 0.0035-in. (maximum) thicknes 

of b a r r i e r coating and the outer surface of the 0.0155-in. (maximum clad thick­

ness i s : 

- 29 800 / - -0155_ ,0035 \ 
-̂ 9,SOU ^10.9(12) ^ 1(12) y = 12°F 
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The difference between the mean b a r r i e r and the mean clad t empera tu re does 

not exceed 6"'F. 

A relat ively severe t empera tu re gradient exis ts during s tar tup at the 

junction of the Hastel loy-N clad and the upper end cap. The difference between 

the average end cap and the clad t e m p e r a t u r e s , 0.1 in. below the end cap, 

reaches a maxinaum of 49.5 °F in the center l ine fuel rod 20 sec after the t r a n s ­

ient power peak. (See F igure 24. ) 

1 

k 

k 

k 

1 

1 1 1 1 1 
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PEAK POWER / / 

I k 

h 
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1 1 
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TIME AFTER START OF POWER TRANSIENT (sec) 

9-30-63 7623-0059 
Figure 24. Centerl ine Fuel Element 

Upper End Cap and Clad Tenaperatures 
During Initial Power Trans ient 

4. Differential Fuel -Clad Expansion 

Thermal expansion data for the fuel and clad a r e i l lus t ra ted in F igure 25. 

Note that the clad ma te r i a l expands somewhat more rapidly than does the fuel; 

the Hastel loy-N exhibits 29% more the rmal growth between 70 and 1000°F. 
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TEMPERATURE (»F) 

7-10-63 7623-0003 
Figure 25. The rma l Expansion of SlOA Fuel and Clad Mate r i a l s 

As a bas i s for evaluating the minimum c lea rances during operation, the 

min imum c learance at assembly were chosen. Combination of the fuel d iameter 

and the coated tube ID (with the i r to lerances) yields a minimum diamet r ic 

assembly c learance of 0.0035 in. The mininaum axial c learance before welding 

of the end cap is z e r o . 

a. Fue l -Clad Clearances During the Startup Trans ient 

It was noted in Section VIII, B, 3b that the maximum fuel- to-clad 

t empe ra tu r e difference occur red during s tar tup when the average fuel t e m p e r a ­

tu re in the center fuel e lement was 486°F and the clad t empera tu re was 370°F. 

This was the wors t local condition in the core , occurr ing 7 in. frona the lower 

end of the fuel rod, 60 sec after the peak power t rans ien t . These t e m p e r a t u r e s 

produce a net i nc rease in the d iamet r i c fuel-clad c learance of 0.00006 in. Using 
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the axial average t e m p e r a t u r e s for the edge fuel element d iscussed in 

Section VIII, B, 3b, the min imum axial fuel-clad c learance in the core during 

the star tup po'wer t rans ien t is 0.0006 in. 

b. Fue l -Clad Clearances During Steady-State Orbital Operation 

At the point of maximum fuel t empera tu re in the center fuel element , 

the minimum s teady-s ta te d iamet r ic c learance between the fuel surface and the 

clad ID is 0.0015 in. g r e a t e r than the c learance at a s sembly . Between room 

t empera tu re and full pow^er operat ion of the core , the axial c learance (as de ­

te rmined by the fuel and clad t e m p e r a t u r e s averaged along the length of the 

center fuel rod) i nc r ea se s by 0.0159 in. As long as a steady power level and 

flow ra te a r e maintained, the average and local t e m p e r a t u r e s of the fuel must 

exceed the average and local clad t e m p e r a t u r e s . Therefore , t he re will always 

be a posit ive c learance between the fuel and cladding. 

5. Differential Clad-Hydrogen B a r r i e r Expansion 

In Section VIII, B, 3b it was stated that the t empera tu re excess of the hy­

drogen b a r r i e r over the clad t empera tu re would not exceed 12° F during the life 

of SNAP lOA. Thus the assumption of essent ia l ly equal clad and b a r r i e r t e m ­

p e r a t u r e s can be applied in determining the differential expansion at any point 

in the fuel e lement . 

The combination of softening t empera tu re of the b a r r i e r and operating 

t e m p e r a t u r e s in the fuel element produces compress ion in the b a r r i e r during 

fabrication and relaxat ion of b a r r i e r s t r e s s between launch and operating t e m ­

p e r a t u r e s . It is des i rab le to have a compress ive p r e s t r e s s in the b a r r i e r to 

minimize tensi le s t r e s s e s produced by launch v ibra t ions . The p r e s t r e s s d imin­

ishes during s tar tup, reaching a mininaum at the s teady-s ta te t empera tu re levels 

in orbit . The final t e m p e r a t u r e s a r e below the softening t empera tu re of the 

b a r r i e r ma te r i a l and w^ell below the range where crys ta l l iza t ion takes p lace . 

6. Thermal S t r e s s e s in Clad and B a r r i e r at Junction to Upper End Cap 

The Hastel loy-N clad and the ce ramic b a r r i e r a r e subjected to maximum 

tensi le s t r e s s e s at the junction of the upper end cap and the clad. These s t r e s s e s 

a r e related to the difference between the average end cap t empera tu re and the 

adjacent clad t e m p e r a t u r e . As noted in Section VIII, B, 3b, the maximum t e m ­

pera tu re difference between the end cap and the clad 0.1 in. aw^ay occurs in the 
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c e n t e r e l e m e n t and i s 4 9 . 5 ° F ( F i g u r e 24) . The c o r r e s p o n d i n g m a x i m u m t e n s i l e 

s t r e s s e s in the c l ad and the b a r r i e r a r e 19,710 and 6,570 p s i , r e s p e c t i v e l y . 

