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Baltimore Gas and Elec t r ic  
Babcock and Wilcox 

Combustion Engineering 
control element assembly 
control element drive mechanism 
control element drive system 
containment i so la t ion  s ignal  
containment spray actuation s ignal  
chemical and volume control 
chemical and volume control system 

d i  r ec t curr en t 
different  i a1 pressure 

emergency core cooling system 
vol tage-to-current 
Electric-to-pneumatic 
Elec t r ic  Power Research I n s t i t u t e  
Emergency Operating Procedure 
engineered safety features  
engineered safe ty  features  actuation system 

Failure Mode and Effects Analysis 
f i na l  safety analysis report  
f eedwater 

gallons per minute 

high pressure 
horsepower 
high-pressure i n j  ect  i on 
high pressure safety inject ion 

current - to- curr ent 
instrument a i r  

ki lovol ts  
k i  1 owa t t s 

Licensee Event Report 
loss-of -coolant accident 
loss- of - cool ant incident 
low pressure 

x i i  



ACRONYMS (Continued) 

LP I 
L P S I  

MCC 
MFW 
M M S  
MSIV 

NIS 
NN I 
NRC 
NSSS 

ORNL 

PA 
PORV 
PPS  
p s i a  
p s i  d 
Psig 
P TS 
PWR 

R AS 
RCP 
RCS 
RPS 
R R S  
RWT 
rY 

S A I C  
SDS 
SG 
SGIS 
SGTR 
S I  
SIAS 
SICS 
SLB 
SRW 

Tavg 
T r  ef 
TBV 

V 
V CT 

low-pressure i n j  ect  ion 
low-pressure safety inject ion 

motor control center 
main f eedwater 
modular modeling system 
main steam iso la t ion  valve 

nuclear i ns  trument a t  i on s y s  tem 
nonnuclear i n s  t r  umen t a t  i on 
U.S. Nuclear Regulatory Commission 
nuclear steam s u p p l y  system 

Oak Ridge National Laboratory 

plant a i r  
power -operated re1 i ef valve 
plant protect i on sys t em 
pounds per square inch (absolute) 
pounds per square inch (d i f f e ren t i a l )  
pounds pe r  square inch (gage) 
pressurized thermal shock 
pressurized water reactor 

rec i r cul a t  i on act  u a t  i on si gnal 
reactor cool ant pump 
reactor coolant system 
reactor protection system 
reactor regulating system 
refueling water tank 
reactor year 

Science Applications International Corporation 
shutdown sequence 
steam generator 
SG isolat ion s ignal  
SG tube rupture 
safety inject ion 
safety inject ion actuation s ignal  
safety implications of control systems 
steam l i n e  break 
service water 

temperature (average) 
desired reactor coolant average temperature 
turbine bypass valve 

vol ts  
volume control t a n k  

x i i i  





APPENDIX A 

SELECTION OF SYSTEMS FOR ANALYSIS 

The o b j e c t i v e  of t h i s  w o r k ,  as d i s c u s s e d  i n  Vol. 1 ,  Sect. 2,  is t o  
conduct  detailed FMEAs on  c o n t r o l  s y s t e m s  having  a major impact on RCS 
ove rcoo l ing ,  unde rcoo l ing ,  or safety system performance.  The method of 
ach iev ing  t h i s  o b j e c t i v e  c o n s i s t s  of three s t e p s :  

1 .  I d e n t i f y  t h e  C a l v e r t  C l i f f s  sys tems and f u n c t i o n a l  i n t e r f a c e s .  

2. Based on t h e  methodology d i s c u s s e d  i n  S e c t i o n  3.1, i d e n t i f y  t h o s e  
sys t ems  which have a p o t e n t i a l  impact on RCS o v e r c o o l i n g ,  
undercool ing  o r  s a f e t y  sys tem performance. 

3. Conduct FMEAs of t h e  sys tems i d e n t i f i e d  i n  ( 2 )  above. 

The impact of f a i l u r e s  i n  many p l a n t  s y s t e m s  on p l a n t  t r a n s i e n t s  is 
expec ted  t o  be minor. Thus, t h e  purpose of  a p l a n t - s p e c i f i c  sys t em list 
w i t h  i d e n t i f i e d  i n t e r f a c e s  is t o  a i d  i n  t he  s e l e c t i o n  of on ly  those 
sys tems having  a p o t e n t i a l  s i g n i f i c a n t  impact on p l a n t  response .  
Because of  the l a r g e  number of  systems and components i n  a n u c l e a r  power 
p l a n t ,  t h i s  p r e l i m i n a r y  s c r e e n i n g  is necessa ry  t o  de termine  which 
sys tems r e q u i r e  de ta i led  a n a l y s i s  s i n c e  i t  is n o t  feasible  t o  per form an 
in-depth  s t u d y  o f  a l l  of them. 

A . l  CALVERT CLIFFS SYSTEMS LIST 

Based on a p r e v i o u s l y  developed g e n e r i c  list o f  p r e s s u r i z e d  water 
reactor (PWR) sys tems’  and t h e  C a l v e r t  C l i f f s  U n i t s  1 and 2 F i n a l  S a f e t y  
Ana lys i s  Report  (FSAR),’ a list of  C a l v e r t  C l i f f s  sys t ems  was developed.  
The g e n e r i c  s y s t e m s  and t h e i r  a s s o c i a t e d  subsys tems have been grouped 
accord ing  t o  seven  major f u n c t i o n s :  

1 .  Nuclear sys tems i n c l u d e  t h e  reactor core and t h o s e  sys tems and 
subsystems which moni tor  and c o n t r o l  c o r e  r e a c t i v i t y ,  remove heat 
from t h e  c o r e ,  and o t h e r w i s e  d i r e c t l y  s u p p o r t  the  safe  o p e r a t i o n  of  
t h e  reactor. 

2. Engineered s a f e g u a r d s  systems i n c l u d e  those s y s t e m s ,  o t h e r  t h a n  
containment  sys t ems ,  used t o  m i t i g a t e  t h e  effects of r e a c t o r  
a c c i d e n t s  such  as t h o s e  s p e c i f i e d  i n  t h e  FSAR. 

3. Containment sys tems i n c l u d e  t h e  reactor b u i l d i n g  and t h o s e  sys tems 
needed t o  p reven t  r e a c t o r  b u i l d i n g  o v e r p r e s s u r e ,  t o  p reven t  
e x c e s s i v e  l eakage  from t h e  r e a c t o r  b u i l d i n g  t o  t h e  environment ,  and 
t o  p rov ide  a h a b i t a b l e  atmosphere i n s i d e  t h e  r e a c t o r  b u i l d i n g .  

1 
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4 .  Electrical  systems i n c l u d i n g  p l a n t  ac and dc e lec t r ic  power 
d i s t r i b u t i o n  c i r c u i t r y .  

5 .  Power conve r s ion  sys tems i n c l u d e  t h e  systems and components t h a t  
t r ans fo rm or s u p p o r t  t h e  t r a n s f o r m a t i o n  of  heat energy  produced by 
the  r e a c t o r  core i n t o  e lectr ical  energy .  

6. P rocess  a u x i l i a r y  sys tems i n c l u d e  those systems and subsys tems t h a t  
s u p p o r t  the  p l a n t  systems d i r ec t ly  invo lved  i n  t he  o p e r a t i o n  of  t h e  
r e a c t o r  c o o l a n t  sys t ems .  

7.  P l a n t  a u x i l i a r y  sys tems p rov ide  s u p p o r t  t o  other p l a n t  a c t i v i t i e s  
and pe r sonne l .  

The g e n e r i c  PWR sys t ems  and f u n c t i o n a l l y  co r re spond ing  C a l v e r t  C l i f f s  
sys tems are l i s t e d  i n  Tables A1 t h rough  A7. These tab les  cor respond t o  
the  seven  major sys tem f u n c t i o n s  d i s c u s s e d  above. I n  a d d i t i o n  t o  
l i s t i n g  t he  g e n e r i c  and co r re spond ing  C a l v e r t  C l i f f s  sys t ems ,  Tables A 1  
th rough A 7  list t h e  c r i t e r i a  f o r  s e l e c t i o n  or e l i m i n a t i o n  based on the  
c o n t r o l  sys t ems  a n a l y s i s  scope  c o n s i d e r a t i o n s  d i s c u s s e d  i n  Sect. 3.1 of 
V O l .  1 .  

The n u c l e a r  s y s t e m s ,  l i s t e d  i n  Table  A l ,  c o n s i s t  of  t he  reactor core, 
t h e  RCS and a s s o c i a t e d  c o n t r o l  systems, and t h e  i n t e r f a c i n g  sys t ems  tha t  
r e c i r c u l a t e  r e a c t o r  c o o l a n t .  O f  the n u c l e a r  s y s t e m s ,  o n l y  t h e  chemical 
and volume c o n t r o l  system ( C V C S ) ,  t h e  RCS,  and associated c o n t r o l  
i n s t r u m e n t a t i o n  subsys tems were r e t a i n e d  for  f a i l u r e  modes a n a l y s i s .  It  
shou ld  be noted  tha t  systems n o t  selected f o r  FMEA are e l i m i n a t e d  on ly  
t o  t h e  e x t e n t  t h a t  f a i l u r e s  of these s y s t e m s  are n o t  p o s t u l a t e d  
independen t ly  of other i n i t i a t i n g  c o n t r o l  system f a i l u r e s .  

The eng inee red  sa fe ty  f e a t u r e s  a c t u a t i o n  s y s t e m s  (ESFAS) have been 
i d e n t i f i e d  p r i n c i p a l l y  as s a f e t y  systems as shown i n  T a b l e  A 2 .  The o n l y  
p o s s i b l e  e x c e p t i o n s  are t h e  a u x i l i a r y  c o n t r o l  p a n e l s .  Although these 
p a n e l s  perform s t andby  safety-related f u n c t i o n s ,  i t  is n o t  known whether 
t h e y  are safety q u a l i f i e d  based on a v a i l a b l e  in fo rma t ion .  They are 
e l i m i n a t e d  based on their  sa fe ty  f u n c t i o n s .  

The containment  s y s t e m s  are l i s t e d  i n  Table  A 3 .  Most conta inment  
s y s t e m s  are s a f e t y  sys tems.  However, t h e  containment  a i r  r e c i r c u l a t i o n  
and c o o l i n g  s y s t e m ,  a l though  s a f e t y  q u a l i f i e d ,  per forms t h e  containment  
c o o l i n g  f u n c t i o n s  d u r i n g  normal o p e r a t i o n .  I n  a d d i t i o n ,  t he  containment  
purge  system and the  p r e s s u r i z e r  compartment c o o l i n g  equipment have a l s o  
been r e t a i n e d .  

The power conve r s ion  sys tems are inc luded  i n  t o t a l  as shown i n  Table A 5 .  
The o p e r a t i n g  s t a t u s  of these c o n t r o l  sys tems is expec ted  t o  have a 



Table A l .  Ident i f icat ion and f i r s t - s t age  se lec t ion  of Calvert C l i f f s  nuclear systems 

Generic PUR 
Nuclear Systems 

Corresponding Calvert Non-Exclusion 
C l i f f s  Nuclear Systems Cr i t e r i a  

Exclusion 
Criteria 

NO 1 

NO2 

N O 3  

NO 4 

NO5 

Reactor Core 

Control Rod Drive 
System 

Reactor Control System 

Reactor Coolant System 
( including reactor  
vessel  and in te rna ls )  

Emergency Boration 
System 

NO1 Reactor Core 

N O 2  Control Element Drive 
Hechanisms (CEDH) 

NO3 Control Element Drive 
System (CEDS) 

NO4 Reactor Coolant System NO4 
(RCS 1 

N04.A Reactor Regulating System 

N04.8 Reactor Coolant Presaure 
Regulating System 

NO5 Chemical and Volume 
Control System (CVCS) 
( see  NO91 

N O 1  The reac tor  
core is a 
safe ty  system 

NO2 CEDH do not 
influence 
t r ans i en t s  
lo1 loving 
reactor  t r i p  

N O 3  CEDS does not 
inf  h e n c e  0 

t r ans i en t s  
following 
reac tor  t r i p  

Response of RCS 
provides the basis  fo r  
evaluating control 
system f a i l u r e s  

NOS emergency 
Boration is a 
safe ty  
function (see 
N09, CVCS) 



Table  A l .  (continued) 

G e n e r i c  PWR Cor respond ing  C a l v e r t  Non-Exoluaion E x c l u s i o n  
Criteria Nuc lea r  Sys t ems  C l i f f s  Nuc lea r  Sys t ems  Criteria 

NO6 Reactor P r o t e c t i o n  NO6 Reac to r  P r o t e c t i v e  
Sys tem System (RPS) 

No7 N u c l e a r  Moni to r ing /  NO7 Nuc lea r  
N u c l e a r  Instrumentation Instrumentation Syatem 
Sys tem (NI) 

NO8 R e s i d u a l  Heat Removal/ NO8 Shutdown Cooling 
Low P r e s s u r e  S a f e t y  System 
I n j e c t i o n  Sys tem 

NO6 

NO7 

NO 8 

The RPS is a 
s a f e t y  s y s t e m  
which h a s  no 
f u n c t i o n  
P o l l o v i n g  
reaator t r i p  

The N I  h a s  no 
f u n c t i o n  
f o l l o w i n g  
reactor t r i p  

The Shutdown 
c o o l i n g  sys t em 
is used  o n l y  
fol  l o v i n g  
p l a n t  shutdown 
and d e p r e s -  
s u r i z a  t i o n  

P 



Table  A l .  (continued) 

G e n e r i c  PWR 
N u c l e a r  S y s  tems 

Cor respond ing  C a l v e r t  Non-Exclusion 
C l i f f s  Nuc lea r  Sys t ems  C r i t e r i a  

E x c l u s i o n  
Criteria 

NO9 Chemical  and Volume NO9 Chemical  and Volume N O 9  The CVCS d i r e c t l y  
C o n t r o l  System C o n t r o l  Sys tem (CVCS) i n t e r f a c e s  w i t h  t h e  

( s e e  N O 5 1  RCS 

N09. A P r e s s u r i z e r  Level N09.A The P r e s s u r i z e r  Leve l  
R e g u l a t i n g  System Regula  t 1 ng sys tem 

c o n t r o l s  flaw t o  and 
from t h e  RCS 

N09.B Reactor R e g u l a t i n g  N09.B The R e a c t o r  R e g u l a t i n g  
Sys tem e s t a b l i s h e s  t h e  
p r e s s u r i z e r  level 
set p o i n  t 

System (aee NO4.A) 

N09.C B l e c t r i o  Heat  T r a c i n g  W9.C No b a s i s  f o r  
el imination 



T a b l e  A 2 .  I d e n t i f i c a t i o n  and f i r s t - s t a g e  s e l e c t i o n  of C a l v e r t  C l i f f s  e n g i n e e r e d  
s a f e t y  f e a t u r e s  a c t u a t i o n  s y s t e m s  

G e n e r i c  PVR Enginee red  'Corresponding  Ca l  vert C 1  i P f  s Won-Exclusion E x c l u s i o n  
S a f e t y  F e a t u r e s  Sys t ems  S a f e t y  F e a t u r e s  Sys t ems  C r i  terla C r i  terla 
- 

so2 

so3 

S03.A 

S03. B 

so3.c 

so 4 

SO 5 

E n g i n e e r e d  SaPe t y  
F e a t u r e s  A c t u a t i o n  
S y s t e m  

S a f e t y  Injection 
Sys tem 

High P r e s s u r e  S a f e t y  
I n j e c t i o n  Subsys tem 

S a f e t y  I n j e c t i o n  
Tank/Core F lood  
Su bay s t em 

Low P r e s s u r e  S a f e t y  
I n j e c t  I o n  S u b s y s  tern 

Remote Shutdown System 

A u x l l l a r y  Feedwa te r  
Sys tem 

so2 

so3 

SO3.A 

S03. B 

so3.c 

s o 4  

so5 

Engineered  SaPe t y  
F e a t u r e s  A c t u a t i o n  
System (ESFAS) 

SaPety  I n j e c t i o n  
System 

High P r e s s u r e  S a f e t y  
I n j e c t i o n  Subsys tem 
(HPSI) 

S a f e t y  I n j e c t i o n  
Tanks 

Low P r e s s u r e  S a f e t y  
I n j e c t i o n  Subsys tem 
( LPSI 

A u x i l i a r y  Control 
Panels 

A u r l l l a r y  Feedwa te r  
System (AFS) 

SO2 The ESFAS is a 
s a P e t y  s y s t e m  

SO3 The SaPe ty  
I n j e c t i o n  
Sys t ems  are 
SaPe ty  Sys t ems  

SO4 Assumed t o  be 
a s a P e t y  
sys t em 

SO5 The AFS Is a 
s a f e t y  sys t em 



Table A 3 .  Identification and first-stage selection of Calvert Cliffs containment systems 

Generic PWR 
Con t a  i nme n t Systems 

Corresponding Calvert  C l i f f s  Non-Exolusion 
Containment Systems Cr i t e r i a  

Exolusion 
Criteria 

C02 Reactor Building/ C02 Containment Struoture  
Containment and 
Penetrations 

c03 Containment Cooling 
System 

C04 Containment I so la t ion  
is a function of the 
Engineered Safety 
Features Actuation 
System and the various 
piping systems which 
penetrate containment 

c05 Containment Purge 
System 

COT Combustible Gas 
Control System 

C03 Containment Air 
Reairaulation and 
Cooling System 
(see COS) 

C04 I so la t ion  System 

c05 Containment Purge 
System 

C07.A Eleot r ic  Hydrogen 
Recombiner 

COT. B Hydrogen Purge System 

C02 The aontain- 
ment s t ruc ture  
and penetra- 
t i ons  a re  
safe ty  systems 

C03 Although a safe ty  
s y  s tea, t h e  Con t a l  nmen t 
Air Reciroulation and 
Cooling System provides 
oooling during normal 
operation 

C05 No bas is  for 
elimination 

COT Hydrogen 
Control 
Systems a re  
safe ty  systems 

CO4 The Contain- 
ment I so la t ion  
System is a 
safe ty  system 



Table A 3 .  (continued) 

Exclusion 
Cr i t e r i a  

Generic PUR Corresponding Calvert C l i f f s  NobExclusion 
Containment Systems Containment Systems Cr i t e r i a  

C08 Containment C08 Containment A i r  

System (see  C03) 
Vent i la t ion System Reoirculation and Cooling 

C08.A CEDW Cooling System 

c08. B Pressurizer C08.B No basis for 
Compartment Cooling e l  i m i n a  t ion 

ClO Containment Spray CIO.A Containment Spray 
System System 

CIO.B Containment Iodine 
Removal System 

C08.A The CEDH and 
t h e i r  cooling 
sys t em do not 
i n f l  uence 
t rans ien ts  
following 
reaator  t r i p  

C11 The Contain- C11  Penetration Room C11 Containment ment Pene t ra-  
t i on  Room 
Venti la t ion 
System is a 
safe ty  system 

Venti la t ion System Penetration Room 
Ventilation System 

C10 The Contain- 
ment Spray and 
Iodine Removal 
Systems a r e  
safe ty  systems 



Table A 4 .  Ident i f ica t ion  and f i r s t - s t a g e  se lec t ion  of Calvert C l i f f s  e l e c t r i c a l  systems 

Generic PUR 
E l e c t r i c a l  Systems 

Corresponding Calvert C l i f f s  Non-Exclusion 
Elec t r ica l  Systems Cr i t e r i a  

Exclusion 
Criteria 

E01 Hain Power System EO1 500 W Switchyard and EO1 Eleot r ica l  
U n i t  Transformer System 
(see E071 

E02 Plant AC Distr ibut ion E02 13,000, 4160 and 580 e02 Elec t r ica l  
System V o l  t S t a t  ion System 

Distr ibut ion Systems 

EO3 Instrumentation and EO3 125 Volt DC and EO3 E lea t r i aa l  
Control Power Systems Instrument AC Systems System 

