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ABSTRACT 

The f a i l u r e  mode and e f fec ts  a n a l y s i s  of C a l v e r t  C l i f f s - 1  i d e n t i f i e d  
sequences  of e v e n t s  judged  s u f f i c i e n t l y  complex t o  merit f u r t h e r  
a n a l y s i s  i n  d e t a i l e d  dynamic s i m u l a t i o n s .  T h i s  r e p o r t  describes the  
R E T R A N  model deve loped  f o r  t h i s  purpose  and t h e  r e s u l t s  o b t a i n e d .  The 
mathematical t o o l  was RETRAN2/Mod3, t h e  l a t e s t  v e r s i o n  of a wide ly  used  
and e x t e n s i v e l y  va l ida t ed  t h e r m a l - h y d r a u l i c s  p r o d u c t i o n  code o b t a i n e d  by 
l i c e n s e  agreement  w i t h  t h e  d e v e l o p e r ,  Electr ic  Power Research I n s t i t u t e ,  
and i n s t a l l e d  on the  ORNL IBM-3033 computers .  RETRAN2 is based on 
a f i r s t - p r i n c i p l e s  methodology t h a t  t r ea t s  two-phase f low w i t h  s l i p .  
Thermal e q u i l i b r i u m  of phases is  assumed e x c e p t  i n  t h e  p r e s s u r i z e r ,  
where non-equ i l ib r ium p r o c e s s e s  are impor t an t  and spec ia l  methodology is 
used.  Heat t r a n s f e r  i n  s o l i d s  is o b t a i n e d  from t h e  c o n v e n t i o n a l  
conduc t ion  e q u a t i o n .  Po in t  o r  1-D k i n e t i c s  is a v a i l a b l e  f o r  t h e  r e a c t o r  
c o r e .  The fundamenta l  methodology is supplemented w i t h  a broad  l ist  of 
p r o c e s s  submodels t h a t  c a l c u l a t e  heat t r a n s f e r  c o e f f i c i e n t s ,  f l u i d  and 
metal s t a t e  p r o p e r t i e s ,  choked f low,  form and wall  f r i c t i o n  l o s s e s ,  and 
o t h e r  parameters. Also s u p p l i e d  are  component submodels  f o r  v a r i o u s  
t y p e s  of v a l v e s  and pumps, t h e  l a t t e r  of which i n c o r p o r a t e  fou r -quadran t  
c h a r a c t e r i s t i c s  f o r  components i n  which two-phase o r  r e v e r s e  f low may be 
e x p e c t e d ,  and head v e r s u s  f low c u r v e s  f o r  o t h e r s .  

Ex tens ive  i n p u t  a l l o w s  the  code t o  be h i g h l y  p a r t i c u l a r i z e d  t o  a 
s p e c i f i c  p l a n t .  The major  i nves tmen t  i n  time and manpower o c c u r s  i n  
s e t t i n g  up the  base c a s e ;  changes are compara t ive ly  easy t o  implement.  

x i i i  





1 .  I N T R O D U C T I O N  

T h i s  r e p o r t  descr ibes  a d e t a i l e d  R E T R A N  model used i n  dynamic 
s i m u l a t i o n s  of t h e  C a l v e r t  C l i f f s - 1  Nuclear  Power P l a n t .  The R E T R A N  
model i n c l u d e s  p l a n t  p r i m a r y ,  s e c o n d a r y ,  c o n t r o l ,  and s a f e t y  s y s t e m s .  
These s i m u l a t i o n s  were used t o  perform f a i l u r e  mode and e f f e c t s  a n a l y s e s  
(FMEA) and t o  assess t h e  s a f e t y  i m p l i c a t i o n s  of  t h e  c o n t r o l  s y s t e m s  
(SICS) of  C a l v e r t  C l i f f s - 1 .  

The RETRAN-02IMOD3 computer code '  was used i n  per forming  n e u t r o n i c  and 
t h e r m a l - h y d r a u l i c s  c a l c u l a t i o n s .  An e x t e n s i v e  i n p u t  s e t u p  t o  descr ibe  
i n  d e t a i l  t h e  p r i n c i p a l  f e a t u r e s  of C a l v e r t  C l i f f s - 1  a l l o w e d  t h e  
s i m u l a t i o n s  t o  be t a i l o r e d  p r e c i s e l y  t o  t h a t  s p e c i f i c  n u c l e a r  power 
p l a n t .  
f o r  C a l v e r t  C l i f f s - 1  have been p r e s e n t e d  e l sewhere .2 ,3  

Some r e s u l t s  of t h e  dynamic s i m u l a t i o n s  u s i n g  t h e  R E T R A N  model 

The C a l v e r t  C l i f f s - 1  power p l a n t  is a Combustion E n g i n e e r i n g  ( C - E )  
p r e s s u r i z e d  water reactor (PWR) c o n f i g u r e d  as shown i n  F i g .  1 . 1 .  The 
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2 

p l a n t  owner and o p e r a t o r ,  t h e  B a l t i m o r e  Gas & Elec t r ic  Company ( B G & E ) ,  
and t h e  p l a n t  vendor ,  C-E ,  p r o v i d e d  numerous d e t a i l s  of t h e  p r i m a r y ,  
s e c o n d a r y ,  and c o n t r o l  s y s t e m s ,  which were i n c o r p o r a t e d  i n t o  O R N L ' s  
C a l v e r t  C l i f f s  R E T R A N  model ( F i g s .  1 . 2  and 1 . 3 ) .  BC&E provided  ORNL 
w i t h  a bas ic  R E T R A N  i n p u t  d e c k ,  which s i m u l a t e d  p r i n c i p a l l y  t h e  pr imary  
sys tem.  ORNL changed t h e  deck e x t e n s i v e l y  i n  t h e  pr imary  sys tem f o r  t h e  
FMEA and SICS s t u d i e s .  ORNL a l s o  added a comple te  s e c o n d a r y  l o o p  w i t h  
t h e  n e c e s s a r y  c o n t r o l  s y s t e m s .  

System d e s c r i p t i o n s  and i n f o r m a t i o n  were o b t a i n e d  from isometric p i p i n g  
drawings ,  sys tem d e s c r i p t i o n  and o p e r a t i n g  manuals ,  sys tem s p e c i f i c a t i o n  
shee ts ,  and o t h e r  materials p r o v i d e d  by BG&E and C-E.  Exact  p i p e  
l e n g t h s ,  volumes,  diameters, and e l e v a t i o n s  have  been p r e s e r v e d  as  much 
as p o s s i b l e  u n l e s s  o t h e r w i s e  s t a t e d .  

Equipment f a i l u r e s  and o p e r a t o r  i n a c t i o n s  were s p e c i f i e d  by t h e  FMEA 
group a t  ORNL. The R E T R A N  model was a best-estimate model i n  t h e  s e n s e  
t h a t  e v e r y  e f f o r t  was made t o  s i m u l a t e  t h e  real  power p l a n t  as c l o s e l y  
as  p o s s i b l e ,  b u t  t a k i n g  i n t o  a c c o u n t  t h e  g i v e n  f a i l u r e s .  

A l l  t r a n s i e n t s  were i n i t i a t e d  from f u l l - p o w e r  s t e a d y - s t a t e  c o n d i t i o n s .  
The RETRAN model is o p e r a t i o n a l  f o r  t r a n s i e n t s  a t  power and a f t e r  a 
r e a c t o r  t r i p .  

Depending upon the i n i t i a l  c o n d i t i o n s  and r e q u i r e d  f a i l u r e s  s p e c i f i e d  
f o r  t h e  n u c l e a r  power p l a n t  s i m u l a t i o n s  t o  be performed f o r  t h e  FMEA 
s t u d i e s ,  p o r t i o n s  of t h e  R E T R A N  model shown i n  F i g .  1 .3  were d e l e t e d  or 
a l te red .  T h i s  improved t h e  r u n n i n g  time on t h e  IBM-3033 computers  a t  
ORNL fo r  t h e  s p e c i f i e d  t r a n s i e n t s .  For i n s t a n c e ,  one  a l t e r a t i o n  was 
d e l e t i o n  of t h e  s e c o n d a r y  sys tem ups t ream of t h e  main feedwater (MFW) 
pumps; t h e  feedwater flow coming from t h e  l o w - p r e s s u r e  f e e d t r a i n  was 
t h e n  r e p l a c e d  by a R E T R A N  ' f i l l '  o p t i o n .  Another a l t e r a t i o n  was 
d e l e t i o n  of  t h e  main steam s y s t e m  downstream of t h e  main steam 
r e g u l a t i n g  v a l v e s .  

A s  t h e  C a l v e r t  C l i f f s - 1  R E T R A N  model e v o l v e d  d u r i n g  t h e  s t u d i e s ,  i t  was 
n e c e s s a r y  t o  r e r u n  t h e  s t e a d y - s t a t e  c a l c u l a t i o n s ,  f o l l o w e d  by a 60-s 
' n u l l - t r a n s i e n t , '  b e f o r e  i n i t i a t i o n  of  t he  t r a n s i e n t  c o u l d  b e g i n .  
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2. O V E R V I E W  OF THE MODEL 

The ORNL 
provided  
of  p l a n t  
sys tems.  

s i m u l a t i o n  i s  based  upon a C a l v e r t  C l i f f s - 1  R E T R A N  model 
by BG&E and p r e v i o u s l y  used i n  t h e i r  s t u d i e s  of c e r t a i n  a s p e c t s  
dynamics.  The BG&E model s i m u l a t e d  p r i n c i p a l l y  t h e  pr imary  

The s e c o n d a r y  s i d e  of e a c h  steam g e n e r a t o r  ( S G )  was 
r e p r e s e n t e d  by f i v e  n o d e s ;  the  b a l a n c e  of  p l a n t  was r e p r e s e n t e d  by 
boundary c o n d i t i o n s .  To t r ea t  a l l  cases of i n t e r e s t  t o  t h e  S a f e t y  
I m p l i c a t i o n s  of  C o n t r o l  Systems (SICS) Program, i t  was n e c e s s a r y  t o  
expand p o r t i o n s  of t h e  model,  p r i n c i p a l l y  t h e  steam g e n e r a t o r  and 
c o n t r o l  system s i m u l a t i o n s .  The a d d i t i o n s  are based  upon Calver t  
C l i f f s - 1  p l a n t - s p e c i f i c  i n f o r m a t i o n  p r o v i d e d  by BG&E and C-E. 

The R E T R A N  nodal  d iagrams of t h e  pr imary  and s e c o n d a r y  l o o p s  are  shown 
i n  F i g s .  1 .2  and 1.3.  The c o n t r o l  sys tems were implemented u s i n g  
R E T R A N ' s  basic  c o n t r o l  modules.  These s y s t e m s  c o n t r o l  t h e  v a r i o u s  
components i n  t h e  R E T R A N  model,  and t h e y  w i l l  be d e s c r i b e d  l a t e r  i n  t h i s  
r e p o r t .  Because of t h e  p r o p r i e t a r y  or  c o n f i d e n t i a l  n a t u r e  of  some of  
the  d a t a  used i n  t h e  model, c e r t a i n  i n f o r m a t i o n  i n  t h e  nodal  d iagrams 
and i n  t h e  c o n t r o l  sys tem diagrams w i l l  be o m i t t e d  o r  shown o n l y  
p a r t i a l l y .  The e f f e c t  of heat  c a p a c i t y  i n  t h e  metal masses of t he  
c o o l a n t  p i p e s  and components was i n c l u d e d  i n  t h e  model,  u s i n g  R E T R A N ' s  
h e a t  conductor  c a p a b i l i t y .  Note t h a t  fo r  t h e  FMEA and SICS s i m u l a t i o n s ,  
s e v e r a l  c o n t r o l  sys tems were m o d i f i e d  or  a l t e r e d  i n  o r d e r  t o  s i m u l a t e  
f a i l u r e s  or improper o p e r a t i o n  of d i f f e r e n t  p o r t i o n s  of the  c o n t r o l  
sys tems o r  modules i n  t he  power p l a n t .  

2.1 MODEL OF THE P R I M A R Y  SIDE 

I n  t h e  pr imary  s i d e ,  t h e  f o l l o w i n g  major  components were s p e c i f i c a l l y  
modeled (see F i g .  1 . 2 ) :  a r e a c t o r  v e s s e l ,  two p a r a l l e l  h e a t  t r a n s f e r  
l o o p s  ( e a c h  c o n t a i n i n g  one steam g e n e r a t o r ) ,  two r e a c t o r  c o o l a n t  c o l d  
l e g s  and one h o t  l e g  p e r  l o o p ,  and a p r e s s u r i z e r  i n  one  l o o p .  The 
f o l l o w i n g  components and o p e r a t i n g  d e t a i l s  were modeled: 

1 .  Reac tor  core,  v e s s e l  and i n t e r n a l s  (see F i g .  A.1.3 i n  Appendix A ) ,  
i n c l u d i n g  t h e  r e g u l a t i n g  and s a f e t y  c o n t r o l  r o d s  and t h e  s o l u b l e  
boron i n j e c t i o n  and removal c o n t r o l  sys tems (see F i g .  A . 1 . 5 ) .  

2. Two h o t - l e g  l o o p s :  h o t  l e g s  1 1  and 1 2  ( h o t  l e g s  21 and 22 i n  
C a l v e r t  C l i f f s - 2 ) .  The h o t  l e g s  w i l l  a l s o  be r e f e r e n c e d  a8 A and B. 

3. P r e s s u r i z e r  (RETRAN volume number V199), i n c l u d i n g  s p r a y  v a l v e  
( R E T R A N  v a l v e  number VA001 a t  j u n c t i o n  51941, heater and backup 
heaters ,  two p r e s s u r e - o p e r a t e d  r e l i e f  v a l v e s  ( P O R V s )  (VA002 a t  
J 1 9 5 ) ,  two p r e s s u r i z e r  s a f e t y  r e l i e f  v a l v e s  SRV1 (VA003 a t  5196)  and 
SRV2 (VA004 a t  J 1 9 7 ) ,  and t h e i r  a s s o c i a t e d  c o n t r o l  s y s t e m s .  [Note 
t h a t  t h e  s p r a y  i n t o  t h e  p r e s s u r i z e r  g e t s  water from c o l d  l e g  1 1  v i a  
t h e  s p r a y  l i n e  ( R E T R A N  volume node V193).1 

5 
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4. 

5. 

6 .  

7 .  

a .  

Two steam g e n e r a t o r s  (SG-11 and  SG-12) of  t h e  U-tube t y p e  (SG-21 and 
SG-22 i n  C a l v e r t  C l i f f s - 2 ) .  The steam g e n e r a t o r s  w i l l  a l s o  be 
r e f e r e n c e d  as SG-A and SG-B. 

Four c o l d  l e g s  and f o u r  r e a c t o r  c o o l a n t  pumps. I n  t h e  R E T R A N  model 
t h e  c o l d  l e g s  and c o o l a n t  pumps were combined i n t o  two c o l d  l e g s  
w i t h  a c o o l a n t  pump i n  each  combined c o l d  l e g .  (Cold l e g s  1 1  and 12 ,  
reactor c o o l a n t  pumps 1 1  and 12  i n  C a l v e r t  C l i f f s - 1 ;  c o l d  l e g s  21 
and 22, r e a c t o r  c o o l a n t  pumps 21 and 22 i n  u n i t  2 )  

Pr imary c h a r g i n g  pump and f i r s t  and second backup c h a r g i n g  pumps, 
which i n t r o d u c e  water i n t o  t h e  pr imary  coolan t  l o o p s  v i a  t h e  c o l d  
l e g s .  

Letdown v a l v e s ,  which remove r e a c t o r  c o o l a n t  from t h e  p r i m a r y  s y s t e m  
v i a  t h e  c o l d  l e g s  and t h u s  r e d u c e  water i n v e n t o r y  i n  t h e  pr imary  
s y s  tem . 
S o l u b l e  boron  i n j e c t i o n  i n t o  o r  removal from t h e  p r imary  c o o l a n t  
s y s t e m  th rough  the  c h a r g i n g  and l e tdown  l o o p s .  

2.2 MODEL OF THE SECONDARY SIDE 

I n  t h e  secondary  s i d e ,  w e  have t h e  f o l l o w i n g  components i n  t h e  R E T R A N  
model (see F i g .  1 . 3 ) :  

1 .  

2. 

3. 

4 .  

5 .  

6.  

7 .  

8. 

9.  

Two steam g e n e r a t o r s  (SG-11 and SG-121, i n c l u d i n g  t h e  downcomer, 
r iser ,  steam s e p a r a t o r s ,  steam d r y e r s ,  steam dome, r e c i r c u l a t i o n  
f l o w ,  metal masses, and narrow-range and wide-range l e v e l  c o n t r o l  
s y s t e m s  (see F i g s .  A.2.1 th rough  A.2.6 i n  App. A ) .  

Main steam l i n e  from t h e  steam o u t l e t  of each steam g e n e r a t o r .  

Atmospheric  dump v a l v e  i n  each  main steam l i n e .  

Four main steam l i n e  s a f e t y  r e l i e f  v a l v e s  i n  each  main steam l i n e .  

Main steam i s o l a t i o n  v a l v e  (MSIV) i n  each  main steam l i n e  (see 
F i g .  1 . 2 )  ( R E T R A N  v a l v e  number VAOO9 a t  j u n c t i o n  5705 f o r  SG-11, and 
v a l v e  VA010 a t  5706 f o r  SG-12). 

Main steam c o l l e c t o r  l i n e  (RETRAN volume V715),  i n t o  which t h e  
steam of each of t h e  ma in  steam l i n e s  f l o w s .  

Four main steam s t o p  v a l v e s  (MSSVs) and main steam r e g u l a t i n g  v a l v e s  
(MSRV), which r e g u l a t e  steam f low i n t o  t h e  h i g h - p r e s s u r e  
steam t u r b i n e .  

Main steam bypass  l i n e s ,  which are  connec ted  t o  t h e  main steam l i n e  
coming from SG-11.  

Four main steam bypass  v a l v e s  (MSBVs) ( R E T R A N  v a l v e  number VA014 a t  
j u n c t i o n  5720)  between t h e  main steam bypass  l i n e s  and t h e  
condenser  h o t w e l l  u n i t  ( R E T R A N  volume V949/V720). 



10.  A u x i l i a r y  feedwater s y s t e m  (AFW) t o  each  of t h e  steam g e n e r a t o r s .  

11 .  Main feedwater sys t em (MFW) t o  each of t he  steam g e n e r a t o r s .  

In t h e  MFW sys tem i n  the  secondary  s i d e  (see F i g .  1 . 3 ) ,  we have  t h e  
f o l l o w i n g  : 

MFW p i p e  (RETRAN volume node V550 a t  j u n c t i o n  5550)  from MFW 
i s o l a t i o n  v a l v e  (MFIV-11 o r  MFIV-A) t o  SG-11. 

MFIV-11 v a l v e  ( R E T R A N  v a l v e  number VA005 a t  j u n c t i o n  5550)  of 
SG-11 (MFIV-21 of 32-21 i n  u n i t  2 ) .  

P i p e  (RETRAN volume node V552) from MFIV-11 t o  t h e  MFW r e g u l a t i n g  
v a l v e  (MFRV-11 o r  MFRV-A) and t h e  MFW bypass  v a l v e  (MFBV-11) 
(MFRV-21 and MFBV-21 i n  u n i t  2 ) .  

P i p e  ( R E T R A N  volume node V997) from t h e  MFRV-11 v a l v e  t o  the  
c o l l e c t o r  p i p e  ( R E T R A N  volume node V901) of t h e  MFW pumps. 

MFRV-11 and MFBV-11 v a l v e s  ( R E T R A N  v a l v e  number VA007 a t  j u n c t i o n  
5552)  t o  SG-11 (MFRV-21 and MFBV-21 i n  u n i t  2 ) .  

P i p e  ( R E T R A N  volume node V997) from t h e  MFRV-11 v a l v e  t o  the 
c o l l e c t o r  p i p e  ( R E T R A N  volume node V9Ol) of t he  MFW pumps. 

Main-feedwater p i p e  ( R E T R A N  volume node V650) from t h e  MFW 
i s o l a t i o n  v a l v e  (MFIV-12 or MFIV-B) t o  SG-12. 

MFIV-12 v a l v e  (RETRAN v a l v e  number VA006 a t  j u n c t i o n  5650)  of 
SG-12 (MFIV-22 of SG-22 i n  u n i t  2 ) .  

P i p e  ( R E T R A N  volume node V652) from the  MFIV-12 v a l v e  t o  t he  MFW 
r e g u l a t i n g  v a l v e  (MFRV-12 or  MFRV-B) and t h e  MFW b y p a s s  v a l v e  
(MFBV-12 o r  MFBV-B). 

MFRV-12 and MFBV-12 v a l v e s  ( R E T R A N  v a l v e  number VA008 a t  j u n c t i o n  
5652)  t o  SG-12 (MFRV-22 and MFVB-22 i n  u n i t  2 ) .  

P i p e  ( R E T R A N  volume node V998) from t h e  MFRV-12 v a l v e  t o  t he  
c o l l e c t o r  p i p e  ( R E T R A N  volume node VgOl) of t h e  MFW pumps. 

High-pressure  FW heaters 16A and 16B. The steam t o  t h e  s h e l l  
s i d e  of these heaters comes from a n  i n t e r m e d i a t e  stage ( R E T R A N  
volume node V 4 4 3 )  of t h e  h i g h - p r e s s u r e  steam t u r b i n e  and from t h e  
second s t a g e  (volume node V456) of t h e  m o i s t u r e  s e p a r a t o r  
reheater u n i t s .  In t h e  R E T R A N  model ,  these FW heaters were 
modeled as f o l l o w s :  f o r  heater 1 6 A ,  RETRAN FW heater FWOl u s i n g  
volume nodes V950 s h e l l  s i d e  and V904 t u b e  s i d e ;  f o r  heater 16B, 
R E T R A N  FW heater FWO7 u s i n g  volume nodes V951 she l l  s i d e  and V905 
t u b e  s i d e .  
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Main feedwater pumps ( R E T R A N  pump P30 a t  volume node V9ll  f o r  
MFWP-11 and pump P40 a t  volume node V912 f o r  MFWP-12 i n  F i g .  1 . 3 ) .  
I n  t h e . p l a n t ,  t h e  MFW pumps are d r i v e n  by small steam t u r b i n e s .  
The steam t o  these t u r b i n e s  comes from t h e  main steam l i n e s ,  and 
t h e i r  speed is c o n t r o l l e d  by steam r e g u l a t i n g  v a l v e s .  I n  t h e  
RETRAN model, t h e  small steam t u r b i n e s  f o r  t h e  MFW pumps were n o t  
modeled. The speed  of t h e  MFW pumps is d i r e c t l y  c o n t r o l l e d  w i t h  
t h e  MFW pump c o n t r o l  s y s t e m  (see F i g .  A.3.5 i n  App. A ) .  
(MFWP-21 and MFWP-22 i n  u n i t  2 )  

Main feedwater pumps MFWP-11 and MFWP-12 r e q u i r e  a minimum f l o w  
w h i l e  o p e r a t i n g .  I n  o r d e r  t o  m a i n t a i n  t h i s  minimum f l o w  when t h e  
water f l o w  downstream of t h e  pumps is lower  t h a n  t h e  minimum 
r e q u i r e d  f l o w ,  r e c i r c u l a t i o n  v a l v e s  open up t o  r e c i r c u l a t i o n  
l i n e s  connec ted  t o  t h e  h o t w e l l .  The r e c i r c u l a t i o n  v a l v e s  were 
modula ted  w i t h  a c o n t r o l  sys tem b u i l t  up from R E T R A N ' s  b a s i c  
c o n t r o l  modules (see F i g .  A.3.6 i n  App. A ) .  

Low-pressure feedwater heaters 1 5 A  and 1 5 B .  I n  t h e  RETRAN model 
t h e y  were modeled as one FW heater ( R E T R A N  heater number FW06 
u s i n g  volume nodes V952 s h e l l - s i d e  and V916 t u b e - s i d e ) .  
The steam t o  t h e  FW heater 15A comes from two s o u r c e s :  

a .  t h e  d r a i n  from h i g h - p r e s s u r e  FW heater 16A 
b .  t h e  steam from t h e  f irst  s t a g e  of  main steam m o i s t u r e  

s e p a r a t o r  reheater 1 .  

The steam t o  t h e  FW heater 1 5 B  a l s o  comes from two s o u r c e s :  

a .  t h e  d r a i n  of h i g h - p r e s s u r e  FW heater 16B 
b .  t h e  steam from t h e  first s tage of t h e  main steam m o i s t u r e  

s e p a r a t o r  reheater 2.  

Two d r a i n  t a n k s .  I n  t h e  R E T R A N  model ,  t h e  two d r a i n  t a n k s  were 
combined i n t o  one R E T R A N  volume node V963. 
Dra in  t a n k  number one is f ed  by 

a. t h e  d r a i n  of feedwater heater 15A 
b .  d r a i n  of t h e  main steam m o i s t u r e  s e p a r a t o r  reheater u n i t  1 
c .  t h e  d r a i n  of  feedwater heater 1 4 A .  

D r a i n  t a n k  No. 2 is f e d  by 

a.  t he  d r a i n  of FW heater 1 5 B  
b. d r a i n  of t h e  main steam m o i s t u r e  s e p a r a t o r  reheater u n i t  2 
c. t h e  d r a i n  of feedwater heater 1 4 B .  

Low-pressure FW heaters 1 4 A  and 1 4 B .  I n  t h e  RETRAN model t h e y  
were combined and modeled as one FW heater ( R E T R A N  heater 
FW05 u s i n g  volume nodes V953 s h e l l - s i d e  and V918 t u b e - s i d e ) .  The 
steam t o  t h e  FW heaters 1 4 A  and 1 4 8  comes from t h e  7 t h  stage of 
t h e  low-pres su re  steam t u r b i n e s  (see volume node V467 i n  
F i g .  1 . 3 ) .  
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Low-pressure FW hea ters  l3A and 13B. I n  t h e  RETRAN model,  t h e y  
were combined i n t o  one FW heater ( R E T R A N  heater number FWO4 u s i n g  
volume nodes V954 she l l - s ide  and V920 t u b e - s i d e ) .  The steam t o  
FW heaters 13A and 13B comes from t h e  8 t h  s t a g e  of t h e  
low-pressure  steam t u r b i n e s .  The d r a i n  is fed  t o  low-pressure  FW 
heaters 1 2 A ,  1 2 B ,  and 1 2 C .  