The y ie ld s t r e n g t h of H a s t e l l o y - N i s 40,000 p s i at 5 0 0 ° F . C o n s e q u e n t l y , 

t h e r e i s an a d e q u a t e m a r g i n of safe ty for the c l ad . B e c a u s e of the bonding p r o ­

c e d u r e u s e d , a r e s i d u a l c o m p r e s s i v e s t r e s s of a p p r o x i m a t e l y 25,000 p s i e x i s t s 

in the b a r r i e r w h e n the e l e m e n t i s h e a t e d to 4 0 0 ° F du r ing s t a r t u p . T h e r e f o r e , 

the b a r r i e r r e m a i n s in c o m p r e s s i o n t h r o u g h o u t the s t a r t u p s e q u e n c e . 

A n o t h e r p o s s i b l e s o u r c e of i n t e r n a l p r e s s u r e i s hea t ing of the h e l i u m 

w^hich i s the c o v e r g a s u s e d when the fuel e l e m e n t i s l o a d e d . H o w e v e r , when 

the e l e m e n t i s s e a l e d , the i n t e r n a l h e l i u m p r e s s u r e i s only 250 m i c r o n s . The 

p a r t i a l p r e s s u r e of h e l i u m in the h e l i u m - h y d r o g e n m i x t u r e i s i n s i gn i f i c an t . 

7. I n t e r n a l P r e s s u r e in the F u e l E l e m e n t 

The p r i n c i p a l m e c h a n i s m of p r e s s u r e bui ldup i n s i d e the fuel e l e m e n t i s 

the d i s s o c i a t i o n p r e s s u r e of h y d r o g e n in e q u i l i b r i u m wi th the m o n a t o m i c h y d r o ­

gen of t h e fuel . T a n g e n t i a l s t r e s s in the c lad due to d i s s o c i a t i o n i s p l o t t e d 

a g a i n s t t e m p e r a t u r e in F i g u r e 26 for an N ^ of 6.35 and 0.15 w / o c a r b o n . A c o n s e r v ­

a t i ve a p p r o a c h to i n t e r n a l p r e s s u r e eva l ua t i on i s to a s s u m e tha t the l o c a l p r e s ­

s u r e e x e r t e d on the c l ad i s a funct ion of the l o c a l fuel s u r f a c e t e m p e r a t u r e (no 

h y d r o g e n r e d i s t r i b u t i o n ) . With t h i s def in i t ion , the l o w e r c u r v e of F i g u r e 26 r e ­

p r e s e n t s l o c a l c l ad s t r e s s vs l o c a l c lad t e m p e r a t u r e . S t r e s s r u p t u r e da t a for 

H a s t e l l o y - N s h e e t w^ere e x t r a p o l a t e d to 10,000 h r and g r a p h e d v s t e m p e r a t u r e in 

the sanae f i g u r e . 

C o m p a r i s o n of the s t r e s s l e v e l wi th the u l t i m a t e s t r e n g t h of the c lad 

shows t h a t t h e m a x i m u m a l l owab le c lad t e m p e r a t u r e i s 1 4 3 0 ° F . M a x i m u m e x ­

p e c t e d c l ad t e m p e r a t u r e in the SNAP lOA c o r e i s 1 0 5 0 ° F . T h e r e f o r e , r u p t u r e 

of the c l ad due to i n t e r n a l h y d r o g e n p r e s s u r e i s not a l im i t i ng c o n s i d e r a t i o n for 

SNAP lOA c o n d i t i o n s . 

8. E x p a n s i o n of the I n t e r n a l R e f l e c t o r s and G r i d P l a t e s 

Due to the high t h e r m a l conduc t iv i ty of b e r y l l i u m and the h igh h e a t t r a n s ­

fer coe f f i c i en t s in the c o r e , t he i n t e r n a l r e f l e c t o r s wi l l o p e r a t e a t t e m p e r a t u r e s 

c l o s e to t h o s e of the a d j a c e n t coo lan t . A x i a l e x p a n s i o n of the r e f l e c t o r betw^een 

70 and 9 5 0 ° F a m o u n t s to 0.107 in . c o m p a r e d to the fuel e l e m e n t e x p a n s i o n of 

0.075 in . 
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Figure 26. Hoop S t res s in the SNAP lOA Reactor 

Cladding and L o n g - T e r m Rupture Data vs 
Tempera tu re 

The low^er grid plate, composed of the baffle and orifice p la tes , will 

operate at a uniform t empera tu re of approximately 900°F. No the rmal s t r e s s e s 

will be induced in these p la tes . 

The upper grid plate will have a radial t empera tu re distr ibution matching 

the core outlet t empera tu re profi le . For an ideally orificed core , the outlet 

tenaperatures would be the same for all coolant channels . If a completely un i ­

form velocity profile were to exist, channel outlet t e m p e r a t u r e s would vary by 

80°F, with the center of the plate operating hotter than the per iphery . This 

gradient produces compress ive s t r e s s on the center of the plate and tensi le 

s t r e s s e s at the edges, both of which a r e below^ 8000 ps i . This s t r e s s is below^ 

yield s t r e s s for Haste l loy-C at 1000°F. The plate will not buckle at this s t r e s s 

level . 
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9. R e a c t o r and C o r e P r e s s u r e Drop 

