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ABSTRACT 

This r epor t p r e sen t s the operat ing his tory of the SNAP 2 

Exper imenta l Reactor (SER) and the p re l imina ry r e su l t s from 

the test ing p r o g r a m . The total energy generated during the life 

of the r eac to r was 224,650 kilowatt hours . This is equivalent to 

approximately one-half year of full-power operat ion. The meth

ods used to obtain the r eac to r p a r a m e t e r s a r e also descr ibed. 

The exper imenta l data obtained were general ly in excellent agree 

ment with calculated va lues . The pr incipal compar isons a r e tab

ulated. (See page vi.) 
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I. INTRODUCTION 

C o m p a c t , l i gh twe igh t p o w e r s y s t e m s a r e be ing deve loped to supply a u x i l i a r y 

p o w e r to o r b i t i n g s p a c e v e h i c l e s o v e r an ex tended p e r i o d of t i m e . The S N A P - 2 

E x p e r i m e n t a l R e a c t o r (SER) is the f i r s t of a s e r i e s of n u c l e a r r e a c t o r s in t h i s 

p r o g r a m . Its p r i m a r y p u r p o s e is to t e s t t h e r e a c t o r c o r e u n d e r d e s i g n p o w e r 

and t e m p e r a t u r e c o n d i t i o n s . 

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

r e a c t o r wi th t h o s e of a h e t e r o g e n e o u s r e a c t o r : i. e. , the c l ad f u e l - m o d e r a t o r 

r o d s p r e v e n t f i s s i o n p r o d u c t s f r o m c o n t a m i n a t i n g the coo lan t and the h o m o g e n e 

ous f u e l - m o d e r a t o r t e n d s to i n c r e a s e the t h e r m a l u t i l i z a t i o n f a c t o r , f, i n c r e a s 

ing the v a l u e of k, the n e u t r o n m u l t i p l i c a t i o n f a c t o r . The f u e l - m o d e r a t o r is a 
235 

h y d r i d e u r a n i u m - z i r c o n i u m a l loy e n r i c h e d in U , which is f o r m e d into r o d s 

and canned in t h i n - w a l l e d , s t a i n l e s s s t e e l t u b e s . B e f o r e f inal a s s e m b l y , the 

i n s i d e s u r f a c e s of the tubing a r e c o a t e d wi th a v i t r e o u s e n a m e l to r e d u c e h y d r o 

gen diffusion. Hea t is r e m o v e d f r o m the c o r e by a e u t e c t i c NaK (78 wt % p o t a s 

s i um) coo lan t wh ich f lows u p w a r d b e t w e e n the fuel e l e m e n t s . T h e r e s u l t a n t c o r e 

is c o m p a c t , l i gh twe igh t , and c a p a b l e of p r o d u c i n g the h i g h - t e m p e r a t u r e cond i 

t i ons r e q u i r e d to o p e r a t e p o w e r c o n v e r s i o n un i t s in s p a c e . The f ea s ib i l i t y of 

t h i s concep t w a s i n d i c a t e d by r e s u l t s of e x p e r i m e n t s wi th the S N A P - 2 C r i t i c a l 

A s s e m b l y . The SER h a s p r o v e n the p r a c t i c a l i t y of the d e s i g n u n d e r f u l l - p o w e r 

o p e r a t i n g cond i t i ons of 50 kw and at the d e s i g n e d coo lan t ou t l e t t e m p e r a t u r e of 

1 2 0 0 ° F . T h i s r e a c t o r is l o c a t e d in the B u r r o F l a t s a r e a of the Santa Susana 

F i e l d T e s t Site of A t o m i c s I n t e r n a t i o n a l a p p r o x i m a t e l y 30 m i l e s n o r t h w e s t of 

L o s A n g e l e s . 

Many of the c o m p o n e n t s and s y s t e m s u s e d in the SER con ta in un ique f e a t u r e s 

o r w e r e o p e r a t e d u n d e r u n u s u a l e n v i r o n m e n t a l cond i t i ons ; t h e r e f o r e , a c o m p r e 

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

p r o g r a m inc luded: 

a) A c r i t i c a l a s s e m b l y to c h e c k the m e t h o d s of c a l c u l a t i o n u s e d for nu

c l e a r d e s i g n and to ob ta in , e x p e r i m e n t a l l y , the c o n t r o l and safe ty 

e l e m e n t w o r t h s , e x c e s s r e a c t i v i t y , n e u t r o n l i f e t i m e , and o the r n u c l e a r 

and p h y s i c a l p a r a m e t e r s of the SER conf igu ra t ion . 

b) The coo lan t loop m o c k u p w a s u s e d to c h e c k the SER hea t r e m o v a l s y s 

t e m . 
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c) Pe r fo rmance t e s t s of the safety and control e lements with their r e 

lated ins t rumentat ion were tes ted under expected operating conditions. 

d) A p r o g r a m to investigate the radiat ion stability of the fue l -modera tor 

m a t e r i a l . 

e) A p r o g r a m to investigate the physical p rope r t i e s of the fuel -moderator 

and cladding m a t e r i a l s . 

Efforts in the a r e a s covered by I tems d and e continue in para l le l with the 

SER operation. Table I p r e sen t s a chronological r eco rd of the SER. 

TABLE I 

SER CHRONOLOGY 

Item 

Construct ion s ta r ted 

Faci l i ty completed 

Dry c r i t i ca l 

Wet c r i t i ca l 

F i r s t power operat ion 

F i r s t operat ion at desig 
and t empe ra tu r e 

Reactor completed 1000 
at design t e m p e r a t u r e 

Final shutdown 

tn p 

h r 
and 

ower 

continuously 
power 

Date 

June 1958 

March 1959 

September 19, 1959 

October 20, 1959 

November 5, 1959 

November 9, 1959 

April 23, I960 

November 19, I960 

Section II of this r epor t provides a brief descr ip t ion of the design features 

and per formance cha rac t e r i s t i c s of the SER reac to r sys tem. Section III is a 

•discussion of the ins t rumentat ion and control sy s t ems . The operat ion his tory of 

the SER is covered in Section IV. A detailed descr ip t ion of r eac to r t e s t s and a 

d iscuss ion of their r e su l t s a r e covered in Section V, The proposed test p r o g r a m 

subsequent to August I960 is covered in Section VI. Section VII contains the con

clusions and appra isa l of the SER from operating experience to November 19, 

I960. 
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II. SER PHYSICAL DESCRIPTION 

The r e a c t o r s y s t e m and i t s e n c l o s u r e a r e d e s c r i b e d in R e f e r e n c e s 1 and 2. 

T h e h e a t t r a n s f e r s y s t e m is c o m p r i s e d of two NaK loops wi th an i n t e r m e d i a t e 

hea t e x c h a n g e r . Hea t r e m o v e d f r o m the c o r e by NaK in the p r i m a r y loop , wh ich 

b e c o m e s r a d i o a c t i v e , is t r a n s f e r r e d to the s e c o n d a r y loop t h r o u g h the i n t e r m e 

d i a t e hea t e x c h a n g e r . Hea t f r o m the s e c o n d a r y loop which is not r a d i o a c t i v e is 

d i s s i p a t e d to the a t m o s p h e r e t h r o u g h the a i r b l a s t hea t e x c h a n g e r . The r e a c t o r 

is i n s t a l l e d wi th in a c o n t a i n m e n t v e s s e l be low g r o u n d l e v e l , in which an i n e r t 

n i t r o g e n a t m o s p h e r e is m a i n t a i n e d . B i o l o g i c a l sh i e ld ing in the top of the con

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

The r a d i o a c t i v e p r i m a r y s o d i u m s y s t e m and the i n t e r m e d i a t e hea t e x c h a n g e r 

r e s i d e in a s h i e l d e d vau l t wi th a n i t r o g e n a t m o s p h e r e . The s e c o n d a r y NaK s y s 

t e m and a i r b l a s t h e a t e x c h a n g e r a r e exposed to a i r a t m o s p h e r e . 

A. R E A C T O R C O R E 

The r e a c t o r c o r e is c o m p r i s e d of 61 f u e l - m o d e r a t o r r o d s — 93.12 wt % 

Z r H , „„ and 6.88 wt % of 93% e n r i c h e d U a l l o y . T h i s m a t e r i a l c o n t a i n s a m i n -
22 22 

i m u m of 6 X 10 a t o m s of H / c c ( c p m p a r e d to cold w a t e r wi th 6.7 x 10 H 

a t o m s / c c ) . E a c h f u e l - m o d e r a t o r e l e m e n t c o n s i s t s of a so l id rod 0.975 in. in 

d i a m e t e r by 10 in. long wi th a 0 .975 - in . d i a m e t e r by 1-1 /2 in . long Be s lug at 

e a c h end, and is c a n n e d in a 1-in. OD, 1 0 - m i l wa l l t h i c k n e s s , s t a i n l e s s s t e e l 

t u b e . The tube is s e a l e d at e a c h end by weld ing in, 1/2 in . s t a i n l e s s s t e e l end 

c a p s . The i n s i d e s u r f a c e of the s t a i n l e s s s t e e l tub ing is coa t ed wi th a 2 to 3 

m i l l a y e r of b o r o n - f r e e v i t r e o u s e n a m e l . The f u e l - m o d e r a t o r e l e m e n t h a s a 

to t a l l eng th of 14 in. and is sho-wn in F i g u r e 1. 

The 61 e l e m e n t s a r e a r r a n g e d on 1,015 in. c e n t e r s in a t r i a n g u l a r l a t t i c e 

to f o r m a h e x a g o n a l c o r e a p p r o x i m a t e l y 8 in . a c r o s s t h e f l a t s and 9 in. a c r o s s 

t h e c o r n e r a s shown in F i g u r e 2. The vo id b e t w e e n the hexagona l fuel l a t t i c e 

and 9 - in . ID c o r e v e s s e l w a s f i l led wi th 6 Be s h i m s ; and t h e c o r e v e s s e l is s u r 

r o u n d e d by Be r e f l e c t o r s e c t i o n s a p p r o x i m a t e l y 3 in. t h i ck a s shown in F i g u r e 3. 

The r e f l e c t o r is c o m p o s e d of 6 s e c t i o n s — 3 s e m i c y l i n d r i c a l c o n t r o l d r u m s and 

3 f a l l - a w a y type sa fe ty e l e m e n t s . 

End r e f l e c t i o n is a c h i e v e d wi th the Be end p lugs and the s t a i n l e s s s t e e l we ld 

p lugs t o g e t h e r wi th the NaK coo lan t p l e n u m s and the g r i d p l a t e s . T h e r e a c t o r is 

N A A - S R - 5 9 9 1 
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-WELD 
I O.D. X 0.010 WALL 
STAINLESS STEEL B TUBE 

7 w/o - 9 3 % ENRICHED URANIUM 
9 3 w / o - Z r HYDRIDE WITH 
Hg DENSITY OF 6 0 X 10^2 atoms 

0.975" DIA X 10" LONG '^'^ 

Figure 1. Fue l -Modera to r Element Assembly 

FUEL ELEMENT 

COOLANT 
PASSAGE 

Figure 2. Fuel Element Lat t ice 
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^ ^ BERYLLIUM 

F i g u r e 3 . R a d i a l R e f l e c t o r C r o s s - S e c t i o n 

c o n t r o l l e d by r o t a t i n g e x t e r n a l p o r t i o n s of the r a d i a l r e f l e c t o r away f r o m the 

c o r e , t hus chang ing the e f f e c t i v e n e s s of the r e f l e c t o r for m a i n t a i n i n g n e u t r o n 

e c o n o m y . 

E a c h c o n t r o l d r u m is d r i v e n wi th a d i r e c t m o t o r d r i v e g e a r e d to p r o v i d e a 

m a x i m u m i n s e r t i o n r a t e of Z.Sil sec. E a c h c o n t r o l d r u m has a to ta l w o r t h of 

about $3 .65 o v e r the r a n g e 0 to 180° . A Se l syn r e a d o u t s y s t e m p r o v i d e s v i s u a l 

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

c h a n i s m s and p o s i t i o n i n d i c a t o r s a r e l o c a t e d behind sh ie ld ing to p r o t e c t t h e m 

f r o m the h igh n e u t r o n and g a m m a r a d i a t i o n ; the c o n t r o l d r u m s do not s c r a m . 

E a c h safe ty e l e m e n t is p ivo t ed a t the b o t t o m , and safe ty shutdown of the 

r e a c t o r is a c h i e v e d by a l lowing the sa fe ty e l e m e n t s to fal l by g r a v i t y away f r o m 

t h e c o r e . E a c h of t h e t h r e e i ndependen t safe ty e l e m e n t s i s w o r t h about $5 .40 in 

r e a c t i v i t y . The sa fe ty e l e m e n t d r i v e m e c h a n i s m and t h e c o n t r o l d r u m d r i v e 

m e c h a n i s m a r e shown in F i g u r e 4 . E a c h sa fe ty e l e m e n t is m o v e d into p o s i t i o n 

N A A - S R - 5 9 9 1 
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gure 4. Control Drum and Safety Element Drive Mechanism 
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by m e a n s of a r a c k - a n d - p i n i o n s y s t e m a t t a c h e d by a m a g n e t to the p u l l - u p rod . 

T h e safe ty e l e m e n t s a r e s c r a m m e d by i n t e r r u p t i n g p o w e r to the m a g n e t s . The 

r e a c t i v i t y i n s e r t i o n r a t e i s l i m i t e d to about 6)6/sec . 

A P u - B e n e u t r o n s o u r c e is m o u n t e d on a b r a c k e t at t he b a s e of one of the 

c o n t r o l d r u m s . 

D u r i n g the c r i t i c a l e x p e r i m e n t s , the e x c e s s r e a c t i v i t y of the cold r e a c t o r 

w a s a d j u s t e d to 4% ($4.77) by m e c h a n i c a l l y l i m i t i n g the i n w a r d r o t a t i o n of t h e 

c o n t r o l d r u m s . The r e s u l t s of c a l c u l a t i o n s of the e x c e s s r e a c t i v i t y r e q u i r e 

m e n t s a r e s u m m a r i z e d in T a b l e II. 

T A B L E II 

C A L C U L A T E D E X C E S S R E A C T I V I T Y R E Q U I R E M E N T S 

Xenon and s a m a r i u m buildup 

T e m p e r a t u r e ove r r ide (200 to l lOO'F) 

Fuel depletion and fission products 

Hydrogen loss 

Operating excess 

% 

0.3 

2.0 

0.05 

1.5* 

0.15* 

4.0 

$ 

0.36 

3.10 

0.06 

1.79 

0.18 

5.49 

- ' 'Es t ima ted . 

B . R E A C T O R C O R E V E S S E L 

The c o r e v e s s e l i s a c y l i n d e r 9 - 1 / 2 in. in d i a m e t e r wi th a wa l l t h i c k n e s s of 

3 /32 in. The o v e r a l l l eng th is 1 6 - 3 / 8 in. The c o r e v e s s e l i s p e n e t r a t e d at the 

b o t t o m and the top by 1 - 1 / 4 - i n . coo lan t l i n e s , on the b o t t o m by the inle t l i n e , 

and on the s ide by the ou t le t l ine a b o v e the top g r i d p l a t e . 

The c o r e v e s s e l c o n t a i n s t h e u p p e r and l ower g r i d p l a t e s for p o s i t i o n i n g and 

ho ld ing the f u e l - m o d e r a t o r a s s e m b l i e s and a top ha t above the u p p e r g r i d p l a t e 

to c o n t r o l flow t h r o u g h the c o r e . The g r i d p l a t e s a l s o a l low for flow of NaK 

coolan t t h r o u g h the fuel r o d i n t e r s t i c e s and a r o u n d t h e r e a c t o r c o r e . F i g u r e 4 

shows t h e g r i d p l a t e s in r e l a t i o n to the r e a c t o r c o r e v e s s e l . 
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C. REACTOR CONTAINMENT VESSEL 

A 3/4- in . boiler plate carbon steel containment v e s s e l . F igure 5, contain

ing the r eac to r components and the neces sa ry shielding is located below ground 

level. The v e s s e l is 15 ft, 5-5/8 in. deep and reduces in three steps f rom48 in . 

