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ABSTRACT 

This addendum, together with the original r epor t , is the final 

r epor t on the nuclear qualification tes t of the SNAP lOA Flight 

System No. 3 (SIO FS-3) . This tes t was te rminated after a suc­

cessful , uninterrupted demonst ra t ion at design conditions of 

10,000 h r . This was the longest known uninterrupted nuclear 

r eac to r operat ion. This tes t was conducted for the Atomic Energy 

Commission by Atomics International at the Santa Susana Nuclear 

Field. Labora to ry . 

This r epor t detai ls the operat ional his tory of the t es t , and gives 

an analys is of the behavior of the sys tem components . A more 

detailed analysis of the react iv i ty behavior of the reac tor is given 

in NAA-SR-11397, "SNAP lOA Reactor P e r f o r m a n c e . " 
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I. INTRODUCTION 

The t e s t s desc r ibed he re in r e p r e s e n t a continuation of the automatic s tar tup 

and the 90-day full-power operation t e s t s of the SNAP lOA FS-3 system as de ­

scr ibed in Sections VI-A and VI-B of NAA-SR-11206, "Pre l iminary Test R e ­

sults SNAP lOA F S - 3 . " 

The SNAP lOA design objective of 1 year of continuous full-power operation 

was achieved at 15:02 hr on January 22, 1966, and operation was continued with 

no intentional change in conditions until Feb rua ry 16, 1966. On February 16, 1966, 

after 390 days of operat ion, the fine control d rums were inser ted to inc rease the 

reac tor average coolant t e m p e r a t u r e to near the init ial t empera tu re measured 

at control ler deactivation on January 25, 1965. Following the t empera tu re in­

c r e a s e active control was maintained for 72 h r . Pass ive control was then r e ­

sumed and operat ion continued at the inc reased t empera tu re until the system was 

shut down on March 15, 1966, after 10,000 hr of operat ion at design conditions. 

The performance of the tes t sys tem and tes t support sys tems throughout the tes t 

was excellent . The fact that the tes t was conducted for 10,000 hr with no in t e r ­

ruption a t tes t s to the re l iabi l i ty of al l s y s t e m s . The provision of redundancy for 

c r i t ica l components in the tes t facility and tes t support sys tems made it possible 

to perform maintenance on any malfunctioning equipment without interrupt ing the 

t e s t . 

The following summary p resen t s the p a r a m e t e r s of in te res t for the lOFS-3 

operation: 

1) Total c r i t i ca l t ime (hr) - 10,075 

2) Total t ime above 900°F (hr) - 10,005.5 

3) Longest known continuous uninterrupted reac to r tes t (hr) — 10,028 

4) Total conver ter e lec t r ica l energy r e l ea se (kwh) —4038.3 

5) Total t h e r m a l energy re l eased (kwh) — 382,944. 

System per formance at 90 days of operat ion, at the end of 1 year of operation, 

at stabil ization following the t e m p e r a t u r e inc rease , and just pr ior to shutdown 

a re summar ized in Table 1. Table 1 a lso includes, for comparison, the values 

of the corresponding sys tem p a r a m e t e r s observed at control ler deactivation on 

January 25, 1965. 

NAA-SR-11206 



TABLE 1 

SUMMARY OF SNAP lOA FS-3 PERFORMANCE 

= 

P a r a m e t e r s 

T e m p e r a t u r e s ( °F) 

Reac to r outlet 

Reac to r inlet 

Reac to r a v e r a g e 

Conver te r in le t 

Conver te r outlet 

Conver te r a v e r a g e 

Radia tor inlet 

Rad ia to r outlet 

Mean s t r u c t u r e 

Expans ion compensa to r 

Chamber wal l 

Reac to r T h e r m a l 

Power (kw) 

Flow (gpm) 

Flow deg rada t i on (%) 

E l e c t r i c a l 

Power output (watts) 

Open-c i r cu i t vol tage 
(volts) 

C l o s e d - c i r c u i t vol tage 
(volts) 

Cur ren t (amp) 

In te rna l r e s i s t a n c e (ohms) 

Isola t ion r e s i s t a n c e 
(ohms) 

Eff iciencies (%) 

Sys tem 

Conver te r o v e r a l l 

Conver te r - C a r n o t 

C o n v e r t e r - d e v i c e 

Con t ro l l e r 
Deac t iva t ion 

1 /25/65 

1032 

909 

971 

1025 

910 

968 

727 

614 

773 

746 

123 

41 

14.3 

1.4 

512 

57.55 

30.63 

16.72 

1.61 

3 6 0 

1.26 

1.37 

20.8 

6.56 

End of 
90-Day 

Tes t 
4 / 2 2 / 6 5 

987 

8 6 0 

924 

979 

8 6 1 

9 2 0 

708 

579 

750 

718 

124 

37 

12.6 

11.4 

4 1 4 

54.82 

28.93 

14.32 

1.81 

242 

1.11 

1.20 

20.1 

5.98 

End of 
1-Year 

Tes t 
1/22/66 

9 7 1 

843 

907 

963 

846 

9 0 4 

7 0 1 

571 

739 

708 

124 

36 

12.1 

14.3 

377 

54.01 

27.77 

13.56 

1.94 

279 

1.05 

1.13 

19.7 

5.76 

Stable After 
T e m p e r a t u r e 
P e r t u r b a t i o n 

2 / 1 9 / 6 6 

1054 

909 

982 

1046 

9 1 0 

978 

748 

606 

797 

765 

136 

42 

12.6 

15.0 

4 8 2 

62.25 

31.50 

15.29 

2.01 

241 

1.16 

1.26 

21.1 

5.97 

J u s t P r i o r 
to Shutdown 

3 / 1 5 / 6 6 

1055 

908 

982 

1046 

9 1 0 

978 

7 4 4 

6 0 5 

798 

766 

134 

42 

12.4 

15.3 

477 

62.43 

33.12 

14.41 

2.03 

236 

1.13 

1.23 

21.1 

5.84 

NAA-SR-11206 
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II. ONE-YEAR ENDURANCE TEST 

Following completion of the 90-day tes t , the sys tem continued to function well 

throughout the balance of the 1-year t e s t . The downward trend in reac tor a v e r ­

age coolant t empe ra tu r e observed during the 90-day tes t continued, at a d e c r e a s ­

ing r a t e , well into the 1-year t e s t . F igure 1 shows both the measured and p r e ­

dicted reac to r average t e m p e r a t u r e during the passive control period. The 

average t e m p e r a t u r e dec reased from the initial 971 °F to a minimum of 906 °F 

on October 10, 1965, after 261 days of operat ion. Subsequently, the average 

t empera tu re inc reased slightly to 907 °F and remained near this value until the 

t empera tu re was intentionally inc reased on Februa ry 16, 1966. 

Specific r ea sons for the observed depar tu re from the predicted t empera tu re 

var ia t ion a r e outlined in NAA-SR-11397, "SNAP lOA FS-3 Reactor Pe r fo rmance . ' 

The t e m p e r a t u r e per turba t ion tes t (descr ibed in Section III of this repor t ) was 

undertaken p r ima r i l y as an effort to provide more insight into the react ivi ty ef­

fects causing the t e m p e r a t u r e drift . 

F igu res 2 and 3 show the reac tor inlet and outlet coolant t empera tu re s ; the 

same drift as in reac tor average t empera tu re i s apparent . Reactor the rmal 

power as calculated from sys tem heat balance is shown in Figure 4. System 

t h e r m a l per formance during the 1-year tes t is summar ized in the detailed sys ­

tem heat ba lances of Tables 2, 3, and 4. There a r e two balance points in the 

heat ba lances : 

1) At the heat del ivered to the converter — at this point there is good 

agreement ; 

2) At the heat re jec ted by the converter r ad ia to r s —at this point there 

i s a l a rge d iscrepancy. 

This d i sc repancy could be caused by either high fin emissivi ty or high fin t e m ­

p e r a t u r e s . Since the emiss iv i ty was not measured following FS-3 thermal r e f e r ­

ence t e s t s the cause of the d iscrepancy has not been definitely determined; how­

ever , based upon FSM-4 exper ience , the fin t empera tu re s a r e suspect . F igures 5 

and 6 show conver ter and component t empera tu re s throughout power operat ion. 

System t h e r m a l efficiency i s shown in F igure 7, 

NAA-SR-11206 
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TABLE 2 
SNAP lOA FS-3 DETAILED SYSTEM HEAT BALANCE (kw) 

AT CONTROLLER DEACTIVATION (1/25/65) 

Calculated Reactor Thermal Power 39.91 

Gains —Reflector Internal Heating 0.33 

Losses — Reflector 0.48 

Reactor top 0.29 

Reactor bottom 0.24 

Total 0.68 

Calculated Heat Gain by NaK in Core 39.23 

Measured Heat Gain by NaK in Core (Flow Tempera tu re Rise) (39.07) 

Gains — Neutron Shield Internal Heating 0.12 

Losses —Pump 1.03 

Supply l ines 0.15 

Reactor support legs 0.59 

Neutron shield (0.83) 

Upper torque-box 0.80 

Total 2.45 

Calculated Heat to Converter 36.78 

Measured Heat to Converter (Flow Tempera tu re Drop) (36.92) 

Losses —Structure to Neutron Shield 0.16 

St ructure to vacuum vesse l 1.42 

NaK legs to vacuum ves se l 0.33 

Return l ines to s t ruc tu re (0.14) 

Lower torque box 0.80 

Inst rument compar tment 0.50 

L o w - p r e s s u r e convection 0.15 

E lec t r i ca l power produced 0.50 

Shunt l o s se s to r ad i a to r s (2.86) 

Total 3.86 

Calculated Heat Rejected by Converter Radiator 32.92 

Calculated Heat Rejected by Converter Radiator (Based 
on Radiator T e m p e r a t u r e , °F) (37.38) 

NOTE: T e r m s in paren thes i s a r e shown for information only and a r e not 
included in the heat ba lance . 
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TABLE 3 