E04 Emergency Power E04 Emergency Diesel 
System Generators 

E05 Plant Lighting System EO5 Specif ic  System 
Unidenti f led 

EO4 Safety 
Sys t em 

E05 Not neaessary 
i n  responding 
t o  plant 
t rans ien ts  

E06 Plant Computer E06 Plant Computer E06 No basis  for 
elimination 



Table A 5 .  Identification and first-stage selection of Calvert Cliffs power conversion systems 

~~~~ ~~~~ ~ ~~~ ~~~~~~ ~ ~ ~~ 

Cor respond ing  
E x c l u s i o n  
Cri teria 

G e n e r i c  PWR Power Calvert C l i f f s  Power Non-Exclusion 
C o n v e r s i o n  S y s t e m s  Convers ion  Sys t ems  C r i t e r i a  

PO 1 

PO2 

PO3 

PO 4 

Main Steam Sys tem 

T u r b i n e - G e n e r a t o r  
Sys t em 

T u r b i n e  Bypass  Sys tem 

Condense r  and  
Condensa te  Sys t em 

PO 1 

PO2 

P02.A 

PO3 

P03. A 

P03.B 

P04. A 

P04.B 

Main Steam Sys tem 
(see Po31 

T u r b i n e  G e n e r a t o r  
Condenser  Sys tem 
(see P04.A) 

T u r b i n e  G e n e r a t o r  
C o n t r o l  Sys tem 

Main Steam Sys tem 
(see P o l )  

and  

Steam Dump and T u r b i n e  
Bypass  C o n t r o l  Sys tem 

Reactor R e g u l a t i n g  
System (see N04.A) 

T u r b i n e  G e n e r a t o r  and  
Condenser  Sys tem 
(see PO21 

Condensa te  and 
Feedua ter Sys tem 
(see PO51 

PO1 Direot I n t e r P a c e  
w i t h  Steam G e n e r a t o r s  

PO2 Direot I n t e r f a c e  
w i t h  Ha in  Steam and 
Condensa te  and 
Peedwa ter Sys tems  

PO3 Direct I n t e r f a c e  
w i t h  Steam Generators 

PO4.A See POP, T u r b i n e  
Generator and 
Condenser  Sys tem 

PO4.B Direct Interface 
w i t h  Steam G e n e r a t o r s  



Table A 5 .  (continued) 

Generic PWR Power 
Conversion Systems 

Corresponding 
Calvert C l i f f s  Power 
Conversion System 

Non-Exaluaion 
Cr i t e r i a  

PO5 Feedwater System PO5 Condensate and 
Feedwa ter System 
(see P04.B) 

P05.A Feedwater Regulating 
System 

PO6 Circulat ing Water PO6 Ciraula t ing  S a l t  
System Water Cooling System 

p07 Steam Generator PO7 Steam Generator 
Blwdown System Blowdwn System 

PO8 Auxiliary Steam System PO8 Auxiliary Boiler 
Steam System 

PO5 See P04.B, condensate 
and Feedwater System 

PO6 Direct In te r faae  
with Turbine Generator 
and Condenser System 

PO7 Direot In te r face  
w i t h  Steam Generators 

PO8 No Basis f o r  Elimination 

Exclusion 
C r i t e r i a  



Table A 6 .  Identification and first-stage selection of Calvert Cliffs process auxiliary systems 

Generic PUR Process 
Auxiliary Systems 

Correspond1 ng 
Calvert C l i f f a  Process 

Auxiliary Systems 
Non-Exalusion 

Crl t e r i a  

WO1 Radioactive Waste 
System 

WO1. A Gaseous Radwaste 
System 

WO1. B Liquid Radwaste 
System 

WO1.C Sol id  Radwaste System 

W02 Radiation Honi tor ing 
System 

W03 Cooling Water Systems 

W03. A Reactor Bullding 
Cooling Water System 

UO3.B T u r b i n e  Building 
Cooling Water System 

WO1 Waste Processing 
Systems 

WO1.A Waste Oas Processing 
System 

WO1 .B1 Reactor Coolant Waste 
Processing System 
(see W04.A) 

WOl.B2 Hlscellaneous Waste 
Processing System 

WO1.C Solid Waste 
Processing System 

W02 Radiation Uonitoring 
System 

W03 Cooling Water Systems 

WO3.A Component Cooling 
Water System 

W03.B Service Water System 

WO1 No basis for 
elimination 

YO2 No baais for  
elimination 

W03 Cooling water systems 
a r e  required Cor t h e  
bperation of other  
key systems 

Exclusion 
Cr i t e r i a  



T a b l e  A 6 .  (continued) 

G e n e r i c  PYR P r o c e s s  
A u x i l i a r y  Sys t ems  

C o r r e s p o n d i n g  
C a l v e r t  C l i P f s  P r o c e s s  

A u x i l i a r y  Sys t ems  
Won-Exclusion 

Criteria 
E x c l u s i o n  
Criteria 

W04 S e r v i c e  Water  Sys t ems  

WO4. A D e m i n e r a l i z e d  Makeup 
Water Sys tem 

W04.B S t a t i o n  Service Water 
Sys tem 

W04.C C h i l l e d  Water System 

W05 R e f u e l i n g  System 

W04 Cooling Water Sys tems  W04 Service and  Cooling 

W04. A Reactor Coolant Waste r e q u i r e d  Por t h e  
Water Sys tems  are 

P r o c e s s i n g  Sys t em operation of o t h e r  
( s e e  WO1. B) key s y s t e m s  

V04.B Sa l t  Water Sys tem 

W04.C F u n a t i o n  p r o v i d e d  as 
p a r t s  of t h e  P l a n t  
Ventilating Sys tem 
where  a p p l i c a b l e  

WO5 Reactor Component 
Hand1 ing  Equipment 

W06 S p e n t  F u e l  Storage W06 S p e n t  F u e l  Storage 
Sys tem System 

NO5 Reactor 
Component 
H a n d l i n g  
Equipment is 
i n  operation 
o n l y  d u r i n g  
reactor c o l d  
a h u t d  ov n 

W06 No b a s i s  for 
elimination 

W06.A F u e l  Pool  C o o l i n g  V06.A S p e n t  F u e l  Pool 
and  C leanup  System C o o l i n g  Sys tem 



Table A 6  : (continued) 

Generic PUR P r o c e s s  
A u x i l i a r y  S y s t e m s  

Cor re spond ing  
C a l v e r t  Cl i f f s  P r o c e s s  

A u x i l i a r y  Sys t ems  
Non-Exclusion 

Criteria 
E x c l u s i o n  
Criteria 

WO7 Compressed Air System WO7 Compressed Air System WO7 Compressed A i r  Sys t ems  

W07.A Service A i r  Sys t em W07.A P l a n t  Air System o p e r a t i o n  of o t h e r  

WO7.B I n s t r u m e n t  A i r  System WO7.B I n s t r u m e n t  Air System 

are r e q u i r e d  for t h e  

key s y s t e m s  

WO8 P r o c e s s  Sampl ing  WO8 Sampling Sys tem W08 No basis P w  
Sys tem elimination 

WOg P l a n t  Gas Sys tem UO9.A Hydrogen Gas System WO9 No basis for 
ellmination 

W09.B N i t r o g e n  Gas System 



Table A 7 .  Identification and first-stage selection of Calvert CliPfs auxiliary systems 

G e n e r i c  P l a n t  
A u x i l i a r y  Sys t ems  

Cor re spond ing  ' C a l  v e r t  C 1  i P P s  Won-Exclusion 
A u x i l i a r y  Sys t ems  Criteria 

E x c l u e i o n  
Criteria 

X O 1  P o t a b l e  and  S a n i t a r y  
Water System 

X 0 2  F i r e  P r o t e c t i o n  System 

XO3 Communiaations System 

X04  S e c u r i t y  System 

X 0 5  H e a t i n g ,  Ventilating, 
and A i r  Condi t l o n i n g  
S y s t e m s  

X 0 5 . A  Control Room 
H a b i t a b i l i t y  System 

xo 1 

x02 

X 0 3  

X04 

X 0 5  

X05. 

S p e c i P i o  s y s t e m  not xo 1 
i d e n t i p l e d  Prom 
a v a i l a b l e  i n f o r m a t i o n  

F i r e  P r o t e c t i o n  Sys tem It02 

P l a n t  Communloations PO3 
System 

S p e o i i i a  a y s t e m s  not X04 
I d e n t i P i e d  from 
available inPorP la t ion  

P l a n t  Ven t i l e  t i n g  
Sys tems  

C o n t r o l  and C a b l e  X05. 
S p r e a d i n g  Rooms 
V e n t i l a t i n g  System 
( s e e  X O 5 . D l )  

No basie for 
e l i m i n a t i o n  

No basis lo r  
elimination 

No b a s i s  for 
elimination 

No basis for 
elininatlon 

Although a s a f e t y  
sys t em,  t h e  Control 
and C a b l e  S p r e a d i n g  
Room Ventilation 
System p r o v i d e s  
cooling d u r i n g  normal 
o p e r a t i o n  



Table A7. (continued) 

Generia Plant Correspckding Calvert Cl iPfs  Non-Exolusion Exclusion 
Auxiliary Systems Auxiliary Systems C r i  t e r i a  C r i t e r i a  

X05.B Turbine Building X05.Bl Turbine Building X05.81 No basis for 
Vent i la t ion  System Vent i l a  t i ng System elimination 

X05.82 Auxiliary Feedwater 
Pump Room Emergency 
Cooling Sys ten 

X05.C Diesel Building X05.C Diesel Generator Rooms 
Vent i la t ion  System Venti la t ing System 

(see X05.D4) 

X05.B2 SaPety System 

X05.C Safety System 



Table A 7 .  (continued) 

Generic Plant 
Auxiliary Systems 

Corresponding Calvert  C l i f f s  Non-Exolusion 
Auxi l ia ry  Systems Cr i t e r i a  

Excluaion 
C r i  t e r l a  

X05.D Auxiliary Building X05.D Auxiliary B u i l d i n g  
Vent i la t ion  System Vent  i l a  t i ng  Sys tems 

XO5.Dl Control and Cable X05.Dl See X05.A 
Spreading Room 
Vent 11 a t I ng Sy s t em 
( see  X05.A) 

X05.D2 Access Controlled Area X05.D2 No basis for 
Venti la t ing Systems elimination 

X05.D3 Switchgear Rooms 
Venti la t ing System 

X05.D4 Diesel Generator Rooms 
Vent i l a  t i ng Sys tern 
(see X05.C) 

X05.D5 Spent Fuel Pool X05.D5 No basis for 
Venti la t ing System e l  imination 
( see  X05.E) 

X05.D6 Raduaste Area X05.D6 No basis  for 
Venti la t ing System elimination 

X05.D7 ECCS Pump Room 
Vent i la t ing  System 

X05.D3 Safety System A ~ 

used t o  cool 
e leo  t r i c a l  
eq u i  pmen t 

XO5.DS Safety System 

X05.D7 Safety System 



Table A 7 .  (continued) 

Generic Plant 
Auxiliary Systems 

Corresponding Calvert C l i f f s  Non-Exclusion 
Auxiliary Systems Criteria 

X05.E Fuel Building X05.E Spent Fuel Pool X05.E No basis for 
Ventilation System Ventilating System elimination 

(see X05.D5) 

X06 Non-Radioactive X06 Tnoluded i n  WO1, Waste X06 No basis for 
Waste System Processing Systems elimination 

Exclusion 
Criteria 



s i g n i f i c a n t  effect  on t h e  p o s t  r e a c t o r - t r i p  R C S  o v e r c o o l i n g  and 
i n s u f f i c i e n t  c o r e  c o o l i n g  f a i l u r e  modes. 

With t he  e x c e p t i o n  of t h e  r e a c t o r  component hand l ing  sys tem,  which 
o p e r a t e s  o n l y  d u r i n g  cold shutdown s t a t e s ,  t h e  p r o c e s s  a u x i l i a r y  sys tems 
have been r e t a i n e d .  The process a u x i l i a r y  s y s t e m s  are l i s t ed  i n  
Table  A6. 

The a u x i l i a r y  sys tems are l i s t e d  i n  Table  A7. With  t h e  excep t ion  of  
q u a l i f i e d  v e n t i l a t i o n  s y s t e m s ,  used e x c l u s i v e l y  t o  cool safety systems, 
t h e  a u x i l i a r y  sys t ems  have been r e t a i n e d .  

A . 2  RCS INTERFACING SYSTEMS 

The C a l v e r t  C l i f f s  s y s t e m s  no t  excluded based on scope  c o n s i d e r a t i o n s  
are examined f u r t h e r  t o  assess t h e i r  f u n c t i o n a l  r e l a t i o n s h i p  t o  R C S  
t r a n s i e n t  r e sponse .  
s t e p s :  

This  f u n c t i o n a l  r e l a t i o n s h i p  is assessed i n  two 

1 .  Con t ro l  sys t ems  having  a direct  i n t e r f a c e  w i t h  t h e  RCS are selected 
f o r  FMEA. 

2. Con t ro l  systems having  a direct  i n t e r f a c e  w i t h  any of  the  systems 
d i r e c t l y  i n t e r f a c i n g  w i t h  t h e  R C S  are selected f o r  FMEA. 

These assessments  are d i s c u s s e d  below. 

A.2.1 Systems Directly I n t e r f a c i n g  With t h e  RCS 

The C a l v e r t  C l i f f s  s y s t e m s  selected f o r  a n a l y s i s  as shown i n  T a b l e s  A1 
th rough A7 were examined i n d i v i d u a l l y  t o  e v a l u a t e  whether they 
i n t e r f a c e d  d i r e c t l y  w i t h  t h e  RCS.  If an RCS i n t e r f a c e  could  be 
i d e n t i f i e d ,  t h e  system was selected f o r  FMEA. 

Table A 8  l ists  a l l  n u c l e a r ,  s a f e t y  f e a t u r e s ,  e l ec t r i ca l ,  and containment  
sys tems found t o  be w i t h i n  the  scope  of  t h i s  c o n t r o l  sys tems a n a l y s i s .  
The RCS i n t e r f a c e  o f  each is c h a r a c t e r i z e d .  A s  shown i n  Table A8, a l l  
a p p l i c a b l e  systems were found t o  have an  RCS i n t e r f a c e  wi th  t he  
excep t ion  o f  t h e  Containment Purge s y s t e m .  

Table  A9 lists the  selected power conve r s ion  s y s t e m s  and t h e  RCS 
i n t e r f a c e  characterist ics.  A s  shown, t h e  main steam, condensa te  and 
feedwater, feedwater r e g u l a t i n g ,  and steam g e n e r a t o r  blowdown systems 
had d i r e c t  R C S  i n t e r f a c e s .  

The p rocess  a u x i l i a r y  systems and the i r  RCS i n t e r f a c e  characterist ics 
are l i s t e d  i n  Table  A10. 
t h e  sampling system had direct  RCS i n t e r f a c e .  

A s  shown, o n l y  t h e  component c o o l i n g  water and 
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Table A8.  RCS interfaces  w i t h  applicable nuclear,  sa fe ty  fea tures ,  
e l e c t r i c a l ,  and containment systems 

Calver t C l i f f s  
System Nwber System Name 

R C S  In t e r f ace  
Character izat ion 

NO4 

NO4.A 

N04.B 

NO9 and N09.A, 
NO9.B, and 
NO9.C) 

EO6 

CO3 

CO 5 

C08.B 

Reactor Coolant System 

Reactor Regulating System 

Reactor Coolant Pressure 
Regulating System 

C&emical and Volume Control. 
System 

A u x i l i a r y  Control Panel and 
O t h e r  Local Control Panels 

Plant Computer 

Containment A i r  Recirculation 
and Cooling System 

Containment Purge System 

Pressurizer  Compartment 
Cooling 

00 

Direct In te r face ,  P a r t  of RCS 

Direct In te r face ,  P a r t  of RCS 

In t e rac t ive  In t e r f ace  

Poten t ia l  In t e r f aces  w i t h  
Pressurizer  and CEDH 

In t e r f aces  w i t h  RCS 
Instrumentation 

Provide cooling fo r  pressurizer  
components, CEDH and in-  
containment RCS instrumentation 
components 

No In t e r f ace  w i t h  RCS 

The Pressurizer  Compartment 
Cooling equipment cons is t s  of 
passive ductuork used t o  cool 
the pressurizer  compartment 
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Table A 9 .  RCS interfaces  wi th  power conversion systems 

Caloert C l i f f s  
System Number System Name 

R C S  In te r face  
Characterization 

PO 1 

P03. A 

PO2 

P02.A 

PO 5 

P05. A 

PO6 

PO7 

PO8 

Main Steam System 
(Including Steam Dump and 
Turbine Bypass Valves) 

Steam Dump and Turbine 
Rypass Control System 

Turbine Generator and 
Condenser System 

Turbine Generator Control 
System 

Condensate and Feedwater 
System 

Feedwater Regulating System 

Circulat ing S a l t  Water 
Cooling System 

Steam Generator Blowdown 
Systtm 

Auxiliary Boiler Steam 
System 

In te rac t ive  In te r face  

No in te r face  w i t h  RCS 

No in te r face  w i t h  RCS 

No in te r face  w i t h  RCS 

In t e rac t ive  Interface 

In t e rac t ive  In te r face  

No in t e r f ace  w i t h  RCS 

In te r faces  w i t h  Steam 
Generators 

No in te r face  w i t h  RCS 
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Table A10. RCS interfaces  wi th  process auxiliary systems 

Calvert Clif is 
System Number System Name 

RCS In te r face  
Character izat ion 

WO1 .A 

WO1 .B1 

YO1 .B2 

WOl .c 

uo 2 

W03 A 

W03. B 

W04. B 

W06 

W06. A 

W07. A 

W07. B 

uo 8 

UO9.A 

W09.B 

Waste Gas Processing System 

Reactor Cool ant Waste 
Processing System 

Hfscellaneous Was t e  
Processing System 

Solid Waste Processing 
System 

Radiation Mod to r ing  System 

Cmponent Cooling Water 
Sys tam 

Service Water System 

Salt Water System 

Spent Fuel Storage System 

Spent Fuel Pool Cooling 
System 

Plant Air System 

Instrument A i r  System 

Sampling System 

Hydrogen Gas System 

Nitrogen Gas System 

No In te r face  w i t h  RCS 

No In te r face  w i t h  RCS 

No In t e r f ace  w i t h  RCS 

No In ter face  w i t h  RCS 

No In te r face  w i t h  RCS 

R C S  In t e r f ace  

No In te r face  w i t h  RCS 

No In t e r f ace  w i t h  RCS 

No In te r face  w i t h  RCS during 
reac tor  operation 

No In t e r f ace  w i t h  RCS 

No In ter face  w i t h  RCS 

No In t e r f ace  w i t h  RCS 

RCS In te r face  

No In t e r f ace  w i t h  RCS 

No In ter face  w i t h  RCS 
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O f  t he  a u x i l i a r y  s y s t e m s  l i s t e d  i n  Table A l l ,  none had a direct  RCS 
i n t e r f a c e .  

A.2.2 Systems I n d i r e c t l y  I n t e r f a c i n g  With t h e  RCS 

O f  t h e  C a l v e r t  C l i f f s  sys tems i d e n t i f i e d ,  s y s t e m s  have been selected for 
FMEA based on a d i rec t  i n t e r f a c e  w i t h  t h e  RCS.  These systems are l i s t e d  
i n  Tables A 8  th rough A l l .  However, sys t ems  not  i n t e r f a c i n g  w i t h  t he  
RCS, bu t  r e q u i r e d  for  t h e  o p e r a t i o n  of one  t h a t  does, can have a 
s i g n i f i c a n t  i n f l u e n c e  on RCS r e sponse .  For t h i s  r eason ,  secondary  
i n t e r f a c e  sys t ems  a l s o  are selected f o r  FMEA. 

I n  T a b l e  A 1 2 ,  each o f  t h e  pr imary R C S  i n t e r f a c e  sys t ems  is l i s t ed .  The 
sys t ems  t h a t  i n t e r f a c e  w i t h  these sys tems and t h e  i n t e r f a c e  
c h a r a c t e r i z a t i o n s  are l i s t e d  for each pr imary  RCS i n t e r f a c e  sys t em.  
These pr imary and secondary  i n t e r f a c e  sys t ems  r e p r e s e n t  systems selected 
f o r  FMEA. For convenience ,  sys tems selected for  FMEA are l i s t e d  o n l y  
once even though they  may have i n t e r f a c e s  w i t h  s e v e r a l  systems.  

For f o u r  pr imary i n t e r f a c e  sys t ems ,  feedwater r e g u l a t i o n ,  p r e s s u r i z e r  
compartment c o o l i n g ,  sampl ing ,  and the  p l a n t  computer,  no a d d i t i o n a l  
i n t e r f a c e  systems other t h a n  t h o s e  p r e v i o u s l y  l i s t e d  were found.  Due t o  
t h e  e x t e n s i v e  number of p o s s i b l e  i n t e r f a c e s ,  e s p e c i a l l y  w i t h  t he  p l a n t  
computer and t h e  sampl ing  s y s t e m ,  a more detai led a n a l y s i s  than  t h e  
c u r r e n t  s c r e e n i n g  a n a l y s i s  may be r e q u i r e d .  For  t h i s  r e a s o n ,  t h e  FMEA 
t o  be performed on these s y s t e m s  a lso w i l l  s e r v e  t o  i d e n t i f y  a d d i t i o n a l  
i n t e r f a c i n g  s y s t e m s  of importance i f  t h e y  e x i s t .  

A.3 SAFETY SYSTEM INTERFACING SYSTEMS 

S ince  the  i d e n t i f i c a t i o n  o f  c o n t r o l  system failures which degrade s a f e t y  
f u n c t i o n s  is a major o b j e c t i v e  of t h i s  program, sa fe ty  system 
i n t e r f a c i n g  sys t ems  were e v a l u a t e d  for poss ib le  s e l e c t i o n .  For those 
safe ty  sys t ems  already selected i n  Table A 1 2 ,  t h e  FMEA w i l l  i d e n t i f y  and 
examine t h e  i n t e r f a c i n g  s y s t e m s  and t h e  e x t e n t  of t h e i r  i n t e r a c t i o n .  

I n  o r d e r  t o  i d e n t i f y  safety system i n t e r f a c i n g  s y s t e m s ,  a review of t h e  
i n t e r f a c e s  w i t h  t h o s e  safety sys tems p r e v i o u s l y  i d e n t i f i e d  was 
undertaken.  Those safe ty  sys t ems  i d e n t i f i e d  on t h e  basis  of t h e i r  
s a f e t y  f u n c t i o n  i n  Tables A1 t h rough  A7 are  l i s t e d  i n  Table  Al3. Each 
safety s y s t e m  was reviewed t o  de termine  its i n t e r f a c e s .  The i n t e r f a c i n g  
s y s t e m s  i d e n t i f i e d  were selected f o r  FMEA o n l y  i f  t h e y  were ( 1 )  no t  a 
sa fe ty  s y s t e m ,  and ( 2 )  no t  p r e v i o u s l y  selected f o r  FMEA. 

T h i s  review r e s u l t e d  i n  three a d d i t i o n s  t o  t h e  l ist  of systems selected 
fo r  FMEA: t h e  n i t r o g e n  g a s ,  a u x i l i a r y  b o i l e r  steam, and a u x i l i a r y  
b u i l d i n g  v e n t i l a t i n g .  A l l  o t h e r  s a f e t y  system i n t e r f a c i n g  systems had 
either p rev ious ly  been selected f o r  FMEA o r  were o u t s i d e  t h e  scope  of 
t h e  c u r r e n t  a n a l y s i s  program. 
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Table A l l .  RCS interfaces  wi th  aux i l i a ry  systems 

Calvert Cliffs 
System Number System Name 

RCS Interface 
Character izat ion 

110 1 

f02 

XO3 

X04 

X05.A 

XO5.Bl 

X05.D2 

XO5.DS 

X05.Db 

Potable and Sani tary Water 

F i r e  Protect ion System 

Communicatioas System 

Securi ty  System 

Control and Cable Spreading 
Rooms Vent i la t ion  System 

Turbine Building 
Vent i la t ing  System 

Access Controlled Area 
Vent i la t ing  System 

Spent he1 Pool 
Vent i la t ing  System 

Radwaste Area Vent i la t ing  
System 

No In t e r f ace  w i t h  RCS 

No In te r face  w i t h  RCS 

No In te r face  w i t h  RCS 

No In te r face  w i t h  RCS 

No In t e r f ace  w i t h  RCS 

No In ter face  with RCS 

No In te r face  w i t h  RCS 

No In te r face  w i t h  RCS 

No In ter face  w i t h  R C S  
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Table A 1  2 .  Secondary in te r face  systems 

Primary RCS Secondary In te r face  
In te r fac ing  System In ter fac ing  System Characterization 

N04.A Reactor No Additional Systems* N/ A 
Regulating 
System 

N04.B Reactor Coolant No Additional Systems. N/ A 
Pressure 
Regula t ing  
System 

NO9 CVCS 
( and 
N09.A, 
NO9. B, 
and 
NO9.C) 

U0l.A Waste Gas 
Processing System 

UOl .B1 Reactor Coolant 
Waste Processing 
System 

UO1.C So l id  Waste 
Processing 

U07.B  Instrument A i r  
System 

U09.A Hydrogen Gas System 

X05.D2 Access Controlled 
Area Vent i la t ing  
System 

PO1 Main Steam PO3.A Steam Dump and 
System Turbine Bypass 

Control System 

PO2 Turbine Generator 
and Condenser 
System 

PO5 Condensate and PO8 Auxiliary Boiler 
Peedwa ter Steam System 
System 

U03.B Service Water 
System 

In termi t ten t  Venting of 
Volume Control Tank 

Reactor Coolant Diverted 
f o r  Processing 

In te rmi t ten t  Disposal of 
Spent Resins 

Required f o r  t h e  
Operation of CVCS Valves 

P x ~ i d e 3  82 for Addition 
t o  Reactor Coolant Makeup 

Cooling f o r  CVCS 
Electrical Components 

Control of Turb ine  Bypass 
and Atmospheric Dump 
Valves 

I so l a t ion  of Steam Flow 
from Main Steam Lines 

Auxiliary Boiler Steam 
System i s  Used Only 
Following P l a n t  Shutdown 

Cooling Water f o r  
Feedwater and Condensate 
Pumps 
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Table A1 2. (continued) 

Primary RCS Secondary In t e r f ace  
In te r fac ing  System In ter fac ing  System Charac t eriz a t i o n  

X05.Bl Turbine Bu i ld ing  Cooling f o r  Turbine 
Ventfloting System Building Electrical 

Components 

PO5.A Feedwater No Additional Systems N/A 
Regulating 
System 

PO7 Steam Generator W O 1 . E  Hlscellaneous Waste Processes Blowdown from 
Blowdarn System Processing System Steam Generators 

W02 Radiation Monitoring Monitors Blowdown 
, System Radiation and I s o l a t e s  

Blowdown Line 

C03 Containment Air COS Containment Purge  Cooling for Purge System 
Recimul a t i o n  System Electrical Component 3 
and Cooling 
System 

C08.B Pressurizer No Additional Systems N/ A 
Compartment 
cooling 

Cooling Water 
System 

UO3 .A Component U04.B Salt Water System Heat Sink for Component 
Cooling Water Heat Loads 

U08 Sampling No Additional Systems* N/A 

EO6 Plant  Computer No Additional Systems. N/ A 

System 

*Although a d d i t i o n a l  i n t e r f a c i n g  sys t ems  could no t  be i d e n t i f i e d  from 
available information, t h e  poss ib i l i t y  of addi t iona l  Interfacing systems and 
t h e i r  cha rac t e r i s t i c s  w i l l  be reinvestigated i n  performing t h e  FMEA's. 
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T a b l e  A 1 3 .  S a f e t y  s y s t e m s  i d e n t i f i e d  in T a b l e s  A1 t h r o u g h  A 7  

-~ ~~ ~~ 

System Number Calvert  C l i f f s  System Name 

NO 1 

NO6 

so2 

S O 3  

so4 

so5 

c02 

CO 4 

C07. A 

COT. B 

Cl0.A 

C1O.B 

c11 

XO5eB2 

xo5.c 

XO5. D 3  

XO5.D7 

Reactor Core 

Reactor Protect ive System 

Engineered Safety Features Actuation System 

Safety In j ec t ion  System 

Auxiliary Control Panels 

Auxiliary Feedwater System 

Containment S t ruc ture  

Containment I so l a t ion  System 

Electria Hydrogen Recombiner 

Elydrogen P u r g e  System 

Containment Spray Sys tem 

Containment Iodine Removal System 

Containment Penetrat ion Room Vent i la t ion  System 

Auxiliary Feedwater Pump Room Emergency Cooling System 

D i e s e l  Generator Rooms Vent i la t ing  System 

Switchgear Rooms Vent i la t ing  System 

ECCS Pump Room Vent i la t ing  System 
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APPENDIX B 

SYSTEMS DESCRIPTIONS 

System descriptions are  summarized i n  t h i s  section for those systems 
upon which a component leve l  FMEA was performed (see Vol. 1 ,  Sect. 4 .2) .  
However, the system descriptions do not r e f l ec t  al.1 components included 
i n  a system. System components and capabi l i t i es  b u i l t  i n to  the plant 
system bu t  not used i n  actual operations have been omitted from 
consideration i n  t h i s  section. System components and capabi l i t ies  not 
d i rec t ly  u t i l i zed  i n  response t o  a t ransient  have also been excluded. 

B.l  REACTOR COOLANT SYSTEM 

The reactor coolant system ( R C S ) '  removes heat from the reactor core 
region and t ransfers  it t o  the secondary system. The reactor coolant 
circulated i n  the system is borated water maintained above saturation 
pressure. The reactor coolant system is composed of the reactor 
vessel ,  two heat t ransfer  loops, a pressurizer,  and a quench tank. Each 
loop contains one steam generator, two reactor coolant pumps, connecting 
piping, and flow and temperature instrumentation. The pressurizer is 
connected t o  one of the two hot legs  by a surge l i n e  fo r  maintenance of 
RCS pressure. 

The RCS is shown i n  F i g s .  B1 and B2. Four reactor coolant pumps force 
reactor coolant through the reactor vessel for  heat removal and 
moderation of the core. Two hot legs  carry the heated water from the 
reactor vessel t o  the steam generators, where heat is transferred t o  the 
secondary system water. Reactor coolant flow is returned t o  the reactor 
coolant pumps via four cold leg pipes (two leaving each steam generator). 
The RCS is designed for 2500 psia  and 650°F, b u t  normally operates a t  
2250 psia. 
temperature varies wi th  power level  up t o  600OF. 

Cold l e g  temperature is typical ly  548OF and hot leg 

The steam generators are  inverted U-tube heat exchangers w i t h  the 
reactor coolant i n l e t  and out le t  a t  the bottom. A ver t ical .  divider 
plate  separates the i n l e t  and out le t  plenums. Reactor coolant flows on 
the tube s ide while secondary-side water on the she l l  side absorbs the 
heat. Secondary-side water vaporizes t o  steam for use i n  the turbine 
generator. The steam generator tubes are  designed t o  withstand a 
pressure d i f f e ren t i a l  of 1600 p s i  between the tube and she l l  s ides .  

On the p r imary  s ide ,  a 1500 f t '  pressurizer provides a surge volume for  
the control of reactor coolant volume and pressure. Volume and pressure 
variations caused by contraction or expansion of the reactor coolant 
occur w i t h  changes i n  power l eve l ,  as well as wi th  other factors  

29 
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Fig. B1. RCS piping and instrumentation diagram. 
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i n c l u d i n g  sys t em heat l o s s  and minor i n v e n t o r y  l o s s e s .  The p r e s s u r i z e r  
is equipped w i t h  e lectr ic  heaters and a u t o m a t i c  s p r a y  f o r  either 
producing steam o r  condensing steam t o  m a i n t a i n  s e t - p o i n t  p r e s s u r e .  
Volume is main ta ined  based on l e v e l  i n d i c a t i o n  i n  t h e  p r e s s u r i z e r  
th rough v a r i a b l e  makeup and le tdown f low,  provided  t o  and from t h e  R C S  
by t h e  CVCS. I n  a u t o m a t i c  mode, le tdown and makeup are c o n t r o l l e d  by 
t he  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m .  

The p r e s s u r i z e r  is l o c a t e d  a t  a h ighe r  e l e v a t i o n  t h a n  t h e  r e a c t o r  
c o o l a n t  p i p i n g ,  so  t h a t  d u r i n g  c o n t r a c t i o n  of r e a c t o r  c o o l a n t ,  t h e  
p r e s s u r i z e r  w i l l  d r a i n  before vo id ing  i n  the  rest of the  RCS can occur .  

Two p o w e r - 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 )  and two sp r ing - loaded  safety 
v a l v e s  connected t o  t h e  t o p  of the p r e s s u r i z e r  are used t o  p rov ide  
p r o t e c t i o n  from o v e r p r e s s u r e .  The P O R V s  are se t  t o  open a t  2385 p s i g  
and s i z e d  t o  be able  t o  release s u f f i c i e n t  p r e s s u r i z e r  steam d u r i n g  
abnormal o p e r a t i n g  occur rences  t o  p reven t  opening of t h e  r e a c t o r  c o o l a n t  
system safety v a l v e s ,  which open a t  2485 and 2550 p s i g  r e s p e c t i v e l y .  
The P O R V s  are s o l e n o i d - o p e r a t e d ,  r e q u i r i n g  both  in s t rumen t  a i r  and dc 
power t o  open. A motor-ac tua ted  i s o l a t i o n  v a l v e  is provided  upstream of 
each of t h e  P O R V s  t o  permi t  i s o l a t i n g  t h e  v a l v e  f o r  maintenance o r  i n  
case of fa i lure  of t he  v a l v e  t o  c l o s e  on demand. The sp r ing - loaded  
safety v a l v e s  are t o t a l l y  enc losed  and are back p r e s s u r e  compensated. 
The safety v a l v e s  are s i z e d  t o  pass s u f f i c i e n t  p r e s s u r i z e r  steam t o  
l i m i t  the  p r imary  sys t em p r e s s u r e  t o  110% of d e s i g n  (2750 p s i a )  
f o l l o w i n g  a complete  l o s s  of t u r b i n e  l o a d  wi thou t  s imul t aneous  r e a c t o r  
t r i p  w h i l e  o p e r a t i n g  a t  2700 M W ( t )  even wi thout  PORV ope ra t i . on .  S i n c e  
these v a l v e s  are safe ty  re l ief  v a l v e s ,  there are no i s o l a t i o n  v a l v e s  
downstream. Thus i n  t h e  case of a mechan ica l ly  fa i led  open safety 
v a l v e ,  the  break i n  t h e  system cou ld  no t  be i s o l a t e d .  

Steam discharged from t h e  P O R V s  and safety v a l v e s  is coo led  and 
condensed by water i n  t h e  quench tank .  The quench t a n k  is l o c a t e d  a t  a 
l e v e l  lower than  the p r e s s u r i z e r  t o  e n s u r e  tha t  l e a k a g e  by t h e  v a l v e s  
always f lows  o u t  of rather t h a n  i n t o  t h e  p r e s s u r i z e r .  The quench t ank  
is ma in ta ined  w i t h  demine ra l i zed  water. The t a n k  is 'equipped  w i t h  
t empera tu re ,  pressure, and l e v e l  alarms, a r u p t u r e  d i s k ,  and manual f i l l  
a n d  d r a i n  v a l v e s .  A t  35 p s i g  t h e  quench t a n k  r e l i e v e s  t o  t he  waste gas 
sys tem.  A t  100 p s i g ,  t h e  r u p t u r e  d i s k  w i l l  r e l i e v e  t h e  t a n k  c o n t e n t s  t o  
conta inment .  The t a n k  may a l s o  be vented  t o  containment  by opening  
RC-402-SV. 

Continuous RCS makeup and le tdown f low are provided  by t h e  CVCS t o  
m a i n t a i n  r e a c t o r  c o o l a n t  chemistry w i t h i n  d e s i g n  limits. Letdown is 
b l e d  o f f  upstream of a r e a c t o r  c o o l a n t  pump on one l o o p ,  and makeup is 
provided  by t h e  CVCS cha rg ing  pumps downstream of a r e a c t o r  c o o l a n t  pump 
on the  o t h e r  l oop .  
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The r e a c t o r  c o o l a n t  pumps ( R C P s )  are v e r t i c a l , ,  s i n g l e - s u c t i o n ,  
c e n t r i f u g a l - t y p e  pumps (one  pump on each cold l e g ) .  Thei r  des ign  flow 
is 81,200 gpm each. A t  95% of f u l l  flow, a low r e a c t o r  c o o l a n t  flow 
reactor t r i p  is i n i t i a t e d .  The s t a t u s  of t h e  RCPs is ve ry  impor tan t  
d u r i n g  o v e r c o o l i n g  t r a n s i e n t s .  The R C P s  add some heat t o  t he  system 
when o p e r a t i n g ,  bu t  a l s o  assure adequa te  mixing and c i r c u l a t i o n  th rough  
the  warmer core r e g i o n .  P resen t  C a l v e r t  C l i f f s  p rocedures ,  however, 
r e q u i r e  t h a t  t h e  RCPs be t r i p p e d  f o l l o w i n g  s a f e t y  i n j e c t i o n  a c t u a t i o n  
s i g n a l  due t o  low p r e s s u r e .  

Component c o o l i n g  water c o o l s  t h e  RCP thermal barrier and i n t e g r a l  heat 
exchanger ,  which cools t h e  s h a f t  seal  assembly. The motors are a i r  
cooled .  A c o n t r o l l e d  b l eedof f  flow through t h e  seals  is main ta ined  t o  
c o o l ' t h e  sea ls  and e q u a l i z e  t h e  p r e s s u r e  drop  a c r o s s  each sea l .  The 
bleedoff,  amounting t o  about  1 gpm per  pump, is. collected and processed .  
On a containment  i s o l a t i o n  s i g n a l ,  component c o o l i n g  water t o  t h e  RCPs 
is isolated.  

The p r e s s u r i z e r ,  t h e  pr imary  means by which reactor c o o l a n t  system 
p r e s s u r e  and c o o l a n t  volume are ma in ta ined ,  o p e r a t e s  a t  R C S  p r e s s u r e  
(2250 p s i a )  and s a t u r a t i o n  t empera tu re  (653OF). A t  f u l l - l o a d  nominal 
c o n d i t i o n s ,  s l i g h t l y  more t h a n  one-half  of  t he  p r e s s u r i z e r  volume is 
occupied  by s a t u r a t e d  water. The remain ing  volume is f i l l e d  w i t h  
s a t u r a t e d  steam. The steam and water s e c t i o n s  are  i n  thermal 
e q u i l i b r i u m  a t  t he  s a t u r a t i o n  t empera tu re  co r re spond ing  t o  RCS p r e s s u r e .  
Thermal e q u i l i b r i u m  is ma in ta ined  as l o n g  as bo th  phases  e x i s t .  The 
p r e s s u r i z e r  s p r a y s  and heaters m a i n t a i n  s e t - p o i n t  p r e s s u r e  by either 
condensing p a r t  of t h e  steam ( for  p r e s s u r e  r e d u c t i o n )  o r  vapor i z ing  p a r t  
of  t he  water ( for  p r e s s u r e  i n c r e a s e ) .  

P r e s s u r i z e r  s p r a y  water is s u p p l i e d  from both c o l d  l e g s  on t h e  l o o p  
c o n t a i n i n g  t h e  p r e s s u r i z e r  d u r i n g  normal o p e r a t i o n .  The water is t a k e n  
o u t  of  t h e  cold legs downstream of  t h e  r e a c t o r  c o o l a n t  pumps, j u s t  p r i o r  
t o  e n t e r i n g  t h e  reactor v e s s e l  ( t h e  coolest p o i n t )  and d e l i v e r e d  t o  t h e  
p r e s s u r i z e r  s p r a y  l i n e s .  The au tomat i c  s p r a y - c o n t r o l  v a l v e s  i n  p a r a l l e l  
r e g u l a t e  t he  amount of s p r a y  as a f u n c t i o n  of p r e s s u r i z e r  pressure. A 
small cont inuous  flow of 1.5 gpm is main ta ined  through the s p r a y  l i n e s  
a t  a l l  time t o  keep t h e  s p r a y  l i n e s  and t h e  s u r g e  l i n e  warm, reduc ing  
thermal shock d u r i n g  p l a n t  t r a n s i e n t s .  If t h e  reactor coo lan t  pumps are 
s h u t  down (as w i l l  be t h e  case f o l l o w i n g  s e v e r a l  t r a n s i e n t s ) ,  t he  
a u x i l i a r y  s p r a y  l i n e s  must be used.  Water is  s u p p l i e d  through t h e  
a u x i l i a r y  s p r a y  l i n e  by r e a l i g n i n g  t h e  cha rg ing  pump d i s c h a r g e  from t h e  
cvcs. 

The p r e s s u r i z e r  heaters are  s i n g l e - u n i t ,  d i rec t - immers ion  heaters,  7 f t  
l o n g ,  which p r o t r u d e  v e r t i c a l l y  i n t o  t h e  p r e s s u r i z e r  t h rough  s l e e v e s  
welded i n  t h e  lower head. Approximately 20% of t h e  heaters are 
connected t o  p r o p o r t i o n a l  c o n t r o l l e r s ,  which a d j u s t  t h e  heat i n p u t  as 
r e q u i r e d  t o  account  f o r  s t e a d y  s t a t e  heat l o s s e s  i n  the  p r e s s u r i z e r .  
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The remain ing  heaters,  or  backup heaters,  normal ly  are t u r n e d  o f f  but  
are t u r n e d  on by a low p r e s s u r i z e r  p r e s s u r e  s i g n a l  or h igh  p r e s s u r i z e r  
l e v e l .  A low-low p r e s s u r i z e r  l e v e l  s i g n a l  d e e n e r g i z e s  a l l  heaters to  
p reven t  heater burnout .  The amount of water r e q u i r e d  t o  cover  t h e  
heaters is 266 f t 3 .  

The 96 backup heaters can p rov ide  1200 kW c o l l e c t i v e l y  on demand for 
i n c r e a s e d  p r e s s u r e .  The maximum s p r a y  c a p a c i t y  is 375 gpm, which a t  a 
cold l e g  t empera tu re  of  548OF can offset  the  heat i n p u t  from t h e  
p r e s s u r i z e r  backup heaters by almost 4600 kW. A u x i l i a r y  s p r a y  flow is 
even colder (395°F) bu t  is  l i m i t e d  t o  132 gpm, t h e  maximum o u t p u t  of a l l  
three cha rg ing  pumps. The heaters can be o p e r a t e d  i n  manual or i n  
au tomat i c  mode. In au tomat i c  mode, the  heaters are c o n t r o l l e d  by t h e  
p r e s s u r e  r e g u l a t i n g  system and the  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m .  
P r e s s u r i z e r  s p r a y  is c o n t r o l l e d  by t h e  r e a c t o r  c o o l a n t  p r e s s u r e  
r e g u l a t i n g  system. 

The RCS is a l s o  provided  w i t h  f o u r  so l eno id -ope ra t ed  vent  v a l v e s  f o r  
removal of accumulated non-condensible  gas. The r e a c t o r  v e s s e l  and t h e  
p r e s s u r i z e r  each have two of these v a l v e s  i n  series t h a t  can be opened 
manual ly  from t h e  c o n t r o l  room and f a i l  s h u t .  The two v e n t  l i n e s  j o i n  
and empty t o  the  quench t a n k ,  where g a s e s  can be vented  t o  containment  
v i a  t h e  quench t a n k  s o l e n o i d  v a l v e  RC-402-SV. 

8.2 CHEMICAL A N D  VOLUME CONTROL SYSTEM 

The CVCS is des igned  t o  a d j u s t  t h e  volume of water i n  t he  RCS and t o  
c o n t r o l  t h e  chemistry of t h e  water i n  t h e  RCS by means of chemical 
a d d i t i o n ,  removal ,  and moni tor ing .  The sys tem also i n j e c t s  high head 
concen t r a t ed  b o r i c  a i d  i n t o  t h e  RCS on a safe ty  i n j e c t i o n  a c t u a t i o n  
s i g n a l  (SIAS). The RCS volume c o n t r o l  f u n c t i o n  compensates for  c o o l a n t  
c o n t r a c t i o n  and expans ion  r e s u l t i n g  from changes i n  reactor c o o l a n t  
t empera tu re  and power changes ,  and for  other c o o l a n t  losses or a d d i t i o n s .  
During normal o p e r a t i o n ,  t h e  chemistry c o n t r o l  f u n c t i o n  m a i n t a i n s  
r e a c t o r  c o o l a n t  a c t i v i t y  by removing c o r r o s i o n  and f i s s i o n  p r o d u c t s ,  
i n j e c t s  chemicals t o  minimize c o r r o s i o n ,  c o n t r o l s  t h e  reactor c o o l a n t  
boric acid c o n c e n t r a t i o n ,  and p rov ides  con t inuous  o n - l i n e  measurement of 
reactor c o o l a n t  boron c o n c e n t r a t i o n  and f i s s i o n  product  a c t i v i t y .  The 
d e s c r i p t i o n  provided  here is  based on refs. 2 and 3. 

The CVCS is shown i n  F i g s .  B3 and B4. Reac tor  c o o l a n t  normal ly  f lows  
th rough  t h e  CVCS from one reactor c o o l a n t  c o l d  l e g .  The c o o l a n t  is 
moni tored ,  p u r i f i e d ,  chemica l ly  a d j u s t e d ,  and t h e n  r e t u r n e d  t o  t h e  RCS 
v i a  t he  cha rg ing  pumps. The CVCS can be d i v i d e d  i n t o  t h e  f o l l o w i n g  
subsystems:  reactor c o o l a n t  le tdown,  p u r i f i c a t i o n ,  volume c o n t r o l ,  
makeup, chemical a d d i t i o n ,  and charg ing .  The amount of reactor c o o l a n t  
l e t  down from t h e  RCS and r e t u r n e d  by the c h a r g i n g  pumps t o  ach ieve  RCS 
volume c o n t r o l  is based on a s i g n a l  from t h e  p r e s s u r i z e r  l e v e l  
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r e g u l a t i n g  sys t em.  The p r e s s u r i z e r  l e v e l  se t  p o i n t  is programmed t o  
vary l i n e a r l y  wi th  t h e  ave rage  reactor c o o l a n t  t empera tu re .  The 
programmed l e v e l  se t  p o i n t  is main ta ined  i n  t h e  p r e s s u r i z e r  by o p e r a t i o n  
of t h e  CVCS c h a r g i n g  pumps and le tdown c o n t r o l  va lves .  

RCS letdown from t h e  RCS c o l d  l e g  passes  f irst  through two le tdown s t o p  
v a l v e s  i n  series, t h e  t u b e  s i d e  of a r e g e n e r a t i v e  heat exchanger  where 
t empera tu re  is reduced from 548OF t o  approximate ly  26OoF, a n  excess  f low 
check v a l v e ,  and t h e n  th rough  one  of two le tdown c o n t r o l  va lves .  The 
p o s i t i o n  of t h e  o p e r a t i n g  le tdown c o n t r o l  v a l v e  (one  is i n  s t andby)  is 
c o n t r o l l e d  by t he  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys tem.  The maximum 
letdown flow rate through each v a l v e  is 128 gpm and t h e  minimum is 
29 gpm. Next t h e  le tdown passes  th rough  t h e  le tdown heat exchanger ,  
where t h e  t empera tu re  is reduced t o  120°F, and t h e n  through t h e  le tdown 
backpres su re  r e g u l a t i n g  v a l v e s ,  which p reven t  f l a s h i n g  of t h e  hot  
c o o l a n t  t o  steam downstream of  t he  le tdown c o n t r o l  va lves .  Backpressure 
is ma in ta ined  a t  460 p s i g  a t  the heat exchanger  o u t l e t ,  which m a i n t a i n s  
l i q u i d  i n s t e a d  o f  steam i n  t h e  heat exchanger .  

The excess  f low check v a l v e  is i n s t a l l e d  t o  minimize t h e  consequences of 
a CVCS letdown l i n e  r u p t u r e .  The v a l v e  is des igned  t o  s h u t  a t  
210 f 20 gpm, t h u s  l i m i t i n g  t h e  l o s s  of  c o o l a n t  from a downstream p ipe  
r u p t u r e  (190 t o  210 gpm). Letdown is cooled  by the cooler cha rg ing  f low 
i n  t h e  r e g e n e r a t i v e  heat exchanger  and by component c o o l i n g  water i n  t h e  
le tdown heat exchanger .  

The le tdown f low nex t  passes through either of two p u r i f i c a t i o n  f i l t e r s  
b e f o r e  i t  e n t e r s  t h e  i o n  exchanger  s e c t i o n  ( p u r i f i c a t i o n )  of t h e  system. 
A small amount of t h e  f low bypasses  t h e  f i l t e rs  and passes  through t h e  
boronometer and r a d i a t i o n  moni tor  t o  measure RCS boron c o n c e n t r a t i o n  and 
f i s s i o n  product  a c t i v i t y .  A t empera tu re  c o n t r o l  va lve  upstream of  t h e  
moni tors  w i l l  i s o l a t e  t o  p r o t e c t  t h e  moni tors  on h igh  le tdown heat 
exchanger o u t l e t  t empera tu re  (above 145OF). The same tempera tu re  
i n d i c a t i n g  c o n t r o l l e r  (TIC-224) w i l l  a u t o m a t i c a l l y  d i v e r t  h igh  
tempera ture  le tdown f low from the  p u r i f i c a t i o n  s e c t i o n  t o  t h e  volume 
con t ro l  t a n k  (VCT) t o  protect t h e  ion  exchangers  from heat damage. Flow 
is d i v e r t e d  a t  a 3-way v a l v e ,  which normal ly  passes le tdown flow t o  the  
i o n  exchangers  f o r  p u r i f i c a t i o n .  This  v a l v e  f a i l s  c l o s e d  t o  t h e  i o n  
exchangers  on l o s s  of i n s t rumen t  a i r .  

The p u r i f i c a t i o n  subsystem c o n s i s t s  of  three i o n  exchangers  t h a t  can be 
a l i g n e d  f o r  series or para l le l  o p e r a t i o n ,  a downstream s t r a i n e r ,  and 
o t h e r  suppor t  equipment f o r  p e r i o d i c  l o a d i n g  and f l u s h i n g  of r e s i n s .  
Normally,  one  i o n  exchanger  is i n  s e r v i c e  f o r  p u r i f i c a t i o n  and t h e  o t h e r  
i o n  exchangers  are p laced  i n  s e r v i c e  as r e q u i r e d  f o r  a d d i t i o n a l  
p u r i f i c a t i o n ,  c o o l a n t  d e b o r a t i o n ,  or RCS pH c o n t r o l .  High p r e s s u r e  drop 
across t h e  s t r a i n e r  is measured and alarmed a t  20 p s i d  (by PDIS-203). 
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The le tdown f low from t h e  i o n  exchangers  and s t r a i n e r  normal ly  passes 
through a 3-way, a i r - o p e r a t e d  i n l e t  v a l v e  (CVC-500-CV) t o  t h e  VCT. I n  
au tomat i c  mode, t h e  v a l v e  d i rec ts  le tdown t o  t h e  l i q u i d  waste p r o c e s s i n g  
sys t em i f  a high l e v e l  ex is t s  i n  t h e  VCT. T h i s  v a l v e  f a i l s  open t o  t h e  
VCT on l o s s  of a i r .  

Letdown f low e n t e r i n g  the  VCT e n t e r s  th rough a s p r a y  n o z z l e  i n l e t  t o  
promote mix tu re  of t h e  r e a c t o r  c o o l a n t  wi th  hydrogen i n  t h e  VCT. A 
hydrogen b l anke t  of <50 p s i g  is normal ly  ma in ta ined  i n  t h e  t a n k  t o  
scavenge oxygen from t h e  c o o l a n t  and makeup water. The VCT a l s o  
c o l l e c t s  the  small o f f s t r e a m  from RCP seal  l eakage .  The two v a l v e s  i n  
series on t h e  RCP seal  r e t u r n  f a i l  c l o s e d  on l o s s  of a i r .  
D e g a s i f i c a t i o n  of combus t ib l e  and r a d i o a c t i v e  gases from the  r e a c t o r  
c o o l a n t  is accomplished d u r i n g  main tenance  by v e n t i n g  t h e  VCT and 
purg ing  i t  w i t h  n i t r o g e n .  The t a n k  is alarmed f o r  h igh  pressure, which 
a ler ts  t h e  o p e r a t o r  t o  open t h e  t a n k  ven t  va lve ;  bu t  t h e  t a n k  r e l i e v e s  
a u t o m a t i c a l l y  o n l y  v i a  a re l ief  v a l v e  o f f  t h e  normal t a n k  o u t l e t  
(CVC-115-RV) . 

Level i n  t h e  VCT is ins t rumen ted  t o  e n s u r e  f low s u p p l y  t o  the  c h a r g i n g  
pumps. Makeup is normal ly  s u p p l i e d  a u t o m a t i c a l l y  t o  t h e  VCT as r e q u i r e d  
t o  m a i n t a i n  t h e  VCT l e v e l  w i t h i n  a p r e d e f i n e d  c o n t r o l  band. On low-low 
l e v e l  i n  t h e  t a n k ,  t h e  t ank  o u t l e t  v a l v e  a u t o m a t i c a l l y  c l o s e s  and the  
makeup v a l v e  from the  r e f u e l i n g  water s t o r a g e  t a n k  (RWT) a u t o m a t i c a l l y  
opens t o  supp ly  s u c t i o n  f low t o  t h e  c h a r g i n g  pumps. Three l e v e l  
c o n t r o l l e r s  a c t  o f f  t he  same l e v e l  t r a n s m i t t e r  i n  t he  VCT (LT-226). One 
p rov ides  normal makeup t o  t h e  VCT as r e q u i r e d  (LIC-2261, ano the r  c l o s e s  
the  VCT o u t l e t  v a l v e  and opens the  RWT makeup v a l v e  on low-low l e v e l  
(LC-227B), and the t h i r d  d i v e r t s  le tdown t o  t h e  waste p r o c e s s i n g  s y s t e m  
on h igh  l e v e l  i n  t h e  VCT (LC-227A). The v a l v e s  a s s o c i a t e d  w i t h  these 
c o n t r o l l e r s  a l s o  can be o p e r a t e d  manual ly  rather t h a n  i n  a u t o m a t i c  modes. 
The VCT is s i z e d  t o  c o n t a i n  enough makeup t o  m a i n t a i n  p r e s s u r i z e r  l e v e l  
(compensate  f o r  reactor c o o l a n t  s h r i n k a g e )  d u r i n g  a power decrease from 
f u l l  power t o  z e r o  power). 

The c h a r g i n g  pumps t a k e  s u c t i o n  from the  VCT and d e l i v e r  r e a c t o r  c o o l a n t  
makeup t o  t h e  RCS. There are three cha rg ing  pumps i n  paral le l ,  wi th  a t  
least  one o p e r a t i n g  and t h e  o t h e r  two started on demand from the  
p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys t em (on  low l e v e l  i n  t h e  p r e s s u r i z e r ) .  
The pumps are pos i  t i ve -d i sp lacemen t  p lunger  pumps des igned  t o  p rov ide  a 
nominal 44 gpm a t  2735 p s i g  d i s c h a r g e  pressure. 
f low rate w i t h  a l l  three pumps i n  o p e r a t i o n  is 132 gpm. 

Charging f low p a s s e s  through t h e  s h e l l  side o f  t h e  r e g e n e r a t i v e  heat 
exchanger ,  which t r a n s f e r s  heat from t h e  le tdown f low t o  p r e h e a t  t h e  
cha rg ing  f low from 120°F t o  approx ima te ly  395OF. Charg ing  f low e n t e r s  
t h e  RCS through two r e a c t o r  c o o l a n t  l o o p s  ( 1 1 A  and 12B) and is a l s o  
s u p p l i e d  t o  t h e  p r e s s u r i z e r  a u x i l i a r y  s p r a y  d u r i n g  long-term c o r e  
coo l  i ng . 

The maximum cha rg ing  

. 
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Reactor  c o o l a n t  makeup is normal ly  s u p p l i e d  t o  t h e  VCT from the 
concen t r a t ed  boric acid s to rage ,  t a n k s  and t h e  demine ra l i zed  water 
s t o r a g e  t ank .  If normal makeup is not  a v a i l a b l e  on demand, borated 
makeup from t h e  RWT is a u t o m a t i c a l l y  a v a i l a b l e  t o  the  s u c t i o n  of the  
cha rg ing  pumps as d i s c u s s e d  above. Normally, t h e  b o r i c  acid and water 
s u p p l y  are mixed upstream of t h e  makeup s t o p  v a l v e  (CVC-512-CV) before 
e n t e r i n g  t h e  VCT. The CVCS makeup sys t em also p rov ides  the  bo ra t ed  
water for  t h e  RWT on a periodic basis.  On a SIAS, c o n c e n t r a t e d  boric 
acid is s u p p l i e d  d i r e c t l y  from the b o r i c  acid s t o r a g e  t a n k s  t o  the  
cha rg ing  pump s u c t i o n  header. 

The makeup equipment i n c l u d e s  two c o n c e n t r a t e d  boric acid s t o r a g e  t a n k s  
which feed two boric acid pumps (one  i n  s t a n d b y ) ,  t h e  boric acid 
b a t c h i n g  t a n k ,  two r e a c t o r  c o o l a n t  makeup pumps f o r  deminera l ized  water 
supp ly  (one  i n  s t a n d b y ) ,  and a s s o c i a t e d  v a l v e s  and c o n t r o l .  Makeup t o  
t h e  VCT can be o p e r a t e d  i n  any one of four modes: 
( 2 )  d i l u t e ,  ( 3 )  borate, and ( 4 )  manual. The boric acid c o n c e n t r a t i o n  i n  
t h e  makeup is set  from the  makeup flow c o n t r o l  u n i t ,  which p o s i t i o n s  
c o n t r o l  v a l v e s  on t h e  water and boric acid supp ly  l i n e s .  A mode 
s e l e c t o r  swi tch  on t h e  makeup f low c o n t r o l  u n i t  de te rmines  t h e  makeup 
o p e r a t i n g  mode. 

( 1 )  au tomat i c ,  

The au tomat i c  mode is the  normal o p e r a t i n g  mode, w i t h  b o r i c  acid 
c o n c e n t r a t i o n  p r e s e t  on t h e  f low c o n t r o l  u n i t .  When makeup is i n i t i a t e d  
by a low l e v e l  i n  t h e  VCT, one boric acid pump and one r e a c t o r  c o o l a n t  
makeup pump s tar t ,  the  makeup s t o p  v a l v e  (CVC-512-CV) opens ,  and a b l end  
of  makeup is d e l i v e r e d  t o  t h e  VCT. When VCT level is restored t o  
normal,  t h e  pumps s t o p  and CVC-512-CV closes. 

The b o r a t e  mode is used t o  i n c r e a s e  t h e  b o r i c  acid c o n c e n t r a t i o n  i n  the  
VCT, RWT, o r  RCS. I n  t h i s  mode, t h e  makeup c o n s i s t s  of boric acid and 
t h e  water supp ly  is s h u t  o f f .  To o p e r a t e  i n  t h e  b o r a t e  mode, t h e  
des i r ed  amount of boric acid a d d i t i o n  is set on the c o n t r o l  u n i t ,  the  
makeup s t o p  v a l v e  (CVC-512-CV) is opened, and the  boric acid flow 
c o n t r o l  is set i n  au to .  The amount added is determined by a timer and 
the  f low ra te  set f o r  t h e  b o r i c  acid f low c o n t r o l  va lve .  Swi tch ing  t h e  
mode s e l e c t o r  t o  llboratell s tar ts  the  boric acid pump and opens t h e  boric 
acid c o n t r o l  va lve  f o r  t h e  preset time period. 

S imi l a r ly ,  t h e  d i l u t e  mode is used t o  decrease t h e  boric acid 
c o n c e n t r a t i o n  of makeup t o  t h e  RCS. I n  t h i s  mode makeup c o n s i s t s  of 
water on ly  and t h e  boric acid s u p p l y  is s h u t  o f f .  Again, t h e  a d d i t i o n  
ra te  and q u a n t i t y  is s e t ,  t h e  makeup s t o p  v a l v e  (CVC-512-CV) is opened, 
and t h e  water f low c o n t r o l l e r  is set i n  l lauto.l l  T h e n , ' s w i t c h i n g  t h e  
mode s e l e c t o r  swi t ch  t o  l l d i l u t e l l  starts one  RC makeup pump and opens t h e  
water c o n t r o l  va lve  for the  p r e s e t  time pe r iod .  

The manual mode is similar t o  the  a u t o  mode, s u p p l y i n g  a p r e s e t  b l end  of 
water and b o r i c  acid t o  t h e  VCT. I n  t h e  manual mode, t h e  o p e r a t o r  opens  
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t h e  makeup s t o p  v a l v e  (CVC-512-CV), starts the b o r i c  acid and RC makeup 
pumps, and r u n s  t h e  pumps for  whatever p e r i o d  of time is requi red- -  
u s u a l l y  based on the l e v e l  i n  t h e  VCT. The two c o n t r o l  v a l v e s  (water 
and b o r i c  acid)  and the  makeup s t o p  v a l v e  f a i l  closed on l o s s  of a i r .  

Concent ra ted  boric acid (7.25 u t % )  is made up p e r i o d i c a l l y  i n  the  boric 
acid b a t c h i n g  t a n k  and added i n t o  the boric acid s t o r a g e  t a n k s .  The 
b a t c h i n g  t a n k  c a p a c i t y  is 500 g a l ,  and the  s t o r a g e  t a n k  c a p a c i t i e s  are 
9500 ga l  each. B o r i c  acid also can be s u p p l i e d  t o  t h e  s t o r a g e  t a n k s  
from t h e  r e a c t o r  c o o l a n t  waste e v a p o r a t o r .  The t a n k s  and a l l  p i p i n g  
t h a t  pass  boric acid are heated o r  heat traced t o  m a i n t a i n  the  c o n t e n t s  
a t  about  150 t o  160OF. 

One of  two c e n t r i f u g a l  b o r i c  acid pumps normally s u p p l i e s  the  
c o n c e n t r a t e d  b o r i c  ac id  t o  t h e  VCT makeup stream w i t h  a r e c i r c u l a t i n g  
l i n e  back t o  the s t o r a g e  t a n k .  The 143-gpm maximum d i s c h a r g e  flow is 
l i m i t e d  t o  30 gpm maximum a t  t h e  boric acid makeup f low c o n t r o l  va lve .  

The discharge from each b o r i c  acid pump is also p iped  t o  a common header 
t h a t  can  supply  boric acid d i r e c t l y  t o  t h e  c h a r g i n g  pump s u c t i o n  on a 
SIAS or d u r i n g  emergency b o r a t i o n .  A redundant  p a t h  for  boric acid 
s u p p l y  t o  the  c h a r g i n g  pump s u c t i o n  header on SIAS tha t  bypasses  t h e  
pumps is also provided  d i r e c t l y  from each boric acid s t o r a g e  t a n k  v i a  
normally c l o s e d  g r a v i t y  feed v a l v e s .  On a SIAS both boric acid pumps 
are a u t o m a t i c a l l y  s tar ted,  the  g r a v i t y  v a l v e s  open, t he  b o r i c  acid pump 
d i s c h a r g e  is switched from t h e  VCT makeup t o  t h e  c h a r g i n g  pump s u c t i o n ,  
the  b o r i c  acid s t o r a g e  t a n k  r e c i r c u l a t i n g  v a l v e s  and t h e  VCT o u t l e t  are 
closed, and a l l  three c h a r g i n g  pumps are s tar ted.  Seal r e t u r n  t o  the  
VCT is also isolated.  The emergency b o r a t i o n  procedure  u t i l i z e s  t h i s  
same al ignment  but  r e q u i r e s  c o n t r o l  room o p e r a t o r  a c t i o n  t o  set i t  up. 

The two R C  makeup pumps, which s u p p l y  t h e  deminera l ized  water t o  t h e  
makeup stream, ar.e also c e n t r i f u g a l  pumps w i t h  one i n  s tandby.  These 
have a maximum capacity of 160 gpm. When a RC makeup pump is e n e r g i z e d  
fo r  l lautoll  and llmanualll makeup, t y p i c a l l y  t he  chemical a d d i t i o n  m e t e r i n g  
pump is also started i f  i t  is i n  its normal a u t o  s e t t i n g .  

Normally, chemical a d d i t i o n  is a slow, c o n t r o l l e d  a d d i t i o n  a t  
0.5 t o  20 gph from a 100-gal chemical s u p p l y  t a n k  t o  t h e  c h a r g i n g  pump 
s u c t i o n  header v i a  t h e  chemical a d d i t i o n  m e t e r i n g  pump. An a l t e r n a t e  
p a t h  from t h e  m e t e r i n g  pump t o  t h e  RC makeup pump d i s c h a r g e  is a l s o  
provided.  For fas ter  chemical a d d i t i o n  t o  the  RCS, a small 5-gal 
chemical a d d i t i o n  t a n k  is loaded and f l u s h e d  t o  t h e  RCS. T h i s  procedure  
i n v o l v e s  a l i g n i n g  the  RC makeup pump d i s c h a r g e  t o  t h e  t a n k  and f l u s h i n g  
the  chemicals through a s t r a i n e r  t o  t h e  c h a r g i n g  pump s u c t i o n .  

I n  summary t h e  CVCS p r o v i d e s  RCS p u r i f i c a t i o n  and chemical ad jus tment  
c a p a b i l i t y ,  i n  t h e  form of m o n i t o r i n g ,  chemical a d d i t i o n ,  removal ,  and 
hydrogen a d d i t i o n ;  RCS volume c o n t r o l  ( le tdown,  c h a r g i n g ,  and  borated 
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water makeup) ; boric acid c o n c e n t r a t i o n  c o n t r o l  ( b o r a t i o n ,  d i l u t i o n ,  and 
mon i to r ing ) ;  c o n c e n t r a t e d ,  h igh -p res su re  boric acid i n j e c t i o n  on SIAS; 
and other misce l l aneous  f u n c t i o n s  not  descr ibed i n  d e t a i l  here, b u t  
i n c l u d i n g  RCS d e g a s i f i c a t i o n ,  RCP seal bleedoff, a u x i l i a r y  p r e s s u r i z e r  
sp ray ;  t r a n s f e r  of f l u i d s  t o  t he  r a d i o a c t i v e  waste p r o c e s s i n g  s y s t e m ;  
and a means for leak t e s t i n g  t h e  R C S  and selected SI components. 

B . 3  PRESSURIZER LEVEL REGULATING SYSTEM 

The p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m  p r o v i d e s  au tomat i c  c o n t r o l  of 
t h e  p r e s s u r i z e r  l e v e l  th rough ana log  c o n t r o l  of t h e  le tdown c o n t r o l  
v a l v e  p o s i t i o n ,  s t a r t / s t o p  c o n t r o l  of t h e  backup c h a r g i n g  pumps, and 
p a r t i a l  on /o f f  c o n t r o l  of t h e  p r e s s u r i z e r  heaters. There are two 
letdown c o n t r o l  v a l v e s  i n  p a r a l l e l  on t h e  le tdown l i n e ,  each of which 
can p a s s  a maximum of 128 gpm and a minimum of 29 gpm of le tdown flow. 
Under normal o p e r a t i n g  c o n d i t i o n s ,  one v a l v e  is i n  o p e r a t i o n  while t h e  
o t h e r  is i n  closed s tandby.  One of  three cha rg ing  pumps normally 
o p e r a t e s ,  d e l i v e r i n g  44  gpm of makeup t o  the  RCS. On/off c o n t r o l  of  t h e  
backup charg ing  pumps a c t u a t e s  an a d d i t i o n a l  44 gpm pe r  pump f o r  a 
maximum flow of 132 gpm. Charging f low is no t  t h r o t t l e d  bu t  is run  back 
on high p r e s s u r i z e r  l e v e l  by t r i p p i n g  the  backup cha rg ing  pumps. One 
cha rg ing  pump c o n t i n u e s  t o  o p e r a t e  even on h igh  l e v e l  u n l e s s  manually 
t r i p p e d .  With a l l  three pumps o p e r a t i n g ,  cha rg ing  f low s u p p l i e d  t o  the  
pr imary system can develop  a h igh  enough p r e s s u r e  t o  l i f t  the 
p r e s s u r i z e r  PORVs (2385 p s i g ) .  The p r e s s u r i z e r  l e v e l  r e g u l a t i n g  system 
also has dominant c o n t r o l  over  t h e  p r e s s u r i z e r  heaters t o  t u r n  a l l  
heaters f u l l  on high p r e s s u r i z e r  l e v e l  and t o  t u r n  a l l  heaters off on 
low-low p r e s s u r i z e r  l e v e l .  

P r e s s u r i z e r  l e v e l  c o n t r o l  s i g n a l s  are gene ra t ed  i n  two s e p a r a t e  and 
f u l l y  redundant  r e g u l a t i n g  sys tems powered s e p a r a t e l y  by v i t a l  
ins t rument  buses  1 Y O l  and 1Y02. These sys t ems  have s e p a r a t e  p r e s s u r i z e r  
l e v e l  ana log  i n p u t  s i g n a l s  and share the  p r e s s u r i z e r  l e v e l  s e t - p o i n t  
s i g n a l  developed i n  the  r e a c t o r  r e g u l a t i n g  system. The o u t p u t  s i g n a l s  
t o  t h e  o p e r a t i n g  le tdown c o n t r o l  v a l v e  and t o  t h e  re lays  used t o  c o n t r o l  
t h e  cha rg ing  pumps and p r e s s u r i z e r  heaters o p e r a t e  from non-v i t a l  
ins t rument  power (ac Bus 1Y10) and are n o t  redundant .  

F a i l u r e  of v i t a l  i n s t rumen t  power t o  t h e  selected p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  system w i l l  produce a z e r o  c u r r e n t  demand s i g n a l  t o  t he  
le tdown c o n t r o l  v a l v e  and t o  t h e  backup c h a r g i n g  pump c o n t r o l  bistables.  
The le tdown v a l v e  w i l l  c l o s e  and b i s t a b l e  o u t p u t s  w i l l  de -energ ize  a l l  
p r e s s u r i z e r  heaters and start  t h e  backup c h a r g i n g  pumps. These f a i l u r e s  
can be corrected by manual ly  s e l e c t i n g  the  a l t e r n a t e  p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  s y s  tem . 
Loss of non-v i t a l  i n s t rumen t  bus 1Y10 w i l l  a lso p rov ide  a z e r o  c u r r e n t  
demand t o  c l o s e  t h e  le tdown c o n t r o l  va lve  and de-energ ize  t h e  c o n t r o l  
r e l a y s  t o  de-energ ize  a l l  p r e s s u r i z e r  heaters and start  t h e  backup 
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c h a r g i n g  pumps. The cha rg ing  pumps, le tdown v a l v e ,  and heaters can be 
o p e r a t e d  i n  t h e  manual mode th rough  hand s t a t i o n s .  A f u n c t i o n a l  block 
diagram of t he  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys t em is shown i n  F i g .  B5. 
Supplemental de ta i l s  of cha rg ing  pump motor c o n t r o l  are shown i n  
F ig .  B6. 

B.4 REACTOR COOLANT REGULATING SYSTEM 

The r e a c t o r  c o o l a n t  p r e s s u r e  r e g u l a t i n g  sys tem c o n t r o l s  r e a c t o r  c o o l a n t  
pressure through a u t o m a t i c  c o n t r o l  i n p u t s  t o  t h e  p r e s s u r i z e r  heaters 
(1500 kW t o t a l  capacity) and the  p r e s s u r i z e r  s p r a y  f low c o n t r o l  va lve  
(375 gpm maximum f low) .  A small con t inuous  f low (1.5 gpm) is main ta ined  
through t h e  s p r a y  l i n e s  a t  a l l  times t o  keep t h e  s p r a y  l i n e s  and t h e  
purge l i n e  warm, r e d u c i n g  thermal shock du r ing  p l a n t  t r a n s i e n t s .  
Reactor  coo lan t  pressure is compared t o  a s e t - p o i n t  v a l u e  (2250 p s i a ) ,  
and t h e  e r r o r  s i g n a l  p rov ides  p r o p o r t i o n a l  c o n t r o l  of t h e  s p r a y  va lve  
p o s i t i o n ,  p r o p o r t i o n a l  heater element  power, and on/of f  c o n t r o l  of t he  
backup p r e s s u r i z e r  heaters. Approximately 20% of t h e  heaters are 
connected  t o  the  p r o p o r t i o n a l  c o n t r o l l e r s ,  which p rov ide  heat i n p u t  t o  
r e p l a c e  s teady  s t a t e  heat l o s s e s  based on t h e  desired r e a c t o r  c o o l a n t  
p r e s s u r e .  The remain ing  backup heaters normal ly  are o f f  b u t  are t u r n e d  
on by a low r e a c t o r  c o o l a n t  p r e s s u r e  signal a t  2200 p s i a  or high 
p r e s s u r i z e r  l e v e l  e r r o r  s i g n a l  th rough a b i s t a b l e  c o n t r o l l e r  o u t p u t .  

A h igh  p r e s s u r i z e r  p r e s s u r e  s i g n a l  opens t h e  p r e s s u r i z e r  s p r a y  v a l v e s  on 
a p r o p o r t i o n a l  basis, thereby reduc ing  p r e s s u r e .  A low p r e s s u r i z e r  
pressure s i g n a l  f u n c t i o n s  t o  e n e r g i z e  heaters on a p r o p o r t i o n a l  o r  group 
basis t o  i n c r e a s e  p r e s s u r e .  A h igh  p r e s s u r i z e r  l e v e l  e n e r g i z e s  t h e  
backup heaters i n  a n t i c i p a t i o n  of a low-pressure  t r a n s i e n t ;  a low 
p r e s s u r i z e r  water l e v e l  de -ene rg izes  a l l  heaters for heater p r o t e c t i o n .  

Two s e p a r a t e  and redundant  r e a c t o r  c o o l a n t  pressure r e g u l a t i n g  systems 
are used  t o  develop t h e  pressure c o n t r o l  s i g n a l s .  These s y s t e m s  are 
powered from s e p a r a t e  v i t a l  i n s t rumen t  buses  ( 1 Y O 1  or 1Y021, and e i ther  
system can be selected f o r  reactor c o o l a n t  p r e s s u r e  c o n t r o l  th rough a 
manual s e l e c t o r  switch.  Manual c o n t r o l  of t h e  heaters and s p r a y  may be 
selected a t  any time. The p r e s s u r i z e r  s p r a y  va lve  c o n t r o l  s i g n a l  and 
the  p r e s s u r i z e r  heater demand s i g n a l  are  further p rocessed  by modules 
and relays powered from ins t rumen t  power on bus  1YO9. P r e s s u r i z e r  
h e a t e r  ac power is o b t a i n e d  through 480-V motor c o n t r o l  c e n t e r s  (MCCs 
109 PH, 110 PH, 111 PH, and 112 PHI. C o n t r o l  modules f o r  t h e  
p r o p o r t i o n a l  heaters are powered by 480-V Bus 1 4 A .  

Each redundant  r e a c t o r  c o o l a n t  p r e s s u r e  r e g u l a t i n g  sys tem i n c l u d e s  a 
p r e s s u r e  t r a n s m i t t e r ,  b i s t a b l e  modules t o  p rov ide  independent  h i g h  and 
low p r e s s u r e  alarms (2350 and 2100 p s i a ,  r e s p e c t i v e l y ) ,  a module f o r  
c o n t r o l  of t h e  p r o p o r t i o n a l  heaters, and a c o n t r o l  module f o r  on /of f  
c o n t r o l  of the  backup heaters. Nonredundant components p r o c e s s  the 
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heater and s p r a y  c o n t r o l  s i g n a l s  th rough relays f o r  on /of f  c o n t r o l  of  
backup and p r o p o r t i o n a l  heaters, and through c o n t r o l  modules for  
p r o p o r t i o n a l  c o n t r o l  of  s p r a y  v a l v e  p o s i t i o n  and p r o p o r t i o n a l  heater 
e lements .  A f u n c t i o n a l  b lock  diagram of t h e  sys tem is shown i n  
F i g .  B7. 

The p r e s s u r i z e r  heater c o n t r o l s  i n c l u d e  re lays  i n  t h e  p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  sys t em and i n  t he  p r e s s u r e  r e g u l a t i n g  system. The 
p r e s s u r i z e r  l e v e l  r e l a y s  act  t o  t u r n  a l l  heaters f u l l  on a t  h igh  
p r e s s u r i z e r  l e v e l  and t o  de-energ ize  a l l  heaters on low-low p r e s s u r i z e r  
l e v e l  (101 i n . ) .  These re lays  have dominant c o n t r o l  over  t he  
p r e s s u r i z e r  heaters and are powered by p r e s s u r i z e r  l e v e l  r e g u l a t i n g  
system power s u p p l i e s .  Backup heater c o n t r o l  de ta i l s  are shown i n  
F i g .  B8. 

While not  f o r m a l l y  a p a r t  of the reactor c o o l a n t  pressure r e g u l a t i n g  
s y s t e m ,  the  p r e s s u r i z e r  re l ie f  va lve  c o n t r i b u t e s  t o  r e a c t o r  coo lan t  
p r e s s u r e  c o n t r o l  under c e r t a i n  c o n d i t i o n s .  A two-out-of-four l o g i c  
i n d i c a t i n g  h igh  reactor' c o o l a n t  p r e s s u r e  from t h e  r e a c t o r  p r o t e c t i o n  
system w i l l  open t h e  two p r e s s u r i z e r  re l ief  v a l v e s  when t h e  r e a c t o r  
c o o l a n t  , p r e s s u r e  exceeds 2385 p s i g .  

Loss of v i t a l  ins t rument  power t o  t h e  selected r e a c t o r  coo lan t  p r e s s u r e  
r e g u l a t i n g  system w i l l  produce a z e r o  c u r r e n t  demand s i g n a l  t o  t h e  
p r e s s u r i z e r  s p r a y  v a l v e s  ( t h e  v a l v e s  w i l l  c l o s e )  and t o  the  heaters ( t h e  
heaters w i l l  e n e r g i z e ,  u n l e s s  c o n t r o l  is i n t e r c e p t e d  by t h e  p r e s s u r i z e r  
l e v e l  r e g u l a t i n g  sys t em relays) .  The p r e s s u r i z e r  s p r a y  va lve  and backup 
heaters can be c o n t r o l l e d  manual ly  through non-vi t a l  ins t rument  power. 

Loss of non-v i t a l  i n s t rumen t  bus 1YO9 w i l l  produce a z e r o  c u r r e n t  demand 
s i g n a l  t o  t h e  s p r a y  val.ve I/P ( t h e  v a l v e s  w i l l  c l o s e )  and f a i l  t h e  
backup h,eater c o n t r o l  relay i n  t h e  l lo f f l l  p o s i t i o n .  

B.5 REACTOR REGULATING SYSTEM 

The purpose o f  t h e  r e a c t o r  r e g u l a t i n g  s y s t e m  ( R R S )  is t o  s e n s e  t h e  
o p e r a t i n g  c o n d i t i o n  of t h e  r e a c t o r  and p rov ide  t h e  f o l l o w i n g  in fo rma t ion  
and/or  c o n t r o l  s i g n a l s :  

p r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m  programmed l e v e l  set  p o i n t ,  
ana log  o u t p u t  s i g n a l  for  a tmospher ic  steam dump and t u r b i n e  bypass  

t o t a l  e r r o r  (power e r r o r  p l u s  t empera tu re  error)  s i g n a l  t o  provide  an 
va lve  c o n t r o l ,  
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au tomat i c  c o n t r o l  c a p a b i l i t y  f o r  t h e  r e g u l a t i n g  groups  of c o n t r o l  
e lement  assemblies ( C E A s ) , *  and 
au tomat i c  withdrawal p r o h i b i t  s i g n a l  and t o t a l  e r r o r  h igh  and low 
alarms. * 

The R R S  is l e f t  w i th  o n l y  two f u n c t i o n s ,  and i n  t h a t  capacity i t  s e r v e s  
o n l y  t o  p rov ide  s i g n a l  i n t e r f a c e s  between o t h e r  sys tems.  A s  now 
u t i l i z e d ,  t he  g e n e r a l  sys t em d e s c r i p t i o n  is as f o l l o w s :  

The R R S ,  shown i n  FSAR F ig .  7-11 ( F i g .  B9) prov ides .  c o n t r o l  s i g n a l s  
which are used t o  g e n e r a t e  a steam dump program and a p r e s s u r i z e r  l e v e l  
set - poi  n t  program. 

The R R S  is used t o  p rov ide  a s i g n a l  f o r  p r e s s u r i z e r  l e v e l  se t  p o i n t ,  
steam dump demand, and steam dump qu ick  opening.  
a b i l i t y  t o  select between redundant  s y s t e m s  x o r  y w i t h  a s e l e c t o r  
switch.  Each sys t em is separate and independent  of t h e  o t h e r .  The 
s y s t e m ' f u n c t i o n s  t o  g i v e  c o n t r o l l i n g  s i g n a l s  as i n p u t  parameters change. 
With a change i n  power l e v e l  (e.g., an  i n c r e a s e ) ,  f i r s t - s t a g e  t u r b i n e  
p r e s s u r e  w i l l  f o l low ( i .e . ,  i n c r e a s e )  l i n e a r l y  w i t h  l o a d .  I n  each 
channel  a temperature programmer establishes t h e  des i r ed  r e a c t o r  c o o l a n t  
ave rage  t empera tu re  (Tref) based on a power s i g n a l  from f i r s t - s t a g e  
t u r b i n e  p r e s s u r e .  
p rov ide  a s i g n a l  which r e p r e s e n t s  the  e r r o r  between the  a c t u a l  
t empera tu re  and t h e  programmed t empera tu re  ( E t ) .  
between Tavg and Tref shou ld  become t o o  h i g h ,  an  alarm w i l l  be 
annuncia ted .  The Tavg s i g n a l  is used t o  p rov ide  a programmed l e v e l  set 
p o i n t  f o r  t he  p r e s s u r i z e r .  Tpe o p e r a t i n g  l e v e l  of t h e  p r e s s u r i z e r  is 
programmed t o  i n c r e a s e  w i t h  an  i n c r e a s e  i n  Tavg. 
accommodate p l a n t  l o a d  changes by minimiz ing  changes i n  r e a c t o r  c o o l a n t  
sys t em volume dur ing  t r a n s i e n t s .  

The o p e r a t o r  has t h e  

T h i s  Tref s i g n a l  is summed w i t h  t h e  Tavg s i g n a l  t o  

If the d e v i a t i o n  

T h i s  is done t o  

This  Ta,@; s i g n a l  is also used t o  p rov ide  an a n a l o g  o u t p u t  for steam dump 
demand and quick-opening a t  t h e  time of t u r b i n e  t r i p .  
i n c r e a s e s ,  t h e  s i g n a l  t o  t h e  steam dump c o n t r o l  v a l v e  i n c r e a s e s .  This  
s i g n a l  is p r o p o r t i o n a l  t o  t he  q u a n t i t y  (Tavg minus 532OF). 
r e a c t o r  power as de termined  by Tavg be i n  excess  of a prede termined  
power l e v e l  p r i o r  t o  a t u r b i n e  t r i p ,  t h e  steam dump quick-opening 
o v e r r i d e  b i s t a b l e  w i l l  c ause  qu ick  opening  o f  t he  steam dump and bypass 
v a l v e s  a t  t he  time o f  t he  t r i p .  

As Tavg 

Should 

*The au tomat i c  CEA c o n t r o l  feature has been d i s a b l e d  a t  C a l v e r t  
C l i f f s  t o  a l l e v i a t e  r e g u l a t o r y  conce rns  about  i n a d v e r t e n t  CEA motion and 
t o  minimize l o c a l  power changes i n  t h e  f u e l .  The abandonment of the  
des igned  f u n c t i o n  o f  the  RRS as a nominal means of c o n t r o l  of the  
r e a c t o r  under l o a d  th rough  a u t o m a t i c  p o s i t i o n i n g  of the  C E A s  has reduced 
its s a f e t y  i m p l i c a t i o n s  s u b s t a n t i a l l y .  
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The steam dump program (from R R S )  g e n e r a t e s  a suppres sed  r a n g e  s i g n a l  
p r o p o r t i o n a l  t o  t h e  q u a n t i t y  Tavg minus 532OF. 
t u r b i n e  t r i p  s i g n a l  v i a  t h e  steam dump pe rmis s ive  re lay,  t h i s  s i g n a l  is 
s u p p l i e d  t o  open the a tmospher ic  steam dump va lves  and is a n  i n p u t  t o  
t he  t u r b i n e  bypass  a u c t i o n e e r i n g  u n i t  t o  s i m u l t a n e o u s l y  open the  bypass  
va lves .  The p o s i t i o n  of t h e  a tmospher ic  steam dump and bypass  v a l v e s  is 
p r o p o r t i o n a l  t o  the  s i g n a l s  s u p p l i e d  t o  them, t h u s  p r o v i d i n g  a 
c o n t r o l l e d  r e l i e v i n g  of thermal energy  d i r e c t l y  r e l a t i v e  t o  the  reactor 
power l e v e l .  

Upon r e c e i p t  of a 

The a tmospher ic  steam dump v a l v e s  w i l l  close p r o p o r t i o n a l l y  as Tavg 
decreases and w i l l  close comple te ly  by 535OF. They w i l l  remain c l o s e d  
u n l e s s  Tavg i n c r e a s e s  a g a i n  t o  more t h a n  539OF. 

B.5.1 Reactor Regu la t ing  System Major Components 

T h i s  s e c t i o n  p r e s e n t s  a g e n e r a l  d e s c r i p t i o n  o f  the R R S  major components, 
s i g n a l  p a t h s  and i n t e r r e l a t i o n s h i p s ,  and i n t e r f a c e s .  The purpose  of 
t h i s  s e c t i o n  is t o  p rov ide  t he  reader w i t h  a g e n e r a l  unde r s t and ing  of 
t h e  s y s t e m ' s  o p e r a t i o n  f o r  FMEA purposes .  U n i t s  1 and 2 have n e a r l y  
i d e n t i c a l  R R S .  The f o l l o w i n g  d e s c r i p t i o n  is based on t h e  Un i t  1 system. 

Each r e a c t o r  p l a n t  is provided  w i t h  two independent  R R S s .  For Uni t  1 ,  
one  R R S  p rov ides  channel  X s i g n a l s  w h i l e  t h e  o t h e r  R R S  p rov ides  
channel  Y s i g n a l s .  Each R R S  is housed i n  a s e p a r a t e  c a b i n e t .  The f o u r  
R R S  c a b i n e t s  are located i n  pane l s  I C 3 1  and 1C32 i n  t h e  c o n t r o l  room. 
Each c a b i n e t  contains t h e  f o u r  components of t h e  R R S  and a power range  
c o n t r o l  channel .  The f o u r  components of t h e  R R S  located w i t h i n  the 
ca b i  n e t  are 

r e a c t o r  r e g u l a t i n g  system t e s t  p a n e l ,  
r e a c t o r  program u n i t  c a l c u l a t o r ,  
reactor c o n t r o l  u n i t  c a l c u l a t o r ,  and 
i n p u t / o u t p u t  i n t e r f a c e  pane l .  

The power r ange  c o n t r o l  channel  is p h y s i c a l l y  located w i t h i n  t he  R R S  
c a b i n e t .  I t  is however, f u n c t i o n a l l y  p a r t  of t h e  n u c l e a r  
i n s t r u m e n t a t i o n  sys t em (NIS). 

Two s e l e c t o r  switches are provided  for  c o n t r o l  of i n p u t  and o u t p u t  R R S  
s i g n a l s .  I n p u t  signals, used by t h e  R R S  fo r  o u t p u t  c o n t r o l  f u n c t i o n  
s i g n a l  g e n e r a t i o n ,  p a s s  through a f u n c t i o n  selector switch.  An R R S  
channel  selector switch selects which RRS channel  (X o r  Y) prov ides  
system o u t p u t  c o n t r o l  f u n c t i o n s .  

B.5.2 Basic S i g n a l  Flow Paths and System I n t e r f a c e s  

The basic s i g n a l  flow p a t h s  and sys t em i n t e r f a c e s  f o r  t h e  R R S  are  
described i n  the f o l l o w i n g  paragraphs .  
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The f o l l o w i n g  s i g n a l  i n p u t s  are u t i l i z e d  by each R R S :  

two hot  l e g  and two cold l e g  t empera tu re  s i g n a l s  (from R C S  

t u r b i n e  f irst  stage pressure, 
p r e s s u r i z e r  p r e s s u r e ,  and 
power r ange  n e u t r o n  f l u x .  

i n s t rumen t  a t  i on ) , 

Each R R S  is s u p p l i e d  w i t h  two c o l d  l e g  and two hot l e g  temperature 
s i g n a l s  from RCS i n s t r u m e n t a t i o n .  

The s i g n a l s  are i n  t h e  form of 4- t o  20-mA c u r r e n t  s i g n a l s  r e p r e s e n t i n g  
515 t o  615OF. These s i g n a l s  are used by t h e  R R S  t o  compute coo lan t  
ave rage  t empera tu re  (Tavg) .  
the  R R S  for v a r i o u s  o u t p u t  s i g n a l  c a l c u l a t i o n s .  Turb ine  power l e v e l  is 
t r a n s m i t t e d  t o  t h e  R R S  i n  t h e  form of  a f i r s t - s tage  t u r b i n e  p r e s s u r e  
s i g n a l .  Th i s  is a 4- t o  20-mA c u r r e n t  s i g n a l ,  which r e p r e s e n t s  
0 t o  125% power. The s i g n a l  is used t o  compute a r e f e r e n c e  t empera tu re  
( T r e f )  and a power error s i g n a l  (reactor power minus t u r b i n e  power) 
o r i g i n a l l y  des igned  f o r  u s e  i n  (no  l o n g e r  connec ted)  CEA au tomat i c  
c o n t r o l .  P r e s s u r i z e r  p r e s s u r e  l e v e l  is t r a n s m i t t e d  t o  t h e  R R S  i n  t h e  
form of a 2- t o  10-V s i g n a l  r e p r e s e n t i n g  a p r e s s u r e  of 1500 t o  2500 p s i a .  
T h i s  s i g n a l  was des igned  for  use  as a s t a b i l i t y  compensation s i g n a l  f o r  
CEA c o n t r o l .  Reactor neu t ron  f l u x  l e v e l  is t r a n s m i t t e d  t o  t h e  R R S  by 
t h e  NIS power r ange  c o n t r o l  channel .  The c o n t r o l  channel  t r a n s m i t s  a 
0 t o  10-V s i g n a l  r e p r e s e n t i n g  0 t o  200% power. The s i g n a l  was des igned  
t o  be used by t h e  R R S  as a s t a b i l i t y  compensation s i g n a l  for au tomat i c  
CEA c o n t r o l .  The s i g n a l  is also f e d  through t h e  R R S  i n p u t / o u t p u t  
i n t e r f a c e  pane l  t o  a two-pen r e c o r d e r .  

The gene ra t ed  Tavg s i g n a l  is used w i t h i n  

The gene ra t ed  Tavg s i g n a l  and t h e  i n p u t  f irst-stage t u r b i n e  p r e s s u r e ,  
r e a c t o r  n e u t r o n  f l u x ,  and p r e s s u r i z e r  p r e s s u r e  s i g n a l s  pas s  though t h e  
f u n c t i o n  selector switch. The t h r e e - p o s i t i o n  f u n c t i o n  selector switch 
a l lows  t e s t i n g  of  t h e  R R S  c i r c u i t s  wi th  a n  i n t e r n a l l y  gene ra t ed  
a d j u s t a b l e  c a l i b r a t i o n  s i g n a l  o r  an e x t e r n a l l y  g e n e r a t e d  s i g n a l .  The 
f u n c t i o n  selector s w i t c h  is p a r t  of t h e  R R S  test  pane l ,  which i n t e r f a c e s  
w i t h  each subcomponent and subsystem i n  t he  R R S .  I t  is p r i m a r i l y  used 
t o  t es t  and cal ibrate  t h e  i n s t r u m e n t a t i o n  i n  t h e  R R S  c a b i n e t .  However, 
i t  a l s o  performs v a r i o u s  other f u n c t i o n s  i n c l u d i n g  c a l c u l a t i o n  of  Tavg 
by t h e  R R S  t es t  pane l  summing resistor network. 

The f o l l o w i n g  is given  as an ' las-designedll  d e s c r i p t i o n  f o r  unde r s t and ing  
t h e  a u t o  CEA f u n c t i o n ,  which has been d i sab led .  R R S  i n p u t  s i g n a l s  are 
directed by the  f u n c t i o n  selector switch t o  the  reactor program u n i t  
c a l c u l a t o r  and t h e  r e a c t o r  c o n t r o l  u n i t  c a l c u l a t o r .  The program 
c a l c u l a t o r  f u n c t i o n s  t o  produce t h e  f o l l o w i n g  s i g n a l s :  

p r e s s u r i z e r  l e v e l  set p o i n t ,  



52 

steam dump v a l v e  p o s i t i o n i n g  s i g n a l ,  
Tref, and 
t empera tu re  e r r o r  (Tavg minus Tref ) .  

The p r e s s u r i z e r  l e v e l  s e t - p o i n t  s i g n a l  is t r a n s m i t t e d  t o  t h e  p r e s s u r i z e r  
l e v e l  c o n t r o l l e r s  i n  t h e  RCS i n s t r u m e n t a t i o n .  The steam dump v a l v e  
p o s i t i o n i n g  s i g n a l  is s e n t  t o  t h e  a tmosphe r i c  steam dump v a l v e s  and 
t u r b i n e  bypass v a l v e s  t o  dump steam t o  t h e  atmosphere and t h e  main 
condensers  on t u r b i n e  t r i p ,  t h u s  removing heat from t h e  pr imary s y s t e m .  
A t empera tu re  s i g n a l  which is p r o p o r t i o n a l  t o  steam demand (Tref 
program) p rov ides  i n p u t s  t o  a Tayg and Tref dual-pen r e c o r d e r  and 
establishes a t empera tu re  s e t - p o i n t  f o r  manual or au tomat i c  CEA c o n t r o l .  

A Tav - Tref e r r o r  s i g n a l  is c a l c u l a t e d  and provided  t o  the  c o n t r o l  
calcufator t o  compute CEA motion s i g n a l s .  
used t o  provide  a Tavg - T r e f  high/ low alarm, a n  au tomat i c  CEA 
withdrawal p r o h i b i t  alarm a t  c o n t r o l  room panel  1C05, and an au tomat i c  
CEA withdrawal p r o h i b i t  s i g n a l  t o  t h e  c o n t r o l  e lement  d r i v e  sys tem 
(CEDS) .  The c o n t r o l  c a l c u l a t o r  computes CEA speed  and d i r e c t i o n  
s i g n a l s .  

The error s i g n a l  is a l s o  

The RRS-generated o u t p u t  s i g n a l s  p a s s  th rough a two-pos i t i on  channel  
s e l e c t o r  s w i t c h  located on c o n t r o l  room panel  1C05 t h a t  selects which 
R R S  w i l l  p rovide  c o n t r o l  f u n c t i o n s .  The swi t ch  a l so  i n t e r l o c k s  v a r i o u s  
R R S  c o n t r o l  f u n c t i o n s  i f  t h e  selected R R S  is i n a d v e r t e n t l y  p l a c e d  i n  
t es t  and l i g h t s  an R R S  SELECTED lamp on t h e  selected R R S  p a n e l .  

An i n p u t / o u t p u t  i n t e r f a c e  pane l  c o n t a i n s  t h e  t e r m i n a l  boards  f o r  
i n t e r c o n n e c t i o n s  of i n t e r n a l  and e x t e r n a l  R R S  s i g n a l s .  A d d i t i o n a l l y ,  
t h e  pane l  houses  the  c u r r e n t - t o - c u r r e n t  (I/I) c o n v e r t e r s  and 
vo l t age - to -cu r ren t  ( E / I )  c o n v e r t e r s  tha t  p rov ide  c u r r e n t  i s o l a t i o n  and 
o u t p u t  s i g n a l  i n t e r f a c e  from t h e  R R S  t o  other sys tems.  

B.6 CONDENSATE, M A I N  FEEDWATER, AND STEAM GENERATOR SYSTEM 

The condensa te  and main feedwater system p u r i f i e s ,  heats ,  and pumps t h e  
condensa te  from the  condenser  h o t w e l l s  t o  the  two steam g e n e r a t o r s ,  
comple t ing  t h e  steam-feedwater cycle. The condensa te  and feedwater 
sys tem is shown on  C a l v e r t  C l i f f s  FSAR F i g .  10-4. 
of the Condensate and Feedwater System are shown i n  F i g s .  B10 through 
B12. 

S i m p l i f i e d  schematics 

One condensa te  pump (8250 gpm) and one  condensa te  boos t e r  pump 
(8540 gpm) are s u f f i c i e n t  t o  p rov ide  adequa te  c a p a c i t y  and d i s c h a r g e  
head d u r i n g  p l a n t  o p e r a t i o n  a t  50% power o r  less .  Above 50% power, two 
condensa te  and two condensa te  b o o s t e r  pumps are n e c e s s a r y  t o  meet 
condensa te  r equ i r emen t s .  Although a t h i r d  condensa te  and condensa te  
booster pump are i n s t a l l e d  as s p a r e s ,  above 80% a l l  three condensa tes  
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and a l l  three condensa te  b o o s t e r  pumps are o p e r a t e d .  The condensa te  
pumps draw condensa te  from the  condenser  h o t w e l l  and pump i t  through t h e  
steam seal exhaus t  condenser ,  p r e c o a t  f i l t e r s ,  d e m i n e r a l i z e r s ,  d r a i n  
c o o l e r s ,  and low p r e s s u r e  feedwater heaters t o  the  condensa te  booster 
pumps. 

Part of the  condensa te  pump discharge f low is d i v e r t e d  for seal  water t o  
t he  condensa te  pumps and SC feed pumps and f o r  c o o l i n g  water t o  t h e  
steam g e n e r a t o r  blowdown heat exchangers .  Makeup water may a l so  be 
s u p p l i e d  from t h e  pump header t o  the component c o o l i n g  water system and 
the s e r v i c e  water system. Chemicals i n c l u d i n g  ammonia and h y d r a z i n e  are  
added by the  chemical a d d i t i o n  sys tem t o  the  pump header upstream of t h e  
d r a i n  c o o l e r s  t o  c o n t r o l  pH and r e d u c e  oxygen c o n c e n t r a t i o n .  

Condensate is used as a c o o l i n g  medium i n  t he  d r a i n  c o o l e r s  t o  prevent  
f l a s h i n g  of t he  d r a i n  water t o  steam. Three d r a i n  coolers are 
c o n f i g u r e d  i n  para l le l ,  p r o v i d i n g  a s i n g l e  stage of d r a i n  c o o l i n g .  

S i x  low-pressure  feedwater heaters, upstream of t h e  condensa te  b o o s t e r  
pumps, are c o n f i g u r e d  wi th  three heaters i n  p a r a l l e l ,  p r o v i d i n g  two 
s t a g e s  of feedwater  h e a t i n g .  E x t r a c t i o n  steam from t h e  low p r e s s u r e  
( L P )  t u r b i n e s  is used as a heat s o u r c e .  The heaters are provided  t o  
improve thermal e f f i c i e n c y  and p r e c l u d e  thermal shocking  of  t he  steam 
g e n e r a t o r .  

The condensa te  b o o s t e r  pumps pump t h e  condensa te  through s i x  more 
feedwater heaters c o n f i g u r e d  i n  three s t a g e s  of two heaters each. 
Again, e x t r a c t i o n  steam from t h e  LP t u r b i n e s  is used as t h e  heat s o u r c e .  
The condensa te  e n t e r s  t h e  steam g e n e r a t o r  feed pumps a f t e r  l e a v i n g  the  
l a s t  s t a g e  of feedwater h e a t i n g .  

The condensed steam l e a v i n g  t h e  feedwater heaters flows t o  the  heater 
d r a i n  tank .  The heater d r a i n  pumps (4260 gpm) t ake  s u c t i o n  from t h e  
d r a i n  t a n k s  and pump t h i s  water t o  t h e  condensa te  sys t em.  T h i s  water 
t h e n  e n t e r s  t h e  condensa te  system upstream of t h e  l a s t  l o w - p r e s s h e  
h e a t i n g  s t a g e  (heater s t a g e  15) .  

Two minimum flow c o n t r o l  v a l v e s  are  in s t a l l ed  i n  t he  condensa te  
subsystem t o  p r e v e n t  pump t r i p  d u r i n g  low-flow c o n d i t i o n s .  The v a l v e s  
are des igned  t o  open upon low flow c o n d i t i o n s  r e c i r c u l a t i n g  water back 
t o  the condenser  hotwell. One c o n t r o l  v a l v e  is provided  on the  
condensa te  pump header (8-in.-diam. v a l v e )  and t h e  condensa te  b o o s t e r  
pump header (6-in.-diam. v a l v e ) .  

Condensate is also used t o  cool the  main t u r b i n e  exhaus t  hood ( a t  low 
l o a d )  and t o  deaerate the  a u x i l i a r y  bo i le r .  

Upon low l e v e l  i n d i c a t i o n  i n  t h e  h o t w e l l ,  t h e  condensa te  s t o r a g e  t a n k  
makeup v a l v e  ( C D  4406) is opened,  p e r m i t t i n g  g r a v i t y  f e e d  of condensa te  
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from the  s t o r a g e  t a n k .  High hotwell l e v e l  r e s u l t s  i n  opening of the 
condensa te  storage t a n k  dump va lve  (CD 44051, which p e r m i t s  t h e  pumping 
of condensa te  from the  ho twe l l  t o  t h e  s t o r a g e  t a n k .  

The condensa te  e n t e r s  t he  steam g e n e r a t o r  feed pumps and is pumped 
th rough  high p r e s s u r e  heaters, feedwater r e g u l a t i n g  v a l v e s ,  and 
i s o l a t i o n  v a l v e s  t o  t h e  steam g e n e r a t o r s .  After t h e  condensa te  e n t e r s  
t he  feed pumps it  is more a p p r o p r i a t e l y  termed feedwater. 

The SG feed pumps (15,000 gpm each) are t u r b i n e - d r i v e n  pumps w i t h  motive 
steam s u p p l i e d  by t h e  low p r e s s u r e  reheat steam system d u r i n g  normal 
o p e r a t i o n .  The pump t u r b i n e s  use  h igh -p res su re  steam from the  main 
steam system d u r i n g  s t a r t u p  o p e r a t i o n s .  

Feedwater flows through two p a r a l l e l  h igh -p res su re  heaters (heater 
s t a g e  1 6 )  l o c a t e d  between t h e  SG feed pump discharge v a l v e s  and the  
feedwater r e g u l a t i n g  v a l v e s .  E x t r a c t i o n  steam from the  h igh -p res su re  
t u r b i n e  is used t o  heat t h e  feedwater p r i o r  t o  e n t r y  i n t o  t h e  steam 
g e n e r a t o r s .  

The flow of  feedwater t o  t h e  steam g e n e r a t o r s  is c o n t r o l l e d  by t h e  
feedwater 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 .  Th i s  c o n t r o l l e r  is c o n t r o l l e d  
du r ing  normal o p e r a t i o n  by a three-e lement  c o n t r o l l e r ,  which uses  
feedwater f low (1FE 1 1 1 1 ,  1 1 2 1 ) ,  steam flow (1FE 1011, 10211, and 
downcomer l e v e l  ( 1  LT 1 1  1 1  , 11  21 ) f o r  l e v e l  c o n t r o l .  Following t u r b i n e  
t r i p ,  t h e  r e g u l a t i n g  v a l v e  is c l o s e d  and t h e  r e g u l a t i n g  va lve  bypass 
va lve  is opened and c o n t r o l l e d  by a s i n g l e  e lement  c o n t r o l l e r  t h a t  u s e s  
downcomer l e v e l  ( 1 L T  1105, 1106) for  c o n t r o l .  The r e g u l a t i n g  v a l v e  
bypass  va lve  is also used t o  c o n t r o l  steam g e n e r a t o r  l e v e l  below 
15% power. The speed  of t h e  main f e e d  pump t u r b i n e s  is c o n t r o l l e d  t o  
ma in ta in  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  across t h e  feedwater r e g u l a t i n g  
va lves .  

A motor-operated i s o l a t i o n  va lve  is provided  downstream of  the  feed 
r e g u l a t i n g  va lve .  T h i s  v a l v e  p e r m i t s  i s o l a t i o n  of the feedwater s y s t e m  
i n  t h e  event  of a steam l i n e  r u p t u r e .  Actua t ion  is provided  by low 
steam g e n e r a t o r  p r e s s u r e .  

A m i n i m u m  flow c o n t r o l  va lve  ( 6  i n .  diam.) is a l s o  provided  on each SG 
feed pump t o  p rec lude  pump t r i p  under low-flow c o n d i t i o n s .  The c o n t r o l  
va lve  r e c i r c u l a t e s  pa r t  of t h e  feedwater back t o  the  condenser ho twe l l .  

For in fo rma t ion  r e g a r d i n g  spec i f ic  de t a i l s  of the  condensa te  and 
feedwater s y s t e m s ,  see refs.  4 and 5. 

Steam Genera tor  D e s c r i p t i o n  

Each C a l v e r t  C l i f f s  u n i t  c o n t a i n s  two i d e n t i c a l  steam g e n e r a t o r s .  
Design in fo rma t ion  for t h e  steam g e n e r a t o r  is l i s t e d  i n  Table  B1.  
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Table B1. Steam generator design c h a r a c t e r i s t i c s  

Physical Descr ip t ion  

Number 

T y  Re 

Dimensions 
Overa l l  he ight  ( inc luding  support  
s k i r t )  

Upper  s h e l l  

Lower s h e l l  
Reactor coolan t  in le t  nozzle 
Reactor coolan t  o u t l e t  nozzle 
Main steam nozzle 
Main feedwater nozzle 
Auxiliary feedwater nozzle 
Bottom blowdown nozzle 

Materials 
Steam genera tor  ves se l  
Plenums 
T u b e s h e e t - p r a y  s i d e  
u-tubes 

Number of tubes 

Tube size 

Weights 

Dry weight 
Flooded weight a t  680F 

Volume of secondary f l u i d  
Secondary s ide  flooded 
A t  normal water l e v e l  

2 p e r  u n i t  

V e r t i c a l  i nve r t ed  U-tube 

749 in. 

239.75 in .  
165 in .  
42 in. I D  (one each) 
30 in.  ID (two each) 
34 in. ID (one each) 
18 in .  I D  (one each) 
4 in.  I D  (one each) 
2 in. ID (one each) 

Carbon steel 
304 stainless steel c lad  
Inconel c lad  
Inconel 

8,519 each genera tor  

0.75 in. OD, 0.654 in .  I D  

1.004E6 l b m  

1.5267E6 1bS 

8006 cubic  feet 
4592 cubic  f e e t  
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Table 81. (continued) 

Physical  Descr ip t ion  

Weight of secondary f l u i d  
A t  0% power 

A t  100% power 

Reactor coolan t  condi t ions  a t  f u l l  load  
Flow rate, 
Pressure 
Inlet  temperature  
Out le t  temperature  
Heat transfer rate 

Steam condi t ions  a t  f u l l  load  
Flow rate' 
Out le t  pressure,  temp. 
Steam q u a l i t y  
Steam temperature  

Feedwater condi t ions  a t  f u l l  load 
Flow rate 
Pressure 
Temperature 

6818 l b s  steam 
216,284 l b s  l i q u i d  
9,820 l b s  steam 
132,975 l b s  l i q u i d  

6136 l b d h r  
2250 p s i a  
599.4OF 
548OF 
4.386B9 Btu/hr 

5.63536 l b d h r  
850 ps ia ,  525.2OF 
0.998 (minlmuu) 
525.2oF 

5.57636 l b d h r  
1100 p s i g  
431.5OF (Unit  1 )  
435.6OF (Uni t  2) 

'These f l o w r a t e s  are as repor ted  i n  t h e  Calver t  C l i f i s  Steam Generator Design 
Descr ipt ion Number 17, published by Advanced Technology Inc. for  Baltimore 
Gas and Electric Company. 
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The steam g e n e r a t o r  is a v e r t i c a l  s h e l l  v e s s e l  w i t h  an i n v e r t e d  U-tube 
heat exchanger. P r imary  f l u i d  f lows  i n s i d e  t he  t u b e s ,  and secondary 
f l u i d  f lows  o u t s i d e  t h e  t u b e s .  The U-tube exchanger  c o n t a i n s  
5 ,819  I c o n e l  t u b e s .  

P r i m a r y  c o o l a n t  f l ows  from the  r e a c t o r  v e s s e l  i n t o  t h e  bottom head of 
t h e  steam g e n e r a t o r  v e s s e l  th rough t h e  i n l e t  nozz le .  
t h e  bottom head gu ides  t he  f l u i d  i n t o  t he  t u b e  bundle  and separates the  
i n l e t  from t h e  o u t l e t  pr imary f l u i d .  The pr imary f l u i d  l e a v e s  t h e  
v e s s e l  bottom head through two n o z z l e s .  When t h e  r e a c t o r  is a t  f u l l  
power, the  pr imary c o o l a n t  i n  Uni t  1 e n t e r s  t h e  steam g e n e r a t o r  a t  
599.4OF and l e a v e s  a t  548OF ( U n i t  2 has s l i g h t l y  d i f f e r e n t  temperatures). 
The ave rage  p r imary  c o o l a n t  temperature v a r i e s  l i n e a r l y  from 532OF a t  
z e r o  power t o  572.5OF a t  f u l l  power. 

A d i v i d e r  p l a t e  i n  
' 

The secondary  f l u i d  comes from the  main feedwater pumps (or the  
a u x i l i a r y  feedwater pumps). The feedwater f low e n t e r s  the  steam 
g e n e r a t o r  th rough t h e  feedwater n o z z l e  and is d i s t r i b u t e d  through a 
c i rcular  header r i n g  l o c a t e d  47 i n .  below t h e  r e f e r e n c e  o p e r a t i n g  l e v e l  
of t he  f l u i d  i n  t h e  downcomer. The a u x i l i a r y  feedwater n o z z l e  and 
d i s t r i b u t o r  r i n g  are l o c a t e d  j u s t  below t h e  main nozz le  and r i n g .  The 
r e f e r e n c e  o p e r a t i n g  l e v e l  is l o c a t e d  nea r  t he  l e v e l  of t h e  r e c i r c u l a t i n g  
f l u i d  sump, which is j u s t  below t h e  s e p a r a t o r s  of t h e  steam-water 
m i x t u r e .  

Feedwater e n t e r s  t h e  downcomer through i n v e r t e d  "J" t u b e s  t h a t  p r o j e c t  
upward from t h e  t o p  of t h e  feed r i n g .  The "J" t u b e  p r e v e n t s  t h e  
feedwater r i n g  from emptying and c a u s i n g  a waterhammer when r e f i l l i n g  
wi th  c o l d e r  water shou ld  t h e  l i q u i d  l e v e l  drop below the  d i s t r i b u t o r  
r i n g .  Feedwater t empera tu re  v a r i e s  w i t h  r e a c t o r  power o u t p u t  and is 
212OF a t  5% power and 423OF a t  100% power. 

Feedwater is preheated i n  t he  downcomer as it  mixes  w i t h  t h e  
r e c i r c u l a t e d  water. The recirculated water is r u n o f f  from t h e  
steam-water s e p a r a t o r s  l o c a t e d  a t  t h e  bottom of t h e  steam drum and is a t  
t h e  s a t u r a t i o n  temperature of t h e  steam drum. The r a t i o  of recirculated 
water t o  feedwater decreases as t h e  power i n c r e a s e s ,  bu t  the  mixed f l u i d  
t e m p e r a t u r e  is always subcooled  so tha t  b o i l i n g  and vo id  fo rma t ion  are 
prevented  i n  t h e  downcomer. 

The -p rehea ted  water l e a v e s  t h e  bottom of t h e  downcomer and is d i r e c t e d  
over  t h e  t o p  of t h e  t u b e  sheet and up th rough  t h e  t u b e  bundle ,  where 
heat is added t o  produce s a t u r a t e d  water and steam. The q u a l i t y  of the  
mix tu re  l e a v i n g  t h e  t u b e  bundle  is 0.25 a t  f u l l  power. The steam and 
water mix tu re  f lows  upward from the  e v a p o r a t o r  s e c t i o n  through t h e  riser 
s e c t i o n  t o  t h e  steam-water s e p a r a t o r s .  The s a t u r a t e d  water i n  t h e  riser 
acts as a s u r g e  c a p a c i t y  d u r i n g  t r a n s i e n t s .  The s e p a r a t o r s  are l o c a t e d  
on a metal s u p p o r t  p l a t e  a t  t he  bottom of t h e  steam drum. The s u p p o r t  
p l a t e  forms a s e p a r a t i o n  between the drum and t h e  riser. The s e p a r a t o r s  
have hel ical  vanes t h a t  impar t  a r o t a t i o n a l  motion t o  t he  upward-flowing 
water m i x t u r e ,  and t h e  c e n t r i f u g a l  f o r c e  effects  a s e p a r a t i o n .  The 
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s e p a r a t e d  water flows outward and downward th rough  holes i n  t h e  
s e p a r a t o r  o u t e r  wall and r e t u r n s  t o  the  downcomer, where it  mixes wi th  
t h e  c o o l e r  incoming feedwater. 

The s e p a r a t e d  steam flows i n t o  t h e  steam drum and through c o r r u g a t e d  
sheet d r y e r s  t ha t  improve the steam q u a l i t y  t o  v a l u e s  greater t h a n  0.998. 
The steam l e a v e s  t he  steam g e n e r a t o r  th rough a n o z z l e  located a t  t he  t o p  
of t he  v e s s e l  and above a deflector p l a t e .  The s a t u r a t e d  steam 
tempera tu re  l e a v i n g  t h e  steam drum ranges  from 532OF a t  0% power t o  
525OF a t  100% power. 

The steam g e n e r a t o r  is des igned  t o  m a i n t a i n  a d i f f e r e n c e  between t h e  
reactor ave rage  t empera tu re  and t h e  t empera tu re  of  t h e  steam produced 
t h a t  v a r i e s  a lmost  l i n e a r l y  from 10°F t o  47.3OF as the r e a c t o r  power 
i n c r e a s e s  from 15% t o  100% of  f u l l  power. 

Steam Genera tor  Opera t ing  P r i n c i p l e s  

The C a l v e r t  C l i f f s  steam g e n e r a t o r s  are des igned  w i t h  s u f f i c i e n t  s u r g e  
c a p a c i t y  for  t h e  secondary - s ide  steam and water t o  respond t o  t h e  power 
t r a n s i e n t s  t h a t  are expec ted  i n  t h e  s t a r t u p  and shutdown of a base l o a d  
o p e r a t i n g  p l a n t .  The i n t e r n a l  f l ow is ma in ta ined  by n a t u r a l  c i r c u l a t i o n .  
The l i q u i d  l e v e l  is normally main ta ined  by an  au tomat i c  c o n t r o l  system 
t h a t  ad jus t s  t h e  feedwater flow. The p l a n  is a l s o  p r o t e c t e d  through 
h igh  and low l e v e l  t r i p s .  

The n a t u r a l  c i r c u l a t i o n  p a t h  i n  t h e  steam g e n e r a t o r  i n c l u d e s  t he  
downcomer, t h e  s h e l l  s i d e  of t he  heat exchanger ,  t h e  riser s e c t i o n  above 
t h e  t u b e  bundle ,  and t h e  s e p a r a t o r s .  The f ree  surface o f  the f low p a t h  
i n c l u d e s  t h a t  of the  downcomer and t h e  r e c i r c u l a t e d  water r e t u r n  p a t h  t o  
t h e  downcomer. The water a t  t h i s  s u r f a c e  is a t  t h e  bottom of the  steam 
drum and is i n  thermal e q u i l i b r i u m  w i t h  t h e  steam i n  t h e  drum. The 
r e f e r e n c e  z e r o  l e v e l  f o r  t he  l i q u i d  l e v e l  and feedwater f low c o n t r o l  
system is  located nea r  t he  bottom of t h e  r e c i r c u l a t i n g  water c o l l e c t i o n  
sump tha t  s u p p l i e s  water t o  t h e  downcomer. 

The d r i v i n g  force f o r  t he  flow around t h e  n a t u r a l  c i r c u l a t i o n  l o o p  is 
s u p p l i e d  by t h e  n e t , d e n s i t y  d i f f e r e n c e  between t h e  f l u i d  i n  t h e  
downcomer and the f l u i d  i n  the remainder  of the loop .  The d r i v i n g  f o r c e  
r e q u i r e d  t o  m a i n t a i n  s t e a d y  s t a t e  i n c r e a s e s  as t h e  reactor power and t h e  
steam g e n e r a t i o n  r a t e  i n c r e a s e .  The i n c r e a s e d  d r i v i n g  f o r c e  is o b t a i n e d  
from a decrease i n  t h e  d e n s i t y  on  t h e  upflow s i d e  of t h e  c i r c u l a t i o n  
l o o p  as steam bubbles  are produced i n  the b o i l i n g  water. 

The r e s i s t a n c e  t o  the flow is t h e  sum of t h e  f r i c t i o n  and a c c e l e r a t i o n  
forces gene ra t ed  as t h e  water and steam f low th rough  t h e  e n t i r e  c i r c u i t ,  
i n c l u d i n g  t h e  downcomer, t u b e  bundle ,  riser and s e p a r a t o r s .  Flow 
r e s i s t a n c e  v a r i e s  rough ly  as t h e  sum of the  terms i n v o l v i n g  s q u a r e s  of 
t h e  v e l o c i t y  of the  f l u i d  i n  t h e  downcomer and t h e  riser, and of a term 
which i n v o l v e s  d i f f e r e n c e s  of  t h e  s q u a r e s  of t h e  v e l o c i t i e s  of 
