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I. INTRODUCTION 

The H a l l a m  Nuclear Power F a c i l i t y  (HNPF), ope ra t ed  by t h e  

Consumers P u b l i c  Power D i s t r i c t  o f  Nebraska (CPPD) f o r  t h e  United 

S t a t e s  Atomic Energy Commission (AEC), h a s  s u c c e s s f u l l y  completed t h e  

planned t e s t i n g  program up t o  f u l l  power o p e r a t i o n  a t  approximate ly  

250 megawatts thermal  (MWT) and a n e t  e l e c t r i c  ou tpu t  o f  about  77 mega- 

w a t t s  (MWe). S ince  November, 1963, t h e  p l a n t  has  been supp ly ing  power 

i n  accordance w i t h  t h e  power system demands. 

CPPD fo rma l ly  accep ted  r e s p o n s i b i l i t y  f o r  o p e r a t i o n  of  t h e  HNPF 

on February  6 ,  1964, c o i n c i d e n t  w i th  t h e  i s s u a n c e  o f  a n  Opera t ing  

Au thor i za t ion  t o  CPPD by t h e  AEC. 

Plant o p e r a t i o n  con t inues  t o  demonstrate  t he  advantages  of a 

sodium cooled  r e a c t o r  by producing h igh  q u a l i t y  steam a t  c o n d i t i o n s  

comparable t o  those  i n  convent iona l  power p l a n t s  w i t h  t h e  s a f e t y  fac-  

tors i n h e r e n t  in t h e  sodium-graphite r e a c t o r  concept. 

Reference 1 d e s c r i b e s  t h e  HNPF, i t s  c o n s t r u c t i o n ,  and t h e  planned 

References 2 and 3 c o n t a i n  f u r t h e r  p l a n t  d e s c r i p t i o n  t e s t i n g  program. 

and detail o f  early operating and testing experience, 

Table I lists t h e  d a t e s  of s i g n i f i c a n t  s t e p s  i n  t h e  H.NPF program. 
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T U L E  I 

SCHEDULE OF MAJOR EVENTS 

Contrac t  s igned  by CPPD and AEC 

Ground b reak ing  ceremonies 

F u l l  t ime c o n s t r u c t i o n .  i n i t i a t e d  

E l e c t r i c a l  g e n e r a t i o n  from convent iona l  p l a n t  

Commercial o p e r a t i o n  of convent iona l  p l a n t  

Completion of  Nuclear P l a n t  c o n s t r u c t i o n  

Dry c r i t i c a l  (no sodium i n  t h e  r e a c t o r )  

Wet c r i t i c a l  

15% f u l l  power a t t a i n e d  

F i r s t  e l e c t r i c a l  g e n e r a t i o n  w i t h  steam from 

t h e  Nuclear  P l a n t  

100% f u l l  power a t t a i n e d  

T r a n s f e r  of o p e r a t i o n a l  r e s p o n s i b i l i t y  t o  CPPD 

Sep t  ez,er 

A p r i l  

March 

A p r i l  

J u l y  

October 

January  

August 

January  

May 

J u l y  

February 

19 57 

1958 

1959 

1961 

1961 

1961 

1962 

19 62 

1963 

1963 

1963 

1964 
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11. PLANT DSSCRIPTION 

CPPD's Sheldon S t a t i o n  i n c l u d e s  a convent iona l  c o a l  o r  gas  f i r e d  

b o i l e r ,  t h e  HNPF w i t h  i t s  t h r e e  sodium " f i r e d "  steam g e n e r a t o r s ,  a 

t u r b i n e ,  a d m i n i s t r a t i v e  and s e r v i c e  f a c i l i t i e s .  The t u r b i n e  may be 

s u p p l i e d  from e i t h e r  steam source ,  o r  from b o t h  i n  p a r a l l e l .  F igu re  1 

i s  a photograph of t h e  s t a t i o n .  

The HNPF r e a c t o r  i s  a graphi te-moderated,  uranium f u e l e d ,  thermal  

r e a c t o r .  P r e s e n t  f u e l  l o a d i n g  i s  140 Uranium-IVIolybdenum e lements ,  and 

10 Uranium-Carbide elements.  

Heat t r a n s f e r  i s  by means of  t h r e e  i d e n t i c a l  sodium c i r c u i t s  

(F igu re  2). 

Table I1 l ists  some of t h e  impor t an t  p l a n t  parameters .  

The sodium pumps a r e  s t a n d a r d  c e n t r i f u g a l  pumps r a t e d  a t  7200 gpm 

a t  160 f t  d i scha rge  head. Being of f r e e  s u r f a c e  c o n s t r u c t i o n ,  w i t h  

hel ium i n  t h e  pump b a r r e l  above t h e  sodium, no sodium s e a l s  a r e  re- 

qu i r ed .  O i l  f i l l e d  gas  s e a l s  a t  t h e  f l o o r  l e v e l  p reven t  loss of t h e  

hel ium cover  gas.  