SNAP lOA FS-3 DETAILED SYSTEM HEAT BALANCE (kw) 
AT END OF 90-DAY TEST (4/22/65) 

Calculated Reactor The rma l Power 3 7.18 

Gains — Reflector Internal Heating 0.43 

Losses — Reflector 0.44 

Reactor top 0.27 

Reactor bottom 0.19 

Total 0.47 

Calculated Heat Gain by NaK in Core 36.71 

Measured Heat Gain by NaK in Core (Flow Tempera tu re Rise) (36.85) 

Gains — Neutron Shield Internal Heating 0.15 

Losses — Pump 0.95 

Supply l ines 0.13 

Reactor support legs 0.51 

Neutron shield (0.82) 

Upper torque box 0.76 

Total 2.20 

Calculated Heat to Converter 34.51 

Measured Heat to Converter (Flow Tempera tu re Drop) (34.35) 

Losses — Struc ture to Neutron Shield 0.22 

Structure to vacuum ves se l 1.32 

NaK legs to vacuum vesse l 0.29 

Return l ines to s t ruc tu re (0.10) 

Lower torque box 0.72 

Instrument compar tment 0.50 

L o w - p r e s s u r e convection 0.14 

E lec t r i ca l power produced 0.41 

Shunts l o s ses to r a d i a t o r s (2.66) 

Total 3.60 

Calculated Heat Rejected by Converter Radiator 3 0.91 

Calculated Heat Rejected by Converter Radiator (Based 
on Radiator T e m p e r a t u r e , °F) (33.70) 

NOTE: T e r m s in paren thes i s a r e shown for information only and a r e not 
included in the heat ba lance . 
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T A B L E 4 

S N A P lOA F S - 3 D E T A I L E D S Y S T E M HEAT BALANCE (kw) 
AT END O F 1-YEAR T E S T ( 1 / 2 2 / 6 6 ) 

C a l c u l a t e d R e a c t o r T h e r m a l P o w e r 36.06 

Ga ins —Ref l ec to r I n t e r n a l Hea t ing 0.46 

L o s s e s — R e f l e c t o r 0.44 

R e a c t o r t op 0.26 

R e a c t o r b o t t o m 0.17 

T o t a l 0.41 

C a l c u l a t e d Hea t Gain by NaK in C o r e 35.65 

M e a s u r e d Hea t Ga in by NaK in C o r e (Flow T e m p e r a t u r e R i s e ) (35.63) 

G a i n s — N e u t r o n Shie ld I n t e r n a l Hea t ing 0.16 

L o s s e s — P u m p 0.94 

Supply l i n e s 0.13 

R e a c t o r s u p p o r t l e g s 0.48 

N e u t r o n sh ie ld (0.80) 

Upper t o r q u e box 0.73 

To ta l 2.12 

C a l c u l a t e d Hea t to C o n v e r t e r 33.53 

M e a s u r e d Heat to C o n v e r t e r (Flow T e m p e r a t u r e Drop) (33.01) 

L o s s e s — S t r u c t u r e to N e u t r o n Shield 0.22 

S t r u c t u r e to v a c u u m v e s s e l 1.27 

NaK l e g s to v a c u u m v e s s e l 0.27 

R e t u r n l i n e s to s t r u c t u r e (0.09) 

L o w e r t o r q u e box 0.70 

Ins t runnen t c o m p a r t m e n t 0.50 

L o w - p r e s s u r e convec t i on 0.14 

E l e c t r i c a l power p r o d u c e d 0.38 

Shunt l o s s e s to r a d i a t o r s (2.51) 

To ta l 3.48 

C a l c u l a t e d Hea t R e j e c t e d by C o n v e r t e r R a d i a t o r 30.05 

C a l c u l a t e d Heat R e j e c t e d by C o n v e r t e r R a d i a t o r (Based 
on R a d i a t o r T e m p e r a t u r e , °F) (32.79) 

NOTE: T e r m s in p a r e n t h e s i s a r e shown for i n f o r m a t i o n only and a r e not 
i n c l u d e d in t h e hea t b a l a n c e . 
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Figure 7. FS-3 System Thermal Efficiency 

A. CONVERTER PERFORMANCE 

The the rmoe lec t r i c conver ter exceeded the predicted per formance levels 

throughout most of the 1-year t e s t . The measured and predicted performance 

of the converter i s best descr ibed by re ference to F igures 8 through 19. The 

power output at the end of 1 year of operation was 377 wat ts , or the equivalent 

of 420 watts in the space environment . 

The converter power output is shown in Figure 8; a lso shown a r e the predicted 

converter power output and power output extrapolated to space conditions. The 
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p r e d i c t e d power i s b a s e d upon the nonninal p r e d i c t e d r e a c t o r a v e r a g e t e m p e r a ­

t u r e shown in F i g u r e 1 and the p r e d i c t e d c o n v e r t e r d e g r a d a t i o n shown in F i g ­

u r e 10. As a p p a r e n t f r o m F i g u r e 8 , t h e e l e c t r i c a l output w a s , d u r i n g m o s t of 

the power o p e r a t i o n , c o n s i d e r a b l y l o w e r t h a n p r e d i c t e d . The d i f fe rence b e ­

t w e e n t h e m e a s u r e d and p r e d i c t e d power i s p r i m a r i l y a r e s u l t of a v e r a g e t e m ­

p e r a t u r e v a r i a t i o n f r o m t h e n o m i n a l p r e d i c t e d t e m p e r a t u r e . 

F i g u r e 8 i s no t , t h e r e f o r e , a n accx i ra t e a p p r a i s a l of c o n v e r t e r p e r f o r m a n c e . 

To r e m o v e the effect of d e c r e a s i n g t e m p e r a t u r e on the c o n v e r t e r p o w e r , the da ta 

p r e s e n t e d in F i g u r e 9 h a v e b e e n n o r m a l i z e d to an a v e r a g e c o n v e r t e r NaK t e m ­

p e r a t u r e of 9 2 0 ° F . With the t e m p e r a t u r e effect t hus r e m o v e d , it i s a p p a r e n t 

f r o m F i g u r e 9 tha t F S - 3 c o n v e r t e r p e r f o r m a n c e was c o n s i d e r a b l y b e t t e r than 

p r e d i c t e d d u r i n g m o s t of the 1-year t e s t . 

TO 
3 

1 -

a: 

o 
Q . 

CH 
UJ 
1 -
a: 
LU > 
O 
o 
Q 
LU 
NJ 
_ ] < 
s 
o 

460 

440 

420 

400 

380 

360 

CALENDAR DAYS 
2-11-65 3-13 4 - 1 2 5-12 6 -11 7-11 8-10 9-9 10-9 11-8 

1 1 1 1 1 1 1 1 1 1 

^ 

12-8 1-7-66 2-6 
1 1 1 

O TEST DATA 
PREDICTED 

3-8 

pCONTROLLER OFF ~~~- . , , „_^ 
f 1-25-65 AT 15:02 ^ ~ ~ - - - , . . ^ 

' 1 .. 1 1 1 1 1 1 1 1 1 

— 

0 

5-10-66 

40 80 320 360 400 440 120 160 200 240 280 

TIME AFTER FULL POWER (day) 

7561-03105 

F i g u r e 9 . F S - 3 C o n v e r t e r P o w e r Output N o r m a l i z e d to 
A v e r a g e C o n v e r t e r NaK T e m p e r a t u r e of 9 2 0 ° F 

It should be noted tha t the n o r m a l i z e d power da ta of F i g u r e 9 differ s l igh t ly 

f r o m the da ta of F i g u r e 27 of N A A - S R - 1 1 2 0 6 . The d i f f e r ence i s due to a change 

in t he m e t h o d of n o r m a l i z a t i o n of t h e power da ta b a s e d upon data t a k e n du r ing 

the t e m p e r a t u r e p e r t u r b a t i o n t e s t ( s e e Sec t ion III). Dur ing t h i s t e m p e r a t u r e 

p e r t u r b a t i o n t e s t the c o n v e r t e r p o w e r output a t m a t c h e d load w a s o b s e r v e d to 

follow the r e l a t i o n s h i p : 

N A A - S R - 1 1 2 0 6 
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P , = g ( t )T^-^5 m L " 

w h e r e 

P , = m a t c h e d load c o n v e r t e r p o w e r output (watts) 

g(t) = coeff ic ient wh ich i s t i m e d e p e n d e n t due to c o n v e r t e r d e g r a d a t i o n 

T = a b s o l u t e a v e r a g e r e a c t o r coo lan t t e n n p e r a t u r e ( ° R ) . 

The da ta shown in F i g u r e 9 w e r e n o r m a l i z e d us ing the p r e c e d i n g r e l a t i o n s h i p , 
4 9 w h e r e a s e a r l i e r n o r m a l i z a t i o n s w e r e b a s e d upon the r e l a t i o n s h i p P , = g( t )T ' . 

The e x t r a p o l a t i o n to s p a c e cond i t i ons w a s a c c o m p l i s h e d by ad ju s t i ng the m e a s ­

u r e d c o n v e r t e r power output to a c c o u n t for the ef fects of (1) h e a t r e f l e c t e d f r o m 

the v a c u u m c h a m b e r w a l l b a c k to the c o n v e r t e r r a d i a t o r due to the d e p a r t u r e of 

the c h a m b e r w a l l f r o m the b l a c k - b o d y c o n d i t i o n s , and (2) the change in hea t s ink 

t e m p e r a t u r e , i . e . , f r o m a c h a m b e r wa l l t e n n p e r a t u r e of 125 °F to the equ iva l en t 

s p a c e t e m p e r a t u r e of 0 ° F in the sun . 

