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NSSS GENERAL ARRANGEMENT
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IMPACT OF NSSS LAYOUT

NSSS ELEVATION LAYOUT OF MAJOR
COMPONENTS :

ENHANCES RCS NATURAL CIRCULATION
CAPABILITY

ALLOWS ONLY 20 - 25% OF RCS INVENTORY
‘'TO COVER REACTOR CORE
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~ TRIP SETPOINT

STEAM GENERATOR DESIGN

- FULL POWER



IMPACT OF STEAM GENERATOR DESIGN

SECONDARY WATER INVENTORY AND REACTOR
TRIP ON LOW SECONDARY WATER LEVEL -

NORMALLY PRECLUDE OPENING PRESSURIZER
RELIEF/SAFETY VALVES FOLLOWING LOSS OF

FEEDWATER

ALLOW SUFFICIENT TIME FOR ESTABLISHING
AUXILIARY OR EMERGENCY FEEDWATER
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SUMP «—D<}—>«¢ <
. PRESSURIZER

PRESSURIZER POWER OPERATED RELIEF
VALVES CONFIGURATION

TANK



IMPACT OF PRESSURIZER POWER OPERATED RELIEF VALVE
CONFIGURATION DESIGN

DUAL POWER OPERATED RELIEF VALVES AND
RTDs IN THE VALVE DISCHARGE LINES

ALLOW CONTROLLED PRESSURE RELIEF WITH
ONE VALVE BLOCKED OUT

ALLOW COMPARISON OF VALVES' DISCHARGE
LINES TEMPERATURES



HIGH PRESSURE COOLANT INJECTION SYSTEM
PUMP DELIVERY CHARACTERISTICS

2500 - TYPICAL ONE CHARGING PUMP

/

2000 -

RCS
PRES SURE,
PSIA 1500 |~

1000 F
TYPICAL HPSI
500 - PUMP

1 i 1
200 400 600 800
DELIVERY RATE, GPM/PUMP

T = 60°F




IMPACT OF HPSI PUMP DELIVERY CHARACTERISTICS

HPSI SHUTOFF HEAD IS BELOW THE
NORMAL REACTOR OPERATING PRESSURE

WHICH ALLOWS HPSI TO BE LEFT INJECTING
AS LONG AS NECESSARY WITHOUT OPENING
PRESSURIZER RELIEF OR SAFETY VALVES




CONTROL SYSTEMS' DESIGN PHILOSOPHY

MINIMIZE CHALLENGES TO THE REACTOR
PROTECTION SYSTEM (RPS) DUE TO CONTROL
SYSTEMS' FAILURES

AVOID INHIBITING RPS REACTION TO
TRANSIENTS WHICH REQUIRE REACTOR
PROTECTION

(NOTE: PRESSURIZER LEVEL IS USED ONLY
IN CONTROL SYSTEM, NOT IN ANY
SAFETY SYSTEM ACTUATION.)