Three condensa te  b o o s t e r  pumps CBP-11, CBP-12 and CBP-13. 
Condensate  b o o s t e r  pump CBP-11 was modeled as RETRAN pump number 
P51 u s i n g  volume node V925, CBP-12 as  pump number P52 u s i n g  
volume node V926, and CBP-13 as pump number P53 u s i n g  volume node 
V927. I n  o r d e r  t o  m a i n t a i n  a minimum f l o w  th rough  t h e  o p e r a t i n g  
pumps, each condensa te  b o o s t e r  pump has a r e c i r c u l a t i o n  v a l v e  t o  
a r e c i r c u l a t i o n  l i n e ,  which is connected  t o  t h e  h o t w e l l .  The 
r e c i r c u l a t i o n  v a l v e s  are r e p r e s e n t e d  i n  t h e  R E T R A N  model as v a l v e  
number VA049 a t  j u n c t i o n  5994 f o r  C B P - 1 1 ,  v a l v e  number VA050 a t  
j u n c t i o n  5995 f o r  CBP-12,  and v a l v e  number VA051 a t  j u n c t i o n  5996 
f o r  C B P - 1 3 ) .  The r e c i r c u l a t i o n  v a l v e s  are modulated w i t h  t h e  
'min i f low '  c o n t r o l  s y s t e m  of t h e  condensa te  b o o s t e r  pumps. (The 
RETRAN c o n t r o l l e r s  are shown i n  F i g .  A.3.8 of App. A ) .  

Low-pressure FW heaters 1 2 A ,  1 2 B ,  and 1 2 C .  I n  t h e  R E T R A N  model ,  
t h e y  were modeled as one FW heater ( R E T R A N  FW heater number FW03 
u s i n g  volume nodes V955 shel l -s ide and V932 t u b e - s i d e ) .  They are  
f e d  by  t h e  d r a i n  of FW heaters l3A and l3B,  and t h e  1 0 t h  stage of 
t h e  low-pressure  steam t u r b i n e s  (see R E T R A N  volume node V469 i n  
F i g .  1 . 3 ) .  

Feedwater heaters I IA ,  1 1 B  and 1 1 C .  I n  t h e  RETRAN model,  t h e y  
were combined i n t o  one FW heater,  w i t h  R E T R A N  heater number FW02 
u s i n g  volume nodes V956 s h e l l - s i d e  and V931 t u b e - s i d e .  The 
feedwater heaters 1 1  are  f e d  by t h e  d r a i n  of FW heater FW03 and 
by t h e  1 2 t h  s tage of t h e  low-pres su re  steam t u r b i n e s  (see 
RETRAN volume node V470 i n  F i g .  1 . 3 ) .  

Three d r a i n  c o o l e r s .  I n  t h e  RETRAN model t h e y  were combined as 
one d r a i n  c o o l e r  r e p r e s e n t e d  by volume nodes V936 t u b e  s i d e  and 
V957 s h e l l  s i d e .  

Three condensa te  ( h o t w e l l )  pumps CP-11,  CP-12, and CP-13. 
Condensate  pump CP-11 was modeled as R E T R A N  pump P61 u s i n g  volume 
node V941, CP-12 as pump P52 u s i n g  volume node V942, and CP-13 as  
pump P53 u s i n g  volume node V943. I n  o r d e r  t o  m a i n t a i n  a minimum 
f low whi le  o p e r a t i n g ,  each condensa te  pump has  a r e c i r c u l a t i o n  
v a l v e  t o  t he  h o t w e l l  v i a  r e c i r c u l a t i o n  l i n e s .  The r e c i r c u l a t i o n  
v a l v e s  are r e p r e s e n t e d  by R E T R A N  v a l v e  numbers VA046 a t  j u n c t i o n  
5991 for  CP-11,  VA047 a t  5992 f o r  CP-12,  and VA048 a t  5993 f o r  
CP-13 (see F i g .  1 . 3 ) .  

The r e c i r c u l a t i o n  v a l v e s  of t he  condensa te  pumps are modulated 
w i t h  t h e  'condensate-pump mini f low'  c o n t r o l  s y s t e m ,  b u i l t  up w i t h  
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R E T R A N ' s  basic c o n t r o l  modules .  The min i f low c o n t r o l l e r s  are 
d i s p l a y e d  i n  F i g .  A.3.7 i n  App. A .  

Three-she l l ,  s i n g l e - p a s s  condense r -ho twe l l  u n i t .  I n  t h e  RETRAN 
model i t  was modeled as one  h o t w e l l  ( R E T R A N  volume node V988) and 
one  condense r  ( R E T R A N  volume node V949). The t u b e  s i d e  of t he  
condense r  is f e d  by  r i v e r  water, whose f low is s i m u l a t e d  b y  
R E T R A N  f i l l  number FILL38 a t  j u n c t i o n  5957. After l e a v i n g  t h e  
t u b e  s i d e  of t h e  condense r ,  t h e  r i v e r  water is f e d  i n t o  a RETRAN 
t ime-dependent  ( s i n k )  volume node V959. The t u b e  s i d e  of t h e  
h o t w e l l  is a l s o  f e d  by r i v e r  water, whose f l o w  is s i m u l a t e d  by 
R E T R A N  f i l l  number F I L L 4 2  a t  j u n c t i o n  5987. After l e a v i n g  t h e  
t u b e  s i d e  of t h e  h o t w e l l ,  t h e  r i v e r  water is f e d  i n t o  a R E T R A N  
t ime-dependent  ( s i n k )  volume node V979. 

The water l e v e l  i n  t h e  h o t w e l l  is  ma in ta ined  between two s e t  
p o i n t s .  When t h e  water l e v e l  d r o p s  below t h e  low- leve l  a l a r m ,  
t h e  water i n v e n t o r y  i n  t h e  secondary  s y s t e m  is i n c r e a s e d  by 
a c t i v a t i n g  RETRAN v a l v e  V A 0 4 4  a t  j u n c t i o n  J 4 8 1 .  
o r i g i n a t e s  from t h e  condensa te  s t o r a g e  t a n k  of t h e  secondary  
sys tem.  When t h e  water l e v e l  i n  t h e  h o t w e l l  exceeds  t h e  
h i g h - l e v e l  alarm, water i n v e n t o r y  i n  t h e  secondary  sys tem is 
decreased by pumping water from t h e  d i s c h a r g e  s e c t i o n  of 
condensa te  pumps C P - 1 1 ,  CP-12 ,  and CP-13 t o  t h e  condensa te  
s t o r a g e  t a n k  by opening  a dump v a l v e  ( R E T R A N  v a l v e  V A O 4 5  a t  
j u n c t i o n  5482 and RETRAN f i l l  F I L L 4 4 . )  The condenser  makeup and 
dump c o n t r o l l e r  is shown i n  F i g .  A.3 .4  of App. A .  

The water 

The main steam sys tem i n  t h e  secondary  s i d e ,  downstream of t h e  f o u r  main 
steam s t o p  v a l v e s  (MSSV), i n c l u d e s  t h e  f o l l o w i n g  ( F i g .  1 . 3 ) :  

1 .  

2.  

3 .  

One main steam r e g u l a t i n g  v a l v e  (MSRV), r e p r e s e n t e d  by RETRAN v a l v e  
V A O l 5  a t  j u n c t i o n  5730. The m a i n  steam regulating v a l v e  is 
modulated w i t h  a c o n t r o l  s y s t e m  b u i l t  up from R E T R A N ' s  basic c o n t r o l  
modules ( n o t  shown).  I n  t h e  R E T R A N  model t h e  c o n t r o l  s y s t e m  of t h e  
main steam s t o p  v a l v e s  (MSSVs) is imbedded i n s i d e  t h e  main steam 
r e g u l a t i n g  v a l v e  c o n t r o l  s y s t e m .  

H igh-p res su re  steam t u r b i n e  ( H P T ) .  I n  t h e  RETRAN model t h e  HPT is  
r e p r e s e n t e d  as t u r b i n e  T U R B 1 ,  compr i s ing  volume nodes  V730, V441, 
V442, V443, and V 4 4 4 .  

Two m o i s t u r e  s e p a r a t o r  reheater u n i t s ,  l o c a t e d  between t h e  HPT and 
t h e  low-pres su re  steam t u r b i n e s  ( L P T s ) .  I n  t h e  RETRAN model t h e y  
were combined i n t o  one  u n i t .  The f o l l o w i n g  volume nodes were used:  

m o i s t u r e  s e p a r a t o r  u n i t s  were r e p r e s e n t e d  b y  volume node V449. 
f i r s t - s tage  reheaters were r e p r e s e n t e d  by volume nodes V446 and 

second s tage reheaters were r e p r e s e n t e d  by volume nodes V456 and 
V 4 5 1 .  

v453. 
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The steam o u t p u t  of t h e  m o i s t u r e  s e p a r a t o r  reheater u n i t s  was f e d  
i n t o  t h e  header of t h e  three L P T s .  

4. Three L P T s .  The L P T s  were p l a c e d  on t h e  same s h a f t  as t h e  
h i g h - p r e s s u r e  main steam t u r b i n e .  I n  t h e  R E T R A N  model t h e  three 
L P T s  were combined i n t o  one t u r b i n e ,  R E T R A N  t u r b i n e  TURB2, composed 
of R E T R A N  volume nodes V465, V466, V467, V468, V469, V470, and V471. 
The e x h a u s t  of t h e  three L P T s  was f e d  i n t o  t h e  ' three-shel l '  
condenser -hotwel l  u n i t .  

The t u r b i n e s  are 1800-rpm tandem compound u n i t s ,  made by t h e  Genera l  
E lec t r ic  Co. f o r  C a l v e r t  C l i f f s - 1  and by t h e  West inghouse Corp. f o r  
Cal v e r  t C l i  f f s -2 .  

During t h e  s t u d i e s ,  i t  was observed  t h a t  s u c c e s s f u l  achievement  of a 
convergent  s o l u t i o n  i n  t h e  s t e a d y - s t a t e  o p t i o n  of R E T R A N  depended on t h e  
p r o p e r  sequence  of t h e  R E T R A N  f l u i d  volumes and f l o w  j u n c t i o n s .  I t  was 
found t h a t  the  RETRAN nodes and j u n c t i o n s  must be s e q u e n t i a l l y  numbered 
f o l l o w i n g  t h e  f l u i d  f l o w ;  o t h e r w i s e ,  t h e  s t e a d y - s t a t e  s o l u t i o n  might 
f a i l .  A p r e p r o c e s s o r  was s u b s e q u e n t l y  w r i t t e n  which renumbered RETRAN 
volumes and j u n c t i o n s  s e q u e n t i a l l y  f o l l o w i n g  t h e  a c t u a l  f l u i d  f l o w  i n  
t h e  d i f f e r e n t  t h e r m a l - h y d r a u l i c  l o o p s .  Also, RETRAN c o n t r o l  blocks 
702xxx and 703xxx were renumbered a u t o m a t i c a l l y  i n  t he  p r e p r o c e s s o r  
f o l l o w i n g  t h e  f l o w  of  i n f o r m a t i o n  t h a t  was g i v e n  i n  t h e  c o n t r o l l e r s .  
Note t h a t  these c o n t r o l l e r s  were b u i l t  up w i t h  R E T R A N ' s  bas ic  c o n t r o l  
b l o c k s .  

See Appendix A f o r  f u r t h e r  d e t a i l s  of model model ing.  



3. MODEL V A L I D A T I O N  

The RETRAN2/Mod3 code t h a t  provided  t h e  mathematical framework f o r  t h e  
model ing descr ibed h e r e  has r e c e i v e d  e x t e n s i v e  v a l i d a t i o n  a g a i n s t  a 
broad s p e c t r u m  of both  p r o c e s s  and s y s t e m s  data.  The code i n  i ts  
p r e s e n t  and p r e v i o u s  e d i t i o n s  has been used worldwide f o r  many y e a r s  t o  
s t u d y  PWR and BWR dynamics.  

The C a l v e r t  C l i f f s  model s u p p l i e d  t o  ORNL was p r e v i o u s l y  v a l i d a t e d  by 
BG&E a g a i n s t  a n  asymmetr ic  cooldown e v e n t  t h a t  o c c u r r e d  a t  C a l v e r t  
C l i f f s - 2 ,  sister p l a n t  t o  u n i t  1 ,  on October  1 1 ,  1983.3 Parameters 
compared i n c l u d e d  p r e s s u r i z e r  p r e s s u r e  and water l e v e l ,  l o o p  A hot-  and 
cold- leg c o o l a n t  t e m p e r a t u r e s ,  l o o p  B s e c o n d a r y  p r e s s u r e ,  and water 
l e v e l  i n  b o t h  g e n e r a t o r s .  The model showed g e n e r a l l y  good agreement  
w i t h  t h e  da ta .  

The da ta  f o r  t h i s  t r a n s i e n t  were s u p p l i e d  t o  ORNL and were used t o  
r e v a l i d a t e  t h e  ORNL expanded model.  Dominant f e a t u r e s  of t h e  t r a n s i e n t  
i n c l u d e d  l o s s  of one FW pump and h igh- f low f a i l u r e  of t h e  o t h e r ,  which 
caused  u n d e r f i l l  of one g e n e r a t o r  and o v e r f i l l  of  t h e  o the r .  Key e v e n t s  
are l i s t e d  i n  T a b l e  3.1. The t r a n s i e n t  was i n i t i a t e d  when steam 
g e n e r a t o r  main feedwater pump 22 t r i p p e d  on low o i l  p r e s s u r e .  O p e r a t o r s  
began r e d u c i n g  reactor  power and c l o s i n g  t h e  t u r b i n e  t h r o t t l e  v a l v e s ,  
w i t h  t h e  i n t e n t  of a c h i e v i n g  t h e  7 0 %  power l e v e l  allowed w i t h  o p e r a t i o n  
of t h e  r e m a i n i n g  MFW pump. Because of a mismatch between r e a c t o r  and 
t u r b i n e  r u n b a c k s ,  t h e  reactor t r i p p e d  on low water l e v e l  i n  SG-22 a t  
62 s i n t o  t h e  t r a n s i e n t .  Nominal ly ,  MFW r e g u l a t i n g  v a l v e s  ramp back t o  
5% open on r e a c t o r  t r i p .  However, MFW r e g u l a t i n g  v a l v e  21 t o  32-21 
f a i l e d  f u l l y  open i n s t e a d ,  and t h e  MFW pump 21 g o v e r n i n g  v a l v e  s t u c k  on 
high-speed s t o p ,  r e s u l t i n g  i n  maximum FW f low from pump 21 t o  SG-21. 
O p e r a t o r s  i s o l a t e d  t h e  pump 340 s i n t o  t h e  t r a n s i e n t .  

The f o u r  t u r b i n e  b y p a s s  v a l v e s  ( w i t h  a combined c a p a c i t y  of 40% of f u l l  
power steam f low)  c y c l e d  f o l l o w i n g  r e a c t o r  t r i p ,  and one f a i l e d  
p a r t i a l l y  open u n t i l  i s o l a t e d  by o p e r a t o r s  a t  300 s .  T h i s  f a i l u r e  
r e s u l t e d  i n  c o n t i n u e d  cooldown and d e p r e s s u r i z a t i o n  of t h e  p r i m a r y  and 
s e c o n d a r y  s y s t e m s .  

O p e r a t o r s  l a t e r  i n i t i a t e d  a u x i l i a r y  feedwater (AFW) t o  SG-22 and 
i s o l a t e d  a u x i l i a r y  f l o w  t o  33-21; t h e  blowdown sys tem was used  t o  r e d u c e  
t h e  l e v e l  i n  SG-21. 

12 
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T a b l e  3 .1 .  Sequence of e v e n t s  i n  t h e  asymmetr ic  cooldown 
t r a n s i e n t  a t  C a l v e r t  C l i f f s - 2 ,  October 1 1 ,  1983 

~ ~~ 

Event T i m e  ( s )  

MFW pump 22 t r i p s  0 

O p e r a t o r s  r e d u c e  r e a c t o r  power and t h r o t t l e  
t u r b i n e  o+ 

Reactor  t r i p s  on low water l e v e l  i n  SG-22 62 

MFW r e g u l a t i n g  v a l v e  21 f a i l s  open;  main feedwater 
pump 21 s t i c k s  on high-speed s t o p  62+ 

T u r b i n e  bypass  v a l v e  s t i c k s  open 62+ 

O p e r a t o r s  i s o l a t e  bypass  v a l v e  30 0 

O p e r a t o r s  i s o l a t e  MFW pump 21 340 

A u x i l i a r y  feedwater t o  SG-21 i s o l a t e d ,  
a u x i l i a r y  flow t o  SG-22 i n i t i a t e d  340+ 

Comparisons of p l a n t  data  w i t h  t h e  expanded RETRAN s i m u l a t i o n  are shown 
i n  F i g s .  3.1 t h r o u g h  3.10. The r e v i s e d  model shows t h e  same l e v e l  of 
agreement  w i t h  data  as t h e  o r i g i n a l  v e r s i o n .  The ORNL v e r s i o n  r e p l a c e s  
boundary c o n d i t i o n s  on r e a c t o r  power and FW flow w i t h  a c t u a l  s i m u l a t i o n s .  
Comparisons of these p a r a m e t e r s  w i t h  data ( F i g s .  3 .1 ,  3 .6 ,  and 3.8) a re  
s p e c i f i c  t e s t s  of t h e  model r e v i s i o n s .  The agreement  is  g e n e r a l l y  good. 
The  s i m u l a t e d  water l e v e l  i n  SG-21 ( F i g .  3 .7)  shows a "well" d u r i n g  t h e  
p o r t i o n  of t h e  t r a n s i e n t  when t h e  second MFW pump t r i p s  and f l o w  r a p i d l y  
decreases t o  n e a r  z e r o .  The measured v a l u e s  do n o t  show t h i s  " w e l l , "  
which s u g g e s t s  t h a t  t h e  l e v e l  i n s t r u m e n t  is e f f e c t i v e l y  h igh- f requency  
f i l t e r e d  i n  a way n o t  i n c l u d e d  i n  t h e  model.  Elsewhere t h e  s i m u l a t e d  
l e v e l  measure i s  s u i t a b l e .  
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4. TRANSIENTS R U N  WITH THE MODEL 

The R E T R A N  model has been used t o  i n v e s t i g a t e  three c a t e g o r i e s  of 
s c e n a r i o s :  o v e r f i l l  of t h e  steam g e n e r a t o r s ,  d r y o u t  of  steam g e n e r a t o r s ,  
and p r i m a r y - s i d e  d e p r e s s u r i z a t i o n  t h a t  may uncover  t h e  core. The 
f o l l o w i n g  cases have been run :  

4 . 1  OVERFEED 

f a i l u r e  h i g h  of  SG-A steam f l o w  r e a d i n g  a t  1940 l b / s  (nominal  r e a d i n g  
is 1640 l b / s ) ;  SG-A h i g h - l e v e l  t u r b i n e  t r i p  defeated.  

f a i l u r e  low of SG-A water l e v e l  r e a d i n g  10  i n .  below set  p o i n t ;  SG 
h i g h - l e v e l  t u r b i n e  t r i p  defeated.  

SG-A MFW r e g u l a t i n g  v a l v e  1 1  f a i l e d  f u l l  open i n  1 . 5  s. 

SG-A MFW r e g u l a t i n g  v a l v e  1 1  f a i l e d  f u l l  open i n  1.5 s ;  MFW 
i s o l a t i o n  v a l v e  1 2  f a i l e d  open.  

SG-A MFW r e g u l a t i n g  v a l v e  1 1  f r o z e n  i n  p l a c e  on r e a c t o r / t u r b i n e  t r i p .  

SG-A MFW r e g u l a t i n g  v a l v e  11 f r o z e n  i n  p l a c e  on  r e a c t o r / t u r b i n e  t r i p ;  
MFW i s o l a t i o n  v a l v e  11 f a i l e d  open.  

SG-A MFW r e g u l a t i n g  v a l v e  1 1  f a i l e d  f u l l  open i n  1.5 s ;  w i t h  r e c e n t  
C a l v e r t  C l i f f s - 1  d e s i g n  changes ,  MFW i s o l a t i o n  v a l v e s  do n o t  c l o s e  on  
SG low-low l e v e l .  

SG-A MFW r e g u l a t i n g  v a l v e  1 1  f r o z e n  i n  p l a c e  on r e a c t o r / t u r b i n e  t r i p ;  
w i t h  r e c e n t  C a l v e r t  C l i f f s - 1  d e s i g n  c h a n g e s ,  MFW i s o l a t i o n  v a l v e s  do 
n o t  c lose  on S G  low-low l e v e l  t r i p .  

4.2 D R Y O U T  

f a i l u r e  low of  SG-A steam flow r e a d i n g  a t  1110 l b / s .  

f a i l u r e  h i g h  of  SG-A l e v e l  r e a d i n g  (nar row r a n g e )  10 i n .  above set 
p o i n t ;  low water l e v e l  (nar row r a n g e )  reactor  t r i p  defeated;  low-low 
l e v e l  AFW a c t u a t i o n  t r i p  (wide  r a n g e )  n o t  f a i l e d .  

f a i l u r e  h igh  o f  SG-A l e v e l  r e a d i n g  10  i n .  above set  p o i n t  on both the  
wide-range and narrow-range sca les ;  low l e v e l  and low-low l e v e l  t r i p s  
defeated.  

SG-A MFW r e g u l a t i n g  v a l v e  11 f a i l e d  c o m p l e t e l y  closed ( n o  l e a k a g e )  i n  
5 s. 
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4.3 PRIMARY-SIDE DEPRESSURIZATION 

f a i l u r e  of b o t h  P O R V s  open.  

f a i l u r e  of one PORV open.  

small break of 0.0015 f t 2  i n  h o t  l e g  of  l o o p  A .  

The f irst  e i g h t  cases assessed whether t h e  s t i p u l a t e d  m a l f u n c t i o n s  of 
SG c o n t r o l s  c o u l d  i n i t i a t e  a n  o v e r f i l l  e v e n t .  The n e x t  f o u r  
i n v e s t i g a t e d  whether s t i p u l a t e d  f a i l u r e s  of SG c o n t r o l s  cou ld  i n d u c e  
d ryou t .  The l as t  three e x p l o r e d  whether small-break LOCAs on t h e  
pr imary  s i d e  c o u l d  r e s u l t  i n  core uncovery.  

The model i n i t i a l l y  i n c l u d e d  c l o s u r e  of t h e  main feedwater i s o l a t i o n  
v a l v e s  on low-low S G  water l e v e l  t r i p  (and  AFW a c t u a t i o n ) ,  which u n t i l  
r e c e n t l y  was t h e  d e s i g n  of C a l v e r t  C l i f f s - 1 .  C l o s u r e  of i s o l a t i o n  
v a l v e s  on low-low t r i p  has been  d e a c t i v a t e d ,  a change which was 
d i s c o v e r e d  midway t h r o u g h  t h e  series of r u n s .  Cases though t  t o  be 
p o t e n t i a l l y  affected by t h i s  change were r e p e a t e d  as no ted  i n  t h e  above 
d e s c r i p t i o n s .  



5.  RESULTS OF THE CALCULATIONS 

5.1 OVERFEED TRANSIENTS 

Flow t o  t h e  g e n e r a t o r s  is modulated by two e r r o r  s i g n a l s :  steam flow is 
compared w i t h  feedwater f l o w ,  and g e n e r a t o r  water l e v e l  is compared w i t h  
l e v e l  s e t  p o i n t .  The sum of these e r r o r s  is  s e n t  t o  t h e  c o n t r o l l e r s  of  
t h e  MFW v a l v e s .  For  t h e  o v e r f i l l  case i n  which steam flow r e a d i n g  
f a i l e d  h i g h  a t  1940 l b / s  (compared w i t h  nominal 1640 l b / s ) ,  t h e  c o n t r o l  
sys tem i n i t i a l l y  acted t o  i n c r e a s e  feedwater flow (Note t h a t  i n  t h e  
p l o t t e d  r e s u l t s  t h e  code  u s e s  t he  f i r s t  60 s t o  e s t a b l i s h  nominal s t e a d y  
s t a t e ;  t h u s  t h e  t r a n s i e n t s  b e g i n  a t  60 s . )  However, t h e  r e s u l t i n g  
i n c r e a s e  i n  steam g e n e r a t o r  l e v e l  n u l l i f i e d  t h e  steam flow e r r o r  a f te r  
a p p r o x i m a t e l y  1 min. Flow i n i t i a l l y  i n c r e a s e d  a p p r o x i m a t e l y  10% and 
t h e n  was r e s t o r e d  t o  n e a r  nominal .  There were n e g l i g i b l e  v a r i a t i o n s  i n  
pr imary p r e s s u r e  and t e m p e r a t u r e ,  and minor v a r i a t i o n s  i n  S G  l e v e l .  
T h i s  e v e n t  d i d  n o t  r e s u l t  i n  o v e r f i l l  or o v e r c o o l i n g .  

I n  t h e  second o v e r f i l l  s t u d y ,  t h e  SG-A l e v e l  r e a d i n g  was f a i l e d  10 i n .  
below se t  p o i n t .  The f a i l u r e  dominated t h e  t r a n s i e n t  and was n o t  
compensated by t h e  r e s u l t i n g  feedwater flow-steamflow e r r o r .  High- leve l  
t r i p  was defeated.  Steam g e n e r a t o r  A m o i s t u r e  s e p a r a t o r s  and steam dome 
were f l o o d e d  i n  10 rnin. ( F i g .  5 . 1 . 1 ) ,  a t  which time the  l i q u i d - s t e a m  
m i x t u r e  began i n j e c t i n g  i n t o  t h e  steam l i n e  ( F i g .  5 . 1 . 2 ) .  Steam q u a l i t y  
decreased t o  85% ( F i g .  5 .1 .31 ,and  l i q u i d  c o n t e n t  i n  t h e  p i p e  between 
g e n e r a t o r  and t u r b i n e  was a p p r o x i m a t e l y  1%.  S i n c e ,  because  of p r e s s u r e  
t a p  l o c a t i o n ,  t h e  l e v e l  r e a d i n g  s a t u r a t e d  b e f o r e  t he  SG was f u l l ,  o u t l e t  
q u a l i t y  p r o v i d e s  a c learer  i n d i c a t i o n  of when t h e  SG a c t u a l l y  f i l l e d .  
Average c o r e  c o o l a n t  t e m p e r a t u r e  ( F i g .  5 .1 .4)  and power ( F i g .  5 .1 .5)  
v a r i e d  n e g l i g i b l y  d u r i n g  t h e  o v e r f i l l ,  i n  p a r t  because  of t h e  slow r a t e  
of  f i l l .  When water began i n j e c t i n g  i n t o  t h e  steam l i n e ,  p r e s s u r e  
( F i g .  5 . 1 . 6 )  and f e e d f l o w  t o  t h e  g e n e r a t o r  ( F i g .  5 .1 .7)  v a r i e d  s l i g h t l y .  
The o v e r f i l l  d i d  n o t  r e s u l t  i n  o v e r c o o l i n g  of t h e  pr imary .  