The a d j u s t m e n t to a c c o u n t for c h a m b e r w a l l r e f l e c t i v i t y w a s m a d e in the fo l ­

lowing m a n n e r : the net h e a t r e j e c t i o n f r o m the c o n v e r t e r r a d i a t o r to the c h a m b e r 

wal l i s g iven by t h e e x p r e s s i o n : 

^ R - C = ^ R ^ R - C ^ f ^ < T ^ - TcH^ ^ ^ ^ / ^ ^ 

w h e r e 

A_ = r a d i a t o r a r e a (ft ) ix 

?Pj P = g r a y - b o d y s h a p e f a c t o r , or ef fect ive e m i t t a n c e f r o m r a d i a t o r 

to c h a m b e r wal l 

r]r - r a d i a t o r fin e f f e c t i v e n e s s 

a = S t e f a n - B o l t z m a n n c o n s t a n t (0.1714 x 10~ B t u / h r - f t ^ - ° R ) 

T_ = r e p r e s e n t a t i v e a v e r a g e r a d i a t o r t e m p e r a t u r e = 1110°R 

T„TT = a v e r a g e F S - 3 c h a m b e r w a l l t e m p e r a t u r e = 585 °R. 

The effect ive e m i t t a n c e , ?-^ „ , i s def ined by the following w e l l - k n o w n e x p r e s s i o n : 

N A A - S R - 1 1 2 0 6 
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-^R-C 
^-.%(±.}\ k-c °c vc 

w h e r e 

€_ = a c t u a l r a d i a t o r e m i s s i v i t y (0.9) 

EL = a v e r a g e c o n i c a l - s h a p e d r a d i a t o r d i a m e t e r (2.9 ft) 

Dp = a v e r a g e c h a m b e r d i a m e t e r (8 ft) 

Cp = c h a m b e r w a l l e m i s s i v i t y (0.85) 

F_ „ = g e o m e t r i c f ac to r f r o m r a d i a t o r to c h a m b e r w a l l (0.99) 
R - U 

T h e r e f o r e , the ef fect ive F S - 3 r a d i a t o r e m i s s i v i t y i s 

The r a d i a t o r hea t r e j e c t i o n in s p a c e , wi th the s ink t e m p e r a t u r e equa l to 

^R-S = ^ R ^ R V ( T R - T C H ) -

In the r e g i o n of t h e S N A P lOA c o n v e r t e r d e s i g n point (near 20% Carno t effi­

c iency) c o n v e r t e r power output i s d i r e c t l y p r o p o r t i o n a l to the r a d i a t o r h e a t -

r e j e c t i o n c a p a b i l i t y . T h e r e f o r e , t he a d j u s t m e n t to F S - 3 power output to accoun t 

for c h a m b e r wa l l emii t tance i s 

TT ^ R - S R 0.90 , - , 

^ R - C % - C '^ 

which r e p r e s e n t s a 6% i n c r e a s e in p o w e r in the space e n v i r o n m e n t . 

The a d j u s t m e n t for the change in hea t s ink t e m p e r a t u r e f r o m the a v e r a g e 

F S - 3 c h a m b e r w a l l t e m p e r a t u r e of 125 °F to the equ iva l en t s p a c e t e m p e r a t u r e 

of 0 ° F w a s c a l c u l a t e d by the fol lowing e x p r e s s i o n , wh ich c o m p a r e s the h e a t -

r e j e c t i o n c a p a b i l i t y of the r a d i a t o r in s p a c e to t ha t in the F S - 3 t e s t c h a m b e r : 

N A A - S R - 1 1 2 0 6 
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4 4 

^ J^R-^SP) 
ST ' (T^ - T^ ) ^ ^R ^ C H ' 

w h e r e 

T_ and T „ T J a r e a s def ined p r e v i o u s l y 
R OH. 

F„rp = power output c o r r e c t i o n for h e a t s ink t e m p e r a t u r e 

T „ „ = e q u i v a l e n t s p a c e t e m p e r a t u r e (sun) = 460 °R. 

On s u b s t i t u t i o n in t h i s e x p r e s s i o n , 

F g ^ - 1 .051, 

i n d i c a t i n g an a d d i t i o n a l 5 .1% power output i n c r e a s e in s p a c e . This me thod of 

e x t r a p o l a t i o n a v o i d s a c o m p l e t e c o n v e r t e r h e a t b a l a n c e but i s a c c u r a t e only for 

c o n v e r t e r s o p e r a t i n g n e a r 20% C a r n o t e f f ic iency , such a s the F S - 3 c o n v e r t e r . 

The t o t a l a d j u s t m e n t for e x t r a p o l a t i o n to s p a c e i s , t h e r e f o r e , 

F = F F = 1 1 1 4 T ST e 

C o n v e r t e r d e g r a d a t i o n , a s shown in F i g u r e 10, w a s ob ta ined by n o r m a l i z i n g 

c o n v e r t e r power to 971 ° F , t he c o r e a v e r a g e t e m p e r a t u r e a t the end of t h e 3 - d a y 

c o n t r o l p e r i o d , u s ing the s a m e m e t h o d a s u s e d for the d i s c u s s e d n o r m a l i z a t i o n 

to 9 2 0 ° F . The d e g r a d a t i o n shown in F i g u r e 10 d i f fe r s f rom tha t in F i g u r e 28 of 

N A A - S R - 1 1 2 0 6 due to the new n o r m a l i z a t i o n and the m e thod of comput ing con­

v e r t e r power output a t i n i t i a l full p o w e r , a s d i s c u s s e d in the following p a r a g r a p h . 

The p r e d i c t e d d e g r a d a t i o n c u r v e of F i g u r e 10 i s b a s e d upon F S M - 4 and e a r l y 

modu le t e s t d a t a . 

The i n i t i a l power u s e d in comput ing the d e g r a d a t i o n (520 w a t t s ) i s b a s e d on 

the power output at c o n t r o l l e r d e a c t i v a t i o n p lus 1.5%. Th is a p p r o a c h w a s t a k e n 

b e c a u s e of s y s t e m t e m p e r a t u r e t r a n s i e n t s in the f i r s t 72 hr of fu l l -power o p e r a ­

t i o n . To i l l u s t r a t e t h e s e t r a n s i e n t s . F i g u r e 11 shows the a v e r a g e t h e r m o e l e c t r i c 

e l e m e n t t e n n p e r a t u r e d i f f e r ence no rnna l i zed to a cons t an t a v e r a g e NaK t e m p e r a ­

t u r e . The da ta show an abnornna l ly high t h e r m o e l e n n e n t AT du r ing the f i r s t few 

NAA-SR-11206 
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Figure 12. FS-3 Converter Res is tance to Ground 
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eONi?lUENTlAt. 

d . y . of operat ion, which wa= no. observed during n ,„du l . qualification test ing 

Since power output i s propor t ional to the square of the rmoe lec t r i c AT power 

output was a lso abnormal ly high during the first few days of operat ion! The high 

ih'e t f V T " ' ' " " " °' *' "'" "'" =^^""'" °' *= - ^ - « - =»«'d and 
t e s t Chamber. Approximately 50 hr w e r e requi red to achieve radiat ion shield 

eqmUbrtum and the chamber wall t e m p e r a t u r e inc reased from 113 T at init ial 

full power to 123 -p a t control ler deactivation 7Z hr l a t e r , Both of these factors 

tended o i n c r e a s e the ini t ial average thermoelement AT and init ial power output 

Stnce the rmoe lec t r i c module qualification t e s t s did not exhibit such init ial AT 

var ia t ions , it i s reasonable to base conver ter init ial power on the re la t ively 

stable 72 .h r data plus 1.5%, which was the observed degradat ion in the first 

^2 hr of module qualification t e s t s . 

Following the rapid ini t ial converter degradation, the r a t e of degradation d e -

i n n r r r " " ' ' " ^^^ ' ' ' ' ' ' ' ^ ' ' ^' ^ long-term degradation rate of 0.45 ± 0.03%/ 
1000 hr following the 125th day of operat ion. 

Figure 12 is a continuation of Figure 25 in NAA-SR-11206 and shows the be ­

havior of the conver ter r e s i s t ance to ground throughout FS-3 power operation. 

Despite the sca t ter in the date of Figure 12, a long- te rm downward t rend in r e ­

s is tance to ground is de tec table . Assuming a l inear dec rease from the 56th to 

the 390th day of operat ion, the ra te of change i s -0.54 . 0.21 ohm/week at the 

99% confidence level . Res i s tance data for the period from the 390th day to the 

end of the t e s t were not used in determining the r a t e of dec rea se because of the 

l a rge inc rease in average t empe ra tu r e introduced during the t empera tu re pe r -
t u r b a t i o n t e s t . The rf^Qi ctan/-^ +^ j . 

Ihe r e s i s t a n c e to ground remained high enough at all t imes to 
have a negligible effect on the conver ter power output. 

Converter open- and c losed-c i rcu i t voltages and load current a r e plotted in 

F igure 13. The same p a r a m e t e r s a r e shown also in F igures 14 and 15 nor ­

malized to an average conver ter NaK t e m p e r a t u r e of 920°F. The open-circui t 

voltage IS that measured instantaneously upon opening of the converter load c i r ­

cuit Measurement of the instantaneous open circuit voltage pe rmi t s calculation 

of the conver ter in te rna l r e s i s t ance without the influence of Pel t ier effects 
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Figure 14. FS-3 Converter Voltage Normalized to 920°F 
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Figure 15. FS-3 Converter Current Nornnalized 
to 920°F 

Load matching t e s t s were per formed at approximately 3 0-day in te rva l s during 

power operat ion. The effect on c losed-c i rcu i t voltage and load cu r ren t can be 

seen in Figure 13, The per turbat ions in converter power following each load 

matching tes t were negligible, thus indicating that near matched load operat ion 

was maintained throughout FS-3 power operat ion. 

Converter in ternal r e s i s t ance i s shown in F igure 16. F igure 17 shows i n t e r ­

nal r e s i s t ance normal ized to an average converter NaK t empe ra tu r e of 920°F. 