- NATURAL CIRCULATIOA

DESIGN FEATURES
FIELD TESTS - POWER ASZENSION TEST PROGRAM

FIELD EVENTS INVOLVING HATURAL CIRCULATION



B ————

JECTIONS - 8

L

: ( STEAM
QUTLET
woxiL$ I INSTRUMENT !
NOZLILE
. 3 - Tor
. 1 A DIILIC‘[OR HEAD
13 STEam
3 ' DRV ERS
L . G Lo BoL i S Lo Lo
~ " .
J23TEAm 1 " LEVEL
ORYER CRAINg —— INJICATION
il i HOZ2ILE
ECONDARY .
SECONDARY Manwar T it PR papan
o worbag (2 KEQ'D) .71 SEPARATORS L 2
(2REQD) -
PRIMARY ::'““ !
OUTLET A
:::.::Yv V. ONOZILE (2IREQ'D) FECOWATER
(3 REQ'D) ' l\nczzu
4
b
1 S——y
. <
‘ CLEVIS
10 BRACKET
" LEVEL .
INDICATION (e hee’®
NOZZLES
: " LEVEL
INDICATION
NOZILE
INSTRUMENT (4 REQ'D)
NOZILES
. - 9.319=3/4720
v || Tuts
- { 16"
1" LEVEL i (62"-5"4
INDICATION )
NOZILES , = |
. PRIMARY . ; & fil
‘:;z!:'u PRIMARY f i i
OUTLET 3 | "tk ! | n!
. BOTTOM NOZZLE : $% .1, el
SLOWOOWN emiomtnd HE Y bl
& DRAIN i ! ;,.' L 2. |
NO2ZLE { fhi
’ & l‘!' .
. k| il
= SOTTOM 3 m fi '
: BLOwOOWN i I t
L PIFE ' hi!
) SECONDARY | - I uz Lt i
v MANDMOLE i: 80TTON | l LS h J
. . rees | N BLG DO WN | R W | i
. & DRAN , '
NO E
s PRIMARY | INSTRUMENT
HEAD NOZILE
(4 REQ'D)
PRIMARY
MANWAY
(2R£Q'0)
% DIVIDER PLATE INLETY ( CUTLEY
= WOZILE X322
. : (ZREQ'D)
. .- . SUPPOAT o
_‘ ~ SKIRT i\

L—s _J :

-

\

STEAM GENERATOR




"/3\
2 Ly
1 «
1 {
TH TC

REACTOR COOLANT SYSTEM TEMPERATURES

TUBE LENGTH
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FLOW COASTDOWN AND NATURAL CIRCULATIO!

INITIAL CONDITIONS:

SEQUENCE OF EVENTS:

EVALUATIO!:

RESULTS:

POWER ASCENSION TEST

407 POWER
WSSS CONTROLS IN AUTOMATIC MCDE

TRIP RCPs MANUALLY
RPS TRIPS REACTOR AHND TURBINE

OPERATOR SLOWLY RESTORES S5 WATER
LEVELS USING AUXILIARY FEEDWATER

OPERATOR TERMINATES AUXILIARY FEEDWATER
AND SGs "STEAM DOWH" FOR 1-2 HOURS

CORE DECAY HEAT IS DERIVED FROM
MEASURED S5 WATER LEVEL CHANGES
AND CORRESPONDING I'IVENTORY
DEPLETIOH

RCS FLOW IS DERIVED FROM MEASURED
Ty, Tc AND DERIVED CORE DECAY HEAT

CORE DECAY HEAT 0.53%
RCS FLOW 2,22
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NATURAL CIRCULATION TEST
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CHANGE IN THERMOCOUPLE TEMPERATURE
vs TIME AFTER FOUR PUMP LOSS OF FLOW
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RCS COOLANT TEMPERATURE, °F
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PRESSURIZER PRESSURE, PSIA
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TIME, HOURS
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PRESSURIZER COOLDOWN TO HOT LEG SATURATION TEMPERATURE

24 T T T T T T T T
CURVE A: PRESSYURIZER HEAT LOSS BASED ON
PRE-OFPERATIONAL TEST ACCEPTANCE
20 CRITERIA ‘: .
CURVE B: 50 PERCENT OF CURVE "A" PRESSURIZER
HEAT LOSS
16 9
12 ng" a
81 d
4r - o
0 1 1 1 1 i 1

0 ¢ 4 6 8 10 12 14 16 18
RCS LEAKAGE AND/OR BLEEDOFF RATE, GPM
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SUMMARY

NATURAL CIRCULATION IS VERIFIED IM EVERY C-E PLANT.

WATURAL CIRCULATION COOLDOWN CAPABILITY OF C-E PLANT
HAS BEEN VERIFIED,

SEVERAL INDICATIONS OF ADEQUATE NATURAL CIRCULATIOA
ARE AVAILABLE I THE PLANT.