The i n t e r m e d i a t e ,  sodium-to-sodium, hea t  exchangers  a r e  of conven- 

t i o n a l  tube-and-shel l  des ign  wi th  a be l lows  i n  t h e  s h e l l  t o  accommodate 

d i f f e r e n t i a l  thermal  expansion. 

The s team g e n e r a t o r s  a r e  t h r e e - s h e l l  u n i t s  w i t h  s e p a r a t e  k e t t l e  

t y p e  evapora to r ,  steam s e p a r a t o r  and supe rhea te r .  Sodium f lows through 

double-walled bayonet t ubes  t o  h e a t  wa te r  o r  s team i n  t h e  s h e l l s  o f  t h e  

evapora to r  and supe rhea te r .  

wa l l ed  t u b e s  i s  f i l l e d  w i t h  helium. 

b 

The narrow annulus  between t h e  double- 

Helium p r e s s u r e  is monitored t o  

p rov ide  l e a k  d e t e c t i o n .  
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TABLE I1 

PLANT P A W T E R S  

Licensed Reactor Thermal Power 

Electrical Output (net) 

Sodium Temperatures 

Reactor Inlet 

Reactor Outlet 

Steam Conditions 

Superheater Outlet 

Evaporator Pressure 

Sodium Flow Rate thru Reactor 

Steam Flow 

256 Mw 

77 Mw 

610 F 

945 F 

875 F 

900 psig 
6 8.4~10 #/hr 

753,000 #/hr 
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111. PERSONNEL 

The p l a n t  complement a t  Sheldon S t a t i o n  now numbers 82. 

o r g a n i z a t i o n  c h a r t  as d e p i c t e d  i n  F igure  3 has  been developed t o  

u t i l i z e  t h e  skills and t a l e n t s  of a l l  pe r sonne l  i n  bo th  conven t iona l  

and n u c l e a r  p o r t i o n s  of  t h e  s t a t i o n .  

The p l a n t  

A. STAFF 

The nuc leus  of  t h e  p l a n t  s ta f f  w a s  o rganized  i n  1958. Approxi- 

mate ly  one-half  o f  t h e  p l a n t  complement w a s  added i n  1960 when t h e  f o r -  

m a l  r e a c t o r  p l a n t  t r a i n i n g  began. The EnFineering S t a f f  i n c l u d e s  a n  

A s s i s t a n t  P l a n t  Supe r in t enden t  f o r  Nuclear Engineer ing;  a Reac tor  

Engineer ;  a Chemical Engineer ;  2 Performance Engineers ;  a n  O f f i c e  

Engineer  and 2 t e c h n i c i a n s .  

Heal th  P h y s i c i s t  and 2 t e c h n i c i a n s .  The C l e r i c a l  Group i n c l u d e s  t h e  

P l a n t  Accountant;  3 c l e r i c a l  pe r sonne l  and t h e  2 t o u r  guides .  The 

Opera t ions  Groue i n c l u d e s  a s u p e r v i s o r ;  5 s h i f t  s u p e r v i s o r s ,  and 29 op- 

e r a t o r s  i n  t h e  3 c l a s s i f i c a t i o n s .  There a r e  2 o p e r a t o r s  of  each c l a s s -  

i f i c a t i o n  on each s h i f t .  Opera tors  a r e  t r a i n e d  t o  work i n  e i t h e r  t h e  

conven t iona l  o r  nuc lea r  p o r t i o n s  o f  the p l a n t .  Every 6 o r  7 working 

days they  r o t a t e  from conven t iona l  t o  n u c l e a r  p l a n t  and v i c e  v e r s a  i n  

o r d e r  t o  keep f a m i l i a r  w i th  c u r r e n t  o p e r a t i o n s .  

The Heal th  Phys ic s  GrouE i s  composed of  a 

The 29-man maintenance group is s i z e d  f o r  normal p l a n t  ope ra t ion .  

Outage t ime is h e l d  t o  a m i n i m u m  by supplementing t h e  normal mainte- 

nance crew w i t h  o u t s i d e  he lp .  

B. TRAINING 

* 

The 1960 r e a c t o r  p l a n t  formal t r a i n i n g  program was a t t e n d e d  by 29 

of Consumers personnel .  Th i s  w a s  a f u l l  t ime program of  s i x  months' 
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0 d u r a t i o n .  Extended t r a i n i n g  up t o  one y e a r  i n  d u r a t i o n  w a s  p rovided  

f o r  i n d i v i d u a l s  on t h e  t e c h n i c a l  s t a f f  i n  t h e  a r e a s  of  t h e i r  

r e s p o n s i b i l i t i e s .  

