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Section 1

I
SUt94ARY

-

A detailed, plant-specific study was carried out for the reactor water.

',' level system at Shoreham. ,The evaluation considered potential water.

level indication errors, including flashing errors, the relationship

between measured water level and the state of the core, as well as an in-

depth failure analysis of the Shoreham level system, including water
level system reference leg breaks or leaks. Plant behavior and operator,

capability to respond were assessed under all such circumstances. A

probabilistic risk assessment was also performed to determine the
contribution of water level system failures to the previously calculated
frequency of core vulnerable conditions at Shoreham.g

The plant and operator performance evaluations reveal that water level
indication errors due to changes in process conditions and instrument

line flashing do not jeopardize plant safety because of the small

reference line drsps employed at Shoreham. Some combinations of a level

system reference line break or significant leak plus additional single
instrument failures will require operator action to assure adequate water

i nventory. However, the operator is expected to manually initiate a
,

water make-up system from the information available to him and from plant
procedures and operator training which prescribe appropriate action under
degraded circumstances. The probabilistic risk assessment confirms the
preceding findings. It verifies that most of the water level system

p failure contributions to risk come from a reference line break or a
L significant leak. All water level system failures were found to

| contribute about 11 percent to the revised total core vulnerable

frequency. However, the predominant portion of the core vulnerable
t

frequency attributable to the water level system would occur with the
containment intact at the onset of core melt so that its contribution to
offsite consequences would be auch less than 11 percent of the totalp

! Shoreham consequences.

;

i
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Section 2

C -

INTRODUCTION .

.

{. In January 1982, the Boiling Water Reactor Owners Group (BWROG),

commissioned an extensive review of Boiling Water Reactor (BWR) water
level measurement systems . The review consisted of examining the
operating experience of BWR water level systems, identifying all their
potential weaknesses, and proposing long-term improvements which might
remedy the discovered weaknesses. The results of that investigation are
reported in Reference Q). Reference Q) emphasizes the importance of
carrying out plant-specific water level measurement studies. It is the

purpo:e of this report to provide a detailed study of the Shoreham
reactor water level system. It is is based upon the findings and methods

contained in References Q) and Q).

The study consists of:

s A summary description of the reactor water level system
utilized at the Shoreham plant. It provides a description
of the level measurement system, the vessel level
instrumentation arrangement, the pertinent instrument line
routing information, operator displays, and the water
level system application to the control and safety of the
power plant.

o An evaluation of the performance of the Shoreham water
level measurement system. An evaluation of the
measurement errors due to variations in plant conditions,' including conditions which cause a loss of fluid in the
reference leg, is provided. Also, an evaluation of the
relationship between water level and the state of the core
is provided, including the ability of the Shoreham water
level system to determine the state of the core.

( e An in-depth failure analysis of the Shoreham level system, '
including a thorough review of drawings and logic diagrams
to determine the vulnerability of the plant to postulated
single failures in the level instrumentation.

,

A qualitative analysis of the Shoreham specific responseo ;

C to plant transients and accidents for various failures of ;
the water level system.

2-1
0
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e A probabilistic assessment of the risks contributed by
~ ilures of the water level system as they impact the'

L p..nt operators and the automatic initiation of.. safety
systems. This water level probabilistic risk is compared
to overall Shoreham plant risks to put into perspective
any need to modify or improve the Shoreham water level
system.*

, -
,

A concluding section which sunenarizes the key findings.'' * e;

.

s

;

I

\
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Section 3 .
'

,

( SHOREHAM WATER LEVEL SYSTEM .

. .

This section provides a detailed description of the Shoreham water level-

,

measurement system. The information provides the basis for the water-.

level system failure and probabilistic analyses given in subsequent
sections. Shoreham is an 846 Megawatt electrical (MW ) BWR. It is onee

Of the BWR-4 class of plants and utilizes a Mark 11 pressure suppression

type containment. The nuclear Steam Supply System (NSSS) is being

provided by General Electric (GE). The balance of the plant is the

responsibility of Stone and Webster (S&W). The key parameters of the

Shoreham plant are given in Table 3-1.