I n  t h e  p r e v i o u s  two o v e r f e e d  s t u d i e s ,  t h e  e r r o r  s i g n a l  was of s u c h  s i z e  
t h a t  t h e  SG-A feedwater v a l v e  d i d  n o t  f a i l  f u l l  open.  I n  t h e  n e x t  case 
the  v a l v e  was p o s t u l a t e d  t o  f a i l  f u l l  open i n  1 .5  s ,  t h e r e b y  i n i t i a t i n g  
presumably t h e  maximum ra te  of o v e r f e e d .  Steam g e n e r a t o r  A f i l l e d  t o  
t h e  50-in.  h i g h - l e v e l  t r i p  i n  2 min. ( F i g .  5 .1 .8 ) ,  a t  which time t h e  
t u r b i n e  t r i p p e d  f o l l o w e d  by a r e a c t o r  t r i p .  The MFW v a l v e  t o  SG-B 
closed and t h e  MFW bypass  v a l v e  t o  SG-B opened t o  5 1 ,  c a u s i n g  a small 
a d d i t i o n a l  f l o w  t o  SG-A ( F i g .  5 . 1 . 9 ) .  Imbalances  between FW f l o w  and 
steam g e n e r a t i o n  i n  SG-B caused  i t s  water l e v e l  t o  d r o p  t o  t h e  low-low 
l e v e l  s e t  p o i n t  3 min. i n t o  t h e  o v e r f i l l  ( F i g .  5.1.101, a t  which time 
a u x i l i a r y  feedwater was i n i t i a t e d .  A minute  l a t e r ,  as p r e v i o u s l y  
s c h e d u l e d  a t  C a l v e r t  C l i f f s - 1 ,  t h e  MFW i s o l a t i o n  v a l v e s  t o  b o t h  
g e n e r a t o r s  closed and o v e r f i l l  was e f f e c t i v e l y  t e r m i n a t e d  ( F i g .  5 . 1 . 9 ) .  
No water was i n j e c t e d  i n t o  t h e  steam l i n e .  Minimum a v e r a g e  core c o o l a n t  
t e m p e r a t u r e  was 530°F ( F i g ,  5 .1 .11) .  Minimum pr imary  p r e s s u r e  was 
1750 p s i g  ( F i g .  5 . 1 . 1 2 ) .  Minimum p r e s s u r i z e r  l e v e l  was 3 f t  
( F i g .  5.1 . l 3 ) .  
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The f o u r t h  ove r feed  case p o s t u l a t e d  t h a t  t h e  MFW r e g u l a t i n g  v a l v e  f a i l ed  
f u l l  open and t h a t  t h e  a s s o c i a t e d  MFW i s o l a t i o n  v a l v e  f a i l e d  t o  c l o s e .  
A s  i n  t h e  p r e v i o u s  case, t h e  r e a c t o r  t r i p p e d  on h i g h  SG l e v e l .  The 
g e n e r a t o r  f i l l e d  comple t e ly  i n  4.5 min. Because t h e  r e f e r e n c e  p r e s s u r e  
t a p  is s e v e r a l  f e e t  below t h e  t o p  of  t h e  S G ,  t h e  l e v e l  measurement 
s a t u r a t e d  b e f o r e  t h e  g e n e r a t o r  was f u l l  ( F i g .  5 . 1 . 1 4 ) .  The a b r u p t  d rop  
i n  SG o u t l e t  q u a l i t y  ( F i g .  5 .1 .15 )  i n d i c a t e d  when t h e  g e n e r a t o r  was 
a c t u a l l y  f u l l .  S h o r t l y  thereaf ter ,  water was i n j e c t e d  i n t o  t h e  steam 
l i n e  ( F i g .  5 . 1 . 1 6 ) .  Modest o v e r c o o l i n g  as a r e s u l t  of t h e  o v e r f i l l  is 
a p p a r e n t  i n  t h e  d rop  i n  c o r e  t e m p e r a t u r e ,  p r e s s u r e ,  and p r e s s u r i z e r  
l e v e l  ( F i g s .  5.1.17 - 5 .1 .19 ) ,  a l t h o u g h  most of t he  v a r i a t i o n  is t h e  
nominal r e s u l t  of r e a c t o r  t r i p .  

I n  t h e  f i f t h  ove r feed  case,  t h e  MFW v a l v e  t o  SG-A was p o s t u l a t e d  t o  f a i l  
i n  p l a c e  when t h e  r e a c t o r  and t u r b i n e  t r i p p e d .  P r i n c i p a l  r e s u l t s  were 
similar t o  t h e  t h i r d  case i n  which t h e  v a l v e  f a i l e d  f u l l  open w i t h o u t  
f a i l u r e  of t h e  i s o l a t i o n  v a l v e .  Steam g e n e r a t o r  A f i l l e d  t o  45 i n .  on 
t h e  narrow-range scale  i n  95  s .  (Readings immedia te ly  a f te r  
r e a c t o r / t u r b i n e  t r i p  appea red  d i s t o r t e d  by d i s t u r b a n c e s  i n  feedwater and 
steam f l o w s  and hence i n  p r e s s u r e  d i f f e r e n t i a l s . )  Steam g e n e r a t o r  B 
water l e v e l  dropped t o  t h e  low-low (wide-range)  l e v e l  t r i p  45 s a f te r  
o n s e t  of t h e  t r a n s i e n t .  Main feedwater i s o l a t i o n  v a l v e s  c l o s e d  60 s 
l a t e r  and t e r m i n a t e d  t h e  o v e r f i l l  ( F i g .  5 .1 .20 ) .  Tempera ture  and o t h e r  
v a r i a t i o n s  on t h e  p r i m a r y  s i d e  were similar t o  t h o s e  of t h e  t h i r d  case 
( F i g .  5.1.21 1. 

When t h e  p r e v i o u s  case was r e p e a t e d  w i t h  MFW i s o l a t i o n  v a l v e  A f a i l e d  
open ,  t h e  feedwater pumps t r i p p e d  i n  1.7 min. on h i g h  pump o u t l e t  
p r e s s u r e  and t e r m i n a t e d  t h e  o v e r f i l l  a t  45 i n . ,  b e f o r e  any water cou ld  
be i n j e c t e d  i n t o  the steam l i n e .  

The p reced ing  two cases, which t r i p p e d  MFW i s o l a t i o n  v a l v e  B on low-low 
S G  l e v e l ,  were repeated w i t h  t h e  r e c e n t  C a l v e r t  C l i f f s - 1  d e s i g n  change 
i n  t h e  R E T R A N  model ,  i n  which t h e  feedwater i s o l a t i o n  v a l v e s  no l o n g e r  
a c t u a t e  on low-low l e v e l .  I n  t h e  r e r u n  of f a i l u r e  of  main feedwater 
v a l v e  A f u l l  open i n  1.5 s ,  t h e  r e s u l t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
from t h o s e  w i t h  t h e  c l o s u r e  of t h e  main feedwater i s o l a t i o n  v a l v e s  
on low-low l e v e l .  Gene ra to r  A f i l l e d  i n  4.5 min. a f te r  o n s e t  of t h e  
t r a n s i e n t  and 2 .4  min. a f te r  t h e  r e a c t o r  t r i p p e d  on h i g h  g e n e r a t o r  water 
l e v e l  ( F i g .  5 .1 .22) .  Minor c o o l i n g  of  t h e  pr imary  o c c u r r e d  
( F i g s .  5.1 .23 t h r o u g h  5.1.25). 

I n  t h e  second of t h e . r e r u n s ,  MFW v a l v e  A fa i led  i n  p l a c e  on r e a c t o r  t r i p .  
Steam g e n e r a t o r  A f i l l e d  and began s p i l l i n g  p u r e  water i n t o  t h e  
s t e a m l i n e  i n  3 min. a f t e r  o n s e t  of the  t r a n s i e n t  ( F i g .  5.1.261, soone r  
t h a n  i n  t h e  p reced ing  case because  i n  t h e  f o r m e r ,  t h e  t u r b i n e  and 
r e a c t o r  d i d  no t  t r i p  u n t i l  S G  h i g h  l e v e l  was reached. Minor c o o l i n g  of 
t h e  pr imary  o c c u r r e d  ( F i g s .  5.1.27 t h r o u g h  5 .1 .29) .  

I n  t h e  o r i g i n a l  and r e r u n  cases of main feedwater r e g u l a t i n g  v a l v e  A 
f a i l u r e ,  main f eedwa te r  v a l v e  B closed on r e a c t o r  t r i p .  MFW pump 
runback rate was such  that  pump o u t l e t  p r e s s u r e  i n c r e a s e d  s i g n i f i c a n t l y .  
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Fig .  5.1 .27. Average core 
coolant t e m p e r a t u r e  w i t h  SG-A MFW 
v a l v e  f a i l e d  i n  p l a c e  on reactor  
t r i p  ( r u n  r e p e a t e d  w i t h  r e v i s e d  
o p e r a t i o n  of MFIV). 

F i g .  5.1.28. P r e s s u r i z e r  
p r e s s u r e  w i t h  SC-A MFW valve  f a i l e d  
i n  p l a c e  on reactor t r i p  ( r u n  
r e p e a t e d  w i t h  r e v i s e d  o p e r a t i o n  of 
MFIV) . 
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Fig .  5 .2 .2 .  SG-A measured water Fig .  5 .2 .3 .  MFW v a l v e  A area 
l e v e l  w i t h  SG-A measured leve l  w i t h  SC-A measured l e v e l  f a i l e d  
f a i l e d  10 i n .  above se t  p o i n t  and 10 i n .  above set  p o i n t  and low and 
low and low-low l e v e l  t r i p s  f a i l e d .  l O W - l O W  l e v e l  t r i p s  f a i l e d .  



When MFW r e g u l a t i n g  v a l v e  A f a i l e d  f u l l  open ,  w i t h  o r  wi thou t  i s o l a t i o n  
v a l v e  B c l o s u r e ,  f eed f low was always s u f f i c i e n t  t o  ho ld  MFW pump o u t l e t  
p r e s s u r e  below t h e  h i g h - p r e s s u r e  t r i p .  When MFW v a l v e  A f a i l e d  i n  
p l a c e ,  t h e  h igh -p res su re  t r i p  was exceeded i f  t h e  B i s o l a t i o n  v a l v e  
f u r t h e r  res t r ic ted  f l o w  by b l o c k i n g  t h e  bypass  v a l v e .  Feedwater 
r e c i r c u l a t i o n  was i n c l u d e d  i n  t h e  c a l c u l a t i o n s  b u t  was no t  s u f f i c i e n t  i n  
some c a s e s  t o  p r e v e n t  t h e  h igh -p res su re  t r i p  of t h e  MFW pumps. 

5 .2  DRYOUT TRANSIENTS 

I n  t h e  f i r s t  d ryou t  s t u d y  t h e  SG-A steam f low r e a d i n g  was f a i l e d  low a t  
1110 l b / s .  A s  i n  t h e  o v e r f e e d  e v e n t  i n  which t h e  steam f low r e a d i n g  
f a i l e d  h i g h ,  t h e  r e s u l t i n g  water l e v e l  e r r o r  n u l l i f i e d  t h e  f l o w  e r r o r  
a f t e r  approx ima te ly  1 min. Feed  f low decreased approx ima te ly  10% and 
t h e n  r e t u r n e d  t o  nea r  nominal ( F i g .  5 . 2 . 1 ) .  E f f e c t s  on t h e  pr imary  
s i d e  were n e g l i g i b l e .  

I n  t h e  second d r y o u t  case, t h e  SG-A narrow-range ( o p e r a t i n g  sca le )  water 
l e v e l  r e a d i n g  was f a i l e d  h i g h  a t  10 i n .  above se t  p o i n t .  Reac to r  t r i p  
on low l e v e l ,  a l s o  read on t h e  narrow-range sca le ,  was d e f e a t e d .  
Gene ra to r  i n v e n t o r y  d e p l e t e d  u n t i l  t h e  low-low l e v e l  s e t  p o i n t ,  read on 
t h e  wide-range s c a l e ,  was reached i n  3.7 min,  a t  which time t h e  AFW 
s y s t e m  was a c t i v a t e d ,  and t h e n  t h e  r e a c t o r  t r i p p e d .  P r e s s u r e s  and 
t e m p e r a t u r e s  on t h e  pr imary  s i d e  expe r i enced  o n l y  minor v a r i a t i o n s  
d u r i n g  t h e  pa r t i a l  d r y o u t .  

The t h i r d  d r y o u t  s t u d y  p o s t u l a t e d  t h e  f a i l u r e s  of t h e  second case p l u s  
t h e  f o l l o w i n g .  S i n c e  t h e  a u x i l i a r y  feedwater (AFW) system is t u r n e d  on 
when t h e  low-low l e v e l  l i m i t  is reached, t h i s  case assumed i n  a d d i t i o n  
t h a t  t h e  low-low l e v e l  r e a d i n g  f a i l e d  10 i n .  above se t  p o i n t .  With t h i s  
combina t ion  of f a i l u r e s ,  SG-A l e v e l  d e p l e t e d  approx ima te ly  335 i n .  
d u r i n g  t h e  f i r s t  10 min. of t h e  t r a n s i e n t  and t h e n  s t a b i l i z e d  
( F i g .  5 .2 .21,  l a r g e l y  because  of t h e  low g a i n  of t h e  MFW r e g u l a t i n g  
v a l v e  c o n t r o l l e r .  The v a l v e  i n i t i a l l y  c l o s e d  s h a r p l y  from 82% open t o  
71% i n  r e sponse  t o  t h e  p r o p o r t i o n a l  p a r t  ( F i g s .  5 . 2 . 3 ,  5 . 2 . 4 ) .  The 
i n t e g r a l  is small (0.1 repeat pe r  m i n . ) ,  and subsequen t  c l o s u r e  was so  
s low t h a t  a f t e r  12 min.  t h e  opening  decreased o n l y  t o  60%. P r e s s u r i z e r  
p r e s s u r e  s t a b i l i z e d  a t  2285 p s i a  ( F i g .  5 .2 .51 ,  c o r e  ave rage  t e m p e r a t u r e  
a t  578OF ( F i g .  5 . 2 . 6 ) ,  and power a t  91% ( F i g .  5 . 2 . 7 ) .  Simple 
e x t r a p o l a t i o n  of t h e  r e s u l t s  s u g g e s t s  t h a t  f u r t h e r  s i g n i f i c a n t  d e p l e t i o n  
of t he  g e n e r a t o r  w i l l  be long- te rm,  r e q u i r i n g  pe rhaps  a n  hour .  

The f o u r t h  d ryou t  case p o s t u l a t e d  t h a t  t h e  SG-A MFW v a l v e  f a i l e d  c l o s e d  
i n  approx ima te ly  5 s ( F i g .  5 .2 .8 ) ;  v a l v e  l e a k a g e  was assumed n e g l i g i b l e .  
After a n o t h e r  22 s ,  SG-A water l e v e l  decreased t o  the low l e v e l  se t  
p o i n t  ( F i g s .  5 .2 .9 ,  5 .2 .10)  and t r i p p e d  the  r e a c t o r  ( F i g .  5 .2 .11 ) .  
Low-low l e v e l  t r i p  (wide-range s ca l e )  was reached 24 s l a t e r ,  and 
a u x i l i a r y  f e e d w a t e r  was s ta r ted  ( F i g .  5 .2 .8 ) .  During the  f o l l o w i n g  
2 min,  sys tem v a r i a b l e s  s t a b i l i z e d  ( F i g s .  5.2.12 th rough  5 .2 .15 ) .  The 
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p r i n c i p a l  effect  of t h e  p o s t u l a t e d  MFW v a l v e  f a i l u r e  a p p e a r s  t o  be 
i n i t i a l l y  more r a p i d  d e p l e t i o n  of t h e  i n v e n t o r y  i n  SC-A. Fo l lowing  a 
r e a c t o r  t r i p  (which would normal ly  c l o s e  the MFW v a l v e s )  and t h e n  a n  
emergency ( a u x i l i a r y )  f eedwa te r  t r i p ,  t h e  t r a n s i e n t  appea red  t o  converge  
toward t y p i c a l  t r i p  c o n d i t i o n s .  

5 . 3  P R I M A R Y - S I D E  DEPRESSURIZATION TRANSIENTS 

I n  t h e  first d e p r e s s u r i z a t i o n  s t u d y ,  b o t h  PORVs  were p o s t u l a t e d  t o  f a i l  
open. T h i s  c o r r e s p o n d s  t o  a small b reak  of 0.015 f t 2 .  I n  the first 
1.5 min of t h e  t r a n s i e n t ,  t h e  pr imary  s i d e  d e p r e s s u r i z e d  t o  1070 p s i a  
( F i g .  5 .3 .1 ) .  The r e a c t o r  ( F i g .  5 .3 .2 )  t r i p p e d  a t  s e t p o i n t  (see 
Appendix A.1.7) and t h e  h igh -p res su re  sa fe ty  i n j e c t i o n  sys tem t r i p p e d  on 
a t  t h e  s e t  p o i n t  p r e s s u r e  of  1740 p s i a .  Fo l lowing  t h e  i n i t i a l  r a p i d  
d e p r e s s u r i z a t i o n ,  t h e  p r e s s u r i z e r  went s o l i d  ( F i g .  5 .3 .31 ,  and a t  7 rnin 
l o s s  of  i n v e n t o r y  became ba lanced  by makeuplh igh-pressure  i n j e c t i o n .  
Pr imary  p r e s s u r e  s t a b i l i z e d  a t  approx ima te ly  700 p s i a ,  and a steam 
bubble  formed i n  t h e  header above t h e  c o r e .  Pa r t i a l  v o i d i n g  o c c u r r e d  i n  
t h e  c o l l e c t o r s  and i n  t h e  h o t  l e g s .  The s a t u r a t e d  f l u i d  was subcoo led  
i n  t h e  g e n e r a t o r .  Voiding of t h e  c o r e  d i d  no t  occur .  A t  t h e  end of 
7 rnin t h e  sys tem appeared  t o  have s t a b i l i z e d  i n  t h i s  c o n f i g u r a t i o n  
( F i g s .  5.3.4 and 5 . 3 . 5 ) .  

I n  t h e  second s y s t e m  d e p r e s s u r i z a t i o n  s t u d y ,  one PORV was p o s t u l a t e d  t o  
f a i l  open. The p r i m a r y  sys tem d e p r e s s u r i z e d  less  r a p i d l y ,  as e x p e c t e d ,  
bu t  approx ima te ly  3 min i n t o  t h e  t r a n s i e n t ,  p r e s s u r e  decreased below the 
h i g h - p r e s s u r e  s a f e t y  i n j e c t i o n  s y s t e m  pump deadhead and i n j e c t i o n  began 
t o  c o u n t e r  t he  leak ( F i g .  5 . 3 . 6 ) .  The p r e s s u r i z e r  went s o l i d  i n  5 min 
( F i g .  5 . 3 . 7 ) ,  and t h e  ave rage  r e a c t o r  c o o l a n t  t e m p e r a t u r e  s l o w l y  dropped 
t o  520°F ( F i g .  5 .3 .8 ) .  Void ing  of t h e  upper  head o c c u r r e d  ( F i g .  5 . 3 . 9 ) .  
During t h e  2 rnin b e f o r e  t h e  p r e s s u r i z e r  went s o l i d  there was v o i d i n g  of 
a few p e r c e n t  i n  t h e  h o t  l e g  of l o o p  B and i n  the  c o n t r o l  rod  sh roud  
r e g i o n  above t h e  c o r e .  When t h e  p r e s s u r i z e r  went s o l i d  and p r e s s u r e  
l e v e l e d  o f f  w i t h  t e m p e r a t u r e  s t i l l  d e c l i n i n g  s l o w l y ,  the  h o t - l e g  and 
sh roud  v o i d s  c o l l a p s e d .  The sys tem appea red  s t ab le ,  and no v o i d i n g  of 
t h e  c o r e  o c c u r r e d .  

I n  t h e  t h i r d  d e p r e s s u r i z a t i o n  case, a small b r e a k  of 0.0015 f t 2  was 
i n t r o d u c e d  i n  t h e  h o t  l e g  of l o o p  A .  T h i s  co r re sponded  t o  a leak  an  
o r d e r  of magnitude smaller t h a n  t h e  two-PORV f a i l u r e .  The l e a k  was 
l a r g e r  t h a n  t h e  makeup s y s t e m  cou ld  compensate bu t  s u f f i c i e n t l y  small 
t h a t  t h e  p r e s s u r e  d i d  no t  prompt ly  d r o p  t o  t h e  h i g h - p r e s s u r e  i n j e c t i o n  
s e t  p o i n t .  Pr imary  p r e s s u r e  ( F i g .  5.3.10) and i n v e n t o r y  ( F i g .  5 .3 .11)  
d e c l i n e d  g r a d u a l l y  f o r  20.5 rnin u n t i l  p r e s s u r i z e r  low water l e v e l  
t r i p p e d  t h e  heaters. The ra te  of p r e s s u r e  decrease t h e n  approx ima te ly  
doubled .  Temperature  v a r i a t i o n s  were minor ( F i g .  5 .3 .12 ) .  A f t e r  
30.5 min, t he  r e a c t o r  t r i p p e d  on low p r e s s u r e  s e t p o i n t  ( F i g .  5 .3 .13) .  
P r e s s u r i z e r  water l e v e l  was 2.2 f t .  On r e a c t o r  t r i p ,  t h e  water l e v e l  
dropped t o  4 i n .  P r i m a r y  p r e s s u r e  r a p i d l y  f e l l  below the  1275 p s i g  
h igh -p res su re  sa fe ty  i n j e c t i o n  sys tem deadhead ,  and n e t  l o s s  of 
i n v e n t o r y  was t e r m i n a t e d .  J u s t  p r i o r  t o  t h e  r e a c t o r  t r i p  (when t h e  
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6.  CONCLUSIONS 

The o v e r f i l l  s t u d i e s  i n d i c a t e  t h a t  t he  p o s t u l a t e d  c o n t r o l  f a i l u r e s  w i l l  
r e s u l t  i n  o n l y  minor p r e s s u r e  and t e m p e r a t u r e  v a r i a t i o n s  on t h e  pr imary  
s i d e .  

For f a i l u r e  h i g h  of  t h e  steam f low r e a d i n g ,  t h e  r e s u l t i n g  e r r o r  i n  
g e n e r a t o r  water l e v e l  a p p e a r s  t o  c o u n t e r a c t  t h e  f a l se  f low s i g n a l  and 
l a r g e l y  n u l l i f y  t h e  e f f ec t s  a f t e r  small v a r i a t i o n s  i n  feedwater f l o w .  

When t h e  g e n e r a t o r  water l e v e l  r e a d i n g  f a i l s  low and i n d u c e s  o v e r f i l l  i n  
combina t ion  w i t h  h i g h - l e v e l  t r i p  f a i l u r e ,  the p r i n c i p a l  consequence 
a p p e a r s  t o  be t h e  s i z a b l e  q u a n t i t y  o f  water i n j e c t e d  i n t o  t h e  steam 
l i n e .  Effects on t h e  pr imary  s i d e  were small .  While t he  c a l c u l a t i o n  
p r e d i c t s  i n j e c t i o n  of water i n t o  t h e  steam l i n e ,  i t  does  n o t  p r e d i c t  the  
e x t e n t  ( i f  any)  t o  which phase  s e p a r a t i o n  o c c u r s  and water accumula t e s  
and l o a d s  the  p i p e .  

With t h e  p r e v i o u s  C a l v e r t  C l i f f s - 1  d e s i g n  (MFW i s o l a t i o n  v a l v e  c l o s e s  on 
low-low SG water l e v e l ) ,  f a i l u r e  of  MFW r e g u l a t i n g  v a l v e  t o  SG-A f u l l  
open o r  f a i l u r e  i n  p l a c e  on r e a c t o r  t r i p  f i l l e d  SG-A t o  t he  45- t o  
72- in .  r a n g e ,  a t  which p o i n t  t h e  o v e r f i l l  was t e r m i n a t e d  when low-low 
l e v e l  i n  SG-B t r i p p e d  t h e  MFW i s o l a t i o n  v a l v e s .  No water was i n j e c t e d  
i n t o  t h e  steam l i n e .  Pr imary  s ide  v a r i a t i o n s  were l a r g e l y  t h e  
consequence of  r e a c t o r  t r i p  rather t h a n  t h e  modest o v e r f i l l .  I n  o r d e r  
t o  comple t e ly  f i l l  t h e  g e n e r a t o r ,  i t  was n e c e s s a r y  t o  f u r t h e r  p o s t u l a t e  
f a i l u r e  of  MFW i s o l a t i o n  v a l v e  SG-A i n  combina t ion  w i t h  MFW r e g u l a t i n g  
v a l v e  SG-A f a i l i n g  f u l l  open. Then SG-A f i l l e d  i n  4.5 min, and water 
was pumped i n t o  t he  steam l i n e .  Modest c o o l i n g  of the  pr imary  o c c u r r e d .  
When t h e  MFW v a l v e  f a i l e d  i n  p l a c e  and t h e  MFW i s o l a t i o n  v a l v e  f a i l e d  
open ,  t h e  MFW pumps t r i p p e d  on h i g h  o u t l e t  p r e s s u r e  and t e r m i n a t e d  t h e  
o v e r f i l l  w i t h o u t  water i n j e c t i o n  i n t o  t h e  steam l i n e .  