A 300-hour formal  c lassroom and i n - p l a n t  t r a i n i n g  program w a s  cun- 

ducted  €or s e v e r a l  groups du r ing  1961, 1962 and 1963 p r i o r  t o  t h e  AEC 

o p e r a t o r  l i c e n s i n g  examinations.  A similar 120-hour c lassroom program 

is  c u r r e n t l y  i n  s e s s i o n  f o r  A 3 C  Sen io r  Operator l i c e n s e  a p p l i c a n t s .  

Formal c lassroom t r a i n i n g  f o r  t h e  convent iona l  p l a n t  w a s  a l s o  con- 

duc ted  d u r i n g  p l a n t  s t a r t u p .  A l l  p l a n t  pe r sonne l  have a l s o  p r o f i t e d  

from on- the-  j ob t r a i n i n g  d u r i n g  t h e  convent iona l  and n u c l e a r  p l a n t  

s t a r t u p s  and t e s t i n g .  
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0 I V .  TESTING 

The p l a n t  t e s t i n g  program w a s  d iv ided  f o r  convenience i n t o  fou r  

major s e c t i o n s :  

1) P r e o p e r a t i o n a l ,  up t o  and i n c l u d i n g  i n i t i a l  c r i t i c a l  l o a d i n g  

2) P o s t  c r i t i c a l ,  phase I ,  r e a c t o r  t e s t i n g  a t  "zero" power 
( < l o 0  Kwt) 

3)  P o s t  c r i t i c a l ,  phase 11, nuc lea r  p l a n t  t e s t i n g  (no e l e c t r i c a l  
g e n e r a t i o n )  up t o  15% des ign  power (38 Mwt) 

4) Pos t  c r i t i c a l ,  phase 111, power p l a n t  t e s t i n g  from 15% t o  
100% des ign  power. 

The p r e o p e r a t i o n a l  t e s t i n g  proved t h e  adequacy of  p l a n t  equipment 

and sys tems t o  meet des ign  requi rements .  Fue l  l o a d i n g  t o  i n i t i a l  wet 

( r e a c t o r - f i l l e d  wi th  sodium) c r i t i c a l i t y  culminated t h e  p r e o p e r a t i o n a l  

t e s t program 

The phase I p o s t  c r i t i c a l . t e s t s  c a r r i e d  t h e  r e a c t o r  t o  d e s i g n  f u e l  

l o a d i n g ,  v e r i f i e d  c a l c u l a t e d  v a l u e s  o f  n u c l e a r  parameters  and a s s u r e d  

n u c l e a r  s a f e t y  of  t h e  p l a n t .  

Phase II p o s t  c r i t i c a l  t e s t s  demonstrated t h e  o p e r a b i l i t y  of  t h e  

e n t i r e  p l a n t ,  up t o  des ign  tempera tures .  During phase I1 t e s t i n g  r e -  

a c t o r  power w a s  "dumped1' t o  a n  a tmospher ic  steam dump condenser ,  which 

a l lowed t h e  r e a c t o r  t e s t i n g  t o  proceed a t  any d e s i r e d  l e v e l  w i thou t  

i n t e r f e r i n g  w i t h  s t a t i o n  ou tpu t .  

Phase I11 p o s t  c r i t i c a l  t e s t s  demonstrated t h e  performance of t h e  

p l a n t  "on l i n e " .  During t h i s  p e r i o d  steam produced by t h e  reac t .or  

p l a n t  w a s  used t o  g e n e r a t e  e l e c t r i c  power f o r  t h e  e l e c t r i c a l  power 

g r i d .  

nately o r  in p a r a l l e l  t o  b e s t  meet t h e  requirkrnents  of the  t e s t i n g  pro- 

gram while s imul t aneous ly  f u l f i l l i n g  CPPD e l e c t r i c a l  g e n e r a t i o n  

The r e a c t o r  and t h e  conven t iona l  b o i l e r  were ope ra t ed  a l t e r -  

@ 
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@ commitments. A detailed test and evaluation report 'was prepared on 

each of the 56 separate tests. 
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n 
V. OPERATIONAL EXPERIENCE 

A s  d i s c u s s e d  l a t e r ,  t h e r e  have been s e v e r a l  nuc lea r  p l a n t  prob- 

lems which r e s u l t e d  i n  o p e r a t i o n a l  de lays .  Use of  t h e  conven t iona l  

b o i l e r  t o  meet system l o a d  demands du r ing  t h e s e  p e r i o d s  h a s  provided 

t h e  o p p o r t u n i t y  t o  make permanent f i x e s .  Operat ion o f  t h e  two f a c i l i -  

t i e s  i n  p a r a l l e l  h a s  a l s o  p e r m i t t e d  a f l e x i b l e  o p e r a t i o n  which would 

n o t  o the rwise  have been p o s s i b l e .  F igu re  4 d e p i c t s  t h e  g r o s s  e l e c t r i -  

c a l  g e n e r a t i o n  by t h e  n u c l e a r  p l a n t  from July 1963 through January  1964. 