accelerated f l u i d .  A s  the  vo id  f r a c t i o n  i n c r e a s e s  on t h e  riser s i d e ,  
t h e  r e c i r c u l a t i n g  water flow around t h e  l o o p  s tar ts  t o  decrease. The 



mass v e l o c i t y  i n  the  n a t u r a l  c i r c u l a t i o n  l o o p  i n c r e a s e s  t o  a maximum 
va lue  a t  about  70% of f u l l  power and decreases abou t  5% between 70 and 
100% of f u l l  power. The riser c i r c u l a t i o n  r a t e  is c o n s t a n t  w i t h i n  &3% 
when t h e  power r anges  between 50% and 100%. 

Steam Genera tor  C o n t r o l  

The feedwater c o n t r o l  s y s t e m  is des igned  t o  m a i n t a i n  a f i x e d  l e v e l  i n  
the downcomer. Feedwater f low is c o n t r o l l e d  p r i m a r i l y  by modula t ing  t h e  
main feedwater c o n t r o l  va lve  and s e c o n d a r i l y  by c o n t r o l l i n g  t he  speed  of  
t h e  feedwater pump. The main feedwater c o n t r o l  va lve  has two modes of 
c o n t r o l ,  which depend upon t h e  power l e v e l .  The modes are switched a t  
15% power. 

Below 15%, power t h e  flow c o n t r o l  s i g n a l  is based on a p r o p o r t i o n a l  band 
( i . e . ,  a f i x e d  g a i n )  de te rmined  from t h e  l e v e l  error,  which is 
de termined  by t h e  d i f f e r e n c e  between t h e  measured l e v e l  and a set p o i n t .  

Above 15% power, feedwater f low c o n t r o l  is based on bo th  t h e  l e v e l  error 
and the  d i f f e r e n c e  between t h e  feedwater and steam flows. The 
c o n t r o l l i n g  s i g n a l  c o n s i s t s  of t h e  p r o p o r t i o n a l  band and t h e  time 
i n t e g r a l  of  t h e  l e v e l  error, p l u s  a p r o p o r t i o n a l  band s i g n a l  u s i n g  t h e  
d i f f e r e n c e  between t h e  steam flow and t h e  feedwater flow. 

Secondary c o n t r o l  of feedwater flow is o b t a i n e d  by v a r y i n g  the  speed  of  
t h e  feedwater pump. T h i s  c o n t r o l  s y s t e m  u s e s  t h e  p r e s s u r e  drop across 
both  feedwater va lves  as i n p u t s .  The smaller p r e s s u r e  drop s i g n a l  is 
compared t o  a s e t  p o i n t  of 105 p s i d ,  and t h e  d i f f e r e n c e  is s e n t  t o  a 
c o n t r o l l e r .  The c o n t r o l l e r  g e n e r a t e s  a s p e e d  c o n t r o l  s i g n a l  based upon 
the  d e r i v a t i v e ,  p r o p o r t i o n a l  band, and time i n t e g r a l  of t h e  pressure 
d i f f e r e n c e  error. The d i r e c t i o n  of c o n t r o l  is such  t h a t  t h e  speed  of 
t he  pump w i l l  be  i n c r e a s e d  when t h e  smaller p r e s s u r e  drop is below t h e  
105 p s i d  se t  p o i n t .  

The steam p r e s s u r e  and flow r a t e  a t  t he  header of t h e  f irst  t u r b i n e  
. stage are c o n t r o l l e d  manual ly  from t h e  t u r b i n e - g e n e r a t o r  c o n t r o l  s y s t e m .  

(The C a l v e r t  C l i f f s  p l a n t  is a base loaded  p l a n t . )  To es tab l i sh  t h e  
steam g e n e r a t o r  o p e r a t i n g  c o n d i t i o n s  when the  desired o p e r a t i n g  power 
l e v e l  is de termined ,  t h e  t u r b i n e - g e n e r a t o r  o p e r a t o r  c o n t r o l s  the s e t t i n g  
of t h e  t u r b i n e  steam i n l e t  v a l v e  t o  a c h i e v e  a programmed 
p r e s s u r e  and steam flow r a t e  f o r  t h e  desired e l ec t r i c  power l e v e l .  The 

t h e  boron c o n c e n t r a t i o n  i n  the pr imary c o o l a n t  ( w i t h  the chemical 
a d d i t i o n  system) u n t i l  t h e  ave rage  c o o l a n t  t empera tu re  (Tavg) is 
i n c r e a s e d  t o  g e n e r a t e  the  r e q u i r e d  steam flow ra t e  and steam p r e s s u r e  a t  
the t u r b i n e  steam i n l e t  va lve .  

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

Steam Genera tor  S a f e t v  and P r o t e c t i o n  Svstem 

I n  a d d i t i o n  t o  t h e  c o n t r o l  sys tem,  t h e  stem g e n e r a t o r  has safety limits 
t h a t  w i l l  e i ther cause  a t u r b i n e  t r i p  on h igh  downcomer water l e v e l  or a 
r e a c t o r  t r i p  on low l e v e l  (see T a b l e  B 2 ) .  The l e v e l  measurement used i n  
t h e  s a f e t y  s y s t e m  c o n s i s t s  of f o u r  AP i n s t r u m e n t s  tha t  g e n e r a t e  a s i g n a l  
t h a t  can be used t o  i n f e r  a l i q u i d  l e v e l  i n  t h e  downcomer. These f o u r  
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T a b l e  B2.  Summary o f  s i g n i f i c a n t  steam g e n e r a t o r  l e v e l s  

D i s t ance  Above Normal 
Opera t ing  Level ( i n . )  

High h igh - l eve l  t u r b i n e  t r i p  
High l e v e l  alarm 
Normal o p e r a t i n g  l e v e l  

(550 i n .  above b a s e p l a t e )  
Low l e v e l  alarm 
Low low- leve l  r e a c t o r  t r i p  
Main feed r i n g  
Top of t u b e  bundle  
A u x i l i a r y  feed r i n g  
Low-level a u x i l i a r y  feed a c t u a t i o n  s i g n a l  
Bottom of t u b e s h e e t  

+5 0 
+30 

0 

-24 
-46.8 
-47 
-55 
-59 

-1 70 
-412.2 

s i g n a l s  are s e n t  t o  a two-out-of-four l o g i c  d e v i c e ,  which can g e n e r a t e  a 
t r i p  when t h e  s a f e t y  limits are exceeded. The h igh - l eve l  t u r b i n e  t r i p  
is p a r t  of t h e  eng inee red  safety f e a t u r e s  a c t u a t i o n -  system (ESFAS). 
Two-out-of-four l o g i c  is used t o  p reven t  f a l se  t r i p s ,  ensu re  v a l i d  
t r i p s ,  and a l low f o r  o n - l i n e  t e s t i n g - .  T h i s  l o g i c  sys tem,  however, 
r educes  t o  one  element  t h a t  g e n e r a t e s  t h e  t r i p  s i g n a l  ( i . e . ,  a s i n g l e  OR 
gate actuates a s i n g l e  relay which causes  t h e  t u r b i n e  t r i p ) .  If  e i ther  
of these d e v i c e s ,  t h e  OR gate o r  t h e  re lay ,  is i n  an  unde tec t ed  fa i led  
s t a t e ,  t h e  t u r b i n e  t r i p  s i g n a l  w i l l  no t  be g e n e r a t e d  from t h i s  c i r c u i t .  

The same c o n d i t i o n  e x i s t s  f o r  t h e  r e a c t o r  t r i p  on low water l e v e l ,  which 
u s e s  a two-out-of-four l o g i c  and has a s i n g l e  OR gate and a s i n g l e  re lay 
t o  g e n e r a t e  t h e  t r i p  s i g n a l .  If e i ther  t h e  OR gate or t h e  r e l ay  is i n  
t h e  undetec ted  f a i l e d  s t a t e ,  r e a c t o r  t r i p  w i l l  no t  be gene ra t ed .  

The steam g e n e r a t o r s  are p r o t e c t e d  from o v e r p r e s s u r e  by a set  of e ight  
safety v a l v e s ,  a l l  of which can exhaus t  steam t o  t h e  atmosphere.  I n  
a d d i t i o n  there  is a f l o w - r e s t r i c t e d  v e n t u r i  t ha t  limits t h e  blowdown 
r a t e  of t h e  g e n e r a t o r  i n  case of a steam l i n e  r u p t u r e  i n s i d e  t h e  reactor 
containment  and upstream of the  main steam i s o l a t i o n  va lves .  Flow is 
l i m i t e d  t o  p reven t  an e x c e s s i v e  bu i ldup  of p r e s s u r e  i n  t h e  containment  
v e s s e l  i n  case of an a c c i d e n t .  These p r o t e c t i o n  d e v i c e s  do not r e q u i r e  
any a c t i o n  by t h e  c o n t r o l  sys t em,  and there is no a c t i o n  t h a t  t h e  
c o n t r o l  sys tem can take  t o  s t o p  t h e  s a f e t y  a c t i o n  of t h e  va lves  i f  t h e  
s e t  p o i n t s  are exceeded. The safety v a l v e s  can  r e l i e v e  103.79% of t h e  
f u l l  power steam c a p a c i t y  a t  a steam header p r e s s u r e  of  1035 p s i g .  

I n  a d d i t i o n  t o  these safe ty  systems, a n  a tmospher ic  blowdown l i n e  and 
t u r b i n e  bypass  v a l v e s  t o  t h e  main condensers  are used t o  reduce 
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c h a l l e n g e s  t o  the  safe ty  v a l v e s  and t o  l i m i t  t h e  p r e s s u r e  i n  t h e  steam 
g e n e r a t o r  i n  case of  a r e a c t o r  t r i p .  

Turbine bypass v a l v e s  allow steam t o  f low d i r e c t l y  from t h e  steam 
g e n e r a t o r  t o  t h e  main t u r b i n e  condenser  w i thou t  go ing  th rough  t h e  
t u r b i n e .  The c a p a c i t y  of each t u r b i n e  bypass  v a l v e  is 10% of t h e  steam 
produced a t  100% power. 
g e n e r a t o r  t o  dump its steam i n v e n t o r y  ( t o  t h e  main condenser )  w i thou t  
opening  t h e  s a f e t y  v a l v e s  when a t u r b i n e  t r i p  occur s .  I t  is a l s o  
s u f f i c i e n t  t o  a l low condensa t ion  of the  steam g e n e r a t e d  from decay heat 
wi thout  excee d i  ng normal oper a t  i ng p r e s s u r e .  

T h i s  v a l v e  is i n s t a l l e d  t o  allow t h e  steam 

The a tmospher ic  dump v a l v e  a l lows  the steam g e n e r a t o r  t o  dump steam t o  
t h e  atmosphere when t h e  t u r b i n e  and main condensers  are no t  o p e r a t i n g .  
The a tmosphe r i c  dump v a l v e  l i n e  e n t r a n c e  is located upstream of t h e  main 
steam i s o l a t i o n  v a l v e  (MSIV), so p r e s s u r e  i n  t h e  steam g e n e r a t o r  is 
isolated from t h e  res t  of the  r e a c t o r  p l a n t .  

Each steam g e n e r a t o r  has s e p a r a t e  i s o l a t i o n  v a l v e s  on both t h e  main 
feedwater and a u x i l i a r y  feedwater l i n e s .  Th i s  e n a b l e s  'a s i n g l e  steam 
g e n e r a t o r  t o  be isolated from either or bo th  feedwater flow headers. 

The a u x i l i a r y  feedwater (AFW) system has two steam t u r b i n e - d r i v e n  pumps 
(one  of which is isolated from t h e  loop  by a hand v a l v e )  and an e lec t r ic  
motor-dr iven pump. The s team-dr iven  pump has dc-powered c o n t r o l s .  If 
there is a power f a i l u r e ,  t h e  p l a n t  p r o t e c t i o n  system w i l l  s t a r t  one  
s team-driven AFW pump after the  reactor and t u r b i n e  are t r i p p e d .  If 
there is a t u r b i n e  and reactor t r i p  w i t h  o f f s i t e  power a v a i l a b l e ,  t h e  
motor-dr iven pump w i l l  be a c t i v a t e d .  These c o n t r o l  s y s t e m s  are s a f e t y  
g rade .  

The lowest l e v e l  (-170 i n . )  steam g e n e r a t o r  alarm w i l l  a c t i v a t e  t h e  
a u x i l i a r y  feedwater a c t u a t i o n  sys t em (AFAS). The AFAS w i l l  s tar t  the  
AFW pumps and,  after an  a p p r o p r i a t e  time d e l a y ,  run  back the  main 
feedwater (MFW) pumps and close t h e  motor-operated v a l v e s  t h a t  isolate,  
both of the  steam genera t .o rs  from t h e  MFW sys t em.  T h i s  procedure  
a s s u r e s  con t inued  a v a i l a b i l i t y  of t h e  MFW flow w h i l e  a v o i d i n g  t h e  
p o s s i b i l i t y  of emptying t h e  p r e s s u r i z e r  by o v e r c o o l i n g  the  pr imary  
system. After an  a d d i t i o n a l  preset time d e l a y ,  the  equipment w i l l  
remain i n  its a c t u a t e d  c o n d i t i o n  r e g a r d l e s s  of t h e  steam g e n e r a t o r  l e v e l  
u n t i l  t h e  o p e r a t o r  resets t h e  AFAS a t  t h e  AFAS c a b i n e t s  or from t h e  
c o n t r o l  room. 

There are AFAS llblocktl s i g n a l s  provided  f o r  each steam g e n e r a t o r .  If a 
low steam g e n e r a t o r  l e v e l  is detected and,  i n  a d d i t i o n ,  there is a h igh  
d i f f e r e n t i a l  p r e s s u r e  between the  steam g e n e r a t o r s '  secondary  sides,  
two b lock ing  s i g n a l s  w i l l  be gene ra t ed .  Each b lock ing  s i g n a l  w i l l  s h u t  
one of t h e  two b lock ing  v a l v e s  i n  each o f  t h e  s team-dr iven  and 
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motor-dr iven pumps' d i s c h a r g e  l i n e s  t o  t h e  i n d i c a t e d  l e a k i n g  steam 
g e n e r a t o r .  Th i s  b lock  makes t h e  AFW u n a v a i l a b l e  t o  t h a t  steam g e n e r a t o r  
as l o n g  as t h e  i n i t i a t i n g  c o n d i t i o n s  f o r  t h e  block e x i s t .  When t h i s  
block is p r e s e n t ,  t h e  AFAS w i l l  no t  run  back t h e  main f eedwa te r  pumps. 

I B. 7 FEEDWATER R E G U L A T I N G  SYSTEM 

C a l v e r t  C l i f f s  has two f u l l y  separate feedwater r e g u l a t i n g  s y s t e m s .  ( A  
b lock  diagram of t h e  feedwater r e g u l a t i n g  sys t em is shown i n  F ig .  B13). 
Each sys tem c o n t r o l s  t h e  main and bypass  feedwater v a l v e  f o r  one steam 
g e n e r a t o r .  Each steam g e n e r a t o r  l e v e l  is compared t o  a set p o i n t  and 
modif ied by t h e  r a t i o  of  steam flow t o  feedwater flow t o  a d j u s t  t h e  
r e g u l a t i n g  va lve .  The main feedwater v a l v e s  are a u t o m a t i c a l l y  closed 
and the  bypass  v a l v e s  set t o  5% f low f o l l o w i n g  r e a c t o r  t r i p .  T h i s  
p o s i t i o n  can  be o v e r r i d d e n  manual ly  by t h e  o p e r a t o r .  

The feedwater r e g u l a t i n g  s y s t e m  r e c e i v e s  pr imary ac power from s e p a r a t e  
v i t a l  buses  1 Y O 1  and 1Y02. Upon l o s s  of an a s s o c i a t e d  v i t a l  bus ,  t h e  
feedwater r e g u l a t i n g  sys t ems  a u t o m a t i c a l l y  t r a n s f e r s  t o  s e p a r a t e  
non-v i t a l  i n s t rumen t  buses  1YO9 and 1Y10. One v i t a l  bus and t h e  
a s s o c i a t e d  n o n - v i t a l  bus must be l o s t  b e f o r e  one  feedwater r e g u l a t i n g  
sys t em is compromised, and bo th  v i t a l  buses  and b o t h  n o n - v i t a l  buses  
must be l o s t  b e f o r e  both feedwater r e g u l a t i n g  sys t ems  are compromised. 

The main feedwater v a l v e  e l e c t r i c - t o - p n e u m a t i c  ( E / P )  p o s i t i o n  
c o n t r o l l e r s  have s o l e n o i d  v a l v e s  on t h e  a i r  l i n e s  t h a t  u s e  non-v i t a l  
i n s t rumen t  power. Each o f  t h e  two main feedwater v a l v e s  has a d i f f e r e n t  
s o u r c e  of i n s t r u m e n t  power. Loss of non-v i t a l  i n s t rumen t  power w i l l  
f a i l  the  affected main feedwater v a l v e  p o s i t i o n  Ifas is.'' 

The th ree -e l emen t  main feedwater v a l v e  c o n t r o l l e r  (FC11 1 1  , 1121 ) 
r e c e i v e s  i n p u t s  of steam flow (FT1011,  10211, feedwater flow 
(FT1111 , 1 1  21 ) , and steam g e n e r a t o r  downcomer l e v e l  (LT1111 , 1121 o r  
LT1105, 1106) .  Steam and feedwater f lows  are provided  t o  a comparator  
(FY1112, 1122) p r i o r  t o  p r o c e s s i n g  by t h e  feedwater c o n t r o l l e r .  The 
steam and feedwater flow s i g n a l s  are summed i n  t he  comparator  t o  produce 
an e r r o r  s i g n a l .  The downcomer l e v e l  is provided  t o  a l e a d / l a g  u n i t  
p r i o r  t o  p r o c e s s i n g  by t h e  c o n t r o l l e r .  The l e a d / l a g  u n i t  r e f lec ts  
t r a n s i e n t s  i n  t h e  steam g e n e r a t o r  l e v e l .  The l e v e l  s i g n a l  is summed 
w i t h  t h e  steam/feed flow e r r o r  s i g n a l  t o  produce a f i n a l  s i g n a l  t o  
c o n t r o l  the  feedwater va lve .  A steam g e n e r a t o r  l e v e l  set p o i n t ,  which 
is c o n s i s t e n t  w i t h  p l a n t  power l e v e l ,  is  g e n e r a t e d  i n  c o n t r o l l e r  
F I C l l l l ,  1121 and f e d  i n t o  c o n t r o l l e r  F C l l l l ,  1121. The f i n a l  s i g n a l  
fed  t o  t h e  steam g e n e r a t o r  feedwater 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  a d j u s t s  
t h e  r e g u l a t i n g  v a l v e  t o  a t t a i n  t he  c o r r e c t  l e v e l  i n  t he  steam g e n e r a t o r .  

D i f f e r e n t i a l  p r e s s u r e  t r a n s m i t t e r s  s e n s e  t h e  pressure d rop  across t h e  
feedwater r e g u l a t i n g  v a l v e s  and send  s i g n a l s  t o  t h e  feedwater r e g u l a t i n g  
v a l v e  d i f f e r e n t i a l  p r e s s u r e  c o n t r o l l e r s  ( P D I C  451 6 ,  451 7)  . These 
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c o n t r o l l e r s  are se t  t o  m a i n t a i n  a 105-psig d i f f e r e n t i a l  p r e s s u r e  across 
t h e  feedwater r e g u l a t i n g  va lves .  The c o n t r o l l e r s  s end  error c o r r e c t i o n  
s i g n a l s  t o  c o n t r o l  feedwater pump t u r b i n e  speed  when t h e  feed pump 
t u r b i n e  is i n  t he  a u t o m a t i c  c o n t r o l  mode. A s  power l e v e l  and v a l v e  
p o s i t i o n  change ,  t h e  c o r r e c t  feedwater d i f f e r e n t i a l  p r e s s u r e  w i l l  be 
ma in ta ined  t o  e n s u r e  f low i n t o  t h e  steam g e n e r a t o r s .  

The three-e lement  feedwater c o n t r o l  sys t em is used t o  c o n t r o l  steam 
g e n e r a t o r  l e v e l  a t  power l e v e l s  above 15%. A t  power l e v e l s  below 15% o r  
upon t u r b i n e  or reactor t r i p ,  t h e  s ing le -e l emen t  feedwater c o n t r o l  
sys tem is used t o  c o n t r o l  t h e  l e v e l .  The s ing le -e l emen t  c o n t r o l  sys tem 
r e g u l a t e s  the  feedwater r e g u l a t i n g  bypass  v a l v e  t o  c o n t r o l  t h e  l e v e l  i n  
t h e  steam g e n e r a t o r .  Below 15% power, steam g e n e r a t o r  s h r i n k  and swell 
effects  are n o t  p r e s e n t  t o  g i v e  f a l se  i n d i c a t i o n  of steam g e n e r a t o r  
l e v e l .  A steam g e n e r a t o r  l e v e l  s i g n a l  is g e n e r a t e d  by LT1105,  1106 o r  
LT1111, 1121. T h i s  s i g n a l  is s e n t  t o  the  feedwater bypass  v a l v e  
c o n t r o l l e r  ( L I C 1 1 0 5 ,  1 106)  where t h e  a c t u a l  steam g e n e r a t o r  downcomer 
l e v e l  is compared w i t h  a l e v e l  set p o i n t  t o  produce an o u t p u t  s i g n a l  
t h a t  is c o n v e r t e d  i n t o  a pneumatic  s i g n a l ,  which o p e r a t e s  t h e  feedwater 
bypass  va lve .  

For a d d i t i o n a l  de ta i l s  r e g a r d i n g  o p e r a t i o n  of  the  feedwater r e g u l a t i n g  
s y s t e m ,  see ref .  4. 

B.8 M A I N  STEAM A N D  ATMOSPHERIC STEAM DUMP-TURBINE BYPASS CONTROL SYSTEM 

The main steam sys t em t r a n s f e r s  steam from the  steam g e n e r a t o r s  t o  t h e  
f o l l o w i n g  equipment:  

main high pressure (HP)  t u r b i n e s ,  
m o i s t u r e  s e p a r a t o r  reheaters,  
main steam g e n e r a t o r  feedwater pump t u r b i n e s ,  
a u x i l i a r y  feedwater pump t u r b i n e s ,  and 
steam seal r e g u l a t o r .  

A s i m p l i f i e d  schematic o f  t he  main steam sys t em is shown i n  F ig .  B14.  
The a tmosphe r i c  steam dump and t u r b i n e  bypass  c o n t r o l  s y s t e m  f u n c t i o n a l  
b lock  diagram is shown i n  F i g .  B15.  The main steam s y s t e m  also p rov ides  
o v e r p r e s s u r e  p r o t e c t i o n  for  t h e  steam g e n e r a t o r s  by r e l i e v i n g  e x c e s s  
p r e s s u r e  t o  t h e  atmosphere or the  condenser .  Automatic removal of 
n u c l e a r  steam s u p p l y  system s t o r e d  energy  and s e n s i b l e  heat is provided  
by t h e  main steam sys t em f o l l o w i n g  a t u r b i n e  and reactor t r i p .  

B.8.1 Main Steam Flow P a t h  

During normal p l a n t  o p e r a t i o n ,  steam g e n e r a t e d  i n  t h e  steam g e n e r a t o r s  
flows th rough  a main steam header t o  t h e  main h igh -p res su re  t u r b i n e  s t o p  
v a l v e s .  Each main steam header has a flow restrictor and a main steam 
i s o l a t i o n  v a l v e  (MSIV). The two main steam headers from t h e  steam 
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Fig .  B 1 4 .  Main steam system flow diagram. 
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g e n e r a t o r s  are cross-connec ted  downstream of t h e  MSIVs. Steam from each 
main steam header flows th rough  a i r - o p e r a t e d  c o n t r o l  v a l v e s  t o  the  
a u x i l i a r y  feedwater pump t u r b i n e s .  A smaller diameter branch header 
p rov ides  a steam f low p a t h  t o  t h e  m o i s t u r e  s e p a r a t o r  reheaters and t o  
t h e  steam seal r e g u l a t o r .  Another branch header, connec ted  t o  t h e  main 
s team header, s u p p l i e s  steam flow t o  t h e  main steam g e n e r a t o r  feedwater 
pumps. 

Each main steam header is provided  w i t h  one  a tmosphe r i c  steam dump and 
e i g h t  ASME-code safe ty  re l ie f  v a l v e s  , which are connected  between the  
containment  p e n e t r a t i o n  and t h e  MSIV. These v a l v e s  , normal ly  s h u t  , are 
opened t o  e x h a u s t  main steam t o  the  atmosphere.  Four t u r b i n e  bypass  
v a l v e s  are connected  t o  t h e  same branch header t h a t  s u p p l i e s  t h e  main 
steam g e n e r a t o r  feedwater pump t u r b i n e s .  These v a l v e s  , which are 
normal ly  s h u t ,  are opened t o  exhaus t  steam t o  the  main condenser .  

B.8.2 Main Steam Components 

Immediately downstream of each steam g e n e r a t o r  o u t l e t  n o z z l e  is a 
v e n t u r i  flow restrictor. The f low restrictor s e r v e s  t o  l i m i t  t h e  main 
steam f low r a t e  i n  t he  e v e n t  of  main steam header r u p t u r e .  Each flow 
restrictor is  des igned  t o  l i m i t  steam f low t o  approx ima te ly  170% of 
normal flow. These components are des igned  t o  w i t h s t a n d  a maximum 
p r e s s u r e  and t e m p e r a t u r e  of 1000 p s i a  and 580OF. 

Overp res su re  p r o t e c t i o n  f o r  t he  secondary  s ide  of t h e  steam g e n e r a t o r s  
and main steam header up t o  t h e  i n l e t  of t h e  t u r b i n e  s t o p  v a l v e s  is 
provided  'by  16  sp r ing - loaded  ASME-code s a f e t y  v a l v e s .  The s a f e t y  v a l v e s  
are set t o  open s e q u e n t i a l l y ,  two a t  a time, when header p r e s s u r e  
exceeds  and c o n t i n u e s  t o  r i s e  above 985 p s i g .  
v a l v e s  on  o n e  main steam header are open s i m u l t a n e o u s l y ,  these v a l v e s  
are c a p a b l e  o f  r e l i e v i n g  approx ima te ly  104% of t h e  steam flow from one 
steam g e n e r a t o r .  

When a l l  e i g h t  s a f e t y  

A h y d r a u l i c a l l y  o p e r a t e d  M S I V  is i n s t a l l e d  i n  each main steam header 
between t h e  code s a f e t y  v a l v e s  and t h e  t u r b i n e  s t o p  va lves .  These 
Y-pat te rn  g l o b e  v a l v e s  are c a p a b l e  of w i t h s t a n d i n g  steam p r e s s u r e  and 
t e m p e r a t u r e  of 1085 p s i a  and 580OF. 
a g a i n s t  1000 p s i g  o f  steam p r e s s u r e  a p p l i e d  t o  t h e  v a l v e  sea t .  

The MSIVs are c a p a b l e  of s h u t t i n g  

The MSIVs are i n s t a l l e d  t o  p r o t e c t  t h e  steam g e n e r a t o r  and t h e  reactor 
from damage due  t o  a r u p t u r e  i n  t h e  main steam header. The v a l v e s  are 
des igned  t o  c l o s e  w i t h i n  6 s of  a SCIS. Quick  closure p r e v e n t s  r a p i d  
f l a s h i n g  and blowdown of steam g e n e r a t o r  water due  t o  steam f low th rough  
t h e  r u p t u r e .  Rapid removal  of steam from t h e  steam g e n e r a t o r  cou ld  
c a u s e  r a p i d  cooldown of t h e  reactor c o o l a n t .  The SCIS is g e n e r a t e d  when 
t h e  steam p r e s s u r e  i n  t h e  steam g e n e r a t o r  d rops  below 653 p s i a .  A 
b lock ing  s i g n a l  is n e c e s s a r y  t o  b lock  t h e  SGIS a c t u a t i o n  d u r i n g  normal 
shutdown from power o p e r a t i o n .  
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The a tmospher ic  steam dump and t u r b i n e  bypass system is used t o  remove 
stored energy and s e n s i b l e  heat f o l l o w i n g  a t u r b i n e  and reactor t r i p .  
T h i s  system is used t o  c o n t r o l  secondary  steam f low so t h a t  t h e  s a f e t y  
v a l v e s  are n o t  f r e q u e n t l y  cha l lenged .  It  can handle  45% of t o t a l  
secondary  steam f low.  The a tmospher ic  dump and t u r b i n e  bypass system 
comprises  two a tmospher ic  steam dump v a l v e s  and f o u r  t u r b i n e  bypass  
v a l v e s  . 
The a tmospher ic  steam dump va.lves are connected t o  the  main steam header 
between t h e  containment  p e n e t r a t i o n  and t h e  code s a f e t y  va lves .  When 
opened,  bo th  dump v a l v e s  exhaus t  up t o  5% of t h e  t o t a l  steam flow from 
the steam g e n e r a t o r s .  

The dump v a l v e s  are des igned  t o  w i t h s t a n d  a maximum steam p r e s s u r e  and 
t empera tu re  of 1000 p s i g  and 580OF. 
equipped w i t h  a c h a i n  o p e r a t o r ,  which pe rmi t s  manual o v e r r i d e .  These 
v a l v e s  are des igned  t o  quick  open at  reactor power l e v e l s  above 63% t o  
remove steam f low from t h e  steam g e n e r a t o r s .  

These v a l v e s  f a i l  s h u t  and are 

Four normally s h u t  t u r b i n e  bypass v a l v e s  are connected  t o  t h e  steam 
g e n e r a t o r  feedwater pump supp ly  header downstream of  MSIV 11 .  The 
t u r b i n e  bypass v a l v e s  are a i r - o p e r a t e d ,  10-in.  g lobe  va lves  fabricated 
of carbon s tee l .  When opened, t h e  f o u r  v a l v e s  are capab le  of pas s ing  
40% of  t h e  t o t a l  secondary  steam f low t o  t h e  condenser .  These va lves  
are des igned  t o  wi ths t and  a maximum steam p r e s s u r e  and t empera tu re  of 
1000 p s i g  and 580OF. The va lve  o p e r a t o r s  are equipped w i t h  handwheels 
t o  pe rmi t  manual o p e r a t i o n  s h o u l d  the i r  c o n t r o l s  f a i l  t o  o p e r a t e .  When 
t h e  main t u r b i n e  t r i p s  while  t h e  reactor is o p e r a t i n g  above 63% power, 
t h e  t u r b i n e  bypass  v a l v e s  r e c e i v e  a quick-opening s i g n a l  from t h e  main 
t u r b i n e  c o n t r o l  system. I f  t he  main steam p r e s s u r e  exceeds 895 p s i a  
wi thou t  t u r b i n e  t r i p ,  the  bypass  val’ves are opened a u t o m a t i c a l l y .  

The a tmospher ic  steam dump and t u r b i n e  bypass c o n t r o l s  provide  au tomat i c  
or manual c o n t r o l  of t h e  a tmospher ic  steam dump and t u r b i n e  bypass 
va lves  du r ing  normal and emergency p l a n t  o p e r a t i o n .  During normal 
o p e r a t i o n ,  t h e  a tmospher ic  steam dump and t u r b i n e  bypass va lves  are 
des igned  t o  remain  s h u t  u n t i l  the main t u r b i n e  t r i p s .  

For a t u r b i n e  t r i p ,  t h e  Tavg e r r o r  from the  R R S  is used t o  c o n t r o l  the  
atmospheric steam dump va lve  opening  area. The larger of t h e  secondary 
steam g e n e r a t o r  o u t l e t  p r e s s u r e  o r  Tavg error is selected t o  modulate  
t h e  t u r b i n e  bypass  v a l v e  p o s i t i o n  f o l l o w i n g  a t u r b i n e  t r i p .  If t h e  Tavg 
error i s  greater t h a n  a s e t - p o i n t  va lue  (Tavg greater t h a n  535OF u s u a l l y  
a t  about  63% r e a c t o r  power) ,  bo th  t h e  a tmospher ic  steam dump and t u r b i n e  
bypass  va lves  r e c e i v e  a quick-open s i g n a l  f o l l o w i n g  t u r b i n e  t r i p .  Loss 
of condenser  vacuum o r  MSIV closure w i l l  r e s u l t  i n  a quick-c lose  s i g n a l  
t o  t h e  t u r b i n e  bypass  va lves .  T h i s  s i g n a l  w i l l  a lso prevent  t h e  t u r b i n e  
bypass  va lves  from opening t o  prevent  damage t o  t h e  condenser .  
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Loss of d c  bus 11 c o n t r o l  power t o  t h e  a tmospher ic  steam dump and 
t u r b i n e  bypass c o n t r o l s  w i l l  close or hold closed t h e  t u r b i n e  bypass 
v a l v e s  due t o  t h e  quick-c lose  a c t i o n  of t h e  i s o l a t i o n  s o l e n o i d  v a l v e s .  
An a u t o m a t i c  c l o s e  demand w i l l  a lso be s i g n a l l e d  fo r  t h e  atmospheric 
steam dump v a l v e s ;  however, manual c o n t r o l  is also a v a i l a b l e  for  these 
va lves .  Loss of i n s t r u m e n t  power t o  t h e  v a l v e s  w i l l  s e r v e  t o  close b o t h  
the  a tmospher ic  and t u r b i n e  bypass v a l v e s .  

The main steam system s u p p l i e s  steam t o  t h e  a u x i l i a r y  feedwater (AFW) 
pump t u r b i n e s  when the  a u x i l i a r y  feedwater s y s t e m  is a c t u a t e d .  The 
s u p p l y  p i p i n g  for  t h e  AFW pump t u r b i n e s  connec ts  t o  each main steam 
header between t h e  containment  p e n e t r a t i o n  and t h e  main steam safety 
v a l v e s .  Each s u p p l y  l i n e  c o n t a i n s  a steam supply  i s o l a t i o n  v a l v e .  
These v a l v e s  are a i r - o p e r a t e d  g lobe  v a l v e s  which are he ld  s h u t  by air 
p r e s s u r e  from normally de-energized s o l e n o i d  v a l v e s .  The i s o l a t i o n  
v a l v e s  f a i l  open upon loss  of ins t rument  a i r  p r e s s u r e .  

The main steam sys t em s u p p l i e s  steam t o  t h e  m o i s t u r e  s e p a r a t o r  reheaters 
of t h e  reheat steam system. 
the  HP t u r b i n e  e x h a u s t  steam b e f o r e  it e n t e r s  t h e  LP t u r b i n e s .  Normally 
open i s o l a t i o n  v a l v e s  are provided  on each l i n e .  These v a l v e s  are motor 
o p e r a t e d  and each is equipped w i t h  a handwheel t o  a l low manual o p e r a t i o n  
of the  va lve .  

Main steam flows t o  t h e  reheaters warming 

The main steam system has a dedicated d r a i n  sys t em t o  provide  removal of 
condensa t ion  from the  main steam pip ing .  T h i s  system assists i n  
p r e v e n t i n g  t u r b i n e  blade e r o s i o n  and c o r r o s i o n  of t h e  main steam p i p i n g .  
I t  a lso s e r v e s  t o  improve p l a p t  o p e r a t i n g  e f f i c i e n c y  by r e t u r n i n g  
m o i s t u r e  from low p o i n t s  t o  the  main condenser .  

A d d i t i o n a l  de ta i l s  r e g a r d i n g  o p e r a t i o n  of the  main steam system can be 
found i n  ref. 6. 

B.9 COMPONENT COOLING SYSTEM 

The purpose of t h e  component c o o l i n g  system is t o  m a i n t a i n  c e r t a i n  p l a n t  
components a t  the i r  r e q u i r e d  o p e r a t i n g  t e m p e r a t u r e s  by t r a n s f e r r i n g  heat 
t o  the  s a l t  water s y s t e m .  The system also acts as an  i n t e r m e d i a t e  
barrier between t h e  r a d i o a c t i v e  f l u i d s  i n  t he  components cooled and the 
u l t i m a t e  heat s ink- - the  s a l t  water system. 

The component c o o l i n g  system c o n s i s t s  of three c i r c u l a t i n g  pumps, two 
heat exchangers ,  one chemical a d d i t i o n  t a n k ,  and one head tank .  Most of 
t h e  components i n c l u d i n g  p i p i n g ,  v a l v e s ,  and i n s t r u m e n t a t i o n  are located 
i n  t h e  a u x i l i a r y  b u i l d i n g .  Cool ing  l i n e s  f o r  containment  components are 
located i n s i d e  t h e  containment .  A s i m p l i f i e d  schematic of t h e  component 
c o o l i n g  sys t em is shown i n  F i g s .  B16 and B17. 
r e g a r d i n g  t h e  component c o o l i n g  sys tem,  see ref.  7. 

For  more i n f o r m a t i o n  
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Fig. B16.  Component cooling sys tem (sheet 1 ) .  
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The nonradioactive, chemically t reated water c i rculated by t h e  component 
cooling pumps supplies t h e  following loads: 

. . 

. . 

. 

. . . . 

. 

shutdown cooling heat exchangers; 
1 e t  down heat exchanger ; 
mechanical sea l  cooler, l u b e  o i l  cooler, and thermal barrier for  
each reactor coolant pump; 
control element drive mechanism coolers; 
cooling jacket and aftercooler for  each waste gas ,compressor; 
mechanical sea l  cooler, s tuf f ing  box jackets ,  and bearing housings 
for  each high-pressure safety inject ion ( H P S I )  pump; 
mechanical seal cooler, bearing house, and s tuf f ing  box jacket fo r  
each low-pressure safe ty  inject ion ( L P S I )  pump; 
main steam, feedwater, reactor coolant letdown, reactor coolant 
sampling , and steam generator blowdown containment penetration 
coolers ; 
reactor vessel support coolers; 
steam generator l a t e r a l  support coolers; 
reactor coolant d r a i n  tank heat exchanger ; 
reactor coolant sample cooler; 
post-LOCI (loss-of-coolant incident) sample vessel heat exchanger; 
steam generator blowdown sample coolers and c h i l l e r ;  
m i  s ce l l  aneous waste sample coolers ; 
gas analyzer sample coolers; 
concentrator condenser, d i s t i l l a t e  cooler, vacuum pump sea l  water 
cooler and vacuum pump discharge gas cooler for  each waste 
evaporator ; 
steam generator blowdown radiat ion monitor unit sample cooler; 
degasifier vacuum pump accumulator; and 
miscellaneous waste heat exchanger. 

B.9.1 Flow Path 

During normal operation, one component cooling pump takes suction from 
the  two return headers and discharges t o  t h e  normal and standby 
discharge headers. T h i s  water flows through the  i n - s e r v i c e  component 
cooling heat exchanger, where heat is transferred t o  t h e  s a l t  water 
sys t em.  The temperature of heat exchanger out le t  water is controlled t o  
9 5 O F  by automatic positioning of the  heat exchanger bypass  valve and 
operator t h ro t t l i ng  of the s a l t  water ou t le t  valve. Water leaving the 
heat exchanger flows i n  paral le l  paths t o  various plant components. 

The head tank functions t o  maintain t h e  net posit ive suction head t o  the 
component cooling pumps. It  a lso serves t o  provide's surge volume for  
expansion and contraction of t h e  system inventory. 

The additive tank is used t o  change the chemical content of component 
cooling system water. Chemicals i n  the  tank are  dissolved i n  the water 
as the  pump discharge is circulated t o  t h e  tank. 
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B.9.2 Components 

Three  component c o o l i n g  pumps are p iped  i n  p a r a l l e l  t o  the  normal and 
s t andby  supp ly  headers. Each pump is des igned  t o  supp ly  5000 gpm a t  a 
discharge head of 100 f t .  Each pump is d r i v e n  by a 150-hp motor ,  which 
r e c e i v e s  power from a 480-V bus. Component c o o l i n g  pump 11 is powered 
by u n i t  bus 1 1 A ,  and pump 12 is powered by bus 1 4 A .  Component c o o l i n g  
pump 1 3  can be powered by either u n i t  bus 11B or 14B. A key i n t e r l o c k  
p r e v e n t s  the p o t e n t i a l l y  damaging a r r q g e m e n t  of s t a r t i n g  pump 13 from 
two d i f f e r e n t  power s o u r c e s .  

Dur ing  normal o p e r a t i o n ,  o n l y  one  pump is r e q u i r e d  for  component c o o l i n g  
water c i r c u l a t i o n .  Upon i n i t i a t i o n  of t h e  SIAS, pumps 11 and 1 2  start  
a u t o m a t i c a l l y  i f  no t  a l r e a d y  o p e r a t i n g .  Failure of pump 1 1  or 12 t o  
s tar t  w i t h i n  o n e  second w i l l  r e s u l t  i n  t h e  s t a r t  of pump 13, provided  
its d i sconnec t s  are selected t o  the  a p p r o p r i a t e  bus.  

Loss of power t o  t h e  480-V u n i t  buses  w i l l  c a u s e  t h e  c o o l i n g  pumps t o  
t r i p .  After t h e  diesel starts and p i c k s  up t h e  bus,  t h e  pumps can be 
restarted manual ly .  If a SIAS has been i n i t i a t e d ,  t h e  c o o l i n g  pumps 
w i l l  a u t o m a t i c a l l y  be sequenced back on. 

The sys t em c o n t a i n s  p r e s s u r e  t r a n s m i t t e r s  and alarms that  detect and 
a n n u n c i a t e  i nadequa te  o p e r a t i o n  of t h e  pumps. Opera to r  a c t i o n  t o  
restore component c o o l i n g  flow is i m p e r a t i v e  . for  con t inued  p l a n t  
oper  a t  i on. 

The component c o o l i n g  sys t em c o n t a i n s  two 35 i n .  by 30 f t  p iped  i n  
p a r a l l e l  heat exchangers .  Component c o o l i n g .  water flows th rough  the  
she l l  w h i l e  s a l t  water flows through t h e  t u b e s  t o  p rov ide  coo l ing .  
Normal heat exchanger  o p e r a t i o n  is s u c h  t h a t  t h e  sa l t  water heats 1 1  t o  
96OF, and the  component c o o l i n g  water c o o l s  36 t o  95OF. 

During normal o p e r a t i o n ,  one  heat exchanger is s u f f i c i e n t  t o  p rov ide  t he  
n e c e s s a r y  heat removal.  The heat exchanger  o u t l e t  temperature is 
ma in ta ined  a t  95OF for proper reactor coolant pump c o o l i n g  by c o n t r o l  of 
the  temperature c o n t r o l  bypass  va lve .  

The other component c o o l i n g  heat exchanger is normal ly  p l aced  i n  
s t a n d b y  t o  i n c r e a s e  sys t em a v a i l a b i l i t y  and r e l i a b i l i t y .  I n  t h i s  mode, 
t he  heat exchanger is l i n e d  up for normal o p e r a t i o n  w i t h  t he  e x c e p t i o n  
of t h e  s a l t  water o u t l e t  and heat exchanger  o u t l e t  v a l v e s ,  which are 
c l o s e d .  I n  o r d e r  t o  m a i n t a i n  proper  component c o o l i n g  o u t l e t  
t empera tu re ,  these v a l v e s  are opened as necessa ry .  P l a n t  cooldown and 
post-LOCI cooldown are normal ly  accomplished u s i n g  both exchangers .  
Both heat exchangers  may also be n e c e s s a r y  d u r i n g  hot weather when t h e  
s a l t  water t empera tu re  is warmer. 

A component c o o l i n g  head t a n k  is used t o  provide  s t a t i c  head t o  the  
component c o o l i n g  s y s t e m  th rough  two normal ly  open b u t t e r f l y  va lves .  
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The head from t h i s  t ank  p rov ides  more t h a n  t h e  minimum n e t  p o s i t i v e  
s u c t i o n  head f o r  t h e  component c o o l i n g  pumps. T h i s  2550-gal t a n k  a l s o  
s e r v e s  as a surge volume f o r  c o n t r a c t i o n  and expans ion  due t o  
t empera tu re  changes i n  t h e  closed sys tem.  Makeup is provided  t o  t h e  
sys t em v i a  t h e  head t a n k  by t h e  demine ra l i zed  water system and the  
condensa te  system. The head t ank  is provided  wi th  t r a n s m i t t e r s  t o  
a n n u n c i a t e  high and low l e v e l  c o n d i t i o n s .  

A 75-gal a d d i t i v e  t a n k  is provided  f o r  a d d i t i o n  of a c o r r o s i o n  i n h i b i t o r  
t o  t he  component c o o l i n g  system. On a w e e k l y  basis the  component 
c o o l i n g  water is sampled f o r  c o r r o s i o n  i n h i b i t a n c e .  Hydrazine must be 
added o c c a s i o n a l l y  t o  i n c r e a s e  t h e  c o r r o s i o n  i n h i b i t a n c e  l e v e l .  After 
chemical a d d i t i o n  t o  t h e  a d d i t i v e  t a n k  is completed,  t he  operator 
establishes a flow p a t h  from the discharge of t h e  pumps, t h rough  t h e  
t a n k ,  and back t o  t h e  pumps' s u c t i o n .  After adequa te  mixing i n t o  t h e  
sys tem,  t h e  flow is s e c u r e d  and t h e  t a n k  is p laced  i n  a wet l ayup  
c o n d i t i o n .  

B.9.3 Component Cool ing System I n t e r f a c e s  

The component c o o l i n g  system i n t e r f a c e s  w i t h  numerous systems throughout  
t h e  p l a n t .  Most of these i n t e r f a c e s  are t h e  loads which- t h e  component 
c o o l i n g  system s u p p l i e s  c o o l i n g  water. The major i n t e r f a c e s  are 
d i s c u s s e d  i n  t h i s  s e c t i o n .  

The component c o o l i n g  sys t em i n t e r f a c e s  w i t h  t he  r a d i a t i o n  mon i to r ing  
sys tem,  but  does no t  p rov ide  c o o l i n g  water. Component c o o l i n g  water is 
c i r c u l a t e d  through t h e  r a d i a t i o n  mon i to r ing  sys t em r a d i a t i o n  detectors 
t o  de termine  i f  there is any a c t i v i t y  i n  t h e  water. An i n d i c a t i o n  of 
high r a d i o a c t i v i t y  i n  t h e  water is i n d i c a t i v e  of a r e a c t o r  c o o l a n t  leak. 
Upon r e c e i p t  of a h i g h  a c t i v i t y  alarm, t h e  o p e r a t o r  de te rmines  the 
v a l i d i t y  of t h e  alarm by 

r e a d i n g  the  a c t i v i t y  l e v e l  i n d i c a t i o n  on t h e  r a d i a t i o n  moni tor ,  
sampl ing  t h e  component c o o l i n g  s y s t e m ,  and 
mon i to r ing  the  head t a n k  l e v e l .  

If h igh  a c t i v i t y  e x i s t s ,  it is i m p e r a t i v e  tha t  t h e  o p e r a t o r  "feed and 
bleed" t h e  system t o  r e d u c e  t h e  a c t i v i t y .  To f e e d  and b leed  t h e  sys tem,  
pu re  water is added t o  t h e  head t a n k  from the demine ra l i zed  water 
sys t em,  and a c t i v a t e d  water is d i v e r t e d  t o  t h e  misce l l aneous  waste 
p rocess  i ng system. 

- 

Component c o o l i n g  i s  provided  t o  each o f  the  f o u r  r e a c t o r  coo lan t  pumps. 
The flow p a t h  t o  each pump is subd iv ided  i n t o  two streams; one  f o r  pump 
seal c o o l i n g  and t h e  other f o r  motor b e a r i n g  l u b e  o i l  coo l ing .  
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Pump seal c o o l i n g  i s  d i v i d e d  i n t o  two s ide streams: 

thermal barrier c o o l i n g ,  which r e c e i v e s  17 gpm, and 
seal  water c o o l i n g ,  which r e c e i v e s  28 gpm. 

Component c o o l i n g  t o  the r e a c t o r  c o o l a n t  pumps must be c o n t r o l l e d  such  
t h a t  t he  b l eedof f  t e m p e r a t u r e  from t h e  thermal barrier does n o t  f a l l  
below 125OF and t h e  seal  c a v i t y  t e m p e r a t u r e  does not  exceed 25O0F. 
Component c o o l i n g  water must be ma in ta ined  t o  RCPs whenever t h e  c o o l a n t  
t empera tu re  is greater t h a n  175OF. 

The c o o l i n g  water t o  the motor b e a r i n g  l u b e  o i l  c o o l e r s  is a l s o  d i v i d e d  
i n t o  two streams; 150 gpm s u p p l i e s  the upper b e a r i n g  l u b e  o i l  c o o l e r  and 
5 gpm s u p p l i e s  the  lower b e a r i n g  l u b e  o i l  cooler. Proper c o o l i n g  of  t h e  
l u b e  o i l  is necessa ry  t o  p reven t  damage of these b e a r i n g s  and subsequent  
motor damage. The heat load g e n e r a t e d  t o  t h e  motor b e a r i n g s  is so  g r e a t  
t h a t  c o o l i n g  water must be ma in ta ined  fo r  t h i r t y  minutes  after t h e  RCP 
is t r i p p e d .  

Loss of component c o o l i n g  has  a s i g n i f i c a n t  impact on con t inued  p l a n t  
o p e r a t i o n s  due t o  c o o l i n g  loss  t o  t h e  RCPs.  Component c o o l i n g  must be 
r e s t o r e d  t o  o p e r a t i n g  R C P s  w i t h i n  10 min t o  prevent  damage. The 
o p e r a t o r  is i n s t r u c t e d  t o  immediately s t o p  the  affected RCP i f  one  of 
the  f o l l o w i n g  c o n d i t i o n s  e x i s t s :  

flow is not  restored w i t h i n  10 min, 
seal  c a v i t y  t empera tu re  reaches 200°F, or 
t h r u s t  b e a r i n g  t e m p e r a t u r e  reaches 195OF. 

The le tdown heat exchanger uses component c o o l i n g  water t o  cool the  
le tdown from t h e  o u t l e t  of the chemical and volume c o n t r o l  s y s t e m  
r e g e n e r a t i v e  heat exchanger .  The purpose of t h i s  heat exchanger  is  t o  
p rov ide  s u f f i c i e n t  c o o l i n g  t o  t h e  RCS le tdown f o r  i o n  exchanger  
o p e r a t i o n .  
r e s i n .  

Temperatures exceeding  1 4 5 O F  can damage t h e  i o n  exchanger  

Component c o o l i n g  water f low must be a d j u s t e d  t o  p rov ide  a c o n s t a n t  
le tdown t e m p e r a t u r e  t o  t h e  i o n  exchangers .  A r e d u c t i o n  i n  i o n  exchanger  
i n l e t  t empera tu re  i n c r e a s e s  the r e s i n ' s  a b i l i t y  f o r  boron c a p t u r e  
because t h e  i o n  exchanger  a f f i n i t y  for  boron is temperature dependent .  
Greater boron c a p t u r e  r e s u l t s  i n  i n c r e a s e d  reactor power, w h i l e  
d e c r e a s i n g  boron c a p t u r e  (higher  i n l e t  t empera tu re )  r e s u l t s  i n  a power 
decrease. Due ' to  t h i s ' t e m p e r a t u r e  dependence, ' t h e  o p e r a t o r  must -be 
e s p e c i a l l y  a l e r t  t o  changing heat loads on  t h e  component c o o l i n g  system. 
The power i n c r e a s e s  described above are n o t  s i g n i f i c a n t  i n  magnitude but  
may r e s u l t  i n  an e x c u r s i o n  above 100% power s i n c e  normal o p e r a t i o n s  are 
u s u a l l y  h e l d  a t  f u l l  power. The o p e r a t o r  may a n t i c i p a t e  major 
t empera tu re  changes and bypass  the  i o n  exchangers  acco rd ing ly .  
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Cooling water is a l s o  s u p p l i e d  t o  two c o n t r o l  element d r i v e  mechanism 
(CEDM) wa te r - to -a i r  c o o l e r s .  
and minimizes CEDM maintenance. Cool ing water f lows  through t h e  CEDM 
c o i l s  removing h e a t  from t h e  CEDM shroud exhaus t .  

T h i s  coo l ing  pe rmi t s  long-term o p e r a t i o n  

When t h e  CEDMs are ene rg ized ,  t h e  component coo l ing  system should be i n  
o p e r a t i o n  t o  a s s i s t  t h e  CEDM v e n t i l a t i o n  system i n  ma in ta in ing  t h e  power 
c o i l s  below 35O0F. Each mechanism is provided a cons t an t  800-cfm a i r  
f low w i t h  a n  i n l e t  t empera tu re  of 120OF. Loss of component coo l ing  does 
not have a c r i t i c a l  impact un le s s  a i r  f low is  a l s o  l o s t .  Loss of water 
c o o l i n g  t o  CEDM s h o r t e n s  c o i l  l i f e .  A s  t h e  t empera tu re  i n c r e a s e s ,  t h e  
c o i l  r e s i s t a n c e  f o r  each CEDM i n c r e a s e s ,  caus ing  a c u r r e n t  dec rease .  
Even tua l ly ,  t h e  c o n t r o l  rods  drop due t o  i n s u f f i c i e n t  c u r r e n t .  

Component c o o l i n g  water  is provided t o  t h r e e  r e a c t o r  v e s s e l  suppor t  
c o o l e r s  and f o u r  steam gene ra to r  l a t e r a l  suppor t  c o o l e r s .  T h i s  coo l ing  
water flow p r o t e c t s  t h e  suppor t  bea r ing  s u r f a c e s  and s t r u c t u r a l  conc re t e  
from exceeding a l lowab le  t empera tu res  i n  o rde r  t o  achieve  a 40-y l i f e  
expectancy.  Short-term loss  of component coo l ing  t o  t h e  suppor t  c o o l e r s  
is not expected t o  r e s u l t  i n  s i g n i f i c a n t  f a i l u r e s .  

Component coo l ing  water is s u p p l i e d  t o  t h e  two shutdown coo l ing  h e a t  
exchangers dur ing  p l a n t  cooldown, co ld  shutdown, and post-LOCI cooldown. 
Dur ing  normal o p e r a t i o n ,  t h e  shutdown hea t  exchangers a r e  l i n e d  up t o  
cool  t h e  containment s p r a y  i n  t h e  event  of a CSAS. During shutdown 

' c o o l i n g ,  two component coo l ing  pumps and two component coo l ing  h e a t  
exchangers a r e  p laced  i n  s e r v i c e .  For long-term coo l ing  fo l lowing  a 
L O C I ,  one pump and two hea t  exchangers a r e  necessa ry  t o  cool  both 
shutdown coo l ing  hea t  exchangers .  

I n  t h e  event  of a SIAS, t h e  shutdown hea t  exchanger o u t l e t  c o n t r o l  
valves open a u t o m a t i c a l l y  by a c o n t r o l  s i g n a l  t o  t h e  so leno id  va lve .  
The shutdown coo l ing  h e a t  exchangers a r e  then  a b l e  t o  suppor t  
containment s p r a y  c o o l i n g  and long-term coo l ing  fo l lowing  a L O C I .  

The h igh -p res su re  safety i n j e c t i o n  ( H P S I )  pumps a r e  s u p p l i e d  coo l ing  
water v i a  t h e  component coo l ing  system. The HPSI pumps i n j e c t  borated 
water i n t o  t h e  RCS d u r i n g  a l o s s - o f - r e a c t o r - c o o l a n t  a c c i d e n t .  Due t o  
t h e i r  s a f e t y  f u n c t i o n ,  t h e s e  pumps have been designed t o  o p e r a t e  2 h 
without  coo l ing .  These c e n t r i f u g a l  pumps r e q u i r e  s e a l ,  b e a r i n g ,  and 
s t u f f i n g  box c o o l i n g  f o r  proper s u s t a i n e d  o p e r a t i o n .  

The low-pressure  s a f e t y  i n j e c t i o n  (LPSI) pumps a l s o  r e c e i v e  coo l ing  
water v i a  t h e  component coo l ing  water  system. These pumps a r e  a l s o  
designed t o  o p e r a t e  2 h wi thout  coo l ing  wa te r .  During normal o p e r a t i o n ,  
f low through t h e  pumps is not r e q u i r e d ,  b u t  is main ta ined  i n  p r e p a r a t i o n  
f o r  t h e i r  sudden s t a r t .  The LPSI pumps s e r v e  two purposes:  
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i n j e c t  l a r g e  q u a n t i t i e s  of b o r a t e d  water i n t o  RCS d u r i n g  a L O C I .  
p rov ide  f low th rough  t h e  r e a c t o r  c o r e  and shutdown c o o l i n g  heat 
exchangers  d u r i n g  shutdown c o o l i n g .  

Component c o o l i n g  water a l s o  f lows  through t h e  containment  p e n e t r a t i o n  
c o o l e r s  f o r  t h e  f o l l o w i n g  p e n e t r a t i o n s :  

main steam, 
f eedwater , 
steam g e n e r a t o r  blowdown, 
r e a c t o r  c o o l a n t  le tdown,  and 
r e a c t o r  c o o l a n t  sampl ing .  

The purpose  of these c o o l e r s  is t o  r educe  thermal stress on t h e  
conta inment .  Complete l o s s  of c o o l i n g  w i l l  no t  r e s u l t  i n  any 
s i g n i f i c a n t  f a i l u r e ,  bu t  t h e  c o n c r e t e  i n  t h e  areas of t he  p e n e t r a t i o n s  
w i l l  be weakened. 

The r e a c t o r  c o o l a n t  waste e v a p o r a t o r s  and t h e  m i s c e l l a n e o u s  waste 
evapora to r  require c o o l i n g  water and r e p r e s e n t  a major l o a d  on  t h e  
component c o o l i n g  system when placed i n  o p e r a t i o n .  The pr imary  c o o l i n g  
l o a d  f o r  t h e  waste e v a p o r a t o r s  is t h e  c o n c e n t r a t o r  condense r ,  which 
r e q u i r e s  1100 gpm of c o o l i n g  water. During a L O C I ,  t h e  CIS c l o s e s  t h e  
waste e v a p o r a t o r  s u p p l y  i s o l a t i o n  c o n t r o l  v a l v e s ,  e l i m i n a t i n g  these 
major nonsa fe ty  l o a d s .  I n  t h e  even t  of l o s s  of component c o o l i n g ,  t he  
o p e r a t o r  shou ld  secure t h e  e v a p o r a t o r  t o  p reven t  damage and p o s s i b l e  
personnel  i n j  u r y  . 
Component c o o l i n g  water is s u p p l i e d  t o  t he  waste gas compressor when i t  
c y c l e s  on. The purpose  of these compressors  is t o  compress gases  
c o l l e c t e d  i n  t he  s u r g e  t a n k  f o r  d i s c h a r g e  t o  t he  gas decay t a n k s .  

Component c o o l i n g  water is c o n t i n u o u s l y  s u p p l i e d  t o  t h e  reactor c o o l a n t  
d r a i n  t a n k  heat exchanger .  Heat exchanger  c o o l i n g  is n e c e s s a r y  t o  
p r o t e c t  t he  r e a c t o r  c o o l a n t  d r a i n  t a n k  from o v e r h e a t i n g  and 
over  p r e s s u r i  z a t i  on. 

B.10 SERVICE WATER SYSTEM 

The s e r v i c e  water (SRW) system is des igned  t o  remove heat from t u r b i n e  
p l a n t  components, containment  c o o l i n g  u n i t s ,  t h e  s p e n t  f u e l  poo l ,  and 
emergency diesel  g e n e r a t o r  heat exchangers .  Heat is t r a n s f e r r e d  from 
t h e  SRW system t o  t h e  s a l t  water s y s t e m ' v i a  t h e  SRW sys t em heat 
exchangers .  
more i n f o r m a t i o n ,  see re f .  8). F i g u r e  B18 p rov ides  a f u n c t i o n a l  block 
diagram of t he  SRW s y s t e m .  

T h i s  s e c t i o n  p rov ides  a d e s c r i p t i o n  of t h e  SRW system ( f o r  

The SRW system f u n c t i o n s  as one sys t em i n  t h e  t u r b i n e  b u i l d i n g  and as 
two subsys tems i n  t he  a u x i l i a r y  b u i l d i n g .  The two subsys tems are  
r e q u i r e d  t o  f u n c t i o n  independen t ly  t o  t he  degree  n e c e s s a r y  t o  a s s u r e  
safe shutdown of t h e  p l a n t  i n  t h e  e v e n t  of a component fa i lure .  Each 
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subsys tem i n c l u d e s  a head t a n k ,  an e l e c t r i c - d r i v e n  pump, and a heat 
exchanger .  A t h i r d  SRW pump is provided  as backup and may be 
c r o s s  connected t o  s u p p l y  either subsystem. 

The SRW system p rov ides  heat removal f o r  t he  f o l l o w i n g  components i n  t he  
a u x i l  i ar y bui 1 d i  ng : 

two s p e n t  f u e l  pool c o o l i n g  heat exchangers  
f o u r  containment  a i r  c o o l e r s  
three emergency diesel  g e n e r a t o r s  
two SG blowdown r e c o v e r y  heat exchangers .  

Turb ine  b u i l d i n g  components r e c e i v e  c o o l i n g  water through four 
a i r - o p e r a t e d  i s o l a t i o n  va lves .  These v a l v e s  s h u t  on a SIAS t o  reduce 
the  heat l o a d  and i s o l a t e  n o n s a f e t y  related equipment .  The SRW sys tem 
s u p p l i e s  c o o l i n g  water t o  t h e  f o l l o w i n g  components i n  t h e  t u r b i n e  
bui  1 d i  ng : 

three c i r c u l a t i n g  water sys t em priming pumps 
f o u r  condenser  vacuum pump seal water c o o l e r s  
three condensa te  boos t e r  pump seal  water and l u b e  o i l  c o o l e r s  
three a i r  compressors  and three after c o o l e r s  
e l e c t r o h y d r a u l i c  power p l a n t  o i l  c o o l e r s  
a u x i l i a r y  f e e d  pump room a i r  c o n d i t i o n e r  condenser  
main feed pump l u b e  o i l  c o o l e r s  
two t u r b i n e  l u b e  o i l  c o o l e r s  
f o u r  hydrogen c o o l e r s  
g e n e r a t o r  e x c i t e r  a i r  c o o l e r s  
two g e n e r a t o r  i s o l a t e d  phase bus duc t  c o o l e r s  
sampl ing  s y s t e m  mechanical  ch i l le rs  
n i t r o g e n  compressor .  

During normal p l a n t  o p e r a t i o n ,  t w o  of t h e  three S R W  s y s t e m  pumps are 
o p e r a t i n g  w i t h  t h e  t h i r d  pump i n  s t andby .  The t h i r d  pump is normal ly  
a l i g n e d  t o  subsystem 12 and e lec t r ica l ly  powered from 4-kV bus 1 1 .  Both 
S R W  heat exchangers  are used d u r i n g  normal p l a n t  o p e r a t i o n .  

During a L O C I ,  a SIAS w i l l  a u t o m a t i c a l l y  s tar t  t h e  pr imary SRW pumps i f  
t h e y  are not  already o p e r a t i n g .  I f  e i ther  f a i l s  t o  s t a r t ,  t h e  s tandby 
pump w i l l  be started.  A SIAS w i l l  a l s o  i s o l a t e  s e r v i c e  water f low t o  
t u r b i n e  b u i l d i n g  components, r e d u c i n g  n o n e s s e n t i a l  sys t em heat load .  A 
CSAS w i l l  c ause  v a l v e s  i n  t h e  containment  c o o l e r s  t o  open, i n c r e a s i n g  
SRW f low through t h e  c o o l e r s .  

B. 10.1 Components 

S e r v i c e  Water Head Tanks 

Two 2300-gal head t a n k s  p rov ide  p o s i t i v e  s u c t i o n  head f o r  t h e  SRW sys tem.  
The head t ank  l e v e l  is a u t o m a t i c a l l y  ma in ta ined  by a l e v e l  c o n t r o l  v a l v e .  
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A l e v e l  swi tch  f o r  each t a n k  s i g n a l s  a s o l e n o i d  va lve  t o  close, which 
permi ts  t h e  l e v e l  c o n t r o l  v a l v e  t o  open. Makeup water t o  the  head t a n k s  
is s u p p l i e d  from t h e  demine ra l i zed  water system o r  t h e  condensa te  
s y s  tem . 
S e r v i c e  Water PumDs and Motors 

Each of t h e  three SRW pumps is d r i v e n  by a 400-hp e l ec t r i c  motor that 
rotates  a t  1185 rpm. Each pump is able  t o  supp ly  7050 gpm a t  a 180-f t  
head. The pump seals are l u b r i c a t e d  by c o n t r o l l e d  water l eakage  p a s t  
t h e  seals. I n s t r u m e n t a t i o n  is provided  on each pump t o  detect b e a r i n g  
t empera tu res  and e x c e s s i v e  v i b r a t i o n .  

The normal ly  o p e r a t i n g  pumps ( 1 1  and 12)  take s u c t i o n  from t h e  subsystem 
r e t u r n  header v i a  a b u t t e r f l y  i s o l a t i o n  va lve .  The pumps discharge 
s e r v i c e  water through a check v a l v e  and i s o l a t i o n  v a l v e  t o  t h e  subsystem 
discharge header. The d i s c h a r g e  headers c o n t a i n  t empera tu re  and 
p r e s s u r e  s e n s o r s  t h a t  e n e r g i z e  an alarm on low (<85 p s i g )  p r e s s u r e .  The 
d i scha rge  headers s u p p l y  water t o  s e r v i c e  water heat exchangers  and are 
connected t o  t h e  chemical a d d i t i v e  t a n k  and t h e  misce l l aneous  waste 
p rocess ing  s y s  tem. 

SRW pump 1 1  r e c e i v e s  power from 4-kV bus 1 1 ,  w h i l e  pump 1 2  r e c e i v e s  
power from 4-kV bus 1 4 .  SRW pump 13 may r e c e i v e  power from bus 11 o r  
1 4 ,  depending upon how its d i sconnec t  l i n k s  are a l i g n e d .  K i r k - k e y  t y p e  
i n t e r l o c k s  p reven t  pump 1 3  from be ing  ene rg ized  from two buses  
s imul t aneous ly .  SRW pumps 1 1  and 12 c o n t a i n  s ta r t  and s t o p  logic  
c i r c u i t r y .  S t a r t  cycle l i m i t a t i o n s  are imposed on  the pumps because of 
e x c e s s i v e  heat g e n e r a t i o n  i n  t h e  windings caused by t h e  s t a r t i n g  
c i r c u i t  . 
S e r v i c e  Water Heat Exchangers 

Two s e r v i c e  water heat exchangers  transfer heat from the  service water 
on t h e  s h e l l  s i d e  t o  sa l t  water on t h e  t u b e  s i d e .  Design t empera tu re  
and p r e s s u r e  of  t h e  t u b e  s i d e  of t h e  heat exchanger are 200°F and 
50 p s i ,  while s h e l l  s i d e  parameters  are 200°F and 175 p s i .  Actual  
o p e r a t i n g  c o n d i t i o n s  are s u b s t a n t i a l l y  lower. 

SRW t empera tu re  e n t e r i n g  t h e  she l l  s i d e  of t he  heat exchanger is 110°F 
and e x i t  temperature is 95OF. Sal t  water t empera tu re  e n t e r i n g  the t u b e s  
is 85°F and e x i t , t e m p e r a t u r e  is 95°F. Normal i n l e t  t empera tu re  on t h e  
t u b e  s ide  w i l l  vary  w i t h  s e a s o n a l  t empera tu res .  The des ign  heat l o a d  on 
each heat exchanger is 105 x l o 6  Btu/h,  and 120 x l o 6  Btu/h d u r i n g  a 
LOCI .  The sa l t  water o u t l e t  of each heat exchanger  has a t empera tu re  
i n d i c a t o r  which a n n u n c i a t e s  i n  t h e  Con t ro l  Room i f  t he  t empera tu re  
reaches 95°F. 

The heat exchangers  were des igned  based on maximum sa l t  water flow, and 
the s a l t  water f low shou ld  be a t  maximum p r i o r  t o  admiss ion  of s e r v i c e  
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water t o  t h e  she l l .  During shutdown o p e r a t i o n ,  s a l t  water f low shou ld  
be cont inued  u n t i l  t h e  SRW pumps have been s topped .  Care shou ld  be 
exercised dur ing  s t a r t u p  of a heat exchanger t o  assure tha t  i t  is  
p r o p e r l y  vented ;  an air-free system must be ma in ta ined  t o  e n s u r e  proper  
sys t em o p e r a t i o n .  P e r i o d i c  mon i to r ing  o f  heat exchanger t empera tu re  and 
pressure is n e c e s s a r y  t o  a s s u r e  proper  o p e r a t i o n .  

Chemical Add i t ive  Tank 

The SRW system is des igned  t o  p e r m i t  add i t i ' on  of chemicals and d i s c h a r g e  
of s e r v i c e  water s h o u l d  i t  become contaminated.  I n  o r d e r  t o  minimize 
c o r r o s i o n  i n  the  s y s t e m ,  hydraz ine  may be added t o  t h e  sys t em.  A 
75-gal chemical a d d i t i o n  t a n k  is i n c l u d e d  i n  t h e  sys t em t o  p rov ide  
d i s s o l u t i o n  of chemicals i n t o  t h e  sys t em.  D i f f e r e n t i a l  pressure a c r o s s  
t he  SRW pump p rov ides  t h e  d r i v i n g  head f o r  chemical i n j e c t i o n .  

Should t h e  s e r v i c e  water sys t em become contaminated  w i t h  r a d i o a c t i v i t y ,  
p r o v i s i o n s  a r e  i n c o r p o r a t e d  i n  the d e s i g n  t o  pe rmi t  d i s c h a r g e  of 
contaminated  water t o  t he  misce l l aneous  waste p r o c e s s i n g  sys t em.  
Contaminat ion is reduced  by d i l u t i o n  of t h e  sys t em w i t h  water from the  
demine ra l i zed  water system. Valve SRW-305 may be opened t o  p e r m i t  
discharge o f  s e r v i c e  water t o  t he  misce l l aneous  waste p r o c e s s i n g  s y s t e m .  

B. 10.2 Aux i l i a ry  Bu i ld ing  Loads 

The SRW system is d i v i d e d  i n t o  two subsys tems i n  the  a u x i l i a r y  b u i l d i n g  
i n  o r d e r  t o  meet t h e  s i n g l e - f a i l u r e  des ign  cri teria.  A u x i l i w y  b u i l d i n g  
heat l o a d s  are safety-related w i t h  t he  e x c e p t i o n  of t h e  blowdown 
r e c o v e r y  heat exchanger .  

Spent  Fuel  Pool Cool ing Heat Exchangers 

Two s p e n t  f u e l  pool c o o l i n g  heat exchangers  m a i n t a i n  t he  pool 
t empera tu re  below the d e s i g n  l i m i t .  These heat exchangers  are 
h o r i z o n t a l ,  coun te r f low t y p e  w i t h  a SRW i n l e t  temperature of 95OF and an 
o u t l e t  temperature of 106.5OF. Heat exchanger  11 is s u p p l i e d  s e r v i c e  
water from Uni t  1 subsystem 12 header, whi le  exchanger 12 is s u p p l i e d  by 
a Uni t  2 subsystem header. 

S e r v i c e  water is s u p p l i e d  t o  t he  s h e l l  s ide of the heat exchanger and 
pool water is s u p p l i e d t o  t h e  t u b e s .  Upon r e c e i p t  of a CSAS, t h e  i n l e t  
and o u t l e t  c o n t r o l  v a l v e s  a u t o m a t i c a l l y  c l o s e  i n  o r d e r  t o  p rov ide  
maximum -f-low t o  the .containment c o o l e r s .  These v a l v e s  are d e s i g n e d - t o  
f a i l  s h u t  upon l o s s  of c o n t r o l  power or l o s s  of pneumatic supp ly .  

The r e t u r n  l i n e  from t h e  heat exchanger is moni tored  f o r  r a d i o a c t i v i t y ,  
and r e a d i n g s  i n  excess of 1000 counts /min are alarmed i n  t h e  Con t ro l  
Room. An alarm would be i n d i c a t i v e  of a heat exchanger t u b e  f a i l u r e  
w i t h  f a i l e d  f u e l  i n  t h e  pool .  
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Containment Coo le r s  

Four containment  coolers are provided  i n  each u n i t  t o  remove heat from 
the  containment  d u r i n g  normal o p e r a t i o n  and a lso i n  t h e  even t  of a L O C I .  
Containment c o o l e r s  11  and 12 are  normal ly  s u p p l i e d  by SRW subsystem 1 1 ,  
wi th  c o o l e r s  13 and 1 4  s u p p l i e d  by subsystem 12. However, manual v a l v e s  
are i n  p l a c e  t o  pe rmi t  t h e  supp ly  o f  any c o o l e r  by e i ther  header.  The 
s u p p l y  l i n e  t o  each c o o l e r  has an a i r - o p e r a t e d ,  normal ly  open s t o p  va lve .  
These va lves  are des igned  t o  f a i l  i n  t h e  open p o s i t i o n .  

The r e t u r n  l i n e  from each cooler c o n t a i n s  two a i r - o p e r a t e d  s t o p  v a l v e s  
p iped  i n  p a r a l l e l .  One v a l v e  l o c a t e d  on a 4-in.  l i n e  is used f o r  normal 
o p e r a t i o n  c o o l i n g  r equ i r emen t s .  The para l le l  l l n e  is 8 i n .  diarn. and 
i t s  v a l v e  is a u t o m a t i c a l l y  opened upon r e c e i p t  of a CSAS. A t h i r d  
p a r a l l e l ,  manual ly  o p e r a t e d  v a l v e  is also provided  t o  permi t  f low shou ld  
t h e  8- in .  v a l v e  f a i l  f o l l o w i n g  a CSAS. 

During normal o p e r a t i o n ,  l ess  than  f o u r  c o o l e r s  are o p e r a t i n g  t o  remove 
containment  heat. The f o u r t h  c o o l e r  u s u a l l y  s e r v e s  as a spare w i t h  i ts  
i n l e t  va lve  open and o u t l e t  va lve  s h u t .  Depending on weather 
c o n d i t i o n s ,  t h e  f o u r t h  cooler may be va lved  i n t o  o p e r a t i o n .  Each 
containment  c o o l e r  has a normal flow of 550 gpm wi th  a heat removal 
c a p a b i l i t y  of 2.2 x l o 6  Btu/h.  During a LOCI  t h e  water f low is 
i n c r e a s e d  t o  2000 gpm by t h e  opening  o f  t h e  p a r a l l e l  8 - in .  v a l v e ,  which 
boos t s  t h e  heat removal c a p a b i l i t y  t o  95 x l o 6  Btu/h.  

Emergency Diesel Genera tor  

Three emergency diesel  g e n e r a t o r s  are s u p p l i e d  s e r v i c e  water for c o o l i n g  
of t h e  heat exchangers  f o r  l u b e  o i l ,  diesel  jacket water, and diesel  air  
subsystems.  S e r v i c e  water flows through t h e  t u b e s  of a l l  three 
exchangers .  

Diesel g e n e r a t o r  1 1  r e c e i v e s  s e r v i c e  water from Uni t  1 subsystem 1 1 ,  
w h i l e  Uni t  2 SRW subsystem 22 s u p p l i e s  diesel 21. Diesel 1 2  may r e c e i v e  
s e r v i c e  water from ei ther  Uni t  1 subsystem 12 or Uni t  2 subsystem 21. 
P res su re - sens ing  v a l v e s ,  l o c a t e d  i n  t h e  supp ly  and r e t u r n  l i n e  of each 
subsystem, s e n s e  subsystem p r e s s u r e  and t h e  p o s i t i o n  of  t he  a l t e r n a t e  
supp ly  and r e t u r n  s e n s i n g  va lves .  If any d e v i a t i o n  i n  normal o p e r a t i o n  
of t he  pr imary subsystem is detected, t h e  p res su re - sens ing  v a l v e s  s h u t  
and t h e  a l t e r n a t e  set of p re s su re - sens ing  v a l v e s  open a u t o m a t i c a l l y .  
These va lves  f a i l  open upon l o s s  of ins t rument  a i r .  

Add i t iona l  redundancy is provided  by c ros s -connec t s  i n  the  s e r v i c e  water 
sys t em des ign .  Diesel g e n e r a t o r  1 2  can a l s o  r e c e i v e  s e r v i c e  water from 
Uni t  1 subsystem 11  by opening  two manual va lves .  Un i t  2 subsystem 22 
may a l s o  supp ly  diesel  1 2  by opening  two other manual va lves .  The same 
sets  of c ross -connec ts  may be used t o  s u p p l y  diesel  21 from Uni t  1 
subsystem 12, and diesel  1 1  from Uni t  2 subsystem 21. 



S e r v i c e  water is s u p p l i e d  t o  each diesel  g e n e r a t o r  th rough an  
a i r -ope ra t ed  c o o l i n g  water s u p p l y  va lve .  These v a l v e s  a u t o m a t i c a l l y  
open upon receipt of a s i g n a l  from the  diesel jacket c o o l a n t  pump speed  
switch.  These . v a l v e s ,  once  opened,  are modulated by a d i f f e r e n t i a l  
p r e s s u r e  c o n t r o l l e r  tha t  m a i n t a i n s  5 t o  7 p s i d  across the three diesel 
gene ra to r  heat exchangers  . 
Blowdown Recovery Heat Exchanger 

The SRW system s u p p l i e s  c o o l i n g  t o  two blowdown recove ry  heat 
exchangers ,  one  l o c a t e d  i n  each p l a n t .  There are two blowdown recove ry  
heat exchangers  i n  series; one is cooled by condensa te  and t h e  other by 
s e r v i c e  water. 

The s e r v i c e  water flows through t h e  t u b e  s i d e  w i t h  a des ign  p r e s s u r e  and 
t empera tu re  of 350 p s i g  and 200OF. S e r v i c e  water e n t e r s  t h e  heat 
exchanger through manual ly  o p e r a t e d  v a l v e s .  S e r v i c e  water temperature 
and p r e s s u r e  are i n d i c a t e d  l o c a l l y  on  the d i s c h a r g e  s i d e  of t h e  heat 
exchanger .  Overpressure  p r o t e c t i o n  is provided  by re l ie f  v a l v e s  on bo th  
t he  s h e l l  and t u b e  sides of t h e  heat exchanger .  

B . l O . 3  Turb ine  B u i l d i n g  Loads 

The t u r b i n e  b u i l d i n g  components r e c e i v e  s e r v i c e  water through a i r -  
o p e r a t e d  v a l v e s  SRW 1600-CV, 1637, 1638, and 1639. These v a l v e s  are 
a u t o m a t i c a l l y  s h u t  on a SIAS t o  permi t  a d d i t i o n a l  f low t o  the  
containment  c o o l e r s .  

C i r c u l a t i n g  Water System Pr imary  Pumps 

S e r v i c e  water i s  s u p p l i e d  t o  t he  pr iming  pump sea l  water c o o l e r s  th rough 
manual ly  operated i n l e t  and o u t l e t  va lves .  Two of t h e  three priming 
pumps are normal ly  i n  au tomat i c  o p e r a t i o n  w i t h  s e r v i c e  water f lowing  t o  
t h e  seal  water c o o l e r s .  Standby pump c o o l e r  i n l e t  and o u t l e t  v a l v e s  are 
closed, and o u t l e t  v a l v e s  on t h e  o p e r a t i n g  coolers are t h r o t t l e d  t o  
m a i n t a i n  optimum o u t l e t  temperat we. 

Condenser Vacuum Pump Seal Water Coolers 

S e r v i c e  water is s u p p l i e d  t o  four condenser  vacuum pump seal water 
c o o l e r s  t h rough  a p r e s s u r e  r e g u l a t i n g  v a l v e ,  CV-1627. T h i s  v a l v e  is 
ma in ta ined  a t  80 p s i g  by a p r e s s u r e - i n d i c a t i n g  c o n t r o l l e r .  During 
normal o p e r a t i o n  - s e r v i c e . w a t e r  is s u p p l i e d  t o  three pump coolers, 
a l though  o n l y  two of the pumps are o p e r a t i n g .  The s t andby  pump is ready  
for  au tomat i c  s t a r t i n g  i f  needed. The f o u r t h  pump is isolated w i t h  i ts  
SRW i n l e t  and o u t l e t  v a l v e s  closed. The o u t l e t  va lves  f o r  t h e  pump seal  
water c o o l e r s  are  th ro t t l ed  t o  m a i n t a i n  t h e  optimum t e m p e r a t u r e  for  pump 
oper  a t  i on. 
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Condensate Booster  Pump Lube O i l  and S e a l  Water Coolers  

Se rv ice  water is s u p p l i e d  t o  condensate  boos te r  pumps f o r  both l u b e  o i l  
and s e a l  water coo l ing .  S e r v i c e  water is s u p p l i e d  t o  t h e  l u b e  o i l  
c o o l e r s  v i a  manually ope ra t ed  i n l e t  and o u t l e t  v a l v e s .  Temperature 
c o n t r o l  va lves  on t h e  s e r v i c e  water o u t l e t  of t h e  l u b e  o i l  c o o l e r s  
ma in ta in  t h e  t empera tu re  between 110 and 120OF. Two s e a l  water c o o l e r s  
are provided f o r  each condensate  boos te r  pump, one f o r  each end s e a l .  

ComDressed A i r  Svstem 

Each Calvert C l i f f s  u n i t  has a compressed a i r  system t h a t  i nc ludes  two 
ins t rument  a i r  compressors ,  one p l a n t  a i r  compressor,  and t h r e e  
a f t e r c o o l e r s .  Se rv ice  water p r e s s u r e  t o  t h e s e  components is r e g u l a t e d  
a t  55 p s i g  by p r e s s u r e  c o n t r o l  va lve  SRW-1628-PCV. Flow t o  each 
component is d i r e c t e d  through a so l eno id -ope ra t ed  s u p p l y  v a l v e .  These 

c o n t r o l l e r .  Se rv ice  water  flow through t h e  compressor coo l ing  j a c k e t  is 
a u t o m a t i c a l l y  a d j u s t e d  by a tempera ture  c o n t r o l  va lve  t o  main ta in  t h e  
o u t l e t  water tempera ture  a t  11O0F. The a f t e r c o o l e r  valve is manually 
t h r o t t l e d  t o  ma in ta in  t h e  o u t l e t  t empera tu re  w i t h i n  15OF of t h e  i n l e t  
temper a t  ure  . 

. va lves  open a u t o m a t i c a l l y  on a s i g n a l  from t h e  compressor motor 

E igh t  p re s su re  r e l i e f  va lves  provide  o v e r p r e s s u r e  p r o t e c t i o n  f o r  t h e  
compressors and a f t e r c o o l e r s .  Temperature i n d i c a t i o n  is a l s o  provided 
f o r  t h e  t h r e e  components i n c l u d i n g  t h e  i n l e t  of each compressor and t h e  
o u t l e t  of each compressor and a f t e r c o o l e r .  Auto ven t  va lves  a r e  
i n s t a l l e d  t o  prevent  an a i r - to -wa te r  l e a k ,  which would a i r  bind the  
SRW system. 

E l e c t r o h v d r a u l i c  Cont ro l  Svstem O i l  Coolers  

The SRW system s u p p l i e s  coo l ing  water t o  two e l e c t r o h y d r a u l i c  o i l  
c o o l e r s .  Each coo le r  has t empera tu re  i n d i c a t i o n  as we l l  as 
o v e r p r e s s u r i z a t i o n  p r o t e c t i o n .  Se rv ice  water flow through t h e  c o o l e r s  
is modulated by c o n t r o l  va lve  SRW-1628-CV on t h e  s u p p l y  header. T h i s  
c o n t r o l  valve is p o s i t i o n e d  by a t e m p e r a t u r e - i n d i c a t i n g  c o n t r o l l e r  t o  
ma in ta in  t h e  o i l  t empera ture  between 110 and 115OF. During normal p l a n t  
o p e r a t i o n s ,  on ly  one coo le r  is necessa ry  t o  cool  t h e  hea t  l oad  from t h e  
e l e c t r o h y d r a u l i c  c o n t r o l  system. 

Auxi l ia rv  Feed PumD Room A i r  Condi t ioner  Condenser 

Se rv ice  water is  s u p p l i e d  t o  t h e  a u x i l i a r y  feedwater  pump room a i r  
cond i t ione r  condenser t o  remove h e a t .  Flow t o  t h e  condenser is 
r e g u l a t e d  by a p r e s s u r e  c o n t r o l  v a l v e ,  and two manually ope ra t ed  va lves  
a r e  provided f o r  i s o l a t i o n  of t h e  condenser .  
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Main Feed Pump Lube O i l  Coolers 

Service water is supplied t o  the main feed pump lube o i l  coolers,  which 
a re  located next t o  the feed pump lube o i l  reservoir.  A 
temperat ure-indi cating control ler  maintains the lube ' o i l  temperat ure 
between 120 and 130°F. Each cooler has temperature indication and 
pressure r e l i e f  protection. 

Turbine Lube O i l  Coolers 

Each unit contains one turbine lube o i l  cooler, which is supplied flow 
from the SRW system a t  2000 gpm. A control valve automatically adjusts  
the flow of service water t o  maintain the lube o i l  reservoir temperature 
between 120 and 1 30°F. A temperature-indicating control ler  positions 
the service water control valve. 

Generator Hydrogen Coolers 

Service water is supplied t o  four generator hydrogen coolers located on 
top of and inside the u n i t  generator casings. The service water 
manually operated i n l e t  and ou t l e t  valves a re  normally open. The 
hydrogen temper a t  ure is regulated by a temper a t  ure-indi cating 
cont ro l le r ,  which modulates the control valve (CV-1608) on the service 
water ou t le t  of the cooler. The temperature-indicating control ler  
maintains the hydrogen cooler ou t le t  temperature between 80 and 114OF. 

Generator .Stator L i q u i d  Cooler 

Service water is also used t o  remove heat from the generator s t a t o r .  
Two s t a t o r  l i q u i d  coolers are  provided on Uni t  1 ,  and dur ing  normal 
operation service water is supplied t o  both. Constant service water 
flow is maintained and temperature control is determined t o  be 
unnecessary. Pressure and temperature i n d i c a t i o n  is provided on the 
cooler ou t l e t  s i d e ;  overpressure protection is provided by a r e l i e f  
valve s e t  a t  150 p s i .  

Generator Exciter A i r  Coolers 

Service water is used for  heat removal from the generator exci ter  a i r  
cooler located inside the generator housing. The temperature is 
regulated by modulating a control valve on the ou t l e t  s ide  of the cooler. 
A temper a t  ure-indi cating control ler  maintains the  temperature between 
120 and 130°F. 

Generator Isolated Phase Bus Duct Coolers 

Two generator isolated phase bus duct coolers a re  cooled by service 
water. The coolers a re  located inside a housing on each end of the 
turbine building. Circulating fans move a i r  over the coolers t o  
t ransfer  heat from the generator buses. The i n l e t  and o u t l e t  i so la t ion  
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va lves  are normal ly  i n  t h e  open p o s i t i o n .  
admit  s e r v i c e  water f low th rough  t h e  coolers when t h e  c i r c u l a t i n g  fans 
are ene rg ized .  The va lves  are no t  t h r o t t l e d  because  t empera tu re  cont ' ro l  
is unnecessary .  

Two c o n t r o l  va lves  open t o  

Turb ine  P l a n t  Sampling System Coolers  

S e r v i c e  water is s u p p l i e d  t o  t h e  mechanical  ch i l l e r s  used t o  coo l  t h e  
i so the rma l  ba th  heat exchangers .  The ch i l l e r  i n l e t  v a l v e  is normally 
open, and the  manual ly  o p e r a t e d  o u t l e t  va lve  is used t o  t h r o t t l e  t h e  
s e r v i c e  water f low.  No temperature limits have been e s t ab l i shed  fo r  t h e  
s e r v i c e  water f low.  

Ni t rogen  Compressor Cooler  

S e r v i c e  water is used f o r  heat removal from t h e  n i t r o g e n  compressor 
i n t e r s t a g e  and aftercooler. S e r v i c e  water i n l e t  pressure is main ta ined  
a t  55 p s i g  by a pressure c o n t r o l  va lve .  No s p e c i f i c  temperature limits 
have been es tabl ished,  but  t h e  o u t l e t  v a l v e  is t h r o t t l e d  t o  m a i n t a i n  t h e  
t empera tu re  of the compressor w a r m  t o  the  touch .  

B . l l  SALT WATER COOLING SYSTEM 

The purpose o f  t he  s a l t  water system is t o  t r a n s f e r  heat from v a r i o u s  
t u r b i n e  and  reactor p l a n t  components t o  Chesapeake Bay. It  a l s o  
s u p p l i e s  c o o l i n g  water t o  t h e  c i r c u l a t i n g  water pump sea ls ,  t h e  
condenser t u b e  b u l l e t i n g  sys tem,  and t h e  water j e t  exhaus te r .  T h i s  
s e c t i o n  is a brief d e s c r i p t i o n  o f  the  s a l t  water sys t em abstracted from 
re f .  9. F igu re  B19 is a schematic diagram of the  s a l t  water s y s t e m .  

B. 1 1 . 1  System Components 

The s a l t  water sys t em c o n s i s t s  of three pumps and t h e  necessa ry  p i p i n g  
f o r  d i s t r i b u t i o n  of t h e  bay water t o  t h e  proper  components and its 
r e t u r n  t o  t h e  discharge c o n d u i t .  There are two s u p p l y  headers, 1 1  and 
12. Supply header 11 may be used as an emergency discharge header i n  
the  event  of a r u p t u r e  downstream of t h e  emergency c o r e  c o o l i n g  system 
pump room a i r  c o o l e r s ,  component c o o l i n g ,  o r  s e r v i c e  water heat 
exchangers .  Header 1 1  can be s u p p l i e d  by s a l t  water pumps 11 or  13; 
header 12 can  be s u p p l i e d  by s a l t  water pumps 12  or 13. 

Power t o  t h e  s a l t  water pump motors comes from the  p l a n t  4160-V bus.  
S a l t  water pump motor 1 1  r e c e i v e s  power from 4-kV bus 11 and s a l t  water 
pump motor 12 r e c e i v e s  power from 4-kV bus 1 4 .  Pump 13 can  r e c e i v e  its 
power from either bus 11 or 1 4  u s ing  key-operated d i sconnec t  l i n k s  
l o c a t e d  i n  t h e  swi t chgea r  rooms. 

Pumps 1 1  and 12 w i l l  a u t o m a t i c a l l y  start  on a SIAS or SDS s i g n a l  if 
the i r  c o n t r o l  switches are i n  t h e  l lautoll  p o s i t i o n .  Pump 13 s tar ts  o n l y  
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motor, which is connected  t o  t he  same bus ,  f a i l s  
s of r e c e i v i n g  t h e  s tar t  s i g n a l .  The motor on pump 13 
t h a t  i t  can no t  be e n e r g i z e d  from two d i f f e r e n t  buses  

Each u n i t  a t  C a l v e r t  C l i f f s  has three pumps, each able t o  supp ly  
15,500 gpm a t . 6 8  f t  head. 
d r i v e n  by a 450-hp e l ec t r i c  motor. S a l t  water demand d u r i n g  power 
o p e r a t i o n  is  31,000 gpm, r e q u i r i n g  o p e r a t i o n  of both pumps. Fol lowing  a 
L O C I ,  one s a l t  water pump is s u f f i c i e n t  t o  s u p p l y  t h e  c o o l i n g  water 
r equ i r emen t s  of  a u n i t .  

Each pump is a s i n g l e - s t a g e  c e n t r i f u g a l  u n i t  

B.11.2 Svstem Loads 

C i r c u l a t i n g  Water Pump Seals 

The c i r c u l a t i n g  water pump sea ls  are s u p p l i e d  f i l t e r e d  sa l t  water from 
ei ther  pump header 1 1  or 12. This  seal  water is ma in ta ined  a t  1 2  t o  
15 p s i g  wi th  a flow r a t e  bf 3 t o  6 gpm by a p r e s s u r e  c o n t r o l  va lve .  A 
low-pressure alarm annunc ia t e s  on a c o n t r o l  room panel  when t h e  p r e s s u r e  
drops  t o  1 1  p s i g .  

Condenser Tube B u l l e t i n g  System 

The t u b e  b u l l e t i n g  system is s u p p l i e d  by s a l t  water s u p p l y  header 12 
v i a  t h e  sa l t  water booster pump. The sal t  water b o o s t e r  pump is used t o  
raise t h e  header p r e s s u r e  from 40 t o  200 p s i g  t o  f a c i l i t a t e  t u b e  
b u l l e t i n g .  Th i s  is t h e  on ly  p l a c e  a t  which t h e  two C a l v e r t  C l i f f s  u n i t s  
can be c ross -connec ted .  The t u b e  b u l l e t i n g  sys tem normally is s h u t  down 
and its s a l t  water supp ly  v a l v e  from No. 1 2  s a l t  water supp ly  header 
is s h u t .  

C i r c u l a t i n g  Water Pump Room A i r  Coolers 

S i x  a i r  c o o l e r s  are used t o  remove t h e  heat produced by o p e r a t i o n  of the  
c i r c u l a t i n g  water pump motors. These coolers are s u p p l i e d  by s a l t  water 
supp ly  header 12 on ly .  These'coolers are isolated by c l o s i n g  two motor 
operated v a l v e s  upon receipt of a SIAS. Flow a t  t h e  o u t l e t  of t h e  
coolers is mechan ica l ly  a d j u s t e d  and se t  at s t a r t u p .  

Water Jet Exhaus ter  

The j e t  exhaus te r  is s u p p l i e d  s a l t  water t o  provide  s t a r t u p  of t h e  
s c r e e n  wash system. Once a s c r e e n  wash pump is runn ing  and t h e  s c r e e n  
wash header is p r e s s u r i z e d ,  i t  a l o n e  can f a c i l i t a t e  pr iming of the  other 
s c r e e n  wash pumps. Upon a SIAS, t h e  water j e t  e x h a u s t e r  s a l t  water 
s u p p l y  w i l l  be s h u t  o f f .  
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Component Cooling Heat Exchangers 

No. 11 component c o o l i n g  heat exchanger is s u p p l i e d  s a l t  water from sa l t  
water s u p p l y  header 1 1 ,  w h i l e  heat exchanger 1 2  is s u p p l i e d  from 
header 12. The s a l t  rater s u p p l y  i n l e t  and o u t l e t  c o n t r o l  v a l v e s  are 
opened and s h u t  by the same hand switch. A SIAS closes both v a l v e s  so 
that maximum c o o l i n g  can be s u p p l i e d  t o  the  containment  coolers. Both 
c o n t r o l  v a l v e s  are reopened upon a R A S  t o  provide  c o o l i n g  of the 
containment s p r a y .  

ECCS Pump Room A i r  Cooler 

Pump room a i r  coolers 11 and 12 are s u p p l i e d  by s a l t  water headers 11 
and 1 2  r e s p e c t i v e l y .  Two remote ly  o p e r a t e d  c o n t r o l  v a l v e s  are 
associated w i t h  ECCS pump room a i r  c o o l e r  No. 11.  Both v a l v e s  can be 
opened by t h e  same hand switch,  or both v a l v e s  are opened when the  
cooler fans r e c e i v e  a start s i g n a l  from a local  t e m p e r a t u r e  switch.  

S e r v i c e  Water Heat Exchangers # 

S e r v i c e  water heat exchangers  11 and 12 are s u p p l i e d  by s a l t  water 
headers 11 and 1 2  r e s p e c t i v e l y .  Each heat exchanger has two remote ly  
o p e r a t e d  c o n t r o l  v a l v e s ,  one each for  the  i n l e t  and t h e  o u t l e t .  A hand 
i n d i c a t i n g  c o n t r o l l e r  e n a b l e s  t h r o t t l i n g  of t h e  o u t l e t  c o n t r o l  v a l v e  for  
c o n t r o l  of SRW system tempera ture .  

B.12 CALVERT CLIFFS AC ELECTRICAL DISTRIBUTION SYSTEM 

B.12.1 500-kV System 

The f o l l o w i n g  d e s c r i p t i o n  a p p l i e s  t o  C a l v e r t  C l i f f s - 1  , b u t  because 
U n i t s  1 and 2 are e lectr ical ly  i n t e r c o n n e c t e d ,  much of t h e  d e s c r i p t i o n  
i n c l u d e s  Uni t  2 equipment.  The system d e s c r i p t i o n  begins  w i t h  the  
500-kV s w i t c h y a r d  and i n c l u d e s  each v o l t a g e  l e v e l  down t o  t h e  120-V ac 
ins t rument  buses .  

The 500-kV s w i t c h y a r d  is des igned  t o  be the  i n t e r c o n n e c t i o n  p o i n t  
between t h e  p l a n t  e lectr ical  d i s t r i b u t i o n  sys t em and t h e  bulk  power 
t r a n s m i s s i o n  sys t em.  (Refer t o  F i g .  B20 for  the  f o l l o w i n g  d e s c r i p t i o n . )  
Electric power is s u p p l i e d  from t h e  power g r i d  system t o  t h e  s w i t c h y a r d  
by two p h y s i c a l l y  independent  t r a n s m i s s i o n  l i n e s  (5051 and 5052) .  Two 
p h y s i c a l l y  independent  c i r c u i t s  s u p p l y  e lectr ic  power from t h e  
s w i t c h y a r d  t o  the  on ' s i te  electrical d i s t r i b u t i o n  system through t h e  two 
500-kV/13.8-kV p l a n t  s e r v i c e  t r a n s f o r m e r s  (P-13000-1 and P-l3OOO-2). 
The main g e n e r a t o r s  feed electrical power g e n e r a t e d  a t  25 kV and 22 kV 
fo r  U n i t s  1 and 2 ,  r e s p e c t i v e l y ,  t h r o u g h  t h e  u n i t  t r a n s f o r m e r s  (U-25000 
and U-22000) t o  the 500-kV swi tchyard .  
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The 500-kV s w i t c h y a r d  normal ly  o p e r a t e s  w i t h  a l l  breakers closed. 
Opening and c l o s i n g  t h e  breakers can be accomplished loca l ly  i n  t h e  
swi tchyard  c o n t r o l  house or r emote ly  from the p l a n t  main c o n t r o l  room. 
The c i r c u i t  breakers have d u a l  t r i p  co i l s  on s e p a r a t e  isolated dc 
c o n t r o l  c i r c u i t s  and breaker f a i l u r e  r e l a y s  t o  t r i p  a d j a c e n t  breakers. 
The 125-V d c  c o n t r o l  power is s u p p l i e d  from two 5 9 - c e l l  batteries 
located i n  t h e  swi tchyard .  Each can s u p p l y  t he  swi t chya rd  dc power 
r equ i r emen t s  f o r  8 h wi thout  r echa rg ing .  Two b a t t e r y  chargers (powered 
from 4-kV ESF buses  11 and 21 keep t h e  batteries f u l l y  charged and 
supp ly  t h e  125-V dc power r equ i r emen t s  under normal c o n d i t i o n s .  

B. 12 .2  13.8-kV System 

The p l a n t  ( U n i t s  1 and 2)  13.8-kV d i s t r i b u t i o n  sys t em (F ig .  B20) 
c o n s i s t s  of two 500-kV/13.8-kV p l a n t  s e r v i c e  t r a n s f o r m e r s  (P-13000-1 and 
P-13000-2); f i v e  s e r v i c e  buses  (11,  12, 21, 22, and 23 ) ;  e i g h t  reactor 
c o o l a n t  pump buses  (11P, 12P, l 3 P ,  1 4 P ,  2 1 P ,  22P, 2 3 P ,  and 24P);  and one  
13.8-kV l i n e  from Sou the rn  M a r y l a n d . E l e c t r i c  Coopera t ive  (SMECO). 
S e r v i c e  buses  12  and 22 supp ly  power t o  t h e  reactor c o o l a n t  pump buses ,  
and s e r v i c e  buses  11 and 21 s u p p l y  power t o  t h e  4160-V d i s t r i b u t i o n  
system th rough  t h e  s i x  13.8-kV/4.16-kV s e r v i c e  t r a n s f o r m e r s  (U-4000-11, 
-12, -13, -21, -22, and -23) .  S e r v i c e  bus 23 r e c e i v e s  power from the  
SMECO 13.8-kV l i n e  and can be used t o  s u p p l y  either bus 1 1  or 21 t o  
supp ly  t h e  power necessa ry  t o  m a i n t a i n  both units i n  a safe  shutdown 
c o n d i t i o n  i n  the even t  normal o f f - s i t e  power f a i l s .  

The 13.8-kV u n i t  swi t chgea r  f o r  t he  s e r v i c e  buses  is metal clad w i t h  
removable air  c i r c u i t  breakers des igned  for ou tdoor  i n s t a l l a t i o n .  R e l a y  
p r o t e c t i o n ,  ground c o n n e c t i o n s ,  and s t r u c t u r a l  s a f e g u a r d s  are provided  
t o  assure adequa te  personnel  p r o t e c t i o n  and t o  p reven t  or mitigate 
equipment damage d u r i n g  sys t em f a u l t  c o n d i t i o n s .  Dc c o n t r o l  power is 
r e q u i r e d  for  remote c o n t r o l  and for  o p e r a t i o n  of t h e  p r o t e c t i v e  r e l a y s  
of the 13.8-kV c i r c u i t  breakers. 

Opera t ion  of  a l l  13.8-kV equipment is effected and moni tored  i n  t he  
c o n t r o l  room. During normal o p e r a t i o n  both p l a n t  s e r v i c e  t r a n s f o r m e r s  
are ene rg ized  and share the  t o t a l  p l a n t  load. The capacities of t h e  t w o  
p l a n t  s e r v i c e  t r a n s f o r m e r s  and associated switchgear and cable are s u c h  
t h a t  either one of t h e  t r a n s f o r m e r s  can s u p p l y  t he  t o t a l  a u x i l i a r y  load 
of both u n i t s  bu t  no t  t h e  normal o p e r a t i n g  load of bo th  u n i t s .  A l l  
reactor c o o l a n t  pump motors ( R C P s )  f o r  U n i t  1 are f e d  from s e r v i c e  
t r a n s f o r m e r  P-13000-1 and the  RCPs fo r  Uni t  2 from s e r v i c e  t r a n s f o r m e r  
P-1 3000-2. 

B. 12.3 41 60-V System 

The 4160-V d i s t r i b u t i o n  system ( F i g .  B21) is des igned  t o  s u p p l y  power 
d u r i n g  normal and a c c i d e n t  c o n d i t i o n s .  The sys tem w i l l  s u p p l y  power t o  
the  4160-V a u x i l i a r y  loads from the 13.8-kV system through the s i x  u n i t  
s e r v i c e  t r a n s f o r m e r s  t o  twe lve  41.60-V buses  ( 1 1 ,  12 ,  13 ,  1 4 ,  1'5, 16 ,  21, 
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22, 23, 24 ,  25, and 26)--s ix  pe r  u n i t .  Two of the  4160-V buses  for  each 
u n i t  (11 and 1 4  fo r  Un i t  1 ,  21 and 24 fo r  Uni t  2 )  supp ly  power t o  t he  
eng inee red  s a f e t y  features (ESF).  The two ESF buses  i n  each u n i t  feed 
i d e n t i c a l  and redundant  ESF equipment ,  and can be s u p p l i e d  from separate 
emergency diesel g e n e r a t o r s  ( D G - 1 1 ,  12 or 21 1. 

The 41 60-V buses  are metal-clad switchgear assemblies w i t h  draw-out a i r  
c i r c u i t  breakers. Relay p r o t e c t i o n ,  ground connec t ions ,  and s t r u c t u r a l  
s a f e g u a r d s  are  provided  t o  a s s u r e  adequa te  pe r sonne l  p r o t e c t i o n  and t o  
prevent  or m i t i g a t e  equipment damage d u r i n g  sys t em f a u l t  c o n d i t i o n s .  
Dc c o n t r o l  power is r e q u i r e d  for  remote c o n t r o l  and o p e r a t i o n  of t h e  
p r o t e c t i v e  relays for  the 4160-V c i r c u i t  breakers. 
c o n t r o l  power, t h e  breaker cannot  be o p e r a t e d  remotely and a l l  re lay 
p r o t e c t i v e  f u n c t i o n s  are i n o p e r a b l e ,  bu t  t h e  breaker can be t r i p p e d  by 
manual ly  pushing t h e  t r i p  l e v e r  located on the  breaker. The breaker can 
be closed manually by pushbut ton  on t h e  breaker when t h e  c l o s i n g  s p r i n g  
is f u l l y  charged,  b u t  because  the breaker t r i p  relays would n o t  be 
operable an  operator would be very  c a u t i o u s  about  c l o s i n g  t h e  breaker 
wi thou t  dc power. 

With l o s s  of d c  

With t he  e x c e p t i o n  o f  t he  non-Class 1 E  feeder t o  t h e  s o u t h  s e r v i c e  
b u i l d i n g ,  a l l  4160-V feeder breakers can be operated from t h e  c o n t r o l  
room. Normally t h e  feeders t o  buses  1 1 ,  12,  and 13 are from u n i t  
s e r v i c e  t r a n s f o r m e r  U-4000-11 ; bus 1 4  from U-4000-21 ; bus 21 from 
U-4000-12; buses  22, 23, and 24 from U-4000-22; buses  15 and 16 from 
U-4000-13; and buses  25 and 26 from U-4000-23. However, each bus has a n  
a l t e r n a t e  s o u r c e  for u s e  when the  normal source is not  a v a i l a b l e .  A l l  
bus t r a n s f e r s  from normal feeders t o  a l t e r n a t e  feeders and r e t u r n  
t r a n s f e r s  are manual. The o n l y  a u t o m a t i c  t r a n s f e r  is from o f f - s i t e  
power t o  diesel  g e n e r a t o r s  af ter  of f - s i te  power has f a i l ed .  

The p l a n t  power s y s t e m  i n c l u d e s  diesel g e n e r a t o r s  ( F i g .  B22) t h a t  s u p p l y  
power t o  e s s e n t i a l  ESF equipment and t o  selected non-class 1E loads i f  
t h e  normal power supp ly  is not  a v a i l a b l e .  The emergency power sources 
c o n s i s t  of three 4160-V, 3-phase, 60-Hz diesel  g e n e r a t o r s  rated a t  
2500-kW each. I f  one of  t he  three diesel  g e n e r a t o r s  s h o u l d  f a i l  , t o  
s tart  or carry t h e  load,  t h e  remain ing  two diesels have t h e  capacity t o  
power t h e  required loads. 

The diesel g e n e r a t o r s  are s tar ted a u t o m a t i c a l l y  by e i ther  a bus 
under -vol tage  or a SIAS; however, i n  t h e  l a t t e r  case, a c t u a l  t r a n s f e r  t o  
the  bus is not  made u n t i l  t he  p r e f e r r e d  s o u r c e  of power is l o s t .  There 
are three c o n t r o l  c i r c u i t s ,  one  for  each of t h e  diesel  g e n e r a t o r s .  
During normal c o n d i t i o n s  w i t h  a l l  three diesel  g e n e r a t o r  u n i t s  
a v a i l a b l e ,  DG-11 is p r e s e l e c t e d  t o  power bus 1 1 ,  DC-21 is p r e s e l e c t e d  t o  
power bus 24, and DG-12 is set up t o  power bus 1 4  o r  21. 

P r e s e l e c t i o n  o f  a diesel  g e n e r a t o r  t o  power a g iven  4160-V bus  is 
accomplished by c l o s i n g  t h e  d i sconnec t  t o  t h e  selected bus.  The 
d i s c o n n e c t s  are key i n t e r l o c k e d  t o  p reven t  s i m u l t a n e o u s l y  c o n n e c t i n g  two 
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Fig. 822. Emergency power (!SF) 4 .16  kV bus. 
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diesels t o  a s i n g l e  bus or s i m u l t a n e o u s l y  c l o s i n g  more t h a n  one  
d i sconnec t  of  a s i n g l e  diesel g e n e r a t o r ,  e x c e p t  D G - 1 2  where closure of 
t h e  d i sconnec t s  for bus 1 4  and 21 is p e r m i t t e d .  

The 4 8 0 - V  ac system (F ig .  B23) c o n s i s t s  of s ingle-ended  and  double-ended 
u n i t  l o a d  c e n t e r s  each s u p p l i e d  from a s e p a r a t e  4 1 6 0 / 4 8 0 - V  u n i t  s e r v i c e  
t r a n s f o r m e r .  Four of the 4 8 0 - V  u n i t  l o a d  c e n t e r s  f o r  each u n i t  ( 1 1 A ,  
1 1 B ,  1 4 A ,  and 1 4 B  f o r  Uni t  1 ; 2 1 A ,  21B,  2 4 A  and 24B f o r  Un i t  2 )  supp ly  
power t o  ESFs. 

B.12.4 4 8 0 - V  System 

The 4 8 0 - V  u n i t  load c e n t e r s  c o n s i s t  of metal-clad swi t chgea r  w i t h  
draw-out a i r  c i r c u i t  breakers. The motor c o n t r o l  c e n t e r s  (MCCs)  f e d  by 
t h e  4 8 0 - V  u n i t  buses  are metal enc losed  w i t h  removable  breaker and 
starter combinat ion modules. Relay p r o t e c t i o n ,  ground c o n n e c t i o n s ,  and 
s t r u c t u r a l  s a f e g u a r d s  are provided  t o  a s s u r e  adequate  pe r sonne l  
p r o t e c t i o n  and t o  p reven t  or m i t i g a t e  equipment damage d u r i n g  sys tem 
f a u l t  c o n d i t i o n s .  The 4 8 0 - V  loads are p r o t e c t e d  by t h e  amptec tor  s o l i d  
s t a t e  t r i p  d e v i c e  tha t  r e c e i v e s  i t s  a c t u a t i n g  energy  from t h e  s e n s o r s  
and s u p p l i e s  a p u l s e  of t r i p p i n g  c u r r e n t  t o  a direct  t r i p  d e v i c e .  These 
d e v i c e s  do not  r e q u i r e  dc power t o  t r i p  t h e  breaker on a f a u l t  c o n d i t i o n .  
However, the 4 8 0 - V  breakers that  can be o p e r a t e d  r emote ly  r e q u i r e  dc for  
remote o p e r a t i o n .  

The 4 8 0 - V  buses  of p a r t i c u l a r  i n t e r e s t  t o  t h i s  program are reactor MCC 
1 0 4 R  and reactor MCC 1 1 4 R .  These two MCCs power the 1 2 0 - V  ac ins t rumen t  
buses  and  a l s o  power the  p r e s s u r i z e r  P O R V s  and the p r e s s u r i z e r  P O R V  
i s o l a t i o n  va lves .  MCC 1 0 4 R  is i n  Class 1E d i v i s i o n  Z B ,  and MCC 1 1 4 R  is 
i n  Class 1E d i v i s i o n  ZA.  MCC 1 0 4 R  s u p p l i e s  i n s t rumen t  bus 1 Y 1 0  and 
MCC 1 1 4 R  s u p p l i e s  i n s t rumen t  bus 1 Y O 9 .  

B.12.5 2 5 0 - V  dc Emergency Pump System 

The 2 5 0 - V  dc  emergency pump s y s t e m  is des igned  t o  s u p p l y  power t o  the  
backup l u b e  o i l  and seal  o i l  pumps i n  case of loss  of a u x i l i a r y  ac power 
or f a i lu re  of the  normal ac pumps. The 2 5 0 - V  d c  emergency pump system 
c o n s i s t s  of one 2 5 0 - V  bus,  one  b a t t e r y ,  and two ba t te ry  chargers. One 
b a t t e r y  cha rge r  is powered from 4 8 0 - V  u n i t  bus 1 1 A  and t h e  other from 
4 8 0 - V  u n i t  bus 2 1 A .  

The 2 5 0 - V  d c  emergency pump sys tem is i n c a p a b l e  of c o n t i n u a l l y  s u p p l y i n g  
a l l  connec ted  loads. It  can power t h e  l a r g e s t  connec ted  load when 
o p e r a t i n g  i n  the  des igned  s ta te .  I t  does have t h e  c a p a c i t y  f o r  o r d e r l y  
s h u t  down o f  t h e  main and feedwater t u r b i n e s  wi thou t  ac power. 

Failure of the  sys tem t o  p rov ide  emergency l u b r i c a t i n g  and seal o i l  
could  r e s u l t  i n  t u r b i n e  damage, which a f f e c t s  t h e  r e g u l a t i n g  system 
r e s p o n s e  o n l y  i f  the main feedwater pumps are r e q u i r e d  f o r  shutdown heat 
removal.  
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8.12.6 125-V dc I & C  System 

The 125-V d c  and 120-V v i t a l  ac systems (F ig .  B24) f o r  t h e  p l a n t  are 
d i v i d e d  i n t o  f o u r  independent ,  isolated channels .  Each channel  c o n s i s t s  
of one b a t t e r y ,  two f u l l y  rated b a t t e r y  chargers, one  dc bus ,  m u l t i p l e  
dc u n i t  c o n t r o l  p a n e l s ,  and two i n v e r t e r s .  Each i n v e r t e r h a s  an 
associated v i t a l  ac d i s t r i b u t i o n  panelboard .  Power t o  the  dc bus ,  d c  
u n i t  c o n t r o l  p a n e l s ,  and i n v e r t e r s  is s u p p l i e d  by t h e  s t a t i o n  batteries 
o r  one or both f u l l y  ra ted bat tery c h a r g e r s .  One b a t t e r y  cha rge r  f o r  
each bus is s u p p l i e d  from a n  MCC i n  Un i t  1 and t h e  second c h a r g e r  from 
MCC i n  Uni t  2. The sources of 125-V dc  c o n t r o l  power f o r  t h e  v a r i o u s  
d i s t r i b u t i o n  buses  are l i s t e d  i n  Table B3. 

A r e s e r v e  125-V dc system f o r  t he  p l a n t  is comple te ly  independent  and 
isolated from a l l  four channe l s ,  y e t  is c a p a b l e  of r e p l a c i n g  any of t he  
125-V bat ter ies .  This  system c o n s i s t s  of  one b a t t e r y ,  one  b a t t e r y  
charger, and associated dc s w i t c h i n g  equipment.  

The 120-V v i t a l  ac sys t em provided  f o r  each u n i t  has four s e p a r a t e  
d i s t r i b u t i o n  panelboards  t h a t  p rov ide  power t o  t h e  four reactor 
p r o t e c t i o n  sys t em channe l s  and t h e  four ESFAS channe l s .  Each panelboard  
is s .uppl ied by a n  i n v e r t e r  w i t h  i ts  own dc  feeder from a s e p a r a t e  
b a t t e r y  and can be manual ly  switched from the  i n v e r t e r  t o  a 120-V ac 
back-up bus (one  fo r  Uni t  1 and one  fo r  Uni t  2) f e d  from a n  ESF MCC 
through a r e g u l a t i n g  t r a n s f o r m e r .  I n t e r l o c k s  are provided  on each 
i n v e r t e r  manual t r a n s f e r  swi t ch  t o  ensure t h a t  each back-up bus w i l l  
have no more t h a n  one  v i t a l  bus connected t o  i t .  Vital buses  1YO1 and 
1Y02 prov ide  power t o  some of t h e  reactor r e g u l a t i n g  sys t ems  i n  Uni t  1. 
These c o n t r o l  systems and t h e i r  power s o u r c e s  are i d e n t i f i e d  i n  
Appendix D." 

B.12.7 120-V ac Ins t rument  Power 

The 208-120-V ac ins t rumen t  s y s t e m  is des igned  t o  f u r n i s h  power t o  all 
p l a n t  i n s t r u m e n t s  other t h a n  those s u p p l i e d  from t h e  dc  and v i t a l  ac 
sys t ems .  The ac ins t rumen t  s y s t e m  f o r  each u n i t  is d i v i d e d  i n t o  two 
panelboard  s e c t i o n s ,  1YO9 and 1Y10, each s u p p l i e d  by a s i n g l e  
th ree -phase  t r ans fo rmer  connected t o  an ESF MCC. The two ins t rumen t  
pane lboards  are connec ted  th rough  two normal ly  open d i sconnec t s .  The 
c o n t r o l  systems powered by these ins t rumen t  buses  are i d e n t i f i e d  i n  
Appendix D. 

B.13 INSTRUMENT A I R  SYSTEM 

The purpose o f  the  in s t rumen t  a i r  ( I A )  sys tem is t o  p rov ide  d r y ,  o i l -  
f ree  a i r  as needed throughout  t h e  p l a n t  f o r  pneumatic v a l v e s ,  
i n s t r u m e n t s ,  and c o n t r o l s .  