The scat ter and blank per iods in the ea r l i e r data ref lect defective i n s t rumen ta ­

tion, which was co r rec t ed at approximately 1000 hr after initial full power . As 
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Figure 16. FS-3 Converter 
Internal Res is tance 
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Figure 17. FS-3 Converter Internal Resis tance Normalized 
to 920°F 

apparent from Figure 18, which shows converter internal r e s i s t ance degradation, 

the behavior of the FS-3 conver ter in ternal r e s i s t ance was typical of that ob­

served in previous module qualification t e s t s . 

Converter t e m p e r a t u r e s a r e given in Figure 5 and converter efficiencies a r e 

shown in Figure 19. 

B. PUMP PERFORMANCE 

Figure 20 is a h is tory of the t he rmoe lec t r i c NaK pump flow r a t e . The flow 

r a t e shown is that measu red by the pump flowmeter, F T - 2 . Pump degradation 

is shown in F igure 2 1 . The flow r a t e s used in determining the degradation have 

been normal ized to a r eac to r outlet t empera tu re of 1030°F. The degradation at 

the end of 1-year of operat ion was 14.3%. Also shown in Figure 21 is the 
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Figure 21 . FS-3 Pump Degradation 

degradation expected based upon the average degradation obtained from severa l 

qualification tes t pumps. The long- te rm r a t e of degradation of the FS-3 pump 

( i . e . , the r a t e establ ished after the rapid , initial degradation during the first 

60 days of operation) was 0.58%/1000 hr as compared to the expected 0.67%/1000 

h r . 

C. EXPANSION COMPENSATOR 

Figure 22 shows the expansion compensator unit (ECU) position nornnalized to 

a reac to r average t empera tu re of 950 °F . The apparent position shift shown in 
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I I I I I I I.,I., I.J I ' I 

C{ii!ttt^^itil!tfltiti^tiS^_ 

I I I I I I 
280 288 296 304 312 320 328 336 344 352 360 368 376 384 392 400 408 416 

TIME AFTER INITIAL FULL POWER (day) 

5-17-66 7561-02746 

Figure 22. FS-3 Expansion Compensator Posi t ion 
(Millivolt) 
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Figure 22 after the t e m p e r a t u r e i nc r ea se of Februa ry 16 is due to the normal i ­

zation technique used . Shown a r e the millivolt outputs of each position t r a n s ­

ducer and their combined outputs. No significant sustained drift in position was 

observed following the p r i m a r y bellows leak on Apri l 14, 1965, indicating s a t i s ­

factory per formance throughout the remainder of power opera t ions . A detailed 

descr ip t ion of the bellows leak is given in Section VI-B-3 of NAA-SR-11206. ECU 

position expressed in inches of displacement is shown in Figure 23. ECU t e m ­

pera tu re i s plotted in Figure 6. 

D. DIAGNOSTIC INSTRUMENTATION 

The sys tem diagnostic ins t rumenta t ion performed sat isfactori ly throughout 

the 1-year endurance t e s t . The status of the inst rumentat ion at the end of the 

1-year t e s t was the same as repor ted at the completion of the 90-day tes t in 

1.6 

P 1.2 

J^ 0.8 -

0.4 

2-1 2-21 3-13 4-2 

CALENDAR DAY 

4-22 5-12 6-1 6-21 7-11 7-31 -20 
1 1 1 1 1 1 1 1 1 

r - L E A K IN ONE PRIMARY 
L . . 1 BELLOWS 1400 4-14-65 

1 1 

A P n 1 - 4 (ECU NO. 1) 
O P n 1 - 5 (ECU NO. 2) 

1 

1—CONTROLLER OFF 
1 1502 1-25-65 

L I 1 1 1 \ 1 1 1 1 \ 1 i 

1.6 

20 40 60 80 100 120 140 160 
TIME AFTER INITIAL FULL POWER (day) 

CALENDAR DAY 

9-9 9-29 10-19 11-8 11-28 12-18 1-7 1-27 2-16 

180 200 220 

3-28 
T "T 

CONTINUOUS 
OPERATION 
1-22-66 

1 . 2 -

T 

a g Q a a Q s a a a g a a Q f i f i g a a a a a a a 

-AVERAGE 
TEMPERATURE 
RAISED TO 982"F 
2-16-66 

pSYSTEM 
I SHUTDOWN 

a a s a a a '̂'̂"̂^ aaa a s a a a s 

J . 
240 260 280 300 320 340 360 

TIME AFTER INITIAL FULL POWER (day) 

380 400 

5-10 

420 440 

7561-03115 

Figure 23. FS-3 Expansion Compensator Posit ion 
(Inches) 
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NAA-SR-11206. Of the 120 total channels , 56 were sti l l operating proper ly , 19 

were reading off-scale, 34 were not p r o g r a m m e d to function during this phase of 

the tes t and 11 had failed. Similar operat ion of the ins t rumenta t ion sys tem during 

flight would have enabled full evaluation of sys tem per fo rmance . 

Fa i lure of ND-1, ND-3, and RD-1 was expected because the ref lect ion of r a d i ­

ation from the walls of the tes t vault subjected these ins t ruments to rad ia tor doses 

approximately 100 t imes g rea te r than the free space condition, for which they 

were designed. A summary of ins t rumenta t ion status i s shown in Table 5. 

TABLE 5 

FS-3 INSTRUMENTATION STATUS 

T a g 

A c - 1 

A c - 2 

A c - 3 

C Z - 1 

F T - 1 

F T - 2 

I T - 1 

IT-2 

IT -3 

ND-1 

ND-3 

P n I - 1 

Pn I -2 

Pn I -3 

P n I - 4 

P n I - 5 

P n I - 6 

R D - 1 

R T - 1 

R T - 2 

R T - 3 

R T - 4 

R T - 5 

R T - 6 

R T - 9 

R T - 1 0 

Channel 

-

-
-

04-14 

01-08 

01-04 

04-15 

04-16 

07-19 

07-02 

07-04 

07-15 

07-16 

07-18 

03-14 

03-15 

07-17 

07-06 

05-05 

07-07 

06-02 

06-03 

05-18 

05-12 

05-20 

05-23 

Func t ion 

X a c c e l e r o m e t e r 

Y a c c e l e r o n n e t e r 

Z a c c e l e r o m e t e r 

Conv. D e g r a d a t i o n 

P u m p Wall Vol tage 

P u m p F r i n g e Flux 

0-50A Shunt 

0r3 0A Shunt 

P u m p C u r r e n t 

High n F lux 

Low n F lux 

-l-Z D r u m (0-135) 

- Z D r u m (0-135) 

- Z D r u m (0-30) 

ECU No. 1 P o s . 

ECU No. 2 P o s . 

\7. D r u m (0-30) 

G a m m a D e t e c t o r 

R e a c t o r Out le t 

R e a c t o r Inlet 

C o n v e r t e r Inlet 

C o n v e r t e r Outlet 

Tube 25 Inlet 

Tube 45 Inlet 

Tube 26 Outlet 

Tube 16 Outlet 

Expec ted 
1-25-65 

. 

-
-

1.6 .-i*^) 

13 .4 gpm 

13.4 gpm 

16.2A 

16.2A 

- 4 0 A 

3 x 1 0 ^ ° nv 

Z e r o shift , 

23.4° 

23.4° 

23.4° 

1.46 m . 

1.46 i n . 

23.4° 

Z e r o shift, 

1007 °F 

8 9 0 ° F 

1000°F 

8 7 8 ° F 

3 1 9 ° F 

3 1 9 ° F 

2 5 5 ° F 

2 5 5 ° F 

Read in 

Ac tua l 
1-25-65 

(1) 

(1) 

(1) 

1 4 . f n < ^ ' 

13.4 gpm 

13.9 gpm 

16.22A 

16.19A 

3 8 . 4 6 A ( ^ ) 

2 . 7 x 10^° nv 

followed t r a n 

2 7 ° 

2 7 ° 

2 8 ° 

1.33 m . 

1.32 m . 

25 .5° 

los t s ens i t i v i 

1022°F 

8 9 1 ° F 

1001°F 

8 8 0 ° F 

3 1 9 ° F ( 3 ) 

3 1 7 ° F ( ^ ) 

-
2 5 0 ° F ( 3 ) 

g s 

Actual 
1-22-66 

-

-
-

-
11.4 gpm 

12.1 gpm 

13.57A 

13.54A 

-
_ 

s ient 

26.4° 

25.5° 

26 1° 

0.67 in . 

0.70 m . 

23.9° 

ty af ter 24 

1006°F 

8 5 4 ° F 

9 6 2 ° F 

8 3 1 ° F 

-
-

-
-

Actua l 
3 -15-66 

-

-
-

-
11.6 gpm 

12.4 gpm 

14.43A 

14.39A 

-
-

24.2° 

22.1° 

21.0° 

0.76 m . 

0.79 m . 