A. PLANT CAPABILITY 

Steam c o n d i t i o n s  o f  825 p s i g  8 6 0 0 ~  as d e l i v e r e d  t o  t he  t u r b i n e  a t  

100% l o a d  were b e t t e r  t h a n  t h e  base  des ign  f i g u r e  of 800 p s i g  8 2 5 0 ~ .  

The r e a c t o r  p l a n t  a l s o  developed g r e a t e r  t han  t h e  75 n e t  e l e c t r i c a l  

megawatt r a t i n g .  These t e s t s  were conducted wi th  140 f u e l  elements.  

Space i s  provided  f o r  a maximum of 182  f u e l  elements.  

p l a n t  t o  l o a d  changes has  been t e s t e d  t o  t h e  des ign  of 5 e l e c t r i c a l  

megawatts per minute wi th  no t r a n s i e n t  problems. 

B. PLANT AVAILABILITY 

Response o f  t h e  

A very  s h o r t  base  l i n e  must be used t o  d i s c u s s  p l a n t  a v a i l a b i l i t y .  

Cons ider ing  t h e  months of October 1963 through January  1964 r e s u l t s  i n  

a p l a n t  a v a i l a b i l i t y  o f  80.8%. 

through January  1964 r e su l t s  i n  a p l a n t  a v a i l a b i l i t y  o f  97.4%. 

t h e  i n i t i a l  problems have been r e s o l v e d  a n  annual  a v a i l a b i l i t y  f a c t o r  

o f  90% o r  h i g h e r  ( i n c l u d i n g  ou tages  f o r  f u e l  changes) seems p o s s i b l e .  

C MAINTENANCE 

Cons ider ing  t h e  months of  November 1963 

Once 

A t  t h i s  stage of p l a n t  o p e r a t i o n ,  t h e  pr imary  o b j e c t i v e  of  t h e  

maintenance group i s  t o  e f f e c t  r e p a i r s  i n  a manner t o  reduce  t h e  fre- 

quency o f  f a i l u r e .  A great d e a l  of  t h i s  type  of  work h a s  been @ 
-9- 



0 accomplished. A number of  such  m o d i f i c a t i o n s  a r e  c u r r e n t l y  be ing  

planned f o r  i n c o r p o r a t i o n  i n t o  the  p l a n t  t h i s  year .  Rout ine c a l i b r a -  

t i o n ,  i n s p e c t i o n ,  and maintenance schedu les  a r e  be ing  r e v i s e d  as 

exper ience  develops.  The two-week decay p e r i o d  r e q u i r e d  b e f o r e  a c c e s s  

can be  ga ined  t o  pr imary sodium c e l l s  has  not  been a problem. Sched- 

u l e d  shutdowns a r e  planned t o  accomplish o t h e r  work p r i o r  t o  e n t r y  of 

t h e  s e a l e d  c e l l s .  No u n a n t i c i p a t e d  problems have developed i n  main- 

t a i n i n g  t h e  sodium system. 

-10- 



V I .  SIGNIFICANT PROBLEMS 

I n  t h e  course  of t h e  e x t e n s i v e  t e s t  program many minor equipment 

and des ign  d i s c r e p a n c i e s  were d iscovered  and co r rec t ed .  Also, modif i -  

c a t i o n s  were made t o  improve p l a n t  s a f e t y  and o p e r a b i l i t y .  These were 

t h e  u s u a l  problems encountered i n  t h e  s t a r t u p  of any l a r g e  p l a n t .  

There were a l s o  a few problems of a more s e r i o u s  n a t u r e  which caused 

d e l a y s  t o  t h e  program. 

A. INTERMEDIATE HEAT EXCHANGERS 

I n  November 1962, a l e a k  occurred  i n  one of t h e  C i r c u i t  No. 1 

h e a t  exchanger u n i t s .  Reference 5 d e s c r i b e s  t h e  h e a t  exchangers ,  t h e  

f a i l u r e  and r e p a i r .  The loop  w a s  s h u t  down and d ra ined  i n  accordance 

wi th  t h e  s t a n d a r d  o p e r a t i n g  procedures .  P l a n t  t e s t i n g  w a s  cont inued  

w i t h  t h e  number one c i r c u i t  i s o l a t e d .  I n  December, t h e  r e a c t o r  w a s  

s h u t  down and t h e  damaged u n i t  w a s  removed. P l a n t  t e s t i n g  w a s  resumed 

w i t h  t h e  number one c i r c u i t  l i m i t e d  t o  one-half  des ign  sodium flow. 