With t he  r e c e n t  d e s i g n  change a t  C a l v e r t  C l i f f s - 1  ( i s o l a t i o n  v a l v e s  n o t  
ac tua ted  on low-low g e n e r a t o r  l e v e l ) ,  f a i l u r e  of SG-A main feedwater 
r e g u l a t i n g  v a l v e  e i ther  f u l l  open o r  i n  p l a c e  on r e a c t o r  t r i p  r e s u l t e d  
i n  f i l l i n g  SG-A and s p i l l i n g  water i n t o  t h e  steam l i n e  i n  3 t o  4.5 min. 
Cool ing  o f  t h e  pr imary  was minor .  

F a i l u r e  h i g h  of  the  S G - A  steam f low r e a d i n g  d i d  n o t  l ead  t o  d r y o u t ,  
because of  t he  compensa t ing  e r r o r  s i g n a l  i n  t h e  l e v e l  measurement.  When 
o n l y  t h e  o p e r a t i n g - l e v e l  r e a d i n g  and low- leve l  t r i p  were f a i l e d ,  d r y o u t  
was t r u n c a t e d  by a c t u a t i o n  of t h e  AFW s y s t e m  a t  t h e  low-low l e v e l  se t  
p o i n t  on t h e  wide-range scale .  When b o t h  t he  wide-  and narrow-range 
r e a d i n g s  were f a i l e d ,  g e n e r a t o r  i n v e n t o r y  d e p l e t e d  f u r t h e r  bu t  d ryou t  
d i d  n o t  occur  d u r i n g  t h e  f i r s t  1 2  min because of the  small g a i n  of  t h e  
MFW r e g u l a t i n g  v a l v e  c o n t r o l l e r .  The sys tem s t a b i l i z e d ,  and i n d i c a t i o n s  
were t h a t  t o t a l  d r y o u t  would have a s i g n i f i c a n t l y  more long- range  e f f e c t  
under  the  p o s t u l a t e d  f a i l u r e s .  When mechan ica l  or o t h e r  f a i l u r e s  caused  
t h e  MFW v a l v e  t o  SG-A t o  close i n  a few s e c o n d s ,  r e a c t o r  t r i p  on low 
l e v e l  and AFW t r i p  on low-low l e v e l  o c c u r r e d  w i t h i n  1 min, t r u n c a t e d  t h e  
d r y o u t ,  and e s t ab l i shed  t y p i c a l  t r i p  c o n d i t i o n s .  
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F a i l u r e  of b o t h  PORVs i n  an  open p o s i t i o n  d e p r e s s u r i z e d  t h e  pr imary  s i d e  
t o  -700 p s i a ,  a t  which p o i n t  t h e  h igh -p res su re  sa fe ty  i n j e c t i o n  
e q u i l i b r a t e d  w i t h  t h e  leak .  Void ing  o c c u r r e d  above b u t  n o t  i n  t h e  c o r e .  
F a i l u r e  of one PORV open i n i t i a t e d  t h e  h i g h - p r e s s u r e  s a f e t y  i n j e c t i o n  
-3 min i n t o  t h e  t r a n s i e n t .  P r i m a r y  p r e s s u r e  bottomed o u t  n e a r  950 p s i g .  
No v o i d i n g  of t h e  c o r e  occur red .  The t r a n s i e n t  was e s s e n t i a l l y  a milder 
v e r s i o n  of t h e  two-PORV-failure case. A l eak  a n  o r d e r  of magni tude 
smaller i n  t h e  h o t  l e g ,  l a r g e r  t h a n  t h e  makeup cou ld  compensate bu t  
small enough t o  produce s low d e p r e s s u r i z a t i o n ,  caused  t h e  p r e s s u r i z e r  
water l e v e l  t o  d r o p  t o  2 .2  f t  b e f o r e  t h e  r e a c t o r  t r i p p e d  on low p r e s s u r e  
a f t e r  30 min. The r a p i d  d rop  i n  p r e s s u r e  on r e a c t o r  t r i p  i n i t i a t e d  t h e  
h igh -p res su re  s a f e t y  i n j e c t i o n  sys t em and t e r m i n a t e d  n e t  i n v e n t o r y  l o s s .  
Minimum p r e s s u r i z e r  water l e v e l  was -4 i n .  Some v o i d i n g  i n  t h e  upper  
head of t h e  r e a c t o r  v e s s e l  occu r red .  These d e p r e s s u r i z a t i o n  
c a l c u l a t i o n s ,  s i m u l a t i n g  SB-LOCAs i n  t h e  r ange  0.0015 t o  0.015 f t 2 ,  do 
no t  ev idence  a c r i t i c a l  s i z e  b reak  i n  which pr imary  i n v e n t o r y  would 
deple te  t o  t he  e x t e n t  of c o r e  uncovery b e f o r e  a c t u a t i n g  t h e  
h i g h - p r e s s u r e  s a f e t y  i n j e c t i o n  s y s t e m .  
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APPENDIX A 

MODELING DETAILS 

A.l P R I M A R Y  SYSTEM 

The R E T R A N  model of t h e  C a l v e r t  C l i f f s - 1  p r i m a r y  sys tem model 
i n c l u d e s  t h e  f o l l o w i n g  components:  

- reactor v e s s e l  
- reactor c o o l a n t  pumps 
- h o t  l e g s  and c o l d  l e g s  
- p r e s s u r i z e r  
- c h a r g i n g  pumps and le tdown v a l v e s  
- h i g h - p r e s s u r e  s a f e t y  i n j e c t i o n  sys tem 
- pr imary  s i d e  of t h e  steam g e n e r a t o r s  

A s c h e m a t i c  diagram of t h e  p r  
The model ing of t h e  d i f f e r e n t  
d i s p l a y e d  i n  t h e  R E T R A N  nodal  

mary s y s t e m  is d i s p l a y e d  i n  F i g .  A.l . l .  
components of t h e  pr imary  sys tem is 
diagram i n  F i g .  A.1.2. 

.ST E AM G EN E R A TOR 

sc - 11 

ORNL DWG 86-15112R1 

REACTOR VESSEL 

F i g .  A.l .1.  Schemat ic  diagram of t h e  C a l v e r t  C l i f f s - 1  p r i m a r y  sys tem.  
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A .  1 . l  REACTOR VESSEL 

S e c t i o n s  i n s i d e  t h e  r e a c t o r  v e s s e l  were modeled as f o l l o w s  (see 
F i g .  A.1.3): 

1 .  The downcomer was s u b d i v i d e d  i n t o  two symmetrical volumes ( R E T R A N  
volumes nodes VOOl and V002). 

2 .  The a c t i v e  r e a c t o r  c o r e  was subd iv ided  i n t o  two symmetrical c o r e  
r e g i o n s  and a core-bypass  r e g i o n ,  which i n c l u d e d  t h e  c o n t r o l  rod  
gu ide  t u b e s .  Each r e a c t o r  c o r e  r e g i o n  was subd iv ided  i n t o  t h e  
f o l l o w i n g  nodes : 

a .  For core-volume-set 1 ,  th ree  R E T R A N  volume nodes (Vl l  , V15 and 
Vlg)  f o r  co re - r eg ion  1 ,  and three R E T R A N  volume nodes (V12, V 1 6  
and V20) f o r  co re - r eg ion  2 ,  each 3.80 f t  h igh .  

b .  For core-volume-set  2 ,  three R E T R A N  volume nodes (Vl l  , Vl3,  V 1 5 ,  
V17 and V19) f o r  co re - r eg ion  1 ,  and three RETRAN volume nodes 
(V12, V 1 4 ,  V 1 6 ,  V 1 8  and V20) f o r  c o r e  r e g i o n  2 ,  each 2.28 f t  
h i g h .  

ORNL 

I 

v i o l  'E v025 

8 6- 13 6 5 5Rl. 

4 
I 

"026 v201 

F i g .  A . 1 . 3 .  R E T R A N  nodal  diagram of t h e  r e a c t o r  pressure v e s s e l ,  
c o r e ,  and i n t e r n a l s .  



c. The core-bypass  r e g i o n  was modeled w i t h  one  RETRAN volume node 
(V008 1 .  

3.  The lower  plenum was s u b d i v i d e d  i n t o  two symmetrical r e g i o n s  ( R E T R A N  
volume nodes  V O O 3  and V004). The f low th rough  volume node VOO3 was 
channeled  as f o l l o w s  ( a t  100% fu l l -power  s teady-state) :  

18688 l b m / s  ( 4 8 . 4 % )  t o  c o r e  r e g i o n  1 
618 lbm/s  ( 1 . 6 % )  t o  core-bypass  r e g i o n  

and t h e  f l o w  th rough  RETRAN volume node V004 was as f o l l o w s :  

18688 lbm/s  ( 4 8 . 4 % )  t o  c o r e  r e g i o n  2 
618 lbm/s  ( 1 . 6 % )  t o  core-bypass  r e g i o n .  

S i n c e  i n t e r l o o p  mixing  was assumed i n  t he  lower  plenum, t h e  f l o w  from 
RETRAN volume node V O O l  (downcomer) was channeled  i n t o  t h e  lower  
plenum as f o l l o w s :  

j u n c t i o n  5001 ( V O O 1  t o  V003): 14093 l b d s  or 36.5% 
j u n c t i o n  JOO3 ( V O O 1  t o  V004): 5213 l b m / s  o r  13.5% 

and t h e  f l o w  from volume node V O O 2  (downcomer) : 

j u n c t i o n  5002 ( V O O 2  t o  V004):  14093 l b m l s  o r  36.5% 
j u n c t i o n  5004 (V002 t o  V003): 5213 lbm/s  or 13.5% 

4 .  The upper  plenum was s u b d i v i d e d  i n t o  two symmetrical R E T R A N  volume 
nodes ,  V025 and V026, f e d  by  t h e  f l o w  from c o r e  r e g i o n s  1 and 2. No 
i n t e r l o o p  mixing  between t h e  upper  plenum r e g i o n s  was assumed a t  
100% f u l l  power. However, j u n c t i o n s  were i n s t a l l e d  i n  t h e  model i n  
o r d e r  t o  a l l o w  i n t e r m i x i n g  d u r i n g  t r a n s i e n t s .  

5. The f l o w  from t h e  core-bypass  r e g i o n  was channeled  i n t o  t he  upper  
plenum (435 l b m / s  t o  volume node V025, 435 lbm/s  t o  volume node 
V026) and 364 l b m / s  t o  t h e  r e g i o n  i n  which t h e  c o n t r o l  e lement  
assemblies ( C E A s )  a re  l o c a t e d .  The f l o w  from t h e  CEA r e g i o n  was 
channe led  i n t o  t h e  upper  head r e g i o n  (volume node V028), and t h e  
f l o w  t h r o u g h  t h e  h e a t i n g  c o r e  r e g i o n  was channe led  i n t o  t h e  upper  
plenum r e g i o n s  (volume nodes V025 and V026). 

6 .  The f l o w  th rough  t h e  upper  plenum r e g i o n s  is channe led  i n t o  the  
h o t  l egs  (volume nodes V101 and V Z O l ) ,  19305 lbm/s  i n t o  h o t  l e g  1 1  
and 19305 lbm/s  i n t o  h o t  l e g  12 .  

A . l  .2 REACTOR CORE 

The r e a c t o r  c o r e  c o n t a i n s  217 fuel .  assemblies and 85 c o n t r o l  e lement  
assemblies ( C E A s ) .  Reac to r  power is c o n t r o l l e d  p r i m a r i l y  by moving t h e  
c o n t r o l  e lement  assemblies and by removing o r  add ing  s o l u b l e  boron t o  
t h e  pr imary  l o o p  water. 
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1 .  The C E A s  are  s u b d i v i d e d  i n t o  e i g h t  groups  or banks ,  f i v e  r e g u l a t i n g  
banks and three s a f e t y  shutdown banks.  Note t h a t  a l l  C E A s  of a 
pa r t i cu la r  bank are moved i n  un i son .  A t  power,  t h e  d i f f e r e n t  
r e g u l a t i n g  CEA banks are  moved r e l a t i v e  t o  each o t h e r  i n  a p r e s e t  
way; t he  maximum a l l o w a b l e  i n s e r t i o n  (o r  b i t e )  depends on t h e  power 
l e v e l ,  f u e l  cycle,  and time w i t h i n  a f u e l  c y c l e .  

The prescr ibed  movement of t h e  d i f f e r e n t  banks is des igned  t o  
a t t a i n  power d i s t r i b u t i o n s  w i t h i n  acceptable  limits set  by n u c l e a r  
heat f l u x  f a c t o r s  and depar ture  n u c l e a t e  b o i l i n g  r a t i o  ( D N B R s ) .  

A t  power, the  f i v e  r e g u l a t i n g  CEA banks i n  t he  R E T R A N  model move a t  
a r a t e  of 35 in . /min.  A t  shutdown upon a r e a c t o r  scram command, t h e  
f i v e  r e g u l a t i n g  and three shutdown CEA banks  are i n s e r t e d  i n t o  the 
c o r e  a t  a speed  of  50 i n . / s .  

A t y p i c a l  power-dependent CEA i n s e r t i o n  scheme is shown i n  
F i g .  A . l . 4 .  T h i s  f i g u r e  shows t h e  maximum i n s e r t i o n  o r  b i t e .  I t  
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a l s o  shows t h a t  o n l y  when CEA r e g u l a t i n g  bank 5 has been i n s e r t e d  
60% i n t o  t h e  c o r e ,  is bank 4 a l lowed  t o  move i n ,  and o n l y  when bank 
4 has been i n s e r t e d  60% i n t o  t he  c o r e  is bank 3 a l lowed  t o  move i n .  
Note tha t  upon a reactor scram s i g n a l ,  a l l  r e g u l a t i n g  c o n t r o l  
e lement  assemblies are i n s e r t e d  a t  t h e  maximum i n s e r t i o n  speed .  

I n  t h e  R E T R A N  model, r e a c t o r  power l e v e l  can  be c o n t r o l l e d  by t h e  
a u t o m a t i c  reactor power c o n t r o l l e r .  T h i s  c o n t r o l l e r  a c t i v a t e s  
movement of t h e  r e g u l a t i n g  CEA banks when t h e  power e r r o r  ( a c t u a l  
power minus desired g iven  power l e v e l )  exceeds t y p i c a l l y  k0.59, and 
i t  d e a c t i v a t e s  when t h e  a b s o l u t e  power e r r o r  is less t h a n  0 .2%.  

Note t h a t  i n  t h e  C a l v e r t  C l i f f s - 1  n u c l e a r  power p l a n t ,  t h e  a u t o m a t i c  
r e a c t o r  power c o n t r o l l e r  was d e a c t i v a t e d  i n  1983, and was r e p l a c e d  
by a "pe rmis s iveness"  s i g n a l  g i v e n  by t h e  r e a c t o r  o p e r a t o r .  I n  
t h e  C a l v e r t  C l i f f s - 1  r e a c t o r  t r a n s i e n t  s t u d i e s ,  t h e  o p e r a t o r  was 
s i m u l a t e d  by t h i s  a u t o m a t i c  c o n t r o l l e r  i n  t h o s e  t r a n s i e n t s  where t h e  
o p e r a t o r  is a l lowed  t o  a d j u s t  power. 

2 .  S o l u b l e  boron is i n s e r t e d  i n t o  t h e  p r i m a r y  s y s t e m  w i t h  t h e  h e l p  of 
t h e  b o r i c  acid pumps. These pumps have a d e s i g n  c a p a c i t y  of 
143 g a l l o n s  p e r  minute  (gpm) each and are f e d  by f l u i d  c o n t a i n i n g  
1 2  w t  % b o r i c  acid.  Thei r  e x h a u s t  is f e d  i n t o  a p i p e  upstream from 
t h e  makeup pumps. 

Note t h a t  f o r  t h e  steady-state s o l u t i o n  of t h e  RETRAN model,  t h e  
makeup f l o w  e q u a l s  t h e  le tdown f l o w  o u t  of the  p r i m a r y  l o o p .  
Removal o r  i n s e r t i o n  of s o l u b l e  boron i n  t h e  pr imary s y s t e m  is t h u s  
performed by add ing  t h r o u g h  t h e  makeup pumps f l u i d  c o n t a i n i n g  less 
o r  more w t  % s o l u b l e  boron t h a n  t h e  boron l e v e l  i n  t h e  le tdown 
f l u i d .  

During t h e  approach t o  f u l l  power, t h e  model p o s i t i o n e d  t h e  CEA 
bank 5 r e g u l a t i n g  c o n t r o l  e lement  assemblies 20 i n .  i n t o  t h e  c o r e  
( a p p r o x i m a t e l y  half  t h e  d i s t a n c e  of t h e  maximum a l l o w a b l e  b i t e ) .  
S o l u b l e  boron c o n t e n t  i n  t h e  p r i m a r y  l o o p  was t h e n  a d j u s t e d  by 
a c t i v a t i n g  o r  d e a c t i v a t i n g  t h e  b o r i c  ac id  pumps t h r o u g h  t h e  
c o n t r o l l e r  system. Al so ,  when r e g u l a t i o n  of r e a c t o r  power d u r i n g  a 
t r a n s i e n t  was used i n  a c a l c u l a t i o n ,  and when t h e  r e g u l a t i n g  c o n t r o l  
e lement  assemblies were i n s e r t e d  t o  t h e i r  maximum a l l o w a b l e  l i m i t ,  
t h e  model would a l s o  a c t i v a t e  r e g u l a t i o n  of t h e  s o l u b l e  boron 
c o n t e n t  i n  t h e  pr imary loop .  

The r e a c t i v i t i e s  due t o  t h e  f i v e  r e g u l a t i n g  CEA banks ,  t h e  three 
shutdown safety banks and t h e  s o l u b l e  boron i n  t h e  p r imary  s y s t e m  
were t a k e n  a t  t h e  beginning-of-cycle  (BOC)  of cycle 6 of  C a l v e r t  
C l i f f s - 1  a t  hot  f u l l  power ( H F P ) .  The p o i n t  k i n e t i c s  o p t i o n  i n  
RETRAN was used .  

The s t a n d a r d  set of de l ayed  n e u t r o n  f r a c t i o n s  and l i fe t imes ,  
a v a i l a b l e  i n  R E T R A N ,  were used. A l so  t h e  ANSI decay f r a c t i o n s  and 
l i fe t imes were used .  
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The RETRAN c o n t r o l  diagrams of t h e  f i v e  r e g u l a t i n g  CEA banks ,  t h e  
t h r e e  shu tdown/sa fe ty  banks,  and t h e  boron i n j e c t i o n  are  d i s p l a y e d  
i n  F i g .  A . l  .5. 

A.1.3 REACTOR COOLANT PUMPS 

I n  each of t h e  f o u r  c o l d  l e g s  is an i d e n t i c a l  r e a c t o r  c o o l a n t  pump ( R C P )  
(see F i g .  A . l . l ) .  They are  s i n g l e - s p e e d  c e n t r i f u g a l  pumps, used t o  
c i r c u l a t e  r e a c t o r  c o o l a n t  t h rough  t h e  c o r e  and t o  heat  t h e  r e a c t o r  
c o o l a n t  d u r i n g  p l a n t  s t a r t u p  t o  a c h i e v e  hot-zero-power s t a t u s  ( H Z P ) .  

Each pump motor h a s  a f l y w h e e l  t o  i n c r e a s e  t h e  i n e r t i a  of t h e  pumps. 
They a l s o  p o s s e s s  non-reverse r o t a t i o n  d e v i c e s  t o  p r e v e n t  r e v e r s e  
r o t a t i o n ,  which might occur  i f  one RCP is s topped  and one or more pumps 
are o p e r a t i n g  i n  t h e  o t h e r  c o l d - l e g s .  

Rated RCP speed i s  883 rpm, and ra ted  f l o w  p e r  pump is 92,825 gpm. The 
head ,  power, and t o r q u e  v e r s u s  f l o w r a t e  c u r v e s  of t h e  pumps were 
provided by BG&E and were c o n v e r t e d  i n t o  RETRAN-compatible homologous 
c u r v e s .  

I n  t h e  RETRAN model, t h e  f o u r  c o l d  l e g s  were combined i n t o  two 
c o l d  l e g s ,  and t h e  f o u r  R C P s  were combined i n t o  two pumps, RETRAN pump 
P10 u s i n g  volume node V132 and pump P20 u s i n g  volume node V232 (see 
F i g s .  A . l  .1 and A.1.2).  Rated f l o w ,  t o r q u e ,  and i n e r t i a  were t h u s  
doubled.  

The f o l l o w i n g  RCP t r i p s  were used i n  t h e  model: 

a .  o p e r a t o r  t r i p  30 s a f t e r  i n i t i a t i o n  of a h i g h - p r e s s u r e  s a f e t y  
i n j e c t i o n  (HPSI) s i g n a l  , and 

b .  o p e r a t o r  t r i p  when t h e  p r e s s u r i z e r  ( P Z R )  p r e s s u r e  d r o p s  below 
1300 p s i a .  

A . 1 . 4  HOT LEGS A N D  COLD LEGS 

a .  Hot l e g s :  Two p i p e  s e c t i o n s ,  each  42 i n .  I D ,  connec t  t h e  r e a c t o r  
v e s s e l  o u t l e t s  t o  t h e  SG p r i m a r y  c o o l a n t  i n l e t  n o z z l e  ( R E T R A N  volume 
nodes V101 and V201 i n  F i g .  A.1.2) .  

b .  Cold l e g s :  Four p i p e  s e c t i o n s ,  each 30 i n .  I D ,  connec t  t h e  
SG primary c o o l a n t  o u t l e t s  t o  t h e  R C P s ;  and f o u r  p i p e  s e c t i o n s ,  each 
30 i n .  I D ,  connec t  t h e  pumps t o  t h e  r e a c t o r  v e s s e l  i n l e t s .  I n  t h e  
R E T R A N  model ( F i g .  A.1.21, t h e  f o u r  c o l d  l e g s  were combined i n t o  two 
cold l e g s ,  each c o n t a i n i n g  a pump made up of two R C P s .  Thus we have 

1 .  Cold l e g  1 1  : u s i n g  RETRAN volume nodes V127 and V129, pump P10 
( u s i n g  volume node V132),  and volume nodes V135 and V137. 
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2. Cold l e g  12 : u s i n g  R E T R A N  volume nodes V227 and V229, pump P20 
( u s i n g  volume node V2321, and volume nodes V235 and V237. 

The f l o w  th rough  each of t h e  c o l d  l e g s  i n  t h e  R E T R A N  model i s  
-1 9 ,305 lbrn/s .  

A.1.5 P R E S S U R I Z E R ,  C H A R G I N G  PUMPS, A N D  LETDOWN VALVES 

The p r e s s u r i z e r  ( P Z R )  is  a t a n k  -30 f t  h i g h  t h a t  p r e s s u r i z e s  t h e  pr imary 
s y s t e m .  I t  has a t o t a l  volume of -1500 f t 3 .  

T h e  P Z R  is r e p r e s e n t e d  by a non-equi l ibr ium R E T R A N  volume node V199 (see 
F i g .  A.1.2) u s i n g  t h e  RETRAN p r e s s u r i z e r  model, which i n c l u d e s  t h e  s p r a y  
v a l v e ,  heaters ,  power -ope ra t ed - re l i e f  v a l v e s  ( P O R V s ) ,  safety-rel ief  
v a l v e s  ( S R V I  and SRV2) and a s u r g e  l i n e .  I t  is connec ted  t o  one of t h e  
h o t  l egs  (volume node V l O l )  of t h e  p r i m a r y  s y s t e m  v i a  t he  s u r g e  l i n e  
(volume node V191). 

The RETRAN p r e s s u r i z e r  model a l l o w s  two separate t h e r m a l - h y d r a u l i c s  
r e g i o n s  (vapor  and l i q u i d ) ,  which do  n o t  have t o  be i n  thermal 
e q u i l i b r i u m .  Rainout o u t  of t h e  vapor r e g i o n  and f l a s h i n g  from t h e  
l i q u i d  i n t o  t h e  vapor r e g i o n  are  al lowed.  The s p r a y ,  v i a  t h e  s p r a y  
v a l v e  ( R E T R A N  v a l v e  VA001 a t  j u n c t i o n  5194) e n t e r s  t h e  PZR a t  t h e  t o p .  
I t  e n a b l e s  water t o  m i x  w i t h  t h e  vapor r e g i o n  and t h u s  condense vapor i n  
t h e  vapor r e g i o n ,  fo l lowed  by t h e  d e p o s i t  of f l u i d  i n  t h e  l i q u i d  r e g i o n .  
The s p r a y  l i n e  t o  t h e  s p r a y  v a l v e  is connec ted  t o  one of t h e  c o l d  legs  
(volume node V193) of t h e  p r i m a r y  s y s t e m .  

I n  t h e  p r e s s u r i z e r  of C a l v e r t  C l i f f s - 1 ,  there is a con t inuous  s p r a y  f l o w  
of 1.5 gpm and a maximum f low of -375 gpm when t h e  s p r a y  v a l v e  is f u l l y  
open. The steady-state s o l u t i o n  u s i n g  t h e  RETRAN p r e s s u r i z e r  model 
p r e c l u d e s  t h e  use of " i n i t i a l  sp ray"  and "heaters on" o p t i o n s  d u r i n g  
s t e a d y - s t a t e  i t e r a t i o n s .  After the  steady-state s o l u t i o n  is o b t a i n e d  i n  
R E T R A N ,  o n l y  t h e n  do t h e  c o n t r o l s  of t h e  s p r a y  v a l v e  and t h e  p r e s s u r i z e r  
heaters become a c t i v e .  To circumvent  t h e  problem of n o t  hav ing  s p r a y  o r  
heaters on i n  o b t a i n i n g  t h e  steady-state s o l u t i o n  u s i n g  R E T R A N ,  a 
n u l l - t r a n s i e n t  was run  a f t e r  o b t a i n i n g  t h e  steady-state s o l u t i o n  i n  
o r d e r  t o  l e t  t h e  R E T R A N  model s e t t l e  down t o  a t r u e  s t e a d y  s t a t e  w i t h  
s p r a y  and heaters on.  