21 .6° 

hour s 

1098°F 

9 2 4 ° F 

1045°F 

8 9 8 ° F 

-
~ 

-
-

R e m a r k s 

O K 

O K 

Pickup ok, cab le fai led 
open 

R e a d s v e r y high 

O K 

O K 

O K 

O K 

O K 

F a i l e d 

Fa i l ed 

(4) 

(4) 

(4 ) 

(5) 

(5 ) 

(4) 

R e a d s high 

O K 

O K 

O K 

Fa i l ed M a r c h 1, 1965^^^ 

OK, off s c a l e . P e r ­
f o r m e d n o r m a l l y du r ing 
shutdown 

Fa i l ed open*^' 

OK, off s c a l e . P e r ­
f o r m e d nornnal ly du r ing 
shutdown 

O 

O 

F 

F 

O 

F 

F 

F 

F 

F 

O 

F 

O 
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TABLE 5 (Continued) 

T a g 

R T - 1 1 

RT-12 

R T - 1 3 

R T - 1 4 

R T - 1 5 

RT-16 

R T - 1 7 

R T - 1 8 

T C - 1 

TC-2 

TC-3 

T C - 4 

TC-5 

T C - 6 

T C - 7 

TC-8 

TC-9 

T C - 1 0 

TC-11 

TC-12 

TC-13 

TC-14 

TC-15 

TC-16 

TC-17 

TC-18 

TC-19 

T C - 2 0 

T C - 2 1 

TC-22 

TC-23 

TC-24 

TC-25 

TC-31 

TC-38 

TC-39 

Channel 

05-14 

05-24 

06-22 

06-23 

06-24 

07-23 

05-08 

05-10 

01-02 

-
01-03 

01-07 

05-06 

05-07 

-
05-17 

05-21 

05-19 

05-22 

01-18 

01-20 

01-19 

01-21 

05-11 

05-15 

05-13 

05-16 

01-22 

05-25 

01-23 

06-01 

01-09 

05-09 

06-04 

01-06 

-

Func t ion 

Tube 46 Outlet 

Tube 36 Outlet 

In s t . Comp. Bay G 

Ins t . C o m p . Bay B 

Ins t . C o m p . Bay H 

Ins t . C o m p . Bay D 

P u m p Rad ia to r No. 1 

P u m p Rad ia to r No. 2 

R e a c t o r Outlet 

R e a c t o r Outlet 

R e a c t o r Inlet 

R e a c t o r Inlet 

R e a c t o r Inlet 

R e a c t o r Inlet 

R e a c t o r Outlet 

Tube 27 Inlet 

F in (Tube 27) Inlet 

Tube 27 Outlet 

F in (Tube 27) Outlet 

Tube 17 Inlet 

F in (Tube 17) Inlet 

Tube 17 Outlet 

Fin (Tube 17) Outlet 

Tube 47 Inlet 

F in (Tube 47) Inlet 

Tube 47 Outlet 

F in (Tube 47) Outlet 

Tube 3 7 Inlet 

Fin (Tube 37) Inlet 

Tube 37 Outlet 

F in (Tube 37) Outlet 

Punap Rad ia to r No. 1 

P u m p R a d i a t o r No. 2 

-Z Ref lec to r 

R e a c t o r Outlet 

Heat Shield 

Read ings 

Expec ted 
1-25-65 

2 5 5 ° F 

255°F 

6 5 - 1 0 0 ° F 

6 5 - 1 0 0 ° F 

6 5 - 1 0 0 ° F 

6 5 - 1 0 0 ° F 

170°F 

188°F 

1005°F 

Actua l 
1-25-65 

255op(3) 

2 5 5 . p ( 3 ) 

7 9 ° F 

6 4 ° F 

101°F 

7 6 ° F 

1 7 1 ° F ( ^ ) 

1 8 5 ° F ( 3 ) 

1007°F 

Used for s c r a m in i t i a t io 

8 9 0 ° F 

8 9 0 ° F 

8 9 0 ° F 

8 9 0 ° F 

Used for sc 

1002°F 

716°F 

8 7 8 ° F 

5 9 6 ° F 

1002°F 

7 1 6 ° F 

8 7 8 ° F 

596°F 

1002°F 

7 1 6 ° F 

8 7 8 ° F 

596°F 

1002°F 

7 1 6 ° F 

8 7 8 ° F 

596°F 

595°F 

595°F 

620°F 

1005°F 

8 9 0 ° F 

8 9 4 ° F 

8 9 0 ° F 

8 9 0 ° F 

r a m in i t i a t io 

1001°F 

712°F 

8 6 0 ° F 

5 8 4 ° F 

1002°F 

7 1 5 ° F 

8 8 8 ° F 

6 2 1 ° F 

1005°F 

717°F 

8 6 3 ° F 

587°F 

1002°F 

7 1 9 ° F 

8 9 9 ° F 

592°F 

592°F 

6 0 1 ° F 

6 1 4 ° F 

1004°F 

Actua l 
1-22-66 

-

~ 

70°F 

51°F 

9 1 ° F 

6 3 ° F 

~ 

~ 

9 6 9 ° F 

n 

843 °F 

8 4 7 ° F 

843 °F 

8 4 2 ° F 

n 

9 6 2 ° F 

714°F 

8 1 0 ° F 

563 °F 

964°F 

710°F 

8 5 2 ° F 

580°F 

9 6 5 ° F 

697°F 

815°F 

567°F 

9 6 1 ° F 

700°F 

8 5 1 ° F 

575°F 

580°F 

589°F 

604°F 

9 6 7 ° F 

-

Actual 
3 -15-66 

-

" 

8 6 ° F 

6 9 ° F 

108°F 

8 0 ° F 

*" 

~ 

1052°F 

9 0 9 ° F 

9 1 3 ° F 

9 0 8 ° F 

9 0 8 ° F 

1045°F 

741°F 

8 7 2 ° F 

598°F 

1046°F 

759°F 

9 1 8 ° F 

6 1 6 ° F 

1048"F 

7 4 6 ° F 

8 7 7 ° F 

6 0 1 ° F 

1044°F 

7 4 6 ° F 

9 1 8 ° F 

6 0 6 ° F 

6 3 0 ° F 

6 3 2 ° F 

6 6 4 ° F 

1052°F 

-

Rennarks 

OK, off s c a l e . P e r ­
fo rmed n o r m a l l y dur ing 
shutdown 

OK, off s c a l e . P e r ­
formed n o r m a l l y dur ing 
shutdown 

O K 

OK 

OK 

OK 

OK, off s c a l e . P e r ­
formed n o r m a l l y dur ing 
shutdown 

OK, off s c a l e . P e r ­
formed n o r m a l l y dur ing 
shutdown 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

O K 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

O K 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

Heat shield not i n s t a l l ed 

O 

O 

o 

o 

N 

N 

N 
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TABLE 5 (Continued) 

T a g 

T C - 4 0 

TC-41 

TC-42 

TC-43 

TC-44 

TS-1 

TS-2 

TS-3 

TS-4 

TS-5 

TS-6 

V T - 1 

VT-2 

VT-3 

VT-4 

V T - 5 

VT-6 

VT-7 

VT-8 

VT-9 

V T - 1 0 

V T - 1 1 

VT-12 

VT-13 

VT-15 

VT-17 

VT-18 

VT-19 

VT-20 

EvM-1 

EvM-2 

EvM-3 

EvM-5 

EvM-8 

E v M - 9 

EvM-16 

C h a 

0 6 -

0 2 -

. 

0 4 -

0 4 -

0 4 -

0 4 -

0 4 -

04-

0 4 -

04 

04 

05 

05 

05 

1 

2 

3 

5 

8 

9 

6 

nnel 

05 

06 

• 11 

-12 

•19 

-20 

-21 

-22 

•23 

- 2 4 

-25 

- 0 1 

-02 

-03 

Func t ion 

+ Z Ref lec to r 

Heat Shield 

Heat Shield 

Heat Shield Squib 

TABRD T e m p . 

T e m p . Cont ro l No. 1 

T e m p . Cont ro l No. 2 

Low T e m p . Malf. 

High T e m p . Malf. 

Heat Shield 
Ejec t ion No. 1 

Heat Shield 
Ejec t ion No. 2 

Vol tage 

N o r m a l Vol tage 

L e g s 15-12 

Legs 11-48 

L e g s 47-44 

Legs 43-40 

Legs 39-36 

Legs 35-32 

Legs 31-28 

Legs 27-24 

Legs 23-20 

L e g s 19-16 

C-1 Sensor S ta tus 

C-1 F r e q . Div . Volt 

A&A' Motor Coil 

BSiB' Motor Coil 

C&C Motor Coil 

D&D Motor Coil 

Heat Shield Squib 
F i r e 

S t a r t u p 

Malf. Enab le 

Low T e m p . Malf. 
S ta t . 

ECU Squibs F i r e 

D r u m Squib F i r e 

High T e m p . Malf. 
S ta t . 

Read ings 

Expec t ed 
1-25-65 

6 2 0 ° F 

-
-
-

9 8 4 ° F 

R e s e t 

1004°F 

-
-

3 0 0 ° F 

-

29 v 

29 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

2.9 V 

-
-
-
-
-
-

3 0 0 ° F 

Closed 

-
-

Closed 

Closed 

— 

Actua l 
1-25-65 

623 °F 

-
-
-

9 8 7 ° F 

A c t u a t e s 

1007°F 

-
-

3 0 7 ° F ( « ) 

-

29.2 V 

28.9 V 

2.7 V 

3.0 V 

2.9 V 

3.0 V 

3.0 V 

2.9 V 

2.9 V 

2.9 V 

3.0 V 

3.0 V 

-
-
-
-
-
-

3 0 7 ° F ( ^ > 

C l o s e d ' ^ ' 

-
-

Closed*^* 

Closed^^ ' 

— 

Actual 
1-22-66 

6 1 0 ° F 

-
-
-

948 °F 

" 

-
-
-

-

27.78 V* 

27.80 V* 

2.62 V* 

2.84 V" 

2.73 V-

2.90 v='= 

2.84 v* 

2.68 V* 

2.75 V* 

2.73 V* 

2.87 V* 

2.79 V* 

-
-
-
-
-
-
-

-
-
-

-
-

" 

Actua l 
3 -15 -66 

673 °F 

-
-
-

1032°F 

~ 

-
-
~ 

-

33.11 V* 

33.13 V* 

3.14 V* 

3.39 V* 

3.27 V* 

3.46 V* 

3.38 V* 

3.21 V* 

3 .28 V* 

3.27 V* 

3.43 V* 

3.26 V* 

-
-
-
-
-
-
-

-
-
-

-
-

" 

R e m a r k s 

OK, low r e s i s t a n c e to 
ground 

Heat sh ie ld not i n s t a l l e d 

Heat sh ie ld not i n s t a l l ed 

Heat sh ie ld not i n s t a l l e d 

O K 

OK, s e r i e s connect ion 
o r i g i n a l se t point 
1030°F 

Not i n s t a l l e d 

Not i n s t a l l e d 

OK, see E v M - 1 , a c t u ­
a ted at 298 °F du r ing 
shutdown 

Not r e c o r d e d 

O K 

O K 

O K 

O K 

O K 

O K 

O K 

O K 

O K 

O K 

O K 

O K 

Not r e c o r d e d 

Not r e c o r d e d 

Not r e c o r d e d 

Not r e c o r d e d 

Not r e c o r d e d 

Not r e c o r d e d 

OK (con tac t on K14A) 
298 ° F du r ing shutdown 

On c o m m a n d 

C i rcu i t modif ied 

Switch not i n s t a l l e d 

On c o m m a n d 

O K 

Switch not i n s t a l l e d 

N 

N 

N 

N 

O 
O 

N 

N 

O 

N 

N 

N 

N 

N 

N 

N 

O 

O 

N 

N 

O 

O 

N 
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TABLE 5 (Continued) 

T a g 

E v M - 1 7 

E v M - 1 8 

E v M - 1 9 

E v M - 2 0 

P n S - 1 

PnS-2 

P n S - 3 

PnS-4 

PnS-5 

PnS-6 

PnS-7 

PnS-8 

PnS-9 

P n S - 1 0 

P n S - U 

PnS-12 

P n S - 1 5 

PnS-16 

PnS-17 

PnS-18 

Sw-5A 

Sw-5B 

Channel 

-
-
-
-
-
-
-
-
-
-
-
-

" 

" 

16 

17 

12 

13 

-
-

10 

-

Funct ion 

BRH E n e r g i z e 

O v e r r i d e (KOR) S ta t . 