The broken tube  (on ly  one) w a s  i d e n t i f i e d  and t h e  h e a t  exchanger w a s  

washed w i t h  anhydrous ammonia (NH ) t o  remove t h e  r e s i d u a l  sodium. 
3 

Reference 4 d e s c r i b e s  t h e  ammonia c l e a n i n g  p rocess  and t h e  r e a s o n s  f o r  

s e l e c t i n g  t h e  p r o c e s s  r a t h e r  t h a n  such a l t e r n a t e s  as a l c o h o l  o r  low 

p r e s s u r e  s a t u r a t e d  steam. 

The damaged tube  w a s  removed by g r i n d i n g  ou t  t h e  weld and p u l l i n g  

t h e  tube  through t h e  tube s h e e t .  To f u l l y  ana lyze  t h e  problem, seven- 

t e e n  t u b e s  were removed. 

The f a i l u r e  w a s  caused by flow induced tube  v i b r a t i o n .  The i n l e t  

b a f f l e  arrangement a l l o w s  p a r t  of  t h e  sodium t o  bypass  t h e  b a f f l e  and 

impinge d i r e c t l y  on t h e  p e r i f e r a l  tubes.  This  l o c a l  h igh  v e l o c i t y  

-11- 



sodium s t r eam caused t h e  t u b e s  t o  o s c i l l a t e  i n  a r o t a r y  manner so t h a t  

t h e  tubes  were worn and o v e r s t r e s s e d  where they  passed  through t h e  

suppor t  b a f f l e s .  T e s t s  conducted by Plr. R. C. Ba i rd ,  c o n s u l t a n t ,  on 

t h e  f a i l e d  h e a t  exchanger showed t h a t  s t i f f e n e r s  i n s t a l l e d  between t h e  

tubes  a t  t h e  p o i n t  of  maximum displacement  would p reven t  t h e  v i b r a t i o n .  

Other  t e s t i n g  demonstrated t h a t  t h e  a f f e c t e d  tubes  were not  s t r u c t u r -  

a l l y  damaged by t h e  v i b r a t i o n  p r i o r  t o  a c t u a l  f a i l u r e .  T e n s i l e  and 

b u r s t  t e s t s  on t u b e s  removed from t h e  h e a t  exchanger showed no ten-  

dency of  t h e  t u b e s  t o  f a i l  p r e f e r e n t i a l l y  i n  t h e  b a f f l e  areas. There- 

f o r e ,  i t  w a s  concluded t h a t ,  i f  t h e  v i b r a t o r y  o s c i l l a t i o n s  could  be 

p reven ted ,  t h e r e  w a s  no r eason  t o  expec t  a d d i t i o n a l  f a i l u r e s .  

The f a i l e d  u n i t  w a s  modif ied by t h e  i n s e r t i o n  of s t a i n l e s s  s t e e l  

shims between t h e  t u b e s  as shown i n  F igu re  5. S i m i l a r  m o d i f i c a t i o n s  

were performed on t h e  o t h e r  f i v e  u n i t s  w i th  t h e  u n i t s  i n  p l ace .  V i -  

b r a t i o n  measurements coqducted by t h e  I n t e r n a t i o n a l  Research and 

Development Company eng inee r s  d e t e c t e d  no v i b r a t i o n s  a t  the  frequen-  

c i e s  of i n t e r e s t .  These t e s t s  demonstrated t h e  e f f i c a c y  o f  t h e  modi- 

f i c a t i o n  and a l l  h e a t  exchangers  were r e t u r n e d  t o  u n r e s t r i c t e d  s e r v i c e  

i n  May 1963. 

B. MAIN SODIUM PUMPS 

Sodium i s  c i r c u l a t e d  through t h e  main sodium l o o p s  by s i x  v e r t i -  

c a l l y  mounted, c e n t r i f u g a l ,  overhung, f r e e - s u r f a c e  pumps. 

shows t h e  e s s e n t i a l  components of  t h e  secondary pumps, t h e  pr imary  

pumps a r e  i d e n t i c a l  except  f o r  l o n g e r  s h a f t s  and t h e  r a d i a t i o n  s h i e l d -  

ing.  

F i g u r e  6 

Reference 6 d e s c r i b e s  t h e  HNPF pumps and t h e i r  o p e r a t i n g  h i s t o r y .  
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1. Problems Crea ted  During IHX Repair  

While d r a i n i n g  t h e  i n t e r m e d i a t e  h e a t  exchanger,  helium from 

t h e  secondary l o o p  w a s  a l lowed t o  p a s s  through t h e  f a i l e d  tube  i n t o  

t h e  pr imary loop. The secondary cover g a s  w a s  a t  a h ighe r  p r e s s u r e  

than  t h e  primary. Th i s  h ighe r  p r e s s u r e  fo rced  sodium up i n t o  t h e  

annulus  around t h e  pump b a r r e l  and a l s o  around t h e  pump s h a f t .  When 

t h e  sodium reached the  lower tempera ture  a r e a s  of t h e  pump c a s e  i t  

f r o z e .  The pump w a s  removed, washed and in spec ted .  