The p r e s s u r i z e r  c o n t r o l l e r  can be subd iv ided  as having two f u n c t i o n s :  

1 .  Ma in ta in  pr imary c o o l a n t  pressure between two set  p o i n t s  by  
a c t i v a t i n g  s p r a y  and /o r  p r e s s u r i z e r  hea te rs .  

2 .  Ma in ta in  t h e  p rope r  c o o l a n t  i n v e n t o r y  i n  t h e  pr imary s y s t e m  by 
e i ther  d i s c h a r g i n g  th rough  t h e  le tdown v a l v e s  ( a t  R E T R A N  j u n c t i o n s  
5146 and 5246)  o r  i n j e c t i n g  c o o l a n t  w i t h  a c t i v a t i o n  of t h e  c h a r g i n g  
pumps. 

The l e v e l  s e t  p o i n t s  are programmed t o  be a f u n c t i o n  of c o o l a n t  a v e r a g e  
t e m p e r a t u r e s .  For example,  a t  h o t  f u l l  power t h e  p r e s s u r i z e r  ' z e r o '  
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m i x t u r e  l e v e l  is 16.0 f t ,  whereas a t  h o t  z e r o  power t h e  s e t  p o i n t  is 
9.2 f t .  (Note t h a t  i n  t h e  R E T R A N  p r e s s u r i z e r  model o f  C a l v e r t  C l i f f s - 2 ,  
t h e  ' z e r o - l e v e l '  set  p o i n t  a t  h o t  f u l l  power is a t  18.2 f t . )  

The l e v e l  c o n t r o l l e r  i n  t h e  p r e s s u r i z e r  compares t h e  measured and 
programmed l e v e l  se t  p o i n t s .  I t  g e n e r a t e s  a s i g n a l  f o r  r e g u l a t i n g  the  
le tdown c o n t r o l  v a l v e s  a t  R E T R A N  j u n c t i o n s  J l 4 6  and 5246 (see 
F ig .  A.1.2). I n  a d d i t i o n ,  t h i s  l e v e l  c o n t r o l l e r  s t a r t s  and s t o p s  t h e  
c h a r g i n g  pumps a t  low- or  h i g h - l e v e l  set  p o i n t s  of t h e  p r e s s u r i z e r .  

Note t h a t  upstream of these c h a r g i n g  pumps, which form a p a r t  of t h e  
chemical and volume c o n t r o l  s y s t e m ,  s o l u b l e  boron can be i n j e c t e d  
th rough  t h e  R E T R A N  c o n t r o l l e r  t h a t  in jec ts  or removes s o l u b l e  boron from 
the  p r i m a r y  c o o l a n t  (see RETRAN c o n t r o l  diagram i n  F i g .  A . 1 . 5 ) .  

The c o n t r o l  diagrams of t h e  R E T R A N  model t h a t  s i m u l a t e s  the  p r e s s u r i z e r  
c o n t r o l l e r  are shown i n  F i g s .  A.1.6, A.1.7,  and A.1.8. The p r e s s u r i z e r  
p r e s s u r e  s e t  p o i n t  a t  which t h e  s p r a y  v a l v e  opens is 2300 p s i a .  A l l  
backup heaters are t u r n e d  on i f  t h e  p r e s s u r e  i n  the  p r e s s u r i z e r  d r o p s  
below 2200 p s i a .  A l l  p r e s s u r i z e r  heaters are t u r n e d  on i f  t h e  r e l a t i v e  
l e v e l  e x c e e d s  +13 i n .  ( r e l a t i v e  t o  t he  p r e s s u r i z e r  z e r o - l e v e l  s e t  
p o i n t ) .  A l l  backup heaters are  t u r n e d  o f f  i f  t h e  pressure exceeds 
2225 p s i a .  A l l  p r e s s u r i z e r  heaters are  t u r n e d  o f f  i f  the r e l a t i v e  l e v e l  
d r o p s  below +9 i n .  I f  t h e  p r e s s u r i z e r  l e v e l  d r o p s  below 5.65 f t ,  a l l  
heaters are t u r n e d  o f f  t o  p r e v e n t  damage t o  t he  heaters. Also, a l l  
heaters i n  the  p r e s s u r i z e r  are t u r n e d  o f f  i f  t h e  h i g h - p r e s s u r e  s a f e t y  
i n j e c t i o n  (HPSI) s i g n a l  is ac t iva t ed .  

The p r o p o r t i o n a l  heaters  are  o p e r a t e d  g r a d u a l l y .  They a re  a t  t h e i r  
maximum when the p r e s s u r i z e r  p r e s s u r e  d r o p s  below 2225 p s i a ,  and t h e y  
are t u r n e d  o f f  when the  p r e s s u r e  exceeds 2275 p s i a .  Note t h a t  t he  
p r o p o r t i o n a l  heaters i n  t h e  p r e s s u r i z e r  were n o t  modeled. I t  was 
assumed t h a t  the power removed by t h e  le tdown f l u i d  is  compensated by 
t h e  heat i n t r o d u c e d  by t h e  p r o p o r t i o n a l  heaters.  

The le tdown v a l v e s  are opened g r a d u a l l y  as a f u n c t i o n  of t h e  
p r e s s u r i z e r  l e v e l .  A t  a r e l a t i v e  p r e s s u r i z e r  l e v e l  of  - 4  i n . ,  t h e  
opening of  t he  le tdown v a l v e s  (see R E T R A N  j u n c t i o n s  5146 and 5246 i n  
F ig .  A.1.2) is a t  i t s  minimum; a t  a r e l a t i v e  l e v e l  o f  +32 i n . ,  t h e  
le tdown v a l v e s  a re  f u l l y  open. Upon a H P S I  s i g n a l ,  t he  le tdown v a l v e s  
are c l o s e d .  

Note t h a t  the  main c h a r g i n g  pump is  always i n  o p e r a t i o n .  A t  
e q u i l i b r i u m ,  i n j e c t i o n  of f l u i d  i n t o  t h e  pr imary s y s t e m  from the  main 
c h a r g i n g  pump is compensated by t h e  removal of f l u i d  t h rough  t h e  le tdown 
v a l v e s .  Upon a HPSI s i g n a l ,  a n e t  f l ow i n t o  the  p r i m a r y  s y s t e m  is 
o b t a i n e d  s i n c e  the  le tdown v a l v e s  are  t h e n  c l o s e d .  The maximum letdown 
flowrate is 128 gpm. 
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F i g .  A . 1 . 6 .  R E T R A N  c o n t r o l l e r s  f o r  spray valves  and p res su r i ze r  hea te r s .  
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F i g .  A . 1 . 7 .  R E T R A N  c o n t r o l l e r s  f o r  c h a r g i n g  pumps and  l e tdown  valves. 
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F i g .  A . 1 . 8 .  RETRAN c o n t r o l l e r s  f o r  t h e  PORV and p r e s s u r i z e r  s a f e t y  
r e l i e f  v a l v e s .  
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S e t  p o i n t s  f o r  t h e  second backup c h a r g i n g  pump are as f o l l o w s :  

on a t  a p r e s s u r i z e r  r e l a t i v e  l e v e l  of -13.5 i n .  
o f f  a t  a p r e s s u r i z e r  r e l a t i v e  l e v e l  of -6.25 i n .  

S i n c e  there  is a l i m i t e d  s u p p l y  of c o o l a n t  a v a i l a b l e  upstream from t h e  
c h a r g i n g  pumps once t h e  HPSI  s y s t e m  is a c t i v a t e d ,  and s i n c e  t h e  maximum 
f l o w  from t h e  pr imary and backup c h a r g i n g  pumps is -128 gpm, t h e  
c h a r g i n g  pumps w i l l  s t o p  a t  -2.35 h a f t e r  a c t i v a t i o n  of t h e  HPSI  s y s t e m .  

I n  t h e  R E T R A N  model, t h e  P O R V s  and p r e s s u r i z e r  s a f e t y  r e l i e f  v a l v e s  are 
d i r e c t l y  v e n t e d  i n s i d e  t h e  containment  b u i l d i n g .  For  these v a l v e s  t h e  
'choked f l o w '  o p t i o n  is used i n  R E T R A N .  The PORV re l ief  l i n e s ,  quench 
t a n k ,  and r u p t u r e  d i s c  were not  modeled. T h i s  is a d e q u a t e  i f  vapor i s  
released t h r o u g h  t h e  v a l v e s .  I f ,  however, f l u i d  is released, t h e  re l ief  
l i n e s  and quench t a n k  s h o u l d  be modeled. Note t h a t  a quench t a n k  is 
p rov ided  t o  r e c e i v e ,  condense,  and c o o l  t h e  discharge from t h e  P O R V s  
and p r e s s u r i z e r  sa fe ty  r e l i e f  v a l v e s .  

The RETRAN c o n t r o l  diagrams f o r  s i m u l a t i n g  o p e r a t i o n  of t h e  P O R V s  
( R E T R A N  v a l v e  VA002 a t  j u n c t i o n  5195 i n  F i g .  A . 1 . 2 )  and t h e  s a f e t y  
re l ie f  v a l v e s  S R V l  and SRV2 ( R E T R A N  v a l v e s  VAOO3 a t  5196 f o r  S R V I  and 
VA004 a t  5197 f o r  SRV2) are shown i n  F i g .  A . 1 . 8 .  A hysteresis  t y p e  
opening was implemented. The h y s t e r e s i s  s e t  p o i n t s  are based on a n  
accumula t ion  p r e s s u r e  of 1.03 times set  p r e s s u r e  and a blowdown p r e s s u r e  
of 0.96 times se t  p r e s s u r e .  

The f o l l o w i n g  s e t  p r e s s u r e s  were used i n  t h e  R E T R A N  model: 

P O R V s :  2400 p s i a  
P r e s s u r i z e r  s a f e t y  re l ie f  v a l v e  S R V 1 :  2500 p s i a  
P r e s s u r i z e r  s a f e t y  r e l i e f  v a l v e  SRV2: 2565 p s i a  

A.1.6 H I G H - P R E S S U R E  SAFETY I N J E C T I O N  SYSTEM 

The h i g h - p r e s s u r e  s a f e t y  i n j e c t i o n  ( H P S I )  s y s t e m  i n j e c t s  water i n t o  t h e  
c o l d  l e g s  of t h e  p r i m a r y  system when p r e s s u r i z e r  pressure d r o p s  below 
1740 p s i a .  I n  t h e  R E T R A N  model t h e  i n j e c t i o n  is done a t  j u n c t i o n  5140 
f o r  c o l d - l e g  1 1  and a t  j u n c t i o n  5240 f o r  c o l d  l e g  1 2  (see F i g .  A . 1 . 2 ) .  

The HPSI s i g n a l  a l s o  a c t i v a t e s  t h e  pr imary and f irst-  and second-backup 
c h a r g i n g  pumps (which a l s o  i n j e c t  water i n t o  t h e  p r i m a r y  s y s t e m  v i a  t h e  
c o l d  l e g s ) ,  and c l o s e s  t h e  le tdown v a l v e s  a t  R E T R A N  j u n c t i o n s  5146 and 
5246 (see F i g .  A.1.7).  

The HPSI  s i g n a l  system draws its water from t h e  r e f u e l i n g  water s t o r a g e  
t a n k  (RWT). The f l o w r a t e  from t h e  H P S I  s y s t e m ,  t h r o u g h  RETRAN j u n c t i o n s  
5140 and 5240,  is dependent on t h e  p r e s s u r e  i n  t h e  c o l d  legs .  The n e t  
f l ow from t h e  pumps of t h e  HPSI s y s t e m  t h r o u g h  RETRAN j u n c t i o n s  5140 and 
5240 s t a y s  z e r o  u n t i l  p r e s s u r e  i n  t h e  c o l d  l e g  d r o p s  below -1285 p s i a .  
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Below t h i s  l e v e l  t h e  f l o w r a t e  f rom t h e  HPSI pumps i n t o  t h e  p r i m a r y  
s y s t e m  g r a d u a l l y  i n c r e a s e s  w i t h  d e c r e a s i n g  p r e s s u r e .  F o r  example ,  a t  a 
downstream p r e s s u r e  o f  1000 p s i a ,  t h e  n e t  f lowra te  is -320 gpm p e r  HPSI 
pump. N o t e  t h a t  t h e  r e l a t i o n s h i p  be tween t h e  n e t  f lowrate and  t h e  
downstream p r e s s u r e  is  n o t  l i n e a r .  

The R E T R A N  c o n t r o l l e r  t h a t  s i m u l a t e s  o p e r a t i o n  of  t he  HPSI  s y s t e m  is 
shown i n  F i g .  A.1.9. 

A .  1 .7 REACTOR SCRAM 

The r e a c t o r  c o n t r o l  s y s t e m  w i l l  i n s e r t  a l l  s a f e t y  and  r e g u l a t i n g  
c o n t r o l  e l e m e n t  assemblies ( C E A s )  i n t o  t h e  reactor  c o r e  a t  a maximum 
s p e e d  o f  50  i n . / s  when one  o f  t h e  f o l l o w i n g  c o n d i t i o n s  o c c u r s :  

High  p r e s s u r e  i n  t h e  reactor  c o o l a n t  l o o p  o f  SG-11: p r e s s u r e  i n  
R E T R A N  volume node V101 i s  g r e a t e r  t h a n  2400 p s i a .  

High p r e s s u r e  i n  t h e  r e a c t o r  c o o l a n t  l o o p  o f  SG-12: p r e s s u r e  i n  
R E T R A N  volume node V201 i s  g r e a t e r  t h a n  2400 p s i a .  

Low p r e s s u r e  i n  t h e  p r i m a r y  s y s t e m :  i f  t h e  p r e s s u r e  d r o p s  below a 
v a r i a b l e  s e t  p r e s s u r e .  

P = X 1  * A 1  * QR1 + X2 * T i n  - X3, 

where  X 1 ,  X2, X3 = c o n s t a n t  v a l u e s  
T i n  = reactor  c o o l a n t  t e m p e r a t u r e  a t  t h e  reactor c o r e  

QR1 = r eac to r -power -dependen t  v a l u e .  
i n l e t  

F o r  example ,  f o r  a r e a c t o r  c o o l a n t  t e m p e r a t u r e  of 562OF and  a t  a 
r e l a t i v e  r e a c t o r  power of l o o % ,  t h e  l o w - p r e s s u r e  se t  p o i n t  below 
which  t h e  r e a c t o r  w i l l  scram is -2055 p s i a .  The R E T R A N  c o n t r o l  
s y s t e m  t h a t  imp lemen t s  t h i s  v a r i a b l e  l o w - p r e s s u r e  se t  p o i n t  t o  
i n i t i a t e  a r e a c t o r  scram is shown i n  F i g .  A. l . lO.  

Low-pressure  t r i p  when t h e  p r e s s u r e  i n  p r e s s u r i z e r  node V199 d r o p s  
below 1875 p s i a .  

S team g e n e r a t o r  i s o l a t i o n  s i g n a l  (SGIS) f o r  e i ther  steam g e n e r a t o r :  
RETRAN t r i p  TRIP020. 

A u x i l i a r y  feedwater t r i p  s i g n a l :  R E T R A N  t r i p  TRIP030. 

Main steam t u r b i n e  t r i p :  R E T R A N  t r i p  number TRIP039. 

Manual r e a c t o r  scram s i g n a l :  R E T R A N  t r i p  number TRIP038. 

R e a c t o r  scram when t h e  change  i n  r e a c t o r  power is p o s i t i v e  and 
e x c e e d s  5%/min .  The R E T R A N  c o n t r o l  d i ag ram is shown i n  F i g .  A . l . l l .  
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Fig. A . l . l O .  R E T R A N  c o n t r o l l e r  f o r  t he  va r i ab le  set  point  of primary system 
pressure t o  i n i t i a t e  a reac tor  scram. 
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Fig. A . l . l l .  Various R E T R A N  controllers for initiation of reactor scram and a 
main steam turbine trip. 
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Reactor t r i p  when t h e  na r row- range  l e v e l  i n  SG-11 o r  SG-12 d r o p s  
below t h e  -50 i n .  s e t  p o i n t  (see F i g .  A . l . l l ) .  

A . 1 . 8  M A I N  T U R B I N E  T R I P  

The main steam t u r b i n e s  are  t r i p p e d  by c l o s i n g  t h e  f o u r  main steam s t o p  
v a l v e s  (MSSVs) r e p r e s e n t e d  i n  F i g .  A.1.12 as R E T R A N  v a l v e  number VA015 
a t  j u n c t i o n  5730. The main steam t u r b i n e s  w i l l  t r i p  unde r  t h e  f o l l o w i n g  
c o n d i t i o n s :  

1 .  a t  0.1 s a f t e r  i n i t i a t i o n  of a r e a c t o r  scram. 

2 .  on manual  main steam t u r b i n e  t r i p .  

3. on  low vacuum t r i p  i n  t h e  c o n d e n s e r - h o t w e l l  u n i t .  T h i s  t r i p  is  
i n i t i a t e d  i f  t h e  p r e s s u r e  i n  R E T R A N  volume node V949 e x c e e d s  a g i v e n  
s e t  p o i n t  o f  -5 p s i a .  

4 .  o n  t u r b i n e  o v e r s p e e d .  ( T h e  t u r b i n e  o v e r s p e e d  t r i p  h a s  n o t  y e t  been  
implemented  i n  t h e  RETRAN mode l . )  

5. The na r row- range  l e v e l  i n  SG-11 or SG-12 e x c e e d s  t h e  s e t  p o i n t  of 
+50 i n .  (see F i g .  A . l . l l ) .  
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A.2 STEAM GENERATORS 

I n  C a l v e r t  C l i f f s - 1  two steam g e n e r a t o r s ,  SG-11 and SG-12 are used i n  
p a r a l l e l  t o  t ransfer  t h e  h e a t  g e n e r a t e d  i n  t h e  r e a c t o r  core,  v i a  t h e  
pr imary coolan t ,  t o  t h e  water of t h e  secondary  system. The 
s t eam-gene ra to r s  have a 'U-tube' h e a t  exchanger  w i t h  t h e  reactor 
c o o l a n t  on t h e  t u b e  s i d e .  The f e e d w a t e r  coming from t h e  secondary  
s y s t e m  is t r ans fo rmed  i n t o  a water/steam m i x t u r e  i n  t h e  s h e l l  s i d e .  I n  
t h e  s i m u l a t i o n s  f o r  Calvert C l i f f s - 2 ,  two i d e n t i c a l  steam g e n e r a t o r s ,  
SG-21 and SG-22 were assumed. 

Three  d i f f e r e n t  R E T R A N  nodal  diagrams of t h e  steam g e n e r a t o r s  have been 
used i n  t h e  power p l a n t  s i m u l a t i o n s :  

a.  Steam g e n e r a t o r  nodal  diagram w i t h  one volume node i n  t h e  downcomer, 
one volume node i n  t h e  r iser,  and s i x  volume nodes i n  t h e  t u b e  s i d e  
(see F i g .  A.2.1 f o r  SG-11 and F i g .  A.2.2 f o r  SG-12). 

b .  Steam g e n e r a t o r  nodal  diagram w i t h  f o u r  volume nodes i n  t h e  
downcomer, f o u r  volume nodes i n  t h e  riser and s i x  volume nodes i n  
t h e  t u b e  s i d e  (see F i g .  A.2.3 f o r  3 3 - 1 1  and F i g .  A.2.4 f o r  SG-12). 

c .  Steam g e n e r a t o r  nodal  diagram w i t h  s i x  volume nodes i n  t h e  
downcomer, s i x  volume nodes i n  t h e  riser and s i x  volume nodes i n  t h e  
t u b e  s i d e  ( s e e  F i g .  A.2.5 f o r  SG-11 and F i g .  A.2.6 f o r  SG-12). 

Reac to r  c o o l a n t  f l o w s  v i a  t h e  h o t  l e g s  i n t o  SG-11 and SG-12 (see RETRAN 
volume nodes VI01 and V201 i n  F i g .  A.1.2). For SG-Il/SG-12, t h e  pr imary 
c o o l a n t  f l o w s  i n t o  t h e  steam g e n e r a t o r s  a t  R E T R A N  j u n c t i o n  
J105-SG11/J205-SG12, goes t h r o u g h  t h e  t u b e  s i d e ,  and t h e n  e x i t s  t h e  
g e n e r a t o r  a t  R E T R A N  j u n c t i o n s  J127-SGll/J227-SG12. 

I n  t h e  secondary  s i d e ,  f e e d w a t e r  en t e r s  t h e  steam g e n e r a t o r s  t h rough  t h e  
f e e d w a t e r  i n l e t  n o z z l e  a t  j u n c t i o n  J548-SGlIlJ648-SG12 and is 
d i s t r i b u t e d  t o  a f e e d r i n g  w i t h  h o l e s  a t  t h e  bot tom, m i x e s  w i t h  h o t  
water coming from t h e  SG c e n t r i f u g a l  steam separa tors  and steam d r y e r s  
v i a  j u n c t i o n  J541-SGIl/J641-SG12, and t h e n  f l o w s  down t h e  downcomer. 

For SG-11, t h e  downcomer is r e p r e s e n t e d  by RETRAN volume node V501 
( F i g .  A.2.1);  volume nodes V501, V502, V503, and V531 ( F i g .  A.2.3);  and 
volume nodes V501, V502, V503, V504, V531, and V532 ( F i g .  A.2.5).  The 
downcomer f o r  SG-12 is r e p r e s e n t e d  by RETRAN volume node V601 
( F i g .  A.2.2);  volume nodes V601, V602, V603, and V631 ( F i g .  A .2 .4 ) ;  and 
volume nodes V601, V602, V603, V604, V631, and V632 ( s e e  F i g .  A.2.6) .  

The f e e d w a t e r  t h e n  goes up t h e  s h e l l  s i d e  of t h e  ver t ica l  U-tubes 
( c a l l e d  t h e  r i se r ) ,  where i t  p i c k s  up h e a t  from t h e  pr imary coolant  and 
t r a n s f o r m s  i t s e l f  i n t o  a waterlsteam m i x t u r e .  
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The riser f o r  SG-11 is r e p r e s e n t e d  by RETRAN volume nodes V505 
( F i g .  A . 2 . 1 ) ;  volume nodes V505, V507, V509, and V521 ( F i g .  A.2.3);  and 
volume nodes V505, V506, V507, V508, V509, V510, and V521 ( F i g .  A.2.5) .  
R E T R A N  volume node V605 ( F i g .  A.2.2) ;  volume nodes V605, V607, V609, and 
V621 ( F i g .  A . 2 . 4 ) ;  and volume nodes V605, V606, V607, V608, V609, V610, 
and V621 ( F i g .  A.2.6) r e p r e s e n t  SG-12. 

The water/steam m i x t u r e  t h e n  e n t e r s  166 c e n t r i f u g a l  steam s e p a r a t o r s  a t  
R E T R A N  j u n c t i o n  J533-SGll/J633-SG12. The water is r e c i r c u l a t e d  t o  t h e  
downcomer v i a  R E T R A N  j u n c t i o n  J542-SG11/ J642-SG12. Note t h a t  t h e  
r e c i r c u l a t i o n  r a t i o  is dependent  on t h e  power l e v e l  of t h e  steam 
g e n e r a t o r .  A t  f u l l  power i t  has a v a l u e  of approx ima te ly  4. 

Steam l e a v i n g  t h e  steam s e p a r a t o r s  is d i rec ted  i n s i d e  RETRAN volume 
nodes V519-SGIl/V619-SG12 t h r o u g h  126 steam d r y e r s ,  which are made of 
c o r r u g a t e d  p l a t e s .  

The b u b b l e - r i s e  model of R E T R A N  is used f o r  t h e  steam dome ( R E T R A N  
volume node V519-SGll/V619-SG12). The charac te r i s t ics  o f  t h e  S G  steam 
dome were modeled by u s i n g  a v a r i a b l e  v a l u e  f o r  t h e  b u b b l e - r i s e  v e l o c i t y  
of t h e  R E T R A N  volume. The b u b b l e - r i s e  v e l o c i t y  h a s  been made dependent  
on 

1 .  The m i x t u r e  l e v e l  i n s i d e  t h e  steam dome, i n  o r d e r  t o  take  i n t o  
accoun t  t h e  change i n  s e p a r a t i o n  e f f i c i e n c y  when f l o o d i n g  of t h e  
steam dome o c c u r s .  

2 .  Steam v e l o c i t y :  A t  normal steam v e l o c i t i e s ,  t h e  b u b b l e - r i s e  
v e l o c i t y  has been se t  t o  a h igh  v a l u e  i n  o r d e r  t o  a s s u r e  complete  
s e p a r a t i o n  i n s i d e  t h e  steam s e p a r a t o r s .  When steam v e l o c i t i e s  
i n c r e a s e  above t h e  normal at-power v a l u e s ,  t h e  e f f i c i e n c y  of t h e  
steam s e p a r a t o r s  decreases and b u b b l e - r i s e  v e l o c i t y  is reduced  
a c c o r d i n g l y  . 

The R E T R A N  c o n t r o l  diagram t h a t  c o n t r o l s  t h e  b u b b l e - r i s e  v e l o c i t y  and 
g r a d i e n t  of steam-dome volume node V519 i n  steam g e n e r a t o r  SG-11  and 
volume node V619 i n  steam g e n e r a t o r  SG-12 is d i s p l a y e d  i n  F i g .  A.2.7. 

S e v e r a l  l e v e l  t r a n s m i t t e r s  are t a p p e d  i n t o  t h e  o u t e r  s h e l l  of t h e  SGs. 
P r e s s u r e  t r a n s m i t t e r s  a l s o  come o f f  c e r t a i n  l e v e l - t r a n s m i t t e r  l i n e s .  