C o r e p r e s s u r e d r o p is m a d e up of a fluid f r i c t i o n l o s s in the coo lan t 

c h a n n e l s p l u s o r i f i c e l o s s e s in the open ings of the o r i f i c e p l a t e and the two s u p ­

p o r t p l a t e s . In s p i t e of the fac t t ha t t he c o r e i s o r i f i c e d , t he p r e s s u r e d r o p c a n 

be f a i r l y a p p r o x i m a t e d by u s ing s u p e r f i c i a l u n i f o r m v e l o c i t i e s b a s e d on the to t a l 

flow a r e a s . T h e s e v e l o c i t i e s and a r e a s a r e t a b u l a t e d in T a b l e s IX, X, and XI, 

a long wi th the c a l c u l a t e d p r e s s u r e d r o p t h r o u g h e a c h s e c t i o n . V e l o c i t i e s a r e 

b a s e d on a r e a c t o r flow^ r a t e of 82 I b / m i n . P r e s s u r e d r o p s a r e b a s e d on a 

s m o o t h tube f r i c t i o n f ac to r and a p r e s s u r e l o s s coef f ic ien t of 1.73 for s u b m e r g e d 

s q u a r e - e d g e d o r i f i c e s . 

T A B L E IX 

C A L C U L A T E D SNAP lOA P R E S S U R E DROP USING S U P E R F I C I A L 
U N I F O R M V E L O C I T I E S BASED ON T O T A L FLOW A R E A 

R e a c t o r In le t N o z z l e (2) 

Baffle P l a t e s (2) 

O r i f i c e P l a t e 

Coo lan t C h a n n e l s 

R e a c t o r Ou t l e t N o z z l e 

T o t a l for R e a c t o r 

F low A r e a 
(in. 2) 

1.29 

7.96 

2.60 

6.00 

1.11 

Ve loc i ty 
( f t / s e c ) 

3.22 

0.69 

1.60 

0.70 

3.82 

P r e s s u r e 
D r o p 
(psi) 

0 .054 

0.005 

0.023 

0.010 

0.078 

0.170 

R e a c t o r e n t r a n c e and exi t l o s s e s w e r e b a s e d on 1.0 and 0.23 ve loc i ty 

h e a d l o s s e s for sudden e x p a n s i o n and c o n t r a c t i o n , r e s p e c t i v e l y . S ince t h e s e 

two l o s s e s m a k e up 78% of the to ta l p r e s s u r e d r o p , a c c u r a c y in the to t a l f igu re 

m u s t suffer due to i n e x a c t know^ledge of e n t r y and ex i t c o e f f i c i e n t s . 
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TABLE X 

SNAP lOA CORE PARAMETERS DURING ACTIVE CONTROL 

Total reac to r power (kw) 

Reactor heat to NaK (kw) 

Heat loss from vesse l at operating t empera tu re s (kw) 

Core radia l peak /ave rage power factor 

Core axial peak /ave rage power factor 

Fuel e lement peaking factor 

Design NaK flow ra te (Ib/hr) 

Flow a r e a s 

Area of 54 t r i - c u s p channels (in. ) 

Area of 18 side channels (in. ) 

Area of 12 unorificed per iphera l channels 

Total core flow a r ea 

Area of openings in orifice plate (in 

Area of openings in baffle plates (in 

Equivalent d i amete r s 

T r i - c u s p channels (in. ) 

Side channels (in. ) 

Core average (in. ) 

Number of fuel elements 

Number of in ternal re f lec tors 

Total active heat t ransfer a r ea in core 

') 

h 

(ft^) 

Heat t ransfer coefficient at surface of center 
(Btu /hr - f t2 -°F) 

Reactor inlet t empera tu re (°F)* 

Reactor outlet t empera tu re (°F)* 

(in.^) 

fuel e lement 

34.7 

34.2 

0.50 

1.47 

1.31 

1.00 

4920 

3.987 

1.118 

0.935 

6.04 

2.60 

7.96 

0.151 

0.075 

0.123 

37 

6 

12.35 

1860 

900 

1010 

*Nominal values during active control per iod 
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TABLE XI 

CORE MATERIALS AND PHYSICAL PROPERTIES AT 950 °F 

Mater ia l 
Density 
(lb/ft3) 

Specific Heat 
(Btu / lb-°F) 

Conductivity 
(Btu /hr - f t2 -°F) 

Internal Reflectors 

Grid Pla tes 

Fuel 

Fuel Element Cladding 

Diffusion B a r r i e r 

Coolant 

Gas Gap 

Be 

Hastel loy-C 

ZrH + 10wt%U 

Hastel loy-N 

-

NaK-78 

^ 2 

Nominal co re p r e s s u r e (psia) 

Minimum core p r e s s u r e (psia) 

Maximum core p r e s s u r e (psia) 

113 

558 

350 

538 

140 

46.8 

Calculated reac to r p r e s s u r e drop (psia) 

Vapor p r e s s u r e of NaK at 1000 °F (psia) 

Vapor p r e s s u r e of NaK at 1100°F (psia) 

Maximum clad surface t empera tu re I 

Maximum fuel t empera tu re (°F) 

°F) 

0.65 

0.09 

0.15 

0.10 

0.20 

0.209 

76 

5. 

13 

10.9 

1 

15 

0.20 

5 

2 

10 

0.17 

0.8 

1.7 

1050 

1085 

Core Dimensions 

Fuel e lement pitch (tr iangular a r rangement ) 

Fuel e lement d iameter (cladding OD) 

Clad thickness 

Fuel length 

Diffusion b a r r i e r thickness 

Diametr ic fuel-clad c lea rance 

Fuel d iameter 

ID of coated cladding 

1.260 ± 0.003 

1.250 ±0.002 

0.015 ± 0.0005 

12.25 ± 0.002 

0.0025 ± 0.0020 

0.005 ± 0.0015 

1.2100 ± 0.0005 

1.215 ± 0.001 
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IX. REENTRY BEHAVIOR 

The discussion which follows is r e s t r i c t ed to reen t ry of the SNAP lOA-

Agena satel l i te from orbi t . Reentry as a resu l t of failure during the ball ist ic 

launch t ra jec tory is not considered he re in . 