The sodium w a s  removed from t h e  pump b a r r e l  by s teaming in 

t h e  pump wash c e l l .  It w a s  necessary  t o  use a steam l a n c e  t o  remove 

t h e  sodium around t h e  pump s h a f t .  I n s p e c t i o n  of the  pump showed t h a t  

i t  had n o t  been damaged i n  any way by t h e  excess ive  sodium l e v e l ,  so 

i t  w a s  r e t u r n e d  t o  t h e  system. 

2. Helium Entrainment 

A s m a l l  s t ream o f  sodium i s  channeled from t h e  pump d i scha rge  

t o  t h e  hydrodynamic b e a r i n g  which c e n t e r s  t h e  pump i m p e l l e r .  Th i s  

sodium, and t h a t  which l e a k s  by t h e  s e a l  r i n g s ,  is t aken  o u t  of t h e  

pump c a s e  by l eakage  through weep h o l e s  through t h e  pump i m p e l l e r  and 

by the overf low line. The weep h o l e s  were s i z e d  to approximately 

ba lance  t h e  i n l e a k a g e  so t h a t  flow through t h e  overf low l i n e  i s  m i n i -  

mized. The secondary pumps ope ra t ed  as expected,  b u t  e a r l y  o p e r a t i o n  

of  t h e  pr imary pumps . ind ica ted  t h a t  sodium w a s  drawn through t h e  weep 

holes  at  a r a t e  f a s t e r  t han  i t  w a s  s u p p l i e d  by t h e  b e a r i n g  and by 

l eakage  through t h e  s e a l  r i n g s .  

en t ra inment  of helium from t h e  pump c a s e  i n t o  t h e  sodium stream. In- 

v e s t i g a t i o n  of o p e r a t i o n  and des ign  parameters  d i s c l o s e d  t h a t  t h e  

pumps were des igned  for 160 f t  d i scha rge  head, bu t  e a r l y  t e s t i n g  wi th  

A t  h igh  f low r a t e s  t h i s  l e d  t o  t h e  
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a p a r t i a l l y  loaded  r e a c t o r  co re  w a s  conducted w i t h  only about  80 f t  of  

system p r e s s u r e  drop. This lower  d i scha rge  p r e s s u r e  r e s u l t e d  i n  l e s s  0 
t h a n  normal sodium flow i n t o  t h e  pump case  and, t h e r e f o r e ,  a n e t  f low 

of sodium from t h e  pump case.  Each o f  t h e  pr imary  pumps w a s  removed 

from t h e  system and fou r  o f  t h e  e i g h t  weep h o l e s  plugged. This  w a s  

e f f e c t i v e  i n  e l i m i n a t i n g  t h e  en t ra inment  o f  helium i n  t h e  sodium 

s t r e a m  under a l l  o p e r a t i n g  cond i t ions .  

3. Temperature and Clearance Problems 

I n  February 1963, rubbing  sounds were d e t e c t e d  i n  t h e  number 

two secondary  pump. The pump w a s  removed and in spec ted .  It w a s  d e t e r -  

mined t h a t  t h e  t h r u s t  b e a r i n g  had no t  been p r o p e r l y  shimmed t o  p rov ide  

t h e  pump i m p e l l e r  w i t h  p rope r  c l ea rance  t o  t h e  lower  pump case.  D i f f e r -  

e n t i a l  thermal  expansion a t  t h e  h i g h e r  tempera tures  caused t h e  pump i m -  

p e l l e r  t o  c o n t a c t  t h e  d i f f u s e r .  Proper  shims were i n s t a l l e d  and t h e  

pump w a s  r e t u r n e d  t o  s e r v i c e .  

I n  June 1963, t h e  secondary pumps became d i f f i c u l t  t o  r o t a t e  

by hand, and could no t  b e  s t a r t e d  w i t h  normal motor power. They were 

removed f o r  i n s p e c t i o n .  Q u a n t i t i e s  of f o r e i g n  m a t e r i a l  were found i n  

t h e  c l o s e  c l e a r a n c e s  of  t h e  wear r i n g s  and t h e  h y d r a u l i c  bea r ings .  