I n  t h e  R E T R A N  model, t h e  l e v e l  i n  each s t eam-gene ra to r  is determined by 
t h e  d i f f e r e n c e  i n  p r e s s u r e  a t  t a p s  l o c a t e d  a t  d i f f e r e n t  e l e v a t i o n s  i n  
t h e  steam g e n e r a t o r ,  as is done i n  t h e  a c t u a l  power p l a n t .  The R E T R A N  
model u s e s  two d i f f e r e n t  ways t o  d e t e r m i n e  t h e  l e v e l  i n  SG-11 and SG-12: 

a.  The narrow-range ( N R )  l e v e l  is determined by t h e  d i f f e r e n c e  between 
p r e s s u r e  a t  a t a p  i n  steam-dome volume node V519-SGll/V619-SG12 
l o c a t e d  a t  e l e v a t i o n  85.40 f t ,  and a t  a t a p  i n  t h e  downcomer l o c a t e d  
a t  e l e v a t i o n  70.4 f t  (see F i g s .  A.2.1-A.2.6). The narrow-range 
l e v e l  is used i n  
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1 .  C o n t r o l l i n g  t h e  opening area of MFW r e g u l a t i n g  v a l v e s  MFRV-SG11 
(RETRAN v a l v e  VA007 a t  j u n c t i o n  5552 f o r  S G - 1 1 )  and MFRV-SG12 
( R E T R A N  v a l v e  VA008 a t  j u n c t i o n  5652 f o r  SG-12). The MFW v a l v e  
c o n t r o l l e r s  are d i s p l a y e d  i n  F i g s .  A.2.8 and A.2.9. 

2. T r i p p i n g  t h e  r e a c t o r  ( r e a c t o r  scram) when t h e  narrow-range l e v e l  
d r o p s  below t h e  -50 i n .  s e t  p o i n t  (see F i g s .  A . l . l l ,  A.2.8, and 
A.2.9).  

3. C l o s i n g  t h e  main steam s t o p  v a l v e s  (MSSV) ( r e p r e s e n t e d  by R E T R A N  
v a l v e  VA015 a t  j u n c t i o n  5730)  t o  t h e  main steam h i g h - p r e s s u r e  
t u r b i n e  when t h e  narrow-range l e v e l  exceeds  t h e  +50 i n .  s e t  
p o i n t  ( F i g s .  A . l . l l ,  A.2.8,  and A.2.9).  

b .  The wide-range ( W R )  l e v e l  is determined by u s i n g  t h e  d i f f e r e n c e  
between p r e s s u r e  a t  a t a p  l o c a t e d  i n  steam-dome volume node 
V519-SGll/V619-SG12 a t  e l e v a t i o n  85.40 f t ,  and a t  a t a p  l o c a t e d  a t  
t h e  bottom of t h e  downcomer a t  e l e v a t i o n  45.7 f t .  The wide-range 
l e v e l  is used i n  : 

1 .  S t a r t u p  of t h e  a u x i l i a r y  feedwater sys t em,  which pumps water 
i n t o  t h e  SGs v i a  RETRAN j u n c t i o n  5545-SG11/5645-SG12 when t h e  
wide-range l e v e l  d rops  below t h e  -170 i n .  se t  p o i n t  (see 
F i g .  A.2.10).  

2 .  C l o s u r e  of MFW i s o l a t i o n  v a l v e  MFIV-SG11 o r  MFIV-SG12 i n i t i a t e d  
by s t a r t u p  of t h e  AFW s y s t e m .  I n  r e c e n t  C a l v e r t  C l i f f s - 1  d e s i g n  
changes ,  c l o s u r e  of t h e  MFIV v a l v e s  upon low-low l e v e l  t r i p  i n  
t h e  steam g e n e r a t o r s  has been d e a c t i v a t e d .  I n  t h e  R E T R A N  model, 
MFIV c l o s u r e  upon low-low l e v e l  can  be a c t i v a t e d  w i t h  a manual 
e n a b l e  s i g n a l .  Valve MFIV-SG11 is d i s p l a y e d  i n  F i g .  A . l  .12 as 
v a l v e  VA005 a t  j u n c t i o n  5550,  and v a l v e  MFIV-SG12 is d i s p l a y e d  
as v a l v e  VA006 a t  j u n c t i o n  5650. The R E T R A N  c o n t r o l  diagrams 
f o r  t he  MFW i s o l a t i o n  v a l v e s  are d i s p l a y e d  i n  F ig .  A . 2 . 1 1 .  

S i n c e  t h e  resu l t s  of p r e s s u r e  c a l c u l a t i o n s  u s i n g  t h e  R E T R A N  code g i v e  a 
volume-averaged p r e s s u r e  i n  t h e  volume nodes ,  and s i n c e  t h e  nodes are 
r e l a t i v e l y  t a l l ,  a d j u s t m e n t s  were c a l c u l a t e d  u s i n g  t h e  
t h e r m a l - h y d r a u l i c s  p r o p e r t i e s  of t h e  R E T R A N  volume nodes and t h e  e x a c t  
e l e v a t i o n s  of t h e  p r e s s u r e  t a p s .  These a d j u s t m e n t s  were based on 
B e r n o u i l l i ' s  e q u a t i o n  and were used i n  s e v e r a l  RETRAN c o n t r o l  diagrams.  
(see F i g s .  A.2.8 t h r o u g h  A.2.11 1. 

Conversion of t h e  narrow-range ( N R )  and wide-range ( W R )  p r e s s u r e  
d i f f e r e n c e s  t o  t h e  N R  and t h e  W R  l e v e l s  was done by u s i n g  i n s t r u m e n t  
c a l i b r a t i o n s  on t h e  steam g e n e r a t o r s  of t h e  power p l a n t .  The N R  l e v e l  
was t h e n  f e d  i n t o  t h e  RETRAN c o n t r o l l e r s  (see F i g s .  A.2.8 and A.2.9) of 
t h e  MFW r e g u l a t i n g  v a l v e s  MFRV-SG11 ( R E T R A N  v a l v e  VA007 a t  j u n c t i o n  
5552) and MFRV-SG12 ( v a l v e  VA008 a t  j u n c t i o n  5652) .  
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F i g .  A.2.7. RETRAN c o n t r o l l e r s  f o r  bubble  v e l o c i t y  and g r a d i e n t  i n  t h e  steam dome of t h e  steam g e n e r a t o r .  
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The WR l e v e l  was f e d  i n t o  t h e  RETRAN control lers  t h a t  act ivate  t h e  
a u x i l i a r y  f eedwa te r  s y s t e m  u s i n g  t h e  R E T R A N  con t ro l l e r  d i s p l a y e d  i n  
F i g .  A.2.10. I t  was a l s o  p r e v i o u s l y  used t o  c o n t r o l  MFW i s o l a t i o n  
v a l v e s  MFIV-SG11 ( R E T R A N  v a l v e  VA005 a t  j u n c t i o n  5550)  and MFIV-SG12 
( v a l v e  VA006 a t  j u n c t i o n  5650) u s i n g  the  RETRAN c o n t r o l l e r s  d i s p l a y e d  i n  
F i g .  A.2.11. 



A .  3 SECONDARY SYSTEM 

The secondary  s y s t e m  ( F i g .  A.1.12) c o n t a i n s  the  f o l l o w i n g  s y s t e m s :  

main steam s y s t e m  
main f eedwa te r  s y s t e m  
a u x i l i a r y  f e e d w a t e r  s y s t e m  
secondary  s i d e  o f  t h e  steam g e n e r a t o r s  

A.3.1 M A I N  STEAM SYSTEM 

The pr imary purpose of  t he  main steam s y s t e m  is t o  t r a n s f e r  steam from 
the  steam g e n e r a t o r s  t o  t h e  main steam t u r b i n e s  and t o  t r a n s f o r m  the  
heat c o n t a i n e d  i n  t h e  steam i n t o  e l ec t r i ca l  power v i a  t he  
t u r b i n e  g e n e r a t o r  u n i t .  

The main steam s y s t e m  c o n t a i n s  t he  f o l l o w i n g  p r i n c i p a l  components: 

main steam l i n e s  
two main steam i s o l a t i o n  v a l v e s  ( M S I V S ) ,  which c l o s e  upon a steam 
g e n e r a t o r  i s o l a t i o n  s i g n a l  (SGIS). 
two a tmosphe r i c  dump v a l v e s .  
f o u r  main steam sa fe ty  re l ie f  v a l v e s  (SRV) on each main steam l i n e .  
f o u r  main steam bypass  v a l v e s  (MSBV) and main steam b y p a s s  l i n e s  t o  
t he  condenser  h o t w e l l  u n i t .  
f o u r  main steam s t o p  v a l v e s  (MSSV). 
f o u r  main steam t u r b i n e  r e g u l a t i n g  v a l v e s  (MSRV). 
one t u r b i n e  g e n e r a t o r  u n i t ,  c o n t a i n i n g  a h i g h - p r e s s u r e  t u r b i n e  ( H P T ) ,  
two m o i s t u r e  s e p a r a t o r  reheater u n i t s ,  and three  low-pres su re  
t u r b i n e s  ( L P T s ) .  (The t u r b i n e  g e n e r a t o r  u n i t  f o r  C a l v e r t  C l i f f s - 1  is 
a Genera l  Electr ic  Co. d e s i g n ,  and C a l v e r t  C l i f f s - 2  is a Westinghouse 
Corp. u n i t . )  
a three-shel l ,  s i n g l e - p a s s  condense r -ho twe l l  u n i t .  
two main-feedwater pumps. 
two main-feedwater-pump steam t u r b i n e s  ( n o t  i n c l u d e d  i n  t h e  R E T R A N  
model ) .  

Exac t  p i p e  l e n g t h s ,  volumes, diameters, and e l e v a t i o n s  have been 
p r e s e r v e d  as much as p o s s i b l e  u n l e s s  o t h e r w i s e  s ta ted .  Note t h a t  the  
p i p e  s e c t i o n s  of  the  main steam l i n e s  from SG-11 and 32-12 are d i f f e r e n t  
l e n g t h s  and e l e v a t i o n s .  Thus t h e  main steam l i n e s  are a symmet r i ca l .  
T h i s  was t a k e n  i n t o  accoun t  i n  the  R E T R A N  model. 

A.3.1 .1  Main Steam L i n e s  

A 34-in.-diam p i p e  s e c t i o n  c o n n e c t s  the  o u t l e t  of each steam g e n e r a t o r  
t o  t h e  main steam i s o l a t i o n  v a l v e .  I n  t h e  RETRAN model each of these 
p i p e  s e c t i o n s  was modeled w i t h  two RETRAN volume nodes ,  V523 and V514 
f o r  SG-11, and V623 and V524 f o r  SG-12 (see F i g .  A.1.2). 

82 
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Each main steam l i n e  is equipped w i t h  an v e n t u r i  t y p e  i n s e r t  f l o w  
r e s t r i c t o r .  I n  t h e  R E T R A N  model,  f low r e s t r i c t o r s  were modeled as 
c o n t r o l l e d  v a l v e s  a t  R E T R A N  j u n c t i o n  5523 f o r  SG-11 and 5623 f o r  SG-12. 
Each r e s t r i c t o r  is des igned  t o  l i m i t  t h e  steam f l o w  r a t e  t o  170% of 
normal f low ra te  ( a t  100% power) i n  t h e  steam l i n e  i n  t h e  e v e n t  of a 
main steam l i n e  r u p t u r e  downstream of t h e  r e s t r i c t o r s .  Each main steam 
l i n e  s e c t i o n  is equipped w i t h  a n  a tmosphe r i c  dump v a l v e  (see R E T R A N  
v a l v e  VA012 a t  j u n c t i o n  5594 f o r  SG-11 and VAOl3 a t  j u n c t i o n  5694 f o r  
SG-12 i n  F i g .  A.1.2) and f o u r  main steam l i n e  s a f e t y  re l ief  v a l v e s .  

The  emplacement of sa fe ty  re l ie f  v a l v e s  (SRVs) is d i s p l a y e d  i n  
F i g .  A . 1 . 2 .  For t h e  steam l i n e  s e c t i o n  t h a t  c o n n e c t s  t o  33-11  we have 
t h e  f o l l o w i n g  SRVs: 

S R V I :  modeled as R E T R A N  FILL5 a t  j u n c t i o n  5590, connec ted  t o  volume 

SRV2: modeled as FILL6 a t  j u n c t i o n  5591, connec ted  t o  volume node 

SRV3: modeled as FILL7 a t  j u n c t i o n  5592, connec ted  t o  volume node 

S R V 4 :  modeled as F I L L 8  a t  j u n c t i o n  5593, connected t o  volume node 

node V524 

V524 

V524 

V524. 

We have t h e  f o l l o w i n g  SRVs f o r  t h e  steam l i n e  s e c t i o n  t h a t  c o n n e c t s  t o  
SG-12: 

SRV1: modeled as R E T R A N  FILL9 a t  j u n c t i o n  5690, connected t o  volume 

SRV2: modeled as FILL10 a t  j u n c t i o n  5691, connected t o  volume node 

SRV3: modeled as F I L L 1 1  a t  j u n c t i o n  5692, connec ted  t o  volume node 

SRV4: modeled as F I L L 1 2  a t  j u n c t i o n  5693, connected t o  volume node 

node V624 

V624 

V6 24 

V624. 

Downstream of each main steam i s o l a t i o n  v a l v e  w e  have a 34-in.-diam p i p e  
s e c t i o n  (see volume node V712-SGlI/V714-SG12 i n  F i g .  A . 1 . 2 ) .  The main 
steam bypass l i n e  ( R E T R A N  volume node V719) is connected t o  t he  main 
steam l i n e  s e c t i o n  r e p r e s e n t e d  by volume node V712. The f low th rough  
main steam l i n e  volume nodes V712 and V714 is discharged i n t o  a 
c o l l e c t o r  main steam l i n e  r e p r e s e n t e d  by RETRAN volume node V715. Four 
24-in.-diam l i n e s  are connected t o  volume node V715. Through each of 
t h o s e  l i n e s ,  s a tu ra t ed  steam from t h e  steam g e n e r a t o r s  is s u p p l i e d  t o  
t h e  main steam t u r b i n e  t h r o t t l e  t h rough  f o u r  main steam s t o p  v a l v e s  
(MSSVs) and f o u r  gove rn ing  c o n t r o l  ( r e g u l a t i n g )  v a l v e s  ( M S R V s ) .  

Note t h a t  t h e  main steam t u r b i n e s  p o s s e s s  a t r i p  system t h a t  c l o s e s  t h e  
main steam s t o p  v a l v e s  and main steam r e g u l a t i n g  v a l v e s  i n  t h e  e v e n t  of 
t u r b i n e  overspeed or  low vacuum i n  t h e  condenser  h o t w e l l  u n i t .  The 
t u r b i n e s  a l s o  t r i p  0.1 s a f t e r  a r e a c t o r  scram s i g n a l .  



~ . 3 . 1 . 2  Main Steam I s o l a t i o n  Valves  

Upon d e p r e s s u r i z a t i o n  of a steam g e n e r a t o r ,  a steam g e n e r a t o r  i s o l a t i o n  
s i g n a l  (SCIS) w i l l  c l o s e  t h e  main steam i s o l a t i o n  v a l v e s  (MSIV-SGll/ 
MSIV-SG12) and t h e  MFW i s o l a t i o n  v a l v e s  (MFIV-SCll/MFIV-SC12) a s s o c i a t e d  
w i t h  t h e  d e p r e s s u r i z e d  steam g e n e r a t o r .  

The R E T R A N  c o n t r o l  diagrams t h a t  c o n t r o l  t h i s  c l o s u r e  are shown i n  
F i g .  A.2.10. The  MSIV w i l l  c l o s e  when t h e  a d j u s t e d  p r e s s u r e  i n  t h e  SG 
dome d r o p s  below a g iven  s e t  p o i n t .  Upon t h i s  SGIS, t h e  MSIV w i l l  
c l o s e ,  t h u s  i s o l a t i n g  t h e  steam g e n e r a t o r  (see R E T R A N  c o n t r o l  diagram i n  
F i g .  A.2.11). Note t h a t  i n  t h e  model,  MSIV-SC11 and MSIV-SG12 have been 
programmed t o  c l o s e  comple t e ly  i n  3.5 s. 

A.3.1.3 Atmospheric Dump Valves 

An a tmosphe r i c  dump v a l v e  (ADV) is connected t o  the  main steam l i n e  of 
each SG. These v a l v e s  are c o n t r o l l e d  by t h e  ave rage  c o r e  c o o l a n t  
t e m p e r a t u r e  Tavg.  
j u n c t i o n  5594 f o r  SG-11 and V A O l 3  a t  j u n c t i o n  5694 f o r  SG-12 (see 
F i g .  A . 1  . 2 ) .  

The A D V s  are r e p r e s e n t e d  as RETRAN valves  VA012 a t  

The RETRAN c o n t r o l l e r s  s i m u l a t i n g  o p e r a t i o n  of t h e  A D V s  are  shown i n  
F i g .  A.3.1. 
are each s i z e d  t o  release steam a t  a r a t e  of 5% of t h e  fu l l -power  
steam f l o w  t h r o u g h  one main steam l i n e .  The RETRAN c o n t r o l  diagram t o  
ca lcu la te  TaVg is shown i n  F i g .  A.3.2. 

A . 3 . l . 4  Main Steam S a f e t y  R e l i e f  Valves  

A h y s t e r e s i s  t y p e  of open ing  upon Tavg is used.  The A D V s  

The re  are f o u r  SRVs i n  t h e  main steam l i n e  of each steam g e n e r a t o r .  
They are programmed t o  open a t  d i f f e r e n t  p r e s s u r e  s e t  p o i n t s :  SRV1 a t  
1000 p s i a ,  S R V 2  a t  1010 p s i a ,  SRV3 a t  1030 p s i a ,  and SRV4 a t  1050 p s i a .  
The RETRAN c o n t r o l  diagrams t h a t  s i m u l a t e  o p e r a t i o n  of these f o u r  v a l v e s  
are shown i n  F i g .  A.3.3. 

A.3.1.5 Main Steam B y p a s s  L i n e s  

The main steam bypass  l i n e  ( R E T R A N  volume node V719 i n  F i g .  A.1.2.) is a 
24-in.-diam p i p e  connec ted  t o  t h e  main steam l i n e  of SG-11, downstream 
of MSIV-SG11 . 
Four s e p a r a t e  lO-in.-diam p i p e  s e c t i o n s  are connected t o  t h i s  
bypass  l i n e ,  e a c h  c o n t a i n i n g  a main steam bypass  v a l v e  (MSBV). Steam 
p a s s i n g  t h r o u g h  t h e  MSBVs is dumped i n t o  one of t h e  s h e l l s  of t h e  
t h r e e - s h e l l ,  s i n g l e - p a s s  condenser-hotwel l  u n i t .  Each of t h e  t h r e e  
s h e l l s  is i n t e r n a l l y  equipped t o  dump 20% of main steam capaci ty  a t  f u l l  
power. However, o n l y  two s h e l l s  are connec ted  t o  t h e  bypass  l i n e s ,  t h u s  
y i e l d i n g  a n  e q u i v a l e n t  dumping capac i ty  of 40% of ful l -power steam, o r  
a n  e q u i v a l e n t  power of 1080 MW(th). 
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ORNL-DWG 86-13658 
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MAIN TURBINE 
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F i g .  A . 3 . 1 .  RETRAN c o n t r o ] l e r s  f o r  t h e  a t m o s p h e r i c  dump v a l v e s  a n d  m a i n  t u r b i n e  b y p a s s  v a l v e s ,  
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F i g .  A.3.2. R E T R A N  c o n t r o l l e r  f o r  t h e  a v e r a g e  c o r e  c o o l a n t  
t e m p e r a t u r e .  

The main steam b y p a s s  system is des igned  t o  p r o v i d e  a means of 
d i s s i p a t i n g  excess s t o r e d  energy w i t h i n  t h e  p r i m a r y  c o o l a n t  system 
f o l l o w i n g  a main steam t u r b i n e  t r i p ,  t h u s  minimizing a n  o v e r s h o o t  i n  
secondary  pressure and a v o i d i n g  l i f t i n g  t h e  main steam l i n e  S R V s .  

Steam f low th rough  t h e  main steam l i n e s  v i a  t h e  dump v a l v e s  and t h e  
MSBVs is r e g u l a t e d  by t h e  R E T R A N  c o n t r o l l e r  of  t h e  MSBVs i n  r e s p o n s e  t o  
r e a c t o r  c o r e  a v e r a g e  c o o l a n t  t e m p e r a t u r e  (Tavg) and t o  t h e  main steam 
l i n e  p r e s s u r e  (see R E T R A N  c o n t r o l  diagrams i n  F i g .  A.3.1 and A.3.2) .  

Note t h a t  a t  h o t  z e r o  power ( H Z P ) ,  t he  main steam t u r b i n e  s t o p  v a l v e s  
(MSSVs) are  c l o s e d  and t h e  MSBVs are open. The steam g e n e r a t e d  a t  HZP 
i n  t he  steam g e n e r a t o r s  w i l l  t h e r e f o r e  be dumped d i r e c t l y  i n t o  t he  
condenser  h o t w e l l  u n i t  v i a  t h e  b y p a s s  l i n e s .  

I n  t h e  R E T R A N  model,  t h e  f o u r  10 - in .  p i p e  s e c t i o n s  were combined i n t o  
one volume node V718 of  e q u i v a l e n t  volume, and t h e  f o u r  MSBVs were 
combined i n t o  one v a l v e ,  RETRAN v a l v e  V A O 1 4  a t  j u n c t i o n  5720. 

A.3.1 .6  Main Steam B y p a s s  Valves  

The f o u r  main steam b y p a s s  v a l v e s  were combined i n t o  one R E T R A N  v a l v e ,  
s i z e d  such  t h a t  t h e  maximum steam flow a t  normal c o n d i t i o n s  does n o t  
exceed 40% of t h e  fu l l -power  steam flow th rough  t h e  main steam l i n e s .  
The R E T R A N  c o n t r o l  diagram, which c o n t r o l s  t h e  open ing  and c l o s i n g  of  
t h e  M S B V s  is shown i n  F i g .  A.3.1. The b y p a s s  v a l v e s  open under t he  
f o l l o w i n g  c o n d i t i o n s :  
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F i g .  A.3.3. R E T R A N  c o n t r o l l e r s  f o r  the  main steam sa fe ty  r e l i e f  valves.  
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1 .  R e a c t o r  core c o o l a n t  a v e r a g e  t e m p e r a t u r e  (TavSS) e x c e e d s  a se t  p o i n t  
of -535OF. Note t h a t  h y s t e r e s i s  b e h a v i o r  is i n c o r p o r a t e d  i n t o  t he  
c o n t r o l l e r  t o  Tavg.  

MSIV-SG11 e x c e e d s  a s e t  p o i n t  of -895 p s i a .  The b y p a s s  v a l v e s  are  
t h e n  g r a d u a l l y  opened  a n d  are  f u l l y  open  a t  905 p s i a .  

2. P r e s s u r e  i n  t h e  main  steam l i n e  s e c t i o n  o f  SG-11 downstream of 

3. Main steam t u r b i n e  t r i p  w i l l  c lose  t h e  MSSVs and  open  the  MSBVs .  

Note  t ha t  the  t u r b i n e  b y p a s s  v a l v e s  are  i n t e r l o c k e d  closed on  l o s s  o f  
c o n d e n s e r  vacuum. Loss o f  o n - s i t e  power w i l l  a l so  c a u s e  t h e  steam dump 
v a l v e s  and  MSBVs t o  f a i l  c l o s e d  a n d  r e m a i n  c l o s e d .  T h i s  f e a t u r e  ( l o s s  
of o n - s i t e  power)  was n o t  implemented  i n  t he  R E T R A N  model. 

A.3.1.7 Main Steam S t o p  V a l v e s  and  Main Steam R e g u l a t i n g  V a l v e s  

I n  t h e  RETRAN model, t he  main  steam s t o p  v a l v e s  (MSSVs) a n d  t h e  main  
steam r e g u l a t i n g  v a l v e s  ( M S R V S )  were combined i n t o  one  v a l v e ,  RETRAN 
V A 0 1 5  a t  j u n c t i o n  5730.  The R E T R A N  c o n t r o l  diagram t h a t  c o n t r o l s  MSSVs 
and  M S R V s  is n o t  shown as i t  c o n t a i n s  p r o p r i e t a r y  i n f o r m a t i o n .  

The M S R V  is c o n t r o l l e d  by t h e  main  steam t u r b i n e  c o n t r o l  s y s t e m ,  which 
depends  on 

steam flow 
steam l i n e  p r e s s u r e  
t u r b i n e  s p e e d  ( s p e e d  e r r o r )  
power load mismatch. 

Note  t h a t  t h e  MSSVs w i l l  c l o s e  upon main  steam t u r b i n e  t r i p  
( F i g .  A . l . l l ) .  T h i s  t r i p  o c c u r s  

a t  0.1 s a f t e r  a r e a c t o r  t r i p  (scram) 
on  t u r b i n e  o v e r s p e e d  
o n  low vacuum i n  t h e  c o n d e n s e r  h o t w e l l  u n i t .  

A.3.1.8 Main Steam T u r b i n e  G e n e r a t o r  and  M o i s t u r e  Separator Reheaters 

The t u r b i n e s  are  1800-rpm tandem compound u n i t s .  S a t u r a t e d  steam i s  
s u p p l i e d  t h r o u g h  t h e  main steam s t o p  v a l v e s  (MSSVs) and  t h e  main  steam 
r e g u l a t i n g  v a l v e s  ( M S R V s )  t o  t h e  header of a two-f low,  h i g h - p r e s s u r e  
t u r b i n e  ( H P T ) .  The e x h a u s t  o f  t h e  HPT is t h e n  d i r ec t ed  t o  two m o i s t u r e  
s e p a r a t o r  reheater u n i t s .  (Note t h a t  C a l v e r t  C l i f f s - 2  has f o u r  m o i s t u r e  
s e p a r a t o r  reheater u n i t s ) .  The steam from t h e  reheaters is t h e n  
directed t o  three d o u b l e - f l o w ,  l o w - p r e s s u r e  t u r b i n e s  ( L P T s )  whose 
e x h a u s t  is  d i r ec t ed  t o  t h e  c o n d e n s e r - h o t w e l l  u n i t .  The h i g h - p r e s s u r e  
and  l o w - p r e s s u r e  t u r b i n e s  sha re  t h e  same s h a f t .  

I n  t h e  R E T R A N  model, t he  HPT was r e p r e s e n t e d  by f i v e  R E T R A N  volume 
nodes :  V730, V 4 4 1 ,  V 4 4 2 ,  V443 ,  and  V 4 4 4 .  The t h ree  L P T s  were combined 
i n t o  one  t u r b i n e  c o n t a i n i n g  s e v e n  R E T R A N  volume nodes :  V465, V466, 
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V467, V468, V470, and V471. The two m o i s t u r e  s e p a r a t o r  reheaters were 
combined i n t o  one u n i t  c o n t a i n i n g  three modules: a RETRAN m o i s t u r e  
s e p a r a t o r ,  a f i r s t - s t a g e  reheater ,  and a second-s t age  rehea ter .  