The reen t ry configuration of the SNAP lOA-Agena, which enters the sensible 

a tmosphere at 400,000 ft after orbital decay is shown in Figure 27. The vehicle 

velocity vector pas ses through the vehicle center of m a s s , and l ies below^ the 

local hor izon. The local horizon is tangent to the a tmospher ic surface or p e r ­

pendicular to the radius vector to the center of the ea r th . Local horizon, flight 

angle, and a scale ea r th -a tmosphe re -o rb i t relat ionship a r e shown by the f igure . 

Only that portion of the a tmosphere below 400,000 ft is important to reen t ry 

heating breakup. The actual a tmosphere of the ear th is a thin shell wrapped on 

an oblate spheroid. Considering the SNAP lOA polar orbit, it has been show^n 

that the vehicle orbit can never give constant altitude for all l a t i tudes . Thus, an 

initial altitude over the pole does not cor respond to the same phase of orbi t 

decay as does the same altitude over the equator . This effect will not signifi­

cantly affect the degree of reac tor heating and ablation. 

Mission requi rements requi re that the SNAP lOA-Agena make one revolu­

tion per orbit resul t ing in the reac tor always facing outward from ear th . The re ­

fore, the vehicle w îll enter the a tmosphere with some angle of attack w^ith an 

angular r a t e . This event is shown in Figure 28 for the nose forward aerody­

namic configuration of the SNAP lOA- Agena. The resul tant of the aerodynamic 

forces shown by Figure 28 acts through the vehicle center of p r e s s u r e imposing 

a moment , forcing the vehicle towards zero angle of at tack. The vehicle will 

osci l late about the center of gravity with the reac tor orientated forward due to 

aerodynamic stabil i ty. The SNAP lOA power sys tem achieves aerodynamic 

stabili ty in the same manner as does the SNAP lOA-Agena vehicle as shown 

in Figure 28. The SNAP lOA reac tor has neutral aerodynamic stability, and 

has a tumbling entry naode since there a r e no res tor ing aerodynamic forces 

acting away from the center of m a s s . 
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The in i t i a l point in the o r b i t a l d e c a y c a l c u l a t i o n s w a s t a k e n a t 400 ,000 ft 

ove r the N o r t h P o l e . T r a j e c t o r y c a l c u l a t i o n s w^ere a c c o m p l i s h e d wi th the 

R E S T O R E Code for the r e s p e c t i v e b a l l i s t i c p a r a m e t e r s dependen t upon a e r o ­

d y n a m i c m o d e , f r ee m o l e c u l a r or con t inuum, and p a r t i c u l a r componen t we igh t . 

The r e e n t r y t r a j e c t o r i e s a r e shown in F i g u r e 29 . 

The p r o b a b i l i t y of a NaK f i l led s y s t e m d e p e n d s on o rb i t l i f e t i m e . H o w e v e r , 

the c o m b i n a t i o n of s u r f a c e coa t ings on the v e s s e l and r e f l e c t o r s a s s u r e s tha t , 

if NaK is p r e s e n t in the r e a c t o r , the NaK wi l l be in a l iquid s t a t e when r e e n t r y 

c o m m e n c e s . The r e e n t r y e v e n t s for both a s y s t e m devoid of NaK and a NaK 

f i l led s y s t e m a r e d e s c r i b e d in the fol lowing p a r a g r a p h s . 

A . R E E N T R Y O F A S Y S T E M DEVOID O F NaK 

The SNAP lOA r e e n t r y t r a j e c t o r y i s shown in F i g u r e 29 w h e r e flow^ t r a n ­

s i t i on and m a j o r s e p a r a t i o n s e q u e n c e s a r e i n d i c a t e d . Sa t i s f ac t i on of r e l a t i n g 

r e e n t r y b u r n u p to a l t i t ude r e q u i r e s tha t t he hea t i ng funct ions to ind iv idua l v e h i c l e 

c o m p o n e n t s be known d u r i n g the r e e n t r y s e q u e n c e . The o s c i l l a t i o n enve lope for 

the SNAP lOA-Agena w a s c a l c u l a t e d with a t w o - d i m e n s i o n a l o s c i l l a t i o n code 

tha t r e l a t e d v e h i c l e m o m e n t of i n e r t i a , and a e r o d y n a m i c r e s t o r i n g m o m e n t in to 

a n g u l a r r a t e s . The o s c i l l a t i o n enve lope and d y n a m i c p r e s s u r e for th i s r e e n t r y 

c a s e a r e sho-wn in F i g u r e 30, w^here the effect of i n c r e a s i n g d y n a m i c p r e s s u r e 

r e s u l t s in a r e d u c e d o s c i l l a t i o n a m p l i t u d e and i n c r e a s e in f r e q u e n c y . Knowlege 

of the v e h i c l e v e l o c i t y and a t t i t ude t h e n p r o v i d e s c r i t e r i a for c a l c u l a t i o n of h e a t i n g 

r a t e s . The s p h e r i c a l s t a g n a t i o n hea t i ng r a t e and v e h i c l e v e l o c i t y a r e p r e s e n t e d 

in F i g u r e 31 for r e f e r e n c e . 