ID at the top to 38-in. ID at the bottom. Water c i rcula ted through cooling coils 

around the outside of the containment vesse l r emoves the excess heat and p r e 

vents overheating of the surrounding concre te . Nitrogen, at slightly above at

mospher ic p r e s s u r e , is used as a cover gas to exclude air from the vesse l and 

^ 
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SEAL WELD 

SHUT-DOWN 
SHIELD 
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= = ^ 

BIOLOGICAL SHIELD 
(CONCRETE) 

GROUND LEVEL 

CORE 
TANK 

CONTAINMENT VESSEL 
DESIGN PRESSURE 

300psig 

.DOUBLE DIAPHRAGM 

[DECONTROL DRIVE 

lo COOLANT 
. OUTLET 
"COOLANT 

INLET 

AIR COOLING 
COILS 

WATER (DISTILLED) 
COOLING COILS 

LEAD 

SOURCE 
LOCATION 

CORE 

THERMAL 
INSULATION 

Figure 5. Reactor Installation 
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t h u s m i n i m i z e the p o s s i b i l i t y of s o d i u m f i r e s and h y d r o g e n - o x y g e n r e a c t i o n . In 

the event of a r u p t u r e of the c o r e t ank , the f i s s i o n p r o d u c t s would be r e t a i n e d by 

the c o n t a i n m e n t v e s s e l . 

The c o n t a i n m e n t v e s s e l w a s d e s i g n e d for a p r e s s u r e of 305 p s i g and w a s 

h y d r o s t a t i c a l l y t e s t e d a t 456 p s i g in a c c o r d a n c e wi th the ASME B o i l e r and P r e s 

s u r e V e s s e l Code for un f i r ed p r e s s u r e v e s s e l s con ta in ing l e tha l s u b s t a n c e s . 

A c a l i b r a t e d r u p t u r e d i a p h r a g m , se t to r u p t u r e at 150 p s i , is c o n n e c t e d to 

the p r i m a r y coo lan t s y s t e m and is l o c a t e d wi th in the c o n t a i n m e n t v e s s e l . F i g 

u r e 5. The d i a p h r a g m is i n s t a l l e d to e n s u r e tha t no r u p t u r e of the s y s t e m would 

o c c u r o u t s i d e t h i s v e s s e l . 

D. R E A C T O R SHIELDING^ 

The r e a c t o r sh i e ld ing c o n s i s t s of t h r e e p a r t s : (1) the shutdown sh i e ld above 

the c o r e , (2) the b i o l o g i c a l sh i e ld which s e a l s off the c o n t a i n m e n t v e s s e l , and 

(3) the c o n c r e t e and e a r t h a r o u n d the c o n t a i n m e n t v e s s e l . 

The sh i e ld ing h a s b e e n d e s i g n e d for the r e s u l t a n t r a d i a t i o n d o s e l e v e l s f r o m 

o p e r a t i o n at 100 kw ( twice the d e s i g n e d p o w e r level ) a s fo l lows: 

A c c e s s i b l e A r e a Above the Heat E x c h a n g e r 3.6 m r / h r 

A c c e s s i b l e A r e a Above the C o r e 0.8 m r / h r 

E . PRIMARY NaK COOLANT SYSTEM^ 

The bulk of the p r i m a r y NaK coo lan t s y s t e m is l o c a t e d wi th in a s h i e l d e d , 

s ea l ed -o f f vau l t . The i n t e r n a l d i m e n s i o n s of the vau l t a r e 9 - 1 / 2 ft long, 8 ft 

w i d e , and 7 ft h igh . The l o c a t i o n of the p r i m a r y loop vau l t wi th r e s p e c t to the 

r e a c t o r c o r e , the e q u i p m e n t p i t , and the s e c o n d a r y NaK coo lan t s y s t e m is shown 

in F i g u r e s 6 and 7. A s i m p l i f i e d flow d i a g r a m of the p r i m a r y , s e c o n d a r y , and 

a u x i l i a r y NaK s y s t e m s is shown in F i g u r e 8. 

The p r i n c i p a l c o m p o n e n t s of the p r i m a r y NaK coo lan t s y s t e m a r e the f i l l -

a n d - d r a i n t ank , t h e p r i m a r y s u r g e t ank , the i n t e r m e d i a t e c o u n t e r - f l o w hea t ex

c h a n g e r , t he e l e c t r o m a g n e t i c p u m p , the p r i m a r y f l o w m e t e r , the e l e c t r i c a l 

h e a t e r , the p lugg ing i n d i c a t o r , the v a l v e s and v a l v e o p e r a t o r s , and the p ip ing 

and t h e r m a l i n s u l a t i o n . 
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F . SECONDARY NaK COOLANT SYSTEM 

The funct ion of the s e c o n d a r y NaK coo lan t s y s t e m is to t r a n s f e r the hea t 

f r o m the p r i m a r y r a d i o a c t i v e NaK to the s e c o n d a r y n o n r a d i o a c t i v e NaK and then 

to dump t h i s hea t to the a t m o s p h e r e by m e a n s of an a i r b l a s t hea t e x c h a n g e r . T h e 

hea t exchange f r o m p r i m a r y to s e c o n d a r y NaK is a c c o m p l i s h e d in the i n t e r m e 

d i a t e hea t e x c h a n g e r l o c a t e d wi th in the s h i e l d e d v a u l t . The s e c o n d a r y inlet and 

ou t l e t NaK l i n e s of the i n t e r m e d i a t e hea t e x c h a n g e r p a s s t h r o u g h s l e e v e s in the 

vau l t wal l b o r d e r i n g the e q u i p m e n t p i t . T h e s e l i ne s l e ad into and out of the pi t 

to j o in tha t p o r t i o n of the s e c o n d a r y coo lan t s y s t e m l o c a t e d at t he g round f loor 

l e v e l . 

The p r i n c i p a l c o m p o n e n t s of the s e c o n d a r y NaK coo lan t s y s t e m a r e the 

s e c o n d a r y f i l l - a n d - d r a i n t ank , the s e c o n d a r y s u r g e t ank , and a i r b l a s t hea t ex

c h a n g e r , t he e l e c t r o m a g n e t i c p u m p , the s e c o n d a r y f l o w m e t e r , v a l v e s , p ip ing , 

and i n s u l a t i o n . 

G. AUXILIARY SYSTEMS 

1. A u x i l i a r y NaK Coolan t Systenn 

An a u x i l i a r y NaK coo lan t s y s t e m , F i g u r e 8, is u t i l i z e d to p r o v i d e a coo l 

an t for the p lugg ing i n d i c a t o r u s e d to m o n i t o r the oxygen a n d / o r h y d r o g e n con

ten t of the p r i m a r y NaK coo lan t . The p u m p , s u r g e t ank , and f l o w m e t e r for t h i s 

a u x i l i a r y loop a r e l o c a t e d in the e q u i p m e n t p i t . NaK l i n e s which p a s s t h r o u g h 

s l e e v e s l o c a t e d in the p r i m a r y vau l t wa l l a r e for c i r c u l a t i n g a u x i l i a r y NaK 

t h r o u g h the s h e l l s i d e of the p lugging i n d i c a t o r c o o l e r . A f i l l - a n d - d r a i n t ank is 

not r e q u i r e d for t h i s s y s t e m . 

2. H e l i u m Gas S y s t e m 

H e l i u m is now u s e d a s a c o v e r g a s in t h e s u r g e t ank and in the f i l l - a n d -

d r a i n t ank of the p r i m a r y s y s t e m . A r g o n w a s o r i g i n a l l y u s e d in the p r i m a r y 

s y s t e m ; h o w e v e r , b e c a u s e a r g o n b e c o m e s r a d i o a c t i v e in p a s s i n g t h r o u g h the 

r e a c t o r ( e i t h e r f r o m e n t r a i n e d gas bubb l e s or b e c a u s e a r g o n b e c o m e s s l igh t ly 

so lub le in h igh t e m p e r a t u r e NaK), it w a s r e p l a c e d wi th h e l i u m . 

T r a n s f e r of NaK f r o m the p r i m a r y f i l l - a n d - d r a i n t ank is a c c o m p l i s h e d 

by p r e s s u r i z i n g w^ith h e l i u m . D r a i n i n g the NaK is s i m i l a r l y a c c o m p l i s h e d by 

p r e s s u r i z i n g the s u r g e t ank wi th h e l i u m . Al l h e l i u m v e n t e d f r o m the p r i m a r y 

s y s t e m is c o l l e c t e d in a s t o r a g e t ank d e s i g n e d for 300 p s i o p e r a t i o n . The g a s 
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is m o n i t o r e d for a c t i v i t y p r i o r to r e l e a s e t h r o u g h the c o m m o n ven t which ex

h a u s t s s e v e r a l fee t a b o v e the r e a c t o r bu i ld ing . 

3 . A r g o n Gas S y s t e m 

A r g o n is u s e d a s a c o v e r g a s in the s u r g e t anks of the s e c o n d a r y and 

a u x i l i a r y NaK s y s t e m s a s we l l a s in the s e c o n d a r y f i l l - a n d - d r a i n t ank . In a d d i 

t ion , it w a s u s e d to p u r g e the l iquid m e t a l s y s t e m s p r i o r to f i l l ing t h e s e wi th 

NaK. T r a n s f e r of NaK f r o m the s e c o n d a r y f i l l - a n d - d r a i n t ank to the s e c o n d a r y 

s y s t e m is a c c o m p l i s h e d by p r e s s u r i z i n g wi th a r g o n . D r a i n i n g t h e NaK f r o m the 

s y s t e m s is s i m i l a r l y a c c o m p l i s h e d by p r e s s u r i z i n g the s u r g e t ank wi th a r g o n . 

4 . N i t r o g e n Gas S y s t e m 

N i t r o g e n g a s i s u s e d for m a i n t a i n i n g an i n e r t a t m o s p h e r e w i t h i n the con 

t a i n m e n t v e s s e l and wi th in t h e p r i m a r y loop v a u l t . A p o s i t i v e n i t r o g e n p r e s s u r e 

of 1/2 in. w a t e r is m a i n t a i n e d in t h e c o n t a i n m e n t v e s s e l and the p r i m a r y vau l t 

d u r i n g r e a c t o r o p e r a t i o n . Vent ing of the n i t r o g e n s y s t e m is v i a the v e n t u s e d 

for t h e a r g o n supp ly . Vent ing is r e q u i r e d to c o n t r o l the m o i s t u r e and oxygen 

con ten t in e i t h e r the c o n t a i n m e n t v e s s e l or the p r i m a r y vau l t and to r e g u l a t e 

the p r e s s u r e a s the s y s t e m u n d e r g o e s t e m p e r a t u r e c h a n g e . 

5. W a t e r Cool ing S y s t e m 

The funct ion of the w a t e r cool ing s y s t e m is to m a i n t a i n low t e m p e r a t u r e s 

in t h e c o n c r e t e s u r r o u n d i n g the r e a c t o r c o n t a i n m e n t v e s s e l and in the c o n c r e t e 

w a l l s of the p r i m a r y loop vau l t . A c l o s e d - c y c l e d i s t i l l e d w a t e r s y s t e m with 

h y d r o g e n add i t ion is u s e d to c o n t r o l t he bu i ldup of s c a l e d e p o s i t s w i th in the c o o l 

ing c o i l s . Cool ing of the c i r c u l a t i n g d i s t i l l e d w a t e r i s by a s p r a y - t y p e , f o r c e d -

d ra f t , e v a p o r a t i v e c o o l e r l o c a t e d on the e q u i p m e n t pad o u t s i d e of t h e r e a c t o r 

bu i ld ing . 

6. A i r Cool ing S y s t e m 

Cool ing of the shu tdown sh i e ld a s s e m b l y wi th in the r e a c t o r c o n t a i n m e n t 

v e s s e l is a c c o m p l i s h e d by a i r flow f r o m the a i r coo l ing s y s t e m . A p o s i t i v e d i s 

p l a c e m e n t r o t a r y - t y p e a i r c o m p r e s s o r d r i v e n by a 2 5 - h p m o t o r is l o c a t e d on t h e 

e q u i p m e n t pad o u t s i d e the r e a c t o r bu i ld ing . A d r i e r i n s t a l l e d a t the c o m p r e s s o r 

d i s c h a r g e e n s u r e s the d e l i v e r y of d ry a i r to t h e v a r i o u s cool ing c o i l s . E x h a u s t 

f r o m the cool ing s y s t e m is v e n t e d s e v e r a l fee t above roof he igh t a long w^ith the 

a r g o n , h e l i u m , and n i t r o g e n . Al l ven t gas is m o n i t o r e d p e r i o d i c a l l y to e n s u r e 
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tha t a c t i v i t y r e l e a s e d to the s u r r o u n d i n g t e r r a i n is l e s s t han the m a x i m u m p e r 

m i s s i b l e c o n c e n t r a t i o n . 

T A B L E III 

SER P A R A M E T E R S ^ ' ^ ' ^ 

C o r e C o m p o s i t i o n 

F u e l load ing 
N u m b e r of f u e l - m o d e r a t o r e l e m e n t s 
C o m p o s i t i o n of f u e l - m o d e r a t o r e l e m e n t s 

H y d r o g e n d e n s i t y , a v e r a g e 
H y d r o g e n c o n t a i n e d in c o r e 
D i a m e t e r of f u e l - m o d e r a t o r e l e m e n t s 
L e n g t h of f u e l - m o d e r a t o r r e g i o n 
T o t a l l eng th of fuel e l e m e n t s 

(1.5 in. long B e p lug + l / 2 - i n . s t a i n l e s s 
s t e e l on e a c h end of fuel) 

F u e l c l add ing 
V i t r e o u s coa t i ng 
F u e l r o d s p a c i n g ( t r i a n g u l a r c e n t e r to c e n t e r ) 
D i a m e t e r of c o r e v e s s e l 
Wal l t h i c k n e s s of c o r e v e s s e l 
C o r e v o l u m e 

Unit Ce l l V o l u m e F r a c t i o n s 

F u e l - m o d e r a t o r m a t e r i a l 
C ladd ing m a t e r i a l 
NaK coo lan t 

R e a c t o r C o n t r o l 

R e f l e c t o r 
N u m b e r of c o n t r o l d r u m s 
C o n t r o l d r u m w o r t h s (at 70 - 135°) , a v e r a g e 
N u m b e r of sa fe ty e l e m e n t s 
Safety e l e m e n t w o r t h 
C o n t r o l d r u m i n s e r t i o n r a t e ( m a x i m u m ) 
Safety e l e m e n t i n s e r t i o n r a t e ( m a x i m u m ) 
S c r a m t i m e of sa fe ty e l e m e n t s 
P u - B e s t a r t u p s o u r c e (15.78 gm) 

R e a c t o r P h y s i c s 

P r o m p t n e u t r o n l i f e t i m e 
/3eff 
Cold, c l e a n e x c e s s r e a c t i v i t y 
L i m i t e d m o t i o n of c o n t r o l d r u m s , a t 70 - 135' '(3) 
T o t a l c o n t r o l d r u m w o r t h (3) 
T o t a l sa fe ty e l e m e n t w o r t h (3) 
P r o m p t t e m p e r a t u r e coef f ic ien t ( 2 0 0 - lOOO'F) 
O v e r a l l i s o t h e r m a l t e m p e r a t u r e coef f ic ien t , 

a t U O O - F 

235 
3.0 kg U 

^^ 235 
6.88 wt % of 93% U 
93.12 wt % Z r H 
6.06 X 10^^ a t o m s / c c 
378 m o l e s 
0 ,975 in. 
10 in. 
14 in. 