A.3.1.9 Main Condenser-Hotwell Unit  

The o u t l e t  of t h e  three low-pressure main steam t u r b i n e s ,  t h e  steam from 
t h e  main steam bypass  l i n e s ,  t h e  o u t l e t  of t h e  MFW pump t u r b i n e s ,  t h e  
d r a i n  from the  feedwater d r a i n  c o o l e r s ,  t h e  feedwater from t h e  
r e c i r c u l a t i o n  l i n e s  of t h e  MFW pumps, t h e  condensa te  b o o s t e r  pumps, and 
t h e  condensa te  pumps are d i r ec t ed  t o  a three-shell  , s i n g l e - p a s s  
condenser-hotwel l  u n i t .  The condenser  is des igned  t o  condense e x h a u s t  
steam from vapor t o  l i q u i d  a t  an a b s o l u t e  p r e s s u r e  of -1 p s i a  ( 2  i n .  Hg) 
a t  101 O F ,  assuming a river-water i n l e t  t e m p e r a t u r e  of 70°F. 

The condensa t ion  p r o c e s s  is n e c e s s a r y  because i t  is more e f f i c i e n t  t o  
pump a l i q u i d  t h a n  a vapor from t h e  ho twe l l  t o  t h e  steam g e n e r a t o r s .  
The condensed steam is c o l l e c t e d  i n  t h e  h o t w e l l  a t  t h e  bottom of each 
s h e l l  of t h e  condenser-hotwel l  u n i t .  A t  normal o p e r a t i n g  c o n d i t i o n s ,  
each s h e l l  w i l l  c o n t a i n  i n  i ts  ho twe l l  -25,600 g a l  of condensa te .  

I n  t h e  RETRAN model t h e  three condenser  s h e l l s  were combined i n t o  one 
volume node on the  she l l  s ide  (V949/V720), and t h e  h o t w e l l s  were 
combined i n t o  one h o t w e l l  (V988/V720). C i r c u l a t i n g  water from t h e  r i v e r  
passes t h r o u g h  t h e  t u b e s  i n  the condense r .  

I n  t h e  R E T R A N  model,  t h e  condenser  h o t w e l l  condensa t ion  surface is 
-1.36 Mft’, w i t h  a t o t a l  heat removal r a t e  of 5.9E+9 Btu/h.  da te r  f low 
th rough  t h e  t u b e  s i d e  is -320 lbm/s .  C i r c u l a t i n g  water e n t e r s  t h e  t u b e s  
a t  70°F th rough  R E T R A N  f i l l  F38 a t  j u n c t i o n  5957 and f i l l  F42 a t  
j u n c t i o n  5987. 

Note a g a i n  t h a t  t h e  condenser  h o t w e l l  u n i t  has  t h e  c a p a c i t y  t o  a b s o r b  
40% of t h e  ful l -power steam f low th rough  t h e  main stem bypass  l i n e s .  

Due t o  changing l o a d  c o n d i t i o n s ,  t h e r m a l - h y d r a u l i c s  p r o p e r t i e s  i n  t h e  
pr imary and secondary  sys t ems  w i l l  change,  and t h e  m i x t u r e  l e v e l  i n  t h e  
h o t w e l l  w i l l  v a ry .  The m i x t u r e  l e v e l  i n  t h e  h o t w e l l ,  r e p r e s e n t e d  by 
R E T R A N  volume node V988, is ma in ta ined  between two se t  p o i n t s  by 
i n j e c t i n g  (on low l e v e l )  o r  removing (on h i g h  l e v e l )  f l u i d  from the  
secondary  s y s t e m ,  u s i n g  makeup/dump v a l v e s  a t  t h e  low and h igh  h o t w e l l  
s e t  p o i n t  l e v e l s ,  The v a l v e s  a l l o w  l i q u i d  t o  f l o w  from or t o  t h e  
condensa te  s t o r a g e  t a n k  ( C S T ) .  

A l e v e l  t r a n s m i t t e r  i n  t h e  h o t w e l l  t r a n s m i t s  a s i g n a l  c o r r e s p o n d i n g  t o  
t h e  h o t w e l l  l e v e l ,  t o  t h e  condenser-makeup-and-dump c o n t r o l l e r .  The 
c o n t r o l l e r  opens t h e  dump v a l v e  on h i g h  l e v e l ,  a l l o w i n g  condensa te  t o  
f l o w  from t h e  discharge header of t h e  condensa te  pumps ( R E T R A N  volume 
node V937 i n  F i g .  A . 1 . 1 2 )  t o  t h e  condensa te  s t o r a g e  t a n k .  The 
c o n t r o l l e r  opens t h e  makeup v a l v e  on low l e v e l ,  a l l o w i n g  water t o  f l o w  
from t h e  condensa te  s t o r a g e  t a n k  t o  t h e  h o t w e l l  ( R E T R A N  volume node 
V988/V720 i n  F i g .  A . l  . 1 2 ) .  
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The RETRAN c o n t r o l  diagram of t h e  condenser  makeup and dump c o n t r o l l e r  
is d i s p l a y e d  i n  F ig .  A.3.4). The f u n c t i o n  of t h e  s t o r a g e  t a n k ,  
makeupldump v a l v e s  and t h e i r  a s s o c i a t e d  c o n t r o l  s y s t e m  were replaced by 
t h e  f o l l o w i n g :  

1 .  On low l e v e l  (48 i n . )  i n  t h e  h o t w e l l ,  a makeup v a l v e  opens ,  
i n j e c t i n g  water i n t o  t h e  h o t w e l l  u s i n g  RETRAN f i l l  F43 a t  
j u n c t i o n  5481, t h u s  i n c r e a s i n g  t h e  water i n v e n t o r y  i n  the secondary  
s y s t e m .  

2. On h i g h  l e v e l  (54 i n . )  i n  t h e  h o t w e l l ,  a dump v a l v e  opens i n  t h e  
discharge header of t he  condensa te  pumps, u s i n g  RETRAN f i l l  F 4 4  a t  
j u n c t i o n  5482,  a l l o w i n g  water t o  f l o w  from t h e  f e e d t r a i n  t o  t h e  
c o n d e n s a t e  s t o r a g e  t a n k ,  t h u s  r e d u c i n g  t h e  water i n v e n t o r y  i n  t h e  
s e c o n d a r y  sys t em.  

~ . 3 . 2  AUXILIARY FEEDWATER SYSTEM 

The a u x i l i a r y  feedwater (AFW) system is des igned  t o  i n j e c t  feedwater 
i n t o  t h e  s t eam-gene ra to r s  t o  remove decay heat and t o  c o o l  t he  c o o l a n t  
i n  t h e  p r i m a r y  system when feedwater is n o t  a v a i l a b l e  from t h e  main 
f e e d t r a i n .  

A u x i l i a r y  feedwater is i n j e c t e d  i n t o  SG-11 t h rough  RETRAN FILL3 a t  
j u n c t i o n  5545 ( F i g s .  A . 2 . 1 ,  A.2.3, and A.2.5) ,  and i n t o  SG-12 th rough  
FILL2 a t  j u n c t i o n  5645 ( F i g s .  A.2.2, A.2.4, and A.2.6).  

The AFW system c o n s i s t s  p r i n c i p a l l y  of a s t eam- tu rb ine -d r iven  pump and a 
motor-dr iven pump. The pumps start  upon a n  AFW a c t i v a t i o n  s i g n a l  
(AFAS). I n  a u t o m a t i c  c o n t r o l  mode, t h i s  s i g n a l  o c c u r s  when 

1 .  t h e  wide-range ( W R )  l e v e l  i n  one of t h e  SGs drops  below the  -170 i n .  
se t  p o i n t .  However, AFW w i l l  no t  be  i n j ec t ed  i f  t h e  d i f f e r e n c e  i n  
t h e  a d j u s t e d  pressures i n  t h e  steam dome of t h e  steam g e n e r a t o r s  is 
greater t h a n  95 p s i a .  

2 .  upon equipment m a l f u n c t i o n :  f a i l u r e  of condensa te  pumps, c o n d e n s a t e  
b o o s t e r  pumps, or MFW pumps. 

3.  m a l f u n c t i o n  of t h e  c o n t r o l l e r  of t h e  MFW r e g u l a t i n g  v a l v e s  c a u s i n g  
a l l  MFW v a l v e s  t o  close.  

4 .  l o s s  of o n - s i t e  power ( n o t  implemented) .  

I n  manual c o n t r o l  mode, t h e  o p e r a t o r  

1 .  c l o s e s  b o t h  of t h e  MFW r e g u l a t i n g  v a l v e s ,  MFRV-SG11 and MFRV-SG12. 

2 .  c l o s e s  b o t h  of t h e  MFW i s o l a t i o n  v a l v e s ,  MFIV-SG11 and MFIV-SG12. 
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The R E T R A N  c o n t r o l  d i a g r a m  t o  s i m u l a t e  t he  AFW s y s t e m  is  d i s p l a y e d  i n  
F i g .  A.2.10. Note t h a t  the  s u c t i o n  of  t he  a u x i l i a r y  pumps comes 
d i r e c t l y  f rom the  c o n d e n s a t e  s t o r a g e  t a n k .  S i n c e  t h e  t a n k  c o n t a i n s  a 
f i n i t e  amount of f l u i d ,  a l i m i t  was s e t  o n  t h e  t o t a l  amount of f l u i d  
t h a t  c a n  b e  i n j e c t e d  t h r o u g h  t h e  a u x i l i a r y  s y s t e m .  

A.3.3 M A I N  FEEDWATER T R A I N  

The  p r i m a r y  p u r p o s e  o f  t he  MFW s y s t e m  is t o  t r a n s f e r  t h e  c o n d e n s a t e  of 
the  c o n d e n s e r  h o t w e l l  u n i t  t o  t h e  i n p u t  o f  t h e  steam g e n e r a t o r s ,  w h i l e  
r a i s i n g  t h e  t e m p e r a t u r e  and  p r e s s u r e  of t h e  c o n d e n s a t e  t o  t he  o p e r a t i n g  
c o n d i t i o n s  r e q u i r e d  by t h e  SGs. Another  p u r p o s e  of  t h e  f e e d t r a i n  is t o  
r a i se  t h e  thermal c o n v e r s i o n  e f f i c i e n c y  of t h e  power p l a n t .  

The steam coming from t h e  e x h a u s t  o f  t h e  three l o w - p r e s s u r e  steam 
t u r b i n e s  is c o n v e r t e d  f rom a vapor  t o  a l i q u i d  a t  a c o n s t a n t  t e m p e r a t u r e  
of 1 0 I ° F  and  p r e s s u r e  o f  2 i n .  Hg. The low t e m p e r a t u r e  and  p r e s s u r e  o f  
t h e  c o n d e n s a t e  means t h a t  c o n s i d e r a b l e  heat and  c o m p r e s s i o n  mus t  be 
added  t o  c o n v e r t  i t  t o  SG c o n d i t i o n s .  

The f e e d t r a i n  can b e  s u b d i v i d e d  i n t o  t h r e e  p a r t s :  

1 .  A h i g h - p r e s s u r e  f e e d t r a i n  c o n t a i n i n g  FW h e a t e r s  1 6 A  and  1 6 B ,  t h e  MFW 
r e g u l a t i n g  v a l v e s  (MFRV), t h e  MFW b y p a s s  v a l v e s  (MFBV), and t h e  MFW 
i s o l a t i o n  v a l v e s  (MFIV-SG11 and  MFIV-SG12). 

2.  Main- feedwater  pumps MFWP-11 and  MFWP-12. 

3. A l o w - p r e s s u r e  f e e d t r a i n  c o n t a i n i n g  FW heaters 15A and 1 5 B ,  1 4 A  and  
14B, 13A and  1 3 B ,  12A, 12B and  12C, 11A, 11B and 11C, two d r a i n  
t a n k s ,  two d r a i n  t a n k  pumps, t h r e e  c o n d e n s a t e  b o o s t e r  pumps, three 
c o n d e n s a t e  pumps, and  three d r a i n  c o o l e r s .  

F o l l o w i n g  a main  t u r b i n e  t r i p ,  t h e  b l e e d e r  v a l v e s  i n  t h e  steam 
e x t r a c t i o n  l i n e s  from t h e  h i g h - p r e s s u r e  t u r b i n e  and  t h e  t h r e e  
l o w - p r e s s u r e  t u r b i n e s  t o  the  FW h e a t e r s  w i l l  c lose .  I n  t h e  RETRAN 
model, t h e  e x t r a c t i o n - l i n e  v a l v e s  t h a t  w i l l  c lose upon a main t u r b i n e  
t r i p  are as f o l l o w s  (see F i g .  A . l . 12 ) :  

R E T R A N  v a l v e  VA031 a t  j u n c t i o n  5461 and  VA033 a t  j u n c t i o n  5463 ,  t o  
h i g h - p r e s s u r e  FW h e a t e r s  16A and  16B. 

R E T R A N  v a l v e  VA038 a t  j u n c t i o n  5953 t o  l o w - p r e s s u r e  FW h e a t e r s  1 4 A  
and  1 4 B .  

R E T R A N  v a l v e  VA039 a t  j u n c t i o n  5954 t o  l o w - p r e s s u r e  FW h e a t e r s  1 3 A  
and  1 3 B .  

RETRAN v a l v e  V A O 4 O  a t  j u n c t i o n  5955 t o  l o w - p r e s s u r e  FW h e a t e r s  12A, 
1 2 8 ,  and  12C. 
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R E T R A N  v a l v e  V A O 4 1  a t  j u n c t i o n  5956 t o  low-pressure FW h e a t e r s  1 1 A ,  
1 1 B ,  and 1 1 C .  

A.3.3.1 High-pressure F e e d t r a i n  

I n  t h e  h i g h - p r e s s u r e  condensa te  sys t em,  FW f l o w s  from MFW pumps MFWP-11 
and MFWP-12 t h r o u g h  one set  of h i g h - p r e s s u r e  FW h e a t  e x c h a n g e r s ,  p r i o r  
t o  i t s  e n t r y  i n t o  t h e  MFW l i n e s  t o  t h e  steam g e n e r a t o r s ,  v i a  MFW 
r e g u l a t i n g  v a l v e s  MFRV-SG11 and MFRV-SG12 and MFW i s o l a t i o n  v a l v e s  
MFIV-SG1 1 and MFIV-SG12. 

A.3.3.1.1 Main Feedwater I s o l a t i o n  Valves. Upon d e p r e s s u r i z a t i o n  of 
one of t h e  S G s ,  a steam g e n e r a t o r  i s o l a t i o n  s i g n a l  (SGIS) f o r  t h a t  SG 
w i l l  c lose t h e  main f e e d w a t e r  i s o l a t i o n  v a l v e  (MFIV) a s s o c i a t e d  w i t h  t h e  
d e p r e s s u r i z e d  SG. 

The MFIV t o  SG-11 (MFIV-SG11) is l o c a t e d  downstream of t h e  
ma in  f e e d w a t e r  r e g u l a t i n g  v a l v e  ( M F R V )  t o  SG-11. I n  t h e  R E T R A N  model,  
i t  is d i s p l a y e d  ( F i g .  A.l .12) as v a l v e  VA005 a t  j u n c t i o n  5550. 

The MFIV t o  33-12 (MFIV-SG12) is l o c a t e d  downstream of t h e  MFRV t o  SG-12. 
I n  t h e  RETRAN model, i t  is  d i s p l a y e d  ( F i g .  A . l  .12) as v a l v e  VA006 a t  
j u n c t i o n  5650. 

The MFIV-SG11 w i l l  c lose when t h e  a d j u s t e d  pressure i n  t h e  steam dome of 
SG-11 d rops  below a g i v e n  set  p o i n t .  Note t h a t  MSIV-SG11 , r e p r e s e n t e d  
as R E T R A N  v a l v e  V A O O 9  a t  j u n c t i o n  5705 i n  F i g .  A. l .2 ,  w i l l  a l s o  close 
upon t h i s  s t e a m - g e n e r a t o r - i s o l a t i o n  s i g n a l  (SGIS-SG11 ) . 
S i m i l a r l y ,  MFIV-SG12 w i l l  c lose when t h e  a d j u s t e d  p r e s s u r e  i n  t h e  
steam dome of SG-12 d rops  below a g i v e n  s e t  p o i n t .  Note t h a t  t h e  
main-steam-isolation v a l v e  MSIV-SG12, r e p r e s e n t e d  as R E T R A N  v a l v e  V A O I O  
a t  j u n c t i o n  5706 i n  F i g .  A.1.2 w i l l  a l s o  c lose  upon t h i s  steam g e n e r a t o r  
i s o l a t i o n  s i g n a l  (SGIS-SG12). 

The R E T R A N  c o n t r o l  diagrams t h a t  simulate t h e  o p e r a t i o n  of t h e  MFIV are 
shown i n  F ig .  A.2.10 and A.2.11. The MFIV-SGll/MFIV-SG12 v a l v e s  have 
been modeled t o  c lose  i n  -10 s upon a SGIS-SGll/SGIS-SG12 s i g n a l .  Note 
t h a t  a SGIS produces a t r i p  of b o t h  MFW pumps. T h i s  is  d i s p l a y e d  i n  
F i g .  A.3.5. 

A.3.3.1.2 Main Feedwater R e g u l a t i n g  Valves and Bypass Valves .  The MFW 
r e g u l a t i n g  system m a i n t a i n s  t h e  measured SG l e v e l  w i t h i n  a c c e p t a b l e  
limits by r e g u l a t i n g  t h e  opening of MFRV-SG11 and MFRV-SG12. There is 
one r e g u l a t i n g  v a l v e  p e r  SG, and i t  con t ro l s  t h e  FW t o  e a c h  S G .  I n  
p a r a l l e l  t o  each  MFRV t h e r e  is a MFW bypass v a l v e  (MFBV-SG11 and 
MFBV-SG12), which has  a f l o w  c a p a c i t y  of -5% of t h e  c a p a c i t y  of t h e  MFRV 
v a l v e  . 
The MFW r e g u l a t i n g  v a l v e  t o  SG-11 (MFRV-SG11 ) and t h e  main f e e d w a t e r  
bypass  v a l v e  (MFBV-SGll), are  shown i n  F ig .  A . l  .12 as R E T R A N  v a l v e  VA007 
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a t  j u n c t i o n  5552. S i m i l a r l y ,  MFRV-SG12 and MFBV-SG12 t o  SG-12 are  shown 
as R E T R A N  v a l v e  VA008 a t  j u n c t i o n  5652. 

The two s t e a m - g e n e r a t o r s ,  SG-11 and SG-12, are  o p e r a t e d  i n  p a r a l l e l .  
The  MFRVs of t h e  SGs can  be o p e r a t e d  i n  two d i f f e r e n t  modes, a u t o m a t i c  
or manual. 

Manual c o n t r o l  of t h e  MFW r e g u l a t i n g  s y s t e m  is  a v a i l a b l e  a t  any power 
l e v e l .  The o p e r a t o r  t h e n  h a s  c o n t r o l  of 

t h e  p o s i t i o n  of MFRV-SG11 and MFRV-SG12 
t h e  p o s i t i o n  of MFBV-SG11 and MFBV-SG12 
t h e  open o r  c l o s e  p o s i t i o n  of MFIV-SG11 and MFIV-SG12 
t h e  i n d i v i d u a l  speed of each of MFW pumps MFWP-11 and MFWP-12. 

Automatic c o n t r o l  of t h e  MFW r e g u l a t i n g  s y s t e m  o p e r a t e s  i n  two d i f f e r e n t  
c o n f i g u r a t i o n s  : 

1. A t  o r  above 15% of f u l l  power, a th ree -e l emen t  c o n t r o l  c o n f i g u r a t i o n  
is used on each SG i n  o r d e r  t o  m a i n t a i n  t h e  l e v e l  i n  t h e  SG w i t h i n  
a c c e p t a b l e  l i m i t s .  The th ree -e l emen t  c o n t r o l l e r  is based on MFW 
f l o w ,  steam f l o w ,  and S G  l e v e l .  

I n  t h i s  mode t h e  t o t a l  e r r o r  s i g n a l  is based on t h e  sum of t h e  
f o l l o w i n g  e r r o r s :  

f l o w  e r r o r  between measured main steam f l o w  and measured MFW f l o w  
and 

l e v e l  e r r o r  between t h e  measured narrow-range l e v e l  i n  t h e  SG and 
t h e  des i r ed  l e v e l  (no rma l ly  a t  0 i n .  r e l a t i v e  l e v e l ) .  

2. Below 1 5 %  of f u l l - p o w e r ,  a one-element c o n t r o l  c o n f i g u r a t i o n  is used  
i n  each S G .  The one-element c o n t r o l l e r  is based on the  e r r o r  
between t h e  measured narrow-range l e v e l  i n  t h e  SG and t h e  des i r ed  
l e v e l .  T h i s  mode can  be used because below 15% of f u l l  power most 
l i k e l y  there  are no "shr ink-and-swell"  e f f ec t s ,  which might g i v e  
m i s l e a d i n g  v a l u e s  of t h e  t r u e  SG l e v e l .  Note t h a t  t h e  one-element 
c o n t r o l l e r  is a l s o  used a f t e r  shutdown ( a f t e r  a t u r b i n e  t r i p )  and 
f o r  s t a r t u p .  

Upon a main steam t u r b i n e  t r i p ,  t h e  MFW r e g u l a t i n g  v a l v e s  are 
a u t o m a t i c a l l y  c l o s e d  u s i n g  a compl i ca t ed  preprogrammed f u n c t i o n  of  v a l v e  
opening v e r s u s  time ( i . e . ,  time r e l a t i v e  t o  t h e  time a t  which t h e  
t u r b i n e  t r i p  o c c u r r e d ) .  A t  t h e  same time t h e  MFW bypass  v a l v e s  
a u t o m a t i c a l l y  open t o  5% of MFRV f u l l  f l o w .  Note,  however,  t h a t  a t r i p  
o v e r r i d e  is a v a i l a b l e  t o  manual ly  c o n t r o l  t he  opening of t h e  MFW bypass  
v a l v e s  . 
Note t h a t  i n  t h e  a u t o m a t i c  c o n t r o l  mode of t h e  MFW v a l v e s ,  manual 
c o n t r o l  of one or b o t h  of t h e  MFW r e g u l a t i n g  v a l v e s  is always p o s s i b l e .  
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The R E T R A N  c o n t r o l  diagram t o  s imulate  o p e r a t i o n  of t h e  MFRVs and MFBVs 
of SG-11 is shown i n  F i g .  A.2.8, and t h e  diagram f o r  SG-12 is shown i n  
F i g .  A.2.9. Note t h a t  t h e  c o n t r o l  diagrams a l s o  d i s p l a y  t h e  
d e t e r m i n a t i o n  of t h e  measured SG narrow-range l e v e l ,  which is used i n  
t h e  a u t o m a t i c  t h ree -e l emen t  and one-element c o n t r o l  mode and i n  t h e  
manual c o n t r o l  mode. 

I n  t h e  RETRAN model,  t h e  MFRVs and MFBVs f o r  S G - 1 1  were combined i n t o  
one RETRAN v a l v e ,  VA007 a t  j u n c t i o n  5552,  and f o r  SG-12 t h e y  were 
combined i n t o  R E T R A N  v a l v e  VA008 a t  j u n c t i o n  5652 ( F i g .  A.1.12).  Note,  
however, t h a t  t h e  d i s t i n c t  features  and d i f f e r e n c e s  i n  t h e  o p e r a t i o n  of 
t h e  MFRVs  and MFBVs were s p e c i f i c a l l y  modeled i n  t h e  R E T R A N  c o n t r o l l e r s .  

The o u t p u t s  of t h e  two c o n t r o l l e r s  are used t o  p r o v i d e  a n a l o g  s i g n a l s  t o  
s e t  t h e  p o s i t i o n  of t h e  MFRVs. A p r o p o r t i o n a l  i n t e g r a t o r  was used i n  
t h e  RETRAN c o n t r o l l e r  so  t h a t ,  f o r  a z e r o  v a l u e  of the  e r r o r ,  t h e  
c o n t r o l l e r  w i l l  have a n  o u t p u t  and w i l l  ho ld  t h e  MFRV opening t o  its 
p o s i t i o n .  

A t  f u l l  power, t h e  s teady-state  opening of t h e  MFW r e g u l a t i n g  v a l v e s  was 
determined by t h e  model t o  be -90% of t h e  maximum v a l v e  opening.  

A.3.3.1.3 High P r e s s u r e  Feedwater Heaters 16A and 16B. Feedwater f lows  
from t h e  discharge of t h e  MFW pumps MFWP-11 and MFWP-12 i n t o  two 
h i g h - p r e s s u r e  FW heaters ,  16A and 16B.  The MFW l e a v i n g  t h e  
h i g h - p r e s s u r e  heaters t h e n  e n t e r s  SG-11  and SG-12 v i a  
MFRV-SCIl/MFRV-SG12 and MFIV-SGll/MFIV-SG12, 

Main feedwater heaters  16A and 16B p o s s e s s  a 'U-tube'  d e s i g n ,  and t h e  
s h e l l - t u b e  heat t r a n s f e r  area is -23,400 f t 2  pe r  heater. I n  t h e  RETRAN 
model, t h e  h i g h - p r e s s u r e  FW heaters were modeled as R E T R A N  heater FWO1 
u s i n g  volume node V950 t u b e - s i d e  and V904 shel l -s ide f o r  heater 16A, and 
RETRAN heater FW07 u s i n g  volume node V951 t u b e - s i d e  and V905 s h e l l - s i d e  
f o r  hea te r  16B ( F i g .  A . 1 . 1 2 ) .  E x t r a c t i o n  steam from t h e  h i g h - p r e s s u r e  
t u r b i n e ,  t o g e t h e r  w i t h  steam from t h e  second s t a g e  of t h e  u?bisture 
s e p a r a t o r  reheater u n i t s ,  is used t o  ra ise  t h e  MF'VJ t e m p e r a t u r e  i n  t h e  
t u b e  s i d e  of h igh -p res su re  FW heaters 16A and 16B. 