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Table B3. 125-V dc breaker c o n t r o l  pane l .  

13.8-kV D i s t r i b u t i o n  System 

BUS 11 DCl l -14  Dc12-3 BUS 21 DC25-14 

12 DC12-4 DC13-14 22 ' DC26-4 
11P DCl l -13 DC12-1 23 DC26-12 
12P DC12-2 DC13-13 21P DC21-3 
13P DC15-3 DC16-1 22P DC22-2 
14P DC16-2 DC17-20 23P DC25-13 

24P Dc26-2 

4.16-kV D i s t r i b u t i o n  System 

BUS 11 DCll-15 DC12-5 BUS 21 DC12-13 
12 DCl l -16 DC12-6 22 DC21-l6 
13 DC15-15 DC16-3 23 DC25-15 
14 DC15-16 DC26-14 AT DC16-4 24 DC25-16 
15 DC12-7 DC13-15 25 Dc25-23 
l6 DC12-14 DC13-16 26 DC25-24 

Bus l l A  
11 B 
12 A 
12 8 
13A 
13 8 
14 A 
148 
15 

480-V D i s t r i b u t i o n  System 

E l l - 1 7  
DC12-lo 
D c l l - 1 8  
DC12-12 
DC15-17 
DC16-8 
DC15-18 
DC16-9 
DCl l -19 

DC12-9 
DC13-17 
DC12-11 
DC 13 -18 
DC16-6 
DC17-17 
DC16-7 
DC17-18 
Dc12-8 

BUS 21A 
21 B 
22 A 
22 B 
23 A 
23 B 
24 A 
248 
25 

Dc21-17 
DC 22 -8 
DCz1-18 
DC 22 -10 
DC25-17 
DC26-9 
DC25-18 
DC26-11 
DC21-19 

DC26-3 
Dc 27-4 

Dc22-1 
DC23-24 
DC26-1 
o(327-13 

DC22-l3 ALT DC21-15 
DC22-4 
DC26-5 
Dc26-6 
DC26-13 
DC26-7 

Dc 22-7 
DC23-17 
DC 22-9 
DC23-18 
DC26-8 
DC 27 -17 
DC26-lo 
DC27-18 
DC 22-6 

Each n u c l e a r  u n i t  a t  C a l v e r t  C l i f f s  has a compressed a i r  s y s t e m  t h a t  
s u p p l i e s  bo th  in s t rumen t  and p l a n t  a i r  for  t h a t  u n i t .  The compressed 
a i r  s y s t e m  fo r  each u n i t  can be d i v i d e d  i n t o  four -components :  I A  supp ly ,  
p l a n t  a i r  supp ly  (which a lso s e r v e s  as t h e  backup supp ly  f o r  I A ) ,  I A  
d i s t r i b u t i o n  network,  and p l a n t  a i r  d i s t r i b u t i o n  network. The p l a n t  a i r  
p o r t i o n  of the  compressed a i r  sys tem is of no i n t e r e s t  t o  t h i s  s t u d y  and 
w i l l  no t  be cons ide red  fur ther  except  as i t  s e r v e s  t o  back up t h e  I A  
s y s t e m .  

Ins t rumen t  Air Supply 

F igu re  B25 shows the  major components of . the I ,A supp ly  for  Cabver t  
C l i f f s  Uni t  1 .  (The d i s c u s s i o n  i n  t h i s  r e p o r t  is f o r  Un i t  1 ; however, 
t h e  Uni t  2 I A  system is almost i d e n t i c a l  t o  Un i t  1.) On F i g .  825, 
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Fig .  B25. Compressed a i r  system s i m p l i f i e d  diagram. 
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numbers a p p r o p r i a t e  t o  Uni t  1 are shown; Uni t  2 numbers are shown i n  
p a r e n t h e s i s  where t h e y  d i f f e r .  R e f e r r i n g  t o  F i g .  B25, two Joy  e lec t r ic  
motor -dr iven  compressors  (compressors  No. 1 1  and 12 f o r  Uni t  1 and 21 
and 22 f o r  Uni t  2) p r o v i d e  t h e  normal s o u r c e  of I A  th rough two a i r  
i n t a k e s  and s i l e n c e r s .  
100 p s i g ,  and each is powered from a d i f f e r e n t  480-V ac e l ec t r i ca l  bus .  
Compressor No. 1 1  r e c e i v e s  e lec t r ic  power from Uni t  Bus 1 1 B ( Z A ) ,  and 
compressor No. 12 r e c e i v e s  power from Uni t  Bus 11B(ZB). Compressor 
No. 1 1  r e c e i v e s  power f o r  its c o n t r o l s  from 208/120-V ac D i s t r i b u t i o n  
Panel  No. 114, and compressor No. 12 r e c e i v e s  c o n t r o l  power from 
208/120-V ac D i s t r i b u t i o n  Panel  No. 14. F i g u r e  B26 shows t h e  power 
d i s t r i b u t i o n  w i r i n g  f o r  t h e  I A  system. 

Each compressor  is rated a t  470 scfm a t  

Each of the  two I A  compressors  can be p l a c e d  i n  ei ther the  SPEED, AUTO, 
o r  OFF o p e r a t i n g  mode. I n  t h e  SPEED mode, t h e  compressor acts  t o  
m a i n t a i n  I A  pressure between 93 and 100 p s i g .  I n  the SPEED mode, t h e  I A  
compressor r u n s  c o n t i n u a l l y  a t  a c o n s t a n t  speed; however, t h e  normal 
demand by the  I A  sys t em does not  r e q u i r e  con t inuous  o p e r a t i o n  of an I A  
compressor .  Consequent ly ,  t h e  I A  compressor  f u n c t i o n s  i n  two d i f f e r e n t  
c y c l e s  d u r i n g  SPEED mode of  o p e r a t i o n .  I n  t h e  l o a d i n g  cycle the 
compressor  i n c r e a s e s  I A  p r e s s u r e  from 93 t o  100 p s i g .  When I A  p r e s s u r e  
reaches 100 p s i g ,  t he  compressor goes i n t o  t h e  un load ing  cycle,  d u r i n g  
which t h e  compressor  f i rs t -s tage i n l e t  is i s o l a t e d  and t h e  second s t a g e  
i s  ven ted .  I n t e r n a l  a i r  is pumped o u t  and a vacuum is drawn i n s i d e  t h e  
compressor .  
93 p s i g  due t o  I A  s y s t e m  demand. When I A  p r e s s u r e  d rops  t o  93 p s i g ,  t h e  
compressor s h i f t s  once a g a i n  t o  t h e  l o a d i n g  cycle and I A  p r e s s u r e  is 
i n c r e a s e d  from 93 t o  100 p s i g .  

I A  sys t em p r e s s u r e  is a l lowed  t o  decrease from 100 t o  

I n  the AUTO ( o r  s t a n d b y )  o p e r a t i n g  mode, an  I A  compressor normal ly  does 
no t  r u n ;  however, i f  I A  pressure d rops  t o  90 p s i g ,  t h e  compressor w i l l  
a u t o m a t i c a l l y  s t a r t ,  and a f te r  an 18-s de lay  i t  w i l l  be a u t o m a t i c a l l y  
l o a d e d  and an a t t e m p t  made t o  r e s t o r e  I A  p r e s s u r e .  During normal p l a n t  
o p e r a t i o n  o n l y  one  I A  compressor  is r equ i r ed ;  t h e r e f o r e ,  one  of the  I A  
compressors  w i l l  be i n  t h e  SPEED mode and t h e  o t h e r  w i l l  be i n  t h e  AUTO 
mode, ready  t o  s t a r t  and p rov ide  a i r  i f  a problem deve lops .  

Both compressors  are c ross -connec ted  a t  t h e i r  d i s c h a r g e s  by 6- in .  l i n e s  
t o  a f t e r c o o l e r s  and m o i s t u r e  s e p a r a t o r s .  The a f t e r c o o l e r s  coo l  t h e  
compressed a i r  l e a v i n g  t h e  compressors  by means of a heat exchanger ,  
which is cooled  by f low from t h e  s e r v i c e  water ( S R W )  system. The 
c o o l i n g  effect of t h e  a f t e r c o o l e r  causes m o i s t u r e  t o  condense i n  t he  
a f t e r c o o l e r  a i r .  This  m o i s t u r e  is removed by t he  m o i s t u r e  s e p a r a t o r s .  

Cool ing  water f low is provided  t o  the compressed a i r  system through SRW 
va lve  1628. After the c o o l i n g  f low p a s s e s  through v a l v e  1628 (which 
c o n t r o l s  SRW p r e s s u r e  t o  55 p s i g ) ,  i t  s p l i t s  i n t o  s i x  para l le l  f low 
p a t h s  t h a t  p rov ide  c o o l i n g  flow t o  t h e  two I A  compressors  and t he i r  two 
a f t e r c o o l e r s .  The o t h e r  two branches  p rov ide  c o o l i n g  f low t o  t h e  PA 
compressor and i t s  a f t e r c o o l e r .  
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From the  a f t e r c o o l e r s / m o i s t u r e  s e p a r a t o r s ,  a i r  flows t o  two 9 6 - f t 3  a i r  
r e c e i v e r s  t h a t  s e r v e  as a i r  s t o r a g e  t a n k s  t o  dampen s y s t e m  p r e s s u r e  
v a r i a t i o n s .  Each r e c e i v e r  is equipped w i t h  a safe ty  re l ie f  v a l v e  t h a t  
opens t o  r e l i e v e  p r e s s u r e  greater t h a n  115 p s i g .  The two r e c e i v e r s  are 
norma l ly  cross . -connected b u t  can be isolated a t  b o t h  the i r  i n l e t s  and 
o u t l e t s  by manual v a l v e s .  Four - inch  l i n e s  connect  t h e  r e c e i v e r s  t o  a 
common header. 

After l e a v i n g  t h e  a i r  r e c e i v e r s ,  a i r  e n t e r s  two p re f i l t e r s  that  remove 
o i l ,  moisture, and p a r t i c u l a t e  matter t o  p r e v e n t  o v e r l o a d i n g  t h e  
d e s i c c a n t  i n  t h e  I A  dryers. The two p r e f i l t e r s  are  i n  p a r a l l e l  and 
no rma l ly  o n e  is isolated and t h e  o t h e r  i n  o p e r a t i o n .  Both p r e f i l t e r s  
can be i s o l a t e d  by manual v a l v e s  i n  t he i r  i n l e t  and o u t l e t  l i n e s .  From 
the p r e f i l t e r s , .  a i r  p a s s e s  t o  t h e  I A  d r y e r .  The d r y e r  is an a u t o m a t i c ,  
s e l f - r e g u l a t i n g  u n i t  t h a t  d e h y d r a t e s  t h e  I A  w i t h  a d e s i c c a n t  material, 
t h u s  h e l p i n g  p r e v e n t  c o r r o s i o n  i n  downstream p i p i n g  and s y s t e m  l o a d s .  A 
bypass  l i n e  around t h e  d r y e r  a l l o w s  c o n t i n u e d  o p e r a t i o n  o f  t he  I A  s y s t e m  
i f  t h e  d r y e r  is o u t  of s e r v i c e .  

The l a s t  components i n  t h e  I A  s u p p l y  network are two a f t e r f i l t e r s .  
These u n i t s  remove v e r y  small p a r t i c l e s  from t h e  I A  t h a t  might  s t i l l  be 
p r e s e n t  a f te r  a i r  p a s s e s  th rough  t h e  d r y e r .  During normal sys t em 
o p e r a t i o n ,  o n l y  one  a f t e r f i l t e r  i s  i n  o p e r a t i o n  and t h e  o t h e r  is i n  
s t a n d b y .  Each aftercooler can be i so la ted  by manual v a l v e s  i n  its i n p u t  
and o u t p u t  p i p i n g .  

I n s t r u m e n t  A i r  D i s t r i b u t i o n  Network 

Once a i r  l e a v e s  the aftercoolers,  i t  e n t e r s  the  b i n .  I A  d i s t r i b u t i o n  
header. From t h i s  header, a number of b ranch  l i n e s  s u p p l y  i n s t r u m e n t  
a i r  t o  leads located t h r o u g h o u t  t he  p l a n t .  F i g u r e s  B27-B29 show these 
b ranch  l i n e s  and the major l o c a t i o n s  by b l o c k s  t h a t  t h e y  s e r v e .  A 
d i v e r s e  c o l l e c t i o n  of v a l v e s ,  i n s t r u m e n t s ,  and c o n t r o l s  is s e r v e d  by t h e  
I A  sys t em i n  each b l o c k .  

P l a n t  A i r  Supply 

F i g u r e  B25 a l so  shows t h e  major components of t h e  p l a n t  a i r  ( P A )  s u p p l y  
a t  C a l v e r t  C l i f f s  U n i t  1 .  An i d e n t i c a l ,  r edundan t  p l a n t  a i r  sys t em 
e x i s t s  for  U n i t  2. R e f e r r i n g  t o  F i g .  B25, n o t e  tha t  t h e  p l a n t  a i r  
s u p p l y  has one a i r  compressor .  
100 p s i g  and is produced by t h e  Joy  Manufac tu r ing  Company. The 
compressor  is powered by 480 V ac from electr ical  bus No. 1 4 A ( Z B ) .  
Compressor c o n t r o l s  are powered from 208/120-V ac d i s t r i b u t i o n  pane l  
No. 14. 

The compressor  is rated a t  616 scfm at 

The PA compressor p r o v i d e s  compressed a i r  a t  100 p s i g  and d i s c h a r g e s  i t  
t o  t h e  aftercooler/moisture s e p a r a t o r .  There t h e  compressed a i r  is 
cooled and e n t r a i n e d  moisture i s  removed. The a f t e r c o o l e r  and 
compressor are cooled by paral le l  f low pa ths  from t h e  s e r v i c e  water. 
From the  a f t e r c o o l e r s / m o i s t u r e  s e p a r a t o r s ,  a i r  flows t o  a 9 6 - f t 3  
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Fig. B27. U n i t  1 inst rument  a i r  d i s t r i b u t i o n  system. 



108 

e 
Q 

IA-144 

IA-146 

CONDENSER - AREA RING 

CONDENSATE 

FILTERS 
- PRECOAT 

TRAVELING 
SCREENS 

COMPONENT 

ROOM 
COOLING I 

IA-180 A I  
ECCS PUMP 

ROOM 21 

UNIT-2 
CONTAINMENT IA-179 y 

FROM 

FILTERS 
AFTER- 

IA-493 
TURBINE LUBE 
OIL COOLERS 

IA-168 

VCT & 
BAST ROOMS 

IA- 182u I A - 1 6 7 y  
AUXILIARY 
BUILDING 
5' HVAC 

SOLID 
WASTE 

PROCESSING -fi I A - 1 8 4 -  ' 

TURBINE 
SAMPLE ROOM 

SINK 
SERVICE WATER 

PUMP ROOM 

IA-315 7 
RC WASTE 

EVAPORATOR 

IA-169 

EAST PIPING 
PENETRATION ROOM 

AFW AIR 
ACCUMULATORS 

IA-170 
PLANT 

COMPUTER 
PCV-2082 

BLOWDOWN TANK 

SERVICE WATER 
HEAD TANK AREA 

IA-724 
COMPONENT COOLING 

HEAD TANK 

ROOM 

IA-186 

-b SFPROOM 

IA-689 LETDOWN 
HEAT E o r N G E R  

CVCS ION - EXCHANGERS 

ECCS PUMP - ROOM 2 2  

IA-188 

- 
ROOM 

WASTE MONITOR 
M - w  TANK METERING 

PUMPS 

IA- 190 

WASTE MONITOR - TANK PUMP AREA 
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r e c e i v e r  t ha t  s e r v e s  as an a i r  s t o r a g e  t a n k  t o  dampen sys t em p r e s s u r e  
v a r i a t i o n s .  The r e c e i v e r  is a l s o  equipped w i t h  a safety re l ie f  v a l v e  
tha t  opens when PA p r e s s u r e  exceeds  115 p s i g .  

After l e a v i n g  the  r e c e i v e r ,  a i r  e n t e r s  two p re f i l t e r s  that  remove o i l ,  
moisture, and p a r t i c u l a t e  matter t o  p r e v e n t  c o n t a m i n a t i o n  of PA system 
p i p i n g  and l o a d s .  The two pref i l te rs  are a r r a n g e d  i n  parallel  i n  t he  PA 
sys t em f low p a t h .  During normal o p e r a t i o n ,  o n l y  one p r e f i l t e r  is i n  
o p e r a t i o n  and t h e  other is isolated i n  a s t a n d b y  c o n d i t i o n .  

A t  t he  o u t l e t  of t h e  PA p r e f i l t e r s ,  a i r  e n t e r s  t h e  PA s e r v i c e  header. 
From t h e  s e r v i c e  header, PA is p rov ided  th roughou t  t h e  p l a n t  t o  v a r i o u s  
o u t l e t s  f o r  b r e a t h i n g  a i r  s t a t i o n s  i n s i d e  c o n t a i n m e n t ,  t o  s e r v i c e  
o u t l e t s  fo r  compressed a i r  f o r  t o o l s  and c l e a n i n g ,  and for  other 
m i s c e l l a n e o u s  uses  th roughou t  t h e  p l a n t .  

During normal o p e r a t i o n  U n i t  1 and U n i t  2 PA Systems are c ross -connec ted  
by open ing  manual v a l v e s  PA-126 and PA-124 as shown i n  F ig .  B25. E i t h e r  
U n i t  1 or U n i t  2 ' s  PA compressor w i l l  be r u n n i n g  ( i n  t he  SPEED mode) and 
t h e  other u n i t ' s  compressor  w i l l  be i n  t h e  AUTO ( o r  s t a n d b y )  mode. The 
two PA compressors  w i l l  t h e n  o p e r a t e  i n  a manner i d e n t i c a l  t o  o p e r a t i o n  
of t h e  two I A  compressors  d i s c u s s e d  earlier.  That is ,  the  compressor  i n  
t he  SPEED mode w i l l  load and unload t o  m a i n t a i n  PA p r e s s u r e  between 93 
and 100 p s i g .  If PA p r e s s u r e  d rops  t o  90 p s i g ,  t h e  PA compressor  i n  t h e  
AUTO (or s t a n d b y )  mode w i l l  s t a r t  and a t t e m p t  t o  r e s t o r e  PA pressure t o  
normal.  

I n s t r u m e n t  A i r  Backup I 
The PA compressors  s e r v e  t h e  a d d i t i o n a l  d u t y  of back ing  up the  I A  s u p p l y  
s y s t e m  i n  t h e  e v e n t  I A  p r e s s u r e  d r o p s  abnorma l ly  low. T h i s  o c c u r s  i n  
the f o l l o w i n g  manner. The I A  and  PA systems can be a u t o m a t i c a l l y  
c ros s -connec ted  by open ing  v a l v e  PA-2061 (see F ig .  B25). T h i s  v a l v e  is 
se t  t o  open a u t o m a t i c a l l y  i f  I A  p r e s s u r e  d r o p s  t o  85 p s i g ;  a l s o ,  a t  
85 p s i g  v a l v e  PA-2059 closes a u t o m a t i c a l l y ,  t h u s  i s o l a t i n g  t h e  PA 
compresso r s  from the i r  normal loads and making a l l  of t he  a i r  they  
compress a v a i l a b l e  t o  t h e  I A  system. 

A br ief  example of the  sequence  of e v e n t s  that  o c c u r s  on f a l l i n g  I A  
p r e s s u r e  w i l l  i l l u s t r a t e  o p e r a t i o n  of t h e  PA compressors  t o  back up t h e  
I A  compressors .  Suppose t he  f o l l o w i n g  c o n d i t i o n  e x i s t s  i n  U n i t  1 :  I A  
compressor  No. 11 is i n  SPEED mode, l o a d i n g  and u n l o a d i n g  t o  m a i n t a i n  I A  
p r e s s u r e  between 93 and 100 p s i g ;  I A  compressor No. 12 is i n  t h e  AUTO 
mode; PA compressor  No. 11 is i n  t h e  SPEED mode, l o a d i n g  and un load ing  
t o  m a i n t a i n  PA p r e s s u r e  between 93 and 100 p s i g ;  PA compressor No. 21 
( i n  U n i t  2 PA s y s t e m )  is i n  t h e  AUTO mode; v a l v e s  PA-126 and PA-124 i n  
F ig .  B25 are open t o  c r o s s - c o n n e c t  t he  U n i t  1 and U n i t  2 PA sys t ems ;  
PA-2061 is closed so t h a t  t he  PA and I A  sys t ems  are isolated.  

I 
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Given t h e  above c o n d i t i o n s ,  suppose  tha t  a s u p p l y  l i n e  i n  t he  I A  header 
deve lops  a leak and I A  pressure b e g i n s  t o  drop. When I A  pressure d rops  
below 93 p s i g ,  I A  compressor No. 1 1  w i l l  be c o n t i n u a l l y  i n  t h e  l o a d  mode. 
When I A  p r e s s u r e  d rops  t o  90 p s i g ,  I A  compressor No. 12  w i l l  a u t o  s tar t  
and 1 8  s la te r  load i tself  t o  h e l p  r e s t o r e  c o r r e c t  p r e s s u r e .  If I A  
p r e s s u r e  c o n t i n u e s  t o  f a l l ,  a t  85 p s i g  v a l v e  PS 2 0 6 1  w i l l  a u t o m a t i c a l l y  
open t o  c ros s -connec t  t h e  I A  and P A  sys t ems .  Opening P A  2 0 6 1  s h o u l d  
r e s u l t  i n  a t  l eas t  a temporary i n c r e a s e  i n  I A  p r e s s u r e  s i n c e  t h e  P A  
d i s t r i b u t i o n  header pressure w i l l  be a t  93 p s i g  o r  g r e a t e r .  A t  t h i s  
p o i n t  bo th  I A  compressors  are o p e r a t i n g  and P A  compressor No. 1 1  is 
o p e r a t i n g  t o  m a i n t a i n  p r e s s u r e  i n  the  c ross -connec ted  I A / P A  system. 
Suppose,  however, t h a t  a i r  p r e s s u r e  c o n t i n u e s  t o  decrease. A t  90 p s i g  
P A  compressor No. 1 2  i n  Un i t  2 w i l l  a u t o  s t a r t  and load i t se l f .  If 
P A / I A  pressure d rops  t o  85 p s i g ,  v a l v e  P A - 2 0 5 9  w i l l  a u t o m a t i c a l l y  c l o s e  
t o  i s o l a t e  t h e  P A  header. When valve.  P A - 2 0 5 9  closes,  n o t e  t h a t  a t o t a l  
of four air  compressors  ( two I A  and two P A  compresso r s )  are r u n n i n g  and 
s u p p l y i n g  compressed a i r  t o  the  I A  d i s t r i b u t i o n  header. 
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APPENDIX C 

DETAILED FMEAs 

P r e l i m i n a r y  f a i l u r e  mode and effects a n a l y s e s  (FMEAs) were performed on 
a l l  sys t ems  selected f o r  a n a l y s i s  as a r e s u l t  of t he  work described i n  
Appendix A.  For comple t eness  of  documentat ion,  the  e n t i r e  r e c o r d  of 
these FMEAs is p rov ided  i n  t h e  f o l l o w i n g  pages.  The m a j o r i t y  of t h i s  
e f for t  l e d  t o  low consequence outcomes; t h e  few cases n o t  bounded by 
p r e v i o u s  a n a l y s e s  are t reated i n  de ta i l  i n  Chapters  4 t h rough  6 i n  
Vol. I of t h i s  r e p o r t .  
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Table C 1 .  Reactor coolant system FMEA 

Failure/Component Possible Causes eefeots Remedial lot ions 

Reactor Vessel 

1. Undetected 1. Fuel  Damage 
Noncondensi bles 
Collect i n  the 2. Corrosion Products 
Reactor Vessel 

2. Vent Valves (RC- 1. Operator Error 
1 0 3 - 3  and RC-104- 
SV) Fail  Open 2. Inadvertent Signal 

Prom Control Board 

m Generator C S G l  

3. !% Tubes Rup tu re  1. Adverse RCS or So 
Water Chemistry 

2. Loose Parts 

Reduced heat transfer from 
RCS t o  steam generator. 
Potential underaooling. 

Small LOCA. Reactor coolant 
discharges to  quench tank. 
System pressure drops and 
pressurizer level drops. 
Lou pressure reactor t r i p  
occurs a t  1875 p s i g  and on 
h igh  containment pressure i f  
(when) quench tank blows 
down. Safety injeotion 
actuates a t  1600 psig. 

Reactor coolant (RC) leaks 
to  secondary s i d e  of t he  So 
and t o  t h e  environment v i a  
atmospheria stem dump or So 
safety valves. Depressuri- 
zation of the RCS would be 
similar t o  a LOCA o r  equiva- 
len t  size. 

Deteot poor hea t  transfer w i t h  
axial  n u x  monitors (7). 
Deteot fuel damage witb process 
a a t l v i t y  monitor i n  QCS. 

Ensure reactor is t r i p p e d  and 
follow LOCA emergenoy 
procedures. 

4 
4 
m 

Pollou 90 tube  rupture 
emergency procedures. 



Table C1.  (continued) 

Fai lure /Comphen t P o s s i b l e  Causes E f f e o t s  ne8edia Aotiona 

4. Primary Head Divider  1. 
P l a t e  Between Inlet 
and O u t l e t  Pienrua 
F a i l s  2. 

m o r  Coolant  P w  

5. Reactor Coolant  1. 

2. 
Pump(s) F a i l  

3. 

5 .  

Stress Corrosion 
Cracking 

High temperature  or 
Pressure  D i f f e r e n t i a l  
Induced F a i l u r e  

Loss of AC Power 

T r i p  o f  One or  More 
13 kv RCP Bus  Feeder  
Brea k e r a  

Loss of Component 
Cooling Water 

F a u l t  i n  Pump or Hotor 

RC f lar  through U-tubes i n  
SO is p a r t i a l l y  bypassed re- 
e u l t i n g  i n  decreaeed h e a t  
t r a n s f e r  from primary t o  
secondary s ide .  P a r t i a l  RCS 
undercool ing  w i l l  r e s u l t .  
Other  So e t i l l  p r o v i d e s  h e a t  
removal. POINS and safeties 
may open if tempera tures  
r i se  d r i v e s  p r e s s u r e  high 
enough. So l e v e l  may i n i -  
t i a l l y  rise but  then r e t u r n  
to  its s e t p o i n t .  R C S  pres- 
s u r e  w i l l  be too high for 
normal SI, except  for  132 
gpu provided by t h e  WCS. 

Reduction of c o o l a n t  flow 
r a t e  through t h e  oore and 
SG's. Inoreased  p o s s i b i l i t y  
of core boiling. P u p  
s e i z u r e  w i l l  result i n  
f a s t e r  flar ra te  r e d u o t i o n  
whereas f a i l u r e  due to power 
loss w i l l  be slarer due to  
coastdown flow. Reactor 
w i l l  t r i p  on low r e a c t o r  
c o o l a n t  f l w  (95% of f u l l  
f low).  

T r i p  reaotor i f  not a l r e a d y  
t r ipped .  Snsure o p e r a b i l i t y  
of a l l  t h r e e  oharg ing  p w p s  i n  
QCS for  needed makeup, 
oooling,  and energenoy 
bora tion. 

T r i p  r e a o t o r  i f  not a l M a d y  
t r ipped .  Perform a o t i o n a  t o  
assiat natural o i r o u l a t i o n  
cooldoun, whioh ino lude :  
boration from t h e  CVCS, RCS 
inventory  a o n t r o l  w i t h  t h e  QCS 
or HPSIS, maintenance of RCS 
p r e s s u r e  w i t h  p r e s s u r i z e r  
h e a t e r s  and a u x i l i a r y  spray  or 
charg ing  pumps, and RCS h e a t  
removal by manual c o n t r o l  of 
t u r b i n e  bypasa and atmospherio 
dump va lves .  



Table C1.  (continued) 

~- 

Possible Causes ESSeots 

~~ 

Remedial Aotions 

6. 

7. 

Reactor Coolant 1. Loss OS Control Power 
Pump(s) Fail t o  
T r i p  on Demand 2. Operator Error 

3. Faulty t r i p  Relays 

RCP Seal Failure 1. Loss or ccw 

The operator is required t o  Attempt to  manually t r i p  pump 
t r i p  the RCP*s  i n  t h e  event 
OS a LOCA. IS t h e  operator 
Sa i l s  t o  t r i p  them, more RCS 
inventory w i l l  be released 
through a hot leg break. 
The increased r a t e  of 0001- 
ant l o s s  may be important t o  
recovery Sroo LOCA'a depen- 
ding on break size. Also, 
containment isolat ion iao- 
l a t e s  CCU t o  t h e  RCPs and an 
RCP Srom seal Sailure may 
resul t  IS t he  pumps continue 
to  operate. Containment 
isolat ion is in i t ia ted  on 
high containment pressure 
(2/4 transmitters) o r  oould 
be in i t ia ted  inadvertently. 
The eSfect OS t h i s  addition- 
a l  loss  OS ooolant is expeo- 
ted to  depend on break size. 

Seal Sallure LOCA. t r i p  reaotor and RCPs. Follow 
emergenog prooedursa l o r  LOCA. 

breakews. 

2.  Seal Component Damage 
Prom Debris i n  System 
o r  Srom b a r  



Table C 1 .  (cont inued)  

Failure/Component P o s s i b l e  Csuses ECPecta Remedial Aotions 

3. I n t e g r a l  I m p e l l e r  
Damage ( a u x i l i a r y  
i m p e l l e r  Cor s e a l  
water i n t a k e  or seal  
wa te r  r e o i r o u l a  t i n g  
i m p e l l e r )  

4. Seal  Area Reciraula-  
t i n g  Pump F a i l s  ( t o  
d e l i v e r  water to t h e  
I n t e g r a l  h e a t  
exchanger) 

8. P r e s s u r i z e r  Backup 1. Loss of Supply Power 
H e a t e r s  F a i l  t o  
Energ ize  on Demand 2. Control  S igna l  

F a i l u r e  ( l e v e l  
t r a n s m i t t e r  f a i l s  
low) 

3. Mechanical F a i l u r e  

4. Contro l  Handsnitches 
i n  @OFF9 P o s i t i o n  
( o p e r a t o r  error) 

If demanded due  to deoreaa- 
i n g  p r e s s u r e  i n  t h e  pres- 
s u r i z e r ,  d e o r e a s e  oont inues  
wi thout  abatement and reac- 
t o r  e v e n t u a l l y  t r i p a  
Development of p o s s i b l e  
v o i d s  i n  t h e  core. I C  de- 
manded due to  h igh  l e v e l  i n  
p r e s s u r i z e r  (i.e., loss  of 
letdown flow or losa  of 
power to p r e s s u r i z e r  con- 
t rol  components), l e v e l  may 
cont inue  to rise. Too much 
water volume i n  t h e  pressu- 
r i z e r  may damage t h e  relief 
v a l v e s  or t h e  s p r a y  n o z z l e s  
and degrade p r e s s u r e  de- 

U a i n t a i n  l e v e l  i n  p r e s s u r i z e r  
w i t h  oharg ing  pump and le tdown 
a o n t r o l  v a l v e  a o n t r o l .  For 
p r e s s u r e  maintenanoe, oheck 
t h a t  p r e s s u r i z e r  s p r a y  is n o t  
a o t u e t i n g  i n a d v e r t e n t l y  and 
t h a t  proportional h e a t e r s  
are opera t ing .  t r i p  reaotor 
I C  p r e s a u r e  approaahes low 
p r e s s u r e  r e a o t o r  t r i p  set- 
point .  



T a b l e  C 1 .  ( c o n t i n u e d )  

F a i l  ure/Component P o s s i b l e  Causes Eeeects Remedial Aotiona 

9. P r e s s u r i z e r  Backup 1. Control  S igna l  
Heaters  F a i l  t o  F a i l u r e  ( l e v e l  
T r l p  on Demand or t r a n s m i t t e r  f a i l s  
I n a d v e r t e n t l y  high, p r e s s u r e  
Energ ize  t r a n s m i t t e r  f a i l s  

low, e t o . )  

2. Control  Handswitches 
Left i n  “ONrn 
P o s i t i o n  

3. Loss of Contro l  Power 

10.  P r e s s u r i z e r  Spray 1. Corrosion Product 
Line (or Nozzles) Buildup 
Blocked 

2 .  Loose P a r t s  or Debr is  

c r e a s e  c o n t r o l  o a p a b i l i t y  
( l e s s  steam volume to 
condense w i t h  spray) .  

Hig‘h p r e s s u r e  r e s u l t s  i n  t h e  
p r e s s u r i z e r .  If s p r a y  is 
ac tua ted ,  n e t  effect w i l l  be 
n e g l i g i b l e .  If p r e s s u r e  
t r a n s m i t t e r  h a s  f a i l e d  law, 
s p r a y  w i l l  no t  opera te .  
(Heaters can  still t r i p  i f  
10-10 l e v e l  deve lops  i n  
p r e s s u r i z e r .  ) R e s u l t i n g  
high p r e s s u r e  would normal- 
l y  open POW and t r i p  
reactor. If r e a o t o r  t r i p s  
and p r e s s u r i z e r  empties ,  
p o s s i b l e  damage to t h e  pres- 
s u r i z e r  could occur. If 
l e v e l  t r a n s m i t t e r  f a i l s  
high, p r e s s u r i z e r  w i l l  empty 
w i t h  h e a t e r s  f a i l e d  on, 
which may i n i t i a t e  a f a i l u r e  
of t h e  p r e s s u r e  boundary 
( s m a l l  n o n i s o l a b l e  LOCA). 

A t t e a p t  to a r i t o h  heaters to 
mOPPrn position w i t h  handswitch 
or  restore to  .AUTOn i f  pre- 
v i o u s l y  ”ON.. Hanually o p e r a t e  
p r e s s u r i z e r  spray  aa requi red .  
Hanually open b r e a k e r s  i f  
requi red .  

High p r e s s u r e  e u r g e s  i n  t h e  
p r e s s u r i z e r  cannot be con- p r e s s u r i z e r  h e a t e r s  t h a t  are 
trolled. On power i n c r e a s e ,  energized.  t r i p  r e a o t o r  i f  
a high p r e s s u r e  reactor n o t  a l r e a d y  t r i p p e d  and r e p a i r  
t r i p  and POW opening may oamponent. U t i l l z e  a u x i l i a r y  
occur. spray  from CVCS as requi red .  

t u r n  off any baokup 



Table C1.  (cont inued)  

Fa il u r e  /Component P o s s i b l e  Causes E f f e o t s  Remedial Aat ions  

11. 

12. 

P r e s s u r i z e r  Spray 
Valves  F a i l  to  
Open on Demand 

P r e s s u r i z e r  Spray 
Valves  (RC-100E-CV 
and RC-100F-CV) 
F a i l  to  Close 
on  Demand 
(Valves  F a i l  
Open) 

1. 

2. 

3. 

1. 

2. 

Hechanioal F a i l u r e  

Cont ro l  S igna l  F a i l u r e  
( P r e s s u r e  c o n t r o l  
f a i l s  low) 

Loss of Instrument  Air 
and Accumulator 
Holding Check Valves  
F a i l  

Valve Stuok Open 

Control  Signal  
F a i l u r e  

P r e s s u r i z e r  s p r a y  is  
f a i l e d  i f  both v a l v e s  f a i l  
and is degraded i f  o n l y  one 
fails .  On a pover i n a r e a s e  
o r  p r e s s u r e  surge ,  a high 
p r e s s u r e  reactor t r i p  and 
PORV opening may oacur. 

Spray flow i n t o  p r e s s u r i z e r  
cont inues.  Maximum s p r a y  
rate is 375 gpm. Spray d o e s  
not  add t o  p r e s s u r i z e r  level 
due t o  surge  volume o u t f l a r .  
Cooling from s p r a y  c a u s e s  
l e v e l  i n o r e a s e  and p r e s s u r e  
d e c r e a s e  i n  p r e s s u r i z e r  from 
condensat ion.  Backup 
h e a t e r s  energize i n  response  
to p r e s s u r e  drop,  but  cannot  
offset decreased  e n t h a l p y  
from spray  a d d i t i o n .  Low 
enough p r e s s u r e  i n  t h e  pres- 
s u r i z e r  w i l l  i n i t i a t e  a 
reactor t r i p  and a n  SIAS. 
The operator is r e q u i r e d  to 
t r i p  t h e  RCPs on  SIAS, which 
w i l l  s t o p  t h e  spray flow and 
te rmina te  t h e  t r a n s i e n t .  If 
t r a n s i e n t  is caused by pres-  

Same as  above. 

t r i p  reaatar and 
a l r e a d y  t r ipped .  

RCPS i c  not  
Repair  

aompor&t. S n i t a h  to a l t e r n a t e  
p r e s s u r e  r e g u l a t i n g  system 
( X  or X) i f  p r e s s u r e  
t r a n s m i t t e r  or aontrol h a s  
f a i l e d .  

d 

N 
0 
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~~ ~- ~~ 

Failure/Component P o s s i b l e  Causes Effects Remedial Aotions 

13. Spray Line Con- 
t i n u o u s  Flow Bypass 
Valves  (RC-219 and 
RC-220) F a i l  Closed 

14.  Spray Line Con- 
t i n u o u s  Flow Bypass 
V a l v e s  (RC-219 and 
RC-220) F a i l  Open 

15. Auxi l ia ry  Spray 
Valve (CVC-517) 
F a i l s  Open ( t h i s  
v a l v e  f a i l s  c losed  
on loss of i n s t r u -  
ment a i r )  

s u r i z e r  . p r e s s u r e  transmitter 
f a i l e d  on t h e  high s i d e ,  low 
p r e s s u r e  A t  and SIAS chan- 
n e l s  w i l l  be degraded. 

1. Valves Plugged 
from Corrosion 
o r  Debr is  i n  
System 

2. Operator Error 
i n  Setting 

3. Valve F a u l t  

1. Valve F a u l t  

2. Operator  Error 
i n  Se t t i ng  

1. Valve F a u l t  

2. Operator Error 

P o t e n t i a l  for thermal shoak 
t o  p r e s s u r i z e r  spray  l i n e  
and n o z z l e s  when s p r a y  Is 
demanded. P o t e n t i a l  non- 
i s o l a b l e  LOCI. 

No s i g n i f i c a n t  effeot. In- 
c reased  flow through bypass  
l i n e  to d r e s s u r i z e r  but  
l i n e  is o n l y  3/4 in .  d i a .  

Spray flow a t  395OF is 
d e l  ivered  to  t h e  p r e s s u r i z e r  
i n a d v e r t e n t l y .  Haximum 
p o s s i b l e  flow is 132 gpa, 
more probable  flow is less 
than 44 gpn. 
RCS inventory  beyond t h a t  
demanded by p r e s s u r i z e r  
l e v e l  program. Some pres- 
s u r e  decrease i n  t h e  pressu- 
r i z e r  and p o t e n t i a l  l e v e l  
d r o p  from c o n t r a c t i o n .  QCS 

No net gain i n  

F a i l u r e  may be hard  to d e t e o t  
u n l e s s  h e a t  lose from s t a g n a n t  
l i n e  is d e b a t e d  a t  TE-lo3 and 
104. Align a u x i l i a r y  spray  
t o  provide bypass  flow i f  
QC-517-CY aan be set to  
lou flat rate (1-2 BPB). 

Repair oonponent a t  shutdown. 

Attempt t o  010- valve. 
Monitor p r e s s u r i z e r  p r e s s u r e  
and t r i p  reaotor If p r e s s u r e  
d r o p  is too g r e a t .  Repair  
v a l v e  a t  ahutdown. 



Table C1.  (cont inued)  

P a i l  ure/Component P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

r e s p o n m  to deareased  level 
of adding  charg ing  flar will 
add more spray  flaw. Maxi- 
m u m  probable  4 4  gpa a t  395oP 
to p r e s s u r i z e r  r e p r e s e n t i n g  
-94,500 Btu/min v s  t h e  
h e a t e r  c a p a c i t y  of +68,300 
B t u h l n .  

16. Vent Valves  from 1. Operator Error Small LOCI. Steam from t h e  Close  vent  valves. T r i p  
Presaur i z  er r e a o t o r  i f  not a l r e a d y  t r ipped .  
(RC-105-SV and 2. Inadver ten t  S i g n a l  t o  t h e  quenoh tank. Pres- Ensure h e a t e r s  are de-energieed 
RC-106-SV) from Control Board s u r i z e r  p r e s s u r e  drops. to  prevent  p e s s u r i o e r  damage. 
I n a d v e r t e n t l y  Level and temperature  also 
Open d r o p  i n  p r e s s u r i z e r  due to  

p r e s s u r i z e r  is discharged  

i n c r e a s e d  v a p o r i z a t i o n  of 
t h e  r e a o t o r  coolant. RCS 
p r e s s u r e  d r o p s  o o n s i s t e n t  
w i t h  p r e s s u r i z e r  p r e s s u r e  
and s l i g h t  c o n t r a a t i o n  i n  
RCS o c c u r s  (approximately 
1 vol .  S for 600 ps id) .  
Lou p r e s s u r e  reeator t r i p  
should occur  a t  1875 ps ig ,  
SIAS a t  1600 p s i a  and 
charg ing  flaw on low 
p r e s s u r i z e r  l e v e l .  Pres- 
s u r i z e r  may empty from 
r e a c t o r  t r i p .  



Table C1.  ( c o n t i n u e d )  

Failure/Component . P o s s i b l e  Causes Effects Remedial Aotions 

Power ODerated Rel ie f  V a m  f P O m  

17. P O W ( s )  F a i l  Open 1. Valves F a i l  t o  Close Same a s  above ( s m a l l  LOCA). 
(RC-402-EAV and/or  AQter Demanded t o  PORVs normally open w i t h  
RC-404-ERV ) Open high p r e s s u r e  reactor t r i p ,  

so reactor t r i p  w i l l  have 
2. Operator  Error probably occurred.  

3. Control  S igna l  F a i l u r e  

4. Valve(s )  Leak 

18. P O R v ( s )  F a i l  to  1. Control  C i r c u i t  Code s a f e t y  v a l v e s  w i l l  
Open on  Demand F a i l u r e  open on  high p r e s s u r e  i f  

t h e  PORVs f a i l .  However, 

not  be d e p r e s s u r i z e d  to  pre-  
2. Uechaniaal F a i l u r e  d u r i n g  a LOCA, t h e  RCS can- 

3. Loss of Electric Power v e n t  PTS c o n d i t i o n s  a8 re- 

a d d i t i o n ,  t h e  PORV's would 
Supply q u i r e d  by procedure. I n  

4. Block Valves  Closed be u n a v a i l a b l e  to  enhance 
Due to Leaking POFNs post-LOCA RCS depressur iza-  

t i o n  and net HPSI flowrate. 

19. POW I s o l a t i o n  1. Operator  Error Code s a f e t y  v a l v e s  w i l l  
V a1 ve  s I nadver t a n  t 1 y 
Closed on Demand 2. Valves Closed Due t o  demand i f  t h e  PORVs are 

open on high p r e s s u r e  

Leaking POFNa. blocked. 

Attempt t o  olose motor 
o p e r a t e d  POIN blook v a l v e 8  
(RC-hO3-KU and/or  RC-hO5-MN). 
P o l l a r  a p p r o p r i a t e  e rergenoy 
proedures  for a a a l l  LOCA. 

Shutdarn and r e p a i r  
oomponent(s). 

Open valves. 



Table C1.  (cont inued)  

Failure/Component P o s s i b l e  Cauaes erreota a e m d i a l  Aotions 
-- 
20. POW I s o l a t i o n  1. Operator  Error 

Valves  F a i l  t o  
Close on Demand 2. Valve Faul t  

3. L o s a  of E l e o t r i o  Power 
Supply 

21. Code S a f e t y  Valves  1. Valve F a u l t  
F a i l  to Open on ( o a l i b r a t i o n ,  damage) 
Demand 

22. Code S a f e t y  
V a l v e ( s )  F a i l  
Open 

1. Valve F a u l t  (oali- 
b r a t i o n ,  damage) 

. 

These a r e  demanded to  olose 
when PORVa f a i l  open. 
Remote p o t e n t i a l  for mall 
LOCI a s  descr ibed  for 
P O I s  f a i l i n g  open. 
However, p o t e n t i a l  is remote 
s i n c e  m u l t i p l e  f a i l u r e s  
a r e  r e q u i r e d  and each 
i s o l a t i o n  valve h a s  a v i t a l  
power aupply a e p a r a t e  from 
t h e  power supply  for  its 
a s s o o i a t e d  POW. 

If POW path f a i l s  to  open 
on demand ( h i g h  p r e s s u r e  
o o n d i t i o n a ) ,  t h e s e  v a l v e s  
are demanded. RCS under- 
c o o l i n g  and p o t e n t i a l  for 
l a r g e  break LOCI from 
v e s s e l  rupture .  

Small LOCI. P r e a s u r i r e r  
ateam d i s c h a r g e s  to t h e  
quench tank. Lou p r e s a u r e  
r e a c t o r  t r i p  oocura  and 
p r e s s u r i z e r  may empty. 
SIAS w i l l  be i n i t i a t e d  a t  
1600 psig.  

Ensure r e a o t o r  is t r i p p e d  
and p r e s s u r i z e r  h e a t e r s  are 
de-energlzed. Pollaw e m r g e n o y  
prouedures  for mall  break  
LOCI event. 

Attempt t o  open POBY path. 
T r i p  reaotor i f  not a l r e a d y  
t r ipped .  

Pollaw emergenoy p o o e d u r e a  
for mall  LOU. Ensure 
reaotor h a s  t r ipped .  



Tab le  C1.  ( c o n t i n u e d )  

Fai lure/Component  P o s s i b l e  Causes  
-- 
Ouench Ta& 

23. D r a i n  Va lve  to  1. Mechanical  F a i l u r e  of 
RCDT (RC-QOl-CV) Valve R e s u l t i n g  i n  
F a i l s  Open or Valve Opening or 
Leaks  F a i l u r e  t o  Close 

Once Open 

2. Power t o  S o l e n o i d  
F a i l s  o n  from 
C o n t r o l  Board 
Handswitch F a i l u r e  
(HS-1401) 

3. O p e r a t o r  Error or 
Act ion  Based o n  
F a i l e d  Leve l  
I n d i c a  tor 

24. Relief Va lve  
(RV-242) F a i l s  
t o  Open o n  
Demand 

1. Mechanical  F a i l u r e  of 
Va lve  

2. Error i n  Va lve  
S e t t i n g  Dur ing  
Ua in tenance  

eereots Remedial  Aotions 

Quench t a n k  may empty. LIA- Attempt  to olose t h e  v a l v e  and 
116 may also be o n  t h e  same 
power s u p p l y  as  t h e  f a i l e d  
v a l v e  and may f a i l  to d e t e c t  
lou t a n k  l e v e l .  When a 
p r e s s u r i z e r  relief v a l v e  
opens ,  t h e  quench  t a n k  w i l l  
r e l i e v e  to t h e  waste gas 
sys t em th rough  RV-242 ( a t  35 
p s i g )  o r  to con ta inmen t  
th rough  t h e  r u p t u r e  d i s k  ( a t  
100 p s i g ) ,  r a t h e r  t h a n  ab- 
s o r b i n g  t h e  d i s c h a r g e  from 
t h e  p r e s s u r i z e r .  Quench 
t a n k  r u p t u r e  may o c c u r  de- 
pend ing  o n  t h e  t r a n s i e n t ,  i f  
t h e  (16 i n . )  r u p t u r e  d i s k  
fa i l s .  

add d e m i n e r a l i z e d  water to 
quenoh t a n k  via W-5460-cV. 

On demand ( s i g n i f i c a n t  Utilize relief valve b y p a s s  
p r e s s u r i z e r  d i s c h a r g e  to 
quench t ank) .  The quench p r e s s u r e s  b e l w  r u p t u r e  d i s k  
t a n k  r e l i e v e s  to  t h e  
con ta inmen t  th rough  t h e  
r u p t u r e  d i s k  r a t h e r  t h a n  
p a r t i a l l y  t o  t h e  waste gas 
system. SI w i l l  b e  i n i t i a -  
t e d  from h i g h  con ta inmen t  
p r e s s u r e .  SI may lead to 
p r e s s u r . i z e r  o v e r f i l l  from 

(RC-400-CV) a t  h i g h  t a n k  

setpoint (100 paig) and  
v e r i P y  o p e r a b i l i t y  of v e n t  
v a l v e  RC-402-Sf. 



Tab le  C l .  (cont inued)  

~~ 

Failure/Component 

25. Relief Valve 1. 
(RV-242) on 
Relief Bypass , 

Valve (RC-400-CV) 2. 
F a i l s  Open 

26; Vent Valve 1. 
(RC-402-SV) 
F a i l s  Open 2. 

27. Quench Tank 
Rupture Disk 
F a i l s  Open 

1. 

2. 

~~ ~~ 

P o s s i b l e  Causes 

Wechanical F a i l u r e  
of Valve 

Error i n  Valve 
S e t t i n g  During 
Maintenance 

Operator  Error 

Inadver ten t  S i g n a l  
from Control  Board 
F a i l s  Solenoid Power 
On 

Improper I n s t a l l a  t i o n  

Faul ty  Rupture D i s k  

E f f e o t s  nemedial Act ions 

charg ing  pump i n i t i a t i o n  and 
letdown i s o l a t i o n .  

Quench tank steam from 
p r e s s u r i z e r  and e n t r a i n e d  shutdown. 
1 i q u i d  may d isoharge  to  
waste  g a s  system below 
v a l v e  s e t p o i n t  ( i .e . ,  
unnecessary d ischarge) .  
Not a s i g n i f i c a n t  effeot. 

Quench tank steam from p r e s  Attempt to close valve.  
u r i z e r  and e n t r a i n e d  l i q u i d  
can  d ischarge  t o  contain- 
ment. SI w i l l  be I n i t i a t e d  
from high containment pres- 
sure .  TIA-102 w i l l  alarm a t  
3OO0F i n d i c a t i n g  steam d i s -  
charge through v e n t  valve.  
SI may lead  to p r e s s u r i z e r  
o v e r f i l l  from charg ing  pump 
i n i t i a t i o n  and letdown 180- 
l a t i o n .  

Quench tank steam from 
p r e s s u r i z e r  and e n t r a i n e d  
l i q u i d  can d i s c h a r g e  t o  appropr ia te .  Repair  component 
containment. SI w i l l  be after shutdown and t r a n s i e n t  
i n i t i a t e d  from high contain- 
ment pressure.  SI may lead  
to  p r e s s u r i z e r  o v e r f i l l  from 

Repair  component a t  next 

Shutdown and repair aompoMnt 
i f  f a u l t e d .  

Check p r e s s u r i z e r  c o n d i t i o n s  
and blook p r e s s u r i z e r  flow i f  

is t e r u i n a t e d .  



Table C1.  (continued) 

Fa il ure/Com ponen t P o s s i b l e  Causes  E f f e o t s  Remedial  Aotiona 

28. Quench Tank 
R u p t u r e  Disk 
F a i l s  t o  Open 
a t  Design P r e s s u r e  

29. F i l l  Va lve  
from Demine ra l i zed  
Water Storage Tank 
(DW-5460-CV) F a i l s  
Open or Leaks 

1. Improper  I n s t a l l a t i o n  

2 .  F a u l t y  Rup tu re  Disk 

1. k o h a n i c a l  F a i l u r e  
of Va lve  R e s u l t i n g  
i n  Va lve  Opening 
or F a i l u r e  to  Close 
Once Oben 

2. O p e r a t o r  Error or 
A c t i o n  Based o n  
F a i l e d  Leve l  
Transmi t ter 

3. Power to  S o l e n o i d  
F a i l s  on  from 
C o n t r o l  Board 
Handswitch F a i l u r e  
( Hs-5460 1 

c h a r g i n g  pump i n i t i a t i o n  and 
l e tdown  I s o l a t i o n .  

Rup tu re  d i s k  is demanded t o  
open a t  100 p s i g  ( d e s i g n  
p r e s s u r e  of quenoh t ank) .  
Dur ing  t r a n s i e n t s ,  p o s s i b l e  
quench t a n k  r u p t u r e .  
Reactor c o o l a n t  release to 
con ta inmen t .  S I  w i l l  be  
i n i t i a t e d .  SI may l e a d  t o  
p r e s s u r i z e r  o v e r f i l l  from 
c h a r g i n g  pump i n i t i a t i o n  and 
l e tdown  i s o l a t i o n .  

Quench t a n k  o v e r f i l l s .  
LIA-116 may also be o n  
same p a n e l  es f a i l e d  
v a l v e  and may f a i l  t o  
detect h igh  t a n k  l e v e l .  
A p r e s s u r i z e r  d i s c h a r g e  
t r a n s l e n t  may c a u s e  r u p t u r e  
d i s k  t o  open p rema tu re ly ,  
c a u s i n g  d i s c h a r g e  t o  t h e  
con  t a l  nment and i n 1  t i a  t i o n  
of SI. SI may l e a d  t o  p res -  
s u r i z e r  o v e r f i l l  from ohar- 
g i n g  pump i n i t i a t i o n  and 
l e tdown  i s o l a t i o n .  

Open relief v a l v e  b y p a s s  
(RC-400-CV) t o  e n s u r e  par t ia l  
relief t o  waste gas syatern. 
Cheok p r e s s u r i z e r  a o n d i t l o n s .  
Close POW blook v a l v e s  i f  
WAvs have P a l l e d  open. 

Attempt to  olose v a l v e  a t  
panel .  Open d r a i n  v a l v e  as 
r e q u i r e d .  R e p a i r  oooponent 
a f te r  shutdown and t r a n s i e n t  
is t e r m i n a t e d  I f  o m p o n e n t  
is f a u l t e d .  



Table C2. Chemical and volume c o n t r o l  sys t em FMEA 

F a i l u r e  P o s s i b l e  Causes Ef h o t s  Remedial Aotions 

Letdoun 
1. Letdown S t o p  Valve 1. 

(CVC-515-CV) or 
Letdown Containment 
Valve (CVC-516-CV) 
F a i l  Closed 

2. 

3. 

4 .  

2. Excess Flow Check 1. 
Valve F a i l s  Closed 2. 

3. Excess  Flow Check 1. 
Valve F a i l s  Open 

I n a d v e r t e n t  or 
er roneous  s i g n a l  
t o  olose, 
i n c l u d i n g  
a. ESFAS (SIAS or  

QCS i a o l a t i o n  
s i g n a l  1 

b. High r e g e n e r a t i v e  
HX o u t l e t  tempera- 
t u r e  TIC-221 

Loss of ins t rument  
a i r  
Loss of c o n t r o l  power 
to  so lenoid  
Hechanical f a i l u r e  
i n c l u d i n g  plugging 
from l o o s e  parts 

Mechanical f a i l u r e  
Plugging 

Mechanical f a i l u r e  

Letdown flow is stopped,  in-  After d e t e o t i n g  f a i l u r e ,  moni- 
c l u d i n g  P l a r  through t h e  re- tor p r e s s u r i a e r  l e v e l  and 
g e n e r a t i v e  h e a t  exchanger oharg ing  flaw tempera ture  
(HX), which u s u a l l y  h e s t s  (TE-229). T r i p  oharg ing  pump 
charg ing  flow. Unheated i f  l e v e l  i n  p r e s s u r i z e r  is too 
flow is d e l i v e r e d  to  t h e  high. 
RCS. P r e s s u r i z e r  l e v e l  w i l l  
rise, which t r i p s  a l l  but  
one charg ing  pump and a t -  
tempts  t o  i n o r e a s e  letdown 
flow v i a  t h e  letdown o o n t r o l  
v a l v e  ( b u t  le tdown flar is 
i s o l a t e d  by t h e  f a i l u r e ) .  
With charg ing  flow from t h e  
remaining pump a t  44 gpm, 
R C S  may o v e r p r e s s u r i z e ,  
c a u s i n g  t h e  POW to  open. 

Same a s  above (loss of Same as above. 
le tdown flow). 

No eft'eot i P  l e t d a r n  con- This f a i l u r e  vi11 not  be  
t ro l  v a l v e s  operate d e t e o t e d  u n l e s s  by i n s p e c t i o n  
proper ly  and i f  no r u p t u r e  a t  shutdarn  or demanded by a n  
o c c u r s  between excesa  flow abnormal event. 
check v a l v e  and le tdown 
c o n t r o l  valves. 



Table  C2. (continued) 

F a i l u r e  P o s s i b l e  Causes Effects 

4 .  

5 .  

6. 

Opera t ing  Letdoun 
C o n t r o l  Valve (CVC- 
llOP-CV or CVC-110Q- 
- C V )  F a i l s  Closed 

Both Letdoun 
C o n t r o l  Valves  
(CVC-1lOP-CV 
and CVC-1 100-CV) 
i n  S e r v i c e  u i t h  
RCS Pressure  Above 
1500 p s l g  

Letdown Control  
Valves  (CVC-1lOP 
-CV and CVC-1100 
- C V )  F a i l  Open 

1. 

2. 

3. 
4.  

1. 
2. 

1. 
2. 

3. 

Loss of ins t rument  
a i r  a lso s t o p s  RCS flow through isolating charg ing  flar is 
Loss of so lenoid  r e g e n e r a t i v e  HX. Unheated requi red .  If o n l y  one of t h e  
c o n t r o l  pouer charg ing  f lou a t  4 4  gpm tu0 valves f a i l s ,  p l a a e  t h e  
Hechanioal f a i l u r e  minimum is d e l i v e r e d  t o  s tandby v a l v e  i n  se rv iae  (re- 
Control  s i g n a l  f a i l u r e  t h e  RCS. P o t e n t i a l  for q u i r e s  manual alignment of 

Loss of letdown flow which For both v a l v e a  failing, 

RCS t o  o v e r p r e s s u r i z e  va lves) .  
and t h e  POW to  open i f  
charg ing  flow aont inues.  

Operator error P o t e n t i a l  thermal shock to Isolate one o o n t r o l  valve. 
t l a l funot ion  of CVCS u i t h  p o t e n t i a l  for  
valve s e l e o t o r  p ipe  r u p t u r e  downstream of 
w i t c h  (HS-110-1) c o n t r o l  valves .  Release 

l i m i t e d  by e x c e s s  f lar  
check va lve  to 210 +/- 20 
gpm. Excess l e t d o u n  f lar  
u i l l  l o u e r  p r e s s u r i z e r  l e v e l  
and c a u s e  backup charg ing  
pumps t o  s tar t .  Net RCS 
loss of 98 gpm. 

Hechanioal f a i l u r e  
F a i l u r e  of t h e  b i a s  
c o n t r o l  r e g u l a t o r  
on each  v a l v e  
Erroneous c o n t r o l  
s i g n a l  from 
p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  system 

Excess  letdown flar even 
though both backup charg ing  
pumps start on low p r e s s u r i -  
z e r  l e v e l .  Net d e c r e a s e  i n  
RCS inventory  and p r e s s u r i -  

z e r  l e v e l  (maximum letdown 
230 gpld - maximum charg ing  
132 gpm = 98 gpm) and h igh  
l e v e l  alarm i n  volume con- 
trol tank (VCT). Eventual  

Close l e t d a r n  s t o p  va lves .  



Table C2. (continued) 

F a i l u r e  P o s s i b l e  Causes E f f e o t s  Remedial Aotion8 

7. Letdoun HX.Fai l s  1. Loss of oamponent 
to  Cool cool ing  water  

2. HX d m a g e  

8. O p e r a t i n g  Letdown 1. P r e s s u r e  controller 
Backpressure Regula- or t r a n m i t t e r  
t i n g  Valve  (CV-LOIP (PT-201) f a i l s  h igh  
o r  CV-2010) F a i l s  2. Hechaniaal f a i l u r e  
Open (normally f a i l  3. Operator  e r r o r  
c l o s e d  on loss of 
a i r )  

s h i f t  of VCT Inlet froo tank  
to  waste process ing  system. 

TE-224, on letdown o u t l e t  
flow, w i l l  alarm, isolate 
t h e  b a r o n m e t e r  and 
r a d i a t i o n  monitor  and s h i f t  
le tdown flaw t o  bypass  
t h e  i o n  exchangers. If 
TE-224 f a i l s ,  damage t o  
monitors and i o n  exohangers 
could oacur. F lash inB of 
hot  RCS f l u i d  to  steam Is 
p o s s i b l e  downstream of 
t h e  letdown backpressure  
r e g u l a t i n g  v a l v e s ,  whioh 
would i n t r o d u c e  steam 
I n t o  t h e  VCT ( v i a  t h e  
normal spray  i n l e t ) .  V C T  
may become p r e s s u r i z e d  
and r e l i e v e  to t h e  waste 
g a s  s u r g e  tank. 

RCS f l u i d  downstream of  let- 
down c o n t r o l  v a l v e  may f l a s h  
to  steam due to d r o p  i n  l i n e  
pressure .  If f l u i d  tempera- 
t u r e  is above 14S0F, TE-224 
should swi tch  flow to  VCT 
and bypass h r o n o m e t e r  and 
r a d i a t i o n  monitor. IP tem- 
p e r a t u r e  is below 145OF, 

Assess boron c o n o e n t r a t i o n  
and a o t i v i t y  i n  RCS besed 
on d a t a  from b e f o r e  t h e  
event .  Shutdown p l a n t ,  
If neoessary,  and r e p a i r  
HX or I s o l a t e  letdown. 

Iaolate letdown. Cheok system 
flows and f i l ter  p r e s s u r e  d r o p  
to d e t e a t  f i l ter  damage. If 
f i l t e r  is not damaged a t t e m p t  
t h r o t t l i n g  of manual v a l v e s  
a s s o c i a t e d  w i t h  one of t h e  
f a i l e d  r e g u l a t i n g  va lves .  If 
f a i l u r e  is not  aaused by t rans-  
mitter f a i l u r e ,  p lace  t h e  



Table  C2. (continued) 

F a i l u r e  P o s s i b l e  Causes EPPeo t a R e w d i a l  Aotions 

9. Letdown Back- 
p r e s s u r e  Regu- 
t i n g  Valves  
(CV-2OlP and 
CV-201Q) F a i l  
Closed 

steam pockets  may ex is t  and 
damage monitors. High ve l& aerv loe .  
o l t y  Plou may damage t h e  
p u r l f l c a t l o n  f i l t e r  and 
c a r r y  d e b r i s  through t h e  
system, e i t h e r  blooking let- 
d a r n  flow or e v e n t u a l l y  
P a l l i n g  t h e  oharg ing  pumpa. 

s tandby r e g u l a t i n g  valva i n  

1. Losa of ins t rument  Letdown Plow is stopped,  in- Honl tor  p r e a s u r h e r  level and 

2. Pressure  c o n t r o l l e r  g e n e r a t i v e  HX. P r e s a u r l z e r  pump, if neoeaaary. 
a i r  o l u d i n g  P l o u  through t h e  re- R C 3  pressure .  T r i p  a h a r g i n g  

or t r a n s m i t t e r  l e v e l  will rise, b a o h p  
(PT-201) f a l l s  high charg ing  pump w i l l  t r i p ,  b u t  

3. k c h a n i c a l  f a i l u r e  t h e  main o p e r a t i n g  oharg ing  
pump w i l l  cont inue  t o  d i s -  
charge to  t h e  RCS. RCS 
could  o v e r p r e s s u r i z e  and 
oause t h e  POW to  open, if 
charg ing  Plow cont inues .  
RCS charg ing  Plow w i l l  be 
o o l d e r  than normal. VCT 
l e v e l  w i l l  d e c r e a s e  and 
makeup Plow w i l l  be d e l l -  
vered t o  t h e  V C T  ( I f  makeup 
c o n t r o l l e r  is I n  AUTO). 



Table C2. (cont inued)  

Fa1 1 u r e  Poss ib le  Causes E f  feats Remedial Aotions 

10. D i f f e r e n t i a l  
P r e s s u r e  I n d i c a t o r  
PDIS-202 f a i l s  t o  
i n d i c a t e  and alarm 
plugged i n s e r v i c e  
f i l t e r ,  and In- 
s e r v i c e  P u r i f i c a t i o n  
F i l t e r  is  Plugged 
(Normally Alarms 
a t  30 p s i d )  

11. Process  Radia t ion  
Monitor I n d i c a t e s  
Erroneous F i s s i o n  
Product  A c t i v i t y  

1. For PDIS-202, 
oeohenical  f a i l u r e  
or c o n t r o l  power 
f a i l u r e  

mulat ion of materiel 
not  d e t e c t e d  due to  
f a i l e d  indioator 

2. For f i l t e r ,  socum- 

1. Heohaniaal f a i l u r e .  
2. High temperature  

damage from f a i l u r e  
of  s i g n a l  from TE-224 
and letdown c o o l i n g  
or f a i l u r e  of CVC-521, 
t o  close w i t h  f a i l u r e  
of letdown c o o l i n g  

f a i l u r e s  
3. Other support  system 

Reduced letdown flow, 
p r e s s u r i z e r  l e v e l  may rise 
and open letdown control 
v a l v e  more. Backpreasure 
r e g u l a t i n g  v a l v e  w i l l  a lso 
open more, b u t  flow w i l l  
still be r e s t r i o t e d .  If 
upstream p r e s s u r e  r e s c h e s  
205 ps ig ,  an upstream 
relief va lve  (354-RV) 
re1 i e v e s  1 i n e  p r e s s u r e  to 
t h e  reactor coolant waste 
r e c e i v i n g  tank. Makeup 
water w i l l  e v e n t u a l l y  be 
r e q u i r e d  i n  VCT for  charg ing  
pump suot ion .  F a i l u r e  
results i n  a small loss of 
c o o l a n t  o u t  relief v a l v e  and 
cooler charg ing  f l a r  t o  RCS. 

Deteot  PDIS f a i l u r e  prior to 
relief valve l i f t  by low f l o w  
a t  PR-202, and after relief 
valve l i f t  by higb f l o w  alar8 
(135 ,gpm). Put alternate 
f i l t e r  i n  aervioe or p u t  2" 
bypass l i n e  i n  s e r v i o e  via 
CVC-124, and isolate  plugged 
f i l ter .  Wonitor flow c l o s e l y  
w i t h  PE-202 to o p e r a t e  w i t h o u t  
PDIS-202. 

I f  monitor r e a d i n g  l a  low, 
high a c t i v i t y  l e v e l  could oheaking tunot ion ,  f a i l u r e  w i l l  
go undeteoted. No aignif i -  be hard  to  d e t e o t ,  e s p e c i a l l y  
c a n t  effect on undercool ing.  

Unless r a d  Donitor h a s  self 

la, r e a d i n g  failure. 

If monitor reading  is high,  
p u r i f i c a t i o n  and/or  shut-  
down may be i n i t i a t e d  
unnecessar i ly .  



Table C2.  (continued) 

Failure Possible Causes Effect s Remedial Aations 

12. Boronometer 1. Mechanical fa i lure  Potential for operator to  Dilution operation would 
Erroneously 2. High temperature i n i t i a t e  dilution. Dilution probably be stopped when no 
Indica t ea  High damage from fai lure  would resul t  i n  s l igh t  reaa- decrease i n  boron aonaentration 
RCS Boron of signal from t i v i t y  increase, b u t  control reg is te red-a t  boron&eter. 
Conce n t r a  t ion TE-224 and letdown rods would control under- Boron aonaentration could be 

cooling o r  fa i lure  cooling. readjusted by aalaulated boron 
Of CVC-521 With  addition based on grab sample. 
fa i lure  of letdown 
cooling 

13. Boronome te r  
Erroneously 
Indicates Lou 
RCS Boron 
Concentration 

1. Mechanical fa i lure  Potential for operator to  Detect f s i lu re  by noting no 
2. High temperature i n i t i a t e  boration, and over- ahange i n  boron reading w i t h  

damage from fa i lure  of borate the RCS. Reactivity boron addition. Correct 
signal from TE-224 and decrease, no noticeable boron aonaentration based on 
letdown cooling or overcooling effeot  expected. grab sample and caloulations. 
fa i lure  of CVC-521 
w i t h  fa i lure  of 
letdown cooling 

14. Tube Rupture i n  1. External event 
Regenerative Heat 2. Corrosion 
Exchanger 3. O t h e r  internal 

mechanical damage 

Charging flow w i l l  preferen- 
t i a l l y  f l a r  t o  larer pres- Isolate  l e tda rn .  Shutdarn 
sure outlet ,  i.e., letdown plant and repair  aoaponent. 
path instead of t o  the RCS. 
Amount of flow recycled 
through CVCS w i l l  depend on 
break s ize  and location. 
Probably no n e t  change i n  
RCS inventory. 

Trip operating aharging pump. 



Table C2. ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes  ESSects  Remedial  Aations 

15. Tube R u p t u r e  i n  
Letdown Heat 
Exchanger  

Purlfleatdon 

16. I o n  Exchanger  
Bypass  Va lve  
(CVC-520) F a i l s  
Open t o  I o n  
Exchanger s  

1 .  E x t e r n a l  e v e n t  
2. C o r r o s i o n  
3. O t h e r  i n t e r n a l  

mechanical  damage 
( l o o s e  p a r t s )  

1. Hechan laa l  damage 
2. S i g n a l  f rom TI?-224 

S a i l s  w i t h  S a i l u r e  
OS l e tdown  c o o l i n g  

RCS l e a k  o r  loas i n t o  aompo- 
n e n t  c o o l i n g  water (CCW). 
Reduced l e tdown  f l o w  t o  VC? 
and consequen t  d r o p  i n  VCT 
l e v e l .  Hakeup r e q u i r e d  from 
d e m i n e r a l i z e d  water t a n k  i f  
i n  AUTO mode, may be cool 
( a m b i e n t ) .  Boric Acid Sto- 
rage Tank i n p u t  (maximum 30 
gpm i n  AUTO mode) w i l l  be 
150OF. 
u a l  mode and VCT l e v e l  
d r o p s ,  makeup w i l l  awe 
Srom' t h e  r e f u e l i n g  water 
storage t a n k  (RYT) (&OF' or 
ambien t ) .  Net r e s u l t  is po- 
t e n t i a l  for s l i g h t l y  cool 
makeup to  RCS a s  well as 
loss OS l e tdown  c o o l i n g .  
( S e e  F a i l u r e  7)  

If makeup is i n  man- 

No eSSec t  u n l e s s  l e tdown  
c o o l i n g  h a s  f a i l e d .  If 
c o o l i n g  h a s  S a i l e d ,  resin 
damage may o a c u r  i n  ion 
e x c h a n g e r ( s ) ,  w i t h  e v e n t u a l  
p l u g g i n g  and loss of let- 
down Slou. P o t e n t i a l  Sor 
lou t e m p e r a t u r e  c h a r g i n g  
f l o u  as  d i s c u s s e d  above due  

Alert t o  f a i l u r e  by low flow a t  
FE-202 and d e c r e a s i n g  l e v e l  i n  
VCT. Isolate l e tdown  f l o w  from 
RCS. T h i s  w i l l  later c h a r g i n g  
Plow t e m p e r a t u r e  more since 
Plow w i l l  be s topped  th rough  
t h e  r e g b n e r a  t i v e  h e a t  
exchange r ,  b u t  t h e  l e a k  must 
be i s o l a t e d .  H o n i t o r  TE-229 
and isolate  c h a r g i n g  flow 
i f  t e m p e r a t u r e  is too low. 

Alert to f a i l u r e  by PDIS-203, 
( P aaroas i o n  e x c h a n g e r s ) ,  
l d w  flow a t  PE-202, and h i g h  
t e m p e r a t u r e  a t  TE-223. Is+ 
l a t e  l e tdown  and c h a r g i n g  flow. 
S h u t  p l a n t  dawn as r e q u i r e d .  



Table C2. (cont inued)  

F a i l u r e  P o s s i b l e  Causes E e r e o t s  Remedial Aotions 

17. Ion  Exchanger 
Bypass Valve 
(CVC-520) Fails 
Closed to Ion 
Exchangers 

18. I o n  Exchanger(s)  
P l u g ( s )  or S t r a i n e r  
Plugs 

19. I o n  Exchanger 
S e t u p  Error: 
Wrong Resin 
Loaded, Wrong 
Exchanger Placed 
i n  Operat ion,  
or No Resin Loaded 

1. 
2. 

1. 
2. 
3. 

1. 
2. 

3. 

Ha cha n i  o a l  damage 
Loss of ins t rument  
a i r  

Heat damage 
Loose p a r t s  
Bad r e s i n  supply 

Operator  error 
Resin s u p p l i e r  
e r r o r  
Laboratory error 
on new r e s i n  
sampl i n g  

t o  makeup requi rements  from 
demineral ized water storage 
tank  (DWST) and loss of flow 
through r e g e n e r a t i v e  HX. 

Loss of normal le tdown'  
p a t h  through i o n  exchangers. 
No major short- term e f f e o t  
on RCS. 

I n i t i a l  loss or r e d u o t i o n  
of letdown elow. PDIS-204 
a l a r m s  a t  20 psid.  VCT 
l e v e l  w i l l  d e o r e a s e  and 
i n i t i a t e  makeup water from 
RUT or DWST, vhioh  oould 
r e s u l t  i n  cooler charg ing  
flow to  RCS. Net g a i n  i n  
RCS inventory  of 44 gpo from 
t h e  o p e r a t i n g  charg ing  pump. 

P o s s i b l e  long-term chem- 
effects. P o t e n t i a l  for 
too much debora t ion ,  i f  
not  d e t e c t e d  by borono- 
meter, l e a d s  t o  i n c r e a s e d  
RCS a c t i v i t y  and p o t e n t i a l  
narrower shutdown margins. 

Shutdown p l a n t  and r e p a i r  
when RCS ohemistry becomes 
unaooeptable. Monitor RCS 
ohemistry o l o s e l y .  

Letdown flow can be s u i t o h e d  
a t  CVC-520-CV to bypass  i o n  
exohangers. Wonitor RC 
ohemiatry and shutdown 
p l a n t  a s  requi red .  

Uonitor  RCS chemiatry and 
a o t i v i t y  to d e t e o t  f a i l u r e .  
Bypass i o n  exohangers  w i t h  
CVC-520-CV and o o r r e o t  
ion exohange setup.  



Table C2. (continued) 

F a i  1 u r e  Poss ib le  Causes E f  Pea t s Remedial Aot ions  

20. Resin Bed Suppor t  1. Corrosion (RCS 1. S t r a i n e r  downstream of Letdown flow oan be sv i tohed  
S t r u c t u r e  i n  I o n  ohemistry)  exchangers  plugs,  PDIS- a t  CVC-520-CV to  bypass  i o n  
Exchanger F a i l s  2. Uaintenance error 204 and PDIS-203 alarm exohangers  and resume letdown 
or Leaks caus ing  mechanioal a t  20 psid.  Loss of flow to VCT. 

f a i l u r e  letdown Plow, VCP l e v e l  
w i l l  deorease  and i n i t i -  
a te  au tomat ic  makeup Prom 
DUST o r  WT, whioh oould 
r e s u l t  i n  cooler oharg ing  
flow t o  RCS. Net g a i n  i n  
RCS inventory  from oper- 
a t i n g  oharging pump. 

Resin beads l e a k  through Alert to  f a i l u r e  by no (OF low) 
s t r a i n e r  i f  strainer ohsrg ing  f l av  on PB-212, h i g h  
baske t  is f a u l t y  or h a s  level alarm i n  VCT and RC in-  
not  been rep laced  a f te r  ventory  accumulat ing i n  Waste 
maintenance. Resin ac- Process ing  System. Isolate 
cumulates s lowly  i n  var- letdown. Shutdown p l a n t  and 
i o u s  locations down- remove r e s i n .  
s t ream of t h e  VCP o u t  
l e t ,  r e s u l t i n g  i n  plug- 
g i n g  of v a l v e s  and/or  
charg ing  pumps. Poten- 
t i a l  loss of  charg ing  
flow. Decrease i n  pres- 
s u r i z e r  l e v e l  w i l l  r u n  
back letdown to  minimum 
s e t t i n g  (29  gpm). Net 
decrease  i n  RCS invento-  
r y  a t  29 gpm w i t h  RC 
s e n t  to Waste Process ing  

2. 



Table C2. (continued) 

F a i l u r e  P o s s i b l e  Causes E f f e o t a  Remedial Aotiona 

System on h igh  l e v e l  
(LC-2nA) i n  t h e  VCT. 

W m e  Control [ V C f i  

21. VCT I n l e t  Valve 1. Control  system Volume c o n t r o l  w i l l  typi-  Attempt manual muitching of t h e  
(CVC-500-CV) F a i l s  f a i l u r e  (VCT LC-227A a a l l y  be o u t  of balance  valve. A l s o ,  le tdown oan be 
t o  D i v e r t  Flow f a i l s )  ( i . e . ,  some o t h e r  fa i lure  i s o l a t e d  and t h e  VCT oan be 
from VCT on Demand 2. Loss of ins t rument  oaus ing  high VCT l e v e l )  manually d r a i n e d  t o  t h e  waste 

a i r  ( v a l v e  f a i l s  
open t o  Vcf)  demanded. F a i l u r e  on 

3. Hechanical f a i l u r e  , demand r e s u l t s  i n  o v e r f i l l  

i n  o r d e r  for t h i s  t o  be prooeaslng ayetea.  

of VCT, which may a l e r t  t h e  
o p e r a t o r  to  open CVC-513-CV 
to  r e l i e v e  tank  pressure .  
The VCT inlet  spray  nozz le  
may f lood ,  which w i l l  a t o p  
mixture  of RC w i t h  hydrogen. 
Net r e s u l t  is f a i l u r e  t o  
provide hydrogen to  t h e  RCS. 

22. VCT Valve t o  1. Operator error 
Waste Gas System 2. Hechanioal wear 
(CVC-513-CV) F a i l s  ( v a l v e  normally 
Open f a l l s  c l o s e d )  

VCT d e p r e s a u r i z e r a  aaus ing  VCT low p r e s s u r e  alarms 
more hydrogen a d d i t i o n ,  ven- (PIA-225) a t  4 paig. Hanually 
t i n g  of hydrogen to  t h e  
waste g a s  system and poten- CVC-513-CV. Cheok o h e n i s t r y .  
t i a l  d e p l e t i o n  of t h e  hydro- 
gen supply;  a f t e r  which f u l l  Asaess e x p l o s i o n  p o t e n t i a l  i n  
VCT d e p r e s s u r i z a t i o n  could 
ocaur .  Hydrogen a d d i t i o n  
t o  t h e  RCS would be degraded. 
P o t e n t i a l  for hydrogen ex- 

isolate hydrogen aupply and 

Shutdown p l a n t  it requi red .  

Waste Gas System. 

- 



Table C2. (cont lnued)  

F a i l u r e  Poss ib le  Causes effects Reaedial Aotiona 

23. Hydrogen Relief 1. Operator  error 
Valve CVC-105-RV 2. Heohanioal wear 
F a i l s  Open ( v a l v e  n o m a l l y  

P a i l s  o losed)  

p l o s i o n  aooident  i n  Waste 
Cas System. 

Hydrogen supply d e p l e t e s ,  Iaolate hydrogen supply. Shut- 
vent ing  t o  p l a n t  vent. Hy- down and repair oooponent. 
drogen explos ion  p o t e n t i a l  
i n  p l a n t  vent. 
drogen a d d i t i o n  c a p a b i l i t y  
i n  VCT. 

Loss of hy- 

24. VCT O u t l e t  Valve 1. Inadver tan t  s i g n a l  VCT l e v e l  w i l l  rise, resu l -  Isolate l e t d a r n  and manually 
(CVC-501-Hov) Prom makeup c o n t r o l l e r  t i n g  i n  letdown P l a r  g e t t i n g  operate makeup valve CVC-504- 
P a i l s  Closed o r  SIAS d i v e r t e d  to  t h e  waste pro- HW an requi red .  

2. Obatruot ion (plugged c e s s i n g  system. If CVC-504- 
va lve)  HOV from RUT opens, as i t  

normally d o e s  w i t h  c l o s u r e  of 
CVC-501-HOV, t h e  o n l y  e f f e o t  
is p o t e n t i a l l y  oooler makeup 
t o  RCS. But s i n c e  t h i s  
v a l v e  does  not  open automa- 
t i c a l l y  on h igh  VCT l e v e l ,  
charg ing  Plow to  t h e  RCS may 
be los t ,  caus ing  p r e s s u r i z e r  
l e v e l  to drop. Letdown w i l l  
run  back to  its minimum eet- 
p o i n t  of 29 Bpm, but  w i l l  not 
i solate  au tomat ica l ly .  Net 
RCS loss OP 29 gpm. 



Table  C2. (continued) 

F a i l u r e  P o s s i b l e  Causes Effeo  t a Remedial Aotions 

25. 

26.  

VCT O u t l e t  Valve 

F a i l s  Open When 
Demanded t o  Close 
(Low Level  i n  VCT) 

(CVC-501-HOV) 

Seal Return R e l i e f  
Valve (CVC-RV-199) 
F a i l s  Open 

Charnina. r 

27. Charging Pumps F a i l  

1. 
2. 

3. 

1. 

2. 

1. 

2. 

3.  

4. 

Control  s i g n a l  f a i l u r e  
Mechanical f a i l u r e  
( v a l v e  s t u c k  open) 
Power supply f a i l u r e  

As a s i n g l e  f a i l u r e ,  no aig- 
n i f i o a n t  e f f e o t  on oharging 
pumps and Plara aa l o n g  as 
charg ing  flar is suppl ied  by 
CVC-509-CV frw t h e  RUT. 
(See  Item 55 for SIAS 
e f f e c t .  

Manually open makeup flow 
v a l v e  or isolate letdown. 

I n t e r n a l  or mechani- 
o a l  f a i l u r e  
Haintenance error i n  
va lve  s e t t i n g  

Common oauae mechani- 
cal f a i l u r e  (broken 
diaphram, i n l e t  check 
v a l v e  r a i l e d ,  e t a . )  
Loss of seal and plun- 
g e r  f l u s h  water from 
overhead supply  tank  
Blockage due t o  loose 
parts, d e b r i s  or r e s i n  
beads in ayatem 
Loss of power on busea 
480 V l l A ,  118, 14A, 
and 1 4 B  

Loss of r e a c t o r  c o o l a n t  t o  
t h e  reactor coolant d r a i n  
tank  through t h e  1. relief 
v a l v e  l i n e  i n a t e a d  of re- 
t u r n i n g  t o  t h e  VCT. 

Loas of charg ing  flow to 
RCS. If o n l y  one pump h a s  
f a i l e d ,  p r e s s u r i z e r  l e v e l  
w i l l  d r o p  and i n i t i a t e  t h e  
second and/or  t h i r d  pump to 
resume charg ing  flaw. If 
charg ing  pumpa are unavai l -  
a b l e ,  p r e a a u r h e r  l e v e l  w i l l  
d r o p  and i n i t i a t e  runback of 
l e t d a r n  (minimum s e t p o i n t  or 
29 gpm). 
29 gpm. 

Net RCS loss  of 

Iaolate RC loss w i t h  valve 
CVC-507-cv. 

Iaolate letdown. Shutdown 
p l a n t  it p r e s s u r i z e r  level has 
dropped too low. 
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Table  C2. (continued) 

F a i l u r e  P o s s i b l e  Causes Effects Remedial Actions 

i n  RCS inventory  of 104 gpm 
and minimum of 4 gpm. front. 

a l l y  t r i p p e d  a t  t h e  b r e a k e r  

31. Reactor Coolant  1. Uechanical f a i l u r e  Loss of deminera l ized  water Provide makeup from t h e  RUT and 
Uakeup (RCHU) Pumps 2. Haintenance f a i l u r e  to  t h e  RCS on demand. T h i s  i solate  normal VCT a u t o s a t l o  
F a i l  on Demand 3. Hakeup o o n t r o l  s i g n a l  would f a i l  o p e r a t i o n s  i n  t h e  makeup. 

f a i l s  (AUTO mode o n l y )  DILUTE mode. I n  t h e  AUTO 
4. Loss of power (HCC- mode, i f  f a i l u r e  was unde- 

105R and HCC-115R) tected, e x c e s s  boron addi-  
t i o n  t o  t h e  RCS could  oocur  
(makeup from t h e  b o r i c  a c i d  
pumps would be undi lu ted) .  
F a i l u r e  would probably be 
d e t e c t e d  i n  t h e  HANUAL mode. 
Also any metered chemical  
a d d i t i o n  would cease, c a u s i n g  
RCS pH to g r a d u a l l y  deorease.  

32. F i l t e r  Downstream 1. Uechanical f a i l u r e  Same a s  above (loss of de- Isolate f i l ter  and repair, and 
of RCHU Pumps of ins t rument  m i n e r a l i z e d  w a t e r  flow). open f i l ter  bypasa CVC-317. 
Plugs,  and 2. Debris  i n  l i n e  
PDIS-2530 F a i l s  3. Haintenance f a i l u r e  

33. Water Makeup F l a w  1.  F i l t e r  maintenance Same as  above (loss of de- Provide makeup from RUT and 
Element P l u g s  e r r o r  minera l ized  w a t e r  flow). isolate normal VCT makeup for 
FE-2 1 OX 2. Hechanical f a i l u r e  repair. 

of ins t rument  



Table ~ 2 .  (cont inued)  

Fa1 1 u r  e Poss ib le  Causes E f f e c t s  Remedial Aations 

3 4 .  Water Hakeup 1. 
C o n t r o l  Valve 2. 
(cv c-21 ox-cv 3. 
F a i l s  Closed 

35. Water Hakeup Control  1. 
Valve (CVC-21 OX-CV) 
F a i l s  Open 2. 

3. 

B o r i c  Acid B a t c m  

36. Immersion Heaters 1. 
F a i l  2. 

3. 

37. Mixer F a i l s  1. 
2. 

38. Lou Boron Con- 1. 
c e n t r a t i o n  Makeup 2. 

Loss of instrument  a i r  
Control  s i g n a l  f a i l u r e  
Mechanical f a i l u r e  o r  
plugging 

Control  s i g n a l  or con- 
troller f a i l u r e  
Mechanical f a i l u r e  
Flow t r a n s m i t t e r  
f a i l u r e  

Power supply f a i l u r e  
Mechanical f a i l u r e  
C o n t r o l l e r  f a i l s  

Power supply f a i l u r e  
Mechanical f a i l u r e  

Operator  e r r o r  
Boric  a c i d  s u p p l i e r  
error 

Same as  above ( l o s s  of de- 
minera l ized  w a t e r  flow). 

D i l u t i o n  o c c u r s  i n  makeup 
system i f  makeup is i n  AUTO 
mode. F a i l u r e  would proba- 
b ly  be d e t e c t e d  i n  MANUAL 
mode. 

Tank d i s c h a r g e  v a l v e s  aould 
p l u g  from boron p r e c i p i t a -  
t i o n  and f a i l u r e  to d i s 8 o l v e  
b o r i c  a c i d ,  which could pre- 
v e n t  boric a c i d  a d d i t i o n  to  

Same as  above. 

Supply makeup from RUT and re- 
p a i r  owponent .  F a i l u r e  may be  
hard t o  d e t e c t  when i n  AUTO 
mode or i f  t r a n s s i t t e r  f a i l s .  

Repai r  h e a t e r s .  Utilize b r i o  
a c i d  from RC waste e v s p o r a t o r  
i f  requi red .  

storage tanks. Could jeopar-  
d i z e  boric a c i d  supply and 
u l t i m a t e l y  r e s u l t  i n  ACS 
d i l u t i o n  or f a i l u r e  of boron 
a d d i t i o n  on SIAS (a l though 
u n l i k e l y ) .  

Same a s  above. Sam as above. 

Low boric a c i d  o o n c e n t r a t i o n  If f a i l u r e  is d e b a t e d ,  
i n  boric a c i d  storage tanks  
(BASTS). Net r e s u l t  is po- a d j u s t e d  v i a  c a l c u l a t e d  
t e n t i a l  boron d i l u t i o n  i n  a d d i t i o n  of concent ra ted  b o r i o  

o o n c e n t r s t i o n  i n  BAST can be 



Table  C2. (continued) 

Fa1  1 u r e  P o s s i b l e  C a u s e s  E f f e c t s  Remedial  A o t i o n s  

39. 

t h e  RCS i n  t h e  AUTO makeup a c i d  th rough  t h e  b a t o h i n g  
mode, and u n d e r b o r a t i o n  when tank.  
r e q u i r e d  i n  t h e  BORATE mode. 

High Boron 1. O p e r a t o r  error E x c e s s  RCS b o r a t i o n  i n  AUTO, If f a i l u r e  l e  d e t e c t e d ,  
C o n c e n t r a t i o n  2. Boric a c i d  ' s u p p l i e r  HANUAL, and BORATE makeup conoentration i n  BAST o a n  be 
Uakeup error modes. a d j u s t e d  via  water a d d i t i o n  

th rough  t h e  b a t o h i n g  tank.  

Uric Acid S t o r a ~ e  Pumm 

40. Heat T r a c i n g  on 1.  Power s u p p l y  f a i l u r e  
BAST I n l e t  F a i l s  2. Mechanical  fa i lure  

41. BAST Heaters F a l l  1. C o n t r o l l e r  P a i l u r e  

(HCC-104R and HCC- 
1 1 4 R )  

3. Mechanical  f a i l u r e  

o n  Both Tanks 2. P w e r  s u p p l y  P a i l u r e  

P o s s i b l y  no effect  s i n o e  tfonitor BAST l e v e l s  and 
flow i n t o  t a n k  is hea ted .  l o c a l l y  h e a t  Inlet linea to  
However, boric a c i d  s i t t i n g  restore a d d i t i o n  a a p a b i l i t y .  
l n l i n e  c o u l d  p r e c i p i t a t e  and  
e v e n t u a l l y  p l u g  l i n e .  B o r i c  
a c i d  a d d i t i o n  t o  BASTS would 
be  p reven ted .  However, 
BASTS have  large c a p a c i t y  
( a p p r o x i m a t e l y  9500 gal ea. 1. 

Boric a c i d  p r e c i p i t a t e s  and  BYT c a n  p r o v i d e  makeup t o  RCS. 
p l u g s  t a n k  o u t l e t  v a l v e s  i f  Isolate  n o m a 1  AUTO makeup. 
s o l u t i o n  is n o t  c o n t i n u o u s l y  
r e c i r c u l a t e d  ( p r o v i d i n g  mix- 
i n g ) .  
d i t i o n  c a p a b i l i t y  from BAST. 
I n  AUTO makeup mode, RCS bo- 
r o n  gets  d i l u t e d .  On SIAS no 
BAST flou is d e l i v e r e d  to  
ACS. I n  HANUAL mode, f a i l u r e  
w i l l  probab ly  be d e t e c t e d .  

L o s s  of b o r i o  a c i d  ad- 

d 

c w 



Table C2.  ( c o n t i n u e d )  

F a i l u r e  

42. Heat T r a c i n g  to  
Pumps and G r a v i t y  
Valves  F a i l s  

43. Boric Acid Pumps 
F a i l  

4 4 .  Boric Acid Pump 
Discharge  Line  
Heat Trac ing  F a i l s  

45. Boric Acid Hakeup 
Cont ro l  Valve 
(cvC-210Y-Cv) 
F a i l s  Closed 

P o s s i b l e  Causes Effeats Remedial Aotions 

1. Power supply f a i l u r e  Same a s  above. (Loss  or Same as above. 
2. Hechanical f a i l u r e  b o r i c  a c i d  a d d i t i o n  capa- 

b i l i t y  from BAST.) 

1. Uakeup c o n t r o l l e r  Loss of normal borio a c i d  Isolate normal AUTO makeup. 
I n i t i a t e  emergency b o r a t i o n  

2. Parer  supply f a i l u r e  BORATE modes). Boron d i l u -  i f  r e q u i r e d  w i t h  g r a v i t y  f e e d  
3. Mechanical f a i l u r e  t i o n  o c c u r s  i n  RCS if makeup valves .  
4. Loss of cool ing  water is i n  AUTO mode. F a i l u r e  of 

to  seals o r  bear ings  o n l y  one o p e r a t i n g  boric 
a c i d  pump could a l s o  produce 
t h i s  e f f e o t  if t h e  f a i l u r e  
is  not d e t e c t e d  and t h e  
second pump is not  a l i g n e d  
f o r  s e r v i c e .  

f a 1  l u r  e supply for makeup (AUTO and 

1. Power supply f a i l u r e  S t r a i n e r  or o t h e r  l i n e  aom-  Same a s  above. Also t h e  
2. Uechanioal f a i l u r e  ponents  plug and d e s i g n  flow r e c i r a u l a t i o n  p a t h  to  t h e  

is lost .  Boron d i l u t i o n  BASTS oould be r e a l i g n e d  to  
o c c u r s  i n  RCS i f  makeup is provide  flw around t h e  
i n  AUTO mode. s t r a i n e r  t o  t h e  VC?, i f  t h i s  

l i n e  is n o t  blocked from h e a t  
t r a c i n g  f a i l u r e .  

1. Loss of inst rument  a i r  Loss OP b o r i c  a c i d  flow to  F a i l u r e  may be hard  t o  d e t e o t  
2. Control  s i g n a l  or con- makeup stream. Boron d i l u -  when i n  AUTO mode or  i f  t rans-  

3. Hechanical f a i l u r e  is i n  AUTO mode. quirements .  Open and alose 
troller f a i l u r e  t i o n  o c c u r s  i n  RCS i f  makeup mitter fa i l s .  Assess boron re- 

or plugging mC-238 a s  r e q u i r e d  to  d e l i v e r  
boric a c i d  to  RCS v i a . c h a r g i n g  
pump s u c t i o n .  



Table C2. (continued) 

Failure Possible Causes Effeots Remedial Aations 

46. Boric Acid Hakeup 1. Control signal fa i lure  
Control Valve 2. Mechanical fa i lure  
(cvC-21OY-CV) 
Fa i l s  Open 

47. 

48. 

Hakeup Control 1. Loss of instrument a i r  
Valve (CVC-512-CV) 2. Control signal fa i lure  
Fa i l s  Closed 3. Hechanical fa i lure  or 

plugging (i.e., heat 
tracing f a i l s )  

Uakeup Control 1. Control signal fa i lure  
Valve (CVC-512-CV) 2. Mechanical fa i lure  
Fa i l s  Open 3. Solenoid fa i lure  

Excess boric acid delivered 
to  t h e  RCS on AUTO or MANUAL 
makeup demand. Failure w i l l  
probably be detected i n  
HANUAL model. 

Normal makeup ( A U T O  mode) 
t o  VCT is stopped. Relief 
valve (CVC-376) around con- 
t ro l  v a l v e  may open a l lw ing  
some makeup t o  VCT (open8 a t  
7 0  psig). I f  VCT reaohea 
low-low level,  makeup w i l l  
automatically be s u p p l i e d  t o  
the charging pump auotion 
header from the  RUT (via  
CVC-509-MN). 

Potentially no effeot  i n  a l l  
operating modes, since pumps 
are o f f  when makeup is not 
demanded. However, i f  oon- 
t ro l  signal fa i lure  is the 
cause, the pumps w i l l  a lso 
be on, and overf i l l ing of 
the V C T  ca'n occur. Any le t -  
down w i l l  be directed to  the 
waste processing system on 
high level i n  the VCT. 

Assesa R C S  boron oon- 
aentration. Operate i n  
d i lu te  mode i f  necessary. 
Isolate  noma1 makeup 
and u t i l i z e  makeup 
froa RlT during repair. 

Verify RUT flow path  or u t i l i z e  
path from nomal makeup supply  
t o  CVC-504-CV via manual valve 
CVC-254 

f 

Seaure RCMU pumps and b r i o  
aoid pumps i f  operating. 
Isolate  fa i led valve. 



Table C2. (cont inued)  

F a i l u r e  P o s s i b l e  Causes ereacts Remedial Actions 

49. Relief Valve 
(RV-194) Around 

Makeup C o n t r o l  
Valve F a i l s  Open 

50. RHT Uakeup Valve 

F a i l s  t o  Open on 
Demand (Low Level 
i n  VCT) 

( CVC-504-HOV ) 

O v e r f i l l i n g  may prevent  mix- 
t u r e  of r e q u i r e d  hydrogen 
wi th  makeup w i t h  eventua l  
resu l t  OP lou hydrogen con- 
c e n t r a t i o n  i n  t h e  RCS. VCT 
may o v e r p r e s s u r i z e .  

1. Uaintenance error Uinimal effect s i n c e  pumps Same as  above. 
2. Uechanical f a i l u r e  w i l l  be off when c o n t r o l  

v a l v e  is closed.  Relief 
va lve  dumps back into aake- 
up l i n e  and i n t o  VCT. Any 
o v e r f i l l  w i l l  occur  more 
slowly s i n c e  relief l i n e  is 
only 3/40 vs. t h e  3. diameter  
makeup l i n e .  

1. Pover supply f a i l u r e  Loss oP charg ing  flaw to  RCS 
2. Uechanical f a i l u r e  due to  loss of f law t o  char- 
3. Control  s i g n a l  f a i l u r e  g ing  pump suc t ion .  Pressu- 

rizer l e v e l  may d r o p  and 
i n i t i a t e  runback of letdown 
flow. P o t e n t i a l  net  RCS 
loss of 29 gpm (minimum let- 
down s e t t i n g ) .  

Isolate l e t d o v n  i? requi red .  
Opera te  makeup i n  manual mode 
w i t h  makeup s t o p  valve (CVC- 
512-CV) open to  restore VCT 
l e v e l .  Water makeup can 
a l s o  be provided to  c h a r g i n g  
pump s u o t i o n  from RCHU purrpa 
through t h e  chemical a d d i t i o n  
tank  (1-1/2. l i n e  to tank  and 
1/2. l i n e  o u t  of t ank  to  
charg ing  pump a u c t i o n ) .  



Table C2. (cont inued)  

F a i l u r e  P o s s i b l e  Causes Effects Remedial Aotions 

51. Uanual Valve from 

HOV (component 
above)  is Closed 
on Demand 

RUT to  CVC-504- 

52. BAST R e c i r c u l a t i o n  
C o n t r o l  Valves  
(CVC-518-CV and 
CvC-51 I-Cv) F a i l  
Closed 

53. BAST R e c i r c u l a t i n g  
C o n t r o l  Valves  
(CVC-518-CV o r  
CVC-511-CV) F a i l  
to  Close on SIAS 
Demand 

54. Boric Acid Gravi ty  
Feed Valves  (CVC- 
508-HOV and CVC- 
509-HOV F a i l  t o  
Open on SIAS Demand 

1. k i n t e n a n c e  or S a m e  a s  above, g iven  t h a t  Sam aa above. 
operator error makeup from t h e  RUT is 

demanded. 

1. Loss of ins t rument  a i r  No s i g n i f i c a n t  effect, el- Repair aomponent(s1. F a i l u r e  
2. Mechanical f a i l u r e  though mixing i n  BASTS is will be hard to  d e t e o t .  
3. I n a d v e r t e n t  SIAS reduced. Relief va lvea  

s i g n a l  around t h e s e  r e c i r o u l a t i n g  
v a l v e s  t o  BASTS e x i s t ,  but  
w i l l  t y p i o a l l y  not  be re- 
q u i r e d  s i n c e  pumps do not  
o p e r a t e  u n l e s s  makeup is 
demanded, upon which main 
pump d i s c h a r g e  l i n e  also 
opens  to VCT. 

1. k i n t e n a n c e  f a i l u r e  P o t e n t i a l  net r e d u o t i o n  i n  Provide emeraenoy b o r a t i o n  
2 .  Mechanical f a i l u r e  SI boric a c i d  flow but  not w i t h  g r a v i t y  feed valvea ,  

a s i g n i f i c a n t  amount (<25$). a s  requi red ,  baaed o n  RCS boron 
requirements .  

1. Pouer supply f a i l u r e  One pa th  for boric acid Verify o p e r a b i l i t y  of o t h e r  
2. Mechanical f a i l u r e  a d d i t i o n  to oharg ing  pump boria acid path to  oharg ing  
3. Control  s i g n a l  f a i l u r e  s u c t i o n  is lost. Other  p a t h  p lup  suot ion .  

from b o r i c  acid pumps v i a  
CVC-514-Hov remains. 



Table C2. ( c o n t i n u e d )  

Fa il u r e  P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

55. VCT O u t l e t  Valve 
(CVC-501-HOV) F a i l s  
t o  Close o n  SIAS 
Demand 

56. Spare  Charging Pumps 
F a i l  to S t a r t  on 
SIAS Demand 

57. Sea l  Return Valves  
t o  V C T  F a i l  to  
Close on SIAS Demand 

.58. SIAS F a i l s  t o  
a l l  CVCS Components 

1. 
2. 
3. 

1. 

2. 
3. 

1. 
2. 

1. 
2. 

Power supply f a i l u r e  
Hechanical f a i l u r e  
Cont ro l  s i g n a l  f a i l u r e  

Power supply f a i l u r e  
( 4  Kv Bus 11 or 4 KV 
Bus 1 4 )  
Hechanical failure 
Control  s i g n a l  f a i l u r e  

Hechanical f a i l u r e  
Control  s i g n a l  
f a i l u r e  

Control  s i g n a l  f a i l u r e  
Control  power f a i l u r e  
( a 1  though control 
power d e f a u l t  may 
produce a n  SIAS) 

SIAS b o r i c  a c i d  flou d i r e o t -  
l y  from BAST is d i l u t e d  w i t h  
VCT flow. Extent  of d i l u -  
t i on  depends on system hy- 
d r a u l i c s  ( d i s c h a r g e  heads, 
e tc . ) .  VCT volume is 3880 
gal. Less shutdown margin 
t h a n  d e s i r e d  due to d i l u t i o n .  

P o t e n t i a l l y  o n l y  1/3 capa- 
c i t y  SIAS b o r i c  a c i d  f lar  
d e l i v e r e d  to  t h e  RCS on 
demand. Reduced shutdown 
margins achieved.  

No s i g n i f i c a n t  effects on 
SI c a p a b i l i t y .  VCT may f i l l  
from s e a l  r e t u r n  s i n o e  3113 
w i l l  close t h e  VCT out le t  
valve,  but  t h e  f i l l  rate 
w i l l  be slow. 

Automatic d e l i v e r y  of con- 
c e n t r a t e d  boric a o i d  froe 
CVCS (132 gpm d e s i g n  f l a r )  
is f a i l e d .  

Attempt t o  manually olose 
valve. 

Henually start ohsrg ing  prups 
on d e t e o t i o n  of f a i l u r e ,  l r  
pumps are not f a i l e d  
mechanically. 

Attempt to manually 010- t h e  
valves. Open t h e  VCT o u t l e t  
v a l v e  i f  t h e  VCT ha8 f i l l e d  to 
too high  a level. 

I n i t i a t e  elnergenoy boration 
al ignment  on d e t e o t i o n  of 
f a i l u r e .  P l a r  from CVCS is 
probably not  r e q u i r e d  on 
SIAS, but  provides  a s a f e t y  
margin. 



Tab le  C2. (cont inued)  

F a i l u r e  P o s s i b l e  Causes Effecta Remedial Aotions 

v 
59. H e t e r i n g  Pump F a i l s  

60. H e t e r i n g  Pump F a i l s  
t o  S t o p  i n  AUTO 
Hode 

6 1. Chemical Addi t i o n  
Discharge  Block 
Valve (s) (CVC-264, 
CVC-296, CVC-338, 
CVC-348, CvC-471, 
CVC-478) a r e  Closed 

1. 
2. 
3. 

4 .  

1. 
2. 

1. 

2. 

Pwer supply f a i l u r e  Loss of normal cont inuoua 
Hechanlcal f a i l u r e  chemioal a d d i t i o n .  F a i l u r e  i f  AUTO aontrol h a s  f a i l e d .  
AUTO o o n t r o l  w i l l  be hard to  d e t e o t .  R C 3  ohemistry oan be o o r r e c t e d  
signal f a i l u r e  Gradual  decreaae  i n  R C S  pH. by f l u a h i n g  chemioals  i n t o  
Loss of pump c o o l i n g  
wa ter 

Pump can be o p e r a t e d  l o o a l l y  

t h e  charg ing  p u p  s u a t i o n  
v i a  t h e  chemioal a d d i t i o n  tank  
and RCMl pump(a). 

Control  s i g n a l  f a i l u r e  Excess hydroxide d e l i v e r e d  Adjuat  RCS oheralatry u i t h  
Loss of c o n t r o l  power t o  RCS. Gradual i n o r e a a e  a d d i t i o n  of water and b o r i o  

i n  RCS pH. F a i l u r e  may be a c i d  and l e t d o m  reactor 
hard t o  d e t e c t .  c o o l a n t  to  waste processing 

system. 

Same as for meter ing  pump Operator  or 
maintenance error w i t h  one normally open. failure ( c o r r e c t  o h a a i a t r y  w i t h  
Valves a tuck  c l o s e d  H e t e r i n g  pump a u o t i o n  v a l v e  f l u s h i n g  through t h e  chemioal  

oharg ing  pump a u o t i o n  (QC-338) 

lbo p a t h s  are a v a i l a b l e ,  

can  f a i l  both patha. One a d d i t i o n  tank)  i f  v a l v e  to 
va lve  on  each pa th  can f a i l  
chemioal addi t ion .  F a i l u r e  is not  a tuck  c losed .  
w i l l  be hard t o  d e t e c t .  
Ueter ing  pump d i s c h a r g e  may 
o v e r p r e s a u r l z e ,  c o n t r i b u t i n g  
to  p ipe  break. Loss of 
normal chemical a d d i t i o n  can 
l e a d  t o  gradual  d e c r e a s e  i n  
RCS pli. 



Table C 2 .  (continued) 

Fai 1 or e Possible Causes Effeata Remedial Actions 

62. Makeup Error i n  
Chemical Addition 
Metering Tank 
( Ilydroxide Concen- 
t ra t ion  Too High 
or Too Low) 

63. No Chemicals i n  
Chemical Addition 
Uetering Tank 

64. Chemical Addition 
(Flush) Tank 
Discharge 
Strainer  Failed 

pressurizer  Lev e l  Resy 81 

65. Loss of Non-Vital 
Power to  Regulating 
System Relays (AC 
b u s  1Y10) or  Loss of 
Vital  Power to  
Regulating System 
Bistables ( b u s  lYl0 
or  1Y02) 

1.  Operator error 
2. Chemical supplier 

error  

1. Operator error 
2. Tank drain va lve  

open 

1. Internal fa i lure  
2. Maintenance fa i lure  

(s t ra iner  reversed 
or  not replaced) - 

1. Loss of power to  bus 
2. Fault on b u s  

Wrong chemical concentration 
i n  RCS (pH too high or too 
l o w ) .  Long term effect.  

Loss of normal ( s l a r )  chemi- 
ca l  addition. Failure w i l l  
be hard to  detect. Oradual 
decrease i n  RCS pH. 

Potential debris i n  system 
may f a i l  charging pmps and 
charging Plow. See other 
"loss of charging flown 
e f l e c  t s . 

Letdown control valve clo- 
ses, backup aharging pump 
s t a r t  and a l l  pressurizer 
heaters de-energize. Pres- 
surizer high level transient 
w i t h  potential for  high 
pressure transient from 
operating charging pumps on 
lou pressure transient i f  
loss  of heaters is control- 
ling. 

Failure may be hard t o  detect 
unless ACS grab ample i s  
normal proaedure. R C S  com- 
position can be adjusted 
quiakly w i t h  f l u s h  from 
chemical addition tank. 

Restore tank integri ty .  
Utilize P lush  tank a s  required. 

Isolate  s t ra iner  and/or 
chemical addition. Iaolate 
letdown flaw i f  aharging flow 
has failed.  

Assume manual aontrol of le t -  
d a r n  valve and oharging pump 
operation. If parer,on lYOl or  
lY02 fa i led u t i l i z e  the  un- 
failed parer supply t o  resume 
presaurizer level control. 
Pressurizer heaters aan also be 
turned on sanually. 



Table C2. ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes  E f S e c t s  Remedial  Aotions 

66 . P r e s s u r i z e r  Leve l  
T r a n s m i t t e r  F a i l s  
High (LTllOX or 
LTllOY) 

67. P r e s s u r i z e r  Leve l  
T r a n s m i t t e r  F a i l s  
Lou (LTllOX or 
LTl 1 OY 

1. Power s u r g e  S a i l s  Letdown c o n t r o l  v a l v e  opens,  Assume manual o o n t r o l  OS WCS 

2 .  Capaoi t a n c e  b r i d g e  c h a r g i n g  pumps t r i p .  VCT h a r d  to  d e t e o t ,  low p r e s s u r e  
power s u p p l y  r e g u l a t o r  w h i l e  any o p e r a t i n g  backup oomponents. F a i l u r e  may b e  

o i r c u i t  S a i l s  or o t h e r  fills. Leve l  i n  p r e s s u r i z e r  t r a n s i e n t  may be  o n l y  i n d i c a -  
i n t e r n a l  c m p o n e n t s  d rops .  P r e s s u r i z e r  backup t i o n .  Swi t ch  to alternate 
P a i l  h e a t e r s  energize on  i n i t i a l  

h i g h  l e v e l  s i g n a l  and  on  
s u b s e q u e n t  low p r e s s u r i z  er 
p r e s s u r e  acoompanied by t h e  
i n v e n t o r y  loss. Heaters 
would n o t  d e - e n e r g i z e  o n  ao- 
t u a l  low l e v e l  i n  p r e s s u r i -  
zer  a s  d e s i g n e d  d u e  t o  t h e  
t r a n s m i t t e r  S a i l u r e .  Net 
loss  i n  RCS i n v e n t o r y  OS 84 
gpm. With i n c o r r e c t  opera- 
t o r  r e s p o n s e  ( o p e n i n g  o t h e r  
l e tdown  c o n t r o l  v a l v e  and 

r e g u l a t i n g  sys t em ( i . e . ,  s y s t e m  
X IS Y t r a n s m i t t e r  is f a i l e d ) .  

t r i p p i n g  l a s t  c h a r g i n g  pump) 
n e t  l e tdown  Slow (RCS loss) 
cou ld  be 8s h i g h  a s  230 gpm. 

1. Loss of power t o  High l e v e l  t r a n s i e n t  i n  Swi toh  t o  a l t e r n a t e  r e g u l a t i n g  
t r a n s m i t t e r  (Bus lYOl p r e s s u r i z e r .  Letdown con- s y s t e m  (Le.,  system X I S  1 
or 1Y02) t ro l  v a l v e  r u n s  baok, baokup transmitter le f a i l e d ) .  Assume 

oomponents S a i l  p r e s s u r i z e r  h e a t e r s  de-enar- n e n t s  ( t r i p  pump and  Isolate 
2. I n t e r n a l  t r a n s m i t t e r  c h a r g i n g  pumps start ,  and  manual o o n t r o l  of QCS c a p o -  

gize. P o t e n t i a l  h i g h  p res -  l e t d w n  a s  r e q u i r e d ) .  
s u r e  t r a n s i e n t  i n  p r e s s u r i -  
zer  w i t h  p o t e n t i a l  t o  open  
PORV 3. 



Table C2. (cont inued)  
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Fa 11 u r e  P o s s i b l e  Causes E f  f ect s Remedial Aotions 

68. 

69. 

P r e s s u r i z e r  Level  1. Signal  f a u l t  P r e s s u r i z e r  o v e r f i l l .  Cor- 
Set p o i  n t ( from 2. S e t p o i n t  device  f a u l t  rect p r e s s u r i z e r  l e v e l  w i l l  
Reac tor  Regula t ing  appear  l o w  and extra ohar- 
System) F a i l s  High g i n g  pumps and runback of 

le tdown flow w i l l  be i n i t i a -  
t ed ,  r e s u l t i n g  i n  o v e r f i l l  
o f  t h e  p r e s s u r i z e r .  High 
p r e s s u r i z e r  l e v e l  w i l l  ap- 
pear normal and o o r r e c t  oon- 
t r o l  response ( e n e r g i z e  hea- 
ters, s t o p  backup charg ing  
pumps and i n c r e a s e  letdown) 
w i l l  no t  occur .  

P r e s s u r i z e r  Level 1. Signal  f a u l t  Correct p r e s s u r i z e r  level 
S e t p o i n t  (from RRS) 2. S e t p o i n t  device  f a u l t  w i l l  appear  too high,  
F a i l s  Low caus ing  any extra charg ing  

pumps to  t r i p  and t h e  let- 
down control v a l v e  to  run  
open; a c t u a l  l e v e l  i n  pres- 
s u r i z e r  w i l l  then be too 
low, but h e a t e r s  w i l l  still 
be o p e r a t i n g  based on  de- 
c r e a s i n g  p r e s s u r e  t r a n s i e n t  
and er roneous  high level 
i n d i c a t i o n  i n  p r e s s u r i z e r .  

S u i t o h  to  alternate r e g u l a t i n g  
system ( X  or Y)  on d e t e o t i o n  
of f a i l u r e .  Adjust  RCS inven- 
t o r y  w i t h  CVCS. 

r 

S u i t o h  to  alternate regulating 
system ( X  or 1) on d e t e o t i o n  
of f a i l u r e .  Adjust  RCS inven- 
t o r y  w i t h  QCS. 



Table C2. (continued) 

F a i l u r e  Possible Causes Effects Remedial Aotions 

wn Tern0 e r a t u r e  c o u  

70. Temperature 1. Loss of power supply If  high letdown tempera ture  TI-223 p r o v i d e s  a b a o h p  for 
T r a n s m i t t e r  (IT-224) t o  t r a n s m i t t e r  e x i s t s  ( l e t d a r n  HX f a i l u r e ,  o o r r e o t  temperature  i n d i o a t i o n .  
on Letdown Heat 2 .  I n t e r n a l  t r a n s m i t t e r  etc.) au tomat ic  bypass  of Assume manual o o n t r o l  of valves 
Exchanger Discharge c m p o n e n t s  f a i l  r a d i a t i o n  monitor ,  borono- t o  bypass  r e q u i r e d  equipment. 
F a i l s  Lou meter ,  and i o n  exchangers  

w i l l  not  be i n i t i a t e d .  Po- 
t e n t i a l  damage may oocur  to 
t h i s  equipment. F a i l u r e  of 
t h e  boronometer may be a 
s i g n i f i c a n t  effect from t h i s  
t r a n s i e n t .  

71. Temperature 1. 
C o n t r o l l e r  (TIC-224) 
Output F a i l s  Low 2. 
(assume s i g n a l  out- 
p u t  is p r o p o r t i o n a l  
to  power supply)  

72. Temperature 1. 
T r a n s m i t t e r  (TT-224) 
or C o n t r o l l e r  2. 
(TIC-224 ) F a i l s  High 

Loss of p a r e r  to  
t o  c o n t r o l l e r  
Output wire Is P a i l e d  
( c o r r o s i o n  or broken 
d u r i n g  maintenance) 

Same a s  above. Same as  above. 

Power surge  fa i l s  Radia t ion  monitor ,  borono- Asame manual a o n t r o l  of 
power supply  r e g u l a t o r  meter, and i o n  exchangers  i n  bypass  v a l v e s  based on TI-223. 
I n t e r n a l  components letdown system are bypassed. 
Cal l  Loss of cont inuous  p u r i f i a a -  

t i o n  and moni tor ing  of RC 
a o t i v i t y  and boron ooncen- 
t ra  t i on, 



Table C2. (cont inued)  

F a i l u r e  Poss ib le  Causes E f f e o t s  Uemedial Aotions 

Contr- 

73. VCT Level 1. Loss of power to 
T r a n s m i t t e r  (LT-226) t r a n s m i t t e r  
F a i l s  Lou (LT-226 2. I n t e r n a l  components 
p r o v i d e s  i n p u t  t o  f a i l  

and LC-226) 
LC-PaA, LC-2278 

74. VCT Level  1. Parer surge f a i l s  
T r a n s m i t t e r  (LT-226) power supply r e g u l a t o r  
F a i l s  High 2. I n t e r n a l  components 

f a i l  

F a i l u r e  cauaes controller 
LC-227A and B t o  ini t ia te  
makeup from t h e  RUT ( v i a  
CVC-504-HOV) and to close 
t h e  VCT out le t  valve.  F a l l -  
u r e  a lso causes  o o n t r o l l e r  
LC-226 t o  i n i t i a t e  makeup to  
t h e  VCT and f a i l  to s h u t  off 
makeup when requi red .  The 
VCT would o v e r f i l l .  Diver- 
sion of letdown to  t h e  was te  
p r o c e l a i n g  system on  high 
VCT l e v e l  ( Prom LC-227) 
would also be f a i l e d ,  con- 
t r i b u t i n g  t o  t h e  o v e r f i l l .  

F a i l u r e  causes  c o n t r o l l e r  
LC-227 t o  d i v e r t  le tdown 
flow from VCT t o  t h e  waste 
process ing  s y s t e m  and c a u s e s  
LC-226 to  f a i l  to provide 
needed au tomat ic  makeup to 
t h e  VCT a8 t h e  VCT l e v e l  
drops.  The f a i l u r e  also 
causea c o n t r o l l e r  LC-227 to 
f a i l  to i n i t i a t e  makeup Prom 
t h e  AVT, when VCT l e v e l  IS 
a c t u a l l y  lou, r e s u l t i n g  i n  
loss of flow t o  t h e  charg ing  
pumps and loss of charg ing  

Asslue manual a o n t r o l  of 
a p p r o p r i a t e  v a l v e s  to  s t o p  
overfill.  F a i l u r e  may be  hard 
to  d e t e o t  since a l l  VCT level 
indlcation is based on t h i a  
t r a n s m i t t e r .  

Hanual ly  in i t ia te  makeup from 
t h e  RVT and t h e n  r e a l i g n  VCT 
letdown i n l e t  valve t o  t b e  VCT. 
F a i l u r e  may be hard t o  d e t e o t  
s i n c e  low level i n d i m t i t o n  and 
alarm w i l l  be f a i l e d .  



Table C2. (continued) 

F a i l u r e  Possi ble Causes  E f f e c t s  Remedial l o t i o n s  

75. Leve l  C o n t r o l l e r  
LC-227A) Output  
F a i l s  Low (assume 
s i g n a l  o u t p u t  is 
p r o p o r t i o n a l  to 
power s u p p l y )  

76. I n a d v e r t e n t  Output  
From Leve l  
C o n t r o l l e r  (LC-227A) 

77. Leve l  C o n t r o l l e r  
(LC-2278) Output  
F a i l s  Lou (assume 
s i g n a l  o u t p u t  is 
p r o p o r t i o n a l  to  
power s u p p l y )  

1. 

2. 

3 .  

1. 
2. 

1. 

2. 

3.  

Loss of power t o  
c o n t r o l l e r  
Output  wire is fa i led  
( c o r r o s i o n  o r  broken 
d u r i n g  ma in tenance )  
O t h e r  i n t e r n a l  f a i l u r e  

Power s u r g e  
O t h e r  i n t e r n a l  f a i l u r e  

Loss of power to  
c o n t r o l l e r  
Output  wire is r a i l e d  
( c o r r o s i o n  or broken 
d u r i n g  ma in tenance )  
O t h e r  i n t e r n a l  f a i l u r e  

flbr to t h e  RCS. The VCT 
c o u l d  empty o n  t h e  order of 
a h a l f  h o u r  from t h e  t r a n s -  
mitter f a i l u r e .  

Automatio d i v e r s i o n  of let- 
down from VCT t o  waste pro-  
c e s s i n g  sys t em o n  h i g h  l e v e l  
i n  VCT would be failed.  
P o t e n t i a l  for VCT o v e r f i l l .  
Cha rg ing  f l o w  would n o t  be 
affected. 

I n a d v e r t e n t  d i v e r s i o n  of 
l e tdown  to  t h e  waste p r o w s -  
s i n g  system. O t h e r  makeup, 
e i t h e r  from VCT makeup or 
RUT, w i l l  be prov ided  for 
c h a r g i n g  flm. P l a r  deli-  
v e r e d  t o  t h e  RCS may be 
c o o l e r  t h a n  d e s i g n  t e a p e r a -  
ture. 

On low-low l e v e l  i n  VCT, 
makeup from t h e  RUT is 
fa i led  r e s u l t i n g  i n  loss of 
c h a r g i n g  f low to  t h e  R C S .  

Assume manual a o n t r o l  of t h e  
v a l v e  CV-500 a8 r e q u i r e d  to 
avoid o v e r f i l l .  

Assuoe manual c o n t r o l  of t h i s  
v a l v e  based o n  VCT l e v e l .  

Assume manual m n t r o l  of t h i s  
v a l v e  based on VCT l e v e l .  



Tab le  C2. (cont inued)  

F a i l u r e  P o s s i b l e  Causes Effects Remedial Act ions  

78. I n a d v e r t e n t  Output 
From Level  
C o n t r o l l e r  (LC-2278) 

YCT Makeuo Can- 

79. Makeup Level  
C o n t r o l l e r  (LIC-226) 
Output  F a i l s  Low 

80. Makeup Level  
C o n t r o l l e r  (LIC-226) 
Output  F a i l s  High 

81. Loss of Power to  
Makeup Flow Cont ro l  
Uni t  

1. Parer  surge 
2. Other  i n t e r n a l  f a i l u r e  

1. Loss of power t o  

2. Output wire i a  f a i l e d  
c o n t r o l l e r  

( c o r r o s i o n  or broken 
d u r i n g  maintenance) 

3. Other  i n t e r n a l  f a i l u r e  

1. Power surge 
2. Other  i n t e r n a l  f a i l u r e  

1. 
2. F a u l t  a t  panel 

Loss of power to  panel 

No s i g n i f i c a n t  effect. 
Opena RUT makeup valve.  
kore flow a v a i l a b l e  to 
charg ing  pump s e c t i o n .  

No effect u n l e s s  makeup 
c o n t r o l l e r  is i n  AUTO, which 
i t  normally is. If i n  AUTO, 
VCT makeup f a i l s  on demand. 
Backup makeup from RUT is 
still operable .  

If makeup c o n t r o l  is i n  
AUTO, makeup to  VCT is 
i n i t i a t e d  and not  stopped 
when requi red .  VCT s a y  
o v e r f i l l .  VCT l e v e l  alarm 
w i l l  no t  be a f f e c t e d  by 
f a i l u r e  and w i l l  annuncia te  
on h igh  l e v e l  i n  tank. 

Assuming panel  r e q u i r e s  
power to actuate equipment, 
makeup v a l v e s  f a i l  c l o s e d  
and pumps s top.  No makeup 
is d e l i v e r e d  ‘to t h e  VCT. 
Automatic makeup from t h e  
RUT w i l l  still  be a v a i l a b l e  
on low l e v e l  i n  t h e  VCT. 

Repair aomponent. 

Operate VCT makeup i n  manual 
mode and v e r i f y  o p e r a b i l i t y  
of baakup makeup frum RUT. 

Asaume manual control of 
makeup and r e p a i r  coaponent. 

Restore mer to  panel. 
Utilize makeup from t h e  RUT 
and emergency boration p a t h  aa 
requi red .  



Table  C2. (continued) 

Fa il u r e  
-- 

82. Water Makeup Flow 
C o n t r o l l e r  
(FRC-21OX) F a i l s  

83. Boric Acid Uakeup 
Flow C o n t r o l l e r  
(FRC-2lOY) F a i l s  

P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

1. Maintenance error 1. Runs water supply  aon- When makeup mode l a  i n  AUTO, 
2. Plow t r a n s m i t t e r  t rol  v a l v e  open when i t  or flcu t r a n s m i t t e r  has f a i l e d ,  

(t'T-21OX) f a i l u r e  should be running  i t  failtq-e w i l l  be hard  to  d e t e o t .  
3. Other  i n t e r n a l  f a i l u r e  back. Overfeed of water Repair oomponent. 

i n  makeup. P o t e n t i a l  
l o n g  term boron d i l u t i o n  
i n  RCS. 

2. Runs water  supply con- Sane ae above. 
t rol  v a l v e  back when i t  
should be running i t  
open. Underfeed of 
water i n  makeup and 
p o t e n t i a l  for l o n g  term 
o v e r b o r a t i o n  of RCS. 

1. Maintenance error 1. Runs b o r i c  a o i d  supply  When makeup mode is i n  AUTO, 
2. Plcv t r a n s m i t t e r  v a l v e  open when i t  or flcu transllitter h a s  f a i l e d ,  

(PT-21OX) f a i l u r e  should be running  i t  f a i l u r e  w i l l  bit hard  to  d e t e o t .  
3. Other internal  f a i l u r e  back. Overfeed of boric Repair oomponent. 

a c i d  i n  makeup and po- 
t e n t i a l  for o v e r b o r a t i o n  
of t h e  RCS. 

2. Runs boric a c i d  supply  Same as  above. 
va lve  back when i t  should 
be running  i t  open. 
Underfeed of b o r i a  a o i d  
I n  makeup and p o t e n t i a l  
f o r  underbora t ion  of t h e  
ACS. 



Table C2.  (cont inued)  

F a i l u r e  Poss ib le  Causes Ef'fect s Remedial Aotions 

84. Makeup Mode 1. P r i n t e d  c i r c u i t  1. D i l u t i o n  i n s t e a d  of 
S e l e c t o r  F a i l u r e  board f a i l u r e  b o r a t i o n  may oocur and 

v i c e  v e r s a  ( u n l e s s  timer 
must be set  t o  g e t  flow, 
i . e . ,  i f  b o r i a  a c i d  l i n e  
timer was not  sat, no 

charged). 
f ' l ~  could be d i s -  

2. Manual mode i n s t e a d  of 
AUTO would r e s u l  t in 
loss of' automat ic  makeup 
t o  t h e  VCT. Makeup from 
t h e  RWT would still be 
a v a i l a b l e .  

3. D i l u t e  or  borate modes 
i n s t e a d  of manual (Le . ,  
makeup pumps and b r i o  
a c i d  pumps would not 
o p e r a t e  a t  t h e  same 
time). R e s u l t s  i n  Po- 
t e n t i a l  RCS over- or 
under-bora t i o n .  

Isolate VCT 8akeup. Aaaeas 
problem and R C S  bora t ion .  
Correo t  as r e q u i r e d ,  t h e n  
r e p a i r  f a i l e d  oomponents. 

Operate  w i t h  RUT makeup and 
r e p a i r  oomponent. 

Isolate VCT makeup. Asseas 
problem and RCS bora t ion .  
Correct aa requi red ,  t h e n  
r e p a i r  f a i l e d  oomponents. 



Table C3. P r e s s u r i z e r  l e v e l  r e g u l a t i n g  s y s t e m  FMEA 

F a i l u r e  P o s s i b l e  Causes  E f f e c t s  