0,010 in, 347 SS 
0.002 - 0.003 in. 
1.015 in. 
9.5 in. 
0 .094 in. 
0.35 ft-

0.845 
0.035 
0.120 

3 in. , Be 
3 
$2 ,15 
3 
$5 .40 
2 . 5 ^ / s e c 
btlsec 
250 m s e c 
1.68 X 10^ : 

10 L̂ sec 
0.0084 
$9 .75 
$5 .41 
$10 .95 
^ -$13 .57 
r^-Q.OUlF 
' - - 0 . 3 5 ^ / F 

n / s e c 
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T A B L E III (Cont inued) 

SER P A R A M E T E R S ^ ' ^ ' ^ 

R e a c t o r P h y s i c s (Cont inued) 

T e m p e r a t u r e de fec t (75 - 1100°F) 
E q u i l i b r i u m x e n o n defec t 
P o w e r defec t (0 - 50 kw) 
Ra t io of p e a k - t o - a v e r a g e r a d i a l flux 
Ra t io of p e a k - t o - a v e r a g e a x i a l flux 
R a t i o of p e a k - t o - a v e r a g e t o t a l f lux 
A v e r a g e p o w e r d e n s i t y in c o r e (at 50 kw) 
A v e r a g e hea t flux in c o r e (at 50 kw) 
M a x i m u m fuel t e m p e r a t u r e (at 50 kw and 

1200 ' 'F ou t l e t NaK t e m p e r a t u r e ) 

R e a c t o r Cool ing S y s t e m (Des ign Condi t ions ) 

Coolan t , NaK e u t e c t i c 
Speci f ic h e a t of coo lan t 
Hea t c a p a c i t y of c o r e , fue l , and coo lan t in 

fuel s e c t i o n 
T o t a l hea t c a p a c i t y ; fuel , coo l an t , r e f l e c t o r , 

and s t r u c t u r a l m a t e r i a l 
R e a c t o r ou t le t t e m p e r a t u r e (NaK) 
R e a c t o r in le t t e m p e r a t u r e (NaK) 
Coolan t in le t t e m p e r a t u r e to hea t e x c h a n g e r 

( p r i m a r y ) 
Coolan t ou t le t t e m p e r a t u r e irom h ea t 

e x c h a n g e r ( p r i m a r y ) 
Coolan t in le t t e m p e r a t u r e to hea t e x c h a n g e r 

( s e c o n d a r y ) 
Coolan t ou t le t t e m p e r a t u r e f r o m h e a t 

e x c h a n g e r ( s e c o n d a r y ) 
M a x i m u m coo lan t p u m p i n g r a t e ( 1 0 0 0 ° F , 20 p s i h e a d ) 
Type of p r i m a r y p u m p 
D i a m e t e r of coo lan t l i n e s in m a i n flow c i r c u i t s 
C a p a c i t y of e l e c t r i c a l h e a t e r s (at 230 v.) 
M a x i m u m a u x i l i a r y coo lan t p u m p r a t e 

(at 70*'F and 1 p s i head) 
D i a m e t e r of coo lan t flow l i n e s in a u x i l i a r y 

flow c i r c u i t 
Coolan t p r e s s u r e d r o p a c r o s s c o r e 
C o v e r gas on coo lan t s y s t e m 

P r i m a r y f i l l - a n d - d r a i n t ank c a p a c i t y 
P r i m a r y s u r g e t ank o p e r a t i n g p r e s s u r e 
S e c o n d a r y f i l l - a n d - d r a i n t ank c a p a c i t y 
S e c o n d a r y s u r g e t ank o p e r a t i n g p r e s s u r e 
Type of s e c o n d a r y p u m p 
C o v e r gas on c o n t a i n m e n t v e s s e l and p ipe v a u l t s 

( s l igh t ly above a t m o s p h e r e ) 
Coolan t s y s t e m d e s i g n p r e s s u r e 

$3 .42 
$0.39 
$0.23 
1.26 
1.22 
1.54 
5.45 :: 
1.24 3 
1270° 

l O ^ B t u / h r - f t ^ 
1 0 4 B t u / h r - f t 2 

78 wt % K 
0.21 
12.65 k w / s e c - ' F 

85.7 k w / s e c - ° F 

1 2 0 0 ° F 
1 0 0 0 ° F 
1 2 0 0 ° F 

1 0 0 0 ° F 

9 5 0 ° F 

1 1 5 0 ° F 

23 g p m 
e l e c t r o m a g n e t i c 
1 - 1 / 4 - i n . 
50.4 kw 
0.5 gpm 

1/2 i m . 

< 0.5 in. of H^O 
H e , p r i m a r y 
A , s e c o n d a r y 
24 ga l . 
1 p s i g 
35 ga l . 
2 p s i g 
e l e c t r o m a g n e t i c 
n i t r o g e n 

300 p s i g 
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T A B L E III (Cont inued) 

SER P A R A M E T E R S ^ ' ^ ' • ^ 

R e a c t o r Cool ing S y s t e m (Des ign Cond i t ions ) - Con t inued 

O v e r a l l h e a t t r a n s f e r coeff ic ient of hea t e x c h a n g e r 818 B t u / h r - f t - ° F 
Type of i n t e r m e d i a t e hea t e x c h a n g e r coun t e r f l ow 
Coolan t s y s t e m d e s i g n t e m p e r a t u r e 1 2 0 0 ° F 
M a x i m u m a i r b l a s t h e a t e x c h a n g e r a i r flow 2500 s c fm 
A i r b l a s t hea t e x c h a n g e r in le t a i r t e m p e r a t u r e 1 0 0 ° F 
A i r b l a s t h e a t e x c h a n g e r ou t le t a i r t e m p e r a t u r e 230° F 
A i r b l a s t hea t e x c h a n g e r d a m p e r c los ing t i m e 6 sec 
M a x i m u m a i r b l a s t hea t e x c h a n g e r fan s p e e d 1725 r p m 
Hea t load of H2O cool ing s y s t e m 125,000 B t u / h r 
C o n t a i n m e n t v e s s e l d e s i g n p r e s s u r e ( t e s t e d at 305 p s i g 

456 ps ig ) 
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HI. INSTRUMENTATION AND CONTROL SYSTEM ^ 

A. N U C L E A R I N S T R U M E N T A T I O N 

A b lock d i a g r a m of the n u c l e a r i n s t r u m e n t a t i o n is shown in F i g u r e 9. T h i s 

i n c l u d e s a p p r o p r i a t e i n s t r u m e n t a t i o n for s t a r t u p - , i n t e r m e d i a t e - , and p o w e r -

r a n g e o p e r a t i o n . The r a n g e c o v e r e d by e a c h n e u t r o n c h a m b e r u s e d is show^n by 

F i g u r e 10. 

_4 
Two f i s s i o n c h a m b e r s a r e u s e d to c o v e r the s t a r t u p r a n g e (5 x 10 w a t t s to 

5 w a t t s ) . Two c o m p e n s a t e d ion c h a n a b e r s a r e u s e d to c o v e r the i n t e r m e d i a t e 
- 1 5 

r a n g e (5 x 10 to 5 x 10 w a t t s ) . T h r e e u n c o m p e n s a t e d ion c h a m b e r s a r e u s e d 
wi th t h r e e safe ty a m p l i f i e r s to f u r n i s h independen t h i g h - s p e e d flux l eve l s c r a m s 

2 5 

in t h e p o w e r r a n g e (5 x 10 w a t t s to 5 x 10 w a t t s ) . An add i t i ona l c h a n n e l , con

s i s t i n g of an u n c o m p e n s a t e d ion c h a m b e r and a m i c r o - m i c r o a m m e t e r , i s u s e d 

to f u r n i s h the o p e r a t o r wi th flux l e v e l i n f o r m a t i o n . 

The n e u t r o n c h a m b e r s a r e l o c a t e d in 5- in . i n s t r u m e n t t h i m b l e s o u t s i d e and 

ad j acen t to the c o n t a i n m e n t v e s s e l . 

B . P R O C E S S INSTRUMENTATION 

The r e a c t o r and a u x i l i a r y coo lan t loops a r e m o n i t o r e d wi th t e m p e r a t u r e , 

p r e s s u r e , l iqu id l e v e l , and flow i n s t r u m e n t a t i o n . A l l i n s t runnen t s i n s t a l l e d in 

the c o n t a i n m e n t v e s s e l and p r i m a r y loop s y s t e m a r e c a p a b l e of w i th s t and ing 

300 p s i . All i n s t r u m e n t and c o n t r o l w i r i n g tha t p e n e t r a t e s the c o n t a i n m e n t 

v e s s e l is b r o u g h t out t h r o u g h condui t f i l led wi th a r e s i n compound w h i c h m a k e s 

a s e a l c a p a b l e of w i t h s t a n d i n g 300 p s i . 

C. C O N T R O L CONSOLE 

Al l m a j o r func t ions of the r e a c t o r a r e c o n t r o l l e d f r o m t h e c o n t r o l c o n s o l e 

and i n s t r u m e n t r a c k s . T h e i n s t r u m e n t s a r e a r r a n g e d so tha t the o p e r a t o r c a n 

qu ick ly and e a s i l y d e t e c t faul ty o p e r a t i o n and app ly c o r r e c t i v e ac t i on . 

The n u c l e a r and p r o c e s s i n s t r u m e n t a t i o n and r e c o r d e r s a r e m o u n t e d in 

r a c k s l o c a t e d in f ron t of the c o n t r o l c o n s o l e and a r e v i s i b l e to t h e o p e r a t o r 

s e a t e d a t t he c o n t r o l c o n s o l e . The c o n t r o l s of i m m e d i a t e i n t e r e s t to the o p e r a 

t o r a r e l o c a t e d a t t he c o n s o l e . T h e s e c o n t r o l s i nc lude : 

1) C o n t r o l d r u m d r i v e s , 

2) Safety e l e m e n t d r i v e s , 
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I I I 

F igure 10. Range of Operation of Neutron Detectors 

3) P r i m a r y and secondary NaK coolant pump, 
4) Manual- to-automat ic r eac to r operation t ransfer switch 
5) Airblas t heat exchanger fan, and 
6) Emergency s c r a m . 

The following mieters and indicators a r e also located at the console: 

1) Reactor per iod, 
2) Reactor power level, 
3) Control drum posit ion indicator , 
4) Safety element position indicator , 
5) P r i m a r y and secondary NaK flow ra t e , and 
6) Airblas t heat exchanger fan speed. 
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IV. SER OPERATION 

A. HIGHLIGHTS O F SER O P E R A T I O N 

By the m i d d l e of S e p t e m b e r 1959, the SER c o r e w a s r e a d y to r e c e i v e the 

f i r s t fuel e l e m e n t . The e n t i r e SER c o m p l e x h a d s a t i s f a c t o r i l y c o m p l e t e d a l l 

func t iona l t e s t s so that t he a p p r o a c h - t o - d r y - c r i t i c a l t e s t s could begin . The 

f i r s t f o u r t e e n fuel e l e m e n t s w e r e l oaded on S e p t e m b e r 17, 1959; and d r y c r i t i -

c a l i t y w a s a t t a i n e d on S e p t e m b e r 19 wi th a c o r e loading of 55 fuel e l e m e n t s . 

Af te r c r i t i c a l i t y w a s a c h i e v e d , the in i t i a l c o n t r o l and sa fe ty e l e m e n t c a l i b r a 

t i ons w e r e o b t a i n e d . T h e full l oad ing of 61 fuel e l e m e n t s w a s r e a c h e d on Oc to 

b e r 19. On O c t o b e r 20, the r e a c t o r w a s f i l led wi th NaK fo l lowed by wet c r i t i 

c a l i t y on the s a m e d a t e . Af te r a s e r i e s of t e s t s to d e t e r m i n e the o p e r a t i n g 

c h a r a c t e r i s t i c s of the s y s t e m , the r e a c t o r p o w e r and t e m p e r a t u r e w e r e g r a d u 

a l ly r a i s e d to d e s i g n l e v e l . The r e a c t o r w a s f i r s t o p e r a t e d at d e s i g n cond i t ions 

on N o v e m b e r 9, I 9 6 0 . Subsequen t to the a t t a i n m e n t of d e s i g n o p e r a t i n g cond i 

t i o n s , an i n t e n s i v e t e s t i n g p r o g r a m w a s u n d e r t a k e n to d e t e r m i n e the n u c l e a r 

p a r a m e t e r s of the r e a c t o r . The r e s u l t s of t h e s e t e s t s a r e p r e s e n t e d in Sec t ion V. 

T h e f i r s t ex t ended pow^er r u n b e g a n on F e b r u a r y 22 , I 9 6 0 , and w a s i n t e r 

r u p t e d on M a r c h 12 by an i n s t r u m e n t m a l f u n c t i o n which r e s u l t e d in a s c r a m . 

The s e c o n d ex t ended p o w e r r u n w a s begun the s a m e day and con t inued unt i l 

A p r i l 23 when the r e a c t o r w a s m a n u a l l y shut down a f t e r a t t a i n ing 1000 hr of 

con t inuous o p e r a t i o n a t d e s i g n p o w e r and t e m p e r a t u r e . 

F r o m t h i s t i m e un t i l N o v e m b e r I 9 6 0 , the r e a c t o r w a s o p e r a t e d in a c c o r d 

a n c e wi th the r e q u i r e m e n t s of the v a r i o u s t e s t s tha t w e r e be ing conduc ted . As 

of Novennber 19, I 9 6 0 , 224,650 kw hr of t h e r m a l e n e r g y h a d b e e n g e n e r a t e d by 

the SER. A to t a l of 1877 hr w a s logged at d e s i g n cond i t i ons of 50 kw and 1 2 0 0 ° F 

ou t le t t e m p e r a t u r e . F i g u r e 11 shows the r e l a t i o n s h i p of e n e r g y g e n e r a t e d to 

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

F i g u r e 12 is a b a r g r a p h showing the s a l i e n t po in t s of r e a c t o r o p e r a t i o n 

un t i l f inal shu tdown on N o v e m b e r 19, I 960 . 

A s u m m a r y of the SER o p e r a t i o n is g iven in T a b l e IV. 

A n u m b e r of s c r a m s h a s o c c u r r e d s i n c e the SER h a s b e e n in o p e r a t i o n . 