1. R e f l e c t o r R e t a i n e r B a n d - R e f l e c t o r E j e c t i o n 

Hea t i ng of the r e f l e c t o r r e t a i n e r band b e c o m e s a p p r e c i a b l e above 

300,000 ft. The o s c i l l a t i o n e n t r y m o d e of the v e h i c l e wi l l r e s u l t in a n o s c i l l a t i n g 

t r a n s i e n t t e m p e r a t u r e on any p a r t i c u l a r band s e g m e n t . T h i s o s c i l l a t i n g t e m p e r ­

a t u r e i s the r e s u l t of the a e r o d y n a m i c h e a t i n g be ing app l i ed to a v a r i a b l e p r o j e c t e d 

band s u r f a c e a r e a and c y c l i c r e a c t o r shadow on the band . The r e t a i n e r band, 

not c o n s i d e r i n g fus ib le l i n k s , w i l l have cyc led t h r o u g h the m e l t i n g t e m p e r a t u r e 

of s t a i n l e s s s t e e l by a n a l t i t ude of 285,000 ft. When the band p a r t s , the r e f l e c t o r s 

fal l aw^ay. They a r e r e t a i n e d only by the cab le h a r n e s s con ta in ing e l e c t r i c a l con ­

n e c t i o n s to the a c t u a t o r m o t o r s and r e f l e c t o r i n s t r u m e n t a t i o n . Once e j ec t ed , 
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the ref lectors will pivot until they contact the reac tor support legs and the tip of 

the shield. In this position, the cable ha rnes s is exposed to aerodynamic heating 

and the pull of aerodynamic drag acting on the la rge exposed surfaces of the 

ref lector . Complete r e lease of the ref lectors is expected above 280,000 ft. 

2. Thermoelec t r i c Pump 

The aluminum rad ia tors of the the rmoelec t r i c pump will be conapletely 

ablated by 280,000 ft. The p r i m a r y effect of this event is to inc rease the a e r o ­

dynamic heating on the upper surface of the r eac to r ves se l . The top surfaces of 

the magnets will have s tar ted to ablate by this al t i tude. How^ever, the r eac to r 

vesse l top w^ill separa te p r io r to complete magnet ablation. The t rans ien t t em­

pera tu re r i se of the aluminum radiator fins a r e presented in Figure 32. The 

t empera tu re of the fins r i s e s a t a slow^ rate due to high emiss iv i ty coating which 

re rad ia tes heat to space. 

3. Reactor Separation 

Reactor separat ion depends on ablation of the four t i tanium support legs, 

NaK inlet, and outlet p ipes . The forward portion of the NaK outlet pipe will 

receive the g rea tes t heating rate of these components during reen t ry and will 

burn through at 295,000 ft. The reac tor is then at tached to the conver ter s t r uc ­

ture via four t i tanium support legs which follow the outline of the top of the shield. 

The 0.032-in.-thick t i tanium wall will readily melt exposing the portion of the 

s ta inless steel NaK lines where the walls a r e 0.020-in. thick. The ablation of 

the reac tor inlet NaK lines is complete by 290,000 ft. At this point, the reac tor 

will separa te from the conver ter s t ruc ture and begin to tumble . The reac tor will 

continue toward ear th on a t ra jec tory dependent upon a bal last ic paranaeter made 

up from the reac tor weight, projected a r e a to the a i r streana, and the drag coef­

ficient of a tumbling cyl inder . 

4. Agena Separation 

The conver ter s t ructure-Agena complex remains aerodynamical ly stable 

after r eac to r separat ion and continues reen t ry in an oscillating mode nose forward 

The aerodynamic heating ra te continues to inc rease after r eac to r separat ion, as 

shown by Figure 31, result ing in burning away of the converter s t ruc ture and 

severe heating at the SNAP lOA-Agena connector r ing . The s t ruc tu re of the 

connector will fail by 250,000 ft providing breakup of the vehicle into segments 

of questionable aerodynamic stabili ty. 
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B . NaK F I L L E D SYSTEM AT ENTRY 

The p r e s e n c e of NaK in the SNAP lOA s y s t e m wi l l r e t a r d r e e n t r y a b l a t i o n 

by a b s o r b i n g a p o r t i o n of the a v a i l a b l e a e r o d y n a m i c hea t p r o d u c t i o n . A c o n s e r v a 

t ive a n a l y s i s m u s t t h e r e f o r e be b a s e d on a NaK s y s t e m wh ich h a s not b e e n p e n e ­

t r a t e d p r i o r to r e e n t r y and h a s a flow r a t e , p r o b a b l y in the r e v e r s e d i r e c t i o n 

of o p e r a t i o n , due to the a e r o d y n a m i c hea t i ng of the t h e r m o e l e c t r i c p u m p r a d i a t o r 

f in s . 

The NaK sys tena wi l l be s i m u l t a n e o u s l y h e a t e d a t four p r i n c i p a l p o i n t s : 

(1) the r e a c t o r ou t l e t l i n e s a t the f o r w a r d end of the power uni t n o r m a l to the f l ight 

pa th , (2) the r e a c t o r ou t le t l i n e s w h e r e they p e n e t r a t e the v e s s e l s u p p o r t l e g s , 

(3) the c o n v e r t e r t u b e s , (4) the u p p e r c o n v e r t e r m a n i f o l d . Hea t ing i s g r e a t e s t 

w h e r e the l i n e s a r e a l i g n e d n o r m a l to the a i r s t r e a m ; the f i r s t p e n e t r a t i o n wi l l 

be m a d e a t t he out le t l i n e s a h e a d of the r e a c t o r . The e n t i r e r e a c t o r s y s t e m wi l l 

h e a t up a s a r e s u l t of NaK c i r c u l a t i o n t r a n s m i t t i n g the h e a t f r o m loca l hot po in t s 

w^here a e r o d y n a m i c hea t i ng s u p p l i e s e n e r g y to the s y s t e m . The a v e r a g e t e m p e r ­

a t u r e of the s y s t e m w^here NaK i s f lowing i s shown in F i g u r e 3 2 . 