Malf. Bus Sta tus 

CZ Sta tus 

-fZ C o a r s e D r u m In 

-VZ C o a r s e D r u m Out 

- Z C o a r s e D r u m In 

-Z C o a r s e D r u m Out 

-fZ Fine D r u m In 

-fZ Fine D r u m Out 

- Z Fine D r u m In 

- Z Fine D r u m Out 

ECU No. 1 Bel lows 

ECU No. 2 

Hea t Shield No. 1 P o s . 

H e a t S h i e l d N o . 2 P o s . 

-tZ Ref lec tor P o s . 

- Z Ref lec to r P o s . 

Band Sta tus No. 1 

Band Sta tus No. 2 

Low Volt . Sensor 
No. 1 

Low Volt . Sensor No. 2 

Expec t ed 
1-22-65 

-
-

-
Closed 

Open 

Closed 

Open 

Open 

Open 

Open 

Open 

3 8 5 ° F 

3 8 5 ° F 

-
-

Open 

Open 

-
-

Open 

Open 

Readin 

Ac tua l 
1-25-65 

-
-
-
-

Closed 

Open 

Closed 

Open 

Open 

Open 

Open 

Open 

435op(8) 

442°F<S> 

~ 
-

C l o s e d -
Reopened ' ^ ) 

C l o s e d ' ^ ' 

-
-

Internni t tent 
Closing(9) 

-

g s 

Actual 
1-22-66 

-

-
-
-

Closed 

Open 

Closed 

Open 

Open 

Open 

Open 

Open 

— 

• 

-
-
-

-
-
-

Closed 

-

Actual 
3-15-66 

-
-
-
-

Closed 

Open 

Closed 

Open 

Open 

Open 

Open 

Open 

. (12) 

. (12) 

-
-

Open 

Open 

-
-

Closed 

-

R e m a r k s 

Not mon i to red 

Not mon i to red 

Not nnonitored 

Not mon i to red 

(13) 

(13) 

(13) 

(13) 

(13) 

(13) 

(13) 

(13) 

OK, ac tua ted at a v e r ­
age co re t e m p , of 808 °F 
dur ing shutdown 

OK, ac tua ted at a v e r ­
age c o r e t e m p . of 8 1 9 ° F 
at shutdown 

Shield not i n s t a l l ed 

Shield not i n s t a l l ed 

(10) 

(10) 

Not mon i to red 

Not mon i to red 

Apparen t ly failed 
about 1-30-65 

Apparen t ly failed 

N 

N 

N 

N 

O 

O 

N 

N 

F 

N 

N 

F 

F 

(1) F r e q u e n c y r e s p o n s e a c c e p t a b l e . Read ings t aken dur ing s t r u c t u r a l qua l i f ica t ion , abbut 8 - 2 0 - 6 4 . 
(2) Ca lcu la t ed c o n v e r t e r r e s i s t a n c e , m e a s u r e m e n t i s not d i r e c t s ince AI inductor not i n s t a l l e d . 
(3) Read ings t aken a t s t a r t of t e s t , 1 -22-65 . 
(4) 500-gm downward p r e load on s e n s o r shaft was omi t t ed dur ing final ins t a l l a t ion of s e n s o r . 
(5) Reduced def lec t ion a t t r i b u t e d to (a) i n a c c u r a t e z e r o se t t ing of t r a n s d u c e r , (b) def ic iency m tota l quant i ty 

of NaK m s y s t e m , s ince P n I - 4 and -5 w e r e used to m e a s u r e be l lows def lec t ion at s y s t e m seal-off . A c c u r a c y 
poor m low r a n g e . The l a r g e d e c r e a s e in pos i t ion be tween 1-25-65 and 1-22-66 i s due to the p r i m a r y bel lows 
leak which o c c u r r e d on 4 - 1 4 - 6 5 . 

(6) R T - 5 fai led on M a r c h 1, 1965. M e a s u r e d output i n d i c a t e s a sho r t ed d e t e c t o r . 
(7) P e r f o r m a n c e of R T - 9 dur ing s t a r t u p ind ica ted an open d e t e c t o r . P e r f o r m a n c e dur ing shutdown on 3-16-66 

was n o r m a l . 
(8) Read ing t a k e n a t s t a r t of t e s t , 1 -22-65 , 1 16 p . m . , or sho r t l y t h e r e a f t e r . 
(9) Read ing t aken at s t a r t of t e s t , 1 -22 -65 . 

(10) To p e r m i t r e m o t e handl ing at t e s t conc lus ion , r e f l e c t o r i n s t a l l a t ion was modified and e c c e n t r i c p ins 
omi t t ed , a l lowing d i f fe ren t ia l m o v e m e n t at swi tch loca t ions not an t i c ipa ted in flight. 

(11) Not m o n i t o r e d . Coils of Sw-5A and 5B a r e in p a r a l l e l , one set of DPDT contac t s in s e r i e s . Status checks of 
unused con t ac t s on 3-11 and 3-17 showed Sw-5B open, but checks at app l i cab le t e s t points with K12 c losed , 
on 1-25, 2 - 1 2 , and 3 -17 , ind ica ted both Sw-5A and 5B c losed . 

(12) O p e r a t i o n of P n S - 9 and P n S - 1 0 a t the high a v e r a g e t e m p e r a t u r e s ind ica ted in the " R e m a r k s " co lumn i s a 
r e s u l t of the p r i m a r y be l lows leak which o c c u r r e d on Apr i l 14, 1965. 

(13) All d r u m l i m i t swi t ches ac tua ted at nornnal pos i t ions dur ing shutdown. 

"VT-1 th rough V T - 1 2 r e c a l i b r a t e d 3 - 5 - 6 5 . O: Off Sca le , F- Fa i l ed , N: Not R e c o r d e d 
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III. TEMPERATURE PERTURBATION TEST 

On Feb rua ry 16, 1966, after 390 days of continuous operation, the FS-3 s y s ­

tem was subjected to a controlled change in t empera tu re during which the reac tor 

average t e m p e r a t u r e was inc reased from 907 to 982 °F . Following the t e m p e r a ­

ture i nc rease active control was maintained for 72 hr before passive control was 

r e sumed for the remaining FS-3 power operat ion. 

The p r i m a r y purpose of changing the t empera tu re was to provide additional 

information for use in the ana lys is of the r eac to r t e m p e r a t u r e behavior shown in 

Figure 1. The observed react iv i ty effects the t empera tu re per turbat ion were 

slightly different than expected. Based on an analysis of the observed 66 °F t e m ­

pera tu re drift of FS-3 during the 1-year t es t , it was est imated that a total of 22^ 

of reac t iv i ty was lost due to all reac t iv i ty effects. Using the same effective t e m ­

pera ture coefficient (0.334{^/F°) for the proposed 73 °F t empera tu re inc rease of 

the t empe ra tu r e per turbat ion t e s t , it was predicted that 24: Ai of react ivi ty would 

be requ i red to s tabi l ize at the new operating conditions. A port ion of this total 

(xenon 3.5j6 and par t of the ref lector heating effect) was expected to occur during 

the 72-hr control period following the t empera tu re i n c r e a s e . With a 30 F° in­

c rease in ref lec tor t e m p e r a t u r e , it was expected that 20.3«5 would be requi red to 

reach the new init ial full power condition. 

The actual reac t iv i ty inser t ions totaled 17.4^, which indicates an apparent co­

efficient of -O.Z9i/ °F would be appropr ia te during power level changes. It also 

indicates that an i so the rmal t empera tu re coefficient of -0.25f^/°F would be appli­

cable. There is an uncertainty of about ±O.OZ<i:/ °F in these coefficients due to 

uncertainty in the reflector coefficient for F S - 3 . 

The reac t iv i ty losses during the active control period following the t e m p e r a ­

ture i nc rease a l so differed considerably from the predicted. The predicted (with 

a cor rec t ion for actual ref lector heating) was 4.3(^ as compared to the measured 

loss of 1.3^. 

The reac t iv i ty effects summar ized in the preceding paragraph a r e d iscussed 

in detai l in NAA-SR-11397 . 

Table 1 s u m m a r i z e s the performance of the system after stabilization at the in­

c reased t empera tu re following the t empera tu re per turbat ion. Reactor coolant t e m ­

pe ra tu re s during the t empe ra tu r e pe r tu rba t i ona re shown in F igures 24 and 25. 
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Reactor t e m p e r a t u r e s during pass ive control after stabil izat ion a r e shown in 

Figures 1, 2, and 3 . Tables 6 and 7 a r e detailed sys tem heat balances at the 

beginning of pass ive control and jus t pr ior to shutdown. 