T h e n u m b e r of o c c u r r e n c e s and p r o b a b l e c a u s e a r e l i s t e d in T a b l e V in t h e i r 

o r d e r of f r e q u e n c y . 
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Figure 11. SER Operation at Various Core Coolant T e m p e r a t u r e s 

TABLE IV 

SUMMARY OF SER OPERATION 

Initial fuel loading 

Final shutdown 

Elapsed t ime during test ing 

Reactor operating t ime 

Operation at 50 kw and 1200°F core 
outlet t e m p e r a t u r e s 

Operation at 50 kw and less than 
1200''F core outlet t empe ra tu r e 

Operation l e s s than 50 kw and less 
than 1200° F core outlet t empera tu re 

Reactor down t ime 

Holidays and weekends 

Routine naaintenance and exper i 
mental p repa ra t ion 

Heater bundle fai lure 

Other component fai lure 

Total energy generated 

Equivalent t ime at 50 kw 

September 17, 1959 

November 19, I960 

10,306 hr , 440 days 

6,035 hr , 58.5% of total t ime 

1877 hr , 31,1% of total operating 
t ime 

2,290 hr , 38.0% of total operating 
t ime 

1,868 hr , 30.9% of total operating 
t ime 

4,271 hr , 41.5% of total t ime 

1,288 hr , 30.1% of total down t ime 

1,245 hr , 29.2% of total down t ime 

680 hr , 15.9% of total down t ime 

1,058 hr , 24.8% of total down t ime 

224.6 megawatt hr 

4,493 hr P : l87 days 
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• R E A C T O R C O O L A N T P IP ING C O M P L E T E D 

I— FIRST NoK L O A D E D INTO SYSTEM 

N O N - r ^ U C L E A R T E S T I N G O F 

H E A T T R A N S F E R S Y S T E M 

F U E L E L E M E N T S ARRIVE 

— FIRST CORE L O A D I N G - 14 E L E M E N T S 

|— CORE L O A D E D TO 50 E L E M E N T S 

REACTOR DRY C R I T I C A L - 55 E L E M E N T S 

— DRY C R I T I C A L E X P E R I M E N T S 

. E A T E R B U N D L E REMOVED 

CORE L O A D E D TO 59 ELEMENTS 

— H E A T E R B U N D L E I N S T A L L E D IN SECONDARY SYSTEM 

^ C O R E L O A D E D TO 61 E L E M E N T S 

r - R E A C T O R WET C R I T I C A L 

H E A T E R B U N D L E F A I L U R E 

AL 

FIRST O P E R A T I O N AT DESIGN POWER AND T E M P E R A T U R E 

HEATER B U N D L E F A I L U R E 

REMOVED H E A T E R B U N D L E 

- I N S T A L L NEW H E A T E R B U N D L E 

. DRY C R I T I C A L EXPERIMENTS 

I T E M P E R A T U R E C O E F F I C I E N T E X P E R I M E N T 

. R E P L A C E P IPE SECTION ON PLUGGING LOOP 

lO. 3 S A F E T Y 

O D I F I E D 

I— DRY CRI 

E L E M E N T M A L F U N C T I O N 

NO. 3 S A F E T Y E L E M E N T 

T I C A L E X P E R I M E N T 

SEPTEMBER NOVEMBER DECEMBER 

I 

1 

- P O W E R O P E R A T I O N AT 600*F 

11—— XENON T R A N S I E N T E X P E R I M E N T 

- L E A K IN COOLING AIR L I N E 

. R E P A I R E D COOLING AIR L INES 

— WET C R I T I C A L E X P E R I M E N T S 

- R E P A I R E D A D D I T I O N A L AIR L E A K S 

^ T E M P E R A T U R E C O E F F I C I E N T E X P E R I M E N T S 

• POWER O P E R A T I O N AT 6 0 0 ' F 

-POWER O P E R A T I O N AT 600*F 

^ POWER O P E R A T I O N AT 600»F 

POWER OPER 

( — R E E S T A B L I S H FLOW THROUGH PLUGGING LOOP 

R E A C T O R SCRAMMED 

DESIGN POWER AND TEMP 

JANUARY FEBRUARY 

AT 900»F 

J— POWER O P E R A T I O N AT eOCF 

. SOURCE S T R E N G T H E X P E R I M E N T 

f- 25KW O P E R A T I O N 

. SOURCE S T R E N G T H E X P E R I M E N T 

. POWER O P E R A T I O N AT 950 'F 

. REMOVED H E A T E R B U N D L E 

- I N S T A L L E D NEW H E A T E R 

• C O N T R O L DRUI 

1— T E M P E R A 

L I B R A T I O N S 

E C O E F F I C I E N T E X P E R I M E N T S 

PROMPT T E M P E R A T U R E C O E F F I C I E N T E X P E R I M E N T S 
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TABLE V 

SCRAMS 

Number of 
Occur rences 

17 

15 

13 

12 

6 

3 

3 

1 

1 

1 

0 

72 

Probable Cause 

Abnormal signal in log power channels 3 and 4 
and power level channels 5 through 8 

Individual safety dropped out 

Low J- tube NaK level a l a r a m 

Circuit noise and accidental 

Fa l se signal, source unknown 

Disturbing inst rument cable in t rench 

Low level period 

Instrument t rouble 

Heater bundle fai lure 

Power fai lure 

Initiated internal to core 

Total through August 31, I960 

B. MAINTENANCE PROBLEMS 

1. P r o c e s s 

Considerable operating experience with l iquid-meta l cooling loops had 

been gained from the design, construct ion, and operat ion of l iquid-meta l -cooled 

r e a c t o r s such as the Sodium Reactor Exper iment (SRE); thus , no major p rob

lems have been encountered in the p rocess sys tem of the SER. Most of the prob 

lems have been of a minor na ture and have not resu l ted in any major modifica

tion to the system. 

The factor causing the most s c r a m s was "abnormal signal in log power 

channels 3 and 4 and power level channels 6 through 8." The majori ty of these 

s c r a m s were caused by the t rans ient signals introduced into channels 3 and 4 

when the per iod protect ion c i rcu i t ry was switched into the safety c i rcu i t ry . The 

per iod protect ion c i rcu i t ry is normal ly removed from the safety c i rcu i t ry with 

an on-off switch when the r eac to r is at full power. The per iod protect ion c i r 

cui t ry must be switched in when the reac tor power is dropped below 10 kw. This 

switching nearly always causes a s c r a m . 
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Malfunc t ion of p e r i o d channe l No. 3 c a u s e d s e v e r a l s c r a m s a t p e r i o d s a s 

long a s 30 s e c . N o r m a l l y , a s c r a m should not be i n i t i a t e d by the sa fe ty i n s t r u 

m e n t a t i o n unt i l a 3 - s e c p e r i o d e x i s t s . Channe l No. 3 i n s t r u m e n t a t i o n w^as s u b 

s e q u e n t l y r e p a i r e d . A s c r a m w a s i n i t i a t ed f r o m p o w e r channe l No. 7, b e c a u s e 

the s c r a m point for t h i s c h a n n e l w a s se t too low. T h e n o r m a l s c r a m poin t is 

75 kw. 

F i f t e e n s c r a m s o c c u r r e d b e c a u s e an ind iv idua l safe ty d r o p p e d out. T h i s 

u s u a l l y o c c u r r e d d u r i n g a r i s e in t e m p e r a t u r e of the r e a c t o r , and would i n d i c a t e 

tha t the e x p a n s i o n of the d i f fe ren t c o m p o n e n t s of the s a f e t i e s and the c o r e v e s s e l 

m a y have f o r c e d the sa fe ty to pu l l away f r o m the m a g n e t . T h e t e n s i o n of the 

s p r i n g s on the sa fe ty d r i v e s w a s a d j u s t e d s e v e r a l t i m e s in an a t t e m p t to r e m e d y 

t h i s s i t ua t i on . 

S c r a m s c a u s e d by the J - t u b e NaK l e v e l a l a r m w e r e u s u a l l y due to s p u r i 

ous s i g n a l s in the J - t u b e c i r c u i t r y . The i n s t r u m e n t m e a s u r e s a v o l t a g e of only 

about 10 m v a c and n o i s e p i ckup p r e s e n t e d a diff icult p r o b l e m . Modi f ica t ion and 

m a i n t e n a n c e w a s only p a r t i a l l y s u c c e s s f u l in e l i m i n a t i n g th i s n o i s e . S e v e r a l 

J - t u b e s c r a m s w e r e i n i t i a t e d by s u r g e s in the p o w e r l i ne . 

C i r c u i t n o i s e in the low l eve l p e r i o d nae te r a l s o c o n t r i b u t e d to the s c r a m s . 

No s c r a m s o c c u r r e d b e c a u s e of a s h o r t r e a c t o r p e r i o d . Al l p e r i o d s c r a m s w e r e 

c a u s e d e i t h e r by i n s t r u m e n t m a l f u n c t i o n or by n o i s e in the c i r c u i t r y ; i. e. , no 

s c r a m s w e r e due to a b n o r m a l cond i t ion w^ithin the c o r e . 

A c c i d e n t a l s c r a m s w e r e due to s o m e o n e a c c i d e n t a l l y b u m p i n g an i n s t r u 

m e n t such a s the J - t u b e m e t e r . 

One s c r a m w a s a t t r i b u t e d to i n s t r u m e n t t r o u b l e . T h i s m e a n s tha t a 

c o m p o n e n t in e a c h of two of the t h r e e p o w e r sa fe ty c h a n n e l s w a s ma l func t ion ing 

s i m u l t a n e o u s l y . 

H e a t e r bund le f a i l u r e c a u s e d two s c r a m s . The m a g n i t u d e of t h e l e a k s 

w a s not suff ic ient to c a u s e s c r a m s f r o m low NaK leve l i nd i ca t i on , but w a s c a u s e d 

by e l e c t r i c a l s h o r t s in the p r i n a a r y vau l t c o m p o n e n t s due to t h e p r e s e n c e of NaK 

v a p o r . 

An i m m e r s i o n type e l e c t r i c h e a t e r u s e d to hea t the NaK coo lan t w a s 

o r i g i n a l l y i n s t a l l e d in the p r i m a r y loop . H o w e v e r , a h e a t e r bundle f a i l u r e wh ich 

o c c u r r e d in A u g u s t 1959, p r i o r to r e a c t o r o p e r a t i o n , po in t ed out the p o s s i b i l i t y 
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of leaking radioact ive NaK into the vault , should the heater bundle fail during 

r eac to r operat ion. P r i m a r i l y for this reason , the heater bundle was removed 

frona the p r i m a r y sys tem and was installed in the secondary loop. One of the 

r easons for fai lure of the p r i m a r y loop heater bundle was the lack of adequate 

inter locks that would automatical ly turn off the hea ter on loss of coolant flow. 

Consequently, during p r e - s t a r t u p testing of the p r i m a r y NaK loop, the p r i m a r y 

pump was stopped without cutting off the power to the hea te r . This caused the 

NaK to boil and o v e r - s t r e s s e d the calrod h e a t e r s , which resu l ted in a NaK leak. 

Three different heater bundles have been installed in the secondary NaK 

loop. The f i rs t , w^hich was s imi lar in design to the original p r i m a r y hea te r , 

failed after only a few months of operat ion and was replaced in late November 

1959, by one of external design; i. e. , the calrod hea te r s w^ere external to the 

piping. Trouble- f ree operat ion was obtained with this heater until March I960, 

when the f i rs t ca l rod failed. Continued difficulties were encountered until this 

heater was replaced in June. The third heater bundle for the secondary loop 

was of the immers ion type; of a different design than that of the original hea ter . 

Until the end of August I960, no further difficulties with heater bundles have 

been experienced. 

Other minor p rob lems that affected reac to r operat ions were : (a) leaks 

in the a i r -cool ing sys tem of the shutdown shield which caused a p r e s s u r e r i s e 

in the r eac to r containment vesse l ; and, (b) a fai lure of the a i rb las t heat ex

changer fan. 

Although these p rob lems resu l ted in an interrupt ion in r eac to r operation, 

no difficulty was experienced in accomplishing the neces sa ry r e p a i r s . 

2. Instrumentat ion and Control P rob lems 

Component fai lure in the nuclear and p r o c e s s ins t rumentat ion has been 

quite smal l . During the 1000-hr operat ion at design power and t e m p e r a t u r e , 

the only fai lure in the ins t rumentat ion was in one of the internnediate power level 

channels used for per iod protect ion at power levels below 10 kw. Consequently, 

during power operat ion this did not necess i t a te a shutdown for r e p a i r . 

During r eac to r s ta r tup , some instrumentat ion p rob lems were encountered. 

The mos t t roublesome was noise in the s tar tup pulse channels . Most of the dif

ficulty was the resu l t of placing the low-level pulse wiring and the control wiring 
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in a c o m m o n t r e n c h . By p l a c i n g t h e l o w - l e v e l p u l s e w i r i n g i n a s h i e l d e d , f l ex ib le 

tubing th i s cond i t ion w a s a l l e v i a t e d but not e n t i r e l y so lved . 

N u m e r o u s s c r a m s w e r e c a u s e d by s p u r i o u s NaK l e v e l s i g n a l s r e s u l t i n g 

f r o m the t e l e m e t e r i n g l i n e s be ing in c l o s e p r o x i m i t y to c o n t r o l p o w e r w i r e s . 

T h e v o l t a g e l e v e l c o m i n g into the c o n t r o l r o o m is in the o r d e r of 15 m v . Any 

s p u r i o u s n o i s e f r o m swi t ch ing and r e l a y c o n t a c t s w a s e a s i l y p i c k e d up by the 

NaK l e v e l c i r c u i t . A l s o , f l uc tua t i ons in p o w e r l ine v o l t a g e a f fec ted the c i r c u i t . 

T h i s p r o b l e m h a s not b e e n e n t i r e l y so lved . 

T h e r m o c o u p l e f a i l u r e s w e r e n u m e r o u s , po in t ing out t h e n e e d for b e t t e r 

m a t e r i a l s and for i m p r o v e d i n s t a l l a t i o n m e t h o d s . The r e s i s t a n c e t h e r m o m e t e r s 

on t h e in le t and ou t le t NaK p ip ing be low the shutdown s h i e l d f a i l ed soon a f t e r 

r e a c t o r s t a r t u p . S ince they w e r e l o c a t e d in an i n a c c e s s i b l e spo t , it w a s n e c e s 

s a r y to r e l y on t h e r m o c o u p l e s e x t e r n a l to the shu tdown sh i e ld for in le t and ou t 

le t NaK t e m p e r a t u r e d a t a . The in - fue l t h e r m o c o u p l e s exh ib i t ed a wide v a r i a t i o n 

in output i nd i ca t ing a s m u c h a s 200'*F d i f f e r e n c e in s o m e i n s t a n c e s . T h i s r e 

q u i r e d tha t they be p e r i o d i c a l l y c a l i b r a t e d to e n s u r e no a d d i t i o n a l d r i f t . 

The h igh a m b i e n t t e r a p e r a t u r e of the p r i m a r y v a u l t d a m a g e d the i n s u l a t i o n 

on the h e a t e r w i r i n g for the p lugg ing m e t e r , wh ich r e s u l t e d in n u m e r o u s f a i l u r e s . 

The i n s t a l l a t i o n of h i g h - t e m p e r a t u r e h e a t e r w i r e r e s o l v e d th i s p r o b l e m . 

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

h o w e v e r , e a r l y f a i l u r e of the d i f f e r e n t i a l t h e r m o c o u p l e s on the c o r e i n - a n d - o u t 

p ip ing r e s u l t e d in the s y s t e m ' s be ing modi f i ed so tha t t he p o w e r leve l could a u t o 

m a t i c a l l y be c o n t r o l l e d by the n e u t r o n f lux. 

The f l o w m e t e r for the p r i m a r y NaK loop w a s i n s t a l l e d in such a way that 

t he e n t i r e NaK flow p a s s e s t h r o u g h i t . H o w e v e r , a s m a l l annount of flow by

p a s s e s the r e a c t o r c o r e to t h e p lugg ing m e t e r . C o n s e q u e n t l y , t he f l o w m e t e r 

i n d i c a t e s a s l igh t ly h igh flow r a t e for the c o r e . It w a s not p r a c t i c a l to c h a n g e 

the l o c a t i o n of the p r i m a r y f l o w m e t e r on the SER, but f u r t h e r i n s t a l l a t i o n s 

should k e e p t h i s in m i n d . 