A.3.3.2 Main Feedwater Pumps 

The main feedwater pumps MFWP-11 and MFWP-12 [ a l s o  ca l l ed  
steam g e n e r a t o r  feedpumps (SGFP)]  are used i n  t h e  FW system t o  connec t  
t h e  low-pres su re  f e e d t r a i n  t o  t h e  h i g h - p r e s s u r e  f e e d t r a i n .  I n  t h e  p l a n t  
t h e  MFW pumps are d r i v e n  by  small t u r b i n e s .  A t  power t h e  steam comes 
from t h e  main steam l i n e s  between t h e  m o i s t u r e  s e p a r a t o r  reheater u n i t s  
and t h e  low-pres su re  t u r b i n e s .  A t  shutdown, t h e  steam comes from t h e  
main steam l i n e s .  The speed  of t h e  small t u r b i n e s  is c o n t r o l l e d  by 
s t e a m - r e g u l a t i n g  v a l v e s .  

I n  t h e  RETRAN model,  t h e  small MFW pump t u r b i n e s  are n o t  modeled, and 
t h e  speed  of t h e  MFW pumps is d i r e c t l y  c o n t r o l l e d  w i t h  t h e  MFW pump 
c o n t r o l  system d i s p l a y e d  i n  F i g .  A.3.5. 
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Main f e e d w a t e r  pumps MFWP-11 and  MFWP-12 are  r e p r e s e n t e d  r e s p e c t i v e l y  i n  
t h e  R E T R A N  model as pump P30 u s i n g  volume node V 9 1 1  (V803) ,  and  pump 
P40 u s i n g  volume node V912 (V804) ( F i g .  A.1 .12) .  Each pump has a r a t e d  
f l o w  of  15 ,000  gpm and a r a t e d  s p e e d  o f  5 , 1 3 0  rpm. The h e a d ,  power,  and  
t o r q u e  v e r s u s  f l o w - r a t e  c u r v e s  of t h e  pumps were p r o v i d e d  by t h e  vendor  
and  c o n v e r t e d  i n t o  RETRAN-compatible homologous pump c u r v e s .  

I n  a u t o m a t i c  c o n t r o l  mode, t h e  MFW pump-speed c o n t r o l l e r  o p e r a t e s  by 
u s i n g  p r e s s u r e  t r a n s m i t t e r s  s e n s i n g  t h e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  
v a l v e s  MFRV-SG11 and MFRV-SG12. The MFW pump-speed c o n t r o l l e r  is se t  t o  
m a i n t a i n  a f i x e d  d i f f e r e n t i a l  p r e s s u r e  o f  -105 p s i  across each of  t he  
the  MFRVs. The l a r g e r  of t he  d i f f e r e n t i a l  p r e s s u r e s  i s  t h e n  used  t o  
g e n e r a t e  an  e r r o r  s i g n a l ,  which is i n j e c t e d  i n t o  a p r o p o r t i o n a l  
i n t e g r a t o r  whose o u t p u t  t h e n  c o n t r o l s  t h e  steam a d m i s s i o n  v a l v e  t o  e a c h  
o f  t h e  MFW-pump steam t u r b i n e s  i n  o r d e r  t o  change  t h e  pump s p e e d .  

Note t h a t  i n  t h e  c o n t r o l l e r  implemented  i n  t h e  R E T R A N  model ,  the  o u t p u t  
of t h e  p r o p o r t i o n a l  i n t e g r a t o r  is  used  t o  d i r e c t l y  c o n t r o l  t h e  s p e e d  of  
t h e  MFW pumps b e c a u s e  t h e  small MFWP steam t u r b i n e s  were n o t  modeled .  
The p r o p o r t i o n a l  g a i n  was s e t  a t  l / 3 ,  and  t h e  g a i n  o f  t h e  i n t e g r a t o r  was 
se t  a t  1 /120  rpm. C o n v e r s i o n  of the  d i f f e r e n t i a l  p r e s s u r e  AP t o  Arpm 
was made by u s i n g  a AP s ca l e  of 1 :150  p s i ,  c o r r e s p o n d i n g  t o  a pump rpm 
sca le  of 3070 t o  5200 rpm. The lower end o f  t he  rpm sca l e  is the  
minimum s p e e d  a t  which ( u n d e r  normal  o p e r a t i n g  p r e s s u r e s )  t h e  MFW pumps 
w i l l  have a p o s i t i v e  n e t  f l o w .  

Note t h a t  there  i s  a d i r e c t  r e l a t i o n s h i p  between SG l e v e l ,  MFRV o p e n i n g ,  
and MFW pump s p e e d .  A l e v e l  e r r o r  i n  one  of t h e  SGs w i l l  c a u s e  t h e  MFRV 
c o n t r o l l e r  t o  t h a t  SG t o  change  t h e  o p e n i n g  o f  t h e  MFRV. T h i s  change  
w i l l  c a u s e  t h e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  v a l v e  t o  d e v i a t e  f rom 
t h e  s e t  p o i n t  of  105 p s i .  The MFW pump c o n t r o l l e r  w i l l  m in imize  t h e  
e r r o r  by c h a n g i n g  t h e  s p e e d  of  t h e  MFW pump b a s e d  on  the  h i g h e r  AP v a l u e  
o f  t h e  MFRVs. 

The s t e a d y - s t a t e  s o l u t i o n  t o  t h e  R E T R A N  model ,  f o l l o w e d  by a 
n u l l - t r a n s i e n t  a t  h o t - f u l l - p o w e r ,  gave  a s e t t l e d  v a l u e  of -4642 rpm f o r  
t h e  s p e e d  of t h e  MFW pumps based  on  a FW f l o w  r a t e  o f  1637 lbm/s/pump. 

Each of t h e  two MFW pumps r e q u i r e s  a minimum f l o w - t h r o u g h  o f  498 l b m / s  
t o  p r e v e n t  pump damage. A f l o w  d e t e c t o r  i n  t h e  s u c t i o n  l i n e  o f  each 
pump w i l l  open a v a l v e  i n  t he  r e c i r c u l a t i o n  l i n e  of  each r e s p e c t i v e  pump 
when i t s  f l o w  d r o p s  below 498 l b m / s .  The r e c i r c u l a t i o n  v a l v e  
c o n t r o l l e r s  w i l l  c l o s e  t he  v a l v e  when the  f l o w  reaches 600 l b m / s .  The 
R E T R A N  c o n t r o l  d i a g r a m s  f o r  t h e  r e c i r c u l a t i o n  v a l v e s  of  t h e  MFW pumps 
a re  d i s p l a y e d  i n  F i g .  A.3.6,  and  t h e  r e c i r c u l a t i o n  v a l v e s  are d i s p l a y e d  
i n  F i g .  A.1.12 as  R E T R A N  v a l v e  VA018 a t  j u n c t i o n  5806 f o r  MFWP-11 and 
VA019 a t  j u n c t i o n  5807 f o r  MFWP-12. 
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ORNL-DWG 86 14848 
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(SEE FIGURE 301 
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(IDc11771 

I L------J 
I 

0 TRIPMFWP-12 
ISEE FIGURE 301 

F i g .  A . 3 . 6 .  RETRAN c o n t r o l l e r s  f o r  t h e  r e c i r c u l a t i o n  valves of  
main f e e d w a t e r  pumps MFWP-11 and MFWP-12. 

The f o l l o w i n g  MFW pump t r i p s  were used i n  t h e  R E T R A N  model: 

Feed-pump d i s c h a r g e  pressure exceeds  1450 p s i a  ( h i g h - p r e s s u r e  

Feed-pump s u c t i o n  p r e s s u r e  d r o p s  below 235 p s i a  ( low-pres su re  s u c t i o n  

C l o s i n g  of MFIV-SG11 or MFIV-SG12. 

d i s c h a r g e  t r i p ) .  

t r i p ) .  

A.3.3.3 Low-Pressure Feed t r a i . n  

I n  t h e  condensa te  water s y s t e m ,  t h e  MFW f l o w s  th rough  f i v e  s e t s  of 
l ow-pres su re  FW h e a t  exchange r s  p r i o r  t o  its e n t r y  i n t o  t h e  s u c t i o n  of 
t h e  MFW pumps. The condensa te  pumps and t h e  condensa te  b o o s t e r  pumps 
increase t h e  p r e s s u r e  of t h e  MFW t o  p r o v i d e  a d e q u a t e  s u c t i o n  p r e s s u r e  
f o r  t h e  MFW pumps. 

A.3.3.3.1 Condensate  Pumps. The condensa te  from t h e  condense r -ho twe l l  
u n i t  goes  t h r o u g h  t h r e e  p a r a l l e l  condensa te  pumps p r i o r  t o  i ts  e n t r y  
i n t o  t h r e e  d r a i n - c o o l e r s .  

Condensate  pumps C P - 1 1 ,  CP-12 and CP-13 are  r e p r e s e n t e d  r e s p e c t i v e l y  i n  
t h e  RETRAN model as RETRAN pump P61  u s i n g  volume node V941,  P62 u s i n g  
volume node V942, and P 6 3  u s i n g  volume node V943. The c o n d e n s a t e  pumps 
are  c e n t r i f u g a l  pumps, each  hav ing  a r a t e d  f l o w  of 8250 gpm a t  a r a t e d  
speed  of 1180 RPM. O p e r a t i n g  d i s c h a r g e  p r e s s u r e  is -215 p s i a .  The 
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head,  power, and t o r q u e  v e r s u s  f l o w - r a t e  c u r v e s  of t h e  condensa te  pumps 
were conve r t ed  i n t o  RETRAN-compatible homologous pump c u r v e s .  

T h e  number of o p e r a t i n g  condensa te  pumps depends on t h e  power l e v e l  of 
t h e  p l a n t  and t h e  discharge header p r e s s u r e  of t h e  pumps. The f o l l o w i n g  
sequence was used:  

0 t o  50% of f u l l  power: CP-11 o p e r a t i n g  ( R E T R A N  pump P61) .  
50 t o  80% of f u l l  power: CP-11 and CP-12 o p e r a t i n g  ( R E T R A N  pumps P61 

above 80% of f u l l  power: CP-11, CP-12,  and CP-13 o p e r a t i n g  ( R E T R A N  

when t h e  d i s c h a r g e  p r e s s u r e  d r o p s  below 180 p s i a ,  t h e  n e x t  

and P62) .  

pumps P61, P62, and P63).  

non-ope ra t ing  condensa te  pump w i l l  s t a r t .  

The R E T R A N  c o n t r o l  diagrams t h a t  implement t h i s  s equence  i n  t h e  model 
are d i s p l a y e d  i n  F i g .  A.3.7. 

The three condensa te  pumps require a minimum f l o w  of 4400 gpm each when 
i n  o p e r a t i o n ,  t o  p r e v e n t  pump damage on low f l o w  or when o p e r a t i n g  
a g a i n s t  shu t -o f f  head. A f l o w  d e t e c t o r  i n  t h e  s u c t i o n  head of each pump 
s e n d s  a s i g n a l  t o  t h e  condensa te  pump minimum-flow c o n t r o l l e r .  The 
minimum-flow R E T R A N  c o n t r o l  diagram is  d i s p l a y e d  i n  F i g .  A.3.7. When 
t h e  f low d rops  below t h e  minimum f low s e t  p o i n t ,  t h e  c o n t r o l l e r  w i l l  
open a v a l v e  i n  t h e  r e c i r c u l a t i o n  l i n e  back t o  t h e  condenser-hotwel l  
u n i t .  If t h e  f l o w  is greater t h a n  t h e  minimum r e q u i r e d  f l o w ,  t h e  
minimum-flow c o n t r o l l e r  of each Condensate pump w i l l  c l o s e  t h e  
r e c i r c u l a t i o n  v a l v e  a s s o c i a t e d  w i t h  t h a t  p a r t i c u l a r  pump. Note t h a t  i n  
t h e  R E T R A N  c o n t r o l l e r ,  t h e  minimum-flow c o n t r o l l e r  of a condensa te  pump 
is d e a c t i v a t e d  i f  the  pump is t r i p p e d .  

The r e c i r c u l a t i o n  v a l v e s  from t h e  condensa te  pumps are r e p r e s e n t e d  i n  
F ig .  A . l  . I 2  as RETRAN VA046 a t  j u n c t i o n  5991 f o r  condensa te  pump C P - 1 1 ,  
VA047 a t  j u n c t i o n  5992 f o r  condensa te  pump CP-12, and VA048 a t  j u n c t i o n  
5993 f o r  condensa te  pump CP-13. I n  o r d e r  t o  a v o i d  r e v e r s e  f l o w  i n  t h e  
condensa te  pumps, R E T R A N  check v a l v e s  were p l a c e d  a t  j u n c t i o n s  5937,  
5938, and 5939. 

A.3.3.3.2 Drain Coo le r s .  The f l o w  from t h e  discharge of t h e  condensa te  
pumps is d i r e c t e d  t o  three p a r a l l e l  d r a i n  c o o l e r s .  I n  t h e  RETRAN model 
d r a i n  c o o l e r s  D C - 1 1 ,  DC-12, and DC-13 were combined i n t o  one u n i t ,  
RETRAN volume nodes V936 t u b e - s i d e  and V957 she l l - s ide .  The d r a i n  
c o o l e r s  r e c e i v e  and condense t h e  d r a i n  from low-pres su re  FW heaters I I A ,  
I I B ,  and 1 1 C  below t h e  s a t u r a t i o n  t e m p e r a t u r e .  The d r a i n  c o o l e r s  have a 
heat t r a n s f e r  area of -2800 f t ’ .  

Note t h a t  i n  t h e  RETRAN model t h e  d e m i n e r a l i z e r s  were n o t  modeled. 

A.3.3.3.3 Low P r e s s u r e  Feedwater Heaters 1 1  and 12. P r i o r  t o  e n t e r i n g  
t h e  s u c t i o n  of t h e  condensa te  b o o s t e r  pumps, t h e  condensa te  water f l o w s  
th rough  three para l le l  l o o p s ,  each c o n t a i n i n g  a d r a i n  c o o l e r ,  a 
low-pres su re  FW heater 1 1  , and a FW heater 12. 
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F i g .  A.3.7. R E T R A N  controllers f o r  the pump speed and recirculation 
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F i g .  A.3.8. RETRAN c o n t r o l l e r s  f o r  t h e  pump s p e e d  a n d  r e c i r c u l a t i o n  
v a l v e s  of t h e  c o n d e n s a t e  b o o s t e r  pumps. 
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E x t r a c t i o n  steam from t h e  1 2 t h  s t a g e  of t h e  low-pres su re  steam t u r b i n e s  
is used t o  ra ise  t h e  c o n d e n s a t e  t e m p e r a t u r e s  i n  h e a t e r s  1 1 A ,  1 1 B ,  and 
1 1 C .  E x t r a c t i o n  steam from t h e  1 0 t h  s t a g e  of t h e  low-pres su re  t u r b i n e s  
and t h e  d r a i n  from FW h e a t e r s  l3A and l3B are used i n  h e a t e r s  12A, 12B, 
and 12C. 

I n  t h e  RETRAN model FW h e a t e r s  I l A ,  1 1 B ,  and 1 1 C  were combined i n t o  one 
h e a t e r ,  RETRAN h e a t e r  FW02, composed of volume nodes V934 t u b e - s i d e  and 
V956 s h e l l - s i d e .  Feedwater h e a t e r s  12A, 12B, and 12C were combined i n t o  
one h e a t e r ,  R E T R A N  h e a t e r  FW03, u s i n g  volume nodes V932 t u b e - s i d e  and 
V955-s h e l l - s i  de.  

A.3.3.3.4 Condensate  Booster Pumps. The condensa te  water from 
FW h e a t e r s  12 enter t h e  s u c t i o n  of t h e  condensa te  b o o s t e r  pumps. The 
b o o s t e r  pumps C B P - 1 1 ,  CBP-12, and CBP-13  p r o v i d e  t h e  r e q u i r e d  p r e s s u r e  
increase f o r  t h e  s u c t i o n  of t h e  MFW pumps. 

A s  shown i n  F i g .  A.1.12, t h e  b o o s t e r  pumps were r e p r e s e n t e d  i n  t h e  
RETRAN model as f o l l o w s :  RETRAN pump P51 u s i n g  volume node V925 f o r  
condensa te  b o o s t e r  pump C B P - 1 1 ,  P52 u s i n g  volume node V926 f o r  CBP-12, 
and P53 u s i n g  volume node V927 f o r  CBP-13.  

The condensa te  b o o s t e r  pumps are c e n t r i f u g a l  pumps, e a c h  hav ing  a r a t e d  
f l o w  of 8540 gpm a t  a r a t e d  speed  of 1780 rpm. The head ,  power, and 
t o r q u e  versus  f l o w - r a t e  curves of t h e  condense r  b o o s t e r  pumps were 
c o n v e r t e d  i n t o  RETRAN c o m p a t i b l e  homologous curves. The number of 
o p e r a t i n g  condensa te  b o o s t e r  pumps depends on t h e  power level  of t h e  
power p l a n t .  

The f o l l o w i n g  o p e r a t i n g  sequence  was used: 

0 t o  50% of f u l l  power: CBP-11 o p e r a t i n g  ( R E T R A N  pump P51) .  
50 t o  80% of f u l l  power: CBP-11 and CBP-12 o p e r a t i n g  (RETRAN pumps 

above 80% of f u l l  power: CBP-11 ,  CBP-12, and CBP-13  o p e r a t i n g  

when t h e  d i s c h a r g e  p r e s s u r e  i n  t h e  d i s c h a r g e  heade r  of t h e  c o n d e n s a t e  

P51 and P52) .  

( R E T R A N  pumps P 5 1 ,  P52, and P53).  

b o o s t e r  pumps d r o p s  below 395 p s i a ,  t h e  s t a n d b y  pump w i l l  b e  s t a r t e d  
a u t  omat i ca l l  y . 

I f  s u c t i o n  p r e s s u r e  d e c r e a s e s  below 45 p s i a ,  t h e  pumps w i l l  t r i p  (low 
p r e s s u r e  s u c t i o n  t r i p ) .  

The RETRAN c o n t r o l  diagrams t h a t  s ta r t  and s t o p  t h e  c o n d e n s a t e  b o o s t e r  
pumps f o l l o w i n g  t h e  above sequence  and t r i p s  are  d i s p l a y e d  i n  
F i g .  A.3.8. 

The t h r e e  condensa te  b o o s t e r  pumps r e q u i r e  a minimum f l o w  of 1700 gpm 
each  t o  p r e v e n t  pump damage on low f l o w  o r  when o p e r a t i n g  a g a i n s t  
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shu t -o f f  head. When t h e  f l o w  d rops  below the  minimum-flow s e t  p o i n t  a 
f low d e t e c t o r  i n  t h e  s u c t i o n  head of each pump s e n d s  a s i g n a l  t o  t h e  
Condensate b o o s t e r  pump min i f low c o n t r o l l e r s  t o  open a r e c i r c u l a t i o n  
v a l v e  downstream of t h a t  pump. When t h e  f l o w  is g r e a t e r  t h a n  t h i s  s e t  
p o i n t ,  t h e  R E T R A N  c o n t r o l l e r  w i l l  c l o s e  t h e  r e c i r c u l a t i o n  v a l v e .  The 
R E T R A N  c o n t r o l  diagrams f o r  t h e  r e c i r c u l a t i o n  mini f l o w  v a l v e s  are 
d i s p l a y e d  i n  F i g .  A.3.8. The r e c i r c u l a t i o n  v a l v e s  of t h e  condensa te  
b o o s t e r  pumps are r e p r e s e n t e d  i n  t h e  RETRAN model ( F i g .  A . 1 . 1 2 )  as 
R E T R A N  VA049 a t  j u n c t i o n  5944 f o r  condensa te  b o o s t e r  pump C B P - 1 1 ,  VA050 
a t  j u n c t i o n  5945 f o r  pump CBP-12,  and VA051 a t  j u n c t i o n  5946 f o r  pump 
CBP-13. 

A.3.3.3.5 Low-Pressure Feedwater Heaters 13, 1 4 ,  and 15. P r i o r  t o  
e n t e r i n g  t h e  s u c t i o n  of t h e  MFW pumps MFWP-11 and MFWP-12, t h e  . .  

condensa te  f l o w s  th rough  two para l le l  loops  composed of low-pressure 
FW heaters 13A-14A-15A and 138-14B-15B (see RETRAN nodal  diagram 
i n  F i g .  A . 1 . 1 2 ) .  

Feedwater heaters 13 ,  1 4 ,  and 15 are of U-tube d e s i g n .  The s h e l l - t u b e  
heat t r a n s f e r  areas of t h e  heaters are approx ima te ly  

16,900 f t 2  each f o r  heaters 13A and 13B 
11,800 f t 2  each f o r  heaters 1 4 A  and 1 4 B  
22,200 f t 2  each f o r  heaters 15A and 1 5 B .  

E x t r a c t i o n  steam from t h e  8 t h  s t age  of t h e  three low-pressure steam 
t u r b i n e s  is used t o  ra i se  t h e  condensa te  t e m p e r a t u r e  i n  FW heaters l3A 
and l3B ,  and e x t r a c t i o n  steam from t h e  7 t h  s t a g e  i s  used i n  FW heaters 
1 4 A  and 1 4 B .  E x t r a c t i o n  f l u i d  from t h e  f irst  s t a g e  of t h e  m o i s t u r e  
s e p a r a t o r  reheater u n i t s ,  t o g e t h e r  w i t h  t h e  d r a i n  of h igh -p res su re  FW 
heaters 16A and 16B, is  u s e d  t o  raise t h e  condensa te  t e m p e r a t u r e s  i n  t h e  
t u b e  s ide  of FW heaters 15A and 1 5 B .  

I n  t h e  R E T R A N  model, FW heaters l3A and l3B were combined i n t o  one 
heater ,  RETRAN number FW04, u s i n g  volume nodes V920 t u b e - s i d e  and V954 
shel l -s ide;  FW heaters 1 4 A  and 1 4 B  were combined i n t o  one h e a t e r ,  R E T R A N  
number FW05, u s i n g  volume nodes V918 t u b e - s i d e  and V953 shel l -s ide;  and 
FW heaters 1 5 A  and 15B were combined i n t o  one hea te r ,  RETRAN FW06, u s i n g  
volume nodes V916 t u b e - s i d e  and V952 she l l - s ide .  

A.3.3.3.6 Heater Drain Tanks. Two heater d r a i n  t a n k s  r e c e i v e  t h e  
f o l l o w i n g  f lows :  

1 .  Drain from FW heaters 1 4 A ,  1 4 B ,  1 5 A ,  and 1 5 B ;  and 
2. Drain from t h e  m o i s t u r e  s e p a r a t o r  reheater u n i t s .  

The f l u i d  is s u b s e q u e n t l y  i n j e c t e d  back th rough  two pumps i n t o  t h e  
low-pressure f e e d t r a i n  v i a  t h e  MFW p i p e s  l o c a t e d  between low-pres su re  
FW heaters 1 4  and 15. I n  t h e  RETRAN model, t h e  two heater d r a i n  t a n k s  
were combined i n t o  one volume node, V963 (see RETRAN nodal  diagram i n  
F i g .  A . l  .12).  
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Fol lowing  a main t u r b i n e  t r i p ,  t he  bleeder v a l v e s  i n  the steam 
e x t r a c t i o n  l i n e s  from t h e  h i g h - p r e s s u r e  steam t u r b i n e  t o  h i g h - p r e s s u r e  
FW heaters 16A and 16B, and from t h e  low-pres su re  t u r b i n e s  t o  t he  
low-pres su re  FW heaters,  w i l l  c l o s e .  The d r a i n  from t h e  FW heaters t o  
t h e  h e a t e r - d r a i n  t a n k s  ( R E T R A N  volume node V963) w i l l  c o n t i n u e  t o  f l o w  
u n t i l  t h e  l i q u i d  l e v e l  i n  t h e  d r a i n  t a n k  t r i p s  on a low- leve l  s i g n a l .  
The low-level  s i g n a l  w i l l  t h e n  c l o s e  the  v a l v e s  i n  t h e  d r a i n  l i n e s  t o  
t h e  heater d r a i n  t a n k  and w i l l  a l s o  t r i p  t h e  heater d r a i n  t a n k  pumps 
( R E T R A N  P70 u s i n g  volume node V965). 

The RETRAN v a l v e s  t h a t  w i l l  c l o s e  i n  t h e  d r a i n  l i n e s  t o  t h e  d r a i n  t a n k s  
are : 

R E T R A N  VA053 a t  j u n c t i o n  J964 ,  d r a i n  from low-pres su re  FW heaters 1 5 A  

R E T R A N  VA052 a t  5966, d r a i n  from low-pres su re  FW heaters 1 4 A  and 1 4 B .  
R E T R A N  VA037 a t  5460,  d r a i n  from t h e  m o i s t u r e  s e p a r a t o r  reheater 

and 1 5 B .  

u n i t s .  

The diagram of t h e  RETRAN c o n t r o l l e r  t o  close t h e  v a l v e s  and t r i p  t h e  
d r a i n  t a n k s  is shown i n  F i g .  A.3.9. 

A.3.3.3.7 Heater Dra in  Tank Pumps. The two heater d r a i n  t a n k  pumps 
take t h e i r  s u c t i o n  from t h e  heater d r a i n  t a n k s ,  and t h e y  discharge t h e i r  
f l o w  i n t o  the condensa te  water p i p i n g  between low-pres su re  FW heaters 1 4  
and 15. I n  t h e  RETRAN model,  t h e  two heater d r a i n  t a n k  pumps were 
combined i n t o  one pump, R E T R A N  P70, u s i n g  volume node V965 (see RETRAN 
nodal  diagram i n  F i g .  A . l  ,121 .  

The d r a i n - t a n k  pumps are c e n t r i f u g a l  pumps, each g i v e n  a ra ted f l o w  of 
4290 gpm. These pumps w i l l  t r i p  when t h e  m i x t u r e  l e v e l  i n  t h e  d r a i n  
t a n k s  f a l l s  below t h e  low-level  se t  p o i n t  (see R E T R A N  c o n t r o l  diagram i n  
F i g .  A.3.9). 
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