~~~~~~ 

Remedial Actions 

1. Loss  of Non-Vital 1 .  Loss of power to  bus Letdown c o n t r o l  v a l v e  
Power t o  R e g u l a t i n g  2. F a u l t  o n  bus  closes, backup c h a r g i n g  
System R e l a y s  (AC pumps s t a r t  and a l l  
bus  1 Y 1 0 )  p r e s s u r i z e r  h e a t e r s  de- 

e n e r g i z e .  P r e s s u r i z e r  h i g h  
l e v e l  t r a n s i e n t  w i t h  poten- 
t i a l  f o r  h igh  p r e s s u r e  t r a n -  
s i e n t  Prom o p e r a t i n g  
c h a r g i n g  pumps or low pres-  
s u r e  t r a n s i e n t  i f  loss of 
h e a t e r s  is c o n t r o l l i n g .  

2. Loss of Vi ta l  Power 1. Loss of power to  b u s  Same as  above. 
to  R e g u l a t i n g  System 2. F a u l t  on  bus  
Bis tab le3  ( b u s  l Y O l  
or 1 Y O 2 )  

Assume manual c o n t r o l  of let- 
down v a l v e  and c h a r g i n g  pump 
o p e r a t i o n .  If power on  l Y O l  or 
1 Y 0 2  f a i l e d  u t i l i z e  t h e  un- 
f a i l e d  power s u p p l y  to  resume 
p r e s s u r i z e r  level c o n t r o l .  
Backup for l Y O l  and 1 Y 0 2  is 
also a v a i l a b l e  on  b u s  1 Y 1 1 .  
T r i p  a h a r g i n g  pumps a s  re- 
q u i r e d .  Turn on p c e s s u r i z e r  
h e a t e r s  manua l ly  as r e q u i r e d .  
Hanual c o n t r o l  of l e t d o w n  
v a l v e  is lost .  If b u s  is n o t  
f a u l t e d  manual ly  a l i g n  backup 
bus 1YO9.  

Assume manual oontrol of let-  
down v a l v e  and c h a r g i n g  pump 
o p e r a t i o n .  It p a r e r  on l Y O l  or 
1 Y 0 2  f a i l e d  u t i l i z e  t h e  un- 
f a i l e d  power s u p p l y  t o  resume 
p r e s s u r i z e r  level c o n t r o l .  
Backup for l Y O l  and 1 Y 0 2  is 
also a v a i l a b l e  on  bus 1 Y 1 1 .  
T r i p  c h a r g i n g  pumps as re- 
q u i r e d .  Turn on p r e s s u r i z e r  
h e a t e r s  manua l ly  a s  r e q u i r e d .  
Hanual c o n t r o l  of l e tdown  
v a l v e  is lost .  If b u s  is n o t  
Paul t e d  manua l ly  a l i g n  backup 
bus  1YO9. 