The n u c l e a r and p r o c e s s i n s t r u m e n t a t i o n , a s a w h o l e , h a s func t ioned 

v e r y we l l wi th v e r y l i t t l e m o d i f i c a t i o n to the o r i g i n a l e q u i p m e n t . 
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V. SER TESTS 

The o b j e c t i v e s of the SER t e s t s w e r e to i n v e s t i g a t e r e a c t o r c h a r a c t e r i s t i c s : 

(a) the ab i l i t y of the r e a c t o r to o v e r r i d e the r e a c t i v i t y l o s s e s a s s o c i a t e d wi th 

ob ta in ing o p e r a t i n g cond i t i ons and ex tended o p e r a t i o n a t t h e s e c o n d i t i o n s , and 

(b) the s t ab i l i t y and sa fe ty of the r e a c t o r . 

A. R E A C T I V I T Y O V E R R I D E T E S T S 

To d e t e r m i n e the ab i l i t y of the r e a c t o r to o v e r r i d e r e a c t i v i t y l o s s e s a s s o 

c i a t e d wi th o p e r a t i o n it w a s n e c e s s a r y to m e a s u r e the fol lowing p a r a m e t e r s : 

1) The co ld , c l e a n , e x c e s s r e a c t i v i t y ; 

2) The w o r t h of the c o n t r o l e l e m e n t s ; 

3) The t e m p e r a t u r e de fec t , c o l d - t o - h o t ; 

4) The p o w e r de fec t , z e r o p o w e r to 50 kw; 

5) The de fec t a s s o c i a t e d wi th e q u i l i b r i u m xenon; and 

6) The l o n g - t e r m r e a c t i v i t y l o s s e s . 

B . STABILITY AND S A F E T Y T E S T S 

To d e t e r m i n e the s t a b i l i t y and safe ty of the r e a c t o r it w a s n e c e s s a r y to 

m e a s u r e t h e s e a d d i t i o n a l r e a c t o r p a r a m e t e r s : 

1) The w o r t h of the safe ty e l e m e n t s , 

2) The t i m e a s s o c i a t e d wi th the safe ty e l e m e n t a c t i o n for r e a c t i v i t y 

r e m o v a l , and 

3) The t e m p e r a t u r e coe f f i c i en t s of the r e a c t o r . 

T h e m e a s u r e m e n t of t h e s e p a r a m e t e r s is d e t a i l e d and s u m m a r i z e d . 

C. T H E COLD, C L E A N , EXCESS R E A C T I V I T Y 

The d e t e r m i n a t i o n of the cold , c l e a n , e x c e s s r e a c t i v i t y w a s m a d e du r ing 

t h e in i t i a l load ing of the r e a c t o r wi th fuel . D r y c r i t i c a l i t y w a s a c h i e v e d wi th a 

load ing of 55 fuel e l e m e n t s . Z e r o p o w e r c o n t r o l - e l e m e n t and s a f e t y - e l e m e n t 

w o r t h d e t e r m i n a t i o n s took p l a c e c o n c u r r e n t l y d u r i n g the load ing of the c o r e so 

tha t the v a l u e s of the f u e l - m o d e r a t o r - e l e m e n t w o r t h could be found. F i g u r e 13 

p r e s e n t s a p lo t of t h e e x c e s s r e a c t i v i t y vs. n u m b e r of fuel e l e m e n t s loaded . The 

s h a p e of the c u r v e i n d i c a t e s tha t t he r e a c t i v i t y w o r t h of each fuel e l e m e n t in 

c r e a s e s p e r fuel e l e m e n t added . Note that the fuel l oaded into the f l a t s of the 
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h e x a g o n - s h a p e d c o r e h a s a g r e a t e r 

w o r t h t han fuel l oaded into the c o r n e r s . 

T h i s r e s u l t shows tha t the c l o s e r r a d i 

us of a " f la t " e l e m e n t h a s c o n s i d e r a b l e 

effect on the elennent w o r t h . F i g u r e 13 

a l s o shows the i n c r e a s e r e a c t i v i t y r e 

su l t ing f r o m the i n s e r t i o n of the c e n t e r 

p lug into the shutdo'wn sh i e ld . 

The r e m o v a l of a fuel e l e n a e n t n e x t 

to c o n t r o l d r u m No. 2 d u r i n g the 6 0 -

e l e m e n t load ing c a u s e d a p r o n o u n c e d 

r e d u c t i o n (by about 14%) in the w o r t h of 

the c o n t r o l d r u m . S i m i l a r effects w e r e 

no ted for o t h e r c a s e s w h e r e fuel e l e 

m e n t s w e r e m i s s i n g n e a r a c o n t r o l 

d r u m or sa fe ty e l e m e n t . 

D u r i n g the f inal fuel l oad ing , a 

the o u t e r c o r n e r of the c o r e l a t t i c e in 

p l a c e of a f u e l - m o d e r a t o r e l e m e n t . T h i s r e s u l t e d in an i n c r e a s e in r e a c t i v i t y of 

a p p r o x i m a t e l y 17)t. T h i s i n c r e a s e in r e a c t i v i t y is a t t r i b u t e d to the i n c r e a s e in 

r e f l e c t i v e p r o p e r t y of the s t a i n l e s s s t e e l d u m m y . 

B e f o r e t h e a d d i t i o n of t h e 6 l s t e l e m e n t , t h e i n w a r d r o t a t i o n of the c o n t r o l 

d r u m s w a s l i m i t e d to 135° to c o m p l y wi th the SER H a z a r d s R e p o r t s p e c i f i c a t i o n 

of a 4% e x c e s s . T h u s , t he e x c e s s r e a c t i v i t y a v a i l a b l e to the r e a c t o r o p e r a t o r 

for t h e 6 l - e l e m e n t load ing w a s $ 5 . 4 1 ; w h e r e a s , $9 .78 would have b e e n a v a i l a b l e 

w e r e the c o n t r o l d r u m s a l l owed a full 180° r o t a t i o n . 

Af te r the d e t e r m i n a t i o n of the cold , c l e a n , e x c e s s for a N a K - f r e e c o r e , a 

m e a s u r e m e n t w a s m a d e of the c h a n g e in r e a c t i v i t y a s s o c i a t e d wi th the add i t ion 

of the c o o l a n t . T h e r e s u l t s f r o m t h i s t e s t and frona s u b s e q u e n t t e s t s m a d e 

t h r o u g h o u t the c o r e life i n d i c a t e d tha t t h i s a d d i t i o n c a u s e d r e a c t i v i t y l o s s e s of 

the o r d e r of bt. T h i s s m a l l ne t l o s s in r e a c t i v i t y is p r o b a b l y due to the p o s i t i v e 

r e f l e c t o r effect in the o u t e r c o r e r e g i o n s c a n c e l l i n g the po i son ing effect of a d d 

ing NaK to the c e n t r a l r e g i o n of the c o r e . 
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The change in r e a c t i v i t y due to c h a n g e s in fuel con ten t and h y d r o g e n conten t 

have b e e n t h e o r e t i c a l l y d e t e r m i n e d but have not b e e n c h e c k e d e x p e r i m e n t a l l y . 

T h e s e r a t i o s a r e : 

(Ak /k ) /{AN / N ) = 0 .064, u u ' 

and 

( A k / k ) / ( A N ^ / N ^ ) = 0.46. 

D. WORTH O F T H E C O N T R O L E L E M E N T S 

Dur ing the i n i t i a l load ing of the r e a c t o r and a t i n t e r v a l s du r ing the o p e r a t i o n 

of the r e a c t o r , m e a s u r e m e n t s w e r e m a d e of the w o r t h s of the c o n t r o l d r u m s . All 

of t h e s e n n e a s u r e m e n t s u s e d the t e c h n i q u e of m a k i n g s m a l l m o t i o n s of the c o n t r o l 

e l e m e n t s to p l a c e the r e a c t o r on a m e a s u r e a b l e , s u p e r c r i t i c a l p e r i o d . T h i s 

p e r i o d w a s i n t e r p r e t e d t h r o u g h the i n - h o u r r e l a t i o n s h i p (us ing a. ^ - 0.0084) to 

g ive the c h a n g e in r e a c t i v i t y a s s o c i a t e d wi th the c o n t r o l e l e m e n t m o t i o n . T h e 

to t a l w o r t h of a c o n t r o l e l e m e n t w a s t a k e n to be the s u m m a t i o n of such d e t e r 

m i n a t i o n s o v e r the t o t a l span of the drunn r o t a t i o n . T h i s a s s u m p t i o n s e e m s to be 

v a l i d due to the fac t t ha t t h e r e h a s b e e n no ev idence of i n t e r a c t i o n b e t w e e n t h e 

c o n t r o l e l e m e n t s . 

T a b l e VI g i v e s the to ta l w o r t h of the c o n t r o l e l e m e n t s m e a s u r e d d u r i n g the 

in i t i a l loading bu i ldup . The r e p o r t e d w o r t h s for t h o s e l o a d i n g s of l e s s t han 61 

e l e m e n t s a r e for the full 70 to 180° r o t a t i o n of the e l e m e n t . The r e g i o n of the 

d r u m s f r o m 0 to 70* w a s not u s e d , due to the low w o r t h , '^ 17»^. 

A d e t e r m i n a t i o n of the w o r t h of c o n t r o l e l e m e n t No. 3 w a s m a d e i m m e d i a t e l y 

a f t e r the add i t ion of coolan t to the r e a c t o r and b e f o r e any p o w e r p r o d u c t i o n by the 

r e a c t o r . The t o t a l w o r t h (over 70 to 135° r o t a t i o n ) of th i s c o n t r o l e l e m e n t w a s 

$ 2 . 2 5 . 

The d r u m s w e r e a g a i n c a l i b r a t e d a f t e r 5932 kwh e n e r g y r e l e a s e . F o r a 

p e r i o d of 12 d a y s p r i o r to the c a l i b r a t i o n s , the r e a c t o r had g e n e r a t e d no p o w e r . 

T h e w o r t h of the c o n t r o l e l e m e n t s is g iven in T a b l e VII for v a r i o u s c o r e a v e r a g e 

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

The d r u m s w e r e a g a i n r e c a l i b r a t e d a f t e r 147,358 kwh e n e r g y r e l e a s e by 

the c o r e . F o r a p e r i o d of 35 days p r i o r to the c a l i b r a t i o n s , the r e a c t o r had 

b e e n a t z e r o p o w e r . The w o r t h c u r v e s e s t a b l i s h e d a t t h i s t i m e for two d i f fe ren t 
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T A B L E VI 

T O T A L C O N T R O L E L E M E N T WORTHS, DRY CORE 

F u e l Load ing 
( N u m b e r of E l e m e n t s ) 

54 

55 

57 

59 

60 + 1 d u m m y 

61 

C o n t r o l W o r t h s (cen t s ) 
(at 70 - 180° ro t a t i on ) 

1 

340 

C o n t r o l 

2 

263 

297 

m o t i o n l i m i t e d 

3 

173 

257 

336 

336 

349 

to 135° 

230 

T A B L E VII 

C O N T R O L E L E M E N T WORTHS, WET CORE 
(5932 kwh E n e r g y R e l e a s e ) 

C o n t r o l E l e m e n t 
N u m b e r 

1 

2 

3 

C o n t r o l E l e m e n t W o r t h (cen t s ) 
(at 70 - 135° r o t a t i o n ) 

at 2 6 8 ° F 

216 

230 

230 

a t 5 8 4 ° F 

218 

228 

228 

% 
D i f f e r e n c e 

+0.92 

- 0 . 8 7 

- 0 . 8 7 

t e m p e r a t u r e s , t o g e t h e r wi th t h o s e o b t a i n e d in N o v e m b e r 1959, a r e p r e s e n t e d in 

F i g u r e s 14, 15, and 16, and the t o t a l w o r t h s a r e p r e s e n t e d in T a b l e VIII. 

A c o m p a r i s o n of the t a b u l a t e d v a l u e s of t h e c o n t r o l d r u m w o r t h s i n d i c a t e s 

t ha t t h e r e i s no d r a s t i c t e m p e r a t u r e d e p e n d e n c e and tha t t he add i t ion of coolan t 

to the r e a c t o r does not affect t he w o r t h s . T h e r e is an unexp l a ined d i f f e r ence 

b e t w e e n t h o s e c a l i b r a t i o n s conduc ted du r ing in i t i a l o p e r a t i o n s and t h o s e con

d u c t e d a f t e r l a r g e a m o u n t s of p o w e r g e n e r a t i o n . T h e r e is no r e a s o n to a s s u m e 

tha t e i t h e r of t h e s e c a l i b r a t i o n s is m o r e va l i d t han t h e o t h e r wi thout knowing the 

c a u s e for the d i f f e r e n c e in c a l i b r a t i o n . It is hoped tha t add i t i ona l c o n t r o l d r u m 

c a l i b r a t i o n s to be p e r f o r m e d af te r t h e r e l e a s e of m o r e e n e r g y f r o m t h e c o r e wi l l 

p e r m i t a mean ing fu l i n t e r p r e t a t i o n of t h i s v a r i a t i o n . H o w e v e r , if it is a s s u m e d 

tha t t h e r e is no c h a n g e in d r u m c a l i b r a t i o n with t e m p e r a t u r e , t he p e r c e n t d i f fe r 

ence l i s t e d in T a b l e s VII and VIII is an i nd i ca t i on of the a c c u r a c y of the m e a s u r e 

m e n t s . 
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Figure 14. Control Drum No. 1, Comparison of Drum 
Worths After 141,100 kwh of Operation 
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Figure 15. Control Drum No. 2, Comparison of Drum 
Worths After 141,100 kwh of Operation 
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Figure 16. Control Drum No. 3, Comparison of Drum 
Worths After 141,100 kwh of Operation 

TABLE VIII 
CONTROL ELEMENT WORTHS, WET CORE 

(147,358 kwh Energy Release) 

Control Element 
Number 

1 

2 

3 

Control Element Worth (cents) 
(at 70 - 135° rotation) 

at 290°F 

211 

221 

217 

at 800°F 

209 

217 

215 

% 
Difference 

-0.95 

-1.81 

-0.92 

For the purposes of this r epor t , all m e a s u r e m e n t s dependent on control 

drum cal ibrat ion will re fer to those sets used in the in terpre ta t ion as either the 

ea r l i e r or la ter set; thus , differentiation is made between those cal ibrat ions 

done p r io r to the r e l e a s e of la rge amounts of energy and those done after the 

r e l e a s e . 
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E. THE TEMPERATURE DEFECT 

The t empe ra tu r e defect of the SER was determined by heating the reac tor 

with external heat to approximately 600°F, then bringing the r eac to r to 50 kwt 

power, and heating to the design average core t empera tu re of 1100°F. The posi

tions of the control d rums were recorded throughout this p r o c e s s and react ivi ty 

changes were cor re la ted with changes in t empe ra tu r e by the use of the ear l ie r 

control d rum ca l ibra t ions . The plot of change in react ivi ty with t empera tu re is 

p resen ted in F igure 17. A normal izat ion has been per formed to remove the 

effects of xenon buildup and the power defect from that port ion of the curve above 

600°F. Over the l inear port ion of this curve dyo/dT = 0.4)6/F°. 
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Figure 17. SER Data, Tempera tu re Defect F r o m 
Data of Exper iments for December 19, 1959 

THE POWER DEFECT 

The change in react ivi ty with power in the SER is a sc r ibed to the establ ish

ment of t empera tu re gradients throughout the core . A m o r e detailed discussion 

of the effect of these gradients will be presen ted in the discuss ion of t empera tu re 
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c o e f f i c i e n t s . The m e a s u r e d r e a c t i v i t y l o s s a s s o c i a t e d wi th the change f r o m 

z e r o p o w e r to 50 kw w a s found to be 23^ by the i n t e r p r e t a t i o n of the d r u m m o 

t ion a s s o c i a t e d wi th t h i s change and by u s e of the e a r l i e r c o n t r o l d r u m c a l i b r a 

t i o n s . 