A, SUBCOOLING INDICATED BY PRESSURIZER PRESSURE
AND T, CONDITIONS,

B. TH (AND AT POWER) "TURNS-OVER” WITHIN 5-10
MINUTES OF SECURING RCPs,

¢. CORE EXIT THERMOCOUPLES TRACK TH.

D. TH - T. INDICATION LESS THAN FULL POWER VALUE

ALSO A!\: POWER INDICATION IS LESS THAN 1007.

Tc CONTROLLABLE BY SECONDARY HEAT SINK,
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INNER VESSEL PRESSURE, PSIA

2000

SYSTEM &0

2400 ; ‘ ,

1600

1200

800

400
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- TIME, SEC

2400

3000



INTEGRAL OF ENERGY, BTU
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LOOP 1

e BREAK OCCURS AT

FULL POWER CONDITIONS -

| SYSTEN 80
0.02 FI2 DISCHARGE LEG BREAK

2250 PSIA

653 °F

RCP
NORMAL :
EVEL

SUBCOOLED FORCED CORVECTION

e ——— A . F—— b+ W SN
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' - @ RV UPPER PLENUM

SATURATES * -

LOOP 1

SG

R SYSTEM 80
. 0.02 FT2 DISCHARGE LEG BREAK

1900 PSIA

RCP CORE RCP

7 =100 SECS

 FORCED CONVECTION



-

- —— —

LOOP 1

PRZ EMPTY

SIAS, TRIP- HAPPENED

RCP OFF/COASTDOWN

SG TUBES START TO DRAIN
SG SECONDARY ISOLATED

SYSTENM 80

. 0.02 FT2 DISCHARGE LEG BREAK

1350 ‘PSIA
583 °F
Y

4 i CORE

RCP

e

T =500 SECS

TRANSITION [71:0i1 FORCED CONVECTION TO POOL BOILING -
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" G SECONDARY RELIEF

VALVES OPENED
SG TUBES DRAINING
STEAM BUBBLES UP
FROM RV TO SG'S
RCP COASTDOWN TO
<5% SPEED

LOOP 1

0,02 FT2 DISCHARGE LEG BREAK

S6

AN (

SAFETY

SYSTEN 80

1350 .PSIA
582 OF

582 OF

TRANSITION FROil FORCED COWVECTION TO POOL BOILING

= 600 SECS
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| SYSTEM 80
0.02 FT2 DISCHARGE LEG BREAK

® SG TUBES EMPTY | ——
o CORE FLOW ALMOST .ZERO 0

. 589 OF
: : | RCP

RV \
[ Dy
589 OF 1
by b

.l %
*"L}'{%f] 2ch :>
LEAK
j;;zi LS
CORE
RCP : RCP . , ‘

T = 1200 SECS

POOL LOILIIG CORE, COMDENSATION Iil S6'S
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" ® HOT LEGS EMPTY
‘e COLD LEGS EMPTY .
@~ LOOP SEALS EMPTY "

| SYSTEM 80
.. 0.02 FT2 DISCHARGE LEG BREAK

ﬂSAFETY - . %
PRZ - .- °
- 1350 -PSIA
580 °F ' | RCP
1—1
_U LD A1 UL
NS N |
2 g LB 7
/=Xq ) T C Yo =
LEAK .
LS
CORE

| T =1800 SECS
" 'PoOL BOILI CORE, CONDENSATION IN SG'S
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~ @ START PROCEDURE TO

ESTABLISH LONG TERM

-, COOLING -

L00? 1
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| SYSTEM 80
1 0.02 FT2 DISCHARGE LEG BREAK

PRE -~ .-
(") 1350 PSIA

47 578 °F “ ot
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=7 T
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¢
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M 7 |
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LOOP 1

o HPSI > LEAKFLOW
e INITIATE HOT SIDE/COLD

SIDE HPSIP INJECTION .