Table  C3. (continued) 
~~~ 

Failure Possible Causes Effects Reredial Aotions 

4. 

Pressurizer Level 
Transmitter Fai ls  
High (LTllOX or  
LTllOY) 

Pressurizer Level 
Transmitter Fa i l s  
Low (LT1 lox or 
LT11 or 1 

1. Power surge f a i l s  Letdown control valve opens, 

2. Capacitance bridge charging pumps t r i p .  Level 
power supply regulator w h i l e  any operating backup 

c i rcu i t  f a i l s  or 'other i n  pressurizer drops. Pres- 
internal components sur izer  backup heaters ener- 
f a i l  gize on i n i t i a l  high level 

signal. Heaters would not 
de-energize on actual low 
level  i n  pressurizer a s  de- 
signed due to  the t ranmit-  
t e r  failure.  Potential heat 
damage to  pressurizer. l e t  
loss i n  RCS inventory of 84 
gpm. With incorrect opera- 
tor  response (opening other 
letdown control valve and 
tripping l a s t  charging pump) 
net letdown flow (RCS loss) 
could be a s  high a s  256 gpm. 

1. Loss of power to  High level transient i n  
transmitter pressurizer. Letdown con- 

2. Internal transmitter t ro l  valve closes, backup 
components f a i l  charging pumps s t a r t ,  and 

heaters de-energize. Poten- 
t i a l  high pressure transient 
from operating charging 
pumps or low pressure tran- 
s ien t  i f  loss of heaters is 
controlling. 

Assure manual oontrol of CVCS 
cwponents. Failure may be 
hard to  deteot, volume oontrol 
tank high level may be only 
indioation. Suitoh t o  a l ter-  
nate regulating system (i.e., 
system X i f  Y transmitter is 
railed).  

Suitoh to  a l te rna te  regulating 
system (1.0.) system X i f  Y 
transmitter is fai led) .  Assume 
manual control of CVCS compo- 
nents ( t r i p  pump and i so l a t e  
letdown a s  required). 



Table C3. (continued) 

F a i l u r e  P o s s i b l e  Causes E f f e c t s  Remedial Aations 

5. P r e s s u r i z e r  Level 1. Signal  f a u l t  P r e s s u r i z e r  o v e r f i l l .  Suf toh  to a l t e r n a t e  r e g u l a t i n g  
S e t p o i n t  (from 2. S e t p o i n t  d e v i c e  f a u l t  Correo t  p r e s s u r i z e r  l e v e l  system ( X  or Y )  on d e t e o t i o n  
r e a c t o r  r e g u l a t i n g  w i l l  appear  low and e x t r a  of f a i l u r e .  Adjust  R C S  inven- 
system) F a i l s  High charg ing  pumps and runback t o r y  w i t h  QCS. 

of letdown flow w i l l  be ini- 
t i a t e d ,  r e s u l t i n g  i n  over- 
f i l l  of t h e  p r e s s u r i z e r .  
High p r e s s u r i z e r  l e v e l  w i l l  
appear  normal and o o r r e a t  
c o n t r o l  response ( e n e r g i z e  
h e a t e r s ,  s t o p  charg ing  pumps 
and i n c r e a s e  le tdawn) w i l l  
not  occur. 

6. P r e s s u r i z e r  Level 1. Signal  f a u l t  C o r r e c t  p r e s s u r i z e r  l e v e l  , S u i t o h  to  alternate r e g u l a t i n g  
S e t p o i n t  (from RRS) 2.  S e t p o i n t  device  f a u l t  w i l l  appear  too high,  system ( X  or Y )  on d e t e a t i o n  
F a i l s  Low caus ing  any extra charg ing  /of fa i luTe .  Adjus t  RCS inven- 

. pumps t o  t r i p % a n d  t h e  let- t o r y  uitb CVCS. 
down c o n t r o l  v a l v e  t o  r u n  
open; a c t u a l  l e v e l  i n  pres- 
s u r i z e r  w i l l  then be too 
low. Heaters w i l l  be ener- 
g ized  based on er roneous  
high l e v e l  i n d i c a t i o n  i n  
p r e s s u r i z e r ,  bu t  w i l l  still  
de-energize i f  10-10 l e v e l  
s e t p o i n t  is reaohed, s i n c e  
10-10 s e t p o i n t  is indepen- 
dent  of o p e r a t i n g  l e v e l  set- 
point .  On a reactor t r i p ,  
p r e s s u r i z e r  could empty. 



Table C3. (cont inued)  

F a i l u r e  P o s s i b l e  Causes eeeects Remedial Aotiona 

7. P r e s s u r i z e r  Level 1. 
H i  B i s t a b l e  (LC- 
l l O X H  or  LC-11OYH) 
C o n t a c t s  F a i l  Open 
(assumed normal l y  2. 
e n e r g i z e d  c l o s e d )  

8. P r e s s u r i z e r  Level 1. 
H i  B i s t a b l e  (LC- 
11OXH o r  LC-?tOYH) 
C o n t a c t s  P a i l  Closed 
(assumed normally 
e n e r g i z e d  c l o s e d )  

LOSS oe ,parer to 
module r e s u l t i n g  i n  
f a i l u r e  t o  de-ener- 
g ized  p o s i t i o n  
Burnout or wearout or 
p a r e r  r e l a t e d  aompo- 
n e n t s  ( c o n t a c t s ,  etc. 1 

Contact  s h o r t  or 
arcing caused by cor- 
rosion, aging, mia-  
t u r e ,  w e l l ,  e t o .  

P o t e n t i a l  p r e s s u r i z e r  damage 
i f  h e a t e r s  f a i l  on. 

Heaters are i n a d v e r t e n t l y  S u i t a h  to a l t e r n a t e  ( X  or Y)  
energ ized  and a l l  bu t  one r e g u l a t i n g  system to  u t i l i z e  
charg ing  pump is stopped. redundant  o p e r a b l e  b i s t a b l e .  
On low level LA-1lOXL or YL 
would s t a r t  pumps again.  
High pressure  t r a n s i e n t  
would be i n i t i a t e d  but  ter- 
minated by p r e s s u r i z e r  s p a y  
(by p r e s s u r e  r e g u l a t i n g  
system). 

Heaters  would f a i l  to ener- S v i t a h  to alternate (X or Y)  
gize on high l e v e l  and if  r e g u l a t i n g  agstem to  u t i l i z e  
backup charg ing  pumps were redundant  o p e r a b l e  b i s t a b l e .  
o p e r a t i n g  they would r a i l  to  
t r i p  au tomat ica l ly .  Letdown 
control v a l v e  would still 
open on demand. Net RCS 
g a i n  of o n l y  4 gpa. Pres- 
s u r e  r e g u l a t i n g  system would 
n o t  t u r n  on h e a t e r s  ( n o  lou 
p r e s s u r e  developing) .  Slar 
p r e s s u r i z e r  o v e r e i l l  tran- 
s i e n t .  High l e v e l  alarm 
would still be operable .  



Table C3. (continued) 

Failure Possible Causes E f reo t s Remedial Aations 

9. Lo-Lo Bistable (LC- 1. Loss of power re- 
110XL o r  LC-IIOYL) sul t ing i n  fa i lure  t o  
Contacts Fail Open de-energized position 
(assumed normally 2.  Burnout or  wearout of 
energized closed) power related compo- 

nents 

10. Lo-Lo Bistable (LC- 1. Contact short  or 
110XL or  LC-IIOYL) arcing caused by cor- 
Contacts Fail Closed rosion, aging, mois- 
(assumed normally ture, swell, eto. 
energized closed) 

11. Lo Bistable (LA- 1. Loss of power re- 
llOXL or  LA-1lOYL) sult ing i n  fa i lure  to  
Contacts Fail Open de-energized position 
(assumed normally 2 .  Burnout or  weerout of 
energized closed) power related ooinpo- 

nenta 

Even i f  level was not low, Sritoh to  a l ternate  (X or  Y )  
or i f  pressure was low, regulating system t o  u t i l i z e  
pressurizer heaters would redundant operable bistable. 
de-energize, resul t ing i n  
slow pressure decrease i n  
the pressurizer. 

On low low level,  heaters Switah to  a l ternate  (X or 1)  
w i l l  not de-energize. Char- regulating system t o  u t i l i z e  
ging pumps w i l l  still ener- redundant operable bistable. 
gize and letdown aontrol Sritoh manual heater aontrol 
valve will close on demand. from mAUTOm t o  mOPPm. 
Potential pressurizer damage 
from Ury heater operation i f  
low low level exists.  Lo-lo 
level alarm may also be 
failed,  but  l o w  level alarm 
will be operable. 

A l l  aharging pumps energize Sfi tah to  alternate ( X  or 'I) 
and, on low level,  low level regulating system to  u t i l i z e  
alarm fa i l s .  Lo-lo level redundant operable bistable. 
alarm w i l l  s t i l l  fination on 
demand. Automatia response 
of letdown control valve is 
not affected. Net ACS gain 
of 4 gpm. 



Table  C3. (continued) 

F a i l u r e  P o s s i b l e  Causes Eff  e o t  s Reaedial  Aations 

12. Lo B i s t a b l e  (LA- 1. Contact s h o r t  o r  Lou p r e s s u r i z e r  l e v e l  alarm S L i t a b  t o  alternate ( X  or 1) 
llOXL or LA-1lOYL) a r o i n g  caused by cor- vi11 a c t u a t e  i n a d v e r t e n t l y .  regulatiw system t o . u t i l i r e  
C o n t a c t s  F a i l  Closed r o s i o n ,  aging,  mois- Hay induce o p e r a t o r  to  raise redundant  o p e r a b l e  b1stab.h. 
(assumed normally t u r e ,  swelling, eta. l e v e l ,  i n i t i a t i n g  a n  in- 
e n e r g i z e d  c l o s e d )  c r e a s i n g  l e v e l  transient. 

High l e v e l  a larm is not 
a f f e c t e d  by f a i l u r e  and 
should a o t u a t e  i f  l e v e l  gets 
high enough. 

13. Hi B i s t a b l e  (LA- 1. Contact  s h o r t  or On high  p r e s s u r i z e r  l e v e l ,  % i t o h  to alternate (X or Y)  
llOXH or LA-11OYH) a r c i n g  caused by cor- h igh  l e v e l  alarm fails. Hay regulating 8 y s t e r  to utilize 
C o n t a c t s  F a l l  Open rosion, aging, mois- degrade operator response i n  redundant  o p e r a b l e  b i s t a b l e .  
(assumed normally t u r e ,  w e l l i n g ,  eta. t h e  e v e n t  of high  l e v e l .  
e n e r g i z e d  open) Automatic response of let- 

down c o n t r o l  v a l v e s  and 
charg ing  pumps is not 
a f f e c t e d .  

14. Hi B i s t a b l e  (LA- 1. Loss of pauer to  High p r e s s u r i z e r  l e v e l  e l a n  S i t a h  Lo alternate (X or 1)  
llOXll or LA-11OYH) module r e s u l t i n g  i n  w i l l  a c t u a t e  i n a d v e r t e n t l y .  r e g u l a t i n g  system to  u t i l i z e  
C o n t a c t s  F a l l  Closed f a i l u r e  t o  nonpower Hay induce operator to  lower redundant  o p e r a b l e  b i s t a b l e .  
(assumed normally p o s i t i o n  level,  i n i t i a t i n g  a de- 
e n e r g i z e d  open) 2. Burnout or wearout of c r e a s i n g  l e v e l  transient. 

p a r e r  r e l a t e d  compo- La, level alarm is not  af- 
nents ( c o n t a c t s ,  e t c . )  f e c t e d  by f a i l u r e  and should 

annuncia te  i f  l e v e l  gets law 
enough. 



Table C3. ( c o n t i n u e d )  
--- 

F a i l u r e  P o s s i b l e  Causes Effects Remedial Aot ions  

15. LIC-1lOX (or LIC- 
llOY) C o n t r o l l e r  
F a i l s  Low 
(low o u t p u t )  

16. LIC-110X ( o r  LIC- 
llOY) C o n t r o l l e r  
F a i l s  High 
( h i g h  o u t p u t )  

17. Charg lUP 
B i s t a b l e s  LC-110-1 
and 110-2 F a i l  On 
( c o n t a c t s  c losed ) 

1. 

2. 

3. 

1. 
2. 

1. 

Loss of power t o  
c o n t r o l l e r  
Output wire is f a i l e d  
( c o r r o s i o n  or broken 
d u r i n g  maintenance) 
Other i n t e r n a l  f a i l u r e  

Power surge 
Other  i n t e r n a l  f a i l u r e  

Contact s h o r t  or  
a r c i n g  caused by cor- 
ros ion ,  ag ing ,  etc. 

Backup charg ing  pumps start 
and le tdown c o n t r o l  va lve  
o loses .  I n c r e a s i n g  l e v e l  
t r a n s i e n t  i n i t i a t e d .  A t  
h igh l e v e l  alarm s e t p o i n t ,  
a larm w i l l  still annuncia te  
and LC-110H w i l l  de-energize 
backup charg ing  pumps. Net 
RCS g a i n  of 1 5  gpm (44-29) 
af te r  backup charg ing  pumps 
t r i p .  

Backup charg ing  pumps t r i p  
and letdown c o n t r o l  v a l v e  
opens. Decreasing l e v e l  

S t i t c h  to  alternate ( X  or I) 
r e g u l a t i n g  system to u t i l i z e  
redundant  operable  controller. 
T r i p  l as t  charg ing  pump i f  
l e v e l  rise is not c o n t r o l l e d .  

t r a n s i e n t  i n i t i a t e d .  But, 
a t  low l e v e l  alarm s e t p o i n t ,  
low l e v e l  alarm w i l l  annun- 
ciate and backup charg ing  
pumps w i l l '  s t a r t  automati-  
c a l l y .  Level w i l l  main ta in  
around l o u  level s e t p o i n t  
w i t h  pumps s t a r t i n g  and 
s topping  . 

Switch to a l t e r n a t e  (I: or  I) 
r e g u l a t i n g  syatem to  u t i l i z e  
o p e r a b l e  c o n t r o l l e r .  

Backup pumps w i l l  f a i l  t o  Hanual-y operate backup p u p s  
e n e r g i z e  from c o n t r o l l e r  on 
demand. Lou l e v e l  alarm bi- 
s t a b l e  w i l l  not  be a f f e c t e d  
by f a i l u r e  and w i l l  s t a r t  
and s t o p  both pumps around 
low level s e t p o i n t .  

a s  requi red .  



Table C3. (contlnued) 

Fa1 1 u r e  P o s s i b l e  Causes E r e e a t s  Remedial Aotiona 

16. 

19. 

20. 

Charging Pump 
Bistable3 LC-110-1 
and 110-2 F a i l  Off 
( c o n t a c t s  open) 

Relays  (LC-110H) 
F a i l  t o  Close on  
Demand (when de- 
e n e r g l z e d  and when 
h i  l e v e l  e x i s t s )  

Relays (LC-1lOH) 
F a i l  Closed 
(normal ly  energ ized  
open) 

1. 
2. 

1. 

1. 
2. 

Loss of power 
Burnout or wearout of 
power r e l a t e d  aompo- 
n e n t s  

Burnout or wearout of 
power r e l a t e d  oampo- 
n e n t s  

Loss of power 
Contaat  short or 
a r c i n g  aaused by cor- 
r o s i o n  , moisture ,  
aging,  e t a .  

Baakup pumps w i l l  s t a r t  in-  Henually t r i p  p u p a  a8 r e q u i r e d  
a d v e r t e n t l y .  High l e v e l  to  main ta in  l e v e l .  
alarm w i l l  not  be a f f e c t e d  
by f a i l u r e .  When l e v e l  
r e a c h e s  s e t p o i n t  of LC-11OXH 
or YH b i s t a b l e ,  pumps w i l l  
deenergize.  

On high l e v e l ,  h e a t e r s  are Wenually t r i p  pumps a8 r e q u i r e d  
not  energ ized  and charg ing  
pumps are not s topped,  bu t  
letdown a o n t r o l  valve w i l l  
still  open. Net minimum R C S  
g a i n  of 4 gpm. 

No s i g n i f i c a n t  o v e r a l l  
e f f e c t .  Pressur ized  h e a t e r s  pumps. 
are i n a d v e r t e n t l y  energ ized  
and backup aharg ing  pumps 
w i l l  s top .  Heaters w i l l  de- 
e n e r g i z e  i f  l o  l o  level 
exists. Also s p r a y  aan off- 
set any p r e s s u r e  eSCect. 
Backup charg ing  pumps w i l l  
not be s t a r t e d  a u t o m a t l a a l l y  
on demand, but letdown con- 
trol v a l v e  can s t i l l  respond 
to any low l e v e l  t r a n s i e n t .  

to maintain l e v e l .  

Henually o o n t r o l  aharging 
4 

a, 
a, 



Tab le  C 3 .  (continued) 

Failure Possible Causes Effeots Remedial Actions 

21. Re lays  (LC-1lOL) 1. Contact short or 
Fail to Open On arcing caused by cor- 
Demand (when de- rosion, moisture, 
energized and when aging, etc. 
lo lo level exis ts)  

22. Relays (LC-110L) 1 .  Loss of power 
Fail  Open (normally 2. Burnout or wearout of 
energized closed) power related compo- 

nents 

23. Charging Pump Relays 1. Burnout or wearout of 
Fail t o  Close (when power related compo- 
de-energized and on nents 
lo level)  

211. Charging Pump Relays 1. Loss of power 
Fail Closed 2. Contact short or 

arcing caused by cor- 
rosion, moisture, 
aging, etc. 

Heaters w i l l  not automati- Manually switch heaters off on 
cal ly  de-energize on l o  l o  l o  l o  level alarm. 
level. Potential pressur i -  
zer damage. 

Heaters would f a i l  t o  ener- Honitor R C S  pressure. Hanually 
gize on demand. Could lead aontrol heaters as required. 
t o  low pressure transient i n  
RCS, w i t h  potential oore 
boiling. Also degraded 
level control on high level 
i n  pressurizer. 

On demand, backup oharging Hanually control pupa  a8 re- 
pumps w i l l  f a i l  t o  s ta r t .  quired. Honitor level and l e t -  
Letdown control is  not d a r n  control valve perfotmanoe. 
affected and can maintain Utilize spare relay from pump 
level. seleotion. 

A l l  charging pumps a re  e&- Charging pumps can be manually 
gized. Letdown control tripped and started.  Manually 
valve w i l l  r u n  open i n  re- operate pupa a s  required. 
sponse t o  resul t ing high 
level. 
gpm (132-128). 

Net RCS gain of 4 



Table C4. Reactor coolant pressure regulating system FMEA 

Fai 1 ure Possible Causes Effects Remedial Aations 

1. Pressure Trans- 1. Loss of power on 
mitter (PT-100Y or operating v i ta l  bus  
PT-100X) Fa i l s  Low ( lYO1 or 1102) 

2. Loss of parer t o  
transmitter (faulted 
wires, eta.) 

3. Internal transmitter 
components f a i l  

A zero cu'rrent demand signal %itoh to  e l ternate  re@- 
w i l l  be produced indioating l a t ing  system ( X  or X )  t o  
a low pressure condition. u t i l i ze  operable a l ternate  
Pressurizer spray valves transmitter. Also u t i l i z e  
w i l l  close, a l l  pressurizer manual control of heaters and/ 
heaters w i l l  energize and a or spray, a s  required. 
low pressure alarm w i l l  an- 
nunciate. Actual pressure 
w i l l  increase due t o  heater 
operation, which w i l l  cause 
the PORVs t o  l i f t .  If fau l t  
is loss of v i t a l  power and 
pressurizer level regulating 
aystem is on same bus, a l l  
heaters w i l l  de-energize on 
a fa l se  10-10 level signal. 
The spray valves w i l l  still 
be closed and a lou pressure 
alarm will still annunciate, 
b u t  no transient w i l l  deve- 
lop. If a high pressure 
transient d i d  develop, nanu- 
a1 response would be re- 
quired to  open spray valves. 
If low pressure existed, the 
heaters could not be ener- 
gized a s  r e q u i r e d ,  even man- 
ually. A decrease i n  pres- 
sure would occur w i t h  an 
eventual thermal margin/low 
pressure reactor t r ip .  



Table  C4. (continued) 

Fa i lu re  Possible Causea Effeots Remedial Aotions 

2 .  

3. 

4 .  

Pressure Trans- 
mit ter  (PT-100Y or 
PT-100X) Fai ls  High 

Backup lleater 
Controller (PC-100X 
or PC-1OOY) Fai ls  
LOU 

Backup Heater 
Controller (PC-100X 
or PC-1OOY) Fai ls  
t l igh 

1. 

2. 

1. 
2. 

1. 

2. 

Parer supp ly  regu- 
la tor  f a i l s  due t o  
parer surge 
Internal transmitter 
components f a i l  

Spray valves w i l l  open 
ful ly ,  a l l  heaters w i l l  
de-energize, and high  pres- 
sure a l a m  w i l l  annunciate. 
Actual pressure w i l l  de- 
crease due to  375 gpm spray 
flow a t  548OP. Reaotor 
t r i p  w i l l  have occurred by 
1750 psia from thermal 
margin/lou pressure t r i p  
(assume RT presaure trans- 
mitters are  separate Prom 
regulating system trans- 
mitter) .  

Suitoh t o  a l ternate  regulating 
system ( X  or Y)  t o  u t i l i z e  
operable a l ternate  tranamitter. 
Isolate  spray with nanual 
aontroller and manually ener- 
giae heatera a8 required. 

Parer surge 
Failure of bistable 
relays i n  closed 
position (contact 
short or arcing) 

Loss of parer 
result ing i n  fa i lure  
to de-energlzed posl- 
tion (wire fa i lure)  
Burnout or wearout 
of power related 
components (contacts, 
etc. 1 

Backup heaters would enar- 
gize. Pressure would 
s t a r t  t o  inorease, but  
would be oontrolled by 
pressurizer spray via 
controller P1C-1OOX (or  Y). 

Backup' heaters f a i l  t o  
energize on low pressure 
demand. If preseure drops 
low enough, thermal margin/ 
low pressure reactor t r i p  
w i l l  occur. 

Suitah t o  alternate regulating 
syatem ( X  or  I) t o  u t i l i z e  
a l ternate  operable controller.  

Utilize al ternate  r e y l a t i n g  
ayatem ( X  or  Y) ,  or  manually 
energize heaters w i t h  1HS100-4 
t o  maintain preasure. 



Table C4. (continued) 

Failure Possible Causes Effects Remedial Aations 

5. Proportional 
Controller 
(PIC-1OOY or 
PlC-100X) Fa i l s  
Lou 

6. Proportional 
Control 1 er 
(PIC-1OOY or 
P1C-1OOX) Fai l s  
High 

7. High Pressure 
Alarm Blstables 
(PA-100X or 
PA-100Y) Fail  
Closed 

1. 

2. 

1. 
2. 

1. 

2. 

Loss of power t o  
oontroller 
Internal fa i lure  

Power surge 
Component short or 
araing or other 
internal component 
fa i lure  

Contact short or 
arcing aaused by 
oorrosion, aging, 
moisture, swelling, 
etc.  
Power surge 

Pressurizer apray valves 
close and proportional 
heaters energize. Pressure 
would slowly increase in 
pressurizer, w i t h  eventual 
high pressure alarm. PORVs 
may l i f t  w i t h  high pres- 
sure reactor t r i p .  High 
pressure alarm operabili ty 
is not affected by fai lure .  

Pressurizer spray valves 
are opened and proportional 
heaters a re  de-energized. 
Pressure decrease i n  pres- 
surizer, which aannot be 
off'set by backup heaters. 
Lou pressure alarm w i l l  
annunciate. Eventual 
thermal margin/low pres- 
sure reactor t r ip .  Pressure 
may continue to  drop. A t  
1600 psia safety injeotion 
signal w i l l  actuate. 

High pressure alarm in- 
advertently annunciates. 
T h i s  may induce the oper- 
a tor  to  reduce pressure 
manually by opening spray 
valves and de-energiz ing 
heaters. If' pressure drops 

Utilize a1 ternate regulating 
system ( X  or I). Manually 
turn on apray i f  required t o  
reduce pressure and avoid 
reaator t r i p .  

Isolate  apray with manual 
control. Utilize al ternate  
regulating system for 
aontinued operation. 

Verify alarm mndit ion w i t h  
operable bistable8 on a1 ternate 
regulating system ( X  or I )  
before taking manual aotlon. 



Table  C4. (continued) 

P a l  1 u r e  P o s s i b l e  Causes Effects Remedial lo t ions 

loU enough, thermal  margin/ 
l o w  p r e s s u r e  reactor t r i p  
w i l l  occur. Operator  would 
probably s t o p  p r e s s u r e  
r e d u c t i o n  a t  t h i s  point .  
Also, low p r e s s u r e  alarm 
may n o t  be a f f e c t e d  by t h e  
f a i l u r e  and may annunoiate .  

8. Low P r e s s u r e  1. Contact short or 
Alarm B i s t a b l e s  a r c i n g  oaused by 
(PA-100X o r  cor ros ion ,  aging,  
PA-100Y) F a i l  moisture ,  swelling, 
Closed eta. 

2. Loss of p a r e r  
r e s u l t i n g  i n  
f a i l u r e  t o  de-ener- 
gized p o s i t i o n  

9. P r e s s u r e  Alarm 
B i s  t a b l  es 
(PA-100X or 
PA-100Y) F a i l  
to  I n i t i a t e  
Alarms 

10. Spray Valve 
C o n t r o l l e r  
(1x09) F a l l s  
LOU 

Lou p r e s s u r e  alarm in- V e r i f y  alarm a o n d i t l o n  w i t h  
a d v e r t e n t l y  annuncia tes .  
T h i s  may induce t h e  
o p e r a t o r  to i n c r e a s e  
p r e s s u r e  manually by 
s t o p p i n g  any p r e s e u r i z e r  
spray  and tu rn ing  on 
h e a t e r s .  High p r e s s u r e  
a la rm may not  be a f f e c t e d  
by t h e  f a i l u r e  and may 
annuncia te .  

o p e r a b l e  b i s t a b l e 8  on alternate 
r e g u l a t i n g  system (X or 1)  
before t a k i n g  manual aotion. 

1. Yearout or burnout  High or low alarm condi- F a i l u r e  may be hard to  d e t e o t .  
of power r e l a t e d  t i o n s  are not annunoiated On d e t e c t i o n ,  u t i l l x e  a l t e r n a t e  
components so t h a t  operator backup 

to  automat ic  response  to 
alarm c o n d i t i o n s  is not  
a v a i l a b l e .  

system. 

1. Loss of power on  
bus 1YO9 or to 
component 

2. I n t e r n a l  f a i l u r e  

P r e s s u r i z e r  s p r a y  f a i l s  to Utilize hand aontroller a s  
a c t u a t e  on demand. No r e q u i r e d  t o  aotuate apray 
other effect u n l e s s  system flow and reduoe pressure .  
p r e s s u r e  is o u t  of balance 



Table C4. (cont inued)  
- 

Fa il u r e  Poss ib le  Causes Effeota Remedial l o t i o n s  

11. Spray Valve 
C o n t r o l l e r  
( 1 Y O 9 )  Fails 
High 

1. Power surge 
2. Component s h o r t  

or a r o i n g  or 
other i n t e r n a l  
oomponent f a u l t  

12. Loss of Vital  1.  Loss of power t o  
Power on bus 
Opera t ing  BUS 2. F a u l t  on bus 
(1y01 'or 1Y02) 

(high) .  Then POW may l i f t  
and h igh  p r e s s u r e  r e a c t o r  
t r i p  may ocour. 

P r e s s u r i z e r  s p r a y  f a i l s  on 
(375 gpm mar). Pressure  control . 
d e c r e a a e  i n  p r e s s u r i z e r  
which cannot be offset by 
h e a t e r s .  Lou p r e s s u r e  
alarm will annunciate .  
Eventual thermal margin/ 
low p r e s s u r e  r e a o t o r  t r i p  
w i l l  occur. P r e s s u r e  m y  
cont inue  t o  drop. A t  1600 
p s i 8  s a f e t y  inject ion signal 
w i l l  ao tua te .  

Loss of v i t a l  power w i l l  Utilize o p e r a b l e  parer supply  
f a i l  t h e  p r e s s u r e  t rans-  on alternate regulating 
mitter law. If t h e  pres- syatem ( X  or 1) .  
s u r i z e r  Level Regula t ing  
System is still powered 
( i . e . ,  on t h e  alternate 
bus)  a l l  h e a t e r s  vi11 be 
energ ized  and t h e  pressur-  
izer spray  v a l v e s  w i l l  
close; I . & ,  a high p r e s s u r e  
t r a n s i e n t  w i l l  occur ;  bu t  a 
low p r e s s u r e  alarm w i l l  
annunciate .  The o p e r a t i n g  
Pressurizer Level Regula- 
t i n g  Syatem was on  t h e  

Isolate spray  w i t h  manual 



Table C4. (continued) 

Fa1 l u r e  P o s s i b l e  Causes Effecta Remedial Aotions 

f a i l e d  bus, t h e  h e a t e r s  
w i l l  de-energize on a falae 
10-10 l e v e l  s i g n a l .  The 
spray  v a l v e s  w i l l  still be 
f a i l e d  closed and a lou 
p r e a s u r e  alarm w i l l  still 
annunciate .  No p a r t i c u l a r  
t r a n s i e n t  w i l l  deve lop  from 
t h i s  f a i l u r e ,  bu t  e x i s t i n g  
high p r e s s u r e  t r a n s i e n t s  
would r e q u i r e  manual 
response and a low p r e s s u r e  
t r a n s i e n t  could not  be oon- 
t r o l l e d  since t h e  h e a t e r s  
could not  be energ ized ,  
even manually. 

13. Loss of Non-Vital 1. Loss of p a r e r  to  bus P r e s s u r i z e r  spray  valves Energize backup h e a t e r s  
Power on Bus 1YO9 2. F a u l t  on bus w i l l  alose and backup manually ( w i t h  hendmri toh)  aa 

h e a t e r s  w i l l  de-energize. r e q u i r e d  t o  reatore pressure .  
Propor t iona l  h e a t e r s  w i l l  
a l s o  f a i l  o f f .  Lou preaaure  
t r a n s i e n t  w i l l  develop. 
Hay get lou p r e s s u r e  alarm. 



T a b l e  C 5 .  Reactor r e g u l a t i n g  system FHEA 

F a i l u r e  Poss ib le  Causes E f f e c t s  Remedial Aotions 

1. Loss of Ins t rument  
Power v i a  125 V 
AC n u s  F a i l u r e  

2. I/I S i g n a l  Error 
from R C S I  System 

.High or Lou 
F a i l s  Tc or Th 

3. Channel Selector 
Switch F a i l s  S i g n a l  
High or Lou 

1. 

2. 

1. 
2. 

Loss of' normal p a i e r  Loss of' quick-open to  atmos- 
supply t o  bus p h e r i a  dumps and t u r b i n e  by- 
F a u l t  on bus p a s s  valves .  Loss of slgnal 

to p r e s s u r i z e r  l e v e l  con- 
troller.  

Sensor  P a l l u r e  1. 
I/I fai lure  

2. 

Uechanical f a i l u r e  1. 

2. 

Propor t iona l  steam dump 
v a l v e  errors i n  d i r e o t i o n  
of s i g n a l  error. 

P r e s s u r i z e r  pre- 
programmed s e t p o i n t  
f o r  l e v e l ,  errors i n  
d i r e c t i o n  of s i g n a l  
error. 

Propor t iona l  steam dump 
v a l v e  errors i n  d i r e c t i o n  
of signal error. 

P r e s s u r i z e r  pre- 
programed s e t p o i n t  
f o r  l e v e l ,  errors i n  
d i r e o t i o n  of s i g n a l  
error. 

1. 

2. 

1. 

2. 

3. 

1. 

2. 

3. 

S u i t o h  to 
o f  bums.  

Sui toh  to  
RRS. 

No effeot 
p o r t i o n a l  

alternate supply 

o t h e r  obannel of 

from v a l v e  pro- 
errora, u n l e s s  

t u r b i n e  t r i p s .  

P r e s s u r i z e r  l e v e l  system 
w i l l  ohange p r e s s u r i z e r  
leve l -opera tor  a o t i o n  
needed to  o o r r e o t .  

Switoh to  u n a f f e c t e d  RRS 
ohannel. 

Uo e f f e o t  from valve  pro- 
p o r t l o n a l  errors, u n l e s s  
t u r b i n e  t r i p s .  

P r e s s u r i z e r  level system 
w i l l  ohange p r e s s u r i z e r  
level-operator a c t i o n  
needed to  oorreo t .  

Switch to u n a f f e c t e d  RAS 
ohannel. 



Table C5.  (continued) 

Failure Possible Causes Effects Remedial Aotions 

4. 

5. 

6 .  

Network Summing 
Resistors Fail 
Signal High or  
Low 

Turbine F i r s t  Stage 
Pressure Signal 
Fa i l s  High or  Low 

Steam Dump Analog 
O u t p u t  Component 
Signal Fai ls  High 
or Lou (excluding 
q u i c k  opening bi- 
stab le  Pailure 
h i g h )  

1. Eleotromechanical 
fa i lure  

1. Pcuer loss 
2. transmitter fa i lure  
3. 1/1 fa i lure  
4. Resistor fa i lure  

1. Pailure of e lec t r ica l  
corn ponen t s 

1.  

2. 

1. 

2. 

1. 

Proportional steam dump 1. 
valve e r rors  i n  direotion 
of signal error. 

Pressurizer pre- 2. 
programmed setpoint 
for level,  e r rors  i n  
direotion of signal 
error.  

3. 

Proportional steam dump 1. 
valve e r rors  i n  direotion 
of signal error. 

Pressurizer pre- 
programmed aetpoint 
for level,  e r rors  i n  
direotion of signal 
error.  

Steam dump proportional 
control error. 

2. 

3. 

1. 

lo effeot  from valve pro- 
portional errors ,  unless 
turbine tr ips.  

Preaauriaer level system 
will change pressurizer 
level-operator aotion 
needed t o  oorreot. 

Suitoh to  unaffeoted RRS 
ohannel. 

Uo effeot  from valve pro- 
portional errors,  u n l e s s  
tu rb ine  t r i p s .  

Pressurizer level system 
w i l l  ohange pressurizer 
level-operator aotion 
needed t o  oorreot. 

Suitoh to  unaffected RRS 
ohannel. 

No effect  on system i n  
normal operation. 



Table  C5. (continued) 

Remedial A a t l o n s  E f f e c t s  Fa1  1 u r  e P o s s i b l e  Causes  

7. Leve l  S e t p o i n t  1. F a i l u r e  of electrioal 1. Preprogrammed p r e s s u r i -  1. O p e r a t o r  a d j u s t  or s h u t  
P r e s s u r i z e r  Hodule componen t a zer l e v e l  s e t p o i n t  u n i t  dawn and  r e p a i r  
Firmware F a i l s  changes.  nodule .  
High or Low 

8. Q u i c k  Opening 1. B i s t a b l e  F a i l s  High P l a c e s  t h e  t u r b i n e  bypass  
B i s t a b l e  F a i l s  High v a l v e s  and t h e  a t m o s p h e r i c  
or Tav Error (Tav- 
Tref)  F a i l s  High 

steam dump v a l v e s  i n  a 
f a i l e d  state s u c h  t h a t ,  
f o l l a w i n g  t u r b i n e  t r i p ,  t h e  
v a l v e s  would open and RCS 
o v e r c o o l i n g  would occur .  



T a b l e  C6. Main f e e d w a t e r  a n d  c o n d e n s a t e  FMEA 

Remedial Aotions F a i l u r e  P o s s i b l e  Causes ECfects 

s e a m  Genera tor  Over= 

1. Feedwater Regulat ing 1. 
Valve (FU 1111 or 
11 21 ) F a i l s  Open 

2. 

3.  

Hechanical F a i l u r e  
o f  Valve o r  Operator  

C o n t r o l l e r  (PC 1111) 
Opens Valve 

Erroneous C o n t r o l l e r  
I n p u t s  

2. Feedwater Regulat ing 1. 
Valve (FW 1111 or 
1121) F a i l s  to Close 
Fol lowing Turbine 2. 
T r i p  

Hechanical F a i l u r e  
of Valve or Operator  

Loss OP Pneumatic 
Supply While Valve is 
Open 

a. Loss o f  Ins t rument  
Air Supply 

SC l e v e l  i n c r e a s e s  i n i t i a -  Operator  should a t t e m p t  to 
t i n g  t u r b i n e  and reactor 
t r i p .  Prior to  t u r b i n e  p o s s i b l e  and, i f  requi red ,  t r i p  
t r i p ,  o v e r r i l l  of t h e  SC may t h e  main feedwater  pumps man- 
r e s u l t  i n  car ryover  of u a l l y  to  prevent  SO o v e r f i l l .  
mois ture  i n t o  t h e  main t u r -  Confirm subsequent  au tomat io  
bine,  caus ing  t u r b i n e  blade i n i t i a t i o n  of a u x i l i a r y  feed-  
e r o s i o n  a n d l o r  f a i l u r e .  water. Operator  should 
Following t u r b i n e  t r i p ,  t h e  manually o v e r r i d e  t h e  con- 
r e g u l a t i n g  v a l v e  may be sig- t ro l le r  i f  i t  is t h e  problem. 
naled t o  close and t h e  by- Operator  also may a t t e m p t  to  
p a s s  opened. SC overfill isolate or c o n t r o l  flow u s i n g  
p o t e n t i a l  exis ts  i f  t h e  t h e  motor opera ted  i s o l a t i o n  
v a l v e  remains open. Exten- valve.  
s i v e  i n j e a t i o n  of water i n t o  
steam l i n e s  could j e o p a r d i z e  
steam l i n e  i n t e g r i t y .  

Following reactor t r i p ,  So Operator should a t t e m p t  t o  
l e v e l  w i l l  increase .  Unless t h r o t t l e  t h e  v a l v e  manually 
c o n t r o l l e d ,  t h e  SC overfeed and, i f  r e q u i r e d ,  t r i p  t h e  main 
w i l l  r e s u l t  i n  i n j e c t i o n  of feedwater  pumps p r i o r  to over- 
water  i n t o  t h e  steam lines. f i l l i n g  SG. Confirm t h e  sub- 
Extens ive  i n j e c t i o n  could sequent  a u t o m a t i o . i n i t i a t i o n  of 
j e o p a r d i z e  steam l i n e  a u x i l i a r y  feedwater .  
i n t e g r i  ty. 

t h r o t t l e  t h e  v a l v e  manually i f  



Table C6. (continued) 

Fa 11 u r e  P o s s i b l e  Causes Effects Remedial Actions 

3. 

3. Feeduater  Regula t ing  1. 
Bypass Valve (PW 
1105, 1106) Remains 
Open Fol lowing 
Reac tor /Turb ine  T r i p  

2. 

3. 

b. I s o l a t i o n  of 
Pneumatio Supply 
Due to  Solenoid  
Valve F a i l u r e  or 
F a i l u r e  of 120 VAC 
Buses YO9 or  Y10 

Controller (FC 1111, 
1121) F a i l s  to  Close 
V a1 ve 

Control Rooo Operator 
P a i l s  to T h r o t t l e  
E i t h e r  Bypass Valve 
Hanuall y Pol 1 awing 
Reactor t r i p  

Uechanical F a i l u r e  OF 
Valve o r  Operator  

Controller (LIC 1105, 
1106) Falls 

Pollawing reactor t r i p ,  t h e  Operator drould t h r o t t l e  bypasa 
main feedwater r e g u l a t i n g  valve manually it poss ib le .  If 
v a l v e s  close and t h e  bypass  r e q u i r e d ,  isolate llar pa th  or 
open to main ta in  5s flow. t r i p  main feedwater pumps p r i o r  
As t h e  r e s i d u a l  h e a t  genera- to  SO overfill.  
t e d  i n  t h e  core decreases ,  
t h e  SG l e v e l  w i l l  beg in  to  
i n c r e a s e  s lou ly .  The con- 
trol room o p e r a t o r  is re- 
r e q u i r e d  to t h r o t t l e  t h e  
bypass  v a l v e s  manually to  
main ta in  So l e v e l .  If t h e  
v a l v e s  are not t h r o t t l e d ,  SO 
o v e r f i l l  and p o s s i b l y  damage 
to t h e  steam l i n e s  or  t h e i r  
s u p p o r t s  could occur .  



Table  C6. (continued) 

- 
Failure Possible Causes Ef Sects Remedial Aations 

4. 

5 .  

Hain Feeduater 
Isolation Valves 
(RI-4516-HOv , 
M-u 5 I 7 - nov 
Fa i l s  t o  Close 

Feedua ter  Pump 
11, 12 F a i l s  to  
T r i p  

1. Loss OS Electr ic  Potential Sor containment Restore m e r ,  i f  possible. 
Parer from 4 KV Bus overpressurization i f  
1 1  (ZA)  and 14 (ZB) fa i lure  accompanies SOIS. 

2. Mechanical Failure 

Failure of 125 VDC Bus  1 1  Potential for Steam Restore pauer, If  possible. 
and 21, Respeotively . Generator Overfill following 

SGIS or CSAS conditions. 
Also impacts RCS 
overcool ing. 

m f i c i e n t  Flow of P e e d a a r  t o  

6. Feeduater Regulating 1. Hechanical Failure 
Valve F a i l s  Closed Causes Valve to  
( RI-1 1 1 1-cv , 
FIJ-1121 -cv 1 

Close 

2. Controller (FC 1 1 1 1 )  
Fails  Causing Valve 
to  Close 

3. Pneumatic Supply 
Isolated While Valve 
is Closed 

Steam Generator level 
decreases resul t ing i n  
reaotor t r i p .  Auxiliary 
feedwater is designed to  
actuate upon lar SO 
level. Failure to  supply 
feedwater to  t h e  steam 
generator may resu l t  i n  
RCS underoooling.. 

Operator should manually 
oontrol valve i f  possible. 
Operator should s t a r t  auxiliary 
feedwater system If  i t  l a  not 



Table C6. (continued) 

Failure Possible Causes EPPeots Remedial Aotions 

7. 

8. 

9. 

4. 

Header o r  Valve 1. 
Ruptures 

Motor Operated 1. 
Valve Fa i l s  Closed 
(Outside Containment 
RI-4516-HoV) 

2. 

Mini-Flow Control 1. 
Valves Fail Open 
(W-4484-Cv, 
FH-4484 A-CV 2. 

Erroneous Inputs t o  Spurious signals inoluding 
Controller Cause Valve high feedwater flw r a t e  and 
t o  Close. Inputs high downcomer level might 
Inolude: cause the oontroller t o  

a. Steam Plow Rate feedwater regulating valve 
(Pr1011. 1021 1 t o  the closed position. 

incorrectly adjust the 

b. Peedwater Flow Rate 
(PT1111, 1120 

0. Darncomer Level 
(LT1111, 1121) 

Metal Defects; Stress  Loss of main feedwater 
Corrosion Cracking flow t o  steam generator. 

Hechanioal Failure Pa i l s  Plow t o  steam 
Causes V a1 ve to  generator. 
Close 

Spurious Signal Causes 
Valve to Close 

Wechanical Failure Hinimum flow control valve 
Causes Valve to  Open f a i l s  open resul t ing i n  a 

Valve Controller t o  the steam generator. 
Fails,  Opening Valve 

reduction of Seedwater flow 

Reopen valve i f  possible, 
oontrol steam flow froa 
affeoted steam generator. 

Operator manually shuts valve. 



T a b l e  C6.  ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes  E P f e c t s  Remedial Aotions 

10. Hain  F e e d u a t e r  1. 
Pump T r i p  

2. 

3. 

4. 

5 .  

6 .  

7. 

8: 

9. 

Mechanical  F a i l u r e  
C a u s e s  Pump to T r i p  

Steam G e n e r a t o r  l e v e l  Operator s h o u l d  v e r i f y  
d e c r e a s e s  r e s u l t i n g  i n  a u x i l i a r y  f e e d w a t e r  flow l a  
reactor t r i p .  A u x i l i a r y  s t a r t e d .  If a u x i l i a r y  

T u r b i n e  C o n t r o l  and f e e d w a t e r  shou ld  be manua l ly  f e e d w a t e r  is n o t  a u t a a a t i o a l l y  
L u b r i c a t i o n  High s t a r t e d  i f  n o t  a u t o m a t i c a l l y  s t a r t e d ,  operator s h o u l d  
P r e s s u r e  O i l  System a c t u a t e d .  manua l ly  s tart  aystem. 
F a i l s  

Loss  oP Steam Prom 
Rehea t  Steam System 
(Above 40s Pump 
C a p a c i t y )  

Loss of Hain Steam 
(Below 40s Pump 
Capaoi  t y )  

LP Steam C o n t r o l  
V a l v e s  F a i l  C losed  

T u r b i n e  Exhaus t  V a l v e s  
F a i l  C losed  

T u r b i n e  Speed 
C o n t r o l l e r  F a i l s  

T u r b i n e  Overspeed 
C a u s e s  Pump T r i p  

Lou S u c t i o n  P r e s s u r e  
Trips Pump 

Admit HP steam from k i n  Steam 
System to pump t u r b i n e  i f  LP 
steam flaw faila.  



T a b l e  C 6 .  ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes  E f f e c t s  Remedial  Aotions 

10. High Discha rge  
P r e s s u r e  T r i p s  Pump 

11. Lou Vacuum Causes  
Pump T r i p  

12. Turb ine  Casing High 
Water Leve l  Causes  
Pump T r i p  

13. High T h r u s t  B e a r i n g  
Year T r i p s  Pump 

ECS U n d e r c o o u  

11. Degraded Feedwa te r  
Flow t o  Steam 
C e n e r a  t or 

12. Degraded Feedwa ter 
Flow t o  Steam 
C e n e r a t o r -  

1.  Loss of 13 MI S e r v i c e  
Bus 11 Coupled With 
Loss of Diesel 
G e n e r a t o r  Power 

1. Loss of  4 kV Bus 11 
R e s u l t i n g  i n  I s o l a t i o n  
of t h e  13 MI Service 
Bus 11 From t h e  500 W 
Bus 

T r i p s  Condensa te  and Conden- 
s a t e  B o o s t e r  pump r e s u l t i n g  
i n  t h a  loss  of main reed-  
water flow. It also t r i p 8  
motor d r i v e n  a u x i l i a r y  
feedwater pump. Steam 
d r i v e n  a u x i l i a r y  f e e d w a t e r  
pump is not impaoted.  

Restore bus. 

T r i p s  Condensa te  and Conden- 
sate Booster pump r e s u l t i n g  
i n  t h e  loss of main f eed -  
water flow. It also f a i l s  
t o  power motor d r i v e n  
a u x i l i a r y  f e e d w a t e r  pump. 
Steam d r i v e n  a u x i l i a r y  feed-  
w a t e r  pump is n o t  impacted.  

Restore bus. 



Table C6. (continued) 

I 

Failure Possible Causes EfPeots Remedial Aotions 

Fa i 1 urm 

13. SGFP Seal Water 
Failure 

1 4 .  H.P. Feedwater 
Heaters Fail t o  
Heat Feeduater 

1. 

2. 

3.  

4. 

5 .  

Seal Water Booster 
Pump T r i p s  

F i l t e r s  Clogged 

Loss OP Electric Power 
(HCC-101) BUS 11A (ZA) 

Control Valve Failure 
(FU-4702-0, 
FU-4705-0) 

Controller PDC-4702 
Spuriously Closes 
Valve 

Valve Closes Failing Flow 
t o  Feeduater Heater 

Failure .to supp ly  olean 
cooling water t o  the SGPP 
seals.  The time i t  would 
take a loss of seal water 
fa i lure  to  Pail  SGFP is . 
unknou n . 

Results i n  larer SG feed- 
uater temperature and 
excessive ACS heat removal. 
Pressurizer control u i l l  
mitigate slow pressure and 
level perturbations. 

Upon fa i lure  of one of t h e  
seal  water booster pump trains ,  
operator should verify t h e  
standby pump t ra in  is started.  
IP i t  has not s tar ted,  operator 
should manually aotuate pump 
train. 

4 

m w 

Henually open steam supply 
valve, i f  possible. 



Table C6. (cont inued)  

F a i l u r e  P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

s to S U D D ~ V  Co- 

1. Condensate Booster 1. 
Purap 11,  12,  13 
T r i p s  

2. 

3. 

4. 

2. Condensate Booster 1. 
Pump Mini-Flow 
Valve (1-CD-4486-W) 2. 
F a i l s  Open 

3. 

4. 

Mechanical F a i l u r e  
t r i p s  Pump 

Low Lube O i l  P ressure  
t r i p s  Pump 

Law Suot ion  P r e s s u r e  
T r i p s  Pump 

Loss of E l e c t r i o  Power 
frap 4 W Bus 12, 12, 
13 

Mechanical F a i l u r e  

I s o l a t i o n  of Pneumatic 
SUPPlY 

Controller (1-FIC- 
4486) Spur ious ly  Opens 
Val ve 

Spur ious  Flow Element 
(1-PE-4484) Signal 
Causes Controller to  
Open Valve 

One pump is r e q u i r e d  below 
501 power; two pumps are 
r e q u i r e d  above 50s power; 
t h r e e  pumps are opera ted  
above 80s power. F a i l u r e  
to supply s u f f i o i e n t  n e t  
p o s i t i v e  s u o t i o n  head for 
t h e  SGFP w i l l  r e s u l t  i n  
c a v i t a t i o n  and f a i l u r e  of 
main feedwa ter flow. 

Opening t h e  mini-flow 
c o n t r o l  v a l v e  w i l l  d i v e r t  
p a r t  of  t h e  booster pump 
flow baok t o  t h e  h o t v e l l .  
The mini-flow v a l v e  re- 
c i r c u l a t e s  1700 gpo to  
t h e  hotwel l  w i t h  one pump 
running;  and 3400 gpu w i t h  
two pumps running. F a i l u r e  
of t h e  mini-Now v a l v e s  i n  
t h e  open p o s i t i o n  w i l l  not 
affect a b i l i t y  to supply 
s u f f i c i e n t  feedwater  for 
pos t - reac tor  t r i p  h e a t  
removal. 

If pump t r i p s ,  operator should 
v e r i f y  a a u f f i o i e n t  number of 
p u p a  are operating t o  provide 
t h e  neoeasary flow. 

Operator should verify position 
of mini-flow oontrol valve 
d u r i n g  ohanging oondi t ions .  
Operator should manual ly  
c o n t r o l  valve i f  neceasery.  



Table C6.  (cont inued)  

Fa il ure  P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

3. Rupture of Header, 
LP Heaters 11, 12, 
13, 1 4 ,  15, Valves, 
or Drain Coolers  

4. Condensate Pump 
11, 12, 13 T r i p s  

5. Condensate Booster  
Pump F a i l s  t o  S t a r t  

6 .  Condensate Pump 
F a i l s  t o  S t a r t  

1. 

1. 

2. 

3. 

4. 

1. 

2. 

1. 

2. 

Stress Corrosion . 
Cracking; Paul t y  
Manufacturing 

Mechanical F a i l u r e  
T r i p s  Pump 

Loss of Electric 
Power frao Bus 12, 

# 

13, 13 

Low Suot ion  Pressure  

O i l  Cool ing System 
F a i l u r e  

Mechanical F a i l u r e  

Pressure  S u i t o h  
(PS-4554) F a i l s  t o  
Actuate  Standby Pump 

Ueohanical F a i l u r e  

Automatic I n i t i a t i o n  
F a i l s  from PS-4414 

F a i l u r e  of components whioh 
could r e s u l t  i n  a loss of 
condensate  which would f a i l  
main feedwater  supply. 

One pump is r e q u i r e d  below 
50% power; two pumps are 
r e q u i r e d  between 50% parer ;  
and t h r e e  pumps a r e  opera ted  
above 80% power. The t i m e  
i t  t a k e s  for f a i l u r e  of t h e  
o i l  cool ing  system to f a i l  
t h e  pump is unknown. Loss 
of o i l  cool ing  for s h o r t  
p e r i o d s  is u n l i k e l y  to cause  
pump t r i p .  

Degraded f law to  SGFP 
may r e s u l t  i n  pump t r i p .  

Degraded flar to aondensate  
boos te r  pump may r e s u l t  i n  
t r i p  of condensate  booster 
or feedwater  pump. 

Isolate r u p t u r e d  oaponent.  

Operator  ahould v e r i f y  
s u f f i o i e n t  p u p  c a p a o i t y  to  
meet operating power l e v e l .  

Operator should open condensate  
s t o r a g e  tank makeup v a l v e  t o  
provide NPSH. 

Operator should a t t e m p t  manual 
i n i t i a t i o n .  

Operator should a t t e m p t  manual 
pump i n i t i a t i o n .  



Table C6. (continued) 

P o s s i b l e  Causes Effects n d i a i  Aotions Failure 

1. Condensate  Mini-Flar 1. Mechanical F a i l u r e  
C o n t r o l  Valve  (CD- 
4438-CV) P a i l s  Open 2. I s o l a t i o n  P n e m a t i c  

Supply 

3: C o n t r o l l e r  (PIC-4438) 
Spur ious ly  Opens 
v a l v e  

9. Spur ious  F l a r  Element 
S igna l  (FS-4438) 
Causes C o n t r o l l e r  to 
Open Valve 

8. B e a t e r  Dra in  Pumps 1. Ueobenioal F a i l u r e  
W i P  

2. Loss of E l e o t r i o  Parer  
from 4 W , B u s  12 or 
4 W Bus 13 

9. Loss of Condensate 1. Tank or Header Rupture 
from Condensate  
Storage Tank 2. Dump Valve (CD-4405- 

CV) F a i l s  Open 

3. C o n t r o l l e r  (LIC-4405) 
Spur ious ly  Opens 
Valve 

Opening t h e  mini-flow 
c o n t r o l  v a l v e  w i l l  d i v e r t  of mlni-flfm oontrol valve 
p a r t  of t h e  condensate  pump 
flow back to  t h e  hotwel l .  
H i n i - f l a r  v a l v e  r e o i r o u l a t e a  neoeaaary. 
4650 gplp t o  t h e  hotwel l  w i t h  
one p m p  running  and 8800 
gpm w i t h  two pumps running. 
F a i l u r e  of t h e  m i n i - f l a w  
v a l v e s  i n  t h e  open position 
w i l l  no t  affect a b i l i t y  to  
provide  pos t - reaotor  t r i p  
h e a t  removal. 

F a i l s  to supply a 
s i g n i f i c a n t  tlar of LP ateam 
condensate  from LP h e a t e r s  
t o  t h e  condensate  header  
and may r e s u l t  i n  9oFP t r i p .  

Unl l k e l y  e v e n t  i n  whioh 
condenser  is f looded  by valve, if poaaible .  
s t u c k  open dump valve.  

Operator should v e r i f y  p o a l t i o n  

d u r i w  ahnagla8 ooaditlons. 
Henually oontrol valve if 

Operator manually olosea 



Table C6. ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes EfPec ts  Remedial Aotiona 

D t h e r  Svstem F a i l u r  es 

10. F a i l s  to Provide 
S e a l  Water to: 

a. SCFP Sea l '  Booster 1. Pipe or  Valve Rupture Degraded operation of steam 
Pump g e n e r a t o r  Peed pump due to  

2. Valve Closes loss of seal water .  

b. Condensate Pump 1. Pipe or Valve Rupture Degraded condensate  pump 
o p e r a t i o n  due to loss of 

2. Valve Closes seal water. 

Operator  oould bypass  t h e  
pneumatic v a l v e  by opening 
t h e  bypass  valve. 

3. Pneumatic Supply 
I s o l a t e d  and Valve 
Closed 

11. F a i l s  t o  Provide 
Makeup Supply to: 

a. Component Cooling 1. Pipe or Valve Rupture F a i l u r e  t o  provide makeup to Align alternate makeup supply  
Hater System t h e  Component Cool ing System i f  poss ib le .  

could impact c r i t i ca l  
components, i f  a l e a k  i n - t h e  
s y s t e m  remained undetec ted  
for a n  extended per iod.  

b. S e r v i c e  Water 
System 

1. Pipe or Valve Rupture F a i l u r e  to  supply makeup to Align a l t e r n a t e  makeup supply  
S e r v i c e  Water System could 
impact c r i t i c a l  components, 
i f  a l eak  in the system 

i f  poss ib le .  



Table C6.  (cont inued)  

F a i l u r e  P o s s i b l e  Causes  E f f e c t s  Ramdial Aotions 

remained undetec ted  for an 
extended period. 

12. F a i l s  to Provide  
Hotwell Level  
C o n t r o l  

1. 

2. 

3. 

5. 

13. F a i l s  to  Provide  1. 
Cool ing  Water to 
Steam Seal Exhaust 
Condenser 2. 

14.  F a i l s  t o  Supply 1. 
Cool ing  Hater to  
Dra in  Coolers 

CST Uakeup Valve 
(CD-4406) F a i l s  
Closed 

CST Makeup Valve 
(CD-4406) F a i l s  
o w n  

CST Dump Valve 
(CD-4405) P a i l s  
Closed 

CST Durp Valve 
(CD-5405) F a l l s  
Open 

Pipe, Condenser, or 
Valve Rupture 

Valve Closes  

Valve, Pipe, Cooler 
Rupture 

Upon lar hotwel l  level t h i s  Operator may be a b l e  to  
f a i l u r e  could c a u s e  t r i p  mnually open or dose t h e m  
of t h e  condensate  pumps due  valves. Could also open 
to l o u  a u o t i o n  head. 

The s imul taneous  failure of 
t h e s e  two v a l v e s  oould oauoe 
f i l l ing  of the oondenser, 
and a loss of condenser  
a s  h e a t  sink. 

bypnss valve. 

T h i s  failure could r a t  i n  
r e d u c t i o n  i n  tbe C o m d e m t e  
System i n v e n t o r y  due Lo 
f i l l i n g  of t h e  ConUensaLs 
Storage Tank. 

T h i s  f a i l u r e  w i l l  m u m  the 
t u r b i n e  to l e a k  a sell 
q u a n t i t y  of steam and tend  
to  lower condensate  tempera- 
t u r e .  

F a i l u r e  t o  provide  cooling 
water to  d r a i n  ooolers would 
r e s u l t  i n  t h e  water flashing 

Operatar sbould isolate the 
a f f e o t e d  ocmponeot. 

d m m 



T a b l e  C6 .  ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes  Effects Remedial  Aotions 

2. Valve  Closes a s  i t  p a s s e s  t h r o u g h  l e v e l  
c o n t r o l  v a l v e s  and p i p i n g  
bends.  T h i s  l e a d s  to 
i n c r e a s e d  p i p e  e r o s i o n .  

15. F a i l s  to  Supp ly  1.  Pipe ,  Va lve  Rup tu re  Minimal impac t  on  p l a n t  
C o o l i n g  Water to o p e r a t i o n .  
T u r b i n e  Exhaus t  2. Valve  Closes 
Hood S p r a y s  

3. Pneumatic  Supp ly  
F a i l u r e  Causes  Va lve  
t o  Close 

16. F a i l s  to Supp ly  1.  Valve,  P ipe ,  Heat F a i l u r e  to 0001 blowdown Bypass  v a l v e  or aomponent i f  
Water to SG Bloudoun Exchanger  Rup tu re  s u f f i c i e n t l y  may damage possi ble. 
Recovery Heat i o n  e x c h a n g e r s  and secondary  
Exchanger  2. Valve  C l o s e s  p u r i f i c a t i o n  system. Also 

r e s u l t s  i n  a r e d u c t i o n  i n  
3. Pneumatic  Supp ly  the rma l  e f f i c i e n c y  d u e  t o  

d e c r e a s e d  h e a t i n g  of 
condensa te .  

I s o l a t e d  C l o s i n g  V a l v e  

17. F a i l s  t o  Supp ly  1. Pipe ,  Va lve ,  Deaerator F a i l u r e  c o u l d  l e a d  t o  
Makeup Water t o  Ruptu re  f a i l u r e  t o  remove a i r  from 
A u x i l i a r y  Boiler t h e  a u x i l i a r y  steam s y s t e a .  
Deaera to r  T h i s  results i n  i n c r e a s e d  

e r o s i o n  of t h e  system. 

18. F a i l s  t o  Remove 1.  Bypass V a l v e  (CD- R e s u l t  i n  r educed  the rma l  Operator may be a b l e  to b y p a s s  
Suspended I o i p u r i t i e s  5818-CV) F a i l s  Open e f f i c i e n c y  when i m p u r i t i e s  o logged  filter. 
from Condensate  p l a t e  o u t  on  steam g e n e r a t o r  



Table C 6 .  ( cont inued)  

F a i l u r e  Poas ib le  Causes Effects Remedial Aotions 

19. F a i l s  to  Remove 
I o n i c  Contaminat ion 
frm Condensate 

20. F a i l s  to Provide 
Chemiaal Addi t ion  
from Chemical 
Addi t ion  System 

!lmLmum 
21. Condensate Booster  

Pump Hini-Flow Valve 
(CD-4486-CV) F a i l s  
Closed 

2. 

3. 

4. 

1. 

2. 

1. 

1. 

2. 

3. 

Pipe, Valve Rupture  

F i l t e r  Clogs 

C o n t r o l l e r  (PDIC- 
5818) P a i l s  

Bypass Valve (CD-4439- 
HQ) F a l l s  Open 

Pipe,  Valve Rupture 

P i p s ,  Valve Rupture  

Mechanical F a i l u r e  of 
Valve Stem 

C o n t r o l l e r  (PIC-4486) 
Spur i o u s l  y Closes 
Valve 

Spur ious  Flaw Element 
(FE-4484) S i g n a l  
Causes Cont ro l  1 er 
to  Close Valve 

and aondenser  tubes.  Hay 
also cause i n a r e a s e d  e r o s i o n  
of oonfinement s u r f  aoes. 

F a i l u r e  of d e m i n e r a l i z e r  
system w i l l  r e s u l t  i n  
i n a r e a s e d  c o r r o s i o n  damage 
to  cmponents .  

F a i l u r e  to add ammonia and 
hydraz ine  w i l l  r e s u l t  i n  
i n c r e a s e d  c o r r o s i o n  of steel 
s u r f a c e s  i n  c o n t a c t  w i t h  
water. 

T h i s  f a i l u r e  could aause 
pump t r i p  upon loss of 
condensate  flaw through 
pump. Valve i a  in tended  to 
c i r c u l a t e  some f law through 
pump d u r i n g  lar flow 
condi t ions .  

Operator ahould manual ly  open 
va lve ,  i f  poesiblo. Operator 
should t r i p  prnp t o  peolude 
damage, i f  valve m a n i p u l a t i o n  
is n o t  poss ib le .  



Table C6. (cont inued)  

F a i l u r e  P o s s i b l e  Causes EPfec ts  Remedial Actions 

22. Condensate Pump 
Hint-Plow Valve 

F a i l s  Closed 
(1-CD-4438-CV) 

23. F a i l s  to  Receive 
Flow from Heater 
Dra in  Pump 

24. F a i l s  t o  Receive 
Flou from Coolant 
Waste Evaporator 
Dra ins  

25. Loss o f  Condensate 
i n  System 

1. 

2 .  

3. 

1.  

2. 

1. 

1. 

2. 

3. 

4.  

Hechanical F a i l u r e  

C o n t r o l l e r  (FIC- 
4438) Spur ious ly  
Closes Valve 

Spurious Flow Element 
(€73-4438) Signal  
Causes Con troller to  
Close Valve 

Valve Closes 

P i p e  Plug 

Valve Closes 

Pipe, Valve Rupture 

Hakeup Valve (CD- 
4406-0) F a i l s  Closed 

Condenser F a i l u r e  

C o n t r o l l e r  (LIC- 
4405) Spur ious ly  
Closes Valve 

T h i s  f a i l u r e  could cause 
pump t r i p  upon loss OP 
condensate  flow through 
pump. Valve Is in tended  to  
o i r c u l a t e  some Plow through 
pump d u r i n g  low flow 
condi t ions .  

Could  Pail t h e  Plow of 
feedwater t o  t h e  steam 
genera tor. 

F a i l u r e  to  d i s c h a r g e  to t h e  
condensate  system may cause 
P a l l u r e  of t h e  c o o l a n t  waste 
process ing  system. 

Unlikely event  i n  whioh low 
hotwel l  l e v e l  is not  
rep len ished  by condensate  
s t o r a g e  tank. Turbine t r i p  
w i l l  r e s u l t .  

Operator should manually open 
va lve ,  i f  poss ib le .  Opera tor  
should t r i p  pump t o  prea lude  
damage, i f  v a l v e  manipula t ion  
is not  poas ib le .  

Operator  should manually open 
va lve ,  i f  poss ib le .  

Operator  should manually open 
va lve ,  i f  poss ib le .  Operator 
should re-align v a l v e s  such  
t h a t  flar is d i v e r t e d  to  
a u x i l i a r y  boiler d e a e r a t o r .  

Operator  manually o p e n s  va lve ,  
i P  poss ib le .  



Table C6. (continued) 
~ ~ 

Failure Possible Causes Effects Remedial Aotions 

26. Bypass Valves 
Fail  Open 
By passing : 

a. Drain Coolers 1. Hechanical Failure Drain l iquide could flash Attempt t o  aloae valve. 
t o  steam enhanoing erosion. 
Loss of thermal effioiency. 

b. LP Heaters 11, 12 1. Mechanical Failure Loss of thermal efficiency. Attempt t o  olose valve. 
Potential for thermal shook 
of steam generator. 

c. LP Heaters 13, 1. Mechanical Failure Loss of thermal effioienoy. Attempt t o  010- valve. 
14, 15 Potential for thermal shook 

of steam generator. 



Table C 7 .  Feedwater r e g u l a t i n g  system FHEA 

F a i l u r e  Possible Causes E f  fec ts Remedial Aotions 

1. 

2. 

Steam F l a r  
T r a n s m i t t e r  (FT1011, 
1021) F a i l s  High 

Steam Flow 
T r a n s m i t t e r  (FTlOll, 
1021) F a i l s  Low 

1. Capacitance Bridge 
C i r c u i t  F a i l u r e  

2. Capaci tor  P l a t e s  F a i l  

See Above 

3. Feedwater Flow See Above 
T r a n s m i t t e r  (FTl l l1 ,  
1121) F a i l s  High 

4. Feedwater Flow 
T r a n s m i t t e r  (FTl111, 
1121) F a i l s  Low 

See Above 

Erroneous t r a n s m i t t e r  
s i g n a l  w i l l  oause oon- 
t ro l le r  t o  open v a l v e  wider 
t o  i n c r e a s e  t h e  rate of 
Seedwater flow. T h i s  may 
r e s u l t  i n  stean g e n e r a t o r  
o v e r f i l l .  

Erroneous t r a n s m i t t e r  s i g n a l  
w i l l  cause  controller to 
modulate v a l v e  c losed  to  
d e c r e a s e  t h e  feedwater  flcw 
r a t e .  T h i s  may r e s u l t  i n  
i n s u f f i c i e n t  flow t o  t h e  
steam g e n e r a t o r  and RCS 
undercool ing w i t h o u t  
a u x i l i a r y  feed  i n i t i a t i o n .  

Erroneous t r a n s m i t t e r  s i g n a l  
w i l l  oause c o n t r o l l e r  to  
modulate v a l v e  c l o s e d  t o  
decrease t h e  f e e d u a t e r  flow 
r a t e .  T h i s  may r e s u l t  i n  
i n s u f f i c i e n t  flow to t h e  
steam generator and RCS 
undercool ing wi thout  
a u x i l i a r y  feedwater  
i n i t i a t i o n .  

Erroneous t r a n s m i t t e r  s i g n a l  
w i l l  cause  c o n t r o l l e r  to 
open v a l v e  t o  i n c r e a s e  

Operator  ahould manually 
o o n t r o l  t h e  v a l v e  when l e v e l  
rises. Repair  t r a n s m i t t e r .  

Operator should manually 
o o n t r o l  t h e  v a l v e  when l e v e l  
fa l l s .  Repair  t r a n s m i t t e r .  
I n i t i a t e  a u x i l i a r y  feed i f  
necessary  . 

Operator ahould manually 
o o n t r o l  t h e  v a l v e  when l e v e l  
fa l l s .  Repair  transmitter. 
I n i t i a t e  a u x i l i a r y  feed  i f  
neoessary . 

Operator should manually 
o o n t r o l  t h e  v a l v e  when l e v e l  
rises. Repair  t r a n s m i t t e r .  



Table C7. (continued) 

Failure Possible Causes Effects Remedial Aations 

5. SG Level Transmitter See Above 
(LTl111, 1121 or 
LT1105, 1106) Fa i l s  
High 

6. So Level Transmitter See Above 
(LTl111, 1121 or 
LT1105, 1106) Fa i l s  
Low 

7. Feedwater Controller 1. Loss of Control Parer 
(FC1111, 1121 or (YO1 and YO9, YO2 and 
(PC105, 1106) Y10) Valve Open 
Failure Opens Valve 

2. Electronic Failure 

feedwater flar rate.  this 
may result i n  steam 
generator overf i l l .  

Erroneous transmitter signal 
w i l l  oause controller t o  
modulate valve closed t o  
reduce feedwater Mar rate. 
T h i s  may resul t  i n  
insuff ic ient  flar t o  the  
steam generator and RCS 
under cool ing w 1 thout 
auxiliary feedwater 
1 n i  ti a ti on. 

Erroneous transmitter signal 
w i l l  cause controller t o  
modulate valve open t o  
increase feedwater flar 
rate.  T h i s  may resu l t  i n  
steam generator overf i l l .  

Valve supplies excessive 
feedwater flow t o  steam 
generator causing over- 
f i l l  and RCS overaooling. 
Potential for carryover t o  
t u r  bi ne causi ng t u r  bi ne 
erosion ex is t s  prior t o  
turbine t r i p .  

Operator should manually 
aontrol the  valve when level 
fa l l s .  Repair tranluitter. 
In i t i a t e  auxiliary feed i f  
neaeasary. 

Operator should manually 
aontrol the  valve when level 
rises. Repair transmitter. 

Operator should attempt manual 
control or t r i p  the main feed- 
water pumps t o  prevent So over- 
f i l l .  



Table C7. (continued) 

Fai lure Poss ib le  Causes E f f e o t s  Remedial Aotions 

8 .  Feedwater Control ler  1 .  Loss of Control Power Valve f a l l s  to supply I n i t i a t e  a u x i l i a r y  feedwater 
( F C l l l 1 ,  1121 or ( Y O 1  and YO9, YO2 and s u f f i c i e n t  feedwater flar i f  manual control  can not 
LIC1105, 1106) F a i l s  Y10) Valve Closed to steam generator r e s u l t -  nodulate flov. 
Valve Closed i n g  i n  RCS undercooling 

2. Eleotronic Fai lure without a u x i l i a r y  feed- 
uater  i n i t i a t i o n .  



Table C8. Main steam system and atmospherlc Steam dump turbine bypass control system FMEA 

~ ~ ~ 

Failure 

~- 

Possible Causes 

~~ 

Effeots Bemedial Aations 

1. Atmospheric Steam 
Dump Valves 

Fail  t o  Open When 
Conditions Warrant 

(W-3938, 3939) 

2. Atmospheric Steam 
Dump Valves 

Fail t o  Close 
(us-3938, 3939) 

3. Atmospheric Steam 
Dump Valves 

Close Inadvertently 
(W-3938, m-3939) 

4. Atmospheric Steam 
Dump Valves 

Open Inadvertently 
(us-3938, 3939) 

1. 
2. 

3. 
4 .  

1. 
2. 

3. 

4 .  

1 .  
2. 
3. 

1. 
2. 

3. 

kchanical fa i lure  
Reactor regula ti ng 
system tav error  
signal not received 
I / P  converter fa i lure  
Loss of do bus  11 

kchanical fa i lure  
Solenoid valves 
( 3 9 3 6 - s ~  3939) f a i l  
to  olose preventing 
isolation of hp 
instrument a i r  
Tav error  signal 
fa i lure  
I / P  converter fa i lure  

Hechanical fa i lure  
Loss of dc bus 11 
I / P  converter fa i lure  

Hachanical fa i lure  
Spurious Tav error 
signal 
E/P converter fa i lure  

Significant fa i lure  i f  it Manually open valve, i f  
becanes necessary for them possible. 
valves t o  open i n  response 
t o  a small LOCA. RCS could 
not be depressurized. 

Hinimal depressurization of Manually olose valve, i f  
steam generator because eaoh poaaible. 
valve i s  only capable of 
relieving 2.51 of f u l l  parer 
steam flaw. 

Hinimal impact provided Manually open valve, i f  
turbine bypass and code poaaible. 
safety valves are  available 
t o  relieve pressure. 

Minimal depressurization of Uanually aloss Valve, if 
steam generator because each possible. 
valve is only oapable of 
relieving 2.55 of f u l l  parer 
steam flow. 



Table C8.  (cont inued)  

F a i l u r e  P o s s i b l e  Causes Effects Pe8edia l  Aotions 

5. 

6.  

7. 

8. 

Atmospheric Steam 1. 
Dulhp Valves  2. 
(HS-3938, 3939) 
F a i l s  t o  Quick Open 3. 

4. 

A u x i l i a r y  Feed Pump 1. 
Steam Supply Valve 2. 
( HS-4 07 0 )  
F a i l s  t o  Open 3. 

A u x i l i a r y  Feed Pump 1. 
Steam Supply Valve 
( HS-4 07 0 ) 
I n a d v e r t e n t  1 y C1  o s e s  

A u x i l i a r y  Feed Pump 1. 
Steam Supply Valve 2. 

I n a d v e r t e n t l y  Opens 
( HS-407 0 )  3. 

Hechanical f a i l u r e  
LOSS oe 125 VDC u n i t  
c o n t r o l  p a n e l s  
Solenoid v a l v e s  
(3938-SV, 3939) f a i l  
to  open t o  permit 
h igher  ins t rument  a i r  
p r e s s u r e  
Hein Turbine Cont ro l  
System f a i l s  to send 
quick open s i g n a l  

Heohanioal P a i l u r e  
P a i l s  to  r e c e i v e  APAS 
s i g n a l  
P a l l s  t o  r e c e i v e  
125 VDC c o n t r o l  pouer 

Hechaniaal f a i l u r e  

Uechanical f a i l u r e  
Loss of' a i r  p r e s s u r e  
Spurious AFAS s i g n a l  

Minimal impact. t u r b i n e  
bypass  and code s a e e t y  
v a l v e s  may be chal lenged.  

Important  f a i l u r e  mode 
r e g a r d i n g  RCS undercool ing.  
Hotor-driven a u x i l i a r y  feed 
pumps are assumed to  be 
a v a i l a b l e  to supply 
feedwater  to  SO. 

Same a s  above. 

Hinimal impact on RCS and 
secondary system. Analys is  
assumes main feedwater  
i s o l a t i o n  v a l v e s  are c l o s e d  
and main SGFP 1s runback. 
0 t h e m  ise, poten t  1 a1 ex1  a t  s 
for SG overcool ing  and 
s a f e t y  i n j e o t i o n .  

Veri t u r b i n e  
s a f e t y  re1 i e v e  

Hanual ly  open valve, i f  
possible. Hanually open bypass  
valve.  

Uanually open valve,  i f  
possl b l  e. 

Hanual ly  olose valves, i f  
possi b l s  . 



Table C 8 .  (continued) 

Failure Possible Causes Effects Remedial Actions 

9. Hain SGFP Steam 1. Uechanical fa i lure  Hinimal impact SGFP t r ips .  
Stop Valve Closes SG level drops u n t i l  So 

level i n i t i a t e s  APAS. 
Auxiliary feedwater pumps 
provide SG heat removal. 
Reactor t r i p s  on low SO 
level. 

10. Hain SGFP Turbine 
Steam Control 
Valve Closes 

11. Valve Hs-260 Closes 

12. Main Steam t o  HsR 
Steam Supply 
Isolat ion Valves 

Fail Closed 

13. Turbine Bypass 

(US-4025 , 4026) 

Valves (US-3940, 
3942, 3944, 3946) 
Fall t o  Open 

1. Hechanical fa i lure  Same a s  above. 

1. 

1. 
2 .  

1.  
2 .  

3. 

Uechanical fa i lure  

Hechanical fa i lure  
Inadvertent signal 

Uechanical fa i lure  
Fai ls  t o  receive 
signal Prom SG out le t  
pressure and reactor 
rvegulating system 
I / P  converter fa i lure  

H a i n  Steam f a i l s  t o  supp ly  
steam to  steam seal  
regulator. Hinimal impact. 
Loss of steam seal  w i l l  
cause t r i p  of both t h e  main 
turbine and the SOFP 
turbines. 

Hain  Steam f a i l s  to  supply 
steam to moisture separator possible. 
reheaters. Hinimal impaot. 
Reduced pwer from low 
pressure turbines. 

Hanually open valves, 

Significant Pailure i f  i t  
becomes necessary for  the 
Turbine B y p a s s  Valves t o  
open i n  response to  a small 
LOCA. RCS could not be de- 
pressurized. 

Henually open valve, if 
possible. 

r 



Tab le  C8. (cont inued)  

F a i l u r e  P o s s i b l e  Causes E f f e c t s  Remedial Act ions  

4. Loss of d c  bus 1 1  
5. Pressure  t r a n s m i t t e r  

f a i l s  
6. Signal  a u o t i o n e e r i n g  

c i r c u i t  (PX-4056) 
f a i l s  

14. Turbine  Bypass 1. Hechanical f a i l u r e  
Valves  (US-3940, 2. Solenoid v a l v e s  (Hs. 

F a i l  to  Close 3947) f a i l  to o l o s e  
3942, 3944, 3946) 39418 39438 3g45, 

prevent ing  i s o l a t i o n  
of ins t rument  a i r  

3. Tav error or p r e s s u r e  
s i g n a l  f a i l u r e  

4 .  I/P c o n v e r t e r  f a i l u r e  
5. Control  c i r c u i t  

f a i l u r e  

15. Turbine  Bypass 1. Uechanical f a i l u r e  
Valves  (US-3940, 2. Loss of do bus 
3942, 3944, 3946). 3. I / P  o o n v e r t e r  f a i l u r e  
Close I n a d v e r t e n t l y  

16. Turbine  Bypass 1. Hechanical f a i l u r e  
Valves  (HS-3940, 2. Spur ious  t a v  error or 
3942, 3944 I 3946) p r e s s u r e  s i g n a l  
Open I n a d v e r t e n t l y  3. I / P  c o n v e r t e r  f a i l u r e  

4 .  Control  c i r c u i t  
f a i l u r e  

Subs t a n  t i a1 d e p r e s s u r i z e  t ion 
of steam g e n e r a t o r  whioh 
oould r e s u l t  i n  i n i t i a l  RCS 
overcool ing.  Eaoh t u r b i n e  
bypass  v a l v e  is a b l e  to paas 
10s o f  f u l l  pawer steam 
flow. If d e p r e s s u r i z a t i o n  
cont inues ,  USIVs w i l l  au to-  
m a t i c a l l y  close isolating 
t h e  bypass  va lves .  

Hinimal impact provided 
atmospheric  dump and oode 
s a f e t y  v a l v e s  are a v a i l a b l e  
to  r e l i e v e  pressure.  

Subs t a n  t i a l  de p r e a s u r i z  a t i o n  
of steam g e n e r a t o r  vh ioh  
could  result i n  i n i t i a l  RCS 
overcool ing.  Each t u r b i n e  
bypass  v a l v e  is able to p a s s  
10s of f u l l  power steam 
flow. If d e p r e s s u r i z a t i o n  
cont inues ,  HsIVs w i l l  auto-  

Manually o l o s e  va lve ,  i f  
poss ib le .  Close i s o l a t i o n  
v a l v e s  or manually i n i t i a t e  
WIV olosure .  

d 

W 
W 

Manually open valve, if 
poSS1 b1O.m 

Hanually o l o s e  va lve ,  i f  
poss ib le .  Take necessary  pro- 
c e d u r e s  to  control and reduce  
d e p r e s s u r i z a t i o n  i n c l u d i n g  
manually o l o s i n g  i s o l a t i o n  
va lves .  



Table C8. (continued) 

Possible Causes Effects Remedial Actione 

17. Turbine Bypass 
Valves (US-3940, 
3942, 3944, 3946) 
Fa i l s  t o  Quick Open 

18. Solenoid Valves 
( w  3940-sV, 3942, 
3944, 3946) Fail  t o  
Prevent Turbine 
Bypass Valves from 
Opening When 
Condenser Vacuum is 
L o u  or Cause Quick 
Close 

19. Code Safety Valves 
(US-3092 l h r u  4007) 
Fai l  t o  Open 

1. Hechanical failur'e 
2. Loss of 125 VDC u n i t  

control panels 
3. Solenoid valves 

(3941-CV8 3943, 3945, 
3947) f a i l  t o  open to  
permit higher 
ins t rumen t  a i r  
pressure 

4. Hain Turb ine  Control 
System f a i l s  to  send 
quick open signal 

1. Mechanical fa i lure  
2. Fails t o  receive low 

condenser vacuum 
signal 

1. Mechanical fa i lure  

matically close isolat ing 
the bypass valves. 

Uinimal Impact atmospheric Verify atmospheric dump and 
dump and code safety valves 
may be challenged. So pressure. 

code safety valvee relieve 

Hay damage condeneer. 
Hinlmal impact on RCS due 
t o  avai labi l i ty  of code 
safety valves. 

Important event but  u n l i k e l y  Uanually open valve, i f  
t o  happen. Sixteen valves necessary. 
are available to  open two-  
at-a-time t o  relieve SO 
pressure. The sixteen 



Table C8. (continued) 

Fa 11 u r e  P o s s i b l e  Causes Effects 

~~ 

Remedial Aotions 

20. Code S a f e t y  Valves  
(Hs-3092 t h r u  4007 ) 
Opens I n a d v e r t e n t l y  
or F a i l s  to  Close 

21. Hain Steam Line 
Drainage System 
F a i l s  t o  Drain 

22. A u x i l i a r y  Blowdown 
Pumps (11, 12) F a i l  

1. b o h a n i o a l  f a i l u r e  

1. Valves f a i l  olosed 
due to mechanical 
f a i l u r e  

2. Loss of c o n t r o l  power 
to motor opera ted  
va lves  

1. b c h a n i o a l  f a i l u r e  
2. Loss of electric power 

t o  pump from motor 
c o n t r o l  c e n t e r  

v a l v e s  have s e q u e n t i a l l y  
h igher  s e t p o i n t s .  Turbine 
bypass and steam dump v a l v e s  
must a lso f a i l  for t h i s  t o  be 
a s i g n i f i c a n t  event .  If larer 
a e t p o i n t  v a l v e s  f a i l ,  h igher  
s e t p o i n t  v a l v e s  w i l l  relieve 
pressure .  

S i g n i f i c a n t  event  due to  
r a p i d  d e p r e s s u r i z a t i o n  of necessary.  
main steam header  whioh may 
r e s u l t  i n  RCS overcool ing.  

I n s i g n i f i o a n t  f a i l u r e .  Host 
v a l v e s  can be opened 
manually. Complete 1038 of 
a l l  dra inage  is u n l i k e l y .  
All d r a i n  flow is a g r a v i t y  
flow t o  oondenser or 
bloudoun tank. 

Hanually o l o s e  valve, i f  

I n s i g n i f ' i c a n t  f a i l u r e .  
Auxi l ia ry  Bloudwn Tank 
would o v e r f i l l  and 
condensate  would flow to 
p l a n t  d r a i n .  



T a b l e  C8. ( c o n t i n u e d )  
~~ 

F a i l u r e  P o s s i b l e  Causes  E f f e c t s  Remedial  Aations 

23 

24. 

Uain Steam Isolation 1. 
Valve  (HS-4043, 
4048) Closes 2. 
I n a d v e r t e n t  1 y 3. 

Hain  Steam I s o l a t i o n  1. 
V a l v e  (HS-4043, 

C1 ose 
40481, F a i l s  t o  2. 

3.  

4. 

5.  

6 .  
7. 

Heohanical  f a i l u r e  
of v a l v e  
S p u r i o u s  SOIS s i g n a l  
Law p r e s s u r e  pumping 
u n i t  is u n a b l e  to  ho ld  
v a l v e  open 

Hechan iaa l  f a i l u r e  
of v a l v e  
High p r e s s u r e  pumping 
u n i t  f a i l u r e  c a u s e s  
accumula to r  p r e s s u r e  
to d e c r e a s e  below t h e  
p r e s s u r e  n e c e s s a r y  t o  
close v a l v e  
F a i l u r e  i n  t h e  
accumula to r  module 
F a i l u r e  i n  t h e  
c y l i n d e r  module 
F a i l u r e  i n  t h e  v a l v e  
module 
125 VDC power f a i l u r e  
SOIS signal n o t  
r e c e i v e d  d u e  to  
c i r c u i t r y  f a i l u r e  

I n s i g n i f i c a n t  e v e n t  because  
a t m o s p h e r i c  dump and  code  
s a f e t y  v a l v e s  are a v a i l a b l e  
to  r e l i e v e  main steam 
p r e s s u r e .  Uain steam 
p r e s s u r e  shou ld  n o m a l l y  b e  
s u f f i c i e n t  t o  h o l d  v a l v e  
open,  l o w  p r e s s u r e  pumping 
u n i t  is norma l ly  o n l y  
n e c e s s a r y  t o  c a u s e  t h e  v a l v e  
t o  open from t h e  c l o s e d  
p o s i t i o n .  T u r b i n e  t r i p  
would r e s u l t .  

S i g n i f i c a n t  e v e n t  i f  a steam 
generator i s o l a t i o n  s i g n a l  
a c t u a t e s  t h e  v a l v e s  to 
close. The i n v e n t o t q  &n t h e  
SG would r a p i d l y  blowdawn 
th rough  a r u p t u r e  i n  t h e  
main steam heade r .  
S i g n i  P i  can  t impac t  on RCS 
unde rcoo l ing .  



Table C8. (continued) 

F a i l u r e  P o s s i b l e  Causes effects Remedial Aotions 

25. Hain Steam I s o l a t i o n  1. Mechanical f a i l u r e  
Valve  (Hs-4043, of v a l v e  
4048) F a i l s  t o  Open 2. Low p r e s s u r e  pumping 

u n i t  f a i l u r e  

u n i t  is s i g n a l e d  t o  
close t h e  v a l v e  

3. High p r e s s u r e  pumping 

I n s i g n i f i c a n t  e v e n t  because 
p l a n t  is a t  lcu power l e v e l  
when v a l v e s  are normally 
olosad. Atmospherio duap 
and aode s a f e t y  v s l v e e  are 
a v a i l a b l e  to  r e l i e v e  main 
steam pressure .  Onoe opened 
main steam p r e s s u r e  w i l l  
hold v a l v e  open. 

N 

8 



Table C9. Component cooling system FMEA 

~~ ~~ 

Fail  ure Possible Causes e f fec ts  Remedial Aations 

w s  to  S U D D ~ V  V r  to  Lo& 

1. Loss of Component 
Cooling Water t o  
Reactor Coolant 
Pump Seals 

a. A l l  four pumps 

b. On one pump: 

Pump 1lA 
Pump 118 
Pump 12A 
Pump 12B 

1. 
2. 
3. 
11. 
5. 

6. 

7. 
8. 

CC-283 closes 
CC-284 closes 
CV-3832 closes 
4-3833 closes 
Loss of control 
parer t o  SV-3832 
or 3833 
Loss of pneumatic 

or 3833 
SV-3832 closes 
SY-3833 closes 

Supply t o  W-3832 

Operator f a i l s  t o  t r i p  
pump a f t e r  one of t h e  
following: 

CC-170 or 171 closes 
CC-173 or 174 closes 
cc-176 or 177 closes 
CC-179 or 180 closes 

Upon detection of high RC 
pump seal controlled bleedoff 
temperature, which would 
occur a f t e r  a lose of oolp 
ponent cooling water t o  
the pump seals,  t h e  operator 
tor is instructed t o  t r i p  
the pumps. Failure t o  t r i p  
the p u p s  under these con- 
di t ions is  assumed t o  re- 
s u l t  i n  fa i lure  of the pump 
seals. Rupture of the pump 
sea ls  consti tutes a small 
loss of coolant accident 
(LoCA) safety systems 
including HPSI and LPSI 
w i l l  be challenged. RCS 
undercooling may result due 
t o  the LOCA. 

Re-open coaponent oool ing 
system valves t o  reaponse flow 
possible. If oomponent cooling 
water f lw aannot be restored, 
t r i p  RC pump prior to exceeding 
temperature l i m i t s  of pump 
seals. If the 8-1 f a i l s ,  
follow prooedure for a m a l l  
LOCA. 



Table C9. (continued) 

F a i l u r e  Poss ib le  Causes eefects Remedial Aotions 

2. F a i l s  t o  Supply 1. 
Water t o  RCP Thermal 
Barrier 2. 

3.  

4. 

5 .  

6.  

7. 

3. F a i l s  t o  Supply 1.  
Cooling Water t o  RCP 
Upper/Louer Bearing 2. 
O i l  Coolers 

3.  

4 .  

5. 

6 .  

7. 

CV 3832 or 3833 Closes 

CC 285 or 289 Closes 

SY 3832 or 3833 Closes 

Component Cool ing 
System F a i l u r e  

Loss of Ins t rument  Air 

Loss of Contro l  Power 

Supply Return Valves  
C1 ose 

CV 3832 or 3833 Closes 

CC 384 or 389 Closes 

SV 3832 or  3833 Closes 

Component Cool ing 
System F a i l u r e  

Loss of Ins t rument  Air 

Loss of Contro l  Power 

Supply Return Valves  
Close 

F a i l s  to cool l a b y r i n t h  Adjust  t h r o t t l e  setting on 
passageway i n  body of RCP. ocnponent OOOling h e a t  
Hay r e q u i r e  pump t r i p  t o  exohanger. Valve-in bnokup 
prevent  damage. Normal M a r  h e a t  exohanger. Start  redun- 
is 28 gpm. d a n t  m p o n e n t  c o o l i n g  pump. 

Cooling r u s t  be r e s t o r e d  i n  10 
minutes  to prevent  pump damage. 

F a i l s  to  cool RCP motor Adjust  t h r o t t l e  setting on 
b e a r i n g  l u b e  oil ooolers .  
Hay r e q u i r e  pump t r i p  to exohanger. Valve-in baokup 
prevent  damage. Normal f lar h e a t  exchanger. Start  redun- 
150 gpm to upper b e a r i n g  d a n t  component c o o l i n g  pump. 
cooler and 5 gpm to  lower 
b e a r i n g  cooler. minutes  to prevent  p u p  damage. 

oarponent  oooling h e a t  

Cooling must be r e s t o r e d  i n  10 



Table C9. (continued) 

Failure Possible Causes Effeots Remedial lot ions 

4. 

5. 

6 .  

Fai l s  t o  Supply 
Cooling Water t o  
Letdown Heat 
Exchanger 

Fa i l s  t o  Supply 
Cooling Water to  
Control Element 
Drive Hechanism 

Fai ls  t o  Supply 
Cool ing Water t o  
Reactor Vessel 
Support Coolers 

Component Cooling System Fai ls  t o  cool heat exchanger 
Failure t o  a temperature sui table  

(below 145OF) for long term 
operation of t h e  purifica- 
t ion system. Above 145OF, 
the ion exchanger bypass 
valve s h i f t s  t o  bypass 
operation to  proteot the ion 
exchanger resins. 

1. CV 3832 o r  3833 Closes Loss of component aooling 
does not have a dras t ic  

2. CC 284 or 289 Closes effect  on CEDH u n l e s s  a i r  
flow is also lost .  Loss of 

3. SV 3832 o r  3833 Closes component cooling Cor sua- 
tained periods can shorten 

4. Component Cooling CEDH oo i l  l i f e .  Eventually 
System Failure due to  degradation of the 

co i l ,  the CEAs would drop 
5. Loss of Instrument A i r  due t o  lack of suff ic ient  

currant and the reactor 
6. Loss of Control Power would shutdown. 

7. Supply Return Valves 
close 

1. CV 3832 or 3833 Closes Bearing surfaces and struc- 
tural  concrete exceed allow- 

2. CC 284 or 289 Closes able working temperatures. 
40-year l i f e  expectancy is 

3. SV 3832 or  3833 Closes reduced due to  extended 
overheating. 

Hanually oontrol letdown heat 
exohanger oomponeat oooling 
out le t  control va lve  t o  
maintain temperature a t  120OP. 

Restore ooaponent oooling water 
flow t o  CEDH aoolers. 

Restore component cooling water 
flow t o  reaotor vessel support 
coolers. 



Table C9. (continued) 

Fa1 lure  Possible Causes Effects Remedial Aotions 

7. Fai l s  t o  Supply 
Cooling Water t o  
Steam Generator 
Support Coolers 

8. Fai l s  t o  Supply 
Cooling Water to  
Shutdown Cooling 
Heating Exchangers 
During : 

4. Component Cooling 
System Failure 

5. Loss of Instrument Air 

6. Loss of Control Parer 

7. Supply Return Valves 
Close 

1. CV 3832 or  3833 Closes Bearing surfaces and struo- Restore component Oooling water 
tural  concrete exceed allow- flow t o  ateam generator vessel 

2. CC 284 or 289 Closes able working temperatures. supports .  
40-year l i f e  expeotanoy 

3. SV 3832 or 3833 Closes would be reduced due t o  
extended overheating. 

4 .  Component Cooling 
System Failure 

5. Loss of Ins t rument  Air 

6. Loss oe Control Power 

7. Supply Return Valves 
Close 

1 .  CC 264 or CC 261 
Closes 

2. CC 261 or CC 266 
Closes 

Inabi l i ty  to  reach shutdown Restore component cooling t o  
temperature using heat ex- 
changers. Alternate method exchangers. 
of cooldarn should be used 
u n t i l  component cooling 
again becomes available. 

shutdarn oooling heat 

N s 



Table C9. (continued) 

Fa i 1 ure Possible Causes eefeota Remedial Aotiona 

1. Plant Cooldown 3. Component Cooling - Requires two pumps and two 
System F a i l u r e  heat exchangers for plant 

cooldown (300 t o  1 2OOP). 
4. O u t l e t  Control Valve 

2. Post LOCI (CV 3830 o r  CV 3828) - Requires one pump and two 
Cooldown Pai ls  t o  Open heat exchangers for post 

LOCI cooldown 

3. Cold Shutdown 

9. Loss of Component 
Cooling Water t o  
IlPSI and LPSI 
Pumps 

a. A l l  HPSI and Hechanical fa i lure  
LPSI pumps CC-258 closes 
affected 

b. HPSI 11 and 12 Mechanical fa i lure  
and LPSI 11 CC-270 closes 
af fected 

- Requires one pump and one 
heat exchanger for cold 
shu tdcun  

Pumps are designed t o  oper- Re-open valves i f  possible. If 
a t e  for  two hours wi thea t  
comopnent cooling water. and o o o l i ~  water f lcu cannot 
Loss of component water for be restored, attempt t o  ro ta te  
periods greater than two 
hours is assumed t o  f a i l  
HPSI and LPSI. HPSI and 
LPSI are safety systema de- 
signed to  provide core h e a t  
removal during emergency 
opera ticn. 

safety injeotion is required 

the pumps. i n  operation. 

N 
0 
0 

c. HPSI 13 and Hechanical fa i lure  
LPSI 12 affected CC-242 closes 



Table C9. (continued) 

Failure Possible Causes E f  f ac t s  Remedial Aations 

10. Fai l s  t o  Supply 1. 
Cooling Water t o  
Con t a l  nment Pene t ra- 
t ions Coolers for 2. 
Hain Steam Lines, 
Feedwater Lines, 
Steam Generator 3. 
Blowdown Linea, 
Reactor Coolant 
Letdown Lines, 
Reactor Coolant 
Sampl ing 

11. Fai l s  t o  Supply 1. 
Cooling Water t o  
Reactor Coolant 
Waste Evaporator 2. 

3. 

12. Fai l s  t o  Supply 1. 
Cooling Water t o  
Hiscellaneous Waste 
Evaporator 2 .  

CC 163, CC 270, or 
CC 111 Closes 

Component Cooling 
System Failure 

Supply or Return 
V a1 vas to  Individual 
Coolers Fall  

CC 457 or CC 550 
C1 oaes 

Component Sy a tern 
Failure 

Individual Supply and 
Return Valves Closes 

Individual Supply or 
Return Valve Closes 

Component Cooling 
System Failure 

Failure of t h e  component Restore aompomnt cooling water 
cooling system t o  supply f l o w  t o  aontainment penetration 
cooling water t o  the aoolers coolers. 
w i l l  not resu l t  i n  abrupt 
fa i lure  of containment 
penetration. 

Inabi l i ty  to aondenae vapor Operator res tores  aomponent 
i n  t h e  evaporator aonaentra- 
tor aondenaer. Evaporator evaporator. 
requires extensive oooling, 
so during a transient t h e  
cooling water supply t o  eva- 
porator is isolated,  pro- 
viding more cooling water 
f o r  safety needs. No aigni- 
f icant impact on plant 
safety. 

aooling water t o  RC waste 

Inabi l l ty  to  condense vapor Operator res tores  aoaponent 
i n  concentrator condenser. 
Evaporator requires erten- 
slve cooling, so during a 
transient cooling water is 
isolated,  providing addi- 

cooling water t o  t h e  D i e -  
cellaneous waste evaporator. 



Table C9. (continued) 

Failure Possible Causes Effects Remedial Aotions 

3. CC 057 or CC 458 t ional cooling water for 
Closes safety needs. No signifi-  

cant impact on plant aafety. 

13. Fai l s  t o  Supply 1. Supply or Return 
Cooling Water to: Valve Closes 

1. Dis t l l l a t e  Cooler 2. Component Cooling 

2. Vacuum Pump Seal 
Water Cooler 

System Failure 

3. Vacuum Pump D i s -  
charge Cas Cooler 

Fa i l s  t o  cool d i s t i l l a t e  Operator restorea aooling water 
prior t o  diaaharge to  waste t o  the ooolers, If possible. 
monitor tank. Fa i l s  t o  cool 
seal  water prior t o  its d i s -  
charge in to  the vacuum pump 
suction. Fai ls  t o  cool 
vapors prior t o  the i r  dis- 
'charge to  t h e  Waste Cas 
System. Isolated on CIS. 
Represents major nowsafety 
load or aomponent cooling. 

14. Fa i l s  t o  Supply 1. Supply or Return Cooling water is absolutely Seoure waste p a  compressor 
Cooling Water t o  Valve Closes necessary t o  prevent over- and repairs  oaaponent cooling 
Waste Cas heating of compressors. If system. 
Compressors 2. Component Cooling cooling is los t ,  operator 

System Failure should secure waste gas 
compressor. 

3. Solenoid Valve SV 2203 
(SV 2205) Fai l s  t o  
Open 

5 .  High Pressure Signal 
S t a r t s  Compressor but 
Doean* t Open Valve 
(SV 2203) 



Table  C9. (continued) 

F a i l u r e  

15. F a i l s  t o  Supply 
Cool ing  Water to: 

1. Reactor Coolant 
Dra in  Tank Heat 
Exchanger 

2. D e g a s i f i e r  Vacuum 
Pump Accumulator 

16. F a i l s  t o  Supply 
Cool i n g  Wa tar  t o  
Sample Coolers for 
Hi ace 1 1 a neous Waste 
Steam Genera tor  
Reactor Coolant 

17. F a i l s  t o  Supply 
Cool i n 8  Water t o  
Gas Analyzing Unit 

18. F a i l s  t o  Supply 
Cooling Water t o  
Steam Genera tor  
Blowdoun Radia t ion  
Monitor ing Unit 
Sempl e Cooler 

P o s s i b l e  Causes Effects Remedial Lotions 

1. Supply or Return Valve Reactor aoolant d r a i n  tank  Restore oooling water to 
Closes o v e r h e a t s  and overpresau-  oollponenta as q u i o k l y  aa 

rizes. Drain water f l e s h e s  poss ib le .  
2. Component Cool ing t o  steam. F a i l u r e  t o  oool  

incoming g a s e s  r e s u l t s  i n  
loss  of seal t o  t h e  vacuum 
pump. Vacuum pump vi11 then 
overhea t  i P  not  secured  by 
t h e  operator. 

System F a i l u r e  

1. Supply or Return No c o o l i n g  oP samples  to  Provide an alternative method 
Valves Closes a o c e p t a b l e  tempera tures  for for -ling sample. 

chemioal a n a l y s i s .  Opera tor  
2. Component Cool ing w i l l  need t o  wait for sample 

System F a i l u r e  to  cool before  chemioal 
a n a l y s i s  oan be performed. 
Personnel  i n j u r y  p o s s i b l e  
due to handl ing  of hot  
samples. 

1. Supply or Return F a i l s  to  mol hot  oxygen and Provide oimponent oool ing  water 
Valves Closes hydrogen s imples  t o  acoepta-  

b l e  tempera tures  for acou- vster system. 

ana 1 yz er a. 

from U n i t  2 oaponent  c o o l i n g  

2. Cmponent Cool ing rate a n a l y s i s  by t h e  g a s  
System F a i l u r e  

1. Supply or Return F a i l s  to  reduoe tempera ture  Restore cooling, i f  poss ib le .  
Valves  Closes of bloudoun sample belar 

140°F necessary  for proper  
2. Component Cool ing o p e r a t i o n  OP r a d i a t i o n  

Sys tem F a i l u r e  monitor u n i t .  



Table C9.  (cont inued)  

Fa 11 ure P o s s i b l e  Cauaes E f f e o t s  Remedial Aotions 

Comoonent C o o m  System -v of Coo- to Lpapa 

19. Component Cool ing 1. Loss OP E l e c t r i o  Parer  Normal o p e r a t i o n  r e q u i r e s  
Pumps 11, 12, 13 from U n i t  Buses llA, one component c o o l i n g  water 
F a i l  14A, 118 or 14B pump to  r u n  a8 designed. 

A 1  though p l a n t  moldown is 
2. Hechanioal F a i l u r e  normally aooompliahed ua ing  

two pumps, one pump cwuld 
3. Pump F a i l s  to  Receive cooldown but  i t  would t a k e  a 

Star t  Actuat ion Due to  longer  time. Pump 13 h a s  
C i r c u i t r y  F a i l u r e  two sources of  e l e o t r i o  

i n c r e a s i n g  system r e l i a b i l i -  
ty .  F a i l u r e  of a l l  t h r e e  
pumps w i l l  adverae ly  impact 
numerous oomponents through- 
o u t  t h e  plant .  Two pumps 
upon SIAS. . 

Upon failure of operating p m p ,  
operator should  start standby 
pump; If t h i r d  p u p  (13) d o e s  
not start,  alternate m e r  
breaker  should be olosed  in .  
F a i l u r e  to  supply aooling water 
to aome l o a d s  may r e q u i r e  
r e a o t o r  t r i p .  

20. Pump S u c t i o n  Valves  Mechanical F a i l u r e  
(CC 1 1 1 ,  1121, 
(CC 116, 1171, 
(CC 121, 122) Closes 

Component cooling water 
system inoludes  a normal and poss ib le .  
s tandby header  for both t h e  
supply and r e t u r n  l i n e s .  If 
one of t h e  headers  b e o m s  
i n o p e r a b l e  ( v a l v e  f a i l u r e ) ,  
system o p e r a t i o n  can cont i -  
nue on a s i n g l e  header  w i t h  
no s i g n i f i c a n t  degrada t ion  
of performance, i.e., both 
supply or both r e t u r n  v a l v e s  
must Pa i l .  

Manually open valve i f  



Table C9. ( c o n t i n u e d )  
- 

Fa 11 u r e  P o s s i b l e  Causes  E f f e o t s  Remedial Aotions 

21. Pump Discharge Heohanical F a i l u r e  
Valves 
(CC 113, 1141, 

(CC 123, 1241 
Closes 

4cc 118, 1191, 

22. Component Cooling 1. 
Head Tank F a i l s  t o  
Provide Net P o s i t i v e  
S u c t i o n  Head and 2. 
Surge Volume 

23. Component Cooling 1. 
System Heat 
Exchangers 11, 12 
F a i l  2. 

Level Switoh P a i l s  t o  
Provide Tank Makeup 

CC 101 and 102 F a i l  
Closed 

O u t l e t  Valve CC 149, 
156 F a i l  Closed 

S a l t  Water System 
F a i l s  to Cool Heat 
Exchanger 

Component oool ing  water 
system i n c l u d e s  a normal and 
s tandby header  for both  t h e  
supply and r e t u r n  l i n e s .  If 
one of t h e  headers  beoarpea 
i n o p e r a b l e  ( v a l v e  f a i l u r e ) ,  
system o p e r a t i o n  can oont i -  
nu8 on a single header  w i t h  
no s i g n i f i c a n t  d e g r a d a t i o n  
of performance, i.e., both 
pump v a l v e s  must f a i l .  

Unlikely e v e n t  i n  which head 
tank  f a i l s  to supply head to  
component c o o l i n g  r e t u r n  
headers  caus ing  pump cavita- 
t i o n .  

Loss of c o o l i n g  water f lw 
w i l l  cause  f a i l u r e  of stra- 
t e g i c  oomponents i n  2 hours. 
I f  only  one h e a t  exchanger  
is r e q u i r e d ,  t h e  f a i l e d  h e a t  
exchanger should  be i s o l a t e d  
and t h e  s tandby h e a t  ex- 
change should be valved i n t o  
opera t ion .  Losa of s a l t  
water  c o o l i n g  w i l l  degrade 
t h e  a b i l i t y  of t h e  component 
c o o l i n g  system to cool stra- 
t e g i c  components. 

Manually open bypass v a l v e  
pemi t t ing makeup from t h e  
deminera l ized  water system or 
t h e  oondenaate system. 

Operator should valve i n  
s tandby h e a t  exohanger. Hey 
also be neoesaary t o  isolate 
t h e  larger loads suoh as t h e  
waste evapora tors .  



Table C9. (continued) 

Fa i lure  Possible Causes Effects R e m e d i a l  Actions 
--- 
24. Header Valve Heohanical Failure Causes 

Failures: Valve to  Close 

CC 147 and 148 

CC 154 and 155 

CV 3824 

CV 3826 

25. Bypass Valve 
Fa1 1 ures : 

3823 

CV 3825 

Fails  s u p p l y  of component 
cooling water t o  heat 
exchanger 12. 

Fails  supp ly  of component 
cooling water t o  heat 
exchanger 11. A l l  four 
supp ly  valves must f a i l  
closed t o  f a i l  oooponent 
cooling water supply to  heat 
exchangers. 

Fai ls  flow from heat 
exchanger 11 to  cooling 
loads. 

Fai ls  flow frcm heat 
exchanger 12 t o  cooling 
loads. For fa i lure  to  be 
significant,  valve must  f a i l  
on the associated operating 
heat exchanger. 

Mechanical Failure Causes Bypass valve f a i l s  open 
Valve to Open causing component cooling 

water to  bypass the heat 
exchanger. T h i s  causes 
degraded operation of 
component cool ing system. 

Operator manually reopens 
valve. 

Operator manually closes valve. 



Table C9. (continued) 

Fa1 1 u r  e P o s s i b l e  Causes Effects Remedial Aotions 

26. Header Valve 
F a i l u r e  : 

CC 163, 162 

Q t h e r  F a i l u r e a  

27. Component Cooling 
Addi t ive  Tank F a i l s  

Uechanioal F a i l u r e  Causes 
Valve to  Close 

1. CC 141 and 142 F a i l  
to  Open 

2. CC 143 F a i l s  t o  Open 

For f a i l u r e  to  be s i g n i f i -  
c a n t ,  v a l v e  must f a l l  on t h e  
associated operating h e a t  
exchanger and flow bypassed 
m u s t  be s i e n i p i c a n t .  

B o t h  v a l v e s  must P a i l  c losed  Opera tor  manusl ly  reopens  
t o  cause a loss of component valve. 
c o o l i n g  water  t o  t h e  loads. 

F a i l u r e  to add chemica ls  to If v a l v e s  are m u r o e  of 
component oool ing  system v i a  problem, a t t e m p t  t o  manually 
t h e  a d d i t i v e  tank  w i l l  re- open. 
s u l t  i n  i n c r e a s e d  o o r r o s l o n  
of t h e  components and p i p i n g  
i n  t h e  component c o o l i n g  
system. Heat t r a n s p e r  
a c r o s s  fouled  s u r f a c e s  u i l l  
be reduced. 



Table C10.  Service  water s y s t e m  FMEA 

F a i l u r e  Poss ib le  Causes E f  fect a Remedial Aotions 

S e r v i c e  Water Header F W  

1. S e r v i c e  Water Pumps 1. 

2. 
11, 12, 13 T r i p  

3.  

2. S e r v i c e  Water l leat  1. 
Exchanger 11, 12 
F a i l s  2. 

3. 

Mechanical F a i l u r e  

Loss of E l e o t r i c  Power 
from 4 kV Bus 11 for 
Pump 11, 4 kV Bus 14 
for Pump 12, and both 
II kV Buses 11 and 14 
f o r  Pump 13 

Supply or Return 
Valves  F a i l  Closed 

Heahanical F a i l u r e  

Salt Water System 
Header F a i l u r e  

I n l e t  or O u t l e t  Valves  
F a i l  Closed 

S i g n i f i c a n t  f a i l u r e  because V e r i f y  au tomat ic  s t a r t  of 
i t  degrades  h e a t  removal s tandby pump. If pump 13 d o e s  
from important  p l a n t  not s ta r t ,  a l ign a o n t a o t s  to  
components i n c l u d i n g  t h e  o t h e r  bus. 
d i e s e l  g e n e r a t o r s  and t h e  
ins t rument  a i r  compressors. 
Two pumps are r e q u i r e d  t o  
o p e r a t e  so one p u p  is 
placed i n  standby. The re- 
dundancy incorpora ted  i n t o  
t h e  des ign  permits operation 
of pump 13 from e i t h e r  bus. 
Unlikely t h a t  two pumps 
would f a i l  s imultaneously.  

S i g n i f i c a n t  f a i l u r e  because Re-open v a l v e s  o r  r e p a i r  h e a t  
i t  degrades  h e a t  removal 
from important  p l a n t  compo- 
nents .  P l a n t  may be tempo- 
r a r i l y  opera ted  w i t h  j u s t  
one h e a t  exchanger d u r i n g  
normal operation. During a n  
emergency some l o a d s  would 
be i s o l a t e d ,  p e r m i t t i n g  , 

l o n e e r  o p e r a t i o n  w i t h  o n l y  
one h e a t  exchanger. 

exohanger If posai ble. 



Table C 1 0 .  (continued) 
-- 

Fa 11 u r e  P o s s i b l e  Causes E f f e o t s  Bemedial Aotions 

3. S e r v i c e  Water Head 1. SRW-1579 P a i l s  t o  Open 
Tank 11, 12 F a i l s  to and Bypass Valve F a i l s  
Provide Suot ion  Head to Open 

2. LS-1529 P a i l s  t o  Open 
SRW-1579 and Bypass 
Valve P a i l s  t o  Open 

3. Solenoid Valve Sv-1579 
F a i l s  to Close 

4 .  S e r v i c e  Water Valves  F a i l  t o  Open 
. Addi t ive  Tank F a i l s  
Chemical Addit ion 

fl 

5. Loss of S e r v i c e  
Water t o  Emergency 
Diesel Generator: 

No. 1 1  Diesel 1. 1-CV-1587 F a i l s  to 
Open 
a. Mechanical F a i l u r e  
b. Diesel S ta r t  S i g n a l  

Not Received Due t o  
C i r o u i t r y  F a i l u r e  

1587 Closes Valve 
0. C o n t r o l l e r  PDIC- 

F a i l u r e  t o  provide  makeup to  Opera tor  ahould manually open 
head t a n k s  may r e s u l t  i n  t h e  v a l v e  t o  control water l e v e l  
loss of n e t  positive s u o t i o n  i n  head tank. 
head t o  t h e  s e r v i c e  water 
pumps. Loss of s u o t i o n  head 
w i l l  Pa i l  pumps. 

I n s i g n i f i c a n t  fa i lure  w i t h  
respect to  p l a n t  response  t o  
a t r a n s i e n t .  

Loss of s e r v i c e  water to an If om supply header  to  a 
emergenoy d i e s e l  generator p a r t i o u l a r  d i e s e l  is unavai l -  
w i l l  r e s u l t  i n  d i e s e l  a b l e ,  operator should  open 
g e n e r a t o r  f a i l u r e .  The two v a l v e s  to supply  d i e s e l  w i t h  
C a l v e r t  C l i f f s  u n i t s  s h a r e  3 a n  alternate m u r o e  of aooling 
d i e s e l s .  Supply header  1 1  water. 
can supply service water to 
e i t h e r  d i e s e l  1 1  or 12. 
Supply header  12 oan supply  
d i e s e l  12 or  21. Supply 
header  21 c a n  supply d i e s e l  
1 1  or 12. Supply header  22 
can  supply diesel 21 and '12. 



Table C10. ( c o n t i n u e d )  

E f f e o t a  Remedial Aotions F a i l u r e  P o s s i b l e  Causes 

2. One of l k o  Uanual s e r v i o e  water f a i l u r e s .  

p r o b a b i l i t y  of loss of 
Valves F a i l  Closed T h i s  redundancy reduoea t h e  

3. S e r v i c e  Water Header d i e s e l  p a r e r  due to sewiae 
F a i l u r e s  water f a i l u r e s .  

No. 21 Diesel 1. 2-CV-1587 F a i l s  to  
Open 
a. Mechanical F a i l u r e  
b. Diesel S ta r t  S i g n a l  

Not Received Due to 
C i r o u i t r y  F a i l u r e  

1587 Closes Valve 
0. C o n t r o l l e r  PDIC- 

2. One of Two Hanuel 
.Valves F a i l  Closed 

3. Serv ice  Water Header 
Fa 11 u r e a  

No. 12 Diesel 1. 1 and 2-CV-1645 F a i l  
to Open 
a. Mechanical F a i l u r e  
b. Pressure S e n s o r s  

1/2 PS-1645 F a i l  

2. 1 and 2-CV-1645 F a i l  
to Open 
a. Hechanical F a i l u r e  



Table C10.  ( cont inued)  

F a i l  ur e P o s s i b l e  Causes E f f e c t s  Remedial Aations 
- 

b. P r e s s u r e  S e n s o r s  
Prevent  Valve from 
Opening 

3. 

4. 

5. 

6 .  Loss of S e r v i c e  
Uater to  Compressed 
A i r  System 
Components: 

A l l  Ins t rument  1. 
A i r  and Compressed 
Air Compressors 2. 

3. 

1-CV-1588 F a i l e  to  

a. Mechanical F a i l u r e  
b. Diesel S tar t  S i g n a l  

Not Received Due t o  
C i r a u i t r y  F a i l u r e  

1588 Closes Valve 

Open 

0. C o n t r o l l e r  PDIC- 

Both Hanual Supply or 
Both Return Valves  
F a i l  Closed Simulta-  
neously 

S e r v i c e  Uater Header 
F a i l u r e s  

SRU-181 F a i l e  Closed 

SRU-183 F a i l s  Closed 

Pa-1628 F a i l s  Closed 

Loss e l  service water cool- 
i ng  to t h e  colPpressors or 
a f t e r c o o l e r s  w i l l  r e s u l t  i n  
e v e n t u a l  compressor or after- 
cooler f a i l u r e .  T h i s  is a 
s i g n i f i c a n t  f a i l u r e  because 
pneumatic components muat be 
cont inuous ly  s u p p l i e d  w i t h  
ins t rument  a i r  to  main ta in  
s a f e  and r e l i a b l e  o p e r a t i o n  
of t h e  p lan t .  Some redun- 

Reopen s e r v i a e  water supply  
or r e t u r n  v a l v e s  i f  p o s s i b l e .  



Table C10.  (cont inued)  

F a i l u r e  Poss ib le  Causes E f f e o t s  Remedial Aotions 
-- 

P l a n t  Compressor 
11 

P l a n t  Compressor 
11 A f t e r c o o l e r  

Ins t rument  Air 
Compressor 11 

4. 

5.  

6. 

7. 

8. 

1. 

2. 

3. 

1. 

2. 

3. 

1. 

2. 

3. 

CV-1637 F a i l s  Closed 

CV-1639 F a i l s  Closed 

S e r v i c e  Water Pump 11 
T r i p s  

Loss of  Electric Power 
From 125 VDC Bus 11 
Closes CV-1637 

Loss of E l e c t r i o  Power 
From 125 V D C  Bus 21 
Closes CV-1639 

SRU-197 F a i l s  Closed 

SV-1636 F a i l s  Closed 

TCV-1636 F a i l s  Closed 

SRW-199 F a i l s  Closed 

91-1635 F a i l s  Closed 

SRH-200 F a i l s  Closed 

SRI-189 F a i l s  Closed 

TCV-1630 F a i l s  Closed 

SI-1630 F a i l s  Closed 

danay is  provided in t h e  
compressed a i r  s y s t e a  i n  t h e  
event  of component f a i l u r e s .  
Two ins t rument  a i r  oaopres- 
aors are a v a i l a b l e ,  a l though 
one is u s u a l l y  a l l  t h a t  is 
requi red .  The U n i t  1 p l a n t  
a i r  compressor is backed up 
by t h e  Unit  2 p l a n t  a i r  
o m p r e s s o r .  P l a n t  a i r  is 
a l s o  important  beoause i t  
provides  b r e a t h i n g  a i r  for  
r e s p i r a t o r  o p e r a t i o n  i n s i d e  
containment. P l a n t  a i r  is 
backed up by b r e a t h i n g  a i r  
t a n k s  i n s i d e  containment. Verify t h a t  baokup oaopreasors  

are s t a r t e d  when l i n e  p r e s s u r e  
d r o p s  b e l w  lar limit. 



Table C10.  (continued) 

Failure Possible Causes Eefect 3 Bemedial lot ions 

Instrument Air 
Compressor 11. 
Aftercooler 

Instrument A i  r 
Compressor 12 

Instrument Air 
Compressor 12 
Aftercooler 

7. Loss of Service 
Water t o  Aux. Feed 
Pump Room A/C Cooler 

1.  

2. 

3. 

1.  

2. 

3. 

1. 

2. 

3. 

1.  

2. 

3. 

4. 

SRU-191 Fa l l s  Closed 

SV-1629 Fa i l s  Closed 

SRU-192 Fa i l s  Closed 

SRU-193 Fa i l s  Closed 

S-1634 Fa i l s  Closed 

TCY-1634 Fai ls  Closed 

SRU-195 Fa i l s  Closed 

S-1633 Fa i l s  Closed 

SRU-I 96 Fa i l s  Closed 

SRU-502 Fa i l s  Closed Extended lo s s  of Bervioe 
water t o  auxiliary feed p u p  

PCV-1600 Fa i l s  Closed room coolers i a  assumed to  
f a i l  the auxiliary feedwater 

SRW-503 Fai l s  Closed pumps i C  they a re  running. 
The  time to fa i lure  cannot 

Service W e r  Header be determined uslng FHEA 
Failures techniques. 

Re-open valve If  poasible. 



Table C10.  (continued) 

F a i l u r e  Poss ib le  Causes E f  f e o t  s Remedial Aotiona 

8. Loss of S e r v i c e  1. 
H a t e r  to Genera tor  
E x c i t e r  Air Coolers 2. 

3.  

4. 

5. 

9. Loss of S e r v i c e  
Water t o  Genera tor  
Bus D u c t  Coolers  

Cooler  12 

6. 

SRU-286 F a i l s  Closed Loss of s e r v i c e  water for 

SRY-289 F a i l s  Closed t o  r e s u l t  i n  t h e  loss of 
and SAY 291 F a i l s  t o  h e a t  removal from generator 
Open e x c i t e r  and eventua l  t u r b i n e  

SRY-1603-CV F a i l s  expected t o  have a s i g n i f i -  
Closed and SRW-291 c a n t  impact on p l a n t  
P a i l s  to  Open response t o  a t r a n s i e n t .  

SRU-290 Fa i l s  Closed 
and SAW-291 P a i l s  t o  

extended per iod  is assumed 

t r i p .  T h i s  f a i l u r e  is not  

Open 

TIC-1603 Closes CV- 
1603 and SRY-291 F a i l s  
to Open 

Serv ice  Hater  Header 
F a i l u r e s  

Re-open v a l v e  i f  poss ib le .  
V e r i f y  t u r b i n e  t r i p  on high 
e x c i t e r  temperature. 

N N 
N 

1. SW-296 F a i l s  Closed Loss of s e r v i c e  water for a n  Re-open v a l v e  If p o s s i b l e .  

2. SRU-297 F a i l s  Closed t o  r e s u l t  i n  a t u r b i n e  

3. CV-9901 Fails  Closed f a i l u r e  is not  expected t o  

extended per iod  is assumed 

g e n e r a t o r  t r i p .  T h i s  

have a s i g n i f i c a n t  impact on 
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Table C 1 0 .  (continued) 

F a i l u r e  P o s s i b l e  Causes Effects Remedial Aotions 

12. Loss of S e r v i c e  1. 
Water t o  Degasifier 
Vacuum Pump 2. 

3. 

13. Loss of S e r v i c e  1. 
Water to  Turbine  
Lube O i l  C o o l e r s  2. 

3. 

5 .  

6. 

7. 

SRW-392 F a i l s  Closed 

SAY-393 P a i l s  Closed 

S e r v i c e  Water Header 
F a i l u r e s  

SRW-252 F a i l s  Closed 

SRW-256 F a i l s  Closed 
and SRU-258 P a i l s  t o  
Open 

SRW-1626 -Q F a i l s  
Closed and SAY-258 
F a i l s  to Open 

SRW-257 F a i l s  Closed 
and SRU-258 P a i l s  to  
Open 

SRW-253 F a i l s  Closed 

TIC-1626 Closes CV- 
1626 and SRW-258 F a i l s  
t o  Open 

Serv ice  Water Header 
F a i l u r e  a 

I n s i g n i f i o a n t  f a i l u r e  which Re-open v a l v e  il poss ib le .  
w i l l  have minimal impaot on 
p l a n t  opera t ion .  

Loss of s e r v i c e  water  to Re-open valves i f  poss ib le .  
coolers is assumed to  f a i l  
coolers and t r i p  turb ine .  oil temperature exoeeda d e s i g n  
T h i s  f a i l u r e  is not consi- l i m i t .  
dered to have a s i g n i f i c a n t  
impact on p l a n t  opera t ion .  

Veri0 t u r b i n e  t r i p s  i f  l u b e  

N 
N 
P 



‘Table C10.  (continued) 

Failure Possible Causes EPP ec t s  Remedial Aotions 

14. Loss OP Service 1. 
Water to  Generator 
Hydrogen Coolers: 

2. 

3. 

4. 

5. 

Cooler 11 

Cooler 12 

Cooler 13 

Cooler 14  

SAW-283 Fai l s  Closed Loss OP service water is Re-open valves if possible. 
and SRW-285 Pai ls  t o  assumed to  f a i l  aoolers and T r i p  or veriQ turbine t r f p  
Own cause a turbine t r i p .  upon high temperature indioa- 

Failure is not considered t o  tion. 
SW-1608-CV Pai l s  have a significant impaot on 
Closed and SAW-285 plant response to  a 
Fai ls  t o  Open transient. 

SAW-284 Fai l s  Closed 
and SW-285 Pai ls  t o  
Own 

TIC-1608 Closes CV- 
1608 and SAW-285 Fai l s  
t o  Open 

Service Water Header 
Failures 

SRY-272 o r  273 Fa i l s  
Closed 

SRW-274 or  275 Pai ls  
Closed 

SRW-277 o r  278 Fails  
Closed 

SRU-280 or  281 Fa i l s  
Closed 

N N 
In 



Table C10.  (continued) 

Reuedial Aotions Fai 1 ure Possible Causes Effects 

15. Loss of Service 
Water t o  Generator 
Stator  'Liquid 
Coolers : 

Cooler 11 

Cooler 12 

16. Loss of Service 
Ua tar t o  
E l  ectrohydraul l a  
Control System Oil 
Cool e r s  

Cooler 11 

Cooler 12 

Service Water lleader 
Failures 

SW-240 o r  241 Fai ls  
Closed 

SRW-244 or  245 Fa i l s  
Closed 

1. 

2. 

3. 

4. 

5. 

SRU-429 Fai ls  Closed 

SW-442 Fai ls  Closed 
and SRW-443 Fai ls  t o  
Open 

CV-1628 Fails Closed 
and SRW-4b3 Fai l s  t o  
Open 

TIC-1628 Closes CV- 
1628 and SAY-443 Fa i l s  
t o  Open 

Service Water Header 
Failures 

SW-260 Fai ls  Closed 

SRW-264 F a i l s  Closed 

Loss of service water is 
assumed to  f a i l  heat removal 
from generator s ta tor  resul-  
t ing i n  a turbine t r ip .  
Failure is not aonsidered t o  
have a significant impaat on 
plant response to  a tran- 
sient.  

Re-open valve i f  possible. 
Trip or verify turbine t r i p  O n  
high temperature indioation on 
generator s ta tor .  

Loss of service water to o i l  Re-open valve i f  possible. 
coolers for an extended 
period is assumed t o  f a i l  
the EHC system. T h i s  
fa i lure  is expected t o  have 
minimal impaot on plant 
operation because one oooler 
is  suff ic ient  t o  supply 
cooling requirements and one 
cooler is available i f  t h e  
operating cooler should 
f a i l .  

Open valve on atandby cooler. 



Table  C10.  (continued) 

F a i l u r e  P o s s i b l e  Causes Effects Remedial Aotiona 

17. Loss of Service  Loss ot' s e r v i c e  water Operator  should reed  t r i p  or 
Water t o  Main Feed' c o o l i n g  to  l u b e  o i l  coolers t u r b i n e  and r e a o t o r  and verim 
Pump Lube Oil for a n  extended period is t h e  i n i t i a t i o n  or a u x i l i a r y  
Coolers assumed t o  t r i p  t h e  main feedwater .  

feedwater  pump. t r i p  of 

and reactor t r i p .  
Pump 1 1  Cooler 1. SRY-202 F a i l s  Closed pump w i l l  r e s u l t  i n  t u r b i n e  

2. SRY-203 and SRY-446 
F a i l  Closed 

3. SRU-1622-CV and SRY- 
446 F a i l  Closed 

4. SRM-445 and SRY-446 
F a i l  Closed 

5. TIC-1622 Closes CV- 
1622 and SRU-446 
F a i l s  Closed 

6. Service  Mater Header 
F a i l u r e s  

Pump 12 Cooler  1. SRU-206 F a i l s  Closed 

2. SRV-207 and SRY-448 
F a i l  Closed 

3. SRV-1623-cV and SRV- 
448 F a l l  Closed 



Table ~ 1 0 .  (continued) 

Failure Possible Causes Effects Remedial lot ions 

18. Loss of Service 
Water t o  Circulating 
Water Priming Pumps 
Seal Water Coolers: 

Cooler 11 

Cooler 12 

Cooler 13 

19. Loss of Service 
Water t o  Condenser 
Vacuum Pump Seal 
Water Coolers: 

Cooler 11 

Cooler 12 

Cooler 13 

4 .  SRI-447 and SRY-440 
Fail Closed 

5. TIC-1623 Closes CV- 
1623 and SRW-448 
Fails  Closed 

6. Service Water Header 
Failures 

Service Water Header 
Fai 1 ures 

SRW-234 Fails  Closed 

SRW-236 Falls  Closed 

SRY-238 Fails  Closed 

1. Cy-1627 Fai l s  Closed 

2. Service Water Header 
Failures 

SRW-210 Fails Closed 

SRW-214 F a i l s  Closed 

SRW-218 Falls  Closed 

Loss of seal water oooling 
is assumed to  f a i l  pumps. 
Minimal impact on plant 
operation. Two pumps are 
normally operating with one 
pump isolated. Loss of one 
pump will require the  
s tar t ing or the standby 
PUP.  

Loss of service water is as- 
sumed t o  r a i l  pumps. Mini- 
mal impact on plant opera- 
t ion because only two of 
four pumps a re  operating. 
Others are  i n  standby. 
T h i r d  pump (1st  standby) is 
constantly receiving cooling 
water. 

Re-open failed valves or open 
isolat ion valves t o  standby 
seal water m l e r  and s t a r t  
standby pump. 

N 
N as 

Re-open valve i f  poesible. 
Open valves and start the 
standby pup,  if running p u p  
fa i l s .  



Table C10.  (cont inued)  

F a i l u r e  P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

Cooler 14 SRY-222 F a i l s  Closed 

20. Loss or S e r v i c e  S e r v i c e  Water Header Loss of s e r v i c e  water is Bo-open v a l v e  i f  poss ib le .  
Water t o  Condensate F a i l u r e s  assumed to  f a i l  t h e  conden- Verify s tandby pump starts,  
Booster Pump Lube sate  boos ter  pump. This if not a l r e a d y  running. 
O i l  and S e a l  Water f a i l u r e  w i l l  have minimal 
Coolers impact on p l a n t  operation 

since o n l y  2 of 3 booster 