G. EQUILIBRIUM XENON D E F E C T 

The o b s e r v a t i o n of c o n t r o l d r u m m o t i o n d u r i n g the e s t a b l i s h m e n t of equ i l 

i b r i u m xenon i n d i c a t e s an equi l ib r iunn xenon defec t of 39)t. T h e r e is no peak ing 

of the x e n o n c o n c e n t r a t i o n a f t e r r e a c t o r shu tdown due to the low flux d e n s i t y of 

the r e a c t o r . A c o n n p a r i s o n of the c a l c u l a t e d x e n o n t r a n s i e n t and the m e a s u r e d 

x e n o n t r a n s i e n t i s p r e s e n t e d in F i g u r e 18. It is s e e n tha t t h e s e two c u r v e s a r e 

in c l o s e a g r e e n a e n t . 

) i 1 1 1 ] 1—I 1 1 1 1 1 
0 5 10 15 20 25 30 35 40 45 50 

TIME (hou rs ) 

F i g u r e 18. SER Xenon T r a n s i e n t E x p e r i m e n t 

H. L O N G - T E R M LOSS R A T E 

The l o n g - t e r m l o s s e s a s s o c i a t e d wi th the o p e r a t i o n of the SER a r e both 

p o w e r and t e m p e r a t u r e d e p e n d e n t . The p o w e r dependen t l o s s e s a r e a t t r i b u t e d 

to fuel b u r n u p , s a m a r i u m bu i ldup , and f i s s i o n p r o d u c t po i son ing o t h e r t h a n 

s a m a r i u m or xenon . Of t h e s e , the bu i ldup of s a m a r i u m is c a l c u l a t e d to be the 

l a r g e s t f a c t o r . The t e m p e r a t u r e dependen t l o s s e s a r e a t t r i b u t e d to t h e l o s s of 

h y d r o g e n f r o m the f u e l - m o d e r a t o r r o d . T h i s p h e n o m e n o n would t a k e p l a c e due 

to d i s s o c i a t i o n of h y d r o g e n f r o m the m a t r i x m a t e r i a l and i t s s u b s e q u e n t diffusion 

t h r o u g h the e l e m e n t c l add ing . L o n g - t e r m r u n s a t 50 kw w e r e a c c o m p l i s h e d at 

c o r e ou t l e t t e m p e r a t u r e s of 1200, 1000, and 7 0 0 ° F ; and t h e r e a c t i v i t y l o s s r a t e s 

w e r e d e t e r m i n e d f r o m the m o t i o n of the c o n t r o l d r u m s d u r i n g t h e s e r u n s . The 
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d r u m c a l i b r a t i o n s u s e d to d e t e r m i n e t h e s e l o s s r a t e s w e r e the l a t e r c a l i b r a t i o n s . 

The l o s s r a t e s m e a s u r e d du r ing t h e s e r u n s a r e p r e s e n t e d in T a b l e IX and in F i g 

u r e 19. 

T A B L E IX 

LOSS R A T E S 

C o r e A v e r a g e T e m p e r a t u r e 
( °F) 

1100 

900 

600 

R e a c t i v i t y L o s s R a t e 
(«^/day) 

0.79 ± 0.03 

0.39 ± 0.02 

0.26 ± 0.04 

0 8 

< 

/ O 

o -""""̂  ' • 

500 700 800 

T CF) 

F i g u r e 19. M e a s u r e d L o s s R a t e vs 
A v e r a g e C o r e T e m p e r a t u r e 

The a s s u m p t i o n is m a d e tha t the t e m p e r a t u r e s involved in the 7 0 0 ° F out le t 

c a s e a r e low enough for the l o s s of h y d r o g e n to be n e g l i g i b l e . The 0 .26) t /day 

l o s s r a t e is i n t e r p r e t e d a s due to s a m a r i u m and longl i fe f i s s i o n p r o d u c t p o i s o n 

ing p l u s fuel dep l e t i on f r o m o p e r a t i o n at 50 kw. The d i f f e r e n c e b e t w e e n th i s 

v a l u e and the l o s s r a t e s e s t a b l i s h e d at the m o r e e l e v a t e d t e m p e r a t u r e s m a y be 

a s s o c i a t e d with the l o s s of h y d r o g e n a t t h o s e t e n n p e r a t u r e s . 
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I. SUMMARY O F P A R A M E T E R S P E R T I N E N T TO T H E OVERRIDE O F R E A C 
TIVITY LOSSES 

Cold, c l e a n , e x c e s s r e a c t i v i t y 

D r u m r o t a t i o n to 180° $9 .78 

D r u m r o t a t i o n to 135° $5 .41 

C o n t r o l W o r t h , to ta l (old c a l i b r a t i o n ) 

D r u m r o t a t i o n to 135° $6.77 

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

75 - 1 1 0 0 ° F c o r e a v e r a g e t e m p e r a t u r e $3 .42 

Po^ver Defec t 

Z e r o kw to 50 kw at 6 0 0 ° F $0 .23 

Xenon Defect 

E q u i l i b r i u m at 50 kw $0.39 

R e a c t i v i t y L o s s R a t e s 

50 kw, 1 2 0 0 ° F c o r e ou t le t 0.79<^/day 

50 kw, 1 0 0 0 ° F c o r e out le t 0.39«^/day 

50 kw, 7 0 0 ° F c o r e ou t l e t 0 .26)t /day 

J . S A F E T Y E L E M E N T WORTHS 

The w o r t h s of the SER sa fe ty e lennents v /e re d e t e r m i n e d du r ing the in i t i a l 

c r i t i c a l n n e a s u r e m e n t s . The t e c h n i q u e u s e d w a s to c o m p e n s a t e for an o u t w a r d 

m o t i o n of a sa fe ty elennent by the i n w a r d r o t a t i o n of a c o n t r o l d r u m and to r e l y 

on the c a l i b r a t i o n of the c o n t r o l d r u m to a s s o c i a t e d a r e a c t i v i t y change with the 

m o t i o n of the sa fe ty e l e m e n t . T h i s t e c h n i q u e r e q u i r e d tha t s o m e use be m a d e 

of c o n t r o l d r u m s ad j acen t to the d i s p l a c e d safe ty elennent . I n t e r a c t i o n b e t w e e n 

a d j a c e n t c o n t r o l and sa fe ty e l e m e n t s would be expec t ed . T h e r e f o r e , the v a l u e s 

quoted for the w o r t h of the safety e l e m e n t s can only be u s e d a s be ing i n d i c a t i v e 

of t h e i r w o r t h , and not a s an a b s o l u t e d e t e r m i n a t i o n . The v a l u e s thus ob ta ined 

for the t o t a l r e a c t i v i t y w o r t h of each safe ty e l e m e n t a r e : 

Safety E l e m e n t 
N u m b e r 

1 

2 

3 

A t y p i c a l safe ty e l e m e n t w o r t h c u r v e is shown m F i g u r e 20. 

Total Worth 
(dollars) 

$4.60 

$4.60 

$4.40 
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F i g u r e 20. T y p i c a l Safety 
E l e m e n t W o r t h C u r v e 

K. S A F E T Y E L E M E N T DROP TIMES 

The d r o p t i m e of the safe ty e l e 

m e n t s h a s b e e n m e a s u r e d at i n t e r v a l s 

d u r i n g the o p e r a t i o n of the SER. The 

t e c h n i q u e u s e d to m a k e t h e s e m e a s u r e 

m e n t s c o n s i s t e d of p h o t o g r a p h i n g c a t h 

ode r a y tube d i s p l a y s of the t i m e v a r i a 

t ion of the v o l t a g e f r o m a p o t e n t i o m e t e r 

d r i v e n by the safe ty e l e m e n t . The d r o p 

t i m e s have been c o n s i s t e n t t h r o u g h o u t 

the h i s t o r y of the r e a c t o r . T h e s e t i m e s 

a r e a p p r o x i m a t e l y 250 m s e c f r o m in i t i 

a t i on of the d r o p s igna l unt i l con t ac t is 

m a d e wi th the shock a b s o r b e r . R e c o i l 

of the sa fe ty e l e m e n t s fronn the shock 

a b s o r b e r s is s l igh t . 

L . T E M P E R A T U R E C O E F F I C I E N T S 

The s t a b i l i t y and safe ty of o p e r a 

t ion of the SER is d e t e r m i n e d m a i n l y by 

the s ign and m a g n i t u d e of i ts r e a c t i v i t y 

r e s p o n s e s to t e m p e r a t u r e c h a n g e s . B e 

c a u s e of the i m p o r t a n c e of t h e s e p h e 

n o m e n a , a l a r g e p o r t i o n of t h e t e s t i n g 

on the SER w a s devo t ed to a s tudy of 

t e m p e r a t u r e e f f ec t s . S tud ies w e r e con

d u c t e d not only to de t e rnn ine the t e m 

p e r a t u r e r e s p o n s e at t he d e s i g n cond i 

t i o n s , but o v e r a s p e c t r u m of t e m p e r a 

t u r e s , so tha t i n f o r m a t i o n could be ob t a ined to check c a l c u l a t i o n a l t e c h n i q u e s . 

T h e o v e r a l l t e m p e r a t u r e r e s p o n s e nnay be c o n s i d e r e d to be the s u m of s e v e r a l 

e f fec t s . 

One p o r t i o n of the t e m p e r a t u r e r e s p o n s e should be tha t a s s o c i a t e d wi th 

c h a n g e s in t e m p e r a t u r e of the f u e l - m o d e r a t o r m a t e r i a l . Due to the i n t i m a t e 

con t ac t of the fuel and n n o d e r a t o r , a pronnpt , n e g a t i v e coef f ic ien t is a s s o c i a t e d 
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•with t h e s e e l e m e n t s . The only t i m e - d e l a y f r o m c h a n g e s m p o w e r to a c t i o n of 

t h i s coeff ic ient a r e a s s o c i a t e d with the t h e r m a l c a p a c i t y of the e l e m e n t s t h e m 

s e l v e s . Th i s t h e r m a l c a p a c i t y h a s b e e n r e p o r t e d to v a r y f r o m 14 k w - s e c / F ° at 

2 0 0 ° F to 20 k w - s e c / F ° at 1 0 0 0 ° F . 

A n o t h e r p o r t i o n of the t e m p e r a t u r e r e s p o n s e of the r e a c t o r is r e f e r r e d to a s 

the g r i d p l a t e t e m p e r a t u r e coe f f i c i en t s . C h a n g e s m the t e n n p e r a t u r e of the p l a t e s 

m wh ich t h e ends of the fuel a r e c o n s t r a i n e d would c h a n g e the g e o m e t r y of the r e 

a c t o r , t h e r e b y v a r y i n g the r e a c t i v i t y . The r e a c t i v i t y r e s p o n s e t h r o u g h th i s coef

f ic ien t to c h a n g e s m r e a c t o r p o w e r would have a l onge r t i m e c o n s t a n t than tha t of 

the fuel coef f ic ien t due to: (1) the de lay t i m e a s s o c i a t e d wi th the p a s s a g e of hea t 

t h r o u g h the fuel e l e m e n t c l a d d i n g , t h e n the coo lan t , to the g r i d p l a t e s , and (2) 

due to the t h e r m a l c a p a c i t i e s of the p l a t e s t h e m s e l v e s . 

Add i t iona l ef fec ts on r e a c t i v i t y by t e m p e r a t u r e m a y be a s s o c i a t e d wi th t h o s e 

s l o w e r ac t ing c h a n g e s which a r e r e l a t e d to the hea t ing of the c o r e v e s s e l and 

sa fe ty e l e m e n t s , and which c h a n g e the r e f l e c t o r p r o p e r t i e s . 

By u s e of t h e s e d i s c u s s i o n s a s the def in i t ion of t h r e e t e m p e r a t u r e coeff i

c i e n t s (a , , the coef f ic ien t a s s o c i a t e d wi th the change m t e m p e r a t u r e of t h e fue l -

m o d e r a t o r e l e m e n t s ; a t h e coef f ic ien t a s s o c i a t e d wi th the change m c o r e 

g e o m e t r y due to g r i d p l a t e mo t ion ; and a , the coeff ic ient a s s o c i a t e d wi th change 

m r e f l e c t o r p r o p e r t i e s ) one m a y w r i t e the fol lowing equa t ion : 

, - d T , dT , dT , dT 
dp f , g l , g2 , r 
—ri - ^f ~^= ' + 2- 1 —=r~ + a -, — z ^ + a — ^ 
dT dT ^ dT ^ dT ^ dT 

W h e r e T is any r e f e r e n c e t e m p e r a t u r e u s u a l l y t a k e n to be the a v e r a g e c o r e t e m 
p e r a t u r e ; and T , , T , , T , , and T a r e the t e m p e r a t u r e s of the fuel e l e m e n t s , 
•f £' g l ' g 2 ' r ^ ' 
l o w e r g r i d p l a t e , u p p e r g r i d p l a t e , and r e f l e c t o r , r e s p e c t i v e l y . 

To i n v e s t i g a t e t h e s e t e n n p e r a t u r e r e s p o n s e s , a s e r i e s of t e s t s w a s conduc ted 

on t h e SER T h e s e a r e d e t a i l e d be low: 

1. I s o t h e r m a l T e m p e r a t u r e Coeff ic ient 

The m o s t s t r a i g h t f o r w a r d d e t e r m i n a t i o n of the t e m p e r a t u r e coef f ic ien t s 

a s s o c i a t e d wi th the SER is the m e a s u r e m e n t of t h e coef f ic ien t u n d e r i s o t h e r m a l 

c o n d i t i o n s . In t h i s c a s e , the s t a t e m e n t : 
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d T . dT , dT , dT d p f , g l , g2 , r 
~ ± = a , —:^ + a . —z±— + a -, — : ^ + a • 

dT dT ^ dT ^ dT ^ dT 

would r e d u c e to: 

d p 

—"- = a , -l-a , -ha -,-l-a 
dT f g l g2 r 

T h e c l o s e s t a p p r o a c h to i s o t h e r m a l cond i t ions p o s s i b l e on the SER is that cond i 

t ion unde r which no p o w e r is p r o d u c e d by t h e c o r e and any t e m p e r a t u r e c h a n g e s 

a r e p r o d u c e d by h e a t i n g the coo lan t e x t e r n a l to the r e a c t o r . M e a s u r e m e n t s , 

u n d e r t h e s e c o n d i t i o n s , w e r e a c c o m p l i s h e d in the t e m p e r a t u r e r a n g e 150 to 

9 2 5 ° F . The l i m i t a t i o n s on the c a p a c i t y of the e x t e r n a l h e a t e r p r e c l u d e d h i g h e r 

t e m p e r a t u r e d e t e r m i n a t i o n s . 

To m i n i m i z e the e r r o r s n o r m a l l y a s s o c i a t e d wi th d i f f e r en t i a l m e a s u r e 

m e n t s , e x t r e m e c a r e w a s u sed in t h i s t e s t . W h e n e v e r p o s s i b l e , c o n t r o l d r u m 

m o t i o n w a s l inni ted to one d r u m , to m i n i m i z e p o s i t i o n i n g u n c e r t a i n t y . The r e a c 

t o r w a s s t a b i l i z e d at a t e m p e r a t u r e , and s e v e r a l r e a c t o r p e r i o d s w e r e m e a s u r e d 

wi th the p o s i t i o n s of the c o n t r o l l i n g d r u m no ted for e a c h p e r i o d m e a s u r e d . The 

t e m p e r a t u r e of the r e a c t o r was t hen changed and s t a b i l i z e d at a new t e m p e r a t u r e . 