Some of  t h i s  material  w a s  i d e n t i c a l  t o  t h e  weld material  i n  t h e  steam 

g e n e r a t o r s  and i s  assumed t o  have been d e b r i s  l e f t  i n  t h e  steam gener- 

a t o r s  d u r i n g  f a b r i c a t i o n .  Concurren t ly ,  excess ive  c i r c u m f e r e n t i a l  

t empera ture  g r a d i e n t s  e x i s t e d  around t h e  secondary pump cases .  

were caused by uneven c o o l i n g  of t h e  pump cases due t o  i n t e r r u p t i o n s  

of t h e  convec t ive  c o o l i n g  p a t h s  by s t r u c t u r a l  members. The combination 

These 

o f  reduced  c l e a r a n c e s  due t o  t h e  d e p o s i t i o n  of  f o r e i g n  m a t e r i a l  and 

I -pump case warpage due t o  uneveil d i s t r i b u t i o n  l e d  t o  b i n d i n g  of t h e  

1 -14- 



pumps. The pumps were c leaned  and r e i n s t a l l e d .  A fo rced ,  duc ted  cool-  

i n g  system w a s  i n s t a l l e d  wi th  p r o v i s i o n  f o r  a d j u s t i n g  t h e  circumferen-  

t i a l  a i r  d i s t r i b u t i o n  and pump case  d e f l e c t i o n  monitors  (plumb bobs) 

were i n s t a l l e d .  

4. Helium Leakage from S e a l  O i l  

I n  October 1963, t h e  number two secondary pump bound up. D i s -  

assembly of  t h e  gas  s e a l  d i s c l o s e d  sodium. Opera t ing  r e c o r d s  i n d i -  

c a t e d  t h a t  t h e  l o o p  had been ope ra t ed  f o r  s e v e r a l  days wi th  an  excess-  

i v e l y  h i g h  sodium l e v e l .  Sodium a t  t h i s  l e v e l  i s o l a t e d  t h e  pump s h a f t  

from t h e  ven t  so t h a t  t h e  sodium w a s  f o r c e d  up t h e  pump s h a f t  annulus  

i n t o  t h e  o i l  seal. The pump w a s  removed, steam c leaned ,  i n s p e c t e d ,  

and r e i n s t a l l e d .  The ven t  system has  been modif ied t o  provide  a pos i -  

t i v e  hel ium supply  t o  t h e  o i l  s e a l .  

C. CONTROL ROD THIMBLES 

The HNPF c o n t r o l  r o d s  move i n s i d e  closed-end th imbles  which i s o -  

l a t e  t h e  r o d s  from t h e  r e a c t o r  coolan t .  The o r i g i n a l  th imbles  were 

c o n s t r u c t e d  of Z i r c a l l o y  11. The th imbles  are f i l l e d  w i t h  hel ium a t  

abou t  two atmospheres p r e s s u r e  t o  minimize c o r r o s i o n  and improve h e a t  

t ransfer  from t h e  neut ron  abso rb ing  m a t e r i a l .  Th i s  also i n s u r e s  t h a t  

a l eak  from t h e  th imble  w i l l  not admit oxygen t o  t h e  sodium. I n  June 

1963, a l eak  occurred  i n  one o f  t h e  c o n t r o l  r o d  thimbles .  

was  r e p l a c e d  w i t h  a spare and, s i n c e  t h e  f a i l u r e  r e p r e s e n t e d  no hazard ,  

t e s t i n g  w a s  resumed. In August 1963, ano the r  c o n t r o l  rod  thimble 

f a i l e d .  

The f a i l u r e s  were caused by massive hydr id ing  o f  t he  zirconium, l ead -  

ing t o  embr i t t l ement  of  t h e  material. The hydrogen w a s  r e l e a s e d  from 

The th imble  

The sJtmptoms were i d e n t i c a l  t o  those  of t h e  first f a i l u r e .  
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a t i tan ium-hydr ide  s h i e l d  i n s t a l l e d  t o  minimize a c t i v a t i o n  of t h e  con- 

t r o l  rod  p u l l  Cubes. 

@ 
The th imbles  were r e p l a c e d  wi th  new th imbles  made of type  304 

s t a i n l e s s  s t e e l .  

s e r i o u s l y  a f f e c t  the  f u e l  management schedule .  A gas chromatograph 

w a s  added t o  t h e  c o n t r o l  rod  atmosphere system t o  a l low e v a l u a t i o n  o f  

hydrogen r e l e a s e .  

Opera t ion  h a s  demonstrated t h a t  hydrogen i s  indesd  be ing  added t o  t h e  

c o n t r o l  rod  th imbles ,  b u t  a t  a d e c r e a s i n g  r a t e ,  and t h a t  t h e  p u r i f i c a -  

t i o n  system can main ta in  t h e  hydrogen c o n c e n t r a t i o n  below 200 ppm. 