1. R e f l e c t o r R e t a i n e r B a n d - R e f l e c t o r E j ec t i on 

The NaK in the s y s t e m h a s no effect on the r e t a i n e r band, and 

r e f l e c t o r e jec t ion -will o c c u r above 280,000 ft a s given for the s y s t e m 

e n t e r i n g devoid of NaK. 

2 . R e a c t o r S e p a r a t i o n 

The event of r e a c t o r s e p a r a t i o n i s d e l a y e d due to the r e m o v a l by the 

flow^ing NaK of the n e c e s s a r y e n e r g y to r a i s e the NaK in le t and out le t p i p e s to 

t h e i r m e l t i n g t e m p e r a t u r e s . The four t i t a n i u m s u p p o r t l eg s wi l l m e l t a w a y 

expos ing the NaK in le t l i n e s to the a i r s t r e a m , thus r e s u l t i n g in NaK l ine a b l a t i o n 

when the NaK s y s t e m r u p t u r e s . S e p a r a t i o n of t h e r e a c t o r i s e x p e c t e d to o c c u r 

by 250,000 ft due to in le t and out le t NaK pipe b u r n - t h r o u g h . C o m p l e t e ab l a t i on 

of the t h e r m o e l e c t r i c p u m p f ins , d e g r a d a t i o n of the p u m p t h e r m o e l e c t r i c s , and 

l o s s of m a g n e t i s m by 280,000 ft wHl r e s u l t in t e r m i n a t i o n of NaK flow. The 
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t empera tu re of the NaK lines exposed to aerodynamic heating will r i se sharply 

since heat will no longer be c a r r i e d away in quantity by the flowing NaK. The 

most probable point of f i r s t penetrat ion will be the forward NaK lines due to the 

magnitude of the aerodynanaic heating at this location. However, sys tem rup­

ture is a s s u r e d by failure of the expansion compensator at a p r e s s u r e between 

100-200 psi (1900-2200°F). NaK sys tem rupture , followed by NaK line burn-

through and reac tor separat ion will occur above 2 50,000 ft. 

C. REACTOR VESSEL ABLATION 

The free tumbling reac tor vesse l t r a j ec to r i e s begin at 290,000 ft and 

250,000 ft for the respect ive sys tems where NaK is absent or contained at entry . 

These t r a j ec to r i e s a r e shown in Figure 29. 

The heating of the reac tor vesse l during the tumbling mode w^ill be grea tes t 

at the upper and lower c i rcumferences of the ves se l . Since the lip weld on the 

vesse l head has been exposed to aerodynamic heating from the beginning of reentry, 

it should be the f irs t par t of the vesse l to experience complete pe r iphera l melt ing. 

The reac tor vesse l and grid plates ablate by 220,000 ft in both cases , with and 

without NaK in the co re . This resul t is due to the respect ive energy ( tempera ture) 

levels of the r eac to r s at separat ion. The reac tor separa ted at 290,000 ft has a 

comparat ively cool in ter ior , on the order of ZOO°F, w^hile the r eac to r separa ted 

at 250,000 ft has been heated in excess of 1200''F due to NaK circulat ion. 

The c lus ter of rods that becomes exposed to the a i r s t r e a m above 220,000 ft 

will probably separate into individual fuel e lements , but there is a possibil i ty 

that the c lus ter of fuel rods may be fused together . If the fuel rods separa te it 

is highly probable that the individual fuel e lements will burn up from this 

al t i tude. 

If the fuel rods r emain in a c lus ter of 37 rods they will not ablate an app re ­

ciable amount. However, the tenaperature of 60% of the fuel rod volume will ex­

ceed 2100°F during this last phase of r een t ry expelling the hydrogen from this 

volume. 
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X. STEADY-STATE OPERATION OF A SNAP lOA REACTOR IN A RAIN-FILLING CRATER 

If the SNAP lOA r e a c t o r c o r e should s u r v i v e the a e r o d y n a m i c hea t ing and i m p a c t 

r e e n t r y f o r c e s and r e m a i n s in a con f igu ra t i on capab le of c r i t i c a l i t y , the p o s s i b i l i t y 

of qua s i - s t e a d y - s t a t e r e a c t o r o p e r a t i o n e x i s t s u n d e r c e r t a i n e n v i r o n m e n t a l c o n d i t i o n s . 

S ince a w a t e r i m p a c t , in t h i s c a s e , would a l m o s t c e r t a i n l y l e a d to a p o w e r e x c u r s i o n 

\vhich w^ould in t u r n d e s t r o y the r e a c t o r , only l a n d i m p a c t s n e e d to be c o n s i d e r e d . 

F u r t h e r , if the r e a c t o r s u r v i v e s the i m p a c t f o r c e s , s o m e p e n e t r a t i o n of e a r t h i s p r o b a ­

b l e , p o s s i b l y l e av ing the r e a c t o r r e s t i n g in a s m a l l c r a t e r . U n d e r t h e s e c o n d i t i o n s , 

i t i s p o s s i b l e t ha t w a t e r could co l l ec t a r o u n d the r e a c t o r to a suff ic ient d e g r e e for 

c r i t i c a l i t y to be r e g a i n e d . If thew^ater input ( m o s t l i ke ly t h r o u g h ra in fa l l ) i s of 

the p r o p e r r a t e , s t e a d y - s t a t e o p e r a t i o n of the r e a c t o r can o c c u r . 