T h e c o n t r o l l i n g d r u m w a s t h e n r e t u r n e d to the p o s i t i o n s a t wh ich p e r i o d s w e r e 

de t e rnn ined a t the p r e v i o u s t e m p e r a t u r e , and p e r i o d s for t h e s e p o s i t i o n s d e t e r 

m i n e d . In t h i s m a n n e r , d i f f e r e n c e in r e a c t i v i t y could be i m p l i e d f r o m the d i r e c t 

c o m p a r i s o n of two p e r i o d s n n e a s u r e d wi th a l l r e a c t o r p a r a m e t e r s t h e s a m e , ex

cep t for the r e a c t o r t e m p e r a t u r e . T h u s , the t e m p e r a t u r e coeff ic ient , A p / A T , 

w a s d e t e r m i n e d for t e m p e r a t u r e s t e p s of a p p r o x i m a t e l y 4 0 ° F , and no r e l i a n c e 

had to be p l a c e d on p r e v i o u s l y m e a s u r e d c o n t r o l drunn c a l i b r a t i o n s . The r e s u l t s 

of t h i s s e r i e s of m e a s u r e m e n t s a r e p r e s e n t e d in F i g u r e 2 1 . 

F r o m t h i s m e a s u r e m e n t , t he o v e r a l l t e m p e r a t u r e coeff ic ient s e e m s to be 

s m o o t h l y v a r y i n g , a l m o s t a l i n e a r funct ion of t e m p e r a t u r e , and a v a l u e of a p p r o x 

i m a t e l y -0 .35 j^ /F° m a y be e x t r a p o l a t e d for a c o r e a v e r a g e t e m p e r a t u r e of 1 1 0 0 ° F . 

2. P o w e r Coef f i c ien t s 

One nnethod which m a y be u s e d to a t t e m p t to s e p a r a t e the m e a s u r e d o v e r 

a l l t e m p e r a t u r e coef f ic ien t into i t s v a r i o u s c o m p o n e n t s is to m e a s u r e the v a r i a t i o n 
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1000 

in r e a c t i v i t y wi th r e a c t o r p o w e r u n d e r c a r e f u l l y c o n t r o l l e d c o n d i t i o n s . The 

m e a s u r e d "power coe f f i c i en t " m a y be e x p r e s s e d : 

1£ 
dp 

dp^^i 

aT^ ^^ 
d^ d T 

1 
;i dT ., 
op £ i 

g l 
aT , ^p 

g2 

;i dT op r 

dT ^P 

It c an be s e e n t h a t , if t he p o w e r coef f ic ien t is m e a s u r e d in s u c h a way tha t the 

g r o s s c o r e t e m p e r a t u r e s a r e unaf fec ted , the t e rnns 

dT ^ dT 2 d T ^ ^ dT^ 
—r—S- —-M— and —^— would go to z e r o a n d 3 ^ = ^ ~— c o n s t a n t 

dp ' dp ' dp * dp ^_, dp 
^f 

T T 
in ' out 

A s e r i e s of p o w e r coef f ic ien t s t u d i e s w e r e m a d e u n d e r cond i t i ons of con

s t an t coo lan t ou t le t and in le t t e m p e r a t u r e . T h i s w a s a c c o m p l i s h e d by v a r y i n g 

the flow. One of the u n d e r l y i n g a s s u m p t i o n s of th i s s tudy is tha t the flow d i s t r i b u 

t ion , and thus the t e m p e r a t u r e p r o f i l e , a r e unaf fec ted by s u c h flow c h a n g e s . 

The r e s u l t s of t h e s e s t u d i e s for v a r y i n g c o r e a v e r a g e t e m p e r a t u r e s a r e 

g iven in F i g u r e s 22 and 23 . S tud ies have shown tha t the quan t i ty d T , / d p is 
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F i g u r e 22. SER P o w e r Coeff ic ient 

dependen t upon t e m p e r a t u r e due to two 

e f fec t s . As the t e m p e r a t u r e i n c r e a s e s , 

t h e s i z e of the a n n u l a r r e g i o n b e t w e e n 

the f u e l - m o d e r a t o r m a t e r i a l i n c r e a s e s , 

effect ing an i n c r e a s e in d T , / d p . Above 

t e m p e r a t u r e of 6 0 0 ° F , the evo lu t ion of h y d r o g e n f r o m the f u e l - m o d e r a t o r in the 

annu lu s c a u s i n g dTj./dp to d e c r e a s e . The net r e s u l t of t h e s e two effects is to 

c a u s e a d e c r e a s e in the d T - / d p t e r m at t e m p e r a t u r e s above 6 0 0 ° F . 

T h u s , the d e c r e a s e in the c o n s t a n t - i n l e t , c o n s t a n t - o u t l e t p o w e r coeff ic ient 

c a n be exp la ined by a v a r i a t i o n in the h e a t t r a n s f e r coef f ic ien t of the fuel e l e m e n t 

wi th t e m p e r a t u r e . Since the a b s o l u t e c a l c u l a t i o n of the hea t t r a n s f e r coeff ic ient 

d e p e n d s on a d e t a i l e d knowledge of the a s - b u i l t c l ad c l e a r a n c e s and r e s i d u a l gas 

con ten t of the a n n u l u s , it is i m p o s s i b l e to a s s i g n a m e a n i n g f u l v a l u e to t h i s 

p a r a m e t e r . The only c o n c l u s i o n tha t c a n be d r a w n fronn the p o w e r coeff ic ient 

a t c o n s t a n t c o r e in le t and c o r e ou t le t t e m p e r a t u r e s is t ha t the r e s u l t s do not con

t r a d i c t v a l u e s for the fuel e l e m e n t coeff ic ient d e t e r m i n e d by o t h e r m e t h o d s . 
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3. R a m p R e a c t i v i t y I n s e r t i o n s 

A set of s t u d i e s w a s p e r f o r m e d to a t t e m p t to s e p a r a t e the v a r i o u s c o m 

p o n e n t s of the o v e r a l l t e m p e r a t u r e coeff ic ient of the SER. T h e s e s t u d i e s con

s i s t e d of p l a c i n g the r e a c t o r on a p o s i t i v e p e r i o d by the i n s e r t i o n of known 

a m o u n t s of r e a c t i v i t y by d r u m r o t a t i o n at low p o w e r l e v e l s . The r e a c t o r p o w e r 

w a s a l lowed to i n c r e a s e unt i l the r e a c t i v i t y i n s e r t i o n w a s c o m p e n s a t e d for by 

the i n c r e a s i n g t e m p e r a t u r e . T h e s e s t u d i e s w e r e conduc ted with a v a r i e t y of 

in i t i a l a v e r a g e c o r e t e m p e r a t u r e s and flow c o n d i t i o n s , inc luding cond i t ions of 

no flow. T y p i c a l c u r v e s r e s u l t i n g f r o m t h e s e r a m p i n s e r t i o n s a r e shown m 

F i g u r e s Z4 and 25 . 

100 200 300 400 500 600 

TIME (sec) 

700 800 900 1000 

F i g u r e 24. R a m p I n s e r t i o n E x p e r i m e n t , kw v_s T i m e 
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Reactivity inser t ions were performed with no coolant flow, and with the 

coolant loop valve closed to l imit convection of the coolant. It was hoped, in 

this manner , to l imit the t ransfer of heat from the fuel to the other reac tor com

ponents . The analysis of the t rans ien ts was per formed under the assumption 

that the only t empera tu re coefficient acting during these t rans ien ts was that a s 

sociated with the fue l -modera tor e lements . These no-flow t rans ien ts were anal

yzed by assuming that the r eac to r p a r a m e t e r s could be rep resen ted by the fol

lowing equations: 

B Y>-[p^-yQ- l)P+Yri^i 

H. = X. (P - H.) 
1 1 1 

H. = 
a. B 

1 

F = hB 
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w h e r e 

i = p r o m p t l i f e t i m e 

B = d e l a y e d f r a c t i o n 

P = po"wer in kw 

p - i n i t i a l r e a c t i v i t y input ($) 

y = t e m p e r a t u r e coef f ic ien t 

O - t e m p e r a t u r e r i s e d u r i n g t r a n s i e n t 

a . = f r a c t i o n of d e l a y e d n e u t r o n s in i*-" g roup 

X. = d e c a y c o n s t a n t for i g roup 

C = d e l a y e d p r e c u r s o r p o p u l a t i o n (kw un i t s ) 

s - h ea t c a p a c i t y of c o r e 

A s s u m i n g tha t , for the s low t r a n s i e n t s a n a l y z e d , the d e l a y e d p r e c u r s o r popula

t i on p e a k s wi th the p o w e r ; t hen , y 6 '= p and 

- p ^ s ( B / i ) 
/ = 

B \ \ ^^i 
2 P 1 + ^ ; / V 

max \ i l__, X. 1 

w h e r e 

a n d 

4*700, 

Values of s r a n g e f r o m 14 k w - s e c / F " at ZOO^F to 20 k w - s e c / F ° a t lOOO'F; 

v a l u e s of a , w e r e o b t a i n e d for e a c h no- f low t r a n s i e n t p e r f o r m e d . The r e s u l t s 

i n d i c a t e d a p r o m p t t e m p e r a t u r e coef f ic ien t of ca . - 0 . 0 4 j t / F ° ove r the t e m p e r a 

t u r e r a n g e 200 to l O O C F . 

A n o t h e r s e r i e s of r a m p i n s e r t i o n s of r e a c t i v i t y w e r e a c c o m p l i s h e d u n d e r 

v a r y i n g flow c o n d i t i o n s . The p u r p o s e of t h e s e e x p e r i m e n t s w a s to couple the 

effect of the g r i d p l a t e s into the r e a c t i v i t y c o m p e n s a t i o n . T h e s e t r a n s i e n t s w e r e 

s tud i ed by s i m u l a t i o n of the r e a c t i v i t y input on an ana log c o m p u t e r . The feed

back t e r m s of the a n a l o g w e r e v a r i e d unt i l the a n a l o g o u s p o w e r and t e m p e r a t u r e 

t r a c e s b e s t m a t c h e d t h o s e r e c o r d e d f r o m the r e a c t o r . A no- f low t r a n s i e n t was 

a l s o a n a l y z e d in t h i s m a n n e r . 
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R e s u l t s ob t a ined f r o m ana log s t u d i e s for no- f low cond i t ions ind ica t ed a 

t e m p e r a t u r e coef f ic ien t of -0 ,065(^ /F° which is a t t r i b u t a b l e to the f u e l - m o d e r a t o r 

e l e m e n t s . The coef f ic ien t i m p l i e d f r o m the s t u d i e s m a d e with flow i n d i c a t e s a 

v a l u e of - 0 , 1 5 ^ / F ° for bo th the g r i d p l a t e and the f u e l - m o d e r a t o r e l e m e n t s . 

The v a l u e s of the v a r i o u s coe f f i c i en t s c o n t r i b u t i n g to the o v e r a l l t e m p e r a 

t u r e coeff ic ient a r e : 

I s o t h e r m a l t e m p e r a t u r e coeff ic ient 

F u e l - m o d e r a t o r t e m p e r a t u r e coef f ic ien t 

G r i d p l a t e t e m p e r a t u r e coef f ic ien t 
(per p l a t e ) 

Not a c c o u n t e d for by m e a s u r e m e n t s 
( thought to be a s s o c i a t e d wi th 
e x t e r n a l r e f l e c t o r ) 

Value 
U/F") 

- 0 . 3 5 

^ - -0 .05 

— 0.10 

- 0 . 1 

T i m e 
Cons t an t 

(sec) 

10 - 20 

1 - 5 

^ 1 6 0 0 

M. COMPARISON O F C A L C U L A T E D AND MEASURED SER P A R A M E T E R S 

( C a l c u l a t e d v a l u e s t a k e n f r o m SER H a z a r d s R e p o r t ) 

E x c e s s r e a c t i v i t y 

F u e l e l e m e n t w o r t h in o u t e r r i n g 

P r o m p t t e m p e r a t u r e coeff ic ient 

O v e r a l l t e m p e r a t u r e coeff ic ient 

M a x i m u m fuel t e m p e r a t u r e 
(50 kw) 

C o n t r o l d r u m w o r t h 
(one d r u m 0 - 180°) 

C a l c u l a t e d 

$7.77 

$1.31 

- 0 . 2 f 6 / F ° 

-0.28<^/F° 

1 2 5 0 ° F 

$2.50 

M e a s u r e d 

$9.78 

$1.40 

' - - 0 . 0 5 < ^ / F ' 

- 0 . 3 5 ^ / F ° 

1 2 7 0 ° F 

$3.65 
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VI. PROPOSED TESTS 

In o r d e r to v e r i f y the s t ab i l i t y and e n d u r a n c e c a p a b i l i t i e s of the SER, the 

r e a c t o r wi l l be o p e r a t e d at d e s i g n p o w e r and t e m p e r a t u r e to c o m p l e t e a t o t a l 

a c c u m u l a t e d p e r i o d of s ix m o n t h s . In o r d e r to m e e t t h i s r e q u i r e m e n t the SER 

wil l u n d e r g o an a d d i t i o n a l f u l l - p o w e r o p e r a t i n g p e r i o d of s ix w e e k s . Dur ing th i s 

f inal p e r i o d of o p e r a t i o n a d d i t i o n a l t e s t s wi l l be u n d e r t a k e n . T h e s e t e s t s wi l l 

i nc lude the fol lowing: 

A. STATIC P O W E R C O E F F I C I E N T S 

F u r t h e r s t a t i c p o w e r coeff ic ient m e a s u r e m e n t s at d e s i g n t e m p e r a t u r e wil l 

y i e ld a n o t h e r i ndependen t d e t e r m i n a t i o n of the fuel t e m p e r a t u r e coef f ic ien t , a., 

and the uppe r g r i d p l a t e coef f i c ien t , a . T h e s e m e a s u r e m e n t s wi l l be m a d e 

s o m e w h a t d i f f e r en t ly t han the p r e v i o u s o n e s . The fol lowing p r o c e d u r e wil l be 

u s e d : 

1) The r e a c t o r wi l l be b r o u g h t to d e s i g n t e m p e r a t u r e , f low, and p o w e r ; 

2) A s m a l l c h a n g e in r e a c t i v i t y wi l l be m a d e , and the r e s u l t i n g s t e a d y -

s t a t e c h a n g e in p o w e r wi l l be r e c o r d e d ; 

3) The in le t coo lan t t e m p e r a t u r e wil l be he ld cons t an t ; and 

4) T h e s e c o n d i t i o n s wi l l be r e p e a t e d a t s e v e r a l d i f f e ren t flow r a t e s . 

The s t e a d y - s t a t e r e a c t i v i t y i n s e r t e d in such an e x p e r i m e n t is g iven a s : 

A p = a A T + a .AT. + a. A T . ; . . . ( 1 ) 
'^ g o f f ISO m ^o 

w h e r e 

- a = u p p e r g r i d p l a t e coef f ic ien t , 
^o 

- a , = fuel t e m p e r a t u r e coef f ic ien t , 

- a . - i s o t h e r m a l t e m p e r a t u r e coef f i c ien t , 
I S O ' 

A T - c h a n g e in ou t l e t t e m p e r a t u r e , 

A T , = change in a v e r a g e fuel t e m p e r a t u r e . 

A T . = c h a n g e in in le t t e m p e r a t u r e , and m " ' 

A yo = c h a n g e in r e a c t i v i t y . 
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If the inlet is he ld c o n s t a n t (AT. = 0), the t e m p e r a t u r e c h a n g e s a r e g iven 

a s fo l lows: 

^ T o = W~C- ^^^^ '^Tf = UA + 2W C •••^-' 
c c c c 

w h e r e 

W = coo lan t m a s s flow r a t e , c ' 

C = coo lan t hea t c a p a c i t y , 

UA = hea t t r a n s f e r coeff ic ient of fuel ( a v e r a g e fuel to a v e r a g e coolan t ) 

a n d 

A P = c h a n g e in p o w e r . 