The converter per formance during the t empera tu re per turbat ion experiment 

is shown in F igures 26 and 27. F igure 27 shows conver ter power output as a 

function of converter average NaK t e m p e r a t u r e and provides the bas i s for nor­

malizat ion of conver ter power to a constant t e m p e r a t u r e . The data in Figure 27 

may be approximated by a re la t ionship of the form: 

P ^ T^-^5 

where 

P = the converter power output (watts) 

T - average converter NaK t empera tu re ( °R) 

In determining the re la t ionship proport ional i ty , only power data taken under 

stable t empe ra tu r e conditions were considered. Therefore , the in termedia te 

data points between 904 and 979 °F , which were taken during t empe ra tu r e t r a n -
4 65 s ients , would be expected to fall slightly above the curve based on P '^ T ' as 

4 65 i l lus t ra ted in Figure 27. F u r t h e r m o r e , the proport ional i ty P '-̂  T ' includes 

the effect on converter power of the FS-3 tes t chamber wa l l - t empera tu re va r i a ­

tion with increas ing average conver ter NaK t empe ra tu r e and therefore is appl i ­

cable only to the FS-3 tes t sy s t em. When the effect of chamber wa l l - t empera tu re 
4 8 variat ion is removed the proport ional i ty becomes P ~ T 

Converter power degradat ion, a s de te rmined by the method outlined in Sec­

tion II-A was 10.5% upon stabil izat ion at the inc reased t e m p e r a t u r e (9431 hr total 

operating t ime) . The degradat ion jus t pr ior to sys tem shutdown was 11.0% for 

an overal l average degradat ion ra t e of 1.1%/1000 h r . 

Converter per formance for the t ime period between stabil izat ion at the in­

creased average t e m p e r a t u r e and sys tem shutdown is shown in F igu re s 8 

through 19. 

NAA-SR-11206 
60 



- eONFIDENI IAlZ 

TABLE 6 

SNAP lOA FS-3 DETAILED SYSTEM HEAT BALANCE (kw) STABLE 
AFTER TEMPERATURE PERTURBATION (2/19/66) 

Calculated Reactor Thermal Power 41.35 

Gains —Reflector Internal Heating 0.51 

Losses — Reflector 0.55 

Reactor top 0.33 

Reactor bottom 0.22 

Total 0.59 

Calculated Heat Gain by NaK in Core 40.76 

Measured Heat Gain by NaK in Core (Flow Tempera tu re Rise) (41.03) 

Gains — Neutron Shield Internal Heating 0.16 

Losses —Pump 1.11 

Supply l ines 0.16 

Reactor support legs 0.61 

Neutron shield (0.95) 

Upper torque box 0.93 

Total 2.63 

Calculated Heat to Converter 38.13 

Measured Heat to Converter (Flow Tempera tu re Drop) (37.86) 

Losses —Structure to Neutron Shield 0.22 

Structure to vacuum vesse l 1.54 

NaK legs to vacuum vesse l 0.34 

Return l ines to s t ruc ture (0.12) 

Lower torque box 0.85 

Instrument compartment 0.50 

L o w - p r e s s u r e convection 0.15 

E lec t r i ca l power produced 0.48 

Shunt losses to r ad ia to r s (3.30) 

Total 4.08 

Calculated Heat Rejected by Converter Radiator 34.05 

Calculated Heat Rejected by Converter Radiator (Based 
on Radiator Tempera tu r e , °F) (37.71) 

NOTE: T e r m s in paren thes i s a r e shown for information only and are not 
included in the heat balance. 
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TABLE 7 

SNAP lOA FS-3 DETAILED SYSTEM HEAT BALANCE (kw) 
JUST PRIOR TO SHUTDOWN (3/15/66) 

Calculated Reactor Thermial Power 42.06 

Gains —Reflector Internal Heating 0.51 

Losses — Reflector 0.55 

Reactor top 0.33 

Reactor bottom 0.22 

Total 0.59 

Calculated Heat Gain by NaK in Core 41.47 

Measured Heat Gain by NaK in Core (Flow Tempera tu re Rise) (41.74) 

Gains — Neutron Shield Internal Heating 0.18 

Losses — Pump 1.11 

Supply l ines 0.16 

Reactor support legs 0.60 

Neutron shield (0.96) 

Upper torque box 0.94 

Total 2.63 

Calculated Heat to Converter 38.84 

Measured Heat to Converter (Flow Tempera tu re Drop) (38.57) 

Losses —Structure to Neutron Shield 0.23 

Structure to vacuum vesse l 1.55 

NaK legs to vacuum v e s s e l 0.34 

Return lines to s t ruc tu re (0.11) 

Lower torque box 0.86 

Inst rument compar tment 0.50 

L o w - p r e s s u r e convection 0.15 

E lec t r i ca l power produced 0.48 

Shunt los ses to r a d i a t o r s (3.33) 

Total 4.11 

Calculated Heat Rejected by Converter Radiator 34.73 

Calculated Heat Rejected by Converter Radiator (Based 
on Radiator Tempera tu r e , °F) (37.67) 

NOTE: T e r m s in paren thes i s a r e shown for information only and a r e not 
included in the heat ba lance . 
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Figure 28 shows the var ia t ion in pump flow ra te as a function of reac tor outlet 

t empera tu re during the t empe ra tu r e per turbat ion . Pump performance while 

stabilized at the inc reased t empe ra tu r e is shown in Figure 20. Total pump degra ­

dation upon f i rs t reaching the 1053 °F outlet t empe ra tu r e was 14.3%, followed by 

an additional 1% during the stabil ization per iod. The degradation just pr ior to 

shutdown was 15.3%. 

ECU performance during the t empera tu re change is shown in Figure 29. P e r ­

formance was near that expected except that the ECU tempera tu re reached 765 °F 

as compared to the predicted 755 °F . The maximum operating limit for the com­

pensator is 775 °F . 

Per formance of sys tem diagnostic ins t rumentat ion was sat isfactory. The only 

anomaly observed was the fai lure of TS-3 and TS-4 to operate during the t em­

pera tu re i n c r e a s e due to improper connections in the switch c i rcu i t s . 
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IV. SYSTEM SHUTDOWN 

On March 15, 1966, the shutdown of FS-3 was initiated following the comple­

tion of 10,000 hr of full-power operat ion. During the shutdown, the average 

reac to r coolant t empe ra tu r e was leveled at 906 ± 5°F for 4 hr and at 760 ± 5°F 

for 8 h r . The r eac to r was shut down at an average t empera tu re of 558 °F at an 

indicated 0.1-in. deflection on ECU No. 1. Total operating t ime and energy r e ­

lease for the FS-3 a r e summar ized a s : 

Total c r i t i ca l t ime (hr) 10,075 

Total t ime at full power (hr) , 10,005.5 
T > 900°F 
average 

Total t h e r m a l energy r e l e a s e (kwt) 382,944 

Total e l ec t r i ca l energy r e l e a s e (kwe) 4038.3 

Average e lec t r i ca l power output (watts) 402.4 

Average e lec t r i ca l power (watts), 450.7 
space equivalent 

Table 8 is a summary compar ison of FS-3 performance during sys tem shut­

down with the per formance during t h e r m a l acceptance t e s t s in January 1965. 

Figure 3 0 is a h is tory of r eac to r t e m p e r a t u r e s during the shutdown operat ion. 

F igure 31 shows the converter inlet and outlet NaK and radia tor t empe ra tu r e s 

and t e m p e r a t u r e drop a c r o s s the converter the rmoe lec t r i c e lements . Figure 32 

shows the ave rage NaK, s t ruc tu re , ECU hot s t r ap , control ac tuator , ref lec tor , 

converter r ad i a to r , neutron shield, ins t rument compartment , and pump fin-base 

t e m p e r a t u r e s . With the exception of the neutron shield the the rmal performance 

of sys tem components was as expected. As apparent in Figure 32 the indicated 

neutron shield t e m p e r a t u r e responded rapidly to changes in average NaK t e m ­

pe ra tu r e , overshot at each plateau, and then increased while the average NaK 

t empera tu re remained constant. This behavior i s contrary to that expected for 

the shield with i ts high heat capacity and to observed t empera tu re behavior in 

previous sys tem t e s t s . Since in terna l shield t empera tu re data were also e r r a t i c 

during FS-3 s ta r tup , this anomaly i s at t r ibuted to faulty thermocouples . It is 

noted, however, that the shield case t empera tu re plotted in Figure 32, exhibits 

the expected t ime lag. 
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TABLE 8 
COMPARISON OF FS-3 PERFORMANCE DURING SHUTDOWN TO 

PERFORMANCE DURING THERMAL ACCEPTANCE TESTS 

Thermal Per fo rmance 

Tempera tu re s (°F) 

Converter inlet NaK 

Converter outlet NaK 

Converter average 

Converter AT 

ECU* 

Maximum structure ' ' ' 

Heater power input (kw 

Reactor t he rma l power 

E lec t r i ca l Pe r fo rmance 

Power output (watts) 

Open circui t voltage (v 

Internal r e s i s t ance (ohi 

Thermoe lec t r i c AT 

Pump Per fo rmance 

) 

(kw) 

Dlts) 

ms) 

Flow r a t e based on fringe fl\ix (gpm) 

Thermal 
Acceptance 

800 

720 

760 

80 

702 

740 

29.5 

0 

237 

36.2 

1.41 

187 

11.4 

Shutdown 

803 

713 

758 

90 

603 

664 

0 

25.1 

213 

39.9 

1.85 

184 

11.3 

'•'The high ECU and s t ruc tu re t e m p e r a t u r e s during t he rma l acceptance tes t 
resu l t from use of e lec t r i ca l ground tes t hea t e r s mounted on NaK re tu rn 
l ines . 
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Figure 33 is a compar ison of maximum s t ruc tu re t e m p e r a t u r e during t h e r m a l 

acceptance t e s t s to that during shutdown. The higher s t ruc tu re t e m p e r a t u r e s 

during acceptance t e s t s resu l ted from the use of e lec t r i ca l hea t e r s mounted on 

the NaK re tu rn l ines as the source of heat . Detailed sys tem heat balances at 

each of the t empe ra tu r e plateaus a r e given in Tables 9 and 10. A compar ison 

of Tables 4 and 9 show no significant differences in any of the heat balance t e r m s 

between the end of one year of operat ion and sys tem shutdown. Due to i n s t ru ­

mentation difficulties during FS-3 t h e r m a l acceptance t es t , no comparison is 

available for Table 10. 