<

In order to analyze water level measurement systems, it is necessary to
identify the physical layout and the plant system functions for each of
the primary level sensors. It also is necessary to compile the pertinent
facts regarding placement of the instrument nozzles anc condensing<

chambers, the physical arrangement of the instrument piping and

connections to the instruments themselves, and the plant system safety
and control functions that are influenced by the instruments.

The purpose of this section is to provide the pertinent information of
the level measurement system for Shoreham as follows:

e Role of the water level system.
vt

e Description of the level sensing system which includes
vessel elevations that correspond to .he trip settings and
other key levels, system physical sejaration, and plant
systems assigned to each level transmitter.

t. * Pertinent instrument line routing inforaation.

Description of the displays available to the operator.*

L

3-1
C
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Table 3-1
t- Pertinent Plant Design Parameters .

-

.

.

.

NSSS Supplier General Electric.

'

A/E Stone & Webster-

Turbine Supplier General Electric

Reactor Type BWR-4/220-inch Vessel I.D.

Plant Thermal Rating 2436 Megawatt Thermal (MWt)
'

Gross Electrical Power 849 Megawatt Electrical (MWe)

Steam Flow at Rated 10.47 Million lb/hr

Bypass Capacity 25 percent

Number of Fuel /,ssemblies 560

Active Fuel Length 150 inches

Average Fuel Heat Generation Rate 5.39 Kw/ft

Core Flow Rate 77.0 Million lb/hr

Jet Pump M Ratio 1.18

Jet Pump Exit Velocity 14.4 ft/sec

Rated Jet Pump Head 91.7 feet

Instrumentation Type Rosemount Transmitters with
Bailey 7000 Alarm / Trip units

.. i' Feedwater Temperature 420*F

Number of SRV's 11
|

SRV Manufacturer Target Rock
(

Feedpump Drive Type Turbine

Rated Separator / Dryer Pressure 12 psid*

Drop

( Dynamic Head at Level 1 at 18 inches of water
Rated Conditions

3-2
C
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3.1 SAFETY AND CONTROL ROLE OF SHOREHAM WATER LEVEL SYSTEM ,
I. .

The plant systems that require signals from the output of the level

instruments are the reactor protection system, the high pressure coolant
*

injection systems, the isolation systems,- the low pressure coolant,.

' '

injection systems (including the automatic depressurization system), the
feedwater control system, the Anticipated Transient Without Scram (ATWS)
features, plus equipment protection trips for the recirculation flow and

main turbine control systems. The signals these systems receive are
I based upon the function of the system and its relationship to reactor

vessel water level. Figure 3-1 shows the vessel levels and thei r

relationship to the reactor core and other vessel internals, along with

the Shoreham elevations that correspond to each of the levels.
I

Briefly, the significance of the various water level designations are:

Level 8 - High Water Level Trip

1. Main Turbine Trip - Protects turbine against the occurrence of
gross carryover of moisture.

2. Trip of Reactor Feedwater Pumps - Prevents reactor vessel over-
fill and protects feedwater turbine against gross moisture
carryover.

3. Trip of Reactor Core Isolation Cooling (RCIC) and High Pressure
Coolant Injection (HPCI) turbines - Prevents vessel overf all.

Level 7 - High Water Level Alarm

Annunciates the level above which the moisture carryover in the'

steam is expected to increase at a significant rate while oper& ting
at full load.