Lube O i l  Cooler  11 1. Manual Valve F a i l s  pumps a r e  r e q u i r e d  for  

Closed normal opera t ion .  

2. TCV-1619 F a i l s  Closed 

Lube O i l  Cooler 12 1. Manual Valve F a l l s  
Closed 

2. TCV-1620 F a i l s  
Closed 

Lube O i l  Cooler  13 1. Hanual'Valve F a i l s  
Closed 

2. TCV-1621 F a i l s  Closed 

S e a l  Water Cooler 1. Manual Supply Valves  
11A and l l B  F a i l  Closed 

2. Hanual Return Valves  
F a l l  Closed 

N 
N u) 

Seal Water Cooler  1. Manual Supply Valves  
12A and 128 F a i l  Closed 



Table  C10.  (continued) 

Failure Possible Causes Effects Remedial Aotions 

21. 

22. 

2. 

Seal Water Cooler 1. 
13A and 13B 

2. 

Loss of Service 1. 
Water t o  Spent Fuel 
Pool Heat Exchangers 

2. 

3. 

Loss of Service 1. 
Water to  Containment 
Coolers: 

Hanual Return Valves 
Fail Closed 

Manual Supply Valves 
F a i l  Closed 

Hanual Return Valves 
Fail Closed 

CV-1597 Fails  Closed 
a. Mechanical Failure 
b. Loss of Instrument 

c. Inadvertent CSAS 
Air 

CV-1596 Fails  Closed 
a. Mechanical Failure 
b. Loss of Instrument  

0. Inadvertent CSAS 
Air 

Hanual Valves Close 
Due to  Mechanical 
Failures 

Service Uater Header 
Failures 

Service Uater Header 
Failures 

Extended fa i lure  of the ser- Hanually re-open valves to  
vice water t o  the s p e n t  fuel restore servioe water f l a r  t o  
pool heat exchangers w i l l  heat exchanger. 
cause the pool temperature 
to  r i s e  above the design 
temperature. The impact of 
t h i s  fa i lure  on the opera- 
t ing reactor and power 
systems w i l l  be minimal. 
Substantial boiling would 
have to  occur before c r i t i -  
cal i ty  would take plaoe. 
Makeup water sources are aa- 
sumed to  mitigate a signiei- 
cant event. 

Significant fa i lure  i f  more 
than one cooler was t o  f a i l  
a t  one. time. However, t h i s  t o  the affected cooler. 
represents an unlikely 

Re-open valves i f  possible or 
open other header supply valve 



Table  C10.  (continued) 

Fa1 1 u r e  Posa ib le  Causes E f f e c t s  Remedial Aotions 

11, 12 

13, 14  

I .  Q-1581, 1583 F a i l s  

2. CV-1584, 1586 F a i l s  

Closed 

Closed 

3. Supply Header 11 
Fa1 1 u r e  

4 .  Manual Valves  F a i l  
Closed 

1. CY-1589, 1592 P a i l s  
Closed 

2. 4-1591, 1594 P a i l s  
Closed 

event .  These coolers pro- 
v i d e  post a c c i d e n t  h e a t  re- 
moval from t h e  contaiment. 
S i g n i f i c a n t  redundancy i s  
a v a i l a b l e  i n  t h i s  system be- 
cause  e i t h e r  header  c a n  be 
used to  supply any cooler. 
Only 3 o o o l e r s  are necesaary 
for h e a t  removal fo l lowing  a 
LOCI. 

3. Supply Header 12  
Fa1 1 u r  e 

4 .  Manual Valves  F a i l  
Closed ' 

23. Loss of Service  1. SRW-640 F a i l s  Closed I n v i g n i f i c a n t  f a i l u r e  Re-open supply  and r e t u r n  
Water to  Bloudoun Due t o  Mechanical because a n o t h e r  h e a t  erchan- va lve8  i f  poss ib le .  
Recovery Heat F a i l u r e  g e r ,  piped i n  series, is 
Exchanger 12 cooled by condensate. 

2. SRW-522 F a i l s  Closed F a i l u r e  t o  adequate ly  cool  
Due t o  Mechanical bloudoun might impact i o n  
F a i l u r e  exchangers. 



Table ClO. ( c o n t i n u e d )  

F a i l u r e  P o s s i b l e  Causes EPfeots  Remedial Aot ions  

3. 

24. Loss of S e r v i c e  1. 
Water t o  Turbine  
Bui 1 d i n g  Corn ponen t s 
(compressors ,  vacuum 2. 
pump seal w a t e r  
c o o l e r s )  

3. 

4. 

5. 

m e r  F a i l u r e a  

25. CV-1582 F a i l s  t o  1. 

2. 
Open 

3.  

26. CV-1505 F a i l s  t o  1 .  
Open 

2. 

3 .  

S e r v i c e  Water Header 
F a i l u r e s  

SRV-1600-CV F a i l a  
Closed 

SRW-1637-CV F a i l s  
Closed 

sw-1638-CV F a i l s  
Closed 

SW-1639-CV F a i l s  
Closed 

S e r v i c e  Water Header 
F a i l u r e s  

Hechanical F a i l u r e  

CSAS Cl roui  t r y  F a i l u r e  

SV-1582 F a i l s  t o  Close 

He chanica 1 Fa i 1 u r  e 

CSAS C i r o u i t r y  F a i l u r e  

3-1585 F a i l s  t o  Close  

These v a l v e s  can o l o s e  due . Re-open supply  and r e t u r n  
t o  mechanical f a i l u r e  or v a l v e s  i f  p o s s i b l e .  
i n a d v e r t e n t  SIAS. T h i s  
a o t i o n  isolates  t h e  t u r b i n e  
b u i l d i n g  loads .  Compressed 
a i r  system would be i m -  
pac t  ed . 

N 
0 
N 

F a i l s  t o  provide  a d d i t i o n a l ,  
necessary  s e r v i c e  water flow 
to containment  coolers rol- 
l o v i n g  a CSAS. 

Open SRY-190. 

F a i l s  to  provide  a d d i t i o n a l ,  
necessary  s e r v i c e  water flow 
t o  containment  c o o l e r s  fol- 
lowing a CSAS. 

Open SRV-lC7. 



Table  C 1 0 .  (continued) 

F a i l u r e  P o s s i b l e  Causes E f  feat s Remedial Aotions 

27. 0-1590 F a i l s  t o  1. Heohanical F a i l u r e  F a i l s  to  provide a d d i t i o n a l ,  Open SRV-150. 
Open necessary  s e r v i o e  water flow 

2. CSAS C i r o u i t r y  F a i l u r e  t o  containment coolers fol- 

3. SV-1590 F a i l s  to  Close 
lowing a CSAS. 

28. CV-1593 F a i l s  t o  1. Heohanical F a i l u r e  F a i l s  t o  provide a d d i t i o n a l ,  Open SW-161. 
Open necessary  s e r v i c e  water flow 

2 .  CSAS C i r o u i t r y  F a i l u r e  to containment aoolers fol- 

3. 3-1593 F a i l s  t o  Close 
lowing a CSAS. 

29. CV-1600 F a i l s  Closed 1. Mechanical F a i l u r e  Loss of s e r v i c e  water to Re-open valve. 
Turb ine  Bui ld ing  aomponents. 

2. I n a d v e r t e n t  SIAS 

30. W-1638 F a i l s  Closed 1. Hechanical F a i l u r e  Loss of s e r v i a e  water to ne-open valve. 
Turb ine  Bui ld ing  oooponents. 

2. I n a d v e r t e n t  SIAS 

h) w w 



Table C11.  Salt  water system FMEA 

F a i l u r e  Poss ib le  Causes Effecta Remedial l o t i o n s  

S a l t  Water Header Failure 

1. Sa l t  Water Pump 
(11,  12)  T r i p s  

2. S a l t  Water Pump 13 
F a i l s  to Start  On 
Demand 

u u r e  to  S u m l v  

3. Loss of S a l t  Water 
ng to  Component 
ng Water HX 
2 

Cool 
Cool 
11 , 

1. Mechanical F a i l u r e  

2. Loss of Eleatric Power 
to  W Bus 11, 14 

1. Mechanical F a i l u r e  

2. Pump 13 Contact8 are 
Aligned . t o  a Bus 
Without Electric Power 

1. SW 5160, 5162 CV 
Closes 

2. SW 5206, 5208, or 
5163 Closes  

3. S a l t  Water Pump T r i p  

During normal opera t ion ,  two 
pumps are r e q u i r e d  to supply  
cooling loads.  Following a 
LOCI, one pump i a  a b l e  to  
supply  c o o l i n g  water re- 
quirements ,  however two 
pumps s t a r t  on SIAS. Mni- 
mal impact is expeoted from 
t h i s  f a i l u r e ,  due to t h e  
presence  of pump 13 whioh 
c a n  r e c e i v e  parer from 
e i t h e r  bus 11 or  14. 

Minimal problem. During 
normal o p e r a t i o n ,  shutdown 
would be r e q u i r e d  i f  p u p  
11, 12 had f a i l e d  and pump 
13 f a i l e d  to  start. Pol- 
lowing a LOCI, o n l y  one sa l t  
water  is requi red .  

S u b s t a n t i a l  impact on Compo- 
nent  Cool ing System due t o  
loss  of c o o l i n g  to  t h e  com- 
ponent c o o l i n g  h e a t  exchan- 
ger. Time-to-fai lure  for 
compbnents s e r v i c e d  by t h e  
component cool Ing  system can  

Assure s tandby pump s t a r t s  
after pr imary PUMP t r i p e .  
Operator nay need t o  ohange 
bus t o  whioh pump 13 i a  
a1 igned . 

Aasure t h a t  pump 13 is a l i g n e d  
to  porered bus. 

If selt water cooling is los t  
t o  o n l y  one ooaponent c o o l i n g  
HX, t h e  operator should  v e r i f y  
t h a t  t h e  operating oanponent 
c o o l i n g  HX ha8 adequate  c o o l i n g  
water. I f  c o o l i n g  RCP pump 
seals  is los t ,  t r i p  pumps. 

P 



T a b l e  C 1 1 .  (cont inued)  

F a i l u r e  P o s s i b l e  Causes Effects Remedial Aotions 

not be d e t e w i n e d  u s i n g  R o e A  
techniques.  Loss of oompo- 
nent  c o o l i n g  to  RCP seals 
w i l l  cause  s m a l l  LOCA. 

4 .  Loss of S a l t  Water 
Cool ing  t o  Circula-  
t i n g  Water Pump 
S e a l s  

5. Loss of S a l t  W a t e r  
to  Condenser Tube 
B u l l e t i n g  System 

6. Loss of S a l t  Water 
Cool ing t o  S e r v i c e  
Water Heat Exchanger 
11, 12 

1. 

2. 

1. 

2. 

1. 

2. 

Valve F a i l u r e  

S a l t  Water System 
Header F a i l u r e  

Valve F a i l u r e  

Selt Water System 
Header F a i l u r e  

Valve F a i l u r e  

Salt Water System 
Header F a i l u r e  

C i r c u l a t i n g  water  system 
pump t r i p  which w i l l  u l t i -  
mately result i n  a t u r b i n e  
t r i p  on high condenser 
temperature .  

Temporary i n a b i l i t y  to o l e a n  
condenser  t u b e s  w i l l  have no 
s i g n i f i c a n t  effect on p l a n t  
opera  t i on. 

S u b s t a n t i a l  impact on Ser- 
v i c e  Water System due to t h e  
loss of o o o l i n g  to t h e  ser- 
vice water h e a t  exohanger. 
T ime- tor fa i lure  for oompo- 
n e n t s  s e r v i c e d  by t h e  Ser- 
vice Water System can  not be 
determined u s i n g  FHEA tech- 
niques.  Loss of service 
w a t e r  w i l l  f a i l  d i e s e l  
genera  tors. 

Operator should  t r i p  t u r b i n e  
foollaring o i r o u l a t i n g  water 
pump t r i p .  

Repair valve or oolponent as 
neoessary. 

N w 
QI 

If ealt water o o o l i n g  is lost 
to  only one service water 
system h e a t  exohanger, t h e  
o p e r a t o r  should  v e r i f y  t h a t  
t h e  o p e r a t i n g  s e r v i o e  water 
6y8tecl h a s  adequate  oooling 
water. 



Table C 1 1 .  (cont inued)  

F a i l u r e  P o s s i b l e  Causes E f f e o t s  Remedial Aotions 

7. Loss oP S a l t  H a t e r  1. I n l e t  Valve Closes 
Cooling t o  ECCS 
Pump Room Air 2. S a l t  Water System 
Coolers Header F a i l u r e  

3. I n l e t  Valve F a i l s  
to Open 

4. O u t l e t  Valve F a i l s  
t o  Open 

5. O u t l e t  Valve Closes 

8. Loss of Sal t  Water 1. Valve F a i l u r e  
Cooling to  Circu la-  
t i n g  Water Pump 2. S a l t  Water System 
Room Air Coolers Header F a i l u r e  

9. Loss of S a l t  Water 1. Valve F a i l u r e  
t o  H a t e r  J e t  
Exhaus ter  2. S a l t  Water System 

lleader F a i l u r e  

HPSI and LPSI pumps are a b l e  
t o  run 2 hours without  
c o o l i n g  water .  F a i l u r e  of 
t h e  room coolers under emer- 
gency c o n d i t i o n s  would cause  
gradual  room h e a t i n g  u n t i l  
e l e c t r i c a l  oomponents i n  t h e  
room began. Time-to-failure 
for t h e s e  components can n o t  
be determined ua ing  €MEA 
techniques.  

Loss of room c o o l i n g  for  a n  
extended per iod  w i l l  result 
i n  e l e o t r i c a l  component 
f a i l u r e  which w i l l  cause 
t r i p  of c i r o u l a t i n g  water 
pumps and e v e n t u a l l y  t h e  
t u r b i n e  w i l l  t r i p .  

Loss OP s a l t  water  t o  Jet 
e x h a u s t e r  w i l l  prevent  
s t a r t u p  of t h e  s c r e e n  wash 
sy  a t em. 

Repair  v a l v e  or oaponent  a8 
nece eaary  . 

Repair valve or header. 

Repair  valve or header. 



Table C12.  Instrument a i r  system FMEA 

F A  I LURE POSSIBLE CAUSES EFFECTS E M D I A L  ACTIONS 

I. A i r  compressor I. 
P I 1  stops when 
i n  the SPEED 2 .  
mode 

3. 

4. 

5 .  

Haintenana, e r r o r  4C 112  w l  I I s t a r t  when pressure decays 
t o  90 pslg.  

loss of e l e c t r l c  I f  ACXl2 I s  not  aval lable then I A  s t a r t s  or the PA system 
power(8us l lB(ZB)) pressure wlI I  contlnue to  decay t o  provldes backup I A  as designed. 

85 ps ig  when crossconnect valve 
Control ler  or PA 2061 auto opens and provldes PA wl th  A C 1 I I .  
Instrumentat Ion to  the I A  header as a backup. 
t a l  I ure 

No lnmedlate q e r a t o r  act lons 
requlred provlded AC112 

Malntenance corrects problem 

Hlgh af tercooler 
d l  scharge tenper- 
ature 

Other 

2 .  A i  r compressor 
1112 stops w h e n  I n  
SPEED mode 

S A M E  A S  A B O V E  

5 .  Aftercooler I I  1 .  L a r  SN flar due Associ ated a1 r conpressor t r l p s  
( 1 2 )  functlons to malntenance causing the e f f e c t s  noted i n  1 .  
inproperly e r r o r  above. 
causing h I gh 
a i r  discharge 2. Blocked heat 
terrpera ture exchange tubes 

No lmnedlate operator actlons 
requlred provided ACI2 ( I  I) 
I s  aval lable t o  provlde I A  
or the P A  system provldes 
backup I A  as designed. 
Malntenance corrects problem. 



Table C12. (continued) 

F A 1  LURE POSSIBLE CAUSES EFFECTS 

~~ 

REEFEDIAL ACTIONS 

4 .  Af tercooler Rust, scale, debrls or  I A  pressure w l  I I decrease a t  a ra te ' The af tercooler  w l  th the 
r e l i e f  valve other contamlnatlon I n  proportlonal t o  the r e l l e f  valve fa1 led open valve can be 
s t i c k s  open t h e  I A  causes valve openlng. A t  90 ps lg  the standby Iso lated w l  t h  the manual 
R V 2 0 6 3  2065 1 fa1 lure I A  conpressor w l l l  s t a r t  and I f  I so la t i on  valves. 

pressure oontlnues t o  decrease the 
PA cmssconnect valve w l  I I open a t  

For large fal lures,  reasonably rap ld 
decreases I n  I A  pressure are expected 
and could r e s u l t  I n  a t o t a l  loss o f  
Instrument a l  r t rans lent  w l  t h  no 
act ion to  I so la te  the fa1 led valve. 

85 pslg. 

5. I s o l a t i o n  valve Rust, scale, debris or Aftercooler cannot be Isolated; harever, No Imnedlate operator 
on af tercooler  o ther  contamlnatlon I n  no adverse e f f e c t  unless f a l l u r e  I s  act ion requl red. t4alnt.n- 
o u t l e t  I s  open the I A  causes valve combined w l th  a seamd fa l l u re .  MOB corrects the prob Ion. 
and cannot be fa1 Lure 
closed ( fa1 I s  
open) 

N w 
0 

G. I so la t i on  valve 1 .  Operator/malntenance E f f e c t  i s  t o  cause loss of I A  am- No Innedlate operator 
on a f te rcoo le r  e r r o r  pressors I l ( o r  12) whlch was actlons requlred provlded 
o u t l e t  fa1 I s  descrlbed I n  1 and 2 above. AC12 (or I I )  s t a r t s  or tho 
c I osed 2. Gradual buildup o f  When I A  pressure drops t o  90 p s l g  PA system provl  des backup 

rust, scale, debrls the standby a l r  compressor w l  I I  I A  as designed. 
and other antamln- s ta r t .  Malntenance corrects pmb len  
at lon closes valve wl th  the valve. 



Table C12.  (continued) 

FA I LURE POSSIBLE CAUSES EFFECTS WWOI AL ACT IONS 

7. I so la t i on  valve Rust, scale, debrls A l r  receiver cannot be Isolated; hawever, No Irmedlate operator 
on a l r  recelver o r  other contamlnatlon no adverse e f f e c t  unless th is  f a l l u r e  actlons requl red. 
I l ( 1 2 )  I n l e t  Is I n  the I A  causes valve Is cod ined  w i th  another fa1 lure such Malntenance corrects 
open and cannot f a l l u r e  as a l r  recelver r e l i e f  valve fa l lure.  problem. 
be closed ( f a l l s  
open 1 

8 .  l so la t l on  valve 1 .  Operator/maIntenance No e f f e c t  unless a l r  recelver 12(11) No lmnedlate operator 
on a l r  recelver e r r o r  I s  out  of service and isolated. I f  actlons mqul  red. 
I l ( 1 2 )  i n l e t  t h a t  I s  the case, the PA compressors Ma I n ten ance corrects 
f a l l s  closed 2. Gradual bulldup of must be used t o  pmvlde I A .  pmb lem. 

rust, scale, debrls 
o r  other amtamln- 
a t lon closes valve 

N 
0 
lD 

9. A i r  recelver Rust, scale, debris o r  Sam e l  fect  as fa1 led open re1 l e f  Operator can Iso late the 
r e l i e f  valve other mntaml n a t i  on valve on an af tercooler whlch was r e l l e f  valve by manually 
RVZ066 (206 7) causes valve f a l l u r e  descrlbed above. c los lng the a i r  recelver 
s t i cks  open I n l e t  and o u t l e t  I so le t i on  

val ves. 

I O .  I so la t i on  valve 
on a l r  receiver 
I l ( 1 2 )  o u t l e t  Is 
open and cannot 
b e  closed 

I I .  I so la t i on  valve 
on a i r  recebver 
I l ( 1 2 )  o u t l e t  
t a l  I s  closed 

Rust, scale, debrls o r  
o ther  m t a m l  na t  Ion 
causes valve f a l l u r e  t h l s  f a i l u r e  I s  conbined w i t h  a Maintenance corrects problem. 

A i r  receiver cannot be isolated; 
however, no adverse e f f e c t  unless 

second f a l l u r e  such as a l r  
recelver re1 l e f  valve fa1 lure. 

No lrmedlate operator actlon 
requl red. 

1 .  Operator/malntenance No e f f e c t  unless a i r  receiver 12(11) No lrrmedlate operator ectlons 
I s  out o f  servlce and Isolated. requl red. 
In that  case the PA compressor Malntenance corrects pmblem. 

e r r o r  

2. Gradual bulldup o f  must b e  used t o  provlde I A .  
rust, scale, debris 
o r  other contamlnatlon 



Table  C12.  (cont inued)  

FA I LURE eOSSIBLE CAUSES EFFECTS f U X 0 I A L  ACTIONS 

12. Cross connect I .  Valve control ler  No e f f e c t  on I A  system unless t h l s  No Imnediate operator actlon 
val VB PA2061 fa1 lure f a l l u r e  Is c d l n e d  w l th  an I A  requl red. 
falls closed fa1 lure t h a t  mqul res the PA system Maintenance corrects p m b l m .  

2. Fai lure o f  the t o  serve as a backup for the I A  system. 
pressure transml t t e r  
t h a t  controls valve 
open I ng 

rust, .scale, debris 
or other  amtam- 
lnat lon 

3. Gradual buildup o f  

13. Cross connect 1 .  Valve con t ro l l e r  I A  and PA systems *I JI be cmss No Inmrdlate operator act lon 
valve PA2061 fa1 lure connected; h w e w r ,  t h l s  should requl red. 

2. Fa1 lure of the Manual valves e x l s t  on both sldes 
pressure t ransmit ter  o f  PA2061 and can be closed I f  
t h a t  controls valve necessary. 
open I ng 

f a i l s  open cause no problem. Maintenance oorrects problon. : 

14. l s o l a t l o n  valve 1 .  Operator/malntenance This valve Is normally open and the Operator must take one of the 
on i n l e t  t o  pre- e r r o r  l so la t l on  valve I n  p r e f l l t e r  JZ I s  following actlons: 
f i  I t e r  I I fa1 Is normally closed. I f  t h l s  f a i l u r e '  1 .  Open the I n l e t  and outlet 
closed 2. Gradual bul ldup o f  occurs, I A  pressure w l  II begin to I so la t i on  valves on pm- 

scale, rust, debrls decreass since the I A  s e r v l e  header f l l t e r  I 2  or 
or other contam i s  now iso la ted f r o m  a l l  a l r  conpressors. 
I n a t  I on Without pronpt operator response, a loss 2. Manage t o  open the f a l l e d  

o f  I A  t rans lent  can resul t .  closed valve or 

3. FCR-81-007 modi f l ed  the 
system so t h a t  the PA 
system could supply the 
I A  system downstre- of 
the I A  dryer. 



Table  C12.  (continued) 

E N D I A L  ACTIONS FA1 L U E  POSSIBLE CAUSES EFFECTS 

Thls modlf lcat lon Is no t  
shown on the drawings 
aval lable to  OWL bu t  Is 
assumed to ex1 s t .  

15. l s o l a t l o n  valve Rust,scale, debrls or P r e f l  I t e r  1 I cannot be Isolated; No lmnedlate operator 
on I n l e t  t o  pre- other amtamlnatlon causes hcuever, no adverse e f f e c t  unless act lon requl rad. 
f i l t e r  I I f a l l s  valve fa l l u re  t h l s  f a l l u r e  I s  c o h l n e d  w l t h  a Malntenance oorrects 
open and cannot f a i l u r e  t h a t  requlms the valve t o  problem. 
be closed be closed. 

16. l s o l a t l o n  valve S A M E  A S  1 4  A B O V E  
on o u t l e t  o f  
p r e f l  I t e r  I I 
f a l l s  closed N 

f: 

17. l s o l a t l o n  valve S A M E  A S  1 5  A B O V E  
on o u t l e t  o f  
p r e f l l t e r  I I  
f a l l s  open and 
cannot be closed 

18. A l r  dryer I I  I n l e t  1 .  Rust, scale, debrls When t h l s  valve f a l l s  closed, I A  Operator mbst take one of, the 

fa1 lure from all a l r  conpmssors. s l r  dryer bypass value or 

2. Operator/malntenance loss of I A  t rans lent  can resul t .  2. Manage t o  open the fat  led 
e r r o r  valve or 

i s o l a t i o n  valve or other contamln- pressure w l  I I  begin t o  decrease slnce fol lawlng actions: 
f a l l s  closed at lon  causes valve the I A  servlce header Is now Isolated 1 .  Open the normally closed 

Wlthout prompt operator response, a 

3. FCR-81-007 modifled the 
I A  system so t ha t  the PA 
system could supply the 



Table C12.  (continued) 

FA I LUFE POSS I BLE CAUSES EFFECTS 

I A  system downstream of tho 
I A  dryer. Thls modlt lcat lon 
Is no t  shown on the drar lngr  
aval lab le  to OWL b u t  Is 
assurmd t o  ex ls t .  

19. A l r  dryer I I  Rust, scale, debrls o r  No e f f e c t  on the I A  system unless 
i n l e t  i s o l a t l o n  other contamlnatlon t h i s  fa1 lure I s  combined w l th  a 
valve fa1 I s  open causes valve fa1 lure second f a l l u r e  tha t  mqul res the 
and cannot be l so la t l on  of  the a l r  dryer. 
closed 

No Immediate operator actlon 
requl red. 
Malntenance corrects problem. 

20. l s o l a t l o n  valve 
on o u t l e t  o f  a i r  
dryer I I  f a l l s  
closed 

S A M E  A S  1 8  A B O V E  
N 

R 

% I .  l s o l a t l o n  valve 
on o u t l e t  o f  a l r  
dryer I I  f a l l s  
open and cannot 
be closed 

S A M E  A S  1 9  A B O V E  

22. A f t e r f l l t e r  I I  1 .  Operator/ A f t e r f l  I t e r  I I' I s o l a t l a r  v s l w s  am Operator must open the l n l o t  
and o u t l e t  l s o l a t l o n  MIHS 
on a f t e r  f l  I t e r  I2 o r  manage 

I n  l e t  l s o l a t  I on 
valve f a l l s  
c I osed 2. Rust, scale, debris normally closed. I f  the af tercooler  t o  open the fa1 led closed 

malntenanoe e r ro r  normally open and the l so la t l on  valves 
fo r  the redundant a f t e r f l  I t e r  (112) are 

o r  other contemln- l so la t l on  valve fa1 Is closed, I A  pmssure valve. 
e t lon causes valve w l  I I  begln t o  decrease since the I A  
fa1 lure servlce header Is now Iso lated from a l l  

a l r  compressors. Wlthout pronpt oper- 
a t o r  response, a loss of I A  t rans lent  
can resul t .  



Table C12. (continued) 

FA 1 LUW POSSIBLE CAUSES EFFECTS E M D I  AL ACTIONS 

23. A f t e r f l l t e r  1 1  Rust, scale, debrls or No e f f e c t  on the I A  system unless the No lmmdlate operator act lon 
I n l e t  l s o l a t l o n  other  contamlnatlon fa1 lure Is conblned w l t h  a second Is requlred. Halntenanclb 
valve f a l l s  causes valve fa1 lure fa1 lure tha t  requl res the I so la t l on  corrects the problem. 
open and cannot of the a f t e r f l l t e r .  
be closed 

24. A f t e r f l l t e r  I1 S A M E  A S  2 2  A B O V E  
o u t l e t  l so la t l on  
valve f a l l s  closed 

25. A f t e r f l l t e r  I I  S A M E  A S  2 3  A B O V E  
out I e t  I so I a t  I on 
valve fa1 Is open 
and cannot be 
closed E 

26. Manual valve IA-845 1. Operator/ Thls fa1 lure resul ts  In loss of I A  I. 
fa1 Is closed nmlntenance ermr t o  the pnewnatlc va lws  a d  instru- 

ments i n  the fo l lowing systems and 
areas of the plant:  

I .  Dlesel generators I I and I2 2. 

2. WT heat exchanger room 

3. West penetratlon room 

4. Letdown heat exchanger 

5. SFP cool lng room 

6. Valve compartment 

7. CVCS Ion exchangers 

Operattons and malntmnaa 
personnel at tenpt t o  
dlscover and co r rec t  the 
sourtx o f  the pmblea. 

Operator responds as 
dlrected by EOP-14, me 
"Loss o f  Instrument A i r "  
procedure 



Table C12. (continued) 

FA1 LUfE POSSIBLE CAUSES EFFECTS EELIEDIM ACTIONS 

27. FalJure of I A  ntchanlcal damage to the Thls fallure results In a total loss of Close valve IA-845 to Is- 
header downstream 2 Inch dlstrlbutlon I A  transient. Once the plant staff late fallure to the systoa 
of valve IA-845 header by nrslntenanca recoqnIze+ and dlagnoser the fallure, and areas of the plant 
SO that I A  pres- personnel or by equlp- the loss of a l r  can be aonflned to llsted under 26 above. 
sum decreases mnt tal lure those systems and amas of the plant Maintenance repalrs tho 
below 8Opslg llsted In 26 above. tal led header. 

28. Manual valve IA- Gradual bulldup of scale, No effect unless thls fallure Is cocrblned No Inmrdlate operator actlon 
tal Is open and rust, debrls or other wlth a second fa1 lure such as the I A  mqul red. 
cannot be closed contamlnatlon pmwnts header fa1 Jure dlscussed In 27 above. Malntenance corrects prpbloa. 

valve from closlng 

29. Manual valve IA- 1 .  Operator/msIntenanoe Thls fallure results In loss of I A  to the 
' follcwlng systems and areas of the plant: 

rust, scale, debrls 1 .  Component cooling room 
or other contrmlnatlon 
closes valve 2. ECCS punp mom n d e r  I1 and I2 

3. VCT and BAST moms 

657 falls closed error pneumatlc valves and Instruments In the 

2. Gradual bul ldup of 

1 .  Operations and malntenmce 

E personneJ attempt to 
dlscover and correct tho 
source of the problem. 

2. Operator responds as 
dlmcted by EOP-14, tho 
"Loss of Instrument A i r "  
procedure 

4. Charglng p m p  room 

5. Mlscellaneous waste recelver tank 
m o m  

6. Cryogenics room 

7. RCW punp r m m  

- 



Table  C12.  (continued) 

FA1 LURE POSSIBLE CAUSES EFFECTS R C f D l  AL ACT IONS 

30. f a l l u r e  of I A  MBchanIcal damag t o  the Thls f a l l u r e  can r e s u l t  In a t o t a l  loss Close valve lA657 to  Isolato 
header downstream 2 Inch header by maln- o f  I A  t ranslent.  Once the p lan t  s t a f f  f a l l u r e  to those system 
o f  valve 1A657 so tenance personnel or dlagnoses the problem, the a l r  loss and p l a n t  areas l i s t e d  md.r 
t h a t  I A  pressure by equipment fa1 lure 
decreases be low 
80 Pslg fa1 led header. 

29 above. 
Halntenqnce repairs the 

can be conflned t o  those systems and 
areas of the p l a n t  l l s t e d  I n  29 above. 

31. Manual valve I A  Gradual bulldup of scale, No e f f e c t  unless th ls  f a l l u r e  I s  oonblned No lmnedlate operator sct lon 
657 t a l  I s  open and rust, debrls or other w i th  a second f a l l u r e  such 8s the I A  
cannot be closed amtamlnatlon prevents header fa1 lure dlscussed I n  28 above. Malntenance corrects probloa. 

requl red. 

valve from c los lng 

32. Manual valve I A  1 .  Operator/maIntenance Thls f a i l u r e  resu l t s  In loss o f  I A  t o  the I .  
823 fa1 I s  closed e r r o r  pneunatlc valves and Instruments I n  the 

fo l lowing systems and areas o f  the plant:  
2. Gradual bulldup o f  

rust, scale, debris 1 .  Aux. bul  l d lng  H V K  area (elevation 
or other contarnlnatlon 
closes valve 

5' 6 69') 2. 

2. Servlco water punp room 

3. East p lp lng  penetration room 

4. East e l e c t r l c a l  penetratlon m o m  

5. Servlce water head tank area 

Operatlons and malntenace 
personnel attemgt to 
dlsoover and co r rec t  the 
source of the problem. 

Operator responds as 
dlrected by EOP-14, tho 
"Loss o f  Instrument Air*@ 
procedure 

IJ 
P QI 

6. Maln p l a n t  area 

7. Battery m n t  area 

8. Component cool lng head tank 

9. Access control  HVAC 



Table C12.  (continued) 

FA1 LURE POSS I BLE CAUSES EFFECTS R E O 1  AL ACT1 OJS 

~~ 

IO. IUC shop 

I I .  Plant  V u t e r  

12. Blowdown tank area 

13. FCW waste evaporator 

14. Mlscel laneous waste evaporator 

15. Fuel upender 

33. Fai lure of I A  HBchanIcal damage t o  
header down- 
stream of valve malntenance personnel 
lA823 so t h a t  
I A  pressure fa1 lure 
decreases be l o w  

the 2" header by 

or by equipment 

80ps I g 

Thls fa1 lure can m o u l t  In a t o t a l  Close valve lA823 t o  I so l r t .  
loss o f  I A  t rans lent  I f  not qulck ly  the fa l lure  t o  those systom 
diagnosed. Once the p lan t  s t a f f  and p lan t  areas I l s t e d  under 
recol)nIzes and diagnoses the problem, 32 above, Malntenance mpalrs E 
the loss of a l r  can be conflned to  the f a l l e d  header 
those systems and amas of the p lan t  
l l s t e d  I n  32 above, 

34. Manuai va ivee ' iA Gradual bulldup of No e f f e c t  unless conblned r l t h  a No Imnedlate operator actloo 
823 f a l l s  open scale, rust, debrls second fa1 lu re such as the I A  header requl red. 
and cannot be o r  other  contamlnatlon fa1 lu re dlscussed I n  33 above. Malntenance oorrects tho 
closed prevents valve from problem. 

c los lnq 

35. Manual valve I A  
214 f a i l s  closed 

I. Operator/maIntenance Thls f a l l u r e  resu l t s  In loss of I A  
t o  the pneumatic valves and Inst ru-  
m n t s  I n  the fo l lowing systems and 

ermr 

2. Gradual bulldup of  areas o f  the plant:  
rust, scale, debris 
or  other  contamlnatlon 
closes valve 

I. Caustlc storage tnnk 

2. Make up demlneral I zers 

3. Condensate pol  lshers 

1 .  Operatlons and malntensnca 
personnel attempt to 
dlscover and correct  the 
source of the problem. 

2. Operator responds as 
dl  rected by EOP-14, tho 
"LOSS of l n s t r u m n t  Alr" 
procedure 



Table  C12. (continued) 

FA I LURE POSS IBLE CAUSES EFFECTS EEKDIAL ACTIONS 

36. Fai lure o f  I A  Mechanical damage t o  the Thls f a i l u r e  can resu l t  I n  a t o t a l  loss Close valva IA214 to I so la te  
header downstream 2” header by maintenance o f  I A  t rans lent  I f  not  qu lck ly  dlagnosed. the f a l l u r e  t o  those systems 
o f  manual valve personnel o r  by equlpmnt Once the p l a n t  s t a f f  mcognlzes and and p l a n t  areas l l s t e d  mder 
I A Z 1 4  so tha t  I A  f a l l u r e  dlagnoses t h l s  problem, the loss o f  I A  35 above. 
pressure decreases 
below 8Opslg areas o f  the p lan t  l l s t e d  I n  35 above. fa1 led header. 

can be conflned t o  thoeo systems and Halntenance mpal  rs the 

37. Manual valve IA214 Gradual bulldup o f  scale, No e f f e c t  unless the f a i l u r e  I s  conblned No lmnedlate operator act lon 
fa1 I s  open and rust ,  debrls or  o ther  
cannot be .closed contamlnatlon prevents header t a l  lure dlscussed I n  36 above. Malntenance corrects the 

w i th  a second f a i l u r e  such 8s the I A  requl red. 

valve f r o m  c los lng prob I em. 

38. Manual valve IA213 1 .  Operator/malntenance Thls f a l l u r e  resu l t s  In loss of I A  t o  the 

fo l lowing systems and amas of the plant:  
f a l l s  closed error pneumatlc valves and lnst rumnts I n  the 

2. Buildup of rust, 
scale, debrls or 1 .  Turblne deck, east and west 
o ther  contamlnatlon 

2. Auxl l l a r y  b o l l e r s  

3. Deareator 

4. Condenser area r i n g  

5. Sewage t r e a t m n t  

6. Intake core, water pwrps 

7. Condensate preooat f l l t e r s  

8. Turbine lube o l l  coolers 

1 .  Operations and malntenmce 
h) personnel attempt t o  

dlscover and co r rec t  the 
source of  the problem. 

dlrected by EOP-14, the 
“Loss o f  I n s t r u m n t  A I  rn 
procedure 

5 

2. Operator responds 8s 

9. FW heaters I 4A ,  I 48,154 158, I6A, I68 



Table C 1 2 .  (continued) 

FA1 LUIE POSSIBLE CAUSES EFFECTS FIEMEDIAL ACTIONS 

IO. Auxi I lary  FW pwnps 

I I. Condenser area west 

12. Holsture seperator raheaters I I 6 I 2  

39. Fal lure o f  I A  Mschanlcal darnage t o  the Thls f a i l u r e  can resu l t  I n  a t o t a l  loss C l o s e  valve IAZl3 to I so la te  
header downstream 2" header by malntenance o f  I A  t rans ient  I f  no t  qulckly dlagnosed. the f a l l u r e  t o  those systems 
o f  manual valve personnel or by equlp- Once the p lan t  s t a f f  recogrlres and and p lan t  areas I I sted under 
lAZl3 so tha t  I A  ment f a l l u r e  d laqoses t h l s  problem, the loss o f  I A  38 above. Malntenance 
pressure decreases can be conflned t o  those systems and repal rs  the f a i l u r e  header. 
below Bopslg areas o f  the p lan t  l l s t e d  I n  38 above. 

40. Manual valve /A213 Gradual bulldup o f  scale, No e f f e c t  unless the f a l l u r e  Is combined No I m d l a t e  operator act lon 
fa1 I s  open and rust, debr ls  or other w l th  a second f a l l u r e  such as the I A  requ I red. 
cannot b e  closed contamlnatlon pmmnts  header fa1 lure discussed I n  39 above. Maintenance corrects the 

valve fmn c los lng pmb lem. 

41. Manual valve lM56 I .  Operator/malntenmce Thls fa1 lure resul ts  In loss o f .  I A  t o  ihe Operator can s t a r t  s a l t  r a t o r  
f a l l s  closed error  pneumatic valves and Instruments I n  the a l r  compressors I I  and/or I 2  

following systems and areas o f  the plant:  

I .  Systems lnslde the contalnment struc- These actlons w l l  I al l -  tho. 
tu re  tha t  Includes the CVCS, the s a l t  water conpressors t o  
contalnment purge system, the KS, provlde a l r  t o  the I A  loads 
and the safety InJectIon system downstream o f  lA656. 

and open manual valve lA727 
and/or 726. 

2. Auxl l lary  FU m t m l  valves and 2. Ope r a t  I ons/mal n tenana 
a t m p h e r l c  dunp va lms attempts t o  correct  problem 

3. West p lp lng  panetratlon mom 3. I f necessary inp lernent 
EOP-14, the 'oLoss of 
Instrument A I  pmcsdure. 



Table  C12.  (continued) 

FA1 LURE POSSIBLE CAUSES EFFECTS EMEDIAL ACTIONS 

42. Fa l lure o f  I A  WechanIcaI damage t o  the 
header downstream header by malntenace 
o f  monual valve personnel o r  by equlpmnt 
lM56 so t h a t  I A  f a i l u r e  
pressure decreases 
below 8Opslg 

Thls f a l l u r e  con resu l t  I n  a t o t a l  loss C l o s e  valve 1A656 t o  I so la te  
o f  I A  t rans lent  I f  not  qu lck ly  diagnosed. the f a l l u r e  t o  those system 
Once the p lan t  s t a f f  recognizes and and p l o n t  areas l i s t e d  above. 
dlagnoses t h l s  problem, the  loss o f  Molntenmce repai r s  the tal led 
I A  can be conflned to  those systems header. 
and areas o f  the p lan t  l i s t e d  I n  41 
above. 

g '  

43. Manual valve Gradual bulldup o f  scale, No e f f e c t  unless t h l s  f a l l u r e  I s  No Innmdlate operator octlon 
lA656 fa1 i s  open rust ,  debrls o r  o ther  comblned w l th  a second f a i l u r e  such requl red. 
and cannot be contamination prevents as the I A  header f a l l u r e  discussed Malntenance corrects the 
closed valve f m  clos ing obove. pmb lem. 

44. T r l p  of both I A  1 .  Fal lure of a l l  three 
conpressors and service water punps 
the PA compressor (la p m b a b l l l t y )  

2. Fai lure closed o f  
SRW pressure a m t r o l  
valve 1628 

3. Loss of both 500 KV 
e l e c t r l  ca I buses 

Both I A  canpressors w l  I I  owrhea t  a d  
t r l p  o f f  l ine.  Also, the  PA conpressor 
u l l l  overheat and t r i p  o f f  I lne.  Thls 
event I s  sssumd to  occur i n  lhlt I 
and the Unl t 2 PA conpressor normal l y  
would be cross connected to  the U n i t  I 
PA system and could serve as a backup 
source o f  conpressed a l r .  I f  th ls  Is 
the case, I A  pressure should not  drop 
below 85 p s i g  and no adverse p lon t  
e f f e c t s  should be experienced. 

The operator can take th. 
f o l  iowlng actions: 

1 .  Attempt t o  restore nrvlca 
water f l o w  

2. Use UIit 2 conpressom t o  
pmvlde backup c o q r e r r l n g  
capabl l l t y  f o r  Un i t  1. 

3. l np lemnt  EOP-14 "Lor) of 
Instrument A l r "  I f  I o r  
2 obove I s  not  succarrful. 
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ABSTRACT 

The effects  of r e g u l a t i n g  sys t em e lec t r ic  power s u p p l y  f a i l u r e s  have 
been ana lyzed  for  t h e  C a l v e r t  C l i f f s  Un i t  1 power p l a n t .  In s t rumen t  and 
c o n t r o l  system power d i s t r i b u t i o n  c i r c u i t s  were ana lyzed  t o  d e f i n e  a 
comprehensive s e t  of 24 s i n g l e - p o i n t  f a i l u r e  modes. Selected m u l t i p l e  
power d i s t r i b u t i o n  f a i l u r e s  were ana lyzed  f o r  c i r c u i t s  found t o  
s i g n i f i c a n t l y  affect  r e g u l a t i n g  system response .  For each power s u p p l y  
f a i l u r e ,  t h e  r e g u l a t i n g  s y s t e m  o u t p u t s  were p ropaga ted  th rough  t h e  
e n e r g i z e d  and d e e n e r g i z e d  o u t p u t  c o n t r o l  d e v i c e s  t o  de t e rmine  the  
i n i t i a l  p l a n t  r e sponse .  I n  a d d i t i o n ,  t h e  effects  of  power s u p p l y  
f a i l u r e s  on subsequen t  p l a n t  c o n t r o l  were e v a l u a t e d .  

P l a n t  r e s p o n s e  t o  r e g u l a t i n g  s y s t e m  e lec t r ica l  power s u p p l y  f a i l u r e  was 
n o t  found t o  be s e v e r e .  The r e g u l a t i n g  sys t ems  are s u b s t a n t i a l l y  
decoupled due t o  o p e r a t i o n  of  t h e  r e a c t o r  and t u r b i n e  g e n e r a t o r  i n  t he  
manual mode o n l y  and t h e  u s e  of s e p a r a t e  feedwater r e g u l a t i n g  sys t ems  
f o r  each steam g e n e r a t o r .  Redundant reactor,  r e a c t o r  c o o l a n t  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  r e g u l a t i n g  s y s t e m s  are a v a i l a b l e ,  but  r e a c t o r  
c o o l a n t  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  r e g u l a t i n g  f u n c t i o n s  are coupled 
t h r o u g h  n o n - v i t a l  i n s t r u m e n t  power t o  c o n t r o l  components. Some of t h e  
a s s o c i a t e d  t r a n s i e n t s  may i n i t i a l l y  appea r  similar t o  a small-break LOCA 
or v o i d i n g  i n  t h e  r e a c t o r  c o o l a n t  s y s t e m .  Steam l i n e  sa fe ty  v a l v e s  may 
be c h a l l e n g e d  by loss  of  t u r b i n e  bypass  and a t m o s p h e r i c  steam dump v a l v e  
o p e r a t i o n s .  P r e s s u r i z e r  re l ie f  v a l v e  o p e r a t i o n  and i s o l a t i o n  c a n  be 
affected.  There is a p o s s i b i l i t y  f o r  o v e r f i l l i n g  one  steam g e n e r a t o r .  
These c o n t r o l  f a i l u r e s  can be managed t h r o u g h  o p e r a t o r  r e sponse  and are 
no t  f e l t  t o  have new or s i g n i f i c a n t  s a f e t y  i m p l i c a t i o n s .  
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1.1 SCOPE OF WORK 

This r e p o r t  p r e s e n t s  t h e  results of a f-ure modes and e f f e c t s  a n a l y s i s  
(FHEP) of t h e  e lectr ical  power s u p p l i e s  t o  t h e  C a l v e r t  Cliffs U n i t  1 

regula t ing  systems The ob jec t ives  of this work were as fallaus: 

1. Perform a FHEA of t h e  r e g u l a t i n g  s y s t e m s  power s u p p l i e s  t o  
identfip r egu la t ing  system failures resulting from single point 
and se l ec t ed  multiple power supply failures 

Evaluate t h e  in i t ia l  or near - te rm response of t h e  p l a n t  t o  t h e  
fa ired ou tpu t s  result ing from each pos tu la ted  power failurs 

2. 

3. Bote any failures t h a t  cou ld  l e a d  t o  s u b s t a n t i a l  imbalance  
b e t v e e n  h e a t  g e n e r a t i o n  and removal o r  f e e d w a t e r  c o n t r o l  
problems. 

Suggest design modi i ica t ions  t h a t  might elirinate or reduce t h e  
frequency or e f f e c t s  of the pos tu la ted  power failures. 

4. 

This study w a s  performed f o r  the 0.S Nuclear Regulatory Commission (NRC) and 

ca r r i ed  ou t  by Science Applications In t e rna t iona l  Corporation (SAIC) under the 
d i r e c t i o n  o f  O a k  Ridge N a t i o n a l  Labora to ry  (ORNL).  The seven  r e g u l a t i n g  
systems addressed in this study are i d e n t i f i e d  in Table D1. 

1.2 TEaNICAL APPROACH 

The analysis of the  regulating systems responses t o  power supply fallures waa 
performed using a modified FHEA The regulating systems power supp l i e s  were 
IdentFi ied  and failure modes w e r e  d e f i n e d  Regulating system cont ro l  failures 

and a c t i o n s  were d e t e r m i n e d  f o r  each power s ~ p p l y  single f a F l u r e  mode. 
Hul t i p l e  fa i lures  were  i d e n t i f  i e d  t h a t  i n v o l v e d  a d d i  t i o M l  losses of  
r egu la t ing  func t ion .  These failures, t h e  i n i t i a l  t r a n s i e n t ,  and subsequen t  

plant cont ro l  were revieved f o r  each response. 
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Table  D1. C a l v e r t  C l i f f s  Uni t  1 r e g u l a t i n g  sys tems 

3yst.a R i n c i p r l  Functions 

Reactor Regulating System (RAS) Provide cont ro l  signrls which are  used t o  
regulate stem dump on high r e a c t o r  Tavg 
rltrr t u r b i m  t r i p ,  ad jus t  p re s su r i ze r  
l e v e l  m t p o i n t  aa a function of pauor, and 
indicate high ond low n a o t o r  Tavg error. 

to  the coil pauer progr-rs which develop 
the pulse8 fo r  magnetic jack ormration. 

H.intain system pressure wi th in  spec i f ied  
limits by the use of pressurizer hea te r s  
and spray valves. 

Regulate pressurizer l eve l  as a func t ion  of 
pcuer by comparing measured p res su r i ze r  
l e v e l  t o  a programmed pressur izer  level set 
point from t h e  R R S  t o  cont ro l  letdown 
cont ro l  valve pos i t i on  and s t a r t  o r  s top  
charging pumps. 

Maintain steam generator downcomer l e v e l  
within acceptable l i m i t s  by pos i t ion ing  
feedwater regula t ing  v a l v e s  which cont ro l  
the  feedwater t o  each steam generator.  

Dissipate excess NSSS s tored  energy and 

without l i f t i n g  the safe ty  valves. 

Control elemant Drivo T r m t  s i g a  from CEDS cont ro l  coasole 
System (CEDS) 

Reactor Coolant Pressure 
Regulating System 

Presaurlzer Level Regulating 
System 

Feedwater Regulating System 

Aaospherio Steam Dump and 
Turbine Bypass  Systam sens ib le  h e a t  folloving a tu rb ine  t r i p  

Turbine Generator 
Control system 

Control steam f l a w  t o  the turbine.  
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1.3 REWm CCHTmTS 

This report descr ibes  the r e s u l t s  of the Calvert Cliffs U n i t  1 Regulating 
*stems PHeh. Ttta coaclusions obti imd from t&ese results are sumaarized i n  
Seation 2. B r i e f  desoriptions of the r e g u l a t l u  systems and their e l ec tr i c  
pouer d i s t r i b u t i o n  oirooitrg are given i n  Seotions 3 and 4. The r e s u l t s  o? 
the power s u p p l y  PHEA for  eaah power supply failure case are presented and 
discussed i n  Ssatlona 5 through 14. 
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A d o t a i r e d  a n a l y s i s  of t h e  o f f e o t s  of r e g u l a t i n g  system e l e c t r i c a l  power 
suppll fall- h u  boon parformed for the CPlvort Cliffs Unit 1 maclear power 
plant TUs an8lysis consisted of dotermining the responm of the regulat ing 
spstens output signals to  aiaglo  and seleoted multiple point failures in t h e  

plant and subsequent control wore evaluated. 

W U  Supply d ? O a w .  Rolp -80 C O n d i ~ O ~  the 8 U t O m U O  reSpoM0 Of the 

The mgulot ing systems functions ware found to bo subs t ln t i a l ly  decoupled dua 
to m a n u a l  control of reactor power, m a n u a l  oontrol of the turbine generator 
wstem, and s e t p o i n t  c o n t r o l  of steam g e n e r a t o r  level .  E l s o t r i o a l  power 
supply failures a f f o o t  r e a c t o r  coo lan t  pressure, pressurizer l e v e l ,  main 
feedwater regulating valve and pump speed control, and atmospherio s t o a  dump 

a d  t u r b i n e  bypass control .  These r e sponses  a r e  p r i m a r i l y  a s s o c i a t e d  w i t h  
faFlWs the M - V i t a l  b s t rumen t  b a a s  1POg and lPl0 and 125-V do bus 11. 
F a i l u r e s  o f  v i t a l  i n s t rumen t  buses  lf01 and 1Y02 can also a f f e c t  these 
fmot ions  through the reactor, reactor  coolant pressure,  and pressurizer level 
r e g u l a t i n g  systems. Vital in s t rumen t  bus s i n g l e  Pailure response can be 

corrected promptly by se l ec t ing  t h e  a l ternate  r e g u l a t i n g  systems ?or t hese  
fllnctions. 

The r e a c t o r  coo lan t  pressure and p r e s s u r i z e r  l e v e l  response t o  e lec t r ica l  
power supply f a i l u r e s  can lead t o  r e a c t o r  t r i p  in some cases. P r e s s u r i z e r  
spray, p r e s s u r i z e r  h e a t e r  c o n t r o l ,  f eedwa te r  r e g u l a t i n g  v a l v e  1 1 ,  and 
feedwater pump speed control w i l l  remain fa i led  u n t i l  instrument bus lPO9 is 
restored. Letdown flow control will remain f a e d  u n t i l  instrument bus lYl0 
is -st-& h r r b i m  bypass valves W F U  f a i l  clomd u n t i l  125-9 do bus 11 1s 
restored. Failure of  125-9 dc bus 1 1  will result i n  U n i t  1 t u r b i n e  t r i p  and 
may cause U n i t  2 t u r b i n e  t r i p .  Manual c o n t r o l s  are g e n e r a l l y  a v a u a b l e  f o r  
other mgulat ing system frmctiorw following a single power failure 

The dominant reactor  coolant pressure and pressurizer leva regulating system 
response is t o  i n i t i a t e  a t r a n s i e n t  of d e c r e a s i n g  r e a c t o r  coo lan t  p r e s s u r e  
and/or  i n c r e a s i n g  p r e s s u r i z e r  l e v e l  due t o  t h e  loss of the  p r e s s u r i z z r  
hea te r s ,  c l o s u r e  of t h e  le tdown c o n t r o l  valve,  and s t a r t i n g  o f  t h e  backup 
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oharging pumps. If unteminated, t h i s  could lead  to f i l l ing the  pressurizer 
and l i q u i d  d i s o h a r g e  through t h e  p r e s s u r i z e r  ro l i e f  o r  code s a f e t y  va lves .  
ch.ng.s in reactor coolant pressure and pressurizer l eve l  could i n i t i a l l y  be 
i n t e r p r o t o d  8s a s m 8 l l  b reak  LOCA o r  v o i d i n g  i n  t h e  r e a c t o r  c o o l a n t  System. 
Opar r to r  i d e n t l f l c a t i o n  of th. power supp ly  f a i l u r e  w i l l  c o n t r i b u t e  t o  t h e  
i n t e r p n t a t i o n  of W s  ~ S ~ O M C  

Tho f 8 i l u r e  o? i n s t r u m e n t  bus 1709 w i l l  freeze t h o  stoam g e n e r a t o r  11 main 
fe .dwakr  mgutating valve and tho main foodwater pump spout a s - i t  This w i l l  
lead t o  conatant feedwater f lov to this steam p m r 8 t o r .  The main feedwater 
pump speed will also not run hack on a k l y  foodwater ao t ru t ion  f o r  this 
bus failure The feedwater pumps can k manually t r i p p o d  a t  t h e  pump turbine 
to terminate t h i s  now. 

F a i l u r e  of do bus 11 w i l l  i n h i b i t  a u t o m a t i c  o p e r a t i o n  o? t h e  p r e s s u r i z e r  
relief valves. This f a i l u r e  will lead to turbine t r i p  and r eac to r  t r i p  w i th  
t h e  r e s u l t  t h a t  t h e  p r e s s u r i z e r  code s a f e t y  v a l v e s  will bo challenged. 
F a l l u r e  of HCC lO4R o r  HCC 114R may lead  t o  a r eac to r  t r i p  through effects on 
non-vi ta l  i n s t r u m e n t  bus 1YlO or 1x09, r e s p e c t i v e l y ,  and will f a i l  one 
p r e s s u r i z e r  r e l i e f  i s o l a t i o n  v a l v e  as-is. If t h e  p r e s s u r i z e r  r e l i e f  v a l v e  
s t i c k s  open during the  t rans ien t ,  i t  cannot be i so l a t ed  u n t i l  the  associated 
block valve motor cont ro l  cen ter  is restored.- 

A double  v i t a l  bus f a i l u r e  f o r  1x01 and 1x02 would i n i t i a t e  a r e a c t o r  t r i p ,  
open the  pressurizer relief valves, doene rg ize  t h e  p r e s s u r i z e r  heaters, and 
i n h i b i t  a u t o m a t i c  c o n t r o l  of p r e s s u r i z e r  l e v e l .  The p r e s s u r i z e r  spray ,  
cha rg ing  pumps, and l e tdown  t h r o t t l e  v a l v e  could  be  c o n t r o l l e d  manually. 
Double failures o f  instrument buses lPO9 and 1x10 and combinatlorn of 1 Y O l  and 
lY02 wi th  1x09 and 1x10 f a i l u r e s  generally produce the  same regulating system 
response as single failures of 1YO9 o r  lY10 with some addi t iona l  l o s s  of steam 
generator instrumentation. 

Much of the  single fallure response could be eliminated by providing automatic 
bus t r a n s f e r s  be tven  1x09 and 1YlO f o r  non-v i t a l  powered components i n  t h e  

reac tor  coolant pressure regula t ing  system, the pressur izer  l eve l  regulating 
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system, the man feedW8ter regulating valve solenoids, and t h e  main feHweter  
pump apo.6 control. 

In s u m m w ,  failures of t ho  r e q u l r t i n g  system powor supplies can l e a d  t o  
r o a o t o r  t r i p s  and inoreasod dependoaoe oa cod. s a f o t p  v8lves f o r  secondary 
prossuro control .  Tho7 may also l o a d  t o  c o n s t a n t  f eodwr to r  supply t o  one 
st- g .mnto r .  Tho mqor e l f e o t s  WUld bo n d u d  dW010pillg alterMte 
pouor aupp l los  fo r  t h e  p r o s s u r i r e r  heater and Ch8rglng pump r e g u l a t i n g  
i n t o r f a o o  relays and tho p r o s s u r h o r  spray and le tdown c o n t r o l  va lve  

ngulating i n t o r i a o o  modu les  Tha dosign ph i losophy  f o r  f a l l i n g  t h e  main 
feedwator valves a-is on loss of instrument powor should bo reviewed. 

Tho control f a i l u r e s  and regulating sgstems rrsuonses t o  these faFlures can be 
managed by operator act ions and should not s ign i f i can t ly  a f f e c t  core cooling 
o r  tho a b l l i t y  t o  achieve cold shutdown. 
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D3. BOOOLATINQ SYSTEM FUNCTIONAL DESCRIPTIONS 

Seven regula- systems provide the signal processing and cont ro l  functions 
r e q u i r e d  f o r  o p e r a t i o n  o f  t h e  C a l v e r t  Cl i f f s  Un i t  1 n u c l e a r  steam supply  
slstea. These sys t ems  p rov ide  i n f o r m a t i o n  and c o n t r o l s  f o r  r e a c t o r  
r e g u l a t i o n ,  c o n t r o l  e l emen t  d r i v e  p o s i t i o n ,  r e a c t o r  c o o l a n t  p re s su re ,  
pressurizer l eve l ,  main feedwater now t o  the steam generators, atmospheric 
St.8. dump and t u r b i n e  bypass valves, and steam flow t o  t h e  h i g h  p r e s s u r e  
t u r b i n r  S u m m y  desor ip t ions  and f u n o t i o d  block diagrams f o r  these wstems 
are provided below. Uore d e U d  desc r iQt ioM of the func t ions  performed by 
the regulating systoms may be found i n  Reference 1. 'The regula t ing  systems 
are primarily implemented with cur ren t  loops f o r  noise olld signal i s o l a t l o P  
The blook d iag rams  are showa as f u n c t i o n a l  e q u i v a l e n t s  i n  a v o l t a g e  mode 
fo rma t  f o r  s i m p l i f i e d  i l l u s t r a t i o n  and are based on drawings  provided by 
Baltimore G a s  and Electric Company (Reference 2). 

3.1 REACTOR RDGULATZNG SYSTEM 

The reactor regula t ing  system, i l l u s t r a t e d  i n  the functional block diagram i n  
F i g u r e  ~ 1 ,  is used t o  provide signals for:  

o Atmospheric steam dump area demand, 
o 
o Pressurizer l eve l  se tpoin t ,  and 
o 

Atmospheric steam dump quick-open permiss ive ,  

Ugh and low alarm ind ica t ion  of the di f fe rences  between reac tor  
Tavg and the computed Tref .  

The operator can select one of two reac tor  regula t ing  systems designed as X o r  

Y w i t h  a manual sa l ea to r  switch Each system is separa te  and indepandent of' 

the other and receives ac power from separate v i t a l  120-V ao instrument buses. 
Reactor regula t ing  system inpu t s  and outputs are listed i n  Table DZ. 

The c o n t r o l l i n g  r e a c t o r  Tavg s i g n a l  is developed by p a s s i v e  summation of  
current signals from se lec ted  temperature scnsors. This ciignal i s  operated on 
by a function generator t o  provide an analog output f o r  atmospheric steam dump 

and turbine bypass valve area demand and quick open As Tavg increases,  t he  
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Table  D2. Reactor  r e g u l a t i n g  sys t em i n p u t s  and o u t p u t s  

I t a  Desar ip t ion  Comwnts 

uwta 
1 

2 

3 

4 

5 

6 

butwts 
1 

1-Tx&111x 

1-TI01 

1-TIC-1 

1Y 

5 

1-TIA-12 1 X 

1 -TIC- 1 2 1 Y 

1 -TIC-1 25 

PI-3957 

PI-4040 

Loop 1 T ho t  

Loop 1 T oold 

Loop 1 T oold 

Loop 2 T hot 

Loop 2 T cold 

Loop 2 T cold 

Turbine 1 s t  Stage 
Pressure 

Turbine 1 s t  Stage 
Pressure 

Atmospheric Steam Dump Area 
Demand 

Tmper8ture sensors are manually 
selected to compute analog Tavg 
signal for  both r eac to r  
regulating systslpj 

Teaprature sensors are manurLly 
~ 1 0 0 t e d  t o  compute analog Tavg 
signal for  both r eac to r  
regulating s y s t a s  

Temperature sensors are manually 
so l ea t ad  t o  compute analog Tavg 
signal for  both r e a c t o r  
regulating systems 

Temperature sensors  a r e  manually 
se l ea t ed  t o  compute analog Tavg 
signal Cor both r e a c t o r  
r egu la t ing  systems 

Tenperatwe sensors  are manually 
se leo ted  t o  compute analog Tavg 
signal f o r  both r e a c t o r  
regulating systems 

Temperature sensors are manually 
se l ec t ed  t o  compute analog Tavg 
signal f o r  both r eac to r  
r egu la t ing  systems 

To RAS X f o r  fief ca lcu la t ion  

To R A S  Y ror fief ca lcu la t ion  

Analog s igna l  t o  modulate atmos- 
pher ic  steam dump and turb ine  
bypass valves  as a func t ion  of 
r e a c t o r  Tavg 
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Table D2. (continued) 

Item Kmsoription Comnents 

2 Atmospheric Steam Dump Quick Contact closure v u 1  permit tur- 

- -  

Open Pedss lve  bin8 bypass and a h s p h e r i c  steam 
dump quick open after turbine 
t r i p  

3 Pressurizer Lwel  Setpoint Analog signal to pressurizer 
lsrd regulating systam rdjusts 
level control setpoint as 
function o f  reactor Tavg 

4 Tmg - High Alarm Contact closure ladicates high 
h v g  compared to Tref 

Contact closure indicates low 
Tavg compared to Tref 
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si& t o  the atmospheric stew dump coatral  valve inoreases If the reactor 
power (as dotormined by Tavg) exceeds a prodetermined power l e v e l ,  t h e  
atmospheria steam dump quick open override bistable results i n  a quick opening 

of the atmospheric st8a.m dump and turbine bypass valves fallowing a t u rb ine  
t r i p .  

Tha Tavg signal is  also used t o  provide a programmed p r e s s u r i z e r  l e v e l  set- 
Wint that incrwssa the pmssurizer leval as Tavg irrcreasaa. This programmed 
sotpoint minimizes Ch0ng.s in reactor  coolant system vo te r  irnentory during 
plant l a d  cQngss md trandenta .  

A Tavg error signal is developed by comparison of Tavg t o  the desired reaator  
coolant average temperature (Tref) that repmaants a generated power reference 
signal der ived  from the first s t a g e  t u r b i n e  pressure.  If t h e  d i f f e r e n c e  
between Tavg and Tref should become ei ther  too  high or  t o o  low, alarms w U l  
annunciate. These a l a rms  i n d i c a t e  an imbalance between r e a c t o r  power and 
turbine load. 

Loss of power t o  the selected reactor  regulating system w i l l  result i n  a zero 

atmospheric steam dump area demand, l o s s  of the atmospheric steam dump quick 
open permissive,  r e g u l a t i o n  of p r e s s u r i z e r  l e v e l  a t  270 inches,  and l o s s  of 
the Tavg high and low e r r o r  alarm. 

The r e a c t o r  r e g u l a t i n g  system does not  a c t i v e l y  c o n t r o l  t h e  r e a c t o r  power. 
The r e a c t o r  is opera t ed  w i t h  all c o n t r o l  rods  f u l l y  withdrawn and n u c l e a r  
power is c o n t r o l l e d  manually by t h e  o p e r a t o r  through r e a c t o r  coolant  boron 
concsntratioa The reactor  regulat ing system provides  o p e r a t o r  guidance in 
matching the reactor  p o w e r  to gemrator p o w e r  through the Tavg h i g h  and low 
alarm. If the  Tavg error exceeds the c o n t r o l  band, the o p e r a t o r  may reduce 
the error by a d j w t i n g  boron concentration or adjusting t h e  turbine t h r o t t l e  
valve p o s i t i o a  

3.2 COB'X3OL R M N T  D R I V E  SYSTEM (CEDS) 

The control element dr ive  system is used t o  posit ion t h e  r eac t iv i ty  control 
rods  in t h e  r e a c t o r  core. This system is opera t ed  i a  t he  manual mode only. 
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The control rods are f u l l y  withdrawn from t h e  core during opera t ion  and t h e  
m o t o r  power is adjuated through the amount of dissolved boron i n  the reac to r  
cool.nt. hi a result, the  CBOS anno t  i d t i a t e  pos i t i ve  r e a c t i v i t y  changes 

Rats w i t h  the Ceos can result in cont ro l  rod insertions m d  reaotor  trip 

Due t o  o p e r a t i o n  of t h e  CXDS in t h e  manual mode w i t h  all c o n t r o l  r o d s  f u l l y  

withdrawn and r a a o t o r  t r i p  f u n o t i o n s  provided  bf t h e  r e a o t o r  p r o t e c t i o n  
sfstem, t h e  CSDS is n o t  oons ide red  t o  have a s i g n i f i c a n t  involvement  in 
regulating qst-8 i n t . r r o t i o a s  

3.3 REACTOR COOtPNT PRESS(IRE RRiULATRiG SYSTEH 

The r e a c t o r  c o o l a n t  p r e s s u r e  r e g u l a t i n g  sys tem c o n t r o l s  r e a c t o r  c o o l a n t  
p r e s s u r e  through a u t o m a t i c  c o n t r o l  i n p u t s  t o  t h e  p r e s s u r i z e r  h e a t e r s  t o  
pmduca steam (1500 W t o t a l  capacity) and the p r e s s u r i z e r  spray now control 
valve t o  condense steam (375 g p m  m a d m u m  flov). A small continuous flow (1.5 

gpm) is main ta ined  through the  s p r a y  l i n e s  a t  all times t o  keep the  s p r a y  
lines and t h e  pur- line warm,  mducing t h e r a a l  shock during p l a n t  tnansients. 
The reac tor  coolant pressure is compared t o  a se tpo in t  value (2250 psia). and 
the  e r ro r  si& provides proportional control of the spray valve pos i t ion  and 
p r o p o r t i o n a l  h e a t e r  e l emen t  power. Approximately 205 of t h e  h e a t e r s  a r e  

connected t o  proportional con t ro l l e r s  which adjust t h e  hea t  input as required 
t o  account  S o r  s t e a d y  l o s s e s  and t o  m a i n t a i n  t h e  d e s i r e d  r e a c t o r  c o o l a n t  
p re s su re  The ramaialng backup he8ters  are normally off  but are turned on by 
a low r eac to r  coolant pressure signal or high pressurizer layel e r r o r  signal 
throu@ bistahle controller o u t p u t s  

R t o  separate and redundant  r e a c t o r  c o o l a n t  pressure  r e g d a t i n g  systems are 
uaad to dwalop  the pressure  cont ro l  signals. These systems are pawered from 
separate v i t a l  instrument buses  and t he  operator can select e i t h e r  system for 

r e a c t o r  coo lan t  p r e s s u r e  c o n t r o l  through a manual s e l e c t o r  s w i t c h  The 
p r e s s u r i z e r  sp ray  va lve  c o n t r o l  signal is f u r t h e r  processed through modules 
involving instrument power. The pressur izer  hea te r  demand is also processed 
through relays powered from instrument power. The pressur izer  heater ac power 
is ob ta imd  through 480-V motor control centers  (HCCs).  
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The p r e s s u r i z e r  h e a t e r  c o n t r o l s  i n c l u d e  relays in t h e  p r e s s u r i z e r  l e v e l  
r e g u l a t i n g  system. These r e l a y s  a c t  t o  t u r n  a l l  h e a t e r s  f u l l  on a t  h igh  
PraJssuriter hml and t o  de-energlze a l l  hea te rs  on 10-10 pressur izer  l eve l  
(101 inchss). These funations involve the pressurizer l e v e l  regula t ing  system 
Power supplies i n  pressurizer heater  control. 

The r e a a t o r  c o o l a n t  p r e s s u r e  r e g u l a t i n g  sys tem i n p u t s  and o u t p u t s  are 
summarized in Table  D3. A f u n c t i o n a l  b lock  d iagram o f  t h e  r e a c t o r  c o o l a n t  
p r e s s u r e  r e g u l a t i n g  sys tem is shown in Figure  D2. Backup h e a t e r  c o n t r o l  
d e U s  are shown in Figure ~ 3 .  

Loss of  v i t a l  i n s t r u m e n t  power t o  t h e  s e l e c t e d  r e a c t o r  c o o l a a t  p r e s s u r e  
regulating system w i l l  produce a zero current demand signal t o  the pressur izer  
spray valve and t o  t he  proportional heaters. The pressur izer  spray va lve  and 
backup hea ters  can b e  controlled manually through non-vital instrument power. 

Loss of  non-v i t a l  i n s t r u m e n t  bus 1x09 w i l l  produce a z e r o  c u r r e n t  demand 
signal t o  the spray v a l v e  I/P and faFl the  backup hea ter  coa t ro i  re lay  in the  
'off a p o s i  t i o n  

UhFle not formally a part of the  r eac to r  coolant pressure regulating system, 
the p r e s s u r b e r  relief v a l v e  s cont r ibu te  t o  r eac to r  coolant pressure cont ro l  
under c e r t a i n  cond i t ions .  A two o u t  of  f o u r  l o g i c  i n d i c a t i n g  h igh  r e a c t o r  
c o o l a n t  p r e s s u r e  f rom the r e a c t o r  p r o t e c t i o n  sys t em v i 1 1  open t h e  two 
p r e s s i r i s e r  relief v a l v a  when the  r eac to r  coolant pressure exceeds 2385 psi& 
These v a l v e s  a r e  s ized  t o  b e  a b l e  t o  release s u f f i c i e n t  p r e s s u r i z e r  steam 
d u r i n g  abnormal o p e r a t i n g  occur rences  t o  p reven t  opening  o f  t h e  r e a c t o r  
coolant system sa fe ty  valves. A motor-actuated i s o l a t i o n  valve is provided 
upstream of each  of t h e  P R V s  t o  p e r m i t  i s o l a t i n g  t h e  valve. A f u n c t i o n a l  
block diagram l o r  pressurizer relief valve control and i s o l a t i o n  is shown in 
Figure  ~ 4 .  

Fai lure  of either the  400-V ac o r  the  125-V dc buses w i l l  result in the PRVs 
c l o s i n g  or r ema in ing  closed. Due t o  t h e  2 of  4 l o g i c ,  f a i l u r e  of any one o f  

the four 120-V ac v i t a l  b u s e s  supplying the  RPS w i l l  n e i the r  open the PRV nor 
prevent them from being opened due t o  high pressur izer  pressure. FalLure of 



Table D 3 .  Reactor coolant pressure regulating system inputs and outputs 

It- hscr lpt ion Comments 

JauLu 

1 

2 

4LLtRUm 

1 

2 

3 

PT toor 

PT 1oor 

ReaCtOX' C0d-t Control si& to pressure 
R.asun regulating spstaa X 

norotor cadant Control signal to pressure 
Reassure regulating system Y 

Proportional Beater D d  Amlog signal - Function inter- 
cepted by high and lav level  
relays i n  prusurizer level  
system 

63UPC-100 Backup Heater Rda contacts w i t c h  heaters 
DmPnd on/off - intercepted by high and 

1-10 level  relays i n  pressurizer 
level  system 

Pressurizer Spray Valve Position Analog signal to selected spray 
valve I/P converter 
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aay two v i t a l  buses, however, w i l l  result i n  both P R F s  opening and remaining 
open u a t l l  manually c losed  from the  c o n t r o l  room or one o r  both v i t a l  buses 
are reenorglad. 

The p r e s s u r i z e r  l e v o l  r e g u l a t i n g  systom p rov ides  au tomat i c  c o n t r o l  of the 
pressurizer levol  through analog control of tho lotdoua control valva position 
and s t a r t / s top  control of tho backup charging pumps. 'Ihore w e  two letdown 
o o a t r o l  va lves  i n  p a r r l l o l  l i n e s ,  each of which Can supp ly  a maximum o f  128 

gum of l o t d o u n  flow. Ondor normal o p o r a t i n g  cond i t ions ,  one v a l v e  is 
o p e r a t i n g  w h i l e  t he  o t h e r  is kep t  i n  a standby ( c losod)  cond i t ion .  Under 

normal conditions one charging pump is operating a t  a design flow r a t e  of 44 
gpm. Oa/off c o n t r o l  of t h e  backup charging pumps p rov ides  an a d d i t i o n a l  44 
a m  per pump f o r  a maximum of 132 gum. There is no mechanism f o r  t h r o t t l i n g  
t h e  f low on a cha rg ing  l i n e ,  le., t h e  pump is  e i t h e r  on and supp ly ing  4 4  gpm 
Or o f f  and supp ly ing  no flow. Yhen a l l  t h r e e  p u p s  are  on, f low w i l l  b e  

supplied t o  the primarq system up t o  a pressure which is high enough t o  l i f t  
t he  p r e s s u r i z e r  PRVs (2385 psig) .  me p r e s s u r i z e r  l e v e l  r e g u l a t i n g  system 
also has dominant c o n t r o l  over  t he  p r e s s u r i z e r  h e a t e r s  t o  t u r n  a l l  h e a t e r s  
f u l l  on on high p r e s s u r i z e r  l e v e l  and t o  t u r n  all h e a t e r s  o f f  on 10-10 
pressurizer l e v e l .  

The pressurizer l eve l  control signals are developed i n  two separate  and f u l l y  
redundant regulating systems. These systems have separate pressurizer  l eve l  
input s ignals  and share . the pressurizer l eve l  setpoint  signal developed i n  the 

reactor  regulating system. The analog output signal t o  the letdown control 
valvo and relays usod t o  control the charging pumps and pressurizer  heaters 
operate from ma-vital instrument power and are not redundant. 

PaUure of v i t a l  instrument power t o  the selected pressurizer l eve l  regulating 
system w i l l  produce a zero current demand s ignal  t o  the letdown control v a l v e  
and t o  t h e  backup charging pump c o n t r o l  bis tables .  P r e s s u r i z e r  l e v e l  
regulating system bis table  outputs w i l l  de-energize a l l  p r e s s u r i z e r  h e a t e r s  
and s t o p  all but  one charging pump. Tliese f a i l u r e s  can be c o r r e c t e d  by 
manually select ing the a l t e rna te  pressurizer l eve l  regulating system. 
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Loss of non-vital instrument bus 1x10 w i l l  provide a zero aur ren t  demand t o  
the letdown control valve and w i l l  de-energizo cont ro l  r e l ays  to d c e n e r g i z e  
a l l  pressurizer h e a t e r s  and s t o p  all bu t  on0 a h a r g i n g  pump. Pressurizer 
heater  cont ro ls  w i l l  fall off and the letdown cont ro l  valve w i l l  f a  closed. 

The charging pumps can bo controlled manually through hand s t a t ions .  

3.5 FEEDWATeR AffiULPTIHG SYSTEMS 

There are two f u l l y  separate f e e d w a t e r  r e g u l a t i n g  systems. each sys tem 
cont ro ls  the main feedwater regula t ing  valve and byposs valve pos i t ion  f o r  one 

steam generator. Each steam generator l e v e l  signal is comparsd t o  a se tpoin t  
and c o r r e c t e d  by t h e  r a t i o  of steam f low t o  f e e d w a t e r  f low t o  provide  t h e  
corresponding feedwater regula t ing  v a l v e  pos i t ion  control. The main feedwater 
regulating v a l v e s  are automatically closed and the bypass valves set t o  5% Of 
f u l l  power feedwater flow following reac tor  t r i p .  Tkis valve posit i tm can be  

manually overridden by the operator. 

The two feedwater regula t ing  systems receive primary aa power from separa te  
v i t a l  buses. On the faUure of a v i t a l  bus, the feedwater regula t ing  system 
without power automatically transfers t o  a separa te  n o b r i t a l  iostrument bus 
t o  r e s t o r e  power f o r  cont inued  p l a n t  opera t ion .  It t h e r e f o r e  r e q u i r e s  one 

v i t a l  and one non-v i t a l  i n s t r u m e n t  bus f a i l u r e  t o  l o s e  one f e e d w a t e r  
regulating system, and two v i t a l  and two non-vital instrument bus failures t o  
lo se  both feedwater regula t ing  systams. 

Inputs and outputs of the  f e d w a t e r  regula t ing  systems are summarized i n  Table 
~ 5 .  A functional block diagram of the feedwater regula t ing  systems is shown 
in Figure  ~ 7 .  

The main f e e d w a t e r  r e g u l a t i n g  v a l v e  e l ec t ro - to -pneumat i c  ( E / P )  p o s i t i o n  
c o n t r o l l e r s  have s o l e n o i d  v a l v e s  on t h e  a i r  lines t h a t  use  n O n - V i t a l  
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Table D4. Pressurizer level regulating system inputs  and outputs  

Item boar ip t ion  Comments 

U R U a  
1 

2 

3 

l2wulsa 
1 

2 

3 

4 

Lc11ox Pressurizer Level 

LC11 or Pressurizer Level 

Pressurizer Level Setpoint Frm rmotor m@.lating systan 

63X CHll 

63X CH12 

63x ca13 
63X CH14 

63XULCl 

R d r p  

Re1 ay 

and Relays 

OL Relay 

5 631(B/LCilOL Relay 

6 63XA/LCllOH Relay 

7 631(B/Lc110R Relay 

Start/stop charging pump 1 1 1  

Staut/stop charging pump 12l 

S t u t / s t o p  charging pump 131 

De-energizes t o  turn o f f  all 
backup heaters on l + l o  l e v e l .  
Loss of control power to t h i s  
relay overrides all control of 
backup heaters and de-energizes 
Group A proportional heaters. 

De-energizes to turn o f f  Croup B 
Proportional heaters on le10 
level 

De-energizes t o  turn heaters on 
at high l e v e l  

Dcenergizes t o  stop all but one 
charging pump on high l e v e l  

'One charging pump i s  normally operating. Control relays de-energize t o  start  
OM selected out of the remaining two charging pumps. 
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T a b l e  D5. Feedwater r e g u l a t l n g  sys t em i n p u t s  and o u t p u t s  

Item Daser ip t ion  c c n t s  

Lunuka 

1 

2 

3 

9 

(XltDuts 

1 

2 

l-PT-1011/ 
1-PT-1012 

l-PT-llll/ 
1-PT-1112 

l-LT-llll/ 
1-LT-1112 

l-LT-llOW 
1-LT- 1 106 

l-FLV-llll/ 
1 -FLV-1 1 1 2 

1-HCV-1105/ 
1-HCV-1106 

Steam Plw Analog sign& to regulating 
s y s t u  11/12 

Pealnotar  Flou Analog signal t o  r egu la t ing  
systrm 11/12 

Dawncomer Lave1 
Transmitter 

Uormally for  main FU rcgulatlng 
valve cont ro l  i n  r egu la t ing  
system 11/12 

U d l y  for bypass FU v a v e  
control i n  r egu la t ing  s y s t e s  
11/12 

Main Feedwater 
Regulating Valve 
WP 

Analog valve pos i t i on  s igna l  f o r  
steam genera tor  11/12 

Bypass Valve UP & d o g  valve pos i t i on  signal f o r  
steam genera tor  11/12 

NOTE: Each steam g e n e r a t o r  h a s  a s e p p r a t e  f e e d w a t e r  r e g u l a t i n g  system. 
The input  and output tag numbers shown correspond t o  SGll followed 
by SG12. 
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TRANSFERS) 
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Fig. D7. Feedwater regulating system functional block diagram. 
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i n s t r u m a n t  power. Each of t h e  t w o  main f e e d w a t e r  r e g u l a t i n g  v a l v e s  h a s  8 

different source of i n s t r u m e n t  power. Loss of non-vital i n s t r u m e n t  bw 1YO9 
or 1rlO w i l l  foil the a f f e c t e d  main feedwater regulating v a l v e  p o s i t i o n  as-is. 

While n o t  a part of the feedwater regulating system, the main feedwater  pump 
smed oontrol p a r t f a i p a t e s  in feedwater f l o w  control. This m c t i o n  controls 
t h e  main feedwater pump t u r b i n e  s p e e d  t o  maintain 8 c o n s t a n t  p r e s s u r e  d r o p  
8croaa the man  f d u a t a r  r e g u l a t i n g  valve& Ihe main feedwater pump speed 

control us08 n o n - v i W  i n s t r u m a n t  bus 1IO9. Loss o f  this power results i n  the 

failure of a n  feedwater pump speed c o n t r o l  a t  the o p e r a t i n g  v a l u a  The noin 
f e e d v a t e r  pumps can be t r i p p e d  m a n u a l l y  a t  the pump f o l l o w i n g  t h i s  loss of 
power. The main f e e d w a t e r  pump s p e e d  c o n t r o l  i n p u t s  and  o u t p u t s  are 
s u m m a r i z e d  in T a b l e  D6. A f u n o t i o n a l  b l o c k  diagram of t h e  m a i n  feedwater 
P U P  Sved Contro l  is shown in F i g u r e  DE. 

3.6 ATMOSPHERIC STEW DUUP AND RJffBINE BXPASS SYSTEM 

The a t m o s p h e r i c  steam dump and t u r b i n e  b y p a s s  s y s t e m  p r o v f d e s  for steam 
pressure c o n t r o l  through the two a tmospher ic  steam dump va lves  which exhaus t  
to  t h e  atmosphere and t h e  f o u r  t u r b i n e  bypass  v a l v e s  which exhaust  downstream 
of t h e  MIPS t o  the main condenser. The s team f l o w  c a p a c i t y  of each turbifie 

b y p a s s  v a l v e  is 105, making  t h e  t o t a l  c a p a c i t y  of t h e  t u r b i n e  b y p a s s  s y s t e m  
40s of full power s team flow. Each a tmospher ic  s team dump v a l v e  can  r e l l e v e  
2.51 of full power steam f l o w .  

P r i o r  t o  t u r b i n e  roll, or under c o n d i t i o n s  where s team p r e s s u r e  exceeds a set 
v a l u e ,  steam g e n e r a t o r  o u t l e t  p r e s s u r e  is u s e d  t o  r e g u l a t e  t u r b i n e  b y p a s s  
va lve  p o s i t i o n  Fol lowing a t u r b i n e  t r f p ,  t h e  larger of t h e  secondary steam 
g e n e r a t o r  o u t l e t  p r e s s u r e  error  or Tavg e r r o r  from t h e  r e a c t o r  r e g u l a t i n g  
system is selected t o  nodulate t u r b i n e  bypass  v a l v e  p o d t i o a  The Tavg error 
is also used t o  c o n t r o l  a tmospher ic  s team dump v a l v e  area f o l l o w i n g  a r e a c t o r  
t r i p .  If t h e  Tavg error  is g r e a t e r  t h a n  a s e t p o i n t  v a l u e ,  t h e n  bo th  t h e  

t u r b i n e  bypass v a l v e s  and atmospheric steam dump v a l v e s  r e c e i v e  a quick  open 
signal f o l l o w i n g  t u r b l n e  t r i p .  The vPtve p o d t i o n  c o n t r o l  w F l l  r e t u r n  t o  area 
demand based on steam p r e s s u r e  and/or Tavg e r r o r  when the Tavg e r r o r  is below 
t h e  q u i c k  o p e n , s e t p o f n t .  Loss of  c o n d e n s e r  vacuum w i l l  r e s u l t  i n  a q u i c k  
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Table  D6. Main feedwater  pump s p e e d  c o n t r o l  i n p u t s  and o u t p u t s  

1t.a 

~ 

Deaoription 

lLnDuta 
1 

2 

QuUw 
1 

2 

1-PDT-4516 DP Transllitter Hofn RI r w a t i n g  valve 
1-1 11 1-DP 

1-PDT-4517 DP transmitter W n  RI regulating vaLva 
l-CV1121-DP 

RI Turbine Speed Doinand Analog signal to motor control 
1 1  unit 

N Turbine Sped Demand Bnalog signal t o  motor control 
12 unit 

1AFAS actuation without stem generator tube rupture log ic  actuation w i l l  run 
pump s p e d  back t o  m i n t m u m  rec irculat ion 



inc UOTOR CONTROL MOTOR QEAA 

F.W. TURBINE 1 I 

4516 4518 UNIT UNIT 

UOTOR CONTROL MOTOR OEAR 

IPI4516 

F.W. TURBINE I 2  
RECIRCULATION) 

IPDlC 4517 4517 UNII UNIT 
4517 IPI45I7 

NOTE: ALL SUPPLIED BY IVOY EXCEPT lP14Sl? WHlCH 19 BUPPLfEO BV l Y l 0  

N z 

F i g .  D8. Feedwater pump s p e e d  c o n t r o l  f u n c t i o n a l  b lock diagram. 
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close signal t o  the turbine bypass valves. The quick close sim domirates 
aU other control inputs  to the turbino bypass v a l v e s  

Loss of  dc bus 11 w i l l  c l o s e  or hold c losed  t h e  t u r b i n e  bypass v a l v e s  due t o  
the quick dose ac t ion  of i s o l o t i o a  solenoid valve& The atmospheric steam 
dump valves w i l l  not quick open without p o w e r  f r o m  dc bus 11; however, manual 

a n t r a l  is mallable for these valves Instrument power f o r  turbiae bypass 
valve pressure c o n t r o l  o r  t h e  atmospheria  steam dump v a l v e  Tavg error 
r e g u l a t i n g  or hand c o n t r o l  s t a t i o n s  was 3ft i d e n t l f i e d  from t h e  a v a i l a b l e  
doaumentatiorb Loss of this $over w i l l  a c t " t0  close the affected v a l v e s  

The turbim bypass aad a tmospher i c  dump system i n p u t s  and o u t p u t s  are 
summarized in T a b l e  D7. The system f u n c t i o n a l  block diagram is shown i n  
Figure  D9. 

3.7 lQmINE GENERATOR CONTRU 

The t u r b i n e  gene ra to r  system is c o n t r o l l e d  manually. During l o a d  changes, 
operators adjust  the posit ion of the four turbine main steam control valves in 
coord ina t ion  w i t h  r e a c t o r  power changes t o  m a i n t a i n  t h e  r e a c t o r  Tava error 
w i t h i n  programaed l i m i t s .  These l i m i t s  a r e  i n d i c a t e d  by t h e  r e a c t o r  
r e g u l a t i n g  system through t h e  comparison of t h e  r e a c t o r  Tavg t o  a computed 
Tref derived from the turbine first stage pres su re .  Since the turbine f i r s t  
stags pressure varies a s  a fuuction of turbine load, these act ions provide a 
match between reactor  thermal power and generated alectric output. 

While =me s t a t i o n  power supply failures can caue  a turbina t r i p ,  c l o s d e  of 
the t u r b i n e  c o n t r o l  valves does no t  affect  t h e  a b i l i t y  of o t h e r  r e g u l a t i n g  
systems t o  o p e r a t e  as designed. As a result, t h e  t u r b i n e  gene ra to r  c o n t r o l  
system is not considered t o  have a s i g n i f i c a n t  i n t e r a c t i o n  w i t h  o t h e r  
regulating systems. 
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Table  D 7 .  Atmospheric steam dump and t u r b i n e  bypass  system 
inputs  and o u t p u t s  

Itam Desoription C-nts 

anuta 

1 

2 

3 

4 

5 

1-PT-40% Staam GeMratar 
Outle t R a s a w  

Tavg i r o m  Reactor Regulating 
system 

Turbine h i p  Status 

Condenser Vacuum 

Relay contact K7 from reactor 
regulating system 

Analog signal for atsospheric 
steam dump rrrd turbine bypaas 
?avm area control 

l o r l o 6  s i W  for atmspharic 
staam dump and turbine bypass 

Closed conkot  indicates turbine 
-10 

Open contact indicates loss of 
vacuum 

V&Ve We8 control 

Closed contact indicates quick 
open perarissive 

1 

2 

TUrblns Bypass Valves (4) 

A ~ s p h e r i a  S t o a  0-0 
Valvsa (2 )  

Analog position signal 

Analog position signal 
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F i g .  D9. Turbine  bypass  and a t m o s p h e r i c  steam dump Punctional b l o c k  diagram. 
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D4. WYER SUPPLY DePUSTION AND ANALYSIS, 

The C a l v e r t  C l i f f s  U n i t  1 ao e l e c t r i c  power d i a t r i b u t i o n  is shown in a 

s i m p f i f i a d  s c h e m a t i c  d i ag ram in F i g u r e  ~10. The p l a n t  power r e q u i r e m e n t s  
normally are suppl ied  from the  switchyard through l3-kV se rv ice  buses 11, 12, 

and 21. Bus 12  s u p p l i e s  the f o u r  r e a o t o r  o o o l a o t  pump buses ,  and bus  11 

s u p p l i e s  t h e  9-kV u n i t  buses  11 ,  12 ,  13, 15, and 16. Bus 21 s u p p l i e s  4-kv 
u n i t  bus 4. 

The s a f e t y  r a l r t o d  Channel ZA and ZB power requirements are supplied by 4-LV 

u n i t  buses  11 and 14, r e s p e a t i v e l y .  These b u s e s  are eaargized by t u o  o f  t h e  
th ree  emergency diesel genera tors  s h a r d  by t he  two Calver t  Cliffs ualts.  

me 4-kV u n i t  buses  s u p p l y  t h e  480-V u n i t  b u s e s  th rough  t r a n s f o r m e r s .  In 

118 supp l i e s  480-v r e a c t o r  ncc 1 1 4 8  The 4-kv unit bus 14 supp l i e s  480-V u n i t  
W t i c U l u ,  4-LV u n i t  bus 11 s u p p l i t s  480-V buses 118 and 118; 480-V u n i t  bus 

buses 148 ad 148, atid 480-V u n i t  bus 14A supp l i e s  400-V reac to r  HCC 104R 

Plant dc  loads  arc suppl ied  by 125-V dc  busas 11, 12, 21, and 22, and 250-V dc  
bus 13 which are shared between the  t u @  units. Each dc bus normally is fed by 
i t s  a s s o c i a t e d  b a t t e r y  c h a r g e r  (Le., bus 11 fed by b a t t e r y  11 and b a t t e r y  
charger 11). The fou r  125-V dc  ba t t e ry  chargers  11, 12, 21, ;rad 22 are fed by 
480-V u n i t  buses llA, 14B, 21B, and 248 respec t ive ly .  

The 120-V ac ins t rument  buses are  fed from the dc buses through i n v e r t e r s  or 
from t h e  400-9 ac HCC's  t h rough  t r a n s f o r m e r s .  The 120-V ac v i t a l  buses  11,  

12, 13, and 14 are supported through their associated i n v e r t e r s  from d c  buses 
1 1  , 21 , 12,  and 22 r e s p e c t i v e l y .  The v i t a l  b u s e s  may a l s o  be f ed ,  by manual 
transfer, from 120-V ac bus  1x11. The 120-V ac b u s e s  1x10 and 1x11 are f e d  
throw t h e i r  t ransformers  from 480-v ac HCC 104R B u s  1x09 is fed  from HCC 
114R. 

E l e c t r i c  bus failures can occur f o r  a v a r i e t y  of reasons inc luding  i s o l a t i o n  
or f d u r e  of feeder  buses or shorts that could occur dur ing  maintenance. For 

Purposes of t h i s  ana lys i s ,  single unspecified failures have been postulated a t  
v a r i o u s  p o i n t s  in t h e  power d i s t r i b u t i o n  c i r c u i t r y .  The f a i l u r e  h a s  been 



288 

- 

CONOENSATE PUMPS 12 AN0 13 
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assumed t o  de-energ ize  t h e  d i r e c t l y  a f f e c t e d  bus, buses  f e d  only from t h i s  
bus, and p o s s i b l y  t h e  f e e d e r  buses  t o  t h e  a f f e c t e d  bus. In cases where a 

malintenanca t i e  exists, failures a f f e c t i n g  both aormally i o l a t e d  buses  were 
C0nsid-d. 

The 4-kV un i t  buses shown on Figure D10 have multiple sources of power (13-kV 

service bus 11 and t h e  emergency d i e s e l - g e n e r a t o r s ) .  Thus, 4-kV u n i t  bus  
friluras w a r 8  assumed due to postulated faults on t h e  4-kV u n i t  buses, ThLs 
faul t  results i n  de-energ iz ing  t h e  lower v o l t a g e  bus  fed f rom t h e  a f f e c t e d  
bus. Similar faults were postulated on lowar v o l t r e  buses. Maintenance t ies 
between HCCs 1048 and 114R and be tween no -v i t a l  i n s t r u m e n t  buses  lYO9 and 
1Y10 were cons ide red  p o s s i b l e  mechanisms f o r  p r o p a g a t i n g  a single f a u l t  t o  
both of them nccs cr the no-vital instrument buaea  

The 125-V dc buses  11, 12, 21, and 22 each  have m u l t i p l e  independent  power 
s u p p l i e s  and have no maintenance  ties. Therefore ,  only f a u l t s  a f f e c t i n g  
single buses were considered. 

Each of the  120-V ac v i t a l  buses (1PO1, 1Y02, 1Y03, and 1Y04) is normally fed 
from a separate dc bus through a n  i n v e r t e r .  One or o o r e  v i t a l  buses  may be 
fed from 120-V ac bus 1Y11. Therefore, s i n g l e  and mult iple  v i t a l  bus fatlures 
were considerad. 

Where e i t h e r  of two i n s t r u m e n t  buses  supply  a s i n g l e  i n s t r u m e n t  pane l  by 
automatic selection, two faFlure modes were cons idered  A fault  in the panel 
could result in both feeder  buses Ming i s o l a t e d  fmm the  pa-1. The feeder 
buses  would c o n t i n u e  t o  supp ly  o t h e r  l o a d s  in this case. The a n a l y s i s  also 
considered t h e  poss ib i l i t y  of a panel f a u l t  prQpia@ting t o  the primary supply 
bus and s u b s e q u e n t l y  p r o p a g a t i n g  t o  t h e  backup supp ly  bus on  a u t o m a t i c  
transfer. In t h i s  cam, the two buses feeding the  pawl would be dcenergized. 

Tha Calvert Cliffs U n i t  1 regulating system power supp l i e s  were i d e n t i f i e d  and 
l o a a t e d  o n  t h e  s t a t i o n  one-line power d i s t r i b u t i o n .  S i n g l e  f a i l u r e s  were  
postulated a t  each node in the power d i s t r i b u t i o n  sys tem and t h e  a f f e c t e d  
r e g u l a t i n g  s y s t e m s  and f u n c t i o n s  were  i d e n t i f i e d .  M u l t i p l e  failures were  
postulated f o r  buses i m o l v i n g  maintenance t ies and r egu la t ing  system loads.  
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P o w e r  supply failures w h i c h  d i d  not affect regulating system functions vera 
remwsd from CoaaidSratioP hrenty-four d i s t i n o t  single point bus fallures 
Were i d e n t i f i e d  that  a f f e c t  the regulating systems. These f a i l u r e  points, 
assooiated laver l e v a  bwos, and the affected regulating system functi'olu are  

summarized i n  Table De. The m u l t i p l e  instrument bus failures that  vera 
w e d  a m  summarized in Table D9. 
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Table D8. C a l v e r t  C l i f f s  Uni t  1 r e g u l a t l n g  systems power s u p p l y  f a i l u r e  modes 

Bus Pauure Lover Level 
Itam Poin t  Bw Pallures Affected Control Punations 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1x01 

1x02 

1x09 

1x10 

125-V dc Bus 11 

125-V dc Bus 21 

ncc iogPH 

HCC 110PE 

ncc i i i p B  

Mcc ll2PB 

HCC l04R 

ncc i i u m  

None 

Hone 

None 

MOM 

None 

None 

None 

M O M  

None 

NOM 

1x10 

1Y09 

R u c t o r ,  re8CtW C O O l M t  PreSsuTet 
.pd pressurizer level  systems ( i f  
aaleoted t o  this bus) 

Ruotor,  reactor coolant pressure, 
and pressurizer level system (U 
sdected to  this bus) 

Pressurizer spray, pressurizer 
backup heaters, OM main feedwater 
regulating valve, main feedwater 
me swd 

Char- p w p s ,  pressurizer 
heatem, letdown control mlve, 
OM main feedwater regulating 
valve 

Pressurizer r e l i e f  valves, turbine 
bypaas valves, abospheric steam 
dump valves, charging pump 11, 
half o f  the proportional heaters, 
maln turbine EBC 

H a l f  of the proportional heaters, 
charging pump 12 

1/4 of backup heaters 

1/4 of backup heaters 

1/4 of backup heaters 

1/4 of  backup heaten 

One PRV, charging pumps , pressuri- 
zer heaters, letdoun control 
valve,  one main feedwater 
regulating valve. 

One PRY, pressurfzer spray, 
pressurizer backup heaters, one 
main feedwater regulating valve, 
main feedwater pump speed 
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Table D8. (continued) 

Bus P U W .  L4V.r Level 
Item Point Bus Failures hifeatad Control Functions 

13  

14 

15 

16 

17 

18 

19 

20 

21 

480-v u n i t  190- mi of tho proportional heaters ,  
Bus 11A chuglng pump 1 3  (also fed by 

480-V unit bus 14A vir wUPL 
switch) 

480-v u n i t  Reactor MCC 114R Ch~rging pump 11, on0 PRV, 
Bw 118 Instrument Bus l f0g  p r e s s u r i z e r  spray, pressurizer 

hea te r s ,  one main feedwater 
regulating valve, a n  feedwater 

4-kV U n i t  BUS 11 480-V U n i t  Combined func t ions  of 480 V Unit 

P U P  sP-d 

Bums 118 and 118 Buss 118 and 118 
Reacbor HC 114R 
Znstmnent Bus 1YO9 

400-v u n i t  ncc i o g p w  1/4 of backup h e a t e r s  
BUS 128 

480-V U n i t  ncc i iom 1/4 of backup hea te r s  
BUS 128 

4-kV U n i t  BUS 12 480-V U n i t  Combinad func t ion  of 400 V U n i t  
Buses 12A and 12B Buses 12A and 128 

UCC 109PE 
ncc i t o m  

480-v u n i t  UCC l f lPR . 1/4 of backup h e a t e r s  
BUS 138 

BU 138 
480-P u n i t  ncc 1 1 2 ~ 1 ~  1/4 of backup heaters 

4-LO U l r i t  BUS 13 480-V U n i t  Camblned func t ions  of 400 V U n i t  
Buses l3A and 13B Buses 13A and 138 

ncc i i i p B  
ncc 1 1 2 ~ ~  
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Table D8. (continued) 

Bus Failure Laror Level 
It- Point Bus FlLtlurea 1Vfeot.d Control Functions 

22 480-V U n i t  Ractor ncc 1048 OM PRV, hal f  of the proportional 

OD. orin feadvater regulating 
vrtv8, charging pump 13 (a lso fed 
by 480-V unit bus 1 1 A  vi. mt& 
suitoh) 

B u s  141, Instrument Bus 1x10 h a t e r s ,  letdown control valve, 

23 480-V U n i t  
B u s  148 

24 4-k9 unit 
B u s  14 

480-v u n i t  BUW Combined functions of 480-v uni t  
141 ond 14B Buses 148 and 148 
Reactor ncc 1048 
Instrument Bus 1x10 

*References 4 and 5 i n d i c a t e  HCC 109PIi is fed from 480-V unit bus 118 and nCC 
111PH is fed from 480-V unlt bus 1 4 8  
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Table D9. Calver t  Cl i f fs  Unit  1 r e g u l a t i n g  sys tems  
m u l t i p l e  power supply failure modes 

Bum P.iluro 
1t.n Point 

1 1101 .nd 1702 Reactor coolant pusuro and pressurizer level, 
steam dump quiok OD.~, end automatlo ataospherlc 
s t 8 a  dump control 

2 1101 m d  lrO9 

3 1102 ud 1110 

4 1YO9 and lY10 

Pmssurker spray, pressurizer backup heaters, one 
fedwater regulating system and main feedwater 
regulating valve, main feoduater pump speed 

Charging pumps, pressurker heaters, letdown control 
valva, one leadwater regulating system and main 
fedwater regulating valve 

Charging pumps, pressurizer spray, pressurizer 
heaters, letdown control valve, main feedwater 
pump speed, both main feedwater regulating valves 
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DS. BPFECTS OP VITAL INSTRUMENT BUSES 1x01 AND 1x02 
CIRCUIT FAILURES ON ReOULATINe SXSTeWS RESPONSE 

Ihe fa i lure  of bus 1x01 or 1x02 can affect  the reactor regulating system, the 
pressur izar  level regula t ing  system, and the  r eac to r  coolant pressure 
regulating systea, but, becouse separate and redundant regulating systems are 

avai lab le  for eaoh ~i thes8 funotiona, tho p l an t  response depends on the 
W s t ~ a s  that  were wleoted for operation a t  the time of the bus failure. Ihe 

altarn8t.a systems can be selected by the operator through manual switches so 

that  prompt recovery o f  operating regulating systems is posaiblo for  these bus 
fa i lures .  Tho ind iv idua l  and combined r egu la t ing  system rtspoases a r e  
summarized i n  T a b l e  D10. These e f f e c t s  and the  d i f f e r e n t  combinations of 
regulating system failures are discussed i n  the following sections. 

5.1 ~ I T I A L  CONTROL RESPONSE 

The i n i t i a l  regula t ing  system response t o  f a i l u r e  of the  1x01 or 1 Y O 2  b u s  
consists of the following cases: 

1. 

2. 

3 .  
4. 

5. 
6. 

7. 

Reactor regulating system fa l lure  
Reactor coolant pressure regulating system faf lure  
Reasurizer level regulating system fa i lure  
Reactor and reactor coolant pressure regulating system failure 
Reactor aod pressurizer level  regulating system fa i lure  
Reactor coolant pressure and pressur izer  l eve l  regula t ing  
system fa i lure  
Reactor, r eac to r  coolant pressure,  and p res su r i ze r  l eve l  
regulating system failure. 

Svstg-. Failure of the selected reactor regulating 
-stem will resu l t  i n  loss of the atmospherfc steam dump area demand function, 
the  atmospheric steam dump quick open p e r m i s s i v e ,  Tavg error alarms, and a 
lowering of t h e  p ressur izer  l e v e l  setpoint.  I f  t he  p lan t  i s  operat ing 
normally, automatic control responae w i l l  be to s t o p  a i l  bu t  OM charging pump 

and open the letdown control valve as  steps t o  regulate pressurizer level a t  
the lower indicated setpoint .  I f  a plant  t r i p  occurs while the reac tor  
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Table D10. I n i t i a l  control response of l n d i v i d u a l  regula t ing  system 
t o  failures of v i t a l  instrument buses l Y O l  and 1Y02 

Regulating Sptm Foilwe Control Response' 

Re8CtOP Power to selected 
ay8t.n fails 

Power t o  non- 
selmted system 
fails 

. Reactor 
Coolant 
Pressure 

Pressurizer 
Level 

Feeduater 

Power t o  se lec ted  
system fails 

Power t o  se lec ted  
system fails 

Power t o  selected 
system i u s  

Atmapheria steam dump u'ea 
demand goes t o  zero. Atmospheria 
o t w  dump quick open p.rmiosive 
no t  allowed. Pressurizer l e v e l  
s e t p o i a t  foils t o  l ove r  l eve l .  
Tavq - Traf higWlov a l a m  fails. 

zero cu r ren t  from hplr or the 
sensors. Atmospheric steam dump 
area demand fails closed. Atmos- 
pher i c  steam dump quick open per- 
missive not allowed. Pressur tzer  
l e v e l  s e tpo in t  lowered. Tavg - 
Tref high/low alarm i nd ica t e s  Tavg 
too  lav. 

Pressur izer  spray v a l v e  closes.  
Proportional hea te rs  fail on. 
Backup hea te r s  t u rn  on. 

Letdown control valve closes. 
Pressur izer  l eve l  i nd ica t e s  Lou 
which s t a r t s  backup charging 
pump(s).  All heaters de-energized 
due t o  apparent 1-10 l e v e l  
indLca t ion.  

No response. 1 Y O 1  a l t e r n a t e  
(9G11) is 1YO9; 1Y02 a l t e r n a t e  
(SI21 is 1x10. Transfer t o  
a t O r M t e  bus is autana t ic .  

'Control rasponae is for loss of power t o  single r e w l a t i n g  system. 
regulating system failure reaponse is deacrlbed i n  the discussion. 

Multiple 
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regulating system power supply is f a i l ed ,  t he re  will not be  a turbine bypass 
valve or atmospheric steam dump valve quick open and secondary steam pressure 
control will be provided by t he  code Saiety valves. 

If the  r e a o t w  regula t ing  system power supply fa i ls  while the turb inr  bypass 
o r  a tmosphe r i c  steam dump v a l v e s  a r e  i n  o p e r a t i o n ,  t h e  q u i c k  open f u n c t i o n  
will be l o s t  and the  atmospheria steam dump valves will c l o s e  The t u r b i n e  
bypass v a l v e s  w i l l  r e g u l r t r  on steam p r e s s u r e  and manual c o n t r o l  of t h e  
atmospheria stam dump valves will be a v a i l a b l e  Additional pressure cont ro l  
will ba provided by the  code d r Q  valves if required The regula t ing  system 
flirure can be  corrected by manually se l ec t ing  the  alternate reac to r  coolant 
p r e s s u r e  r e g u l a t i n g  system. Loss of power 1 P O l  or 1P02 is alarmed i n  t h e  
control mom. 

BbactorCP~lan*D~aj~~sBanvlstinn~vatm. Loss of power t o  the operating 
reac tor  coolant pressure regulating system will c lose  the pressur izer  spray 
Valve and t u r n  on t h e  p r o p o r t i o n a l  and backup p r e s s u r i z e r  hea te r s .  The 
pressur izer  l eve l  regulating system will par t i c ipa t e  by closing the letdown 
c o n t r o l  va lve  and t u r n i n g  on t h e  backup cha rg ing  pump(s1 t o  m a i n t a i n  
p r e s s u r i z e r  l e v e l .  Th i s  w i l l  i n t r o d u c e  a p o s i t i v e  p r e s s u r e  t r a n s i e n t  t h a t  
could r e s u l t  i n  a high pressure r eac to r  trip. 

The pressurizer heaters and spray valves may be cont ro l led  manually from non- 
v i t a l  i n s t r u m e n t  p o w e ~ .  The r e g u l a t i n g  sys tem f a i l u r e  can be c o r r e c t e d  by 
manually se l ec t ing  the alternate reac to r  coolant pressure regula t ing  system. 
Loss of power 1POl or lP02 is alarmed i n  t he  cont ro l  room. 

PrsJJurl~~~s~Renul&&n.S~j~s~. Loss of power 1YOl or 1Y02 t o  t h e  
selected pressur izer  l e v e l  regulating system will close t he  letdown cont ro l  
v8 lv0 ,  start t h e  s e l e c t e d  backup cha rg ing  pump(s1, and de-energ ize  t h e  
pressurizer heaters. This will produce a t r ans i en t  of decreasing pressure and 
increasing pressurizer level. Unless terminated, this could lead  t o  f i l l i n g  
t h e  p r e s s u r i z e r .  There may b e  a lov or h i g h  p r e s s u r e  r e a c t o r  t r i p .  The 
l e t d o w r  c o n t r o l  v a l v e  can s t i l l  be c o n t r o l l e d  manual ly  through non-v i t a l  
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instrument power. I h a  effects  can be corrected by manually selecting the 
a l t o r o t a  ptessurizrr  level  regulating system. 

ure Bapulatinn-. If both the 
re8otor regulating system and thr reactor coolant pressure regul8ting system 
are  so l r c t ed  from the  f a i l e d  bus, t he  n e t  effect  w i l l  be t he  combination of 
the ind iv idua l  roaotor  r egu la t ing  system 8nd r eaa to r  ooolant pressure  
regulating system f.irurea as previously describad. A high prersure reactor 
t r i p  is poss ib lo  followed by dapondenao on the  oode sa fe ty  va lves  f o r  
secoadary steam pressure control. The80 automatio regulating functions can ba 
r e s to red  by manudly  s e l e c t i n g  the  a l t e r n 8 t r  r e a c t o r  and p res su r i ze r  l eVr l  
regulating systems. 

m o t o r  and Pr- Level v- If both the reactor 

regulating system and the pressur izer  l e v e l  r egu la t ing  s y s t e m  a r e  se l ec t ed  
from the fai led bus, the pressurizer level regulating system fa i lu re  dominates 
the  f a i l e d  p re s su r i ze r  l e v e l  s e t p o i n t  s igna l  from the  r e a c t o r  r egu la t ing  
system. The p res su r i ze r  response w i l l  be the  same a s  descr ibed f o r  the 
fa i lure  of the pressurizer level regulating system by i t se l f .  The additional 
faf lure  of the reactor regulating system will affect  atmospheric steam dump 

and turbine bypass  control as described for fa i lure  of  t h i s  system alone. The 
n e t  r e s u l t  w i l l  be an increas ing  p res su r i ze r  l e v e l  t r a n s l e n t  combined w i t h  

decreasing r eac to r  coolant  pressure  and l o s s  of t he  atmospheric steam dump 
quick open or r s a c t o r  Tavg atmospheric steam dump and turb ine  bypasa a rea  
demand if t he re  i s  a r eac to r / tu rb ine  t r i p .  These automatic  r egu la t ing  
func t ions  can be res tored  by manually s e l r a t i n g  the  a l t e r n a t e  r e a c t o r  and 
pressurizer level  regulating systems. 

svst- 
m. Loss of power t o  the  opera t ing  r e a c t o r  coolant  pressure  and 
pressurizer level  regulating systems w i l l  result i n  loss of the pressurizer 
heaters, s ta r t ing  of the backup charging pump(s1, and closure of the letdown 
control valve caused by fa i lure  of the pressurizer level  regulating system and 
c losure  of the  p re s su r i ze r  spray valve caused by f a i l u r e  of the  r eac to r  
coolant  pressure regula t ing  system. The result ing reactor coolant pressure 
and pressurizer level  transient w i l l  b e  the net effect  of the loss of heaters 
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combined with reduced spray and an increase i n  reactor coolant inventory from 
t h e  charging pumps. Manual c o n t r o l  of  t he  le tdown c o n t r o l  valve and t h e  

Prassurizer sprw valve are avai lable  through no-vital instrument power. The 
automatlo r e g u l a t i n g  f u n o t i o n s  can be r e s t o r e d  by manually s e l e c t i n g  t h e  

alternate reactor coolant prassure and pressurizer level regulating systems. 

tor.  a Level 
lg- Loss o r  power t o  the reactor,  reaator coolant pressure, 
and p r e s s u r i z e r  level r e g u l a t i n g  systems will result i n  t h e  effects  of  t h e  
combined loss of power t o  the pressurizer l eve l  and reactor  coolant pressure 
regulating systems w i t h  the loss of atmospherio stem dump quick open and Tavg 
a r e a  demand f u n c t i o n s  a s s o c i a t e d  w i t h  t h e  r e a c t o r  r e g u l a t i n g  system. An 
increasing pressurizer l e v e l  and decreasing r eac to r  coolant pressure t ransient  
w i l l  be i n i t i a t e d  w i t h  dependence on the  code s a f e t y  v a l v e s  f o r  seaondary 
pressure control i n  the event of a reactor  t r i p .  These automatic regulating 
func t ions  can b e  r e s t o r e d  by s e l e c t i n g  t h e  a l t e r n a t e  r e a c t o r ,  p r e s s u r i z e r  
level,  and reactor  coolant pressure regulating systems. 

5.2 SUBSEQUENT CONTROL 

It is expected t h a t  the operators w i l l  s e l ea t  the alternate regulating systems 
a s  required following a faUure of v i t a l  instrument bus 1x01 or 1x02 and that 
normal r e g u l a t i n g  system f u n c t i o n s  w i l l  be a v a i l a b l e  ?o r  subsequent p l a n t  
control. 
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D6. EFFECTS OF INSTROHEEIT BUSES 1x09 AND 1110 C I R Q I I T  
FAILURE3 a# R m U L P T I E l i  SYS- RESPONSE 

The failure of non-vitzl instrument bus 1YOg affects r eac to r  coolant pressure 
r e g u l a t i o n  th rough  f r l l e d  o u t p u t  c o n t r o l  modules and rolws, and a f fec ts  
feodwater f l o w  re@at ion  thmugh loss of povar to 006 feedwater regu la t ing  
valve and tho feedvatsr pump sp8ed antroller. Th8se e f f e o t s  a m  summarized 
in Tablo D 1 1 .  

The failure of non-v i t a l  i n s t r u m e n t  bus 1110 will affect p r e s s u r i z e r  l e v e l  
control through failed output relays and w i l l  a f feo t  tho stem generator 12 

feedwater regulating v a l v e  th rough loss of power t o  a i r  aonlrol so leno ids .  
These effects a m  summarlzed in h h l e  D l a ,  

6.1 INITIAL CONTROL RESPONSE 

F a i l u r e  of i n s t r u m e n t  bus 1YO9 w i l l  result in t h e  p r e s s u r i z e r  sp ray  v a l v e  
c l o s u r e  d u e  t o  loss of power t o  t he  s p r a y  v a l v e  c o n t r o l  s t a t i o n .  The 
p r e s s u r i z e r  backup heaters will fail off due t o  loss of power t o  t h e  backup  

h e a t e r  c o n t r o l  re lays .  The main feedwater r e g u l a t i n g  v a l v e  f o r  steam 
g e n e r a t o r  11 will fail as-is due t o  loss of power t o  a i r  c o n t r o l  s o l e n o i d  
valves. The main feedwater pump speed will fall aa-is due t o  loss of p o w e r  to 
t h e  pump speed c o n t r o l l e r ,  The r e a c t o r  c o o l a n t  sys tem may expe r i ence  
decreasing pkssure due t o  the backup hea ter  fallws 

Pallure of instrument bus  1110 w i l l  doenergize all pressurizer heaters due t o  
loss of power t o  t h e  10-10 level h e a t e r  p r o t e c t i o n  r e l a y s .  The backup 
charging punpb)  will bs s ta r ted  due t o  loss of power to their  cont ro l  relays. 
This will lead t o  a transLent of increasing pressurizer level  and decreasing 
reactor coo la t  pressurc The steam generator 12 feedwater flow regulatfng 
valve will fa i l  a s i s .  

6.2 SJBSECOaT CONTRQ 

Correct diagnosis of the 1YO9 power supply faUure w i l l  cont r ibu te  t o  spera tor  
i n t e r p r e t a t i o n  of t h e  changes in r e a c t o r  c o o l a n t  pressure .  IS there  is a 
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Table D11. Initial  control response of affected regulating system 
to failures of instrument bus 1YO9 

Podwater Bus falls 



Table D12. I n i t i a l  control response OP affected regulating systems 
to  failures of instrument bus lYl0 

Control Response 

Dcenergize all pressurizer 
he8terr due to 8pparent 10-10 
level. Start backup charging 
pump(s). Letdown control  valva 
i u s  CLO&. 

S I 2  reednter regulat ing  valve 
i u s  u-is. Pneumatic leakage 
may allow valve to  slowly open or 
oloae. 
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r eac to r  t r i p ,  the steam generator 11 l e v e l  w i l l  increase due t o  the  cons tan t  
feedwater flow. T h i s  flow w i l l  no t  be  terminated by a n  a u t o m a t i c  c o n t r o l  
fuactlon but c l c ~  be stopped by manually t r i pp ing  the  fedwater pump turbine. 

The pressurizer he8ters  w i l l  rwafa unavailable due to  the dominance of tho 
l*lo l e v e l  p ro t ea t ioa  relay over other cont ro l  points. The steam m n e r a t o r  
11 m 8 i n  fedwater regul8ting v d r e  w i l l  remain owa Ihe feedW8ter pump speed 
control w i l l  ragulata the d i f f e r e n t i a l  preosure acmoa the stem generator 12 

fedw8ter regulating valve when this v d r e  bro larger d i f f e r e n t i a l  pressure 

drop Feedwater pump sped w i l l  w back to  m i n i m u m  r ec i r cu la t ion  w designed 
i f  there is an a u x i l i a r y  feedwater a c t u a t i o a  The cha rg ing  pumps can be  

started or stopped manually. 

Operator i d e n t i f i c a t i o n  of 1IlO power supply failure w i l l  con t r ibu te  t o  the  

cor roa t  i n t e r p r e t a t i o n  of  the i n i t i a l l y  increas ing  pressurizer l e v e l  combined 
w i t h  decreasing r eac to r  coolant pressura 
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D7. EFFECTS OF DOUBLE INSTROmT BUS F A Z U R E S  ON 
R E I J U L A T I E  SYSfiHS RESPONSE 

Tho effects of s e l e a t o d  double  bus fa i lures  were e v a l u a t e d  w i t h  respect t o  
m@athg sgstea response The double f a I l W 8  aonsidared w a r 0  sslecbd On 
the -is oi introducing a total loss of pow- to r e d a t i n g  s y s t m  e l ec t ron ic  
modulos, introducing regulating aystara cont ro l  failures that atfeat primary 
syston water i n v e n t o r y  and hoo t  removal c a p a c i t y ,  and t h e  a v a i l a b i l i t y  of 
maintenance t i o s  as a potent ia l  common caw6 

7.1 m C T S  OP V n A L  INSTRUHENT BUSES 1YO1 M D  1Y02 FAZURES ON 
R E I J O L A T I I U  SYSTEMS RESPONSE 

PaUure of v i t a l  instrument bwes 1YOl and 1Y02 w i l l  result in a loss of p o w e r  

t o  t h e  e l e c t r o n i c  modules i n  t h e  r e a a t o r  r e g u l a t i n g  sys tems,  t h e  r e a c t o r  
c o o l a n t  p r e s s u r e  r e g u l a t i n g  sys tem,  and t h e  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  
system. These f a i l u r e s  w i l l  affect c o n t r o l  r e s p o n s e  f o r  r e a c t o r  c o o l a n t  
pressure and pressurizer lwal control. 

7.1.1 Initial Control Response 

A r e a c t o r  t r i p  w i l l  be i n i t i a t e d  due t o  t h e  loss of power t o  two p r o t e c t i o n  
channels. The pressur izer  relief va lves  will automat ica l ly  open due t o  the 
t r i p .  

The atmospheric steam dump and turb ine  bypass va lves  will not quick open due 

t o  t h e  loss of bo th  r e a c t o r  r e g u l a t i n g  systems. The t u r b i n e  bypass  v a l v e s  
will open under the cont ro l  of the  steam generator o u t l e t  pressure controller.  
T h i s  de layed  opening  may l e a d  t o  o p e r a t i o n  of the  steam l i n e  code s a f e t y  
valves. If t h e  1x01 bus f a i l u r e  were due t o  a f a i l u r e  of dc bus 11, t h e  

t u r b i n e  bypass v a l v e s  will r e c e i v e  a q u i c k  c l o s e  signal due t o  loss of dc  