An a p p r o x i m a t e r e l a t i o n s h i p betw^een r e a c t i v i t y i n s e r t i o n r a t e and r a i n r a t e m a y 

be deve loped for a spec i f i ed c r a t e r s i z e . An u p p e r l i m i t on r a i n r a t e for the a p p r o a c h 

to s t e a d y - s t a t e ope r a t i o n m a y then be se t by c o n s i d e r a t i o n of the m a x i m u m r e a c t i v i t y 

i n s e r t i o n r a t e wh ich would not c a u s e fuel d a m a g e d u r i n g the i n i t i a l p o w e r p u l s e . 

The r a i n r a t e m a y a l s o be r e l a t e d to the s t e a d y - s t a t e pow^er of the r e a c t o r . 

U n d e r the condi t ion tha t h e a t l o s s e s o t h e r t han for boi l ing off of w^ater a r e n e g ­

l i g i b l e , the s t e a d y - s t a t e r e a c t o r p o w e r m u s t be equ iva l en t to the w a t e r boi l -of f 

r a t e . The s t e a d y - s t a t e p o w e r l e v e l i s l i m i t e d to a va lue below^ which the c o r r e ­

sponding t e m p e r a t u r e and h y d r o g e n diffusion wi l l not c a u s e c ladding r u p t u r e . 

H e n c e , a s e c o n d r e l a t i o n s h i p l i m i t i n g the r a i n r a t e for s t e a d y - s t a t e o p e r a t i o n in 

v a r i o u s s i ze c r a t e r s m a y be o b ­

t a i n e d . The s u b s e q u e n t d i s c u s ­

s ion a s s u m e s : (1) the r e a c t o r 

c o r e of r a d i u s R i i s r e s t i n g on 

end in c e n t e r of c y l i n d r i c a l c r a t e r 

w^ith r a d i u s R2; (2) the c o r e v e s s e l 

i s open a t both e n d s , and (3) 

w^ater flow^s into the c o r e b o t t o m 

f r o m the fil l ing c r a t e r ( i . e . , the 

i m p a c t h a s not p lugged the coo lan t 

flow p a s s a g e s ) . T h i s s i t ua t i on 

i s i l l u s t r a t e d in F i g u r e 33 . 

<Mt»r I ' ' X \ \ \ 

OPEN END REACTOR CORE 

7623-0007 7 - 1 0 - 6 3 
F i g u r e 3 3 . C o r e in C e n t e r of C y l i n d r i c a l 

C r a t e r D u r i n g R a i n s t o r m 
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In Figure 34, curves a r e displayed which represen t the s teady-s ta te ra in r a t e s 

as a function of c r a t e r size for pa r t i cu la r s teady-s ta te pow^er l eve l s . The maxinaum 
12 powe r possible without rod damage has been es t imated at 130 kw .̂ The bas i s of this 

es t imate was that rod damage w^ould occur at t e m p e r a t u r e s of 1600°F or over . 

Therefore s teady-s ta te operat ion certainly must lie below the 130-kw^ l ine. 

In all probabili ty the reac tor , after impacting on soil, will be plugged with 

dir t at one end of the core . Fo r this case the maximum power which can be 
12 

generated in the core is 6 kŵ  before rupture of the fuel element occurs due to 

overheating. Consequently, it is highly improbable that s teady-s ta te operat ion 

w^ill occur above the 5 kw curve show^n in Figure 34. 

The upper curve in Figure 34 r ep re sen t s the maximum ra in ra te below 

which the rods will not be damaged as a resu l t of the init ial power pulse a s s o c i ­

ated w^ith the rising w^ater level . This curve was obtained using 2^ / sec as the 

maximum allowable reactivity inser t ion ra t e . The value of the ra in ra te must lie 

beneath these tw ô curves for possible s teady-s ta te power operat ion. It has been 

es t imated that the reac tor cannot achieve cr i t ical i ty for (R,/R-,) ra t ios l a r g e r than 

0.7 even with water surrounding the height of the core . For this reason s teady-

state operat ion must lie to the left of the ver t ica l line drawn in at R /R-, = 0.7. 
1 '-

The top curve of Figure 35 r ep re sen t s the s teady-s ta te power associa ted with 

the maximum ra in rate w^hichAvould not cause rod damage on the first poAver pulse . 

The other curves on Figure 35 represen t s teady-s ta te power levels associa ted with 

ra in r a t e s from 2.5 to 10 i n . / h r . If an upper l imit could be set for rain ra te and 

a lower l imit could be set for the rat io R /R the possible s teady-s ta te oper­

ation range would be l imited accordingly. For example, a s sume that the 

c ra t e r formed is five t imes l a rge r in radius than the reac tor co re . Fur the r , 

a ssume that it is improbable to have rain ra tes exceeding say, 2-1/2 i n . / h r . 

Examination of Figure 35 would then lead to the conclusion that s teady-s ta te 

power operat ion at levels exceeding 45 kŵ  would be very improbable . 

Use has been made of a reactivity per inch change in water level ra te applicable 

to the case of water levels about the center few^ inches of core height. This use is 

justified in the case of small (R, /R^) ra t ios in that the reac tor core can go co ld-cr i t ica l 

when the water level reaches 6.45 in. As (R-,-R,) d e c r e a s e s below 4 in. the r e ­

flector no longer appears infinite and cr i t ical i ty would occur for higher water 

levels with a corresponding dec rease in react ivi ty worth pe r unit change in water 

level . 