D. STEAM GENERATOR CARRYOVER 

The loss i n  r e a c t i v i t y  (about  one d o l l a r )  does n o t  

A p u r i f i c a t i o n  system w a s  added t o  remove hydrogen. 

The steam g e n e r a t o r s  a r e  h o r i z o n t a l ,  k e t t l e  type  u n i t s  des igned  

f o r  251,000 pounds p e r  hour steam flow a t  850 p s i g  and 833 degrees  F. 

Opera t ion  of  t h e s e  u n i t s  a t  n e a r  des ign  s teaming r a t e s  i n d i c a t e d  water 

c a r r y o v e r  i n  excess  of t h e  0.25% guarantee .  Through t e s t i n g ,  and 

e v a l u a t i o n  of  o p e r a t i n g  c o n d i t i o n s ,  water  l e v e l  i n  t h e  steam genera- 

t o r s  w a s  determined t o  b e  f i v e  i n c h e s  above t h e  recommended l e v e l .  De- 

sign s teaming r a t e s  were a t t a i n e d ,  at l e s s  t h a n  0.25% mois ture  ca r ry -  

o v e r ,  by lower ing  t h e  water l e v e l .  

modi f ied  t o  a u t o m a t i c a l l y  program water  l e v e l  as s teaming rate i s  

var ied .  

va ry ing  l o a d s  w i l l  n o t  r e s u l t  i n  e i t h e r  excess ive  ca r ryove r  o r  in oper- 

a t i o n  w i t h  t h e  t o p  sodium tubes  uncovered. 

The l e v e l  c o n t r o l l e r s  have been 

T e s t i n g  is b e i n g  cont inued  t o  i n s u r e  t h a t  o p e r a t i o n  under 
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Y I I .  PLANS FOR FUTURE OPERATION, PLANT EXPANSION 

S t a t i o n  l o a d  f a c t o r  has  cons ide rab ly  i n c r e a s e d  s i n c e  1961. Con- 

t r a c t u a l  arrangements  f o r  purchase and in t e rchange  of power a r e  such 

t h a t  system l o a d  growth is e s s e n t i a l l y  added t o  t h i s  s t a t i o n .  

A second t u r b i n e  gene ra to r  i s  on o rde r  and w i l l  be ready f o r  s e r -  

v i c e  i n  1966. The p resen t  convent iona l  b o i l e r  w i l l  be converted t o  

i t s  o r i g i n a l  des ign  r a t i n g  t o  supply steam t o  t h e  second t u r b i n e  a t  

1800 p s i g  1000°F/lOOOOF r e h e a t .  A t  t h a t  t i m e ,  t h e  p r e s e n t  t u rb ine -  

g e n e r a t o r  w i l l  be s u p p l i e d  s o l e l y  from the  r e a c t o r  p l a n t .  Both u n i t s  

w i l l  be ope ra t ed  from t h e  common c o n t r o l  room. It i s  a n t i c i p a t e d  t h a t  

no a d d i t i o n a l  personnel  w i l l  be r e q u i r e d  t o  o p e r a t e  bo th  u n i t s .  

C a p a b i l i t y  of t h e  p r e s e n t  t u r b i n e  gene ra to r  i s  g r e a t e r  t han  t h e  

p r e s e n t  a u t h o r i z e d  power of t h e  r e a c t o r  p l a n t .  O r i g i n a l  p l a n t  des ign  

gave c o n s i d e r a t i o n  t o  i n c r e a s i n g  t h e  r e a c t o r  power. A f u t u r e  goa l  i s  

t o  demonstrate  t h a t  t h e  r e a c t o r  p l a n t  can be  up ra t ed  t o  match t h e  t u r -  

b i n e  c a p a b i l i t y .  

Core I1 f u e l  w i l l  be Uranium Carbide. F a b r i c a t i o n  of t h i s  f u e l  

is  i n  progress .  A conse rva t ive  f u e l  element des ign  i s  be ing  used t o  

ach ieve  a peak burnup i n  excess  of 20,000 MWD/MTU. 
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V I I I .  SUMMARY 

Testing and early operation of the HNPF has demonstrated the safe, 

simple operation of the sodium cooled-graphite moderated reactor. 

Equipment failures encountered were of the 'type foreseeable in the 

startup of any large, complex industrial plant. The inherent safety 

features of the low pressure liquid metal coolant with its high reten- 

tion of fission products; the high thermal efficiency attainable with 

high pressure, high temperature superheated steam; the ease of control 

and the simplicity of operation and maintenance; justify the continu- 

ing interest in the sodium graphite reactor concept as a vital part of 

the nuclear power program. 

A 
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Figure  3 .  Consumers Public Power Distr ic t  - Sheldon Station Organization 
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Figure  4. HNPF Gross  Electr ical  Generation, July 1963 Through January 1964 
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Figure  6. HNPF Sodium Pump 