F igures 34 through 37 show the conver ter power output, open- and closed-

circui t vol tages, cu r r en t , and in te rna l r e s i s t ance as a function of average con­

ver te r NaK t empe ra tu r e during shutdown. Figure 34 also compares conver ter 

power output during shutdown to power output during t h e r m a l acceptance t e s t s ; 

the ver t ica l d isplacement between curves i s due to the net r esu l t of two effects: 

(1) the higher s t ruc tu re t e m p e r a t u r e s during acceptance t e s t s , which tends to 

reduce the d isp lacement , and (2) conver ter degradat ion during the 10,000 hr of 

power operation, which causes the reduced power during shutdown. F igure 37 
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TABLE 9 
SNAP lOA FS-3 DETAILED SYSTEM HEAT BALANCE (kw) 

SYSTEM SHUTDOWN (T =911°F) 
avg ^ 

Calculated Reactor Thermal Power 36.3 5 

Gains — Reflector Internal Heating 0.43 

Losses — Reflector 0.46 

Reactor top 0.27 

Reactor bottom 0.16 

Total 0.46 

Calculated Heat Gain by NaK in Core 35.89 

Measured Heat Gain by NaK in Core (Flow Tempera tu re Rise) (35.82) 

Gains — Neutron Shield Internal Heating 0.15 

Losses — Pump 0.96 

Supply l ines 0.13 

Reactor support legs 0.48 

Neutron shield (0.90) 

Upper torque box 0.72 

Total 2.14 

Calculated Heat to Converter 33.75 

Measured Heat to Converter (Flow Tempera tu re Drop) (33.23) 

L o s s e s —Structure to Neutron Shield 0.38 

St ructure to vacuum vesse l 1.3 0 

NaK legs to vacuum vesse l 0.28 

Return l ines to s t ruc ture (0.09) 

Lower torque box 0.71 

Ins t rument compar tment 0.50 

L o w - p r e s s u r e convection 0.14 

E lec t r i ca l power produced 0.38 

Shunt losses to r ad i a to r s (2.61) 

Total 3.69 

Calculated Heat Rejected by Converter Radiator 3 0.06 

Calculated Heat Rejected by Converter Radiator (Based 
on Radiator T e m p e r a t u r e , °F) (33.06) 

NOTE: T e r m s in paren thes i s a r e shown for information only and a re not 
included in the heat ba lance . 
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TABLE 10 

SNAP lOA FS-3 DETAILED SYSTEM HEAT BALANCE (kw) 
SYSTEM SHUTDOWN (T = 760''F) 

avg 

Calculated Reactor Thermal Power 25.12 

Gains —Reflector Internal Heating 0.29 

Losses — Reflector 0.30 

Reactor top 0.17 

Reactor bottom 0.06 

Total 0.24 

Calculated Heat Gain by NaK in Core 24.88 

Measured Heat Gain by NaK in Core (Flow Tempera tu re Rise) (25.82) 

Gains — Neutron Shield Internal Heating 0.31 

Losses — Pump 0.69 

Supply l ines 0.08 

Reactor support legs 0.28 

Neutron shield (0.76) 

Upper torque box 0.39 

Total 1.13 

Calculated Heat to Converter 23.75 

Measured Heat to Converter (Flow Tempera tu re Drop) (23.95) 

Losses —Structure to Neutron Shield 0.36 

Structure to vacuum ves se l 0.86 

NaK legs to vacuum vesse l 0.17 

Return l ines to s t ruc tu re (0.05) 

Lower torque box 0.46 

Instrument compar tment 0.50 

Low p r e s s u r e convection 0.12 

E lec t r i ca l power produced 0.21 

Shunt losses to r a d i a t o r s (1.46) 

Total 2.68 

Calculated Heat Rejected by Converter Radiator 21.07 

Calculated Heat Rejected by Converter Radiator (Based 
on Radiator Tempera tu r e , °F) (23.95) 

NOTE: T e r m s in paren thes i s a r e shown for information only and a r e not 
included in the heat ba lance . 
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Figure 36. Converter Current During 
System Shutdown 
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presen t s a compar ison of converter in te rna l r e s i s t ance during shutdown to that 

observed during acceptance t e s t s . The r e s i s t ance data taken during the first 

t h e r m a l acceptance tes t was low due to capacitive loading by test equipment of 

the conver te r . The difference between r e s i s t ances during shutdown and during 

t he rma l acceptance t e s t s i s a resu l t of converter degradat ion. Converter r e ­

s is tance to ground during shutdown is shown in Figure 38. 

Pump performance during sys tem shutdown is shown in Figure 39 as a func­

tion of reac to r outlet t e m p e r a t u r e . For comparison, flow data taken during t h e r ­

mal acceptance t e s t s have been included in Figure 39. The most important con­

clusion to be drawn from Figure 39 is that after long- te rm operation the pump 

becomes insensi t ive to t empe ra tu r e changes above 900 °F and that below 800 °F 

there is no apparent change in flow from that observed during the rmal acceptance 

t e s t . Punnp fin t e m p e r a t u r e s during shutdown a re plotted in Figure 32. 

The ECU position during shutdown is given in Figure 40. The performance 

of the units was as expected except that a sudden dec rea se in position was indi­

cated at about 0.5 in. d isplacement ('^800 °F average t empera tu re ) . The indi­

cated position subsequently re tu rned to no rma l . The cause of this sudden shift 

in position indicator output has not been de termined. The setpoints of the ECU 

limit switches Pn S-9 and Pn S-10 a r e approximately 0.5 in., hence the poss i ­

bility of mechanical in terac t ion between the switches and position indicators 

ex i s t s . Similar indications were observed during FS-5 thermal acceptance t e s t s 

at approximately the same average t empera tu re and were attributed to the t e m ­

pera tu re sensit ivi ty of the position indicator s. 

The E C U ' S reached their inner l imi ts of t rave l at an average NaK t empera tu re 
3 

of 455 °F, as expected, due to the loss of approximately 50 in. of NaK to one 

secondary containnnent can during a p r i m a r y bellows leak of April 14, 1965. 

The diagnostic ins t rumenta t ion perfornned sat isfactor i ly during system shut­

down except for the anomalous ECU position indicator behavior (discussed in the 

preceding paragraph) and a sudden drop in t empera tu re indicated by TC-14 (Con­

ver te r outlet — Tube 417). At 11:01 on March 15 the output of TC-14 dropped 

from 855 °F to 113 °F and remained at about 113 °F until 17:17 at which t ime the 

output re turned to no rma l . Since all other converter t empe ra tu r e s remained at 
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the n o r m a l l e v e l d u r i n g t h i s p e r i o d , i t i s conc luded tha t t he low i n d i c a t e d t e m ­

p e r a t u r e w a s c a u s e d by a t e m p o r a r y f a i l u r e of T C - 1 4 . The c a u s e of f a i l u r e w a s 

not d e t e r m i n e d . I n s t r u m e n t a t i o n s t a t u s j u s t b e f o r e shu tdown i s s u m m a r i z e d in 

Tab le 5 . 

Two a p p r o a c h - t o - c r i t i c a l e x p e r i m e n t s w e r e m a d e wi th t h e F S - 3 s y s t e m about 

70 h r a f te r shu tdown . In o r d e r t o c o r r e c t e x c e s s r e a c t i v i t y m e a s u r e n n e n t s , an 

e s t i m a t e of the a v e r a g e c o r e t e m p e r a t u r e w a s m a d e b a s e d on m e a s u r e d r e f l e c t o r 

t e m p e r a t u r e s . T e m p e r a t u r e s could not be a c c u r a t e l y m e a s u r e d b e c a u s e of the 

p a r t i a l l y void c o r e and l a c k of f low. A c o r e a v e r a g e NaK t e m p e r a t u r e of 235 ± 

2 0 ° F w a s c a l c u l a t e d . The a v e r a g e fuel t e m p e r a t u r e e x c e e d s t h e NaK t e m p e r a ­

t u r e by l e s s t h a n 1 ° F . 

A n a l y s i s of t h e a p p r o a c h - t o - c r i t i c a l e x p e r i m e n t s i n d i c a t e d an a p p a r e n t l o s s 

of r e a c t i v i t y of 49 ± 6(̂  s i n c e the i n i t i a l c r i t i c a l e x p e r i m e n t s in 1965. C o r r e c t i o n s 

for d i f f e r e n c e s in c o r e t e m p e r a l u r e and p a r t i a l l y vo ided u p p e r NaK p l e n u m i n d i ­

ca te a net r e a c t i v i t y l o s s of 19 ± li d u r i n g the 10 ,000-h r r u n . R e s u l t s of t h e 

a p p r o a c h to c r i t i c a l t e s t s a r e l i s t e d a s fo l lows: 

R e a c t i v i t y V a l u e s 
R e a c t i v i t y Ef fec t s (%) 

P r e s t a r t u p excess reac t iv i ty (80°F) 2.95 ± 0.05 

Post-shutdown excess reac t iv i ty 2.46 ± 0.03 
(uncorrected) 

Correc t ion for hot coolant 0.275 ± 0.038 
(235 ± 20°F) 

Correct ion for par t ia l ly void upper 0.03 ± 0.02 
NaK plenum 

Correc ted post-shutdown excess 2.76 ± 0.05 
react iv i ty 

10,000-hr reac t iv i ty loss indicated by 0.19 ± 0.07 
approach- to -c r i t i ca l t e s t s 

10,000-hr reac t iv i ty loss indicated by 0.20 ± 0.01 
t empe ra tu r e per turba t ion tes t 
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