\

| SYSTEM 80
0.02 FT2 DISCHARGE LEG BREAK

_ ATM DUMP : s
SG PR7 Lr
("\ 720 PSIA '
(A 47 506 ¢ RCP
B N

_L_{]) +»
L

|
lLEAK

1/2 WPSI LS

CORE

C

T = 2 HOURS

INITiATE HOT/COLD SIDE INJECTION
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CONDENSATE DRAIN-BACK PLUS ECC INJECTED INTO HOT
LEG FLOW INTO TOP OF CORS |
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DURING THE TINE OF CORE BOILING THE STEAM LEAVING
THE UPPER PLENUM WILL FLOW THROUGH THE HOT LEGS AS
A STRATIFIED FLOW, IF THE PATH IS MOMENTARILY
BLOCKED BY WATER BRIDGING THE PIPE, THE CORE
PRESSURE WILL INCREASE (5-6 PSI/SEC). THE PRESSURE
INCREASE WILL SUPPRESS THE BOILING AS WELL AS

RE-OPEN THE STEA/ PATH.

SINCE THE MASS OF FLUID

BRIDGING THE PIPE IS INSIGHIFICANT COMPARED TO
THE MASS OF FLUID FILLING THE REACTOR VESSEL
AND COLD LEGS, THE LEVEL OF WATER IN THE CORE
WILL NOT CHANGE SIGHIFICANTLY DURING THESE

PRESSURE FLUCTUATIQWS.

ACTIVE
CORE




APPROXIMATE ELEVATION - FEET
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STEAN
GENERATOR
- 'o . PRESSURIZER
\5,/,1;;$§§ 7/ i »lay
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o 1o .
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¢ : 0fo
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AN |
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) LEAK - ==
COLD LEG V/4 +—_1 °s °,
&L~ W, ] ;
 ACTIVE
WHEN THE WATER LEVEL ON THE INLET SIDE OF THE | CORE
STEA GENERATOR REACHES THE TOP OF THE LOWER f
U-TUBES THE WATER WILL DRAIN INTO THE COLD SIDE\\_J
OF THE STEA'! GENERATOR. [N ORDER TO MAINTAIN |
THE HYDROSTATIC PRESSURE BALANCE THE WATER IN
THE COLD LEG WILL FLOW TOWARD THE ANNULUS WITH

INCREASING FLOW RATE. THIS IS THE BEGINNING OF
NATURAL CTRCULATIOW. , "
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LOOP 1

S6

SYSTEN 80

0.02 FT2 DISCHARGE LEG BREAK

RZ

4V -

AW,

T =14.0 HOURS

ATM DUMP’
|2

=
180 P‘SIA
0
3723 °F RCP\
Y
| 4
g
I el 2 é\j>
LEAK
LS
CORE

RCS REFILLING




® SUBCOOLED
® SOLID SYSTEM

START NATURAL CIRCULATION {///”—-\\\j§:}

SIS

| SYSTEN 80
0.02 FT2 DISCHARGE LEG BREAK

ATM DUMP

280 PSIA
350 °F

HPSI = LEAKFLOW

CORE

= 4,3 HOURS

RCS REFILLED
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o SYSTEN 80
0,02 FT2 DISCHARGE LEG BREAK

ATM DUMP
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PREPARE TO STARTUP
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 TYPICAL CGMPLETE-LOSS OF FEEDWATER SEQUENCE FOR A C-E
OPERATING PLANT

o TYPICAL STUCK PRESSURIZER RELIEF VALVE SEQUENCE FOR A C-E
OPERATING PLANT
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TYPICAL COMPLETE LOSS OF FEEDWATER SEQUENCE
FOR A C-E OPERATING PLANT