p o w e r  through the  low condenser vacuum switch. 

The pressur izer  hea te r s  will t u r n  off due t o  apparent 1-10 pressurizer l e v e l  
and t h e  backup charging pumps will start  due t o  apparent low pressur izer  l e v e l  
associated w i t h  loss of power t o  the  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  sys tem 
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modulea. 
close due t o  l o s s  o t  signal from regulat ing aystem modules 

The l e tdown  t h r o t t l e  v a l v e  and t h e  p r e s s u r i z e r  sp ray  va lve  wUl 

rha  net  erreat w ~ l l  be a r e a c t o r  t r i p  fo l lowed  by reduced heat r e m o r a  
capabili ty through the 8tmosphefio steam dump and twbim bypass vrlves. 

7.1.2 Subsequent Control 

The proportional and b d m p  pressurizer h a t e r s  w i l l  remain uaavallahle d w  t o  
the 10-10 level  i n t e r l o c k  in t he  p r e s s u r i z e r  level r e g u l a t i n g  system. The 
p r e s s u r i z e r  re l ief  valves ,  t he  p r e s s u r i z e r  spray valve, and t h e  le tdown 
t h r o t t l e  valve can k controlled manually. 

The atmospheric stem dump valves aan ba controlled manually and t he  turbine 
bypass valves w i l l  regulate on steam pressure or can ba fontrol led manually 
unless the 1701 failure w a s  associated w i t h  a dc bw 1 1  failure, resulting i n  
a quick d o s e  signal t o  the t u r b i n e  bypass valves. 

W i t h  promptly in s t i t u t ed  remedial act ion by the operator to manually close the 

PRVs or t h e i r  i s o l a t i o n  valves ,  t h e  impact of t he  s m a l l  L O C A  is  neg l ig ib l e .  
Recovery or  either v i t a l  bus as0 results in automatic closure of the PRVs. 

Yithout remedial actions, a coupled mall LOCA and failure t o  automatically 
start  BPSI v i l l  occur  (Reterence 3). Eowever, t h e  au tomat i c  start of t h e  
backup charging pumps VU moderate the e f f ec t  of  the H F 3 I  i n i t i a t i o n  failure. 

7 2  ePPECTS OP INSTRUlENT BUSES 1901 AND 1YO9 FAlLURES ON REOULATINO SYSTEMS 

REIPQMSE 

F a i l u r e  of buses lYOl and 1YO9 will result i n  a loss of power t o  the  steam 
g e n e r a t o r  1 1  r e g u l a t i n g  system. The r e a c t o r  coo lan t  pressure r e g u l a t i n g  
system and t h e  feedvater pump speed control system w i l l  also be affected i f  

selected from b u  1YO1 a t  the time of failure. 
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7.2.1 Initial Control Response 

The pressurizer spray valve w i l l  cloaa and the  pressurizer heaters  will t u r n  
on d w  t o  the loss of bus 1x09 t o  r eac to r  coolant pressure regulatbg system 
compo m n t  s. 

Steam g e n e r a t o r  11 will r e c e i v e  a c o n s t a n t  feedwater supply due t o  loss of 

power t o  t h e  main f eedwa te r  r e g u l a t i n g  v a l v e  p o s i t i o n o r  and loss of main 
feedvoter pump speed control. M o r m a l  level indicat ion f o r  steam generator 11 
W i l l  f a i l  low due t o  l o s s  of pover  t o  t h e  r e g u l a t i n g  system. The backup 
cha rg ing  pumps will start and t h e  l e tdown  t h r o t t l e  v a l v e  w i l l  d o s e  i f  t h e  
pressurizer level regulating system is selected from bus lPOl a t  the time of 
fsilure. 

7.2.2 Subsequent Control 

Operable reactor, reactor  coolant pressure, and pressurizer  level regulating 

systems can b e  s e l e c t e d  from bus 1 I 0 2  Fi o r i g i n a l l y  s e l e c t e d  from bus 1 Y O 1 .  

The p r e s s u r i z e r  spray va lve  will remain c l o s e d  due t o  loss of lYOg power t o  
the control station. Steam generator 11 feedwater PAOW will remain constant 
unless t h e  feedwater pump is  manually t r i p p e d  or t h e  HFIV is c l o s e d  on 
indicated high steam generator 1weL 

7.3 EPFECPS OF INSTRUKENT BUSES 1T02 AND lPlO FAILURES ON REICULATING SYSTEM 
RESPONSE 

Failure of buses  1Y02 and lPlO will result  in a loss of power t o  t h e  steam 
g8neratOr 12 regulat ing system, The reactor  coolant pressure and pressurizer 
level regulating systems will be affected by loss of lYlO p i e r  to regulat ing 
system components. The r e a o t o r  r e g u l a t i n g  system wFll b e  affected Fi t he  
operating system is selected f r o m  bus 1P02 a t  the  t i m e  of failure. 

7.3.1 Initial Control Besponse 

The pressurizer heaters  will turn o f f  and t h e  backup charging pumps will star t  

due t o  loss of bus lYlO t o  p r e s s u r i z e r  l e v e l  r e g u l a t i n g  system components. 
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The fwdwater regulating system f o r  steam generator 12 w l l l  fail and the maln 
feednater r egu la t ing  valve for thls generator  w i l l  freeze as-is. The 
pessurizar spay valve w i l l  cloaa if the reactor aoolant pressure regulating 
spatem is aaXeokd to bua 1702 a t  the t h e  of fallura 

7.3.2 Subsequent Control 

The reaotor ,  reac tor  cool8nt pressure, and pressurlaer l e v e l  regula t ing  
aystsns can be switched to bus lT01 i? sa leokd from bus 1T02 a t  tho tlme of 
faura The proportional & backup pressurizer heaters will mnaln off rod 

the letdown throttle valve VU remain oloaad due to tho loss of bus  1T10. 

N o r m a l  feedwater flow and steam generator lwal ind icat ion w i l l  remaln i d l e d  
fo r  s t e m  gemrator 12 combined w i t h  the associated main feedvator regulating 
valve remaining flxsd i n  position. The main feedwater pump speed control w i l l  
remaln operational and run back t o  m i n i m u m  reoirculatioa following auxiliazy 
feedwater actuation. 

7.4 EFFEnS OF INSTRUKENT BUSES 1PO9 AND lPl0 PAnUFES ON REXiULBTING SYSTEMS 

RESPONSE 

Fai lure  of b u s e s  1YOg and lY10 will a f f e c t  t he  r eac to r  coolant pressure 
regulating system, the pressurizer level regulating system, the m a i n  feedwater 
regulating valve position control, and feedwater pump speed control. 

7.4.1 Initial Resporue 

The presaurizar proportional and backup h e a t e r s  will faFl off due t o  loss of 
pow- t o  the 16-10 luvel interlock ralayys The pressurizer spray valve will 
close and t h e  letdown t h r o t t l e  va lve  w i l l  c lose due t o  loss o f  power t o  
COnWQl componants The baakup chW@lg P U P S  W i l l  S a t  due t o  loss  Of pow- 
to  control relays. The main feedwater regulating valves w i l l  faFl as-is and 
the main feeduatar pump speed cantrol will fall a s i r  me net effect  w i l l  tm 
a t rans ien t  of increasing pressurizer level combined with a loss of main 
feedwater controL 



7.4.2 Subsequent Control 

Hone of the failed contro l  funct ion  can be recovered u i t h o u t  r e s t o r i n g  t h e  
w3oQlated lnstruaent pouer bun Hain feedwater f low can bo terminated by 
U m I p  t r i p p i n g  the fOOdUatW Q U Q  at  the p u p  1 O C a t i O S  
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DE. EFFECTS OF 125-V do BUSES 1 1  AND 21 

PARUIlES OH ReGULAtIlRl SXSTEMZ RE3PONSE 

DC buses 1 1  and 21 Pifeat r eac to r  aoolont praasure control,  praasurizor relief 
vrlvo control, chargine pump control,  and main turbino EHC through l o s s  of do 
Power t o  a i r a u i t  b r e a k e r s  and r e l a y s  used t o  onorg ize  and do-energ ize  t h e  
eontrolled oquipmanf Ataosphoric steam dump and t u r b i m  bypaas vr lve  cont ro l  
w i l l  bo affeated through losa  of t h o  q u i c k  open f u n a t i o n  and a q u i c k  c l o s e  
demand far the turbiaA byp.ss v r l v e a  These effaats are sumartzed i n  Table 
D13. 

8.1 MITIL COMTAQ RESPONSE 

Charging pump 1 1  o r  12 w i l l  f a i l  as-is depending on  which bus f a i l s  due t o  
l o s s  of  power t o  o p e r a t e  t h e  480-V motor c o n t r o l  c i r c u i t  breaker.  The 
p r e s s u r i z e r  re l ie f  v a l v e s  w i l l  f a i l  c l o s e d  o r  remain  c l o s e d  due t o  loss of  
power t o  t h e  c o n t r o l  r e l ay .  The t u r b i n e  bypass v a l v e s  v i l l  r e c e i v e  a q u i c k  
close signal  due t o  l o s s  of power t o  the quick closo solenoid v a l v e s  and the  
quick open function v f l l  be l o s t  f o r  both the turb ine  bypass and atmospheric 
steam dump valves.  For l o s s  of power t o  dc bus 11, the  main turbine will t r i p  
because of  loss of power t o  t h e  t u r b i n e  P r o t e c t i o n  system. Reac tor  c o o l a n t  
praasure relief v f l l  be provided through the  pressur izer  code sa fe ty  valves 
and steam p r e s s u r e  c o n t r o l  will be provided  through t h e  steam code s a f e t y  
valves. 

8.2 SWSWUENT CONTROL 

Charging pump s t a r W s t o p  cont ro l  can be obtained by se l ec t ing  the  two charging 
pumps not a f fec ted  by the failed da bus. lbe pressurizer relief valve can be 

ope ra t ed  manually. Steam p r e s s u r e  c o n t r o l  w i l l  r emain  a code s a f e t y  va lve  
function. Manual cont ro l  of the atnoapheric steam dump valves i s  possible. 

8.3 EFFECTS OF MULTIPLE DC BUS FAILURES 

The do bus sys tem v a s  rev iewed f o r  p o t e n t i a l  coninion cause  f a i l u r e .  No 
s ign i f i can t  cause f o r  m u l t i p l e  f a i l u r e  w a a  ident i f ied .  If mul t ip le  f a i l u r e  



Table D13. I n i t i a l  control response OP aPPected regulating sys t ems  
t o  Pailures OP 125-V dc buses 11  and 21 

Bus 11 foils 

Prsssurizer Level 
Charging Pump 11 Bus 11 fails 
ChargLne Rxlnp 12 Bus 21 f a i l s  
Charging Pump 13 Bus 11 or 21 i u s  

Turbine Bypass Bus 11. f a i l s  
and Atmospheric 
Steam Dump 

Turbine Generator B w  11 fa l ls  
Control 

Proportional heater  bus breaker 
(1/2 proportional he8ters per bus) 
must k aloaod manualu if i t  
trips. 

Loss of relief valve control iadi- 
a t i o n  and rutomatio open 
f M O t l O &  Valve falls closed or  
m r i n a  closed. Valves may ba 
controUod manually. 

Affected charging pump motor con- 
tral breaker fails a s i s  wi th  
manual cont ro l  a t  the breaker. 
Loss of cont ro l  indication. 

T u r b i a b  bypass valves quick close. 
Atmosphere steam dump valves w i l l  
n o t  quick open. Valve pos i t i on  
ind ica t ion  l o s t .  

A t u rb ine  t r i p  w i l l  occur  w h i c h  a 
will caue a r eac to r  t r i p .  A 
v i t a l  bus to each unit w i l l  . a l s o  
fail. 

did  occur, the effects on regulating system response would be similar t o  those 
r e p o r t e d  f o r  m u l t i p l e  f a i l u r e s  o f  t h e  v i t a l  i n s t r u m e n t  buses. A d d i t i o n a l  
affaets could result from o the r  s a f e t y  equipment powered from dc buses. 
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D9. EFFECTS OF HOTOR C O N T R a  CENTER (HCC) 109PR. llOPE, 
111PE UiD 112PB ON ReGULATIMi SXSTEHS RESPONSE 

E8ah of these motor cont ro l  aen te r s  provides a0 pouer t o  one four th  of t h e  

preaaurlzer brckup heatera These affects  are sunmarlzed i n  t ab l e  D 1 4 .  

'Ria prassurizer backup heater aapaaity will be reduced by o m  fourth for each 
motor cont ro l  cen ter  failure. t h i s  w i l l  o i f e o t  the  backup hea te r  hea t ing  
rate, but should not introduce a substantial change i n  system control. 

9.2 SaBsDpUENT CONTROL 

Pressurizier heater  cont ro l  funct ions will remain operational a t  a reduced 
h e a t  rate.  

Table Dl4. I n i t i a l  control response of aPPected regulating systems 
to  fa i lures  OP motor control centers (MCCs) 

109PH. llOPH, lllPH, and 112PH 

Rmator Coolant Single UCC fails Backup he8tera pouared by fa i led 
Preaaure UCC ?Pir 2% of capacity lo s t  ?or 

each UCC Failure. 
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D10. EFFeCTS OF HOTOR CONTROL CENTER (HCC) 104R 
AND 1148 01 REGULATING STSTEM RESPONSE 

T h e s e  motor c o n t r o l  c e n t e r s  combine  t h e  l o s s  of power  t o  o n e  p r e s s u r i z e r  
re l ief  v a l v e  s o l e n o i d  a n d  t h e  a s s o c i a t e d  r e l i e f  i s o l a t i o n  v a l v e  w i t h  t h e  
f a i l u r e s  of n o n - v i t a l  i n s t r u m e n t  b u s  1x09 o r  1x10. T h e s e  e f f eo t s  are 
summarlzed i n  Tables  ~ 1 5  and D 1 6 .  

10.1 IlOITIAL COHTXQ RESPONSE 

The f a i l u r e  of HCC 104R w i l l  combine  t h e  l o s s  o f  power t o  o n e  p r e s s u r i z e r  
relief valve,  w h i c h  normally f a i l s  c losed ,  and lo s s  o f  power t o  the  i s o l a t i o n  
v a l v e  f o r  the  s e c o n d  p r e s s u r i z e r  re l ie f  v a l v e  w i t h  t h e  r e g u l a t i n g  s y s t e m  
response for t h e  l o s s  of non-vital i n s t r u m e n t  bus lP10 as d i s c u s s e d  i n  S e c t i o n  
6. The o t h e r  p r e s s u r i z e r  relief va lve  w i l l  remain opera t iona l .  

The f a i l u r e  of HCC 114R w i l l  combine  t h e  l o s s  o f  power t o  one  p r e s s u r i z e r  
relief va lve  which normally f a i l s  c losed  and l o s s  o f  power t o  t h e  i s o l a t i o n  
v a l v e  fo r  t h e  s e c o n d  p r e s s u r i z e r  r e l i e f  v a l v e  w i t h  t h e  r e g u l a t i n g  s y s t e m  
response f o r  t h e  loss  of  non-vi ta l  i n s t r u m e n t  bus 1YO9 as d i s c u s s e d  in S e c t i o n  
6. The o t h e r  p r e s s u r i z e r  relief v a l v e  w i l l  remain opera t iona l .  

10.2 SUBSEQUENT CONTROL 

S u b s e q u e n t  c o n t r o l  w i l l  be  t h e  same as t h a t  descr ibed f o r  t h e  f a i l u r e s  of  
i n s t r u m e n t  bus lY10 a n d / o r  1x09 as d i s c u s s e d  i n  S e c t i o n s  6 a n d  7. If 
p r e s s u r i z e r  relief v a l v e  o p e r a t i o n  is demanded and t h e  operable  v a l v e  s t i c k s  
i n  t h e  open position, i t  cannot ba isolated u n t i l  t h e  associated HCC power is 
restored. 
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Table D15. I n i t i a l  control response of affected regulating s y s t e m s  
t o  fa i lures  of motor control center (MCC) 104R 

Control Response 

Beaotor Coolant HiX 104R 
Pressure 

Pressurizer Level 1Y10 

Feedma ter lYlO 

Om preasurker relief valve fails 

i s a h t i o n  valve for the second 
pressurizar relief valve fplls 
abis .  

Backup charging pumpb) turmd on. 
Do-amrgfze all pressurizer 
haat- due t o  apparent 10-10 
level .  Letdown aontrol valve 

do-d or M l w  aloaed. The 

fails cl0-d. 

3012 feedwater regulating valve 
fails as-is. Pneumatic l a a h  in 
the valve m a y  cause i t  to close or 
open gradually. 

Table D16. I n i t i a l  control response of affected regulating sys t ems  
t o  fa i lures  of motor control center (MCC) 114R 

Baaator Coolant l4CC 114R 
Pmssure 

Pressurizer 1Y09 
L W d  

Feedwater 1Y09 

Feedwater Pump lY09 
SP-d 

Om p s s u r l e r  relief valve fails 
do-d  or m n S  do-d  the iS- 
l a t i o n  valve for the second 
pressurizer relief valve fails 
*is. 

m S S U r k t W  sprag Valve fails 
dosad .  Baclrup heaters 
dbenergized. 

3011 feedwater regulating valve 
faAls as-is. 

Feedwater 9ump speed faUs a s i s .  1 

1Rsierence 3 indicates  that pump speed runs back t o  idle speed. 
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D11. EFFECTS OF 4 8 0 - V  U N I T  BUSES 1 1 A  AND 1 l B  ( 4 - k V  UNIT BUS 1 1 )  

FAILURES Off REGULATING SYSTEMS RESPONSE 

Failure o f  4 8 0 - V  u n i t  bus  1 l A  w i l l  d e - e n e r g i z e  one h a l f  o f  t h e  p r e s s u r i z e r  
p r o p o r t i o n a l  h e a t e r s .  F a i l u r e  of  4 0 0 - V  u n i t  bus  1 1 B  w i l l  f a i l  r o a c t o r  k¶Cc 

1 1 4 8  and i n s t r u m e n t  bus 1 x 0 9  w d i s o u s s o d  i n  S o o t i o n  1 0 .  F a i l u r o  of  4 8 0 - V  
u n i t  bus 1 1 8  w i l l  f a i l  one  c h a r g i n g  pump. F a i l u r e  of  4 - k V  u n i t  bus  1 1  w i l l  
fail both 4 8 0 - V  unit buses l l A  lla The- Offea t s  OCO summed i n  Table 
D17. 

1 1 . 1  flDITIAL COITROL RESPONSE 

Failure of  the 4 8 0 - V  unit bus 1 1 A  w i l l  reduce the propor t iona l  hea t e r  capac i ty  
by one  h a l f  and f a i l  oharging pump 1 3  i f  running from t h i s  bus. T h i s  shou ld  
not  s u b s t a n t i a l l y  a f f e c t  r eac to r  coolan t  pressure  o r  p re s su r i ze r  l e v e l  con t ro l  
response. 

F a i l u r e  of  4 0 0 - V  u n i t  bus 1 1 B  w i l l  have t h e  same e f f e c t  as t h e  f a i l u r e  of  
motor cont ro l  cen te r  1 1 4 R  as described i n  Sec t ion  1 0 ,  involv ing  pressurizer 
spray v a l v e  c l o s u r e ,  loss of a l l  p r e s s u r i z e r  h e a t e r s ,  f a i l u r e  o f  steam 
genera tor  1 1  feedwater regulating valve -is, and f a i l u r e  of the main feed- 
water pump sped -is. Fa i lu re  of 4 8 0 - V  u n i t  b u s  1 1 8  w i l l  f a i l  charging pump 

1 1  i f  running. 

F a i l u r e  of  4 - L V  u n i t  bus 1 1  w i l l  have t h e  same effect  as  t h e  f a i l u r e  o f  t h e  

4 8 0 - V  bus l l B  due t o  the loss of a l l  heaters through ins t rument  bus 1x09 and 

the l o s s  o f  OM of three ava i l ab le  charging pumps. 

1 1 . 2  SWSPUmT CONTROL 

Subsequent regulating system opera t ion  should not be s u b s t a n t i a l l y  affected by 
failure o f  4 8 0 - V  u n i t  bus 1 1 L  Chwging pump 1 3  be fed  by 8 8 0 - V  =it bus 
1 4 A  v i a  manual s w i t c h  
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Table D17. I n i t i a l  control response of affected regulating systems 
t o  fa i lures  of 480-V buses 1 l A  and 118 (4-kV u n i t  bus 1 1 )  

Regulating System P.LlW-0 Control Response 

Reaotor Coolant 
P n a J u r O  

Pmsaurizer Level 

Reactor Coolant 
PX’O88lWe 

Pressurlzer Level 

Peedwa t a r  

Foodwater Pump 
S P - d  

A l l  of above 

4804 U n i t  Bw 111, 

4804 U n i t  Bus llA 

4804 U n i t  Bus 118 
(MCC 114R/lTOg) 

480-V U n i t  BUS 118 
(ncc ii4~/i~og) 

480-V U n i t  Bus 118 
(MCC 114R/lT09) 

480-V U n i t  BUS 118 
(MCC 114R/lTOg) 

4-M u n i t  Bus 1 1  

50% of tho proportional heaters  
fa l l .  

Chrrsing pump 13 falls it ruaning 
but can k manually switched t o  
a l k r M t 8  4804 U n i t  bos 148. 

One pressurizer relief valve f a i l s  

i s o l a t i o n  valve f o r  the second 
pressurizer relief valve f a l l s  
0-1s. 

0 l O S . d  or  d l l 8  dosed.  The 

Pressurizer spray valve fa i l3  
clomd. Backup heaters  
de-energized. Charging pump falls 
if running. 

Sol? feedwater regulat ing valve 
fails as-is. 

Feedwater PUIUP speed f a i l s  as-1s.l 

Combined response above. 
~~ ~~~~~ 

lRefemnce 3 indioates that pump speed rum back t o  i d l e  speed. 

Subsequent regulat ing system controls  following fallure of 480-V un i t  bus 11B 
o r  4-kV u n i t  bus 1 1  w i l l  be t h e  same as deso r ibed  f o r  t h e  f a i l u r e  of  r e a c t o r  
MCC 1148 i n  I e o t i o n  10. This will i n v o l v e  loss o f  p r e s s u r i z e r  heaters, 
p r e s s u r i x o r  s p r a r ,  and tho  r equ i r emen t  t o  manually t r i p  t h e  main feedwater 
turbine to reduar steam generator 1 1  m a i n  feedwater flou. 
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D12.  EFFECTS OF 480-V UNIT BUSES 12A ldlD 128 (4-kV UNIT BUS 12) 

PARUBES OH REGULATING SYSTEMS RESPONSE 

Pallure of 880-V unit  bus 12A o r  128 w i l l  each d c e n e r g i z e  one q w t e s  of the 

pressurizier backup h u t o r s  Pallura ol 4-kV unit  bus 12 w i l l  de-energire one 

h a l f  of the pres su r i ze r  backup hea tem.  lbese offeats are mmrarized i n  Table 
D18. 

F a i l u r e  of 480-V u n i t  bus l2A w i l l  de -ene rg ize  one q u a r t e r  of t h e  backup 
h u t e r s  due to  loss of power to  MCC 109PE Failure o f  480-V unit bus 12B w i l l  
d c e n e r g i z e  mother OM fou r th  of t h e  backup h e a t e r s  due t o  loss of power t o  
MCC 1lOPR F a i l u r e  of 9-kV u n i t  bus 12 w i l l  de -ene rg ize  one h a l f  o f  t h e  
p r e s s u r i z e r  backup h e a t e r s  due t o  t h a  loss of power t o  bo th  HCC 109PH and 
11OPE. 

12.2 SUBSEQUENT CONTROL 

The hea t  rate of the b a c h p  h e a t e n  w i l l  be reduced by one q u a r t e r  or one h a l f  

as no ted  above. T h i s  i s  
M t  expected t o  s u b s t a n t i a l l y  &Sect t he  r e a c t o r  coolan t  pressure regu la t ing  

The p r o p o r t i o n a l  h e a t e r s  w i l l  r e m a i n  o p e r a t i o n a l .  

r u c t i o n s .  

Table D18. I n i t i a l  control response of affected regulating systems 
t o  failures of 480-V u n i t  buses 12A and 128 (4-kV u n i t  bus 12)  

Reguhti43 *st- pallure Control R e 8 P O l r s e  

R u o t o r  Coolant 480-V U n i t  Bus 
Remaore 121, or 1 2 8  1lOPB. (1/4 of b a c h p  h e a t e r s  

QPE. pd f u -  ncc logPR or 

ea&) . 
Fails 1/2 of backup hea ters .  R u o t o r  C o o l o o t  

Rlsaure 
9-W U n i t  Bua 12 
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D 1 3 .  EFFECTS OF 480-V UMT BUSES 13A U D  13s (4-kV UNIT BUS 13) 
FA1LURES OM REGULATING SXSTEHS RESPONSE 

Failure of 480-V unit bus 1 3 ~  or  138 w i l l  each de-energize OM q u a r t e r  of  the 

p r e s s u r i z i e r  b8ckup h e 8 t e r a  Failure o f  4-kV u n i t  bus 13 w i l l  combilu these 

failurea with the loas o f  one hal?  o f  the p r e s s u r i z e r  backup he8tem. mesa 
offeats are sumruizod in Table ~ 1 9 .  

F a i l u r e  o f  480-V u a i t  b u s  l3A w i l l  d e - e n e r g i z e  one q u a r t e r  o f  t h e  b a a h p  

de-energfze another o m  f o u r t h  of the backup h e 8 t e t s  due to  lo s s  of  power t o  
HCC 1lZPE. F a i l u r e  o f  4-kV u n i t  bus  13 w i l l  d e - e n e r g i z e  one h a l f  of  t h e  
p r e s s u r i z e r  backup h e a t e r s  due  t o  t h e  l o s s  o f  power t o  b o t h  HCC lllPR and 

h e 8 t e r s  due t o  l o s s  O f  power to  IfCC 11lPE F8UWO O f  480-V unit bus 13B W i l l  

112PE. 

13.2 SUBSEQUENT CONTROL 

The h e a t  rate o f  the backup h e a t e n  w i l l  b e  reduced by one q u a r t e r  o r  one half 
as noted above. The p r o p o r t i o n a l  h e a t e r s  will remain operat ional .  

Table D19. I n i t i a l  c o n t r o l  r e s p o n s e  of a f f e c t e d  r e g u l a t i n g  systems 
t o  fa i lures  of 480-V u n i t  buses  l 3 A  and 13B (4-kV u n i t  bus 13) 

Reactor coolant 4 8 0 4  u n i t  BW 
PresSUI-0 13A or 138 UCC 112PE. 

Reactor Coolant 4-LO U n i t  Bus 13 1/2 baakup h e a t e r s .  
Presssure 

saw aa fa i l ing M C  1llPE or 
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D14. KFPECTS OF 480-V UNIT BUSES 1411 AND 140 (4-kV UNIT BUS 14) 
P U U R E S  019 REGULATXAO SISTEHS RBPONSE 

Failure of 4 8 0 - V  u n i t  bus 14A w i l l  de-energhe OM pressurizer relief valve, 
s t e t  tho srleated charging pump(s), turn off tho pressurizer beaters, c l o s e  
tho lotdown con t to l  valvo, and fail one main fedwater regulating valve as-is. 

u n i t  bun 14 w i l l  f8 i l  both  400-V u n i t  busos  1411 8nd 14& Thoso effects  are 
suamulzed in Table D20. 

P 8 u u r O  Of 480-V u n i t  bus  140 W i l l  f a i l  one obarg ing  pump. P 8 i l U r e  Of 4-kV 

14.1 USITIAL CONTROL RESPONSE 

Failure of the 480-V u n i t  bus 14A w i l l  havo the same effects w the  fatlure of 
motor cont ro l  can tor  104R and instrument b w  11110 aa desoribed i n  Sec t ion  10. 

Ibeso failures w i l l  de-enorglze one pressurizer relief valve, de-energize the 
p r e s s u r i z e r  heaters, f a i l  c h a r g i n g  pump 13  i f  running ,  c l o s e  t h e  l e t d o w n  
c o n t r o l  va lve ,  and f r e e z e  t h e  steam g e n e r a t o r  1 2  main f e e d w a t e r  r e g u l a t i n g  
valve as-is. 

Failure of 480-V u n i t  bus 148 w i l l  f a i l  charging pump 12. 

Fa i lu re  of 4-kV unit bus 14 w i l l  have the same effects a s  the f a l l u r e  of 480-V 
unit bus 14A coablned with the loss of one of t h r e e  ava i l ab le  charging pumps. 

14.2 SUBSEQUENT CONTROL 

Subsequent  c o n t r o l  f o l l o w i n g  t h e  f a i l u r e  o f  480-V u n i t  bus  1 4 8  o r  4-LV u n i t  
bus 14 v i l l  bo the same aa the failure of UCC 1048 85 described i n  Sect ion  10. 

Charging pump l j  can be manually switched t o  480-V u n i t  bus 118 i f  required. 
Subsequent  c o n t r o l  f o l l o w i n g  t h e  f a i l u r e  o f  480-V u n i t  bus  148 w l l l  n o t  b e  

a f fec ted  due the a b i l i t y  t o  select two opera t ing  charging pumps. 
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Table D20. I n i t i a l  control  response of a f f e c t e d  regulat ing  systems 
to f a i l u r e s  of 480-V u n i t  buses 1 4 A  and 148 (4 -kV uni t  bus 1 4 )  

Ruotar Coolant 4 8 0 4  U n i t  Bua 14P 
Rsaaure (HCC 104lUl'IlO) 

Pressurizer 480-V U n i t  Bus 14P 
LWel (HCC 104WlXlO) 

FeeQa ter 480-v u d t  BUS 148 

Pressurizer ~ e v e l  480-v unit  BUS 14B 

(HCC 104WlYlO) 

A l l  of above 4-kV U n i t  Bus 14 

54% o? th. proportional heaters 
f a .  O n e  peasurher relief 
valve falls O l o d  or remains 
doead. The isolat ion valve for 
tka sacond presaurizzsr relief 
valve fails a s i s .  

C h a r a g  pmps turnad o a  0 4  
eolr-e all pressurizer heaters 
duo t o  apparent 10-10 level. 
down control v a v e  reils closed. 

9012 feedwater regulating valve 
i u s  as-is. 

Let- 

Charging pump 12 i u s  ori.  

Combined raspansa above. 
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APPENDIX E 

Reply t o  BG&E Comments on t h e  May 31, 1985 
Draft F i n a l  Report 

NOTE: The a u t h o r s  a p p r e c i a t e  B G & E 1 s  thorough and h e l p f u l  review of t h e  
draf t  report. I t  s h o u l d  be no ted  t h a t  BG&E was n o t  a l lowed  (by  NRC 
r u l i n g )  t o  comment on the  f i n a l  v e r s i o n ,  s o  it  s h o u l d  n o t  be assumed 
t h a t  t h e  f i n a l  form of  t h e  r e p o r t  i n c l u d e s  t h e i r  l a s t  word on a l l  i s s u e s .  
F u r t h e r ,  w e  chose  n o t  t o  make any changes a t  a l l  i n  r e s p o n s e  t o  many of  
B G & E ' s  comments, so an a d d i t i o n a l  c a v e a t  must be made tha t  t h i s  r e p o r t  
does n o t  n e c e s s a r i l y  r e p r e s e n t  the  u t i l i t y ' s  p o s i t i o n s  o r  o p i n i o n s .  I n  
g e n e r a l ,  o n l y  t h o s e  l i c e n s e e  comments t h a t  r e s u l t e d  i n ,  o r  c o i n c i d e d  
w i t h ,  a change t o  the d r a f t  r e p o r t  are commented on i n  t h i s  appendix.  
The reader s h o u l d  also n o t e  t h a t  BG&E r e f e r e n c e s  t o  s p e c i f i c  page 
numbers i n  t h e  r e p o r t  refer t o  pages i n  t h e  May 31, 1985, d ra f t  v e r s i o n ,  
and g e n e r a l l y  do n o t  co r re spond  t o  those i n  t h e  f i n a l  v e r s i o n .  

The BG&E l e t te r  and ou r  r e s p o n s e s  f o l l o w .  
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ELECTRIC ENOINKERINO 
OCPARTYCNT 

CHARLES CENTER P.O. BOX 1475 BALTIMORE MARYLAND 21203 

Auq?rst 26, 1985 

Ut. A. P. Malinauskas, Director 
NRC Programs 
Oak Ridge National Laboratory 
P. 0. Box X 
Oak Ridge, TN 37831 

Dear Mr. Malinauskas: 

Subject: Technical Review Comments of Draft NUREC/CR-4265, 
"An Assessment of t h e  Safety Implications of Control 
at the  Calvert Cliffs Nuclear Power Plant" 

The Baltimore Cas and Electric Company staff has technically 
reviewed draf t  NUREG/CR4265. Our comments a r e  contained in 
Attachment 1. Some of these comments were discussed verbally in a 
telephone conversation with Messrs. Ball and Stone of ORNL on August 2, 
1955. I hope that  these comments are helpful and can be  used to improve t h e  
technical accuracy and completeness of this report. We would like the  
opportunity to review the  next draf t  of the  report and provide comments, as 
appropriate, prior to publication. 

If you have any questions, please do not hesi ta te  to contac t  me at 
001) 234-6116. 

Very truly yours, 
A 

5. M. Mirsky 
A-47 Project Coordinator 

Attachment 

cc: Messrs. 5. J. Ball (ORNL) 
R. S. Stone (ORNL) 
0. L. Basdekas, RESINRC 
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GENERAL COMMENTS 

Several major comments and findings are repeatedly discussed throughout this 

Calvert Cliffs is depicted as a nuclear power plant with "major parameters . . . 
almost entirely under manual (operator) control." This statement  is wrong. 
Pressurizer pressure and level and steam generator level, which constitute important 
major parameters, are automatically controlled at Calvert Cliffs. The comparison 
of Calvert Cliffs to Oconee, which b characterized as using a "completely 
integrated and extensive control system," is misleading and reflects a basic lack of 
knowledge about differences between t h e  Babcock and Wilcox (Bawl  and 
Combustion Engineering (CE) NSSS designs. The large U-tube steam generator and 
the corresponding secondary side inventory in CE p l a n a  result in an inherently long 
response t ime to secondary side malfunctions when compared to the  once-through 
steam generator BdcW design. This major design difference dictates  the  need for a 
"completely integrated and extensive control system" in 9hW plants and obviates 
such a system for CE plants. This design difference is not discussed in the  Calvert 
Cliffs report. Finally, specific mention of differences in the  shutoff head €or HPSI 
pumps at Calvert Cliffs and Oconee U275 psia for Calvert Cliffs vs 2800 psia for 
Oconee) is an irrelevant comparison of one design difference. The author 
incorrectly implies t h a t  the  Oconee pump is a safer feature  by t h e  inclusion of this 
single comparison. One example of the  incorrectness of the g e n e r a e a t i o n  is that 
the lower shutoff head HPSI pump is actually safer for potential pressurized thermal 
shock transients. 

One of the two major findings of this study involves the s team generator overfill 
scenario. BG&E agrees that  there  are postulated events in which the s team 
generator can be  overfed. However, the emphasis on the importance of such an 
event is out of proportion to a realistic appraisal. SC overfeeding during full or 
significant power levels while steaming to the turbine results in an extremely slow 
rise in SG level. SC overfeeding at low or hot zero power will f i l l  t h e  SC more 
rapidly, but  BCJtE operators have demonstrated their proficiency in mitigating this 
event well before overfilling occurs in both operating experience and training. This 
report consistently downplays or underrates operator action. Feedwater runback 
from t h e  high s team generator level trip and SCIS initiated by overfeed induced low 
SC pressure are not accounted for in this report. SCIS causes MSIV closure even in 
liquid filled piping. Also, the probability of an overfeed at low power should be 
weighed within the  framework of the small fraction of t ime in which C a l v e n  Cliffs 
is at such power levels and the  plant feedwater system configurations at such power 
levels. Finally, t h e  questionable technical conclusions regarding the consequences of 
SC overfill (Le., s team line rupture and SGTR) must be discussed in terms of t h e  
current understanding of this complex phenomenon. These are not probable 
consequences of a steam generator overfill. The report gives no credi t  for MSIV 
closure or steam line pipe seismic supports in this event. Steam line mechanical 
restraints and supports are designed to sustain concurrentlv-acting thermal, seismic 
and seismic anchor movement loads on the piping system. The suoports are designed 
to carry dead weight and insulation loads and the  weight of the contents in the  
piping system. Supports permit f ree  movement in longitudinal and lateral direction 
caused by thermal expansion or contraction and earthquakes. Restraints and 
supports at the  isolation valves and stop valves are designed to  carry, in addition to 
the above mentioned loads, t h e  dynamic loads due to sudden closure of stop valves. 

report. The following comments are provided regarding these items. 

1. 

2. 
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3. The second major finding of this study WM the apparent lack of a procedure for 
operator action in the  case of a small break $OCA greater  than charging pump 
capability (132 gpm) but less than the (0.1 f t  smallest LOCA analyzed in t h e  
FSAR. Based on Emergency Procedure Guidelines funded by t h e  CE Owners Group 
and documented in CEN-152, BG&E has developed new Emergency Operating 
Procedures (EOPs) including EOP-500 (enciosed) for LO'CAS. Although these new 
EOPs will not be  officially effect ive until December 31, 1985, we are currently 
training y e r a t o n  on these EOPs. CE gas analyzed small break LOCAs as small as 
0.0005 f t  ( the  PORV area is 0.00759 f t  in CEN-114-P. These analyses showed tha t  
the  primary coolant system deprssuriza  below t h e  HPSI pump shutoff head and tha t  
10 CFR 50 Appendix K PCT limits are not reached for these LOCAs. 

Two of t h e  failures identified in this study as small break LOCA initiators are 
invalid. First, operating pressurizer heaters without water above them is an 
extremely low probability event requiring multiple independent failures. 
Furthermore, CE analyses have shown tha t  s team covered Operating heaters would 
not breach the pressurizer pressure boundary. 

The second failure discussed as a small break LOCA initiator was a loss of RCP seal 
integrity. A lots of component cooling water  to t h e  RCP seal assembly will not 
result in a small break LOCA. n e  Byron-Jackson pump seal assemblies used at 
Calvert Cliffs have been demonstrated under a CE test program to be capable of 
operation in the  absence of cooling water  flow for extended periods of t ime (at least 
30 minutes) without exceeding seal leakage limits. Seal cooling is not required for 
an idle pump. As a precautionary measure to protect the non-metallic seal 
components from overheating (which could result in the need to replace the  seal 
assembly), the vendor recommends that  pump operation be ceased within 13 minutes 
of the 10s of component cooling water. The RCP seals are well instrumented, and 
alarms are provided in the control room to a le r t  the operators of a loss of 
component cooling water or increased seal face temperature. Operator guidance for  
responding t o  a loss of RCP seal cooling is provided in Abnormal Operating 
Procedure 7C, " h s s  of Component Cooling." The importance of controlled 
restoration of CCW during event recovery is stressed. In addition, our new 
emergency operating procedures developed pursuant to NUREG-0737, Item i.C.1 
contain operating Limits consistent with pump operating guidelines provided by 
Combustion Engineering and Byron Jackson. These new procedures are: 

EOP-2OOLoss of Off-Site Power 
EOP-300Total L o u  of A l l  Feedwater 
EOP4OOExceu Steam Demand 
EOP-5OOLoss of Coolant Accident 
EOPJOOStation Blackout 
EOP-800Functional Recovery Guideline 

The subject guidance is currently included in the  operator requalification training 
program at Calver t  Cliffs. 

The NRC was informed of the  above during a meeting with % & E ,  Arkansas Power 
and Light and Combustion Engineering on March 13, 1985 to discuss RCP seal 
integrity following a loss of offsite power (NUREG-0737, Item II.K.3.25). .4s a result 
of tha t  meeting, BG&E conducted operator interviews and confirmed t h e  
effectiveness of t h e  training program with regards to RCP operation in the  absence 
of component cooling water. 
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Based  on experience gained from several operational occurrences at CE plants (Le., 
San Onofre, St.Lucie) and the results of t h e  CE test program, the maximum 
expected (RCS) leakage due to a loss of CCW would be  well under 10 qpm per pump, 
even if the  pumps were lef t  running for significant periods of t ime (e.g., 30 minutes). 

:n summary, the  potential consequences of a loss of RCP seal cooling are that  the  
technical specification limits for RCS leakage (IO gpm) may be  exceeded if t h e  
pumps are not stopped within ten minutes in accordance with operator guidelines. 
However, adequate procedures qnd training exist at Calvert Cliffs to preclude this 
event. In any case, the maximum expected RCS leakage from all four pumps 
combined would be leu than the makeup capacity of one charging pump (14 gpm). 
This small amount of leakage is not classified as a LOCA unless no charging pumps 
are available. 

4. Throughout this report, nebulous words are used without quantification and 
substantiation by analysis. Many descriptions and s ta tements  are subjective or are 
irrelevant to Calvert Cliffs. Negative connotations are utilized indiscriminately 
and, in some cases, without basis. 

Some underlined examples: 

Page 1-2 "Excessivelv frequent challenges. . ." 
Page 1-3 "Time available . . . is Short" 
Page 1-5 "Time available . . . relatively small . . .'* 
Page 1-8 "Bothersome challenges to the  plant protection system" 
Page 2-6 "Safety threatening scenarios . . ." 
Page 3-11 It . . . natural allotment of operator errors . . .'I 
Page 3-37 "Human error will be  forever around . . .'I 
Page 9-2 ' 7 h e  answer . . . is tentatively affirmative." 
Page 9-3 " . . . soft area of plant design" 
Page 9-4 "The conditions found in Calvert Cliffs-1 a r e  not 
frightful . . .'I 

5 .  There is a general reluctance to credit operator actions throughout the report. In 
those cases where operator actions were credited, unreasonable failure probabilities 
were assumed and applied. The m i c a 1  value for recovery failure was O.l/event, 
regardless of how much time was available or the existence of specific procedure 
guidance. 
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ATTACHMENT I 

SPECIFIC COMMENTS 

1. Page 1-1. The word "old" is improper - the  prom% term would be  a plant of "early 
vintage" or "19703 vintage" or "representative of an earlier generation of nuclear 
power plants." 

2. Page 1-2. fhe term "... sianificantlv i m m e ,  delav,... a plant protection system 
action" needs to be  further defined and quantified. This is certainly not adequate 
to describe the threshold for further investigation of FMEA sequences, without 
further guidance. Conservative interpretation could lead to all sequences being 
identified, and liberal interpretation could eliminate all sequences. 

3. Page 1-2. The term "...cause excessivelv frequent challenqes to t h e  safety 
system ...'I is subjective and should be replaced by a simple quantification of the 
observed condition. Challenges to safety systems are possible because of the  
nature of nuclear power plant design, Le., to fail safe under all conditions, and not 
to  have any safety system fail to perform i ts  design function when needed. Most 
safety systems can withstand frequent challenges without adverse effects. No 
threshold is identified to clarify the  meaning of "excessively frequent". 

4. Page 1-3. The term "operator misaction" needs to  be further defined. Does this 
imply the  performance of a task that  occurs a t  the worst possible t jme and is 
contrary to procedures, or does i t  imply failure to perform an action directed by 
procedures? The threshold for these types of "misactions" and the  consequences 
of the  "misaction" are vastly different. 

Page 1-3. The terms "...the time available to accomplish the task is e..." 
needs to  be quantified. In some cases, the report refers to actions on the  order of 
minutes, where in other cas- up to two hours (e.q., pressurizer overfill due to 
failure of the  pressurizer level control system) as being a "short time". 

Page 1-5. The emergency operating procedures !EOPs) now address the  leak size 
between 132 Spm and .I square foot in greater  detail. The Emergency Procedure 
Guidelines (CEN-152) developed by Combustion Engineering, Inc., for the  CE 
Owners Group addressed this area as well as others referenced in draf t  NUREG/ 
CR-4265. The CCNPP EOPs are being revised in accordance with CEN-I52 (many 
are already revised). 

Page 1-6. See comment above regarding procedures for very small break LOCA. 
The report notes that  in the  case of very small SBLOCA the  operator does not 
have well defined procedural steps for guidance. However, i t  fails to note that  for 
the very small SBLOCA the  operator has significant t ime in which to take action 
and to obtain assistance from other on-shift licensed operators. RCP operation 
procedures and training d i r e 3  the operator to stop RCPs within 10 minutes of loss 
of cooling water. 

Also, page 6,  item I ,  the actual  logic for steam generator high level signal is not a 
single OR gate, but rather multiple contacts on multiple relays. This logic also 
applies to  t h e  low steam generator level trip logic. 

5 .  

6.  

7. 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Page 1-8. There is no basis for concluding that challenges to the auxiliary 
feedwater system are a precursors to potential dryout or overheating sequences. 
In actuality, automatically startinq auxiliary feedwater enhances the plant's 
ability to remove decay heat, and reduces the potential for dryout or overheating 
sequences. 

There is no basis for the conclusion that '...events related to maintenance and 
testing resulted in the most f rquent  and bothersome challenges to the plant 
protection systems...". There has been no evidence of a review by the report 
writers of maintenance and testing procedures or human engineering (man- 
machine interface) practices at  Calvert Cliffs to substantiate the judgement that 
improvements are warranted. The discussion of "commode failure," while clever, 
i s  in poor taste. (This is  also on page 8-7) 

The loss of service water system was due to an air compressor after cooler leak, 
not instrument air dryer leak. 

Page 2-4. See items 2 and 3 above. 

Page 2-5. See item 5. 

Page 2-7. The term "safety-threatening scenarios" is improper when referring to 
S/G overfill, RCS overcooling or undercooling. These events are not "safety- 
threatening", since there are safety systems and operator procedures designed to 
mitigate the events before any bona fide threat to public safety occurs. 

Page 2-7. "Chapter 15 Analysis" should be "Chapter 14 Analysis". 

Page 2-9. "Corrective Actions" is an improper t i t le for this section of the 
report. An investigation of this narrow scope is inadequate to identify the need 
for "Corrective Actions", since further review of system design criteria is  
necessary before we would implement any facility changes. The proper t i t le 
might be "engineering insights" instead of "corrective actions". 

Page 3-1. 985 gsig and 55OoF are incorrect. The steam side is  typically operated 
at 525OF to 532 F steam temperature (532OF to 548OF cold 1% temperature in the 
RCS) and 850 psia to 900 psia steam pressure. 

Page 3-18, S e c t i h  3.2.2. The term "natural allotment of operator errors" is 
patronizing and subjective and gives no credit for operator training and 
professionalism. 

Page 3-20. T'he tables listing so-called "relevant" operating experiences contain a 
number of irrelevant items. The arbitrary cutset of "forced outages in excess of 
three hours" appears to include many irrelevant items and exclude some relevant 
items. 

Page 3-37, Section 3.2.6 contains an unnecessary and meaninsless comparision of 
Calvert Cliffs operating experience to that of other nuclear plants. After 
observing that no significant events occurred at Calvert Cliffs, the author 
proceeds to list serious events that occurred at other plants (e.g., Browns Ferry 
fire). 
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18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Page 4-10. Item 1 under Component Cooling Water System should read "SBLOCA 
Initiator" versus "SLB Initiator". 

Item 2 under Component Cooling Water System should also include loss of cooling 
to Shutdown Cooling Heat Exchanger. 

Page 4-9, Item 3 under Main Feedwater and Condensate System should be 
deleted. Loss of these is an insignificant c o n t r i b u t a  and AFW should not b e  
included in here. 

Page 1-10, Item 1. Under component cooling system should read "SBLOCA 
initiator." There is little difference between item 5 in t h e  table under Reactor  
Coolant System and this item. 

Table 4.2.2-1, Page 4-15, Chemical Volume Control System (CVCS). I t  is not clear 
how a failure to control Reactor Coolant System (RCS) chemistry contributes t o  
RCS undercooling and overcooling. 

Page 4-16. Item 4 should have "NO" under the RCS Overcooling column. 

Page e-16. 
because of potential for Steam Generator Tube Rupture? 

Items PO5 and POSA (Excessive Flow) should list RCS Overcooling as "Possible". 

Page 4-19. Item W040 should include ECCS room coolers as a lost comoonent. 
Steam Generator Overfill is not a result of this transient. 

Page 4-24. Component Cooling Water also supplies Shutdown Cooling Heat 
Exchangers. 

Page 4-25, paragraph three. The report states that  charging flow is continuouslv 
supplied using a single charging pump. This is not accurate. I t  should s t a t e  
"...with at least a single charging pump...". 

Page 4-26. The inlet control valve for t h e  CVC system automatically shuts on a 
high temperature condition on the  outlet of t h e  Regenerative Heat Exchanger. 

Page 4-29. 
regulating valves...". 

Page 4-29. Feedwater Regulating System, second paraqraDh, indicates failure of 
t h e  feedwater regulating system to provide sufficient feedwater can contribute to 
RCS undercooling. For this to be, the auxiliary feed system must also fail. This 
should be stated. 

Page 4-30. Steam Dump and Turbine Bypass Control System, last paragraph, 
states tha t  failure of the control systems to control the valves once open could 
result in a s team generator blowdown and subsequent RCS overcooling event. This 
paragraph should also note that  steam generator isolation would occur on low 
steam generator pressure which would reduce the  blowdown r a t e  when the ,MSIVs 
shut to only about 5% power, a level comparable to the post-trip decay heat  
level. MSIV closure would occur before cooldown proceeded below about 500°F. 

Why does item PO7 list RCS Overcooling as "Possible"? Is this 

"...Main feedwater control valves...'' should b e  "...Main feedwater 

E-8 



327 

32. Page 4-30. Turbine Generator Control system, second paragraph, indicates that  
failure of t h e  turbine generator control system to pass sufficient steam to t h e  
turbine results in less than optimum turbine speed and an eventual trip on low 
speed. This is incorrect so long as the  is paralleled to the  grid. If anything, the  
turbine-gmerator would trip on reverse power. 

Page 4-31. Pressure Regulating System, the  first full paragraph, indicates t h a t  
failure of the heaters in the  "on" state would cause a high pressure of 
approximately 2400 psi resulting in a reactor trip. This is incorrect unless one 
assumes that  the  pressurizer spray control also fails. Past  experience shows tha t  
spray flow with four reactor coolant pumps running reduces RCS pressure even 
with all pressurizer heaters energized. 

Also, on this page, valve damage due to liquid discharge through the  PORVs and/or 
SRVs is discussed. The EPRI safety and relief valve test program showed tha t  
these valves can pass liquid flow without any valve damage. 

Page 4-32. Turbine Generator and Condenser System, the  second main paragraph, 
indicates failure of the  main turbine to trip following reactor trip would result in 
RCS overcooling. This paragraph fails to recognize that the  MSWs would close on 
Steam Generator Isolation Signal (Low Steam Generator pressure) and arrest the  
cooldown before it proceded below 50OoF. 

Page 4.35, Table 4.2.1. The "safety significance" column of this table tends to be  
alarmist - there  is quite a bit of imagination coupling the  "significant failure" to 
"safety significance." Example: I t  is not clear why the  failure of SIAS signal to 
CVCS leads to inadequate core  cooling. Particularly when Table k2.2-2, Item 17 
(page 4-52) explains t h a t  flow from CVCS is probably not required. 

(This type of loose and imaginative coupling between failures and effects  is 
widespread. The precision of the wording associated with each analysis is 
inadequate.) 

Page 4-35, Table 4.2.2-1, Item 2, Reactor Coolant Pumps Failed to Trip on 
Demand. Remedial actions fail to  recognize tha t  t h e  reactor coolant pump Sur 
feeder breaker can also be opened from the control room. Oelay in stopping the  
reactor coolant pumps would therefore be insignificant. 

Page 4-36, Table 4.2.2-1, Item 4, (Pressurizer Backup Heaters Fail to Trio or 
Inadvertently Energize). Remedial actions indicate tha t  manual operation of 
pressurizer spray is required. This is incorrect. Spray flow automatically 
increases to control pressure. As before, spray flow can remove more energy than 
the total capacity of the backup and proportional pressurizer heaters. Therefore, 
the  Effects  section is also incorrect. 

33. 

34. 

35. 

36. 

37. Page 4-38. The scenario presented for pressurizer darnage due to local 
overheating of the  heater penetrations is flawed. If the pressurizer pressure 
transmitter (PT-IOOX) failed low (y)) and perhaps led to  the chain of events 
described, then LT-IIOX) would shut off the  heaters on low pressurizer level and 
terminate the event before any damage could occur to either the heaters or t h e  
pressurizer. Therefore, t h e  scenario is not credible. 

PT-IOOX and LT-1 IOX are different instruments, and the  low water level cutoff is 
independent of the condition of the pressure controller; therefore, i t  will protect  
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the heaters. 
pressure boundary failure. 

Page 4-38. Plant design does not include any "seal area recirculating pumps". 

Page 4-28, last paragraph. Indicates non-isolable LOCAs may also occur following 
transients involving pressurizer overfill and discharge of saturated water through 
the PORVs (Power Operated Relief Valva). This is  incredible since the normal 
volume control tank capacity is less than that required to f i l l  the pressurizer from 
the normal level to a solid condition. Therefore, the operator would have to 
ignore high pressurizer level and low VCT level alarms, not understand why the 
Volume Control Tank (VCT) level went low, and manually make-up a significant 
volume to the volume control tank. This paragraph also states that i f  a rising 
level transient occurs and the heaters fa i l  to energize, a pressurizer overfi l l  would 
result. A more likely event is  for a reactor trip on low pressurizer pressure and a 
consequent reduction in pressurizer level. The substquent sentence indicates that 
a pressurizer level transmitter failing low wil l  cause both the rising level transient 
and no demand for the heaters. This is also incorrect since the introduction of 
colder water into the pressurizer wi l l  reduce pressure which wi l l  reduce spray and 
energize pressurizer heaters. 

40. Page 4-39, paragraph three. As before, this fa i ls  to recognize that reactor 
coolant pumps can be tripped individually or by opening the reactor coolant pump 
feeder breaker. 

Page 4-40, Item 4. Under Significant Results should say "Degradation of  charging 
flow" vice "Degradation of safety injection flow". Safety injection flow is 
independent of CVCS operation. 

Page 4-41, Middle of the page. In discussing failures of the CVCS system, the 
report again fails to recognize that the capacity of the VCT is  inadequate to 
charge the pressurizer solid and the various alarms the operator would receive on 
high pressurizer level and low VCT level and pressure. A more likely scenario for 
the case of excess charging is  that, assuming the operator ignores a l l  the alarms 
and indications, charging pump suction shifts to the refueling water tank on low 
VCT level, injects significant amounts of borated water which results in a 
reduction in the RCS temperature and an eventual trip on low steam enerator 
pressure, low pressurizer pressure or mermal  Marqin/Low Pressure ( T M ~ P ) .  f i e  
trip would result in a reduction in pressurizer level and the operator would then 
have to ignore the procedural steps addressing restoration of pressurizer level for 
the pressurizer overfill scenario to take place. 

Page 4-41. Letdown control valve (CVC-515) closes on hiqh temperature on the 
Regenerative Heat Exchanger outlet in addition to SIAS and CVCIS (not CIASL 

The terms "any length of  time" are used improperly here. The actual time to 
drain the pressurizer below the heaters would be greater than one hour. (There i s  
approximately I"/minute drain rate.) 

The conclusion that this could lead to an non-isolable LOCA assumes multiple 
independent failures which is out of scope for the US1 A-47 project. 

Page 4-41, Eight Lines from the bottom. Indicates that normal makeup to the VCT 
i s  initiated by the second VCT level controller. Apparently the authors have 

(See 1-LO-25, Sheet 24.) Also, heater burnout does not result in 

38. 

39. 

41. 

42. 

43. 

. 

44. 
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45. 

46. 

47. 

48. 

49. 

50. 

SI. 

52. 

53. 

54. 

assumed that the VCT make-up is normally run in automatic. I t  is not. During 
power operations makeup to t h e  V C T  is by manual operator action. 

The subsequent sentences discuss failure of the V C T  outlet.valve in the closed 
position. This fails to recognize t h a t  t h e  result would be gradual reduction in 
pressurizer level due only to system leakage and Reactor Coolant Pump bleed 
off. fhe operator would have to ignore low pressurizer level and high VCT level 
and pressure alarms. A reactor trip would eventually occur on low pressurizer 
pressure (TM/LP) 

Page 4-42, Middle of the page. Indicates that pressurizer damage is possible with 
a low pressurizer level if pressurizer backup heaters remain energized. This is 
inaccurate and should be clarified to state that  pressurizer heater damage is 
possible. 

Page 4-42, Bottom of the page. Same comment as before regarding pressurizer 
overfilL 

Page 442. Numerous other temperature  alarms on the CVCS system would be 
received other  than the high letdown flow alarm. 

Page 4-43. FSAR curves imply no overcooling will occur on a LOCA through the 
PORVs. In fact, procedures use this f a c t  to help distinquish between 8 LOCA and 
a s team line break (SLB). 

Page 4-43. Time to fill the  pressurizer is approximately two hours. Thi3 should be 
more than enough t ime to take manual action. 

Page 443, last paragraph. Same comment as before regarding V C T  capacity 
being inadequate to overfill the  pressurizer. 

Page 4-44, middle of the  page indicates failure of the  V C T  outlet valve to close on 
Safety Injection Actuation Signal (SIAS) will result in dilution of the safety 
injection concentrated boric acid flow to the  RCS. This is incorrect since the 
boric acid pumps start and the direct boric acid valves go open on SIAS. The head 
of the boric acid pumps exceeds the normal VCT pressure. Therefore, no dilution 
of the  boric acid would result. 

Page 444, bottom. The last line indicates that  hydrogen supplied to VCT is 
normally maintained on continuously. Make-up of hydrogen to t h e  V C T  b a 
manual function. Therefore, only a limited amount of hydrogen is available, 
the  operator would have to ignore t h e  low VCT pressure alarm and other alarms. 
Oxygen would have to be  present in the waste gas  decay system. This paraqraph 
contends tha t  the hydrogen supply can pass directly into the  plant vent from t h e  
V C T ,  apparently assuming tha t  the  waste gas  processing system and the  plant vent 
system have limited capacity relative to t h e  normally maintained hydrogen 
storage capacity. This may not be  totally accurate. 

Table 4.2.2-2, Items 5 h 7. See  comment 22, also "CVSC' in Item 21 should be  
"CV CS". 

Table 4.2.2-2, Item 13. General comment - throughout the  report, the 4 gpm lost 
to RCP controlled bleedoff is ignored. RCS gain in this case is 99 gpm, not 
103 gpm. 
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Page 4-46, Table 4.2.2-2. This table  needs to be updated to ref lect  many of the  
previous comments. 

Page 4-52. Degradation of Safety Injection Capacity, should state tha t  no credi t  
is taken in t h e  Safety Analysh for  boration due to charging pumps. Under Item 
17, remedial actions states flow from CVCS is probably not r q u i r e d  on SIAS, 
etc. I t  should say "....is not credited in t h e  safety analyses". 

Page 4-54. See comment 54. 

Page 4-54. Bottom and page 4-55 top. S ta tes  that pressurizer heaters being 
energized with a low pressurizer level is a potential cause of damage to the  
pressurizer pressure boundary. This fails to recognize that  the  pressurizer heaters  
when uncovered are likely to overheat and burnout and, therefore, no damage 
would result to t h e  RCS pressure boundary. 

Page 4-56. TM/LP reactor trip setpoint and S W  trip setpoints are now higher 
than the numbers given. Also, operators now use a trip ZRCP, leave 2RCP running 
strategy until positive LOCA conditions are identified (per CEOC procedure 
guidelines). 

Page 4-58, Table 4.2.2-3, Item 5. Pressurizer Level transmitter fails high 
(LT-IIOX on LT-IIOY). Note: two independent channels provide pressurizer level 
signals for two specific functions: a) a high. level signal from the controlling 
channel energizes the back-up heaters; b) a low level signal from eitherachannel 
de-energizes all heaters. This means that the  postulated e f fec ts  which result 
from this specific failure are. invalid - no failure of the pressurizer would occur. 

Items 6 and 7. Effects are only seen when a low level transient is in progress - 
this is initiated independently of t h e  failure. 

Page 445, under Significant Results, second paragraph. As before, an overcooling 
due to  turbine bypass valve and atmospheric dump valves being opened would b e  
terminated or drastically slowed by MSIV closure on low steam generator pressure. 

Page 4-66. Same comment, remedial actions are not provided and should be. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64 

65. 

Under Significant Results, change "...small s team line break, would occur..." to 
"...srnan s team line break, &occur...". 

Page 4-67, Steam Generator Overfill. For t h e  scenario where the  feedwater 
regulating valve fails open, the analysis fails to recognize tha t  t h e  excess feed 
will result in a cooldown of the associated steam qenerator and the  RCS. 
Depending on t h e  t ime in cycle (and t h e  associated MTC), the  resultant 
temperature reduction may b e  sufficient to cause a low steam generator pressure 
trip and isolation of feed on Steam Generator Isolation Signal (SGIS). 

Item 2, under Steam Generator Overfill indicates under the Effects  section tha t  
excessive feed caused by t h e  feed regulating valve failing to close following a 
reactor trip could jeopardize s team line integrity. The previous comments 
regarding low steam flow rates  (or lack of any steam flow rate)  following reactor  
trip with excess feed apply here. 
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66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

7s. 

76. 

Item 3, Feed Regulating Bypass Valve Remains Open Following a Reactor Trip. 

Page 4 4 9 ,  RCS Undercooling. The two scenarios listed (Items 4 and 5 )  are 
inconsequential since the  s team driven auxiliary feed pumps are still operable. 
Therefore, these items should be  deleted from Table 4.2.2-6, since according to 
the last paragraph on page 4-65 this table  only includes major failures leading to 
steam generator overfill and RCS undercooling. Likewise, on page 4-70 under 
significant results the  report identifies these as two of the five important failure 
modes. 

Page 4-70, Significant Results. Based OQ the  previous discussions, there  are no 
significant results. None of t h e  SC overfill scenarios result in concurrent high 
steam flows at the  t ime of high s team generator level. 

Page 4-72, first paragraph. The impact of moisture carry over on turbine life or 
blade erosion is  a purely economic concern, not a safety consideration and, as 
such, is outside t h e  scope of t h e  A-47 project. 

Page 4-72, last paraqraph. The reoort indicates tha t  turbine trip on high steam 
generator level and reactor trip on low steam generator level are dependent on a 
single or-gate and relay, respectively, and that, if these devices a r e  in an 
undetected failed state at the t ime of a steam generator overfeed, turbine trip 
and/or reactor  t r ip  will not occur. 

Page 4-73, middle of the page. The report states that, if the operator fails to 
take appropriate action in either case (overfeed or undercooling) protective 
measures are incorporated into the design to protect  the reactor  and turbine. I t  
goes on to state, however, tha t  overfill and undercooling may not be  ruled out. 
Justification should be provided for this conclusion. 

Page 1-73. Add "...or cross-connect auxiliary feedwater from the  opposite unit..." 
a f t e r  "...restore the  failed buses...". 

Page 4-79 and 4-80. The discussion of failure of the turbine bypass valves and 
atmospheric dump valves does not recognize tha t  the  Main Steam Safety Valves 
can be  manually gagged open to accomplish a cooldown and depressurization of 
t h e  RCS. 

Page 4-82, second paragraph. Again, this fails to recognize tha t  secondary safety 
valves can b e  manually opened. 

Page 4-98, Sensitivity Studies. Since results of the studies are not available, We 
assume BCdcE will have an opportunity to comment on them at a later date, prior 
to issue of the  final version of the  report. 

Section 4.7. EOP-I4 is now AOPJD. 

Page 4-101. Item 4 in Section 4.4.1 is overtaken by events. The new Emergency 
Operating Procedures referenced in Comment 6 above specifically address small 
break situations where atmosopheric dump valves, turbine bypass valves, or Power 
Operated Relief Valves must be  used to remove decay heat. I t  also instructs the  
use of the auxiliary feedwater system. 
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77. 

78. 

79. 

ao. 
ai. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

Page 4-102, Accident Sequence Initiators, f i rs t  paragraph, last sentence, implies 
tha t  all reactor-related accident initiating events described in t h e  Final Safety 
Analysis Report (FSAR) are listed in Table 4.4-1. This is incorrect since t h e  table 
fails to Ibt several additional reactor-related events  such as excess charging. 

Page 4-105. This page is a duplicate of 4-104. 

Page 4-106. This figure improperly and without explanation, equates a steam line 
break event with a reactor  trip coincident with a failure of turbine trip. These 
are different events which have different results. 

Page 0-107, third to the  last tik of t h e  first full paragraph. "Equivalent to a 
steam line break (SLB)" should be  deleted. 
Page 0-108, second paragraph. The report fails to recognize that  the  excess 
charging event  has been analyzed and is included in the  FSAR. 

Page 4-110, Electric Generator Load Malfunctims. The report implies tha t  rapid 
increases or decreases in electrical load can result in a change in the  turbine 
speed. Turbine speed is constant so long as t h e  turbine is parallel to the  grid and 
only an interruption in t h e  load to the  generator can result in a change to t h e  
generator speed. 

Pages 4-1 I4 through 4-1 16, Section 4.4.25. This ent i re  section is longer valid due 
to the specificity of the  new Emergency Operating Procedures. .41so, there  is a 
reference to a PTS event which is not substantiated. Only one of three cr i ter ia  
would b e  met  for PTS (high pressure condition). New EOPs address PTS concerns 
in detail. 

Page 4-115, third line. The report, again, fails to recoqnize tha t  the  secondary 
safety valves can be  manually opened. Page 4-116, Section 4.4.2.6, IF safety 
qualified buses are IE. 
Page 0-117, last paragraph. Again, the report fails to  recognize tha t  post reactor 
trip, with excess feed there  will b e  littla if any s team flow and therefore minimal 
dynamic loads on the  s team line and s u p p ~ r t  system. 

Page 4-119, first full paragraph. A high power trip might occur prior to t h e  high 
steam generator level trip. 

Page 4-119, last paragraph. The report fails to recognize tha t  a rapid overfill 
sequence will result in an excess cooldown of the primary and secondary systems 
with resultant SGIS on low steam generator pressure. 

Page 4-121, Steam Line Break. This title is inappropriate and should be replaced 
with "Excess Steam Demand" or something comparable. As  before, the postulated 
transients in this report are not equivalent to steam line break as analyzed in t h e  
FSAR. 

Page 4-123. The first paragraph discusses "Sufficient Times Available for 
Operator Response". The report should state the  basis for what constitutes 
"sufficient time." Also, no analyses are provided to substantiate t h e  selection of 
probability numbers and their applicability to Calver t  Cliffs. 
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90. Page 4-134. The first paragraph, the  main purpose of the feedwater control loop 
is not to maintain efficient pump operation, but ra ther  to control t h e  FRV in the  
middle of i ts  control range. 

Page 4-134. The last paragraph indicates there  is no redundancy in the feedwater 
turbine contmL Although this is strictly correct, i t  fails to recognize that  there  
are a number of ways to stop feed flow, such as tripping the  turbine manually or 
tripping the  condensate or condensate booster pumps. 

Page 4-136, end of the  f i rs t  paragraph. The report indicates the probability of 
operator failure to transfer power from lYOl to lY02 to b e  .I. This may be  t h e  
probability of a single operator failing to recognize t h e  need to transfer power. 
The report, however, should reflect tha t  in addition to t h e  reactor  operator there  
are three to four additional licensed operators in t h e  control room and a shift 
supervisor, all of whom are in the control room at t h e  t ime of or shortly a f te r  t h e  
Occurrence of a SBLOCA. Therefore, this number is probably several orders of 
magnitude too large. 

The listing of plant areas utilizing instrument air is somewhat 
meaningless. I t  would bemore useful to list plant etauipment and functions 
utilizing instrument air. 

Page &l39. The report fails to recognize tha t  air accumulators are included to  
provide limited operation following loss of instrument air. 

Page 5-2. I t  is not clear why shifting the ADV control to t h e  auxiliary shutdown 
panel is of any benefit. These valves receive the  same instrument air supply 
regardless of where they are selected. The Auxiliary Control (Shutdown) Panel 
was designed to operate  ADVs when there  is an electrical fault on the  Control 
Room controller. Atmospheric Dump Valves receive air from any one of the 
following sources: 

- Containment Air Receiver 
- Salt Water Air Compressors 
- Salt  Water Air .4ccumularors 
- Plant Air cross-connected from unaffected unit 

They can  also b e  manually operated (remotely). 

Page 5-3. For t h e  rapid steam generator overfill sequence, t h e  report fails to 
recognize that  SGIS on low steam generator pressure is likely t o  occur and result 
in isolation of feed to t h e  steam generator. 

Figures 5.2-1 and 5.2-1, Small Break LOCA Sequences Involving Insufficient Core 
Cooling: U2 plant air should back-up t h e  IAS and PAS systems for UI via valves I- 

Since, contrary to comments of page 5-7, no loss of offsite power is coincident 
with this LOCA, t h e  DGs are not involved in t h e  scenario and U2 PAS is available. 

This means tha t  the  est imate  for loss of IAS of 0.1 is far too high. 

91. 

92. Page 4-138. 

93. 

99. 

95. 

96. 

PA-126 and 2-PA-124. 
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97. 

98. 

99. 

100. 

101. 

102. 

If, indeed, IA is not lost, the sequence ir.much simpler. The es t imate  of 9E-5/year 
will b e  reduced significantly. 

Page 5-7. See above comment 92. 

Third paragraph - SGIS should b e  SIAS. 

The priority implied for instrument air pressure restoration is improper as shown 
by t h e  new emergency procedures. The ef fec ts  of loss of instrument air during a 
LOCA indicate that there  is no immediate need for i t  in terms of plant safety. 

Page S-7, next to t h e  last paragraph. The report appears to assume loss of off- 
site power coincident with LOCA. I t  is not clear what bases or probabilities are 
used to reflect this coincidence. 

Pages 5-7, 5-8. New Functional Recovery Procedures address multiple failures 
and/or undiagnosed events. These are part  of t h e  new emergency procedures. The 
ent i re  paragraph 5.2.1 is in.error. 

Page 5-8, second full paragraph. The stated probability of failing to initiate or 
continue RCS cooldown fails to recognize the possibility of manually opening t h e  
secondary safety valves. 

Page 5-8, third full paragraph. The probability of the operator failing to 
depressurize given failure of RCS moldown of .5 seems several orders of 
magnitude high in view of the number of licensed operators that  would be  in the  
control room at t h e  t ime of or shortly a f te r  a LOCA. 

Page 5-8, last paragraph. The report notes that  the  core damage event  frequency 
incorporates multiple operator failure probabilities which are difficult at best to 
est imate  and t h a t  the uncertainty in the  estimated frequency is expected to be  
large. The report should also indicate t h a t  t h e  est imates  used here  a r e  at t h e  
conservative end of the frequency s p a t r u m .  

103. Page 5-11, Figure 5.3.1. ''Fault tree of S/G overfill given regulating valve 
receives turbine t r ip  signal." 

The quantification of this fault tree is in error. I t  must be quantified as frequency 
of demand, P (failure to close/demand), for  FW valve closure, 

This means that other  than t h e  initiating frequency, which is in demanddyear ,  all 
other probabilities should b e  conditional demand failure probabilities. 

The demand failure probability for  an operat ing system is very low since i t  can be 
viewed as having a vanishingly small res t  interval (Le., the  system is known to be  
operating at the  onset of the event  so the  probability of failure during the  ensuing 
few seconds is negligible (assuming independence from the  initiating event.) 

This means that  in the  case of the FW reg valve, the  only components for which 
demand failure probability is relevant a r e  those which udergo a complete  state 
change - from "0" to "I" or "1" to "O", wherein a failure could currently exist and 
be  undetected. 
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109. Paragraph 5.2.2. See above comments. Using the  PORV ils a backup to using t h e  
Steam Generators. That is why t h e  atmospheric dump valves can be  operated 
manually, in addition to all the  air supplies described above. 

105. Page 5-12, third full paragraph. The failure r a t e  of .I per demand appears 
unreasonably high. The s ta tement  that 2 minutes is "clearly . . . a short t ime for . . . operator . . . action" is subjective in view of the  fact tha t  establishing 
feedwater control is one of the  highest priority actions tha t  operators take on a 
reactor trip. Furthermore, t h e  2 minutes es t imate  is clearly not supported by the  
results of the  RETRAN runs, where SC fill occurs in 4.5 minutes (see page 6-23 
first paragraph. 

106. Page 5-14, Figure 5.3-2 Quantification appears to be correct from a methods point 
of view, but t h e  numbers are incorrect. 

"Reg Valve fails to close" h only an event of interest if i t  is required t o  close - 
this implies tha t  a demand is required and tha t  t h e  valve failed on demand - this 
would imply a quantified value akin to t h e  one calculated in figure 5.3-1. 

107. Page 6-1. The non-equilibrium models are allowed in any volume, the  two usual 
choices are the  pressurizer and t h e  reactor  vessel upper head. 

Point kinetics is not the  only option, RETRAN allows the  use of 1-0 kinetics as 
well. 

108. Page 6-7. 
regulate at about 5%. 

109. Page 6-7, First full paragraph. 
Simply s t a t e  the  present configuration of the  model and explain i ts  importance. 

Feedwater bypass valves are actually 15% capacity, but are set to 

Why refer  to "previous boundary conditions"? 

110. Page 6-7. CCNPP is base loaded at full power, not programmed function. 

111. Page 6-20. The various sets of figures for s team generator overfill should also 
depict hotwell inventory as a function of time. 

112. Page 6-71, last Line. The report states tha t  in t h e  Modular Modeling System 
(MMS), reactor power is controlled manually by changing the boron 
concentration. Does this mean there  are not temperature  reactivity feedbacks in 
the  MMS model? If so, i t  cannot be  expected to provide realistic results for 
overfeed and underfeed scenarios. 

113. Page 7-1, Corrective Actions. As noted earlier (Comment 131, this section is 
mistitled. A more proper title would be: "Engineering Insights." Since this 
section (is not provided but) will outline corrective measures that  may be  
appropriate to eliminate or mitigate potential accidents, i t  states t h a t  BG&E will 
have an opportunity to comment on i ts  contents prior to publication. This is 
absolutely necessary in view of t h e  dated information which forms the basis for 
much of this study. 

114. Page 8-1, first paragraph. The second sentence states that  this draf t  report "is to 
be  used by NRC Staff in drafting resolutions to US1 A-47." Hopefully, the word 
"not" is missing by mistake. The numerous errors in this draf t  make i t  unsuitable 
for decision-making support. 
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115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

Page 8-4, middle of the page. Fails to recognize tha t  an initial mis-diagnosis or 
erroneous operator action is likely to be  corrected since an hour or more is 
available to take  correct ive action, as is indicated here. 

Page 8-5. Reclassification of SBLOCA as an "anticipated transient" as opposed to 
a "postulated accident" is a serious escalation. While t h e  event is bounded by t h e  
SBLOCAs in t h e  FSAR, t h e  licensing cr i ter ia  imposed on 'postulated accidents" is 
significantly different from that imposed on "anticipated transients." 

Page 8-6, middle of the page. Again, t h e  report fails to recognize tha t  cer ta in  
key components have instrument air accumulators to provide limited operation 
subsequent to loss of instrument air. 

Page 8-7, middle of the page. The report cites I1 cases of s team generator low 
level trips mostly during s tar tup and states t h a t  these should be  considered as 
precursors to dryout or overheating events. I t  should also note  t h a t  for the  low 
power cases t h e  decay heat  level is significantly reduced and t h e  t ime to dryout or 
overheating significantly extended. 

Page 8-7, seventh line from the bottom. The reference to "commode failure" is in 
poor taste. 

Page 9-1, second paragraph. The first sentence is completely wrong. I t  states 
t h a t  Non-safety grade control systems are presently covered by a general 
s ta tement  in NRC's General Design Criteria, 10 CFR 50, Appendix 9, Criterion 
11: 7he quality assurance program . . .'.'I 10 CFR 50 Appendix 9 applies only t o  
safety-related equipment, and the  General Design Cri ter ia  are contained in 10 
CFR 50 Appendix A. This error underscores t h e  inappropriateness of a research 
study making regulatory judgments. 

Page 9-3, last sentence. The report fails to recognize tha t  automatic  actions to 
permit HPSI to i n s e n  water  may, in fact ,  cause more safety concerns for other 
accidents and transients than i t  mitigates for one low probability event  (e+, 
overcooling, etc.) 

Page 9-4, third sentence. The suggestion of an automatic  M F W  pump trip on high 
SC level would decrease plant safety. Such a trip, if spuriously actuated or 
initiated by a level spike, would become an initiator for a total loss of feedwater 
event, increasing t h e  frequency of such an event. Currently, high SC level ramps 
back MFW flow while allowing continued operation of the  pump. Restar t  of MFW 
pumps requires several hours. 

Page 9-4, next to last paragraph. use of the word "frightful" is clever, but  in poor 
taste. Also, t h e  s ta tement  t h a t  Calvert Cliffs "simply seems to depend too much 
on operators for what are essentially safety functions" is subjective and, at the  
very least, contrary to the  recent and long overdue recognition of t h e  
overwhelming importance of operators. The s ta tement  implies that  plants should 
be  backfit with even more hardware and equipment complexity than currently 
exists - a condition that ,  presumably, led to the  establishment of US1 A-47 in t h e  
first place. 
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Comments on Appendix B 

1. 

2. 

3. 

Page 8-7. There are 96 backup heaters, not 100. 

Page B-12. Hydrogen blanket is leu than 50 psig. 

Page 8-70. Control room alarm is set for =counts per minute not 100 counts 
per minute. 

Page 8-77. Saltwater system pump design head is 68 ft. not 82 ft. 4. 
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ORNL ReDlies t o  BC&E General  Comments 

1 .  The d e s c r i p t i o n s  of t h e  C a l v e r t  C l i f f s  p l a n t  which compared i t s  
c o n t r o l  p h i l o s o p h i e s  and c o n t r o l  r e q u i r e m e n t s  t o  t h e  more automated 
Oconee p l a n t  were made more spec i f ic ,  i n  hopes o f  removing whatever  
chances there were for  m i s i n t e r p r e t a t i o n .  The r e f e r e n c e s  t o  
d i f f e r e n c e s  i n  HPSI  s h u t o f f  heads were changed t o  e x p l a i n  t h e  
importance of  t h i s  parameter  t o  t h e  SB-LOCA sequence .  We a g r e e  
t h a t  a lower o r  even a z e r o  p s i  s h u t o f f  head would be llsaferll i n  
PTS sequences.  

2. We a g r e e ,  and n o t e  i n  t he  r e p o r t ,  that  SC o v e r f e e d  e v e n t s  a t  f u l l  
or n e a r l y  f u l l  power r e s u l t . i n  slow o v e r f i l l s  and are n o t  of 
concern.  We also n o t e  that  o n l y  for the  case of MFW v a l v e  or 
a c t u a t o r  f a i l u r e  can  o v e r f e e d s  a f te r  a scram lead t o  water i n  t he  
steam l i n e s  i n  as l i t t l e  as 3 min if  prompt o p e r a t o r  a c t i o n  is no t  
t a k e n .  C r e d i t  is g i v e n  f o r  FW runbacks  t h a t  would o c c u r  i f  t he  
v a l v e  f u n c t i o n e d  p r o p e r l y ,  and for SGIS r e s p o n s e s .  Our estimates 
of  t he  p r o b a b i l i t y  of  p rope r  o p e r a t o r  a c t i o n  are i n  l i n e  wi th  
p u b l i s h e d  t e s t  data and NRC-accepted norms. We acknowledge the  
lack of data s u p p o r t i n g  estimated SLB and SCTR fol low-ons t o  t h e  
o v e r f i l l ,  b u t  n o t e  t h a t  t h e  steam l i n e s  are n o t  d e s i g n e d  o r  tested 
f o r  sudden c l o s u r e  of MSIVs wi th  steam water m i x t u r e  f l o w s .  

3. A s  n o t e d  i n  the f i n a l  v e r s i o n  of ou r  r e p o r t ,  subsequen t  follow-on 
RETRAN s t u d i e s  and the  r e f e r e n c e d  CE r e p o r t  b o t h  r e d u c e d  t h e  
concern abou t  t he  c r i t i c a l l y - s i z e d  SB-LOCA s c e n a r i o s .  A s  n o t e d  i n  
Sect. 5,  t h e  p r o b a b i l i t y  f o r  c o r e  damage was r e d u c e d  t o  lO-’/ry, 
and cou ld  r e a d i l y  be removed from t h e  realm of i n t e r e s t  i f  t h e  EOPs 
were modified as recommended. The low p r o b a b i l i t y  of heater power 
c o n t r o l  f a i l u r e  was accoun ted  for .  Our conce rn  for  a l e a k  due t o  
ove rhea ted  heater rods was for  t h e  case where the  h o t  rods are 
sudden ly  quenched. 

With respect t o  RC pump seal f a i l u r e - i n i t i a t e d  SB-LOCAs,  ORNL is 
n o t  s u g g e s t i n g  tha t  a loss  of  c o o l i n g  water w i l l  i n v a r i a b l y  r e s u l t  
i n  a c a t a s t r o p h i c  seal  f a i l u r e  w i t h i n  some f i x e d  p e r i o d  of time. 
However, based on t h e  i n f o r m a t i o n  a v a i l a b l e ,  we canno t  d i smis s  RC 
pump seal f a i l u r e s  o r  assume a 10-gpm maximum leak rate. 

RC pump seals can and do f a i l ,  t y p i c a l l y  due t o  thermal c y c l i n g  
and /o r  wear. Leak rates are t y p i c a l l y  small ( e . g . ,  up t o  
30 gpm) t o  b e g i n  w i t h  b u t  can and have i n c r e a s e d  s i g n i f i c a n t l y  
(e.g., 350 gpm) l a te r  i n  t h e  t r a n s i e n t .  Such a n  e v e n t  o c c u r r e d  a t  
Arkansas Nuclear  One-Unit 1 (Byron-Jackson RC pumps) on 
J u l y  17 ,  1980 (LER 80-015). I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
seal leak r a t e  i n c r e a s e d  s i g n i f i c a n t l y  a f t e r  t h e  RC pump was 
t r i p p e d .  
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Based on such  i n c i d e n t s ,  RC pump seal f a i l u r e s  c o u l d  no t  be 
dismissed,  no r  cou ld  10-gpm maximum l e a k  ra tes  be assumed. There 
were two other RC pump seal leaks at ANO-1, for example,  where the  
leak ra tes  exceeded 10  gpm: LER 76-022 (25 gpm), and LER 82-021 
(28 gpm). I t  is r e c o g n i z e d  t h a t  seal f a i l u r e  i n c i d e n t s  t e r m i n a t e d  
p r i o r  t o  s i g n i f i c a n t  leak rates o c c u r r i n g  would be r e l a t i v e l y  more 
f r e q u e n t  t h a n  c a t a s t r o p h i c  seal  f a i l u r e s .  

4. We a g r e e  t h a t  numerous nebulous words were used i n  t h e  d r a f t  and 
have t a k e n  p a r t i c u l a r  care t o  correct the problems. We do n o t e  the 
fac t  that  i n  t h e  estimates of  equipment f a i l u r e s  and o p e r a t o r  
r e s p o n s e ,  p r e c i s e  q u a n t i f i c a t i o n  is d i f f i c u l t ,  and t h a t  
" e n g i n e e r i n g  judgmentf1 i n  p o i n t i n g  o u t  l l p o t e n t i a l  problem areas" 
n e c e s s a r i l y  l e a v e s  some f u z z i n e s s .  BG&E and other readers are 
c a u t i o n e d  n o t  t o  assume t h a t  because  we list something as a 
p o t e n t i a l  problem area we are implying t h a t  i t  w i l l  n e c e s s a r i l y  
lead t o  f u e l  damage. 

5. Our report  d i d  n o t  and does n o t  a r b i t r a r i l y  a s s i g n  a 10% 
p r o b a b i l i t y  t o  o p e r a t o r  f a i l u r e  t o  accompl i sh  a r e q u i r e d  task. I n  
each case we took  i n t o  accoun t  t h e  d i f f i c u l t y  o f  d i a g n o s i s ,  t h e  
time a v a i l a b l e ,  and t h e  s t a t e  of  t h e  i n - p l a c e  p rocedures ,  a t  a 
minimum. 

ORNL R e p l i e s  t o  BG&E S p e c i f i c  Comments 

1-5. Noted and corrected. 

6. Noted. However, even i n  t he  new EOP for LOCAs (Draft 01, t h e  . 

use  of PORVs  is n o t  s p e c i f i e d  f o r  the case where SG c o o l i n g  is 
not  a v a i l a b l e  t o  d e p r e s s u r i z e  t h e  pr imary.  

7. The d r a f t  and f i n a l  v e r s i o n s  do, i n  f ac t ,  n o t e  t he  l o n g  times 
a v a i l a b l e  for  o p e r a t o r  a c t i o n  i n  t h e  SB-LOCA sequence.  We agree 
that  the  S G  high l e v e l  s i g n a l  is a n  " e q u i v a l e n t  OR" w i t h  
m u l t i p l e  u n i t s .  It  does, however, feed a s i n g l e  re lay i n  t he  
t u r b i n e  t r i p  c i r c u i t .  Our r e f e r e n c e  t o  the  S G  low-level  t r i p  
l o g i c  i n  t h e  PPS was i n  e r r o r  and was deleted. 

8. We disagree. AFW sys t ems  have f a i l ed  t o  o p e r a t e  on numerous 
o c c a s i o n s  i n  many reactors,  and t h e  more f r e q u e n t l y  these 
sys t ems  are c h a l l e n g e d ,  t h e  more l i k e l y  t h e  chance of S G  
d r y o u t .  

The comment abou t  maintenance and t e s t i n g  problems l e a d i n g  t o  
numerous PPS c h a l l e n g e s  was a c t u a l l y  based on o v e r a l l  CE p l a n t  
and i n d u s t r y  e x p e r i e n c e ,  n o t  BG&E e x p e r i e n c e ,  and was corrected 
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t o  n o t e  t h i s .  We a g r e e  tha t  t h e  "commode f a i l u r e "  comment was 
i n  poor t as te .  I t  was f l u s h e d  from the  f i n a l  v e r s i o n .  

The c a u s e  of t h e  l o s s  of  s e r v i c e  water was no ted  and c o r r e c t e d .  

9-10. Noted and corrected. 

1 1 .  Text r e v i s e d  as s u g g e s t e d .  

12. Noted and corrected. 

13. The c o r r e c t i v e  a c t i o n s  s e c t i o n  was deleted. 

1 4 .  Noted and corrected. 

15. Text reworded as s u g g e s t e d .  

16. Tables were r e v i s e d  t o  co r re spond  more closely t o  p o i n t s  b e i n g  
made i n  t e x t .  

17. BG&E misunderstood i n t e n t  of comment. Text reworded. 

18. C o r r e c t i o n  made. 

19. The f a i l u r e  was c o n s i d e r e d  t o  be " s i g n i f i c a n t "  i n  tha t  a s i n g l e  
f a i l u r e  r e s u l t e d  i n  a comple t e  loss  of main feedwater and 
degraded the  a u x i l i a r y  feedwater sys t em.  However, t h i s  e v e n t  
was n o t  selected as a s i g n i f i c a n t  SICS Program r e s u l t  s i n c e  a n  
a d d i t i o n a l  f a i l u r e  of  a safety system would be r e q u i r e d  t o  
r e s u l t  i n  safety consequences.  

20. See r e s p o n s e  t o  Item 1 .  

21. Extremes i n  RCS water q u a l i t y ,  which is r e g u l a t e d  by t h e  CVCS, 
cou ld  c o n t r i b u t e  t o  i n i t i a t i n g  a LOCA. As n o t e d ,  t h i s  f a i l u r e  
mode was n o t  selected as s i g n i f i c a n t  s i n c e  s p e c i f i c ,  a v a i l a b l e  
f a i l u r e s  t h a t  r e s u l t  i n  these ex t r emes  cou ld  n o t  be i d e n t i f i e d .  

22. Comment n o t  unde r s tood .  r'No" is l i s t e d  under "RCS Overcool ing."  

23. No, a l t h o u g h  t h e  c h e m i s t r y  problem is a p o s s i b i l i t y .  The system 
c o u l d  f a i l  and r e s u l t  i n  a small r e d u c t i o n  i n  SG p r e s s u r e .  As 
i n d i c a t e d ,  the  system was n o t  selected. 

24. C o r r e c t i o n  made. 

25. A t  t h i s  l e v e l  of  a n a l y s i s ,  a c o n s e q u e n t i a l  l o s s  of compressed 
a i r  would f r e e z e  t he  MFW r e g u l a t i n g  v a l v e s  i n  place. F a i l u r e  of  
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sys t ems  due t o  degraded env i ronmen ta l  c o n d i t i o n s  is c o n s i d e r e d  
beyond the s c o p e  of t h i s  ana1y"ss. 

26-27. Noted. 

28. Noted. However, t h i s  c o n d i t i o n  would be more a p p l i c a b l e  t o  a 
loss  of  c h a r g i n g  f low rate .  

29. Noted, c o r r e c t i o n  made. 

30. l l C o n t r i b u t e s  to ,"  i n  t h e  s e n s e  used ,  i m p l i e s  t h a t  f a i l u r e s ,  i n  - 
c o n j u n c t i o n  w i t h  other f a i l u r e s ,  c o u l d  r e s u l t  i n  t h e  u n s a f e  
c o n d i t i o n .  A s  a minimum, l o s s  of  SC c o o l i n g  c o u l d  no t  occur  
w i t h o u t  a loss  of main feedwater (assuming a n  i n t a c t  R C S ) .  

-- 

31. Noted. " R e s u l t  i n "  changed t o  I t c o n t r i b u t e s  t o "  

32. Noted. 

33. Noted. C o n s i d e r a t i o n  has been l i m i t e d  t o  f a i l u r e s  t e r m i n a t i n g  
s p r a y  and e n e r g i z i n g  heaters. Concerning l i q u i d  discharge,  we 
d o n ' t  b e l i e v e  t he  p o s s i b i l i t y  o f  v a l v e  damage can be 
excluded-- i f  t h e  d i s c h a r g e  is hot and may f l a s h  i n  t h e  v a l v e  as 
c o n t r a s t e d  t o  l o o p  seal  flow, f o r  i n s t a n c e .  

34. Noted. However, t h e  purpose o f  t h i s  phase o f  t h e  a n a l y s i s  is t o  
e x c l u d e  sys t ems  which do n o t  affect  p l a n t  s a f e t y ,  no t  t o  
e v a l u a t e , t h e  s p e c i f i c  effects  of  f a i l u r e .  The ve ry  c o n s e r v a t i v e  
( o r  llalarmistll) approach used i n  t h i s  phase  mere ly  i n c r e a s e s  t h e  
number of  systems t o  be ana lyzed  i n  greater d e t a i l .  F i n a l  
safety i m p l i c a t i o n s  s h o u l d  n o t  be i n f e r r e d .  

-- 

35. Please rev iew "Remedial Ac t ions  .I1 

36. Please review second s e n t e n c e  of llEffectsll s e c t i o n .  

37. Paragraph deleted.  

38. Noted. We i n t e r p r e t  t h i s  s t a t e m e n t  t o  imply t h a t  no pumps o t h e r  
t h a n  the  component c o o l i n g  water pumps are r e q u i r e F t o  m a i n t a i n  
c o o l i n g  o f  t h e  reactor c o o l a n t  which passes th rough  t h e  RC pump 
seals. 

39. F a i l u r e  s h o u l d  be l lIsolable LOCA.I1 With r e s p e c t  t o  VCT volume, 
see r e s p o n s e  t o  Item 44. 

40. The c i r c u i t r y  d e s i g n  has been r ecogn ized .  However, a l l  modes of 
t r i p p i n g  t h e  pumps are manual. 



342 

41. 

42. 

43 

44. 

45. 

46-48. 

49. 

50. 

51. 

52. 

53-63. 

64. 

65. 

66. 

67. 

68. 

69-71. 

For c l a r i t y ,  f u n c t i o n  referred t o  as l l S I - i n i t i a t e d  c h a r g i n g  
capa  b i 1 i t y . l1 0 

Noted . 
Noted. The i s o l a t i o n  on h i g h  r e g e n e r a t i v e  heat exchanger  o u t l e t  
t e m p e r a t u r e  would r e q u i r e  a n  independen t  l o s s  of c h a r g i n g  f low 
o r  c i r c u i t  f a i l u r e .  

The o b s e r v a t i o n  is c o r r e c t .  I n  f a c t ,  we found t h e  a u t o m a t i c  VCT 
makeup a p o s i t i v e  d e s i g n  feature. If t h i s  c o n t r o l l e r  is l e f t  i n  
manual, t he  p r o b a b i l i t y  of o v e r f i l l i n g  t h e  p r e s s u r i z e r  is 
reduced  a t  t h e  expense of i n t r o d u c i n g  common c a u s e  f a i l u r e s ,  
which c o u l d  a f fec t  the three c h a r g i n g  pumps. 

The concern is t h a t  l o c a l i z e d  o v e r h e a t i n g  and s u b s e q u e n t  
r e f i l l i n g  c o u l d  lead t o  h i g h  local  thermal stresses. Wording 
mod i f i ed  t o  ref lect  t h i s .  

Noted. 

Agreed. 

Noted. 

Agreed. 

Noted. Paragraph on H2 h a n d l i n g  deleted.  

Noted. 

T y p i c a l l y ,  SG o v e r f i l l  was n o t  assumed t o  produce a r e s p o n s e  
t h i s  s e v e r e .  RETRAN and t h e  BG&E t r a i n i n g  s i m u l a t o r  both showed 
ve ry  l i t t l e  cooldown due t o  S G  o v e r f i l l .  We would be w i l l i n g  t o  
review a d d i t i o n a l  a n a l y t i c  r e s u l t s  o r  data i f  p rov ided .  

Noted. 

Comment n o t  unde r s tood .  

Noted. 

Low steam f l o w s  w i t h  water e t r a i  ed i n  steam l i  es  can be as 
bad as or worse t h a n  t h e  h i g h  flow cases when t h e  conce rn  is f o r  
weight  (as opposed t o  water hammer) damage. T h i s  is because  a t  
t h e  lower  flows, water t e n d s  t o  c o l l e c t  i n  t h e  low p o i n t s  rather 
t h a n  b e i n g  e n t r a i n e d  and carried on o u t  t h e  steam l i n e .  

Noted . 
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72. 

73 

74. 

75 

76. 

77. 

78. 

79 

80. 

81. 

82. 

83 

84. 

85. 

86. 

87. 

88. 

Noted. Do o p e r a t o r  t r a i n i n g  or w r i t t e n  p rocedures  s u g g e s t  such  
act  i ons ? 

Noted . 
The s e n s i t i v i t y  s t u d i e s  s e c t i o n  was deleted.  

C o r r e c t e d .  

Our r ev iew was, by ground r u l e s ,  based on t h e  s t a t u s  of t he  
p l a n t  a t  a g i v e n  time. However, similar comments are a p p l i c a b l e  
t o  t h e  new draf t  p rocedure ,  EDP-500. 

Excess c h a r g i n g  is addressed t o  t h e  e x t e n t  i t  c o u l d  c o n t r i b u t e  
t o  i n i t i a t i n g  a p r e s s u r i z e r  v a l v e  fa i lure  or boron d i l u t i o n .  
Neither case was found t o  have s i g n i f i c a n t  s a f e t y  consequences 
wi th  r e s p e c t  t o  the CVCS.  

Page 105 was i n c l u d e d  for emphasis.  S i n c e  the p o i n t  was made, 
i t  was deleted from the  f i n a l  v e r s i o n .  

A SLB is assumed t o  bound t h e  t u r b i n e  t r i p  f a i l u r e .  Are we t o  
i n f e r  t h a t  BC&E disagrees? 

Noted. 

Noted. (See r e s p o n s e  t o  #77). 

Noted. 

Noted. Draft p rocedure  EOP-500 was addressed i n  f i n a l  r e p o r t .  
With respect t o  PTS, t he  p o t e n t i a l  fo r  PTS was i d e n t i f i e d  and 
found n o t  t o  be  o f  safety s i g n i f i c a n c e ,  as d i s c u s s e d  i n  
Sect. 5. 

Noted . 
See r e p l y  t o  comment 68. 

Noted . 
O u r  RETRAN a n a l y s e s  and BG&E t r a i n i n g  s i m u l a t o r  r u n s  w i t n e s s e d  
by ORNL p a r t i c i p a n t s  showed very l i t t l e  effect  of S C  o v e r f i l l  on 
RCS t e m p e r a t u r e .  Automatic i s o l a t i o n  has no t  been c o r r o b o r a t e d  
by any a n a l y s e s  known t o  us .  

There a p p e a r s  l i t t l e  p o i n t  i n  c a t e g o r i z i n g  SC d e p r e s s u r i z a t i o n  
t r a n s i e n t s  when none lead t o  s i g n i f i c a n t  sa fe ty  consequences.  
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89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

The bases of o p e r a t o r  f a i l u r e  ra tes  ( and  a s s o c i a t e d  l l s u f f i c i e n t  
time" c o n s i d e r a t i o n s )  are  a d d r e s s e d  i n  Sect. 5. D i s c u s s i o n  was 
redone ,  h o p e f u l l y  a v o i d i n g  the problems no ted .  

This  is a comment of m i n o r - s i g n i f i c a n c e  which we b e l i e v e  shou ld  
be covered by a motherhood c l a u s e .  

T r a n s f e r  from i n s t r u m e n t  power bus 1YO9 t o  v i t a l  power buses  
lYOl and 1Y02 f o r  t h e  a t m o s p h e r i c  steam dump v a l v e s  ( A D V s )  is 
accomplished by s e l e c t i n g  a l t e r n a t e  c o n t r o l l e r s  by manual ly  
p o s i t i o n i n g  three-way pneumatic v a l v e s .  The a l t e r n a t e  
c o n t r o l l e r s ,  which are located i n  t h e  a u x i l i a r y  shutdown p a n e l ,  
are no t  no rma l ly  selected for c o n t r o l ,  bu t  t h e  three-way 
pneumatic v a l v e s  are norma l ly  p o s i t i o n e d  t o  se lec t  the  ADV 
c o n t r o l l e r s  powered by 1YO9. The two three-way pneumatic v a l v e s  
are l o c a t e d  i n  tamper-proof ,  alarmed e n c l o s u r e s  (see BG&E 
Drawing 60-911C). The 0.1 p r o b a b i l i t y  tha t  t h e  r e a c t o r  
o p e r a t o r s  would n o t  r e p o s i t i o n  these v a l v e s  was based on there 
b e i n g  no mention of t h e  three-way v a l v e s  i n  EOP-5, "Loss of 
Reac to r  Coolant ,1t  approved September 14, 1984. 

L i s t i n g  was relabeled. 

We disagree. C r e d i t  was g i v e n  for  a n  accumulator  backup i n  s i x  
d i f f e r e n t  p l a c e s  i n  t h e  w r i t e u p .  

Unless  t h e  d e s i g n  i n f o r m a t l o n  a v a i l a b l e  t o  u s  is comple t e ly  
o u t d a t e d ,  t h e  fac t  tha t  t h i s  q u e s t i o n  is raised emphasizes o u r  
c o n c l u s i o n .  According t o  our  i n f o r m a t i o n  (BG&E Dwg. 60-911C, 
Rev. OF), i f  i n s t r u m e n t  a i r / p l a n t  a i r  p r e s s u r e  is l o s t ,  or YO9 
d e e n e r g i z e d ,  t h e  o p e r a t o r  can manual ly  t r a n s f e r  t h e  s o u r c e  of 
compressed a i r  from t h e  normal s u p p l y  t o  t h e  s a l t  water a i r  
compressors .  T h i s  a c t i o n  ac t iva tes  t h e  1E manual ADV 
c o n t r o l l e r s  a t  t h e  a u x i l i a r y  shutdown pane l .  We do n o t  q u e s t i o n  
whether t h e  A D V s  can be opened,  b u t  w i t h  what p r o b a b i l i t y .  
Without t h e  p r o c e d u r a l  s t e p  i n  t h e  LOCA EOP, we credited the  
o p e r a t o r s  w i t h  pe r fo rming  t h i s  f u n c t i o n  s u c c e s s f u l l y  n i n e  times 
o u t  of t e n  SB-LOCA demands. Clearly d e f i n e d  p r o c e d u r a l  
i n s t r u c t i o n s  c o u l d  i n c r e a s e  t h i s  p r o b a b i l i t y .  

Our a n a l y s e s  showed t h a t  SCIS a c t u a t i o n  would n o t  o c c u r .  We 
would l i k e  t o  see t h e  r e s u l t s  of s t u d i e s  showing otherwise. 

See r e s p o n s e  t o  94. The u s e  of  U n i t  2 equipment p r o v i d e s  
a n o t h e r  p h y s i c a l  a l t e r n a t i v e  t o  t h e  o p e r a t o r ;  however, t h e  
p r o b a b i l i t y  tha t  the  v a l v e s  c o u l d  be opened was assumed t o  be 
1 .o. 
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97. Noted. The q u e s t i o n  o f  whether t he  ,ADV and TBV are r e q u i r e d  
r ema ins .  

98. No a c t u a l  loss of o f f s i t e  power was assumed. The i n s t r u c t i o n s  
f o r  bus t r a n s f e r  were t a k e n  from t h e  LOCA p rocedure .  We n o t e  
that  EDP-500 ( d r a f t )  does no t  address bus t r a n s f e r .  

99. The new p rocedure  w i l l  be r ev iewed ,  

100. Noted. 

101. Not t o  mention a d d i t i o n a l  i n s t r u c t i o n s  from many of t h e  t o p  
elected and a p p o i n t e d  leaders of ou r  coun t ry !  The 

s t e p  i n s t r u c t s  t h e  o p e r a t o r  t o  depres su r i ze - -bu t  specif ies  R C S  
c o n d i t i o n s  which would n o t  e x i s t  f o r  t h i s  sequence.  T h i s  a lso 
a p p l i e s  t o  EDP-500. 

' 0.5 p r o b a b i l i t y  was selected because t h e  spec i f ic  p r o c e d u r a l  

-- 

102. We are n o t  convinced t h a t  t h e y  are a t  t h e  c o n s e r v a t i v e  extreme.  
We do b e l i e v e  o p e r a t o r  f a i l u r e  p r o b a b i l i t i e s  cou ld  be reduced 
s i g n i f i c a n t l y  by modified p rocedures  and /o r  t r a i n i n g .  

103. The f a u l t  tree d e p i c t s  t he  f r e q u e n c i e s  of  f a i l u r e s  t h a t  would 
f r e e z e  o r  open one  of t h e  two r e g u l a t i n g  v a l v e s .  I n  ei ther 
case, it is assumed t h a t  the  reactor w i l l  t r i p  p r i o r  t o  
r e s t o r i n g  t h e  v a l v e  t o  o p e r a b i l i t y - - t h u s  c r e a t i n g  t h e  "demand1' 
for v a l v e  c l o s u r e .  T h i s  assumption is c o n s i d e r e d  r e a s o n a b l e  
s i n c e  t h e  p r i n c i p a l  p l a n t  r e s p o n s e  t o  these f a i l u r e s  w i l l  be a 
p e r t u r b a t i o n  i n  SG l e v e l ,  which c o u l d  i n i t i a t e  r e a c t o r  and 
t u r b i n e  t r i p  (or p o s s i b l y  induce  t h e  o p e r a t o r  t o  manual ly  t r i p  
t he  r e a c t o r  and/or  t u r b i n e ) .  Thus, the  " i n i t i a t i n g  f a i l u r e "  is 
t h e  v a l v e  f a i l u r e .  The c o n d i t i o n a l  p r o b a b i l i t i e s  of  t h e  e v e n t s  
" r e a c t o r  t r i p  g i v e n  v a l v e  f a i l u r e "  and "SG o v e r f e e d  g iven  v a l v e  
f a i l u r e  and r e a c t o r  t r i p "  are each assumed t o  be 1.0. 

104 .  Comment not  unde r s tood .  

105. It  s h o u l d  be  n o t e d  t h a t  the  o p e r a t o r  is assumed t o  s u c c e s s f u l l y  
d i agnose  t e n  unusual  e v e n t s  (SG o v e r f e e d ) ,  de t e rmine  a c o r r e c t  
r e s p o n s e ,  and p r e v e n t  t h e  S G  o v e r f i l l  n i n e  of t e n  times. The 
fa i lure  t o  accompl i sh  t h i s  w i t h i n  as l i t t l e  as 3 min c o n s i d e r s  
o t h e r  p o s s i b l e  a c t i o n s  t h e  o p e r a t o r  might a t t e m p t  
(e .g . ,  manual ly  t h r o t t l i n g  t h e  r e g u l a t i n g  v a l v e )  p r i o r  t o  
t r i p p i n g  t h e  feedwater pumps o r  c l o s i n g  t h e  i s o l a t i o n  v a l v e .  

106. A s  i n  Fig.  5.3-1, t h e  v a l v e  f a i l u r e  creates its own demand for 
c l o s u r e  (see r e s p o n s e  t o  item 103). 

107. Noted. 
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108. Noted. 

109. Noted. 

110. Noted. 

1 1 1 .  Noted. 

112. The MMS model i n c l u d e s  t e m p e r a t u r e  r e a c t i v i t y  feedback. 

11  3. C o r r e c t i v e  a c t i o n s  s e c t i o n  deleted.  

114. This  comment is i n  poor t as te  and s h o u l d  be f l u s h e d  from t h i s  
o t h e r w i s e  c i v i l  and g e n e r a l l y  h e l p f u l  review.  

115. The l o n g  time for  c o r r e c t i v e  a c t i o n  was accoun ted  for .  

116. Noted and corrected. 

11 7. Accumulator backup was c o n s i d e r e d .  

118. Noted. 

11 9 .  Flushed.  

120. BG&E i n d i c a t e s  t h a t  the  f o l l o w i n g  s e n t e n c e  is comple t e ly  wrong: 
IINon-safety grade c o n t r o l  s y s t e m s  are p r e s e n t l y  cove red  by a 

Appendix B,  C r i t e r i o n  11: 'The q u a l i t y  a s s u r a n c e  
program' . . . , I 1  and s ta tes  t h a t  10 CFR 50 Appendix B a p p l i e s  
o n l y  t o  safety-related equipment and t h a t  t h e  Genera l  Design 
Criteria are c o n t a i n e d  i n  10 CFR 50 Appendix A. I n  r e s p o n s e ,  w e  
changed t h e  i d e n t i f i c a t i o n  of Appendix B from "General  Design 
Criteria" t o  " Q u a l i t y  Assurance Cri ter ia ."  BG&E c o r r e c t l y  
flagged t h i s  e r r o r .  We also narrowed the  a p p l i c a t i o n  of t h e  
sentence,  i n  q u e s t i o n  t o  t h o s e  nonsa fe ty -g rade  c o n t r o l  s y s t e m s  
"which have t h e  p o t e n t i a l  f o r  impac t ing  p l a n t  safety"; s u c h  
sys t ems  are c l e a r l y  cove red  by t h e  wording of Appendix B. 
regard t o  their  comment t h a t  "Th i s  error u n d e r s c o r e s  t he  
i n a p p r o p r i a t e n e s s  of a research s t u d y  making r e g u l a t o r y  
judgments,I1 we c o n t i n u e d  o u r  p o l i c y  of  n o t  making r e g u l a t o r y  
judgments . 

) g e n e r a l  s t a t e m e n t  i n  N R C ' s  Gene ra l  Cri ter ia ,  10 CFR 50 

With 

121. The comment makes a v a l i d  p o i n t .  We have r e l a x e d  t h e  s u g g e s t i o n  
f o r  automat i c d e p r e s s  u r  i z a t  i on. 

122. We a g r e e  tha t  s p u r i o u s  a u t o m a t i c  pump t r i p s  c o u l d  r e p r e s e n t  a 
greater hazard t h a n  t h e  o n e  t h e  pump t r i p s  were d e s i g n e d  t o  . 
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prevent .  We have modified t h e  recommendations concerning t h i s  
concept.  

123. Our o r i g i n a l  s ta tement  cha rac t e r i zed  condi t ions  a t  Ca lve r t  
C l i f f s  as Ifnot f r i g h t f u l . "  The phrase was not  meant t o  be 
p a r t i c u l a r l y  c l e v e r ;  c a l l i n g  i t  I f in  poor taste" seems a b i t  
s t r o n g .  I t  is perhaps t o o  f o l k s y  f o r  a s e n s i t i v e  subject,  and 
we have changed t h e  wording t o  "not unusual or a cause f o r  
a1 arm. 

We d i d  noth ing  i n  response  t o  t h e  o the r  two comments, bu t  do 
fee l  t h a t  some feedback is i n  order .  Opera tors  are  indeed 
v i t a l l y  impor tan t ,  but  should n o t ,  we b e l i e v e ,  be e s s e n t i a l  t o  
s i t u a t i o n s  r e q u i r i n g  only knee-jerk response.  BC&E*S l a s t  
comment i m p l i e s  t h a t  there would be no safety impl i ca t ions  of 
con t ro l  systems i f  there were no c o n t r o l  systems. There would 
a l s o  be no failures of p r o t e c t i o n  s y s t e m s  i f  there were no 
p r o t e c t i o n  systems. Human i n t e r a c t i o n  was not a major p a r t  of 
t h i s  s t u d y ,  but  ope ra to r  f a l l i b i l i t y  versus  c o n t r o l s  f a l l i b i l i t y  
must be addressed i n  any e v a l u a t i o n  of means f o r  opt imizing 
responses  t o  threats t o  p l an t  safety.  

Comments on Appendix B 

Correc t ions  made as noted. 
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