Combin ing E q u a t i o n s 1 and 2 y i e l d s : 

^ - . „ , a ^ ' - U a , ^ , . ^ ^ . ^ ^ 

i n , W ' c 

w h e r e H is def ined a s the p r o m p t p o w e r coef f ic ien t at c o n s t a n t in le t 
T in,W ' c 

t e m p e r a t u r e and c o n s t a n t flow. If s e v e r a l flow v a l u e s a r e u s e d , t he m e a s u r e d 

p r o m p t power coef f ic ien t H can be p lo t t ed a g a i n s t 1/W C a s shown in 

in.W ' c 
^f F i g u r e 26. It is s e e n tha t the i n t e r c e p t of the c u r v e is jrr— and the s lope is 

^f 
a + - J - , T h u s , both the v a l u e of a^ and a m a y be d e t e r m i n e d p r o v i d i n g the 

^o ^o 
v a l u e of UA is known. 

B . GRID P L A T E C O E F F I C I E N T 

If t he coo lan t flow r a t e is o s c i l l a t e d , a " c l e a n e r " s e p a r a t i o n of the fuel and 

g r i d p l a t e t e m p e r a t u r e coef f ic ien t s c a n be ob t a ined by tak ing a d v a n t a g e of t h e i r 

t i m e r e s p o n s e to a change in flow r a t e . T h e i r r e s p o n s e to a r e a c t i v i t y change 

i s e s s e n t i a l l y the s a m e b e c a u s e of the l a r g e fuel t inne c o n s t a n t , low coo lan t t i m e 

c o n s t a n t , and low g r i d p l a t e t i m e c o n s t a n t . T h e i r r e s p o n s e to flow changes is 

c o n s i d e r a b l y d i f f e ren t , h o w e v e r . An i n s t a n t a n e o u s i n c r e a s e in flow c a u s e s a 
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^TnWp 

INTERCEPT 

UA 

kO<5c 
* 0 S 

IZ^ 
-,SU OPt 

WrCp 

F i g u r e 26. R e d u c t i o n of S ta t ic P o w e r 
Coeff ic ient M e a s u r e m e n t s 

v e r y f a s t change in ou t le t t e m p e r a t u r e ; 

h o w e v e r , the fuel r e s p o n d s m o r e s lowly 

b e c a u s e of i ts l a r g e r t i m e c o n s t a n t . 

T h i s d i f f e r e n c e in t i m e b e h a v i o r thus a l 

lows a m o r e d i r e c t m e a s u r e of the g r i d 

p l a t e effects wi thout hav ing to m a k e a 

l a r g e c o r r e c t i o n for the fuel t e m p e r a 

t u r e f eedback e f fec t s . 

To a c c o m p l i s h the i n s t a n t a n e o u s 

c h a n g e in f low, a s m a l l s i n e wave o s c i l l a t i o n is d e s i r a b l e ; h o w e v e r , a s awtoo th 

o r t r a p e z o i d a l wave is a c c e p t a b l e . A sawtoo th wave can be ob ta ined by v a r y i n g 

the flow p lus o r m i n u s 10% with a p e r i o d of a p p r o x i m a t e l y 6 s ec whi le r e c o r d i n g 

the r e s u l t i n g p e r t u r b a t i o n of the in le t t e m p e r a t u r e , the ou t le t t e m p e r a t u r e , the 

fuel t e m p e r a t u r e , t h e p o w e r l e v e l , and the flux l e v e l . The da ta a r e r e d u c e d 

e i t h e r on an ana log c o m p u t e r o r by u s ing an a n a l y t i c a l m o d e l . If an a n a l o g c o m 

p u t e r i s u sed , t he v a l u e of a is a d j u s t e d unt i l t h e e x p e r i m e n t a l p o w e r o s c i l l a -
o 

t ion is m a t c h e d . If the hand m e t h o d is u s e d , the f u n d a m e n t a l F o u r i e r c o m p o 
n e n t s of the flow and p o w e r o s c i l l a t i o n m u s t be d e t e r m i n e d . 

The t e s t wi l l be p e r f o r m e d at n e a r d e s i g n t e m p e r a t u r e a n d p o w e r c o n d i t i o n s . 

C. R E A C T I V I T Y OSCILLATIONS 

Al though r e a c t i v i t y o s c i l l a t i o n t e c h n i q u e s have b e e n u s e d e x t e n s i v e l y to m e a s 

u r e r e a c t o r p a r a m e t e r s , the u s e of th i s m e t h o d to d e t e r m i n e the m a g n i t u d e of 

the fuel and g r i d p l a t e coef f i c ien t s does not s e e m frui t ful b e c a u s e the fuel and 

g r i d p l a t e a p p e a r to r e s p o n d a l m o s t s i m u l t a n e o u s l y to a c h a n g e in p o w e r l e v e l . 

The fuel h a s a l a r g e h e a t c a p a c i t y and c h a n g e s t e m p e r a t u r e s lowly whi le the g r i d 

p l a t e h e a t s r a p i d l y due to the r a p i d hea t t r a n s p o r t to it at high f low r a t e s . At 

high o s c i l l a t i o n f r e q u e n c i e s , the fuel wi l l not r e s p o n d to p o w e r c h a n g e s ; h e n c e , 

n e i t h e r wi l l t he ou t le t coo lan t t e m p e r a t u r e . The. s t a t i c p o w e r coef f ic ien t m e a s 

u r e m e n t s and the coo lan t o s c i l l a t i o n t e s t s d i s c u s s e d above a p p e a r to s e p a r a t e the 

two coef f i c i en t s a d e q u a t e l y . 

The m a j o r v a l u e of a p i l e o s c i l l a t i o n p r o g r a m is that it p e r m i t s d e t e r m i n a 

t ion of the v a l u e of the fuel t i m e c o n s t a n t ; f r o m which , the v a l u e of UA for the 

fuel can be d e t e r m i n e d . A s e c o n d a r y u s e of such a p r o g r a m m a y be to d e t e r m i n e 

the effects of p h o t o n e u t r o n s on the low p o w e r t r a n s f e r funct ion . 
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The t h e o r y of the m e t h o d by which the m e a s u r e m e n t of the fuel t i m e cons t an t 

IS d e t e r m i n e d can be i l l u s t r a t e d by a s i m p l e a n a l y t i c a l m o d e l of the r e a c t o r hea t 

t r a n s f e r p r o c e s s : 

F u e l h e a t b a l a n c e 

dT (t) 
M^C^ - ^ ^ - P( t ) - UA Tf(t) - T^(t) 

Coolant hea t b a l a n c e 

dT„( t ) 
M C 

c c dt 
= UA T^(t) - T^(t) W C 

c c 
T (t) - T (t) o m 

T (t) + T (t) 
T^(t) = 2 ' ^"-^ J 

R e a c t i v i t y e x p r e s s i o n 

p ( t ) = - a . T . ( t ) - a T (t) + o r \ ' f f̂  ' g o^ '̂ c 

w h e r e 

Mr = fuel m a s s , 

Cj. - fuel h e a t c a p a c i t y , 

M = coo lan t m a s s , 
c ' 

C = coo lan t hea t c a p a c i t y , 

T^(t) = fuel a v e r a g e t e m p e r a t u r e , 

T (t) = coo lan t a v e r a g e t e m p e r a t u r e , 

T (t) = ou t le t coo lan t t e m p e r a t u r e , 

T (t) = in le t coolant t e m p e r a t u r e , and 
m ' 

t = t i m e . 

The t e s t p r o c e d u r e for t h i s e x p e r i m e n t would be a s fo l lows: 

1) O s c i l l a t e a s m a l l a m o u n t of r e a c t i v i t y . A s inuso ida l o s c i l l a t i o n is 

m o s t d e s i r a b l e f r o m a d a t a - r e d u c t i o n s t andpo in t , but a t r a p e z o i d a l or 

s awtoo th o s c i l l a t i o n m a y be u s e d . 
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2) The o s c i l l a t i o n m u s t be done a t t he t e m p e r a t u r e l eve l at which it is 

d e s i r e d to m a k e the m e a s u r e m e n t . 

3) The e x p e r i m e n t wi l l be r e p e a t e d at the s a m e coo lan t t e m p e r a t u r e con

d i t ions but w^ith r e d u c e d flow r a t e s . S e v e r a l f r e q u e n c i e s of o s c i l l a t i o n 

a r e a l s o d e s i r a b l e . 

The r e d u c t i o n of da t a c a n be done in s e v e r a l ways : 

If an ana log c o m p u t e r i s u s e d , t he v a l u e of H m u s t be i n s e r t e d into the 

p rob lenn and the v a l u e of the ef fect ive t i m e c o n s t a n t , T _ , m a y then be v a r i e d on 

t h e c o m p u t e r s u c h a s to r e p r o d u c e the e x p e r i m e n t a l p o w e r and r e a c t i v i t y t r a c e s . 

Da t a can a l s o be r e d u c e d by hand by ob ta in ing the f u n d a m e n t a l F o u r i e r c o m p o 

n e n t s of the r e a c t i v i t y and flux o s c i l l a t i o n . If a sawtoo th o r t r a p e z o i d a l r e a c t i v i t y 

o s c i l l a t i o n is u s e d , t he f eedback t r a n s f e r funct ion c a n be ob t a ined f r o m t h i s a s 

fo l lows: 

VLO^ + I 1 1 

w^here 

(U = a n g u l a r f r e q u e n c y = 27rf, 

_ /-f.x F u n d a m e n t a l c o m p o n e n t of (Ap) 
c l F u n d a m e n t a l c o m p o n e n t of (A^) ' 

and 

G T 3 , ( J W ) = z e r o p o w e r t r a n s f e r func t ion . 
R1 

The v a l u e of G„,( jcu) nnay be e i t h e r c a l c u l a t e d o r m e a s u r e d . S e v e r a l f r e -
R i 

quency p o i n t s would a l low a m o r e p r e c i s e d e t e r m i n a t i o n of T and would t end 
R 

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

If a t r a p e z o i d a l r e a c t i v i t y o s c i l l a t i o n is u s e d for m e a s u r i n g the r e a c t o r t i m e 

c o n s t a n t , the a m p l i t u d e of the r e a c t i v i t y i n s e r t e d or w i t h d r a w n should be a p p r o x 

i m a t e l y 5^ and the p e r i o d should be about 2 nn inu tes . 

D. R E F L E C T O R C O E F F I C I E N T T E S T 

A l a r g e c h a n g e in the coo lan t m e a n t e m p e r a t u r e m a y p r o d u c e a m e a s u r a b l e 

c h a n g e in r e a c t i v i t y due to the b e r y l l i u m r e f l e c t o r . T h i s t e s t w^ill be conduc ted 
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A p B , = A T , „ a Be "Be 

at essential ly zero power (100 watts) . This test will be per formed by producing 

a step dec rea se in the coolant mean t empera tu re and by allowing the resul t ing 

change in react ivi ty to come to equil ibrium. The react ivi ty following this change 

in coolant t empera tu re should respond somewhat as shown in Figure 27. 

The initial r i s e in react ivi ty is due 

to the changes in grid plate and fuel 

t e m p e r a t u r e s . Any delayed effect can 

be deduced from the change in reac t iv 

ity neces sa ry to hold the reac to r c r i t i 

cal. Therefore , both the magnitude 

and t ime constant of any delayed effect 

can be determined. 

A reasonably la rge change in mean 

coolant tennperature ('^200*F) is neces 

sary to produce a react ivi ty change 

l a rge r than that due to any sys tem 

dr i f ts . Pe r fo rmance of this tes t at 

"I mm ~l hr 

Figure 27. Es t imated Response to 
Coolant Tempera tu re Change 

essent ial ly zero power will el iminate the need for xenon and other power coeffi

cient cor rec t ions . 

E. HYDROGEN LOSSES 

During the final power run, the react ivi ty loss r a t e will be observed from 

day to day. By subtract ing the known long- te rm react ivi ty l o s s e s , the loss at

t r ibuted to hydrogen diffusion can be obtained. This figure will provide c r i t e r i a 

for improving the effectiveness of v i t reous enamel coatings for fuel -moderator 

a s sembl ie s of second generat ion SNAP-II a s s e m b l i e s . 

F , CONTROL DRUM CALIBRATION 

A final control drum cal ibrat ion will be made at the completion of the six-

week power run. This will not only furnish a check on the accuracy of the p r e 

vious drum ca l ibra t ions , but will also deternaine if t he re is any sys temat ic 

change in drum worth that can be at t r ibuted to power operat ion. 

This will complete the testing p r o g r a m for the SER. Sufficient data was 

obtained to pe rmi t the design of a second reac tor of this general type, with im

proved c h a r a c t e r i s t i c s . 
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VII. CONCLUSIONS 

The d e s i g n of the SER w a s u n d e r t a k e n to fill a r e a l need for a s m a l l , c o m 

p a c t pow^er s o u r c e for u s e in s p a c e v e h i c l e s . P r e s e n t p o w e r s o u r c e s s e v e r e l y 

l i m i t the r a n g e and s i z e of p r e s e n t s p a c e c a p s u l e s . The s u c c e s s f u l o p e r a t i o n 

of the S N A P - I I E x p e r i m e n t a l R e a c t o r u n d e r d e s i g n cond i t i ons for the equ iva l en t 

of a s i x - m o n t h o p e r a t i n g p e r i o d g i v e s a s s u r a n c e tha t the d e v e l o p m e n t of s m a l l , 

c o m p a c t n u c l e a r r e a c t o r s for u s e in s p a c e v e h i c l e s is not only f e a s i b l e but p r a c 

t i c a l . 

The s y s t e m h a s p r o v e n to be i n h e r e n t l y s t ab l e and to have a nega t ive p o w e r 

coef f ic ien t at a l l p o w e r l e v e l s , which m i n i m i z e s the p o s s i b i l i t y of p o w e r e x c u r 

s i o n s . It a l s o f a c i l i t a t e s r e a c t o r c o n t r o l u n d e r o r b i t a l cond i t i ons and e n s u r e s 

s t ab l e r e a c t o r o p e r a t i o n o v e r an ex t ended p e r i o d . 

The only r e a l m a i n t e n a n c e p r o b l e m e n c o u n t e r e d d u r i n g the o p e r a t i o n of the 

SER s y s t e m w a s the NaK loop e l e c t r i c a l h e a t e r which fa i led on two d i f fe ren t 

o c c a s i o n s and c a u s e d an i n t e r r u p t i o n in r e a c t o r o p e r a t i o n whi le the h e a t e r bundle 

was be ing r e p l a c e d . D u r i n g the 1000 -h r o p e r a t i o n at d e s i g n p o w e r and t e m p e r a 

t u r e , a l l p r o c e s s and n u c l e a r i n s t r u m e n t a t i o n a s wel l a s the r e a c t o r and hea t 

t r a n s f e r s y s t e m s funct ioned s a t i s f a c t o r i l y . T h i s is f u r t h e r p roof of the e n d u r 

a n c e c a p a b i l i t y of the S N A P - I I s y s t e m . 

The p r i m a r y funct ion of the SER w a s to s a t i s f a c t o r i l y d e m o n s t r a t e the d e 

s ign concep t and to d e t e r m i n e the r e a c t o r p a r a m e t e r s needed in the d e s i g n of 

s e c o n d - g e n e r a t i o n r e a c t o r s . Sufficient d a t a have been a c c u m u l a t e d f r o m the 

o p e r a t i o n of the SER to e n a b l e the s econd p h a s e of the S N A P - I I p r o g r a m to p r o 

c e e d with c o n f i d e n c e . 
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