TIME (SEC) EVENT
0 TERHiNATION OF MAIN FEEDWATER FLOW RESULTING IN
DECREASING STEAM GENERATOR WATER LEVEL
20 PRE-TRIP ALARM ON LOW STEAM GENERATOR WATER
LEVEL
25 REACTOR TRIP ON LOW STEAM GENERATOR WATER LEVEL
30 PEAK PRESSURIZER PRESSURE ¢ PORV SETPOINT (2400 PSIA)
(PORV DOES NOT OPEN)
30+ STEAM DUMP, BYPASS, AND PRESSURIZER CONTROL
SYSTEMS REGULATE TO HOT STANDBY CONDITIONS
120 MINIMUM PRESSURIZER PRESSURE ~1800 PSIA (NO SIAS)
780 - 900 FPOM THE CONTROL ROOM THE OPERATOR MANUALLY STARTS

AUXILIARY FEEDWATER PUMPS AND OPENS VALVES TO THE
STEAM GENERATORS BEFORE RCS PRESSURE RISES TG PORV
SETPOINT (2400 PSIA)

e W —— ——— e




PRESSURIZER PRESSURE, PSIA

C O

TYPICAL COMPLETE LOSS OF FEEDWATER
FOR A C-E OPERATING PLANT
PRESSURIZER PRESSURE vs TIME

2400 - 3 -

2300 : =

2200 -

2100

2000 —

1900 -

1800

! !
. 0 > 10 15 20 25
TIME, MINUTES




PRESSURIZER LEVEL, %

100

80

o
o

L
o

20

e
TYPICAL COMPLETE LOSS OF

{)
FEEDWATER

FOR A C-E OPERATING PLANT
PRESSURIZER LEVEL vs TIME

-

l

!
10 15
TIME, MINUTES




C C
TYPICAL STUCK PRESSURIZER RELIEF VALVE SEQUENCE
FOR A C-E OPERATING PLANT

TIME (SEC) EVENT
0 PORV OPENS RESULTING IN RAPID DEPRESSURIZATION
e OF RCS
0+ OPERATOR RECEIVES INDICATION AND ALARMS FROM RTD

IN PORV PIPING, AS WELL AS, QUENCH TANK
TEMPERATURE, PRESSURE, AND LEVEL

0+ PRESSURIZER CONTROL SYSTEMS AND CVCS RESPOND TO
DEPRESSURIZATION
5 TM/LP PRE-TRIP ALARM
7 TM/LP TRIP ON LOW THERMAL MARGIN
22 SIAS AT APPROXIMATELY 1600 PSIA AUTOMATICALLY

STARTS HPSI PUMPS

30 QUENCH TANK RELIEF VALVE OPENS RELEASING STEAM
TO CONTAINMENT

30+ OPERATOR RECEIVES ALARMS AND INDICATION OF
INCREASING CONTAINMENT PRESSURE, TEMPERATURE,
AND POSSIBLY ACTIVITY

50 FLU.D EXPANSION AND SUBSEQUENT FLASHING IN RCS
RESULT IN INCREASING PRESSURIZER LEVEL

240 HOT LEG RTDs INDICATE RCS IS APPROACHING
SATURATION COHDITIONS




C )
TYPICAL STUCK PRESSURIZER RELIEF VALVE SEQUENCE
FOR A C-E OPERATING PLANT

(CONTINUED)
TIME (SEC) EVENT
260 FILLING OF PRESSURIZER RESULTING IN TWO-PHASE
RELIEF THROUGH PORV
300 OPENING QUENCH TANK RUPTURE DISK RESULTING IN
FLUID RELEASE TO THE CONTAINMENT
300+ STEAM DUMP AND BYPASS REGULATE RCS TO HOT
STANDBY TEMPERATURE
300+ RCS PRESSURE STABILIZES AT ~1100 PSIA WITH HPSI
FLOW MATCHING PORV FLOW
600 - 900 AUXILIARY FEEDWATER MANUALLY INITIATED TO STEAM
GENERATORS, IF MAIN FEEDWATER WAS LOST
900 - 1300 OPERATOR CLOSES PRESSURIZER BLOCK VALVE TERMINATING
UNCONTROLLED RCS FLUID RELEASE
1800+ RCS PRESSURE STABILIZES AT HPSI SHUTOFF HEAD
5400 PRESSURIZER HEATERS RE-ESTABLISH BUBBLE IN