NAA-SR-MEMO-8679 
88 



2 2 

2 0 

18 

^ 1 6 
O 

" 1 2 
X 
O | 0 

I -
< 6 
(r 

1 1 

~ 
— FUEL BURSTS IN 

STEADY STATE 
^ OPERATION 

— 
— 
- i 

— A 

- yy 
— >o^ ' '^ . ' 

1 / 1 1 1 
, , „ ^ ; FUEL RODS BURST 

V / DURING WITIAL POWER PULSE 

i ^ l O O Kw 1 

/ / llOY-i, / 40 Kw 

==r^--^^ 1 1 

1 1 

- ^ 2 0 Kw 

REACTOR 
SUBCRITICAL 

' ^ l O K w 

- ^ 5 Kw 

1 1 

1 

— 
_ 
— 
— 
— 
-
— 

-

1 
01 0 2 0 3 0 4 0 5 0 6 0 7 

RATIO OF RADIUS OF CORt TO RADIUS OF CRATER , R. 

7-10-63 7623-0005 
F igure 34. Variation of Rain Rate w^ith C r a t e r Size 

for Various Steady-State Pow^er Levels 

1 
tlJ 
1-

i3 
(O 

K 

2 
X 
4 ^^ 

150 

140 

130 

120 

no 

100 

9 0 

80 

70 

60 

50 

40 

30 

2 0 

10 

1 1 1 1 1 1 1 I 1 

-

_ 

- in 1 1 \ POWER WHICH WOULD 
\ 1 \ CORRESPOND TO MAXIMUM 
\ 1 \ RAIN RATE THAT WOULD NOT 
\ I \ RUPTURE RODS DURING THE 
n \ FIRST POWER PULSE 

- 1 I l\ \ y 

- 1\\\\ 
\ \ \ \ \ /'° '"'*" 
\ \ \ \ . / \ y 7 5in/hr 

\ \ \ \ / N . / 5 " < / ' » 

\ \ ^ ^ x / \ y ^ ' """ 

\ \X\/ 
1 1 1 1 1 1 1 1 1 

A 

A 

J 

J 

A 

A 

A 

-

0 01 02 03 04 05 06 07 08 09 10 
RATIO OF RADIUS OF CORE TO RADIUS OF CRATER 

R , / R 2 

7-10-63 7623-0006 
F igure 35. Maximum Steady-State 

Power for Various Rain Rates 
and C r a t e r Sizes 

NAA-SR-8679 
89 



millerc
Text Box
BLANK



XI. STEADY-STATE OPERATION OF A SNAP REACTOR IN A SPACE ENVIRONMENT 

Fai lu re of the band r e l ea se devices could resu l t in continuous r eac to r oper­

ation in orbit . If the r eac to r is not shut down by ref lector ejection, power will 

gradually decay due to fuel depletion, fission product buildup, and hydrogen 

leakage. Since power decay and declining t empe ra tu r e s will diminish the ra te 

of burnup and hydrogen loss , operat ion in the power range can continue a lmost 

indefinitely. The presen t study of long- t e rm reac to r operat ion has been based 

on failure of the coolant c i rculat ion sys tem with the expectation that loss-of-

flow or loss-of-coolant will occur within a decade following launch. Nearly 

every mode of sys tem failure can be categorized as leading to one of two modes 

of c i rculat ion sys tem fai lure . Some of the causes of sys tem failure a re : 

1. Thermal and e lec t r ica l degradation of the pump the rmoe lec t r i c 

m a t e r i a l s 

2. Nuclear radiat ion damage to the pump the rmoe lec t r i c s 

3. A high r e s i s t ance film built up on the pump throat due to contanaina-

tion of the NaK 

4. A breakdown of the high emiss iv i ty coating on the pump rad ia tors 

5. A loss of the bond between the t he rmoe lec t r i c s and the rad ia tors in 

the punap 

6. A loss of the bonds in the the rmoe lec t r i c elements of the conver ter 

7. A meteoro id puncture of the NaK line 

8. Eros ion of the NaK line walls or connections. 

I tems 1 through 5 will cause NaK stagnation in the core . I tem 6 p r o ­

duces stagnation as a secondary effect by increas ing the ra te of the rmal 

degradat ion of the NaK pump. I tems 7 and 8 will cause a loss of NaK from 

the sys tem. In addition to the causes l is ted above, it is possible that NaK boiling can 

occur resul t ing in excess ive p r e s s u r e s and t empera tu re s causing loss of NaK through 

fai lure of NaK sys tem components (e. g., expansion compensators) or failure of the 

fuel e lements . 

The immedia te effect of coolant sys tem failure is an inc rease in all t e m p e r a ­

tu res in the co re and d e c r e a s e in power due to negative fuel and grid plate t e m p e r a ­

tu re coefficients. An equil ibrium is obtained at a power level of a few hundred 
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watts with heat being re jected di rect ly from the thermal ly- isola ted reac to r 

vesse l . 

After the init ial loss-of-flow or loss-of-coolant t rans ient , burnup of the 

fuel and hydrogen loss w^ould resul t in the reduction of the reac to r poAver level 

as shown in F igure 36. Two conditions of power removal corresponding to radi­

ation to dark sky and radiat ion in full sun a r e also show^n in Figure 36. The 

exact case for the par t i cu la r orbit under considerat ion will be enclosed within 

these two e x t r e m e s . After about 2000 y e a r s the sys tem power level will be r e ­

duced to about 28 to 48 watts for full sun conditions and 90 to 250 watts for dark 

sky conditions. 
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