(1.5 HRS) PRESSURIZER
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TYPICAL STUCK PRESSURIZER RELIEF VALVE FOR A C-E OPERATING PLANT.
PRESSURIZER PRESSURE vs TIME

R
T —— i - S 2 SIS D
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PRESSURIZER PRESSURE, PSIA
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1500 +

1000

1
5 10

TLAE, MINUTES




———— o

TYPICAL STUCK PRESSURIZER RELIEF VALVE FOR A C-E OPERATING PLANT.
PRESSURIZER LEVEL vs TIME
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PORV OPERATION

DEMAND VALVE OPENINGS

FAILURE TO CLOSE

INADVERTENT ACTUATION
FAILURE TO CLOSE



i v

PORV ACTUATION

DEMAND VALVE OPENINGS

HIGH PRESSURE TRIP DURING SPURIOUS
TURBINE RUNBACK AT POWER -

HIGH PRESSURE TRIP DURING LOSS OF
LOAD - POWER ASCENSION TEST -

INADVERTENT ACTUATION

RPS MAINTENANCE - SPURIOUS OPEN SIGNAL -
PRE POWER TESTING AT HOT SHUTDOWN -

PORV MAINTENANCE - SPURIOUS OPEN SIGNAL -
COLD SHUTDOWN -

OPEN

FAIL TO
CLOSE
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ECCS OPERATION

DEMAND ECCS OPERATION

FAILURE TO OPERATE

INADVERTENT ACTUATION

FAILURE TO OPERATE



ECCS OPERATION

FAIL TO
DEMAND OPERATE
DEMAND ECCS OPERATION
PORV OPENING 1 0
POST-TRIP EXCESS FW ¢ 0
FW BYPASS VALVES STUCK OPEN 1 0
UNBLOCKED SIGNAL DURING COOLDOWN 1 0

INADVERTENT ECCS ACTUATION
RPS/ESFAS TESTING 3 0



AUXTLIARY FEEDWATER OPERATION

TINMES FAILED TO
USED _OPERATE
AS EMERGENCY FEEDWATER
LOSS OF FEEDWATER 2 0
LCSS OF OFFSITE POWER 9 0

LOSS OF CONDENSER VACUUM 7 0



COMBUSTION ENGINEERING

PROCESSING OF OPERATING INFORMATION

OTHER
LERs SOURCES
AVATLABILITY CORRECTIVE
DATA ACTIONS
PROGRAM PROGRAM
(ADP) (CAP)

l - &

CUSTOMERS C-E MANAGEMENT




EXAMPLE OF LER PROCESSING

CALIBRATION ERROR IN

INJECTION TANK LEVEL TRANSHITTER

EVENT DATE
1-10-78

4

CUSTOMER
COMMUNICATION

FUTURE
DESIGNS

LER
1-24-78

TELECOM TO
OPERATING PLANTS
JANUARY 1978

OPERATING
PLANTS

A

C-E ENGINLERING

RESOLUTION
4-4-78

T |

ADP -

f

ADP REPORT TO
CUSTOMERS WITH
RECOMMENDATION

APRIL 1978

CAP

CAP ACTION
INITIATED

1-24-78

Y

CAP REPORT TO
C-E MANAGEMENT
APRIL 1978




EXAMPLE OF INFORMATION EXCHANGE

NOBLE GAS DOSE ACCOUNTABILITY DURING REFUELING
COMPLIANCE WITH 10 CFR 20

CUSTOMER - ‘

PROBLEM RESOLVED |4 o1 IDENTIFIES
WITH NRC I&E BRANCH PROBLEM
10-27-78

l ;

\
1
C-E NOTIFIED OF
i
|
\
|

PROBLEM AND
RESOLUTION

11-28-78

1

ADP

e—
——d

¥
ADP REPORT
TO CUSTOMERS ;
~JANUARY 1979