*
,

l. ( Level 5 - Automatic Level Control Range

l
Water level is maintained within this range in order to minimize
moisture carryover and steam carryunder over the normal reactor

( steam flow range during transient level disturbance conditions. The
water level usually is kept at any level above Level 4 and below

t Level 7.
;

|

|
|
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Level 4 - Low Water Level Alarm
'

Annunciates the level below which the steam carryunder i . the water
is likely to begin affecting the recirculation . flow rate
significantly under full load conditions, or below which the
reduction of vessel inventory following a lost of one feedwater pump
would cause reactor scram.*

,,

l' s

Level 3 - Scram and Recirculation Flow Runback

1. This level is above the bottom of the dryer seal skirt. The
quantity of inventory below this level is sufficient to allow
for evaporation losses and displacements of coolant from the
reactor system following interruption of reactor feedwater flow
without the vessel level dropping to Level 1. This quantity of
inventory accounts for steam voids contained below Level 3
while operating at full reactor power and is based on the
Reactor Core Isolation Cooling system operating as designed.

' 2. When the recirculation flow is run back, the error on the wide
range water level instrumentation due to the annulus flow is
reduced, thereby reducing premature water level trips on
decreasing water level for normal large-scale transients.

Level 2- Initiate HPCI, RCIC, and M3in Steam Isolation Val ve (MSIV)
Closure

Considerations involved in determining this level's set points are
as follows:

1. The volume between Level 2 and Level 3 corresponds to the'

partial core void collapse caused by a low level scram from
full power.

2. The set point is low enough so that the RCIC and HPCI will not
be fcisely initiated af ter a scram due to vessel water level, ;

it providing feedwater flow is available. J
|

') . The set point is high enough so that for complete loss of l

feedwater flow, the RCIC system flow will be sufficient to
prevent initiation of systems at Level 1.

(
Qvel 1 -

This level is set to assure timely ECCS system initiation in order
to maintain core cooling above prescribed limits in the event of the ,

Idesign basis LOCA.
C

|
|
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3.2 DESCRIPTION OF LEVEL EASUREMENT SYSTEM
.

.,

(

The Shoreham water level measurement system uses an unhea ed (" cold")
reference leg connected to the reactor vessel steam space via a

*

condensing chamber and a variable leg connected to the reactor vessel at
_

,

." an elevation below the water level. The water level in the reactor
vessel is then determined by measuring the differential pressure between
the reference leg and variable leg through appropriate instrumentation.
In a cold reference leg system the fluid temperature in the instrument
line is not affected by process conditions but is determined by the
ambient temperature. The fluid temperature in the variable leg will also
be determined by the ambient temperature.

The Shoreham water level system uses five different instrument ranges as<

shown in Figure 3-2. The vessel levels covered by each of the

instruments are related to key vessel levels and vessel internals

features shown in Table 3-2. There are several instruments connected to
t.he appropriate vessel taps in each of the five ranges as shown in Figure
3-3. The level instruments shown in Figure 3-3 are used by the various
systems via the Analog Trip System (ATS). In the ATS, the outputs of the
level transmitters are sent to a trip unit which compares the sensor
output to a set point. When the level output from the transmitter moves

across the set point, the output of the trip unit changes state and

causes the desired action to occur. The use of ATS allows the trip set
points to be set at a control room panel so no access to the instruments
is required for set point adjustments.,

The system assignment of level instruments to the va rious systems is
shown in Table 3-3. There are various stages of logic between the
sensors shown in Table 3-3 and the system functions they initiate, as
described in Appendix A. The important information from Table 3-3 is the
sharing of instruments between systems. Table 3-3 shows that sensors
N091A, B, C. & D are used in the following systems:

C
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Table 3-2

Shoraham
-

I Vessel Level Trip Elevation Correlation -

.

.

,Inehee Abovet,.

TAF Instr. Vessel.

Reference Description , ,1 ), Zero (3) Zero(,,

.

Tap "a" Steam ' tap for condensing chacers 227.69 69.5 586.25
nozzle

Narrow and wich range upscale 218.19 60 576.75

Level 8 RCIC, WCI Turbine Steen Inlet
valve closure. Close main turbine
stop valves. Trip feed pums. 212.69 '4.5(4) 571.25

Level 7 Feedwater control high level alarm. 200.94 42.75 559.5

Level 4 Feeenster control low level alare. 191.69 33.5 550.25

Level 3 Scram and close RHR shuth cool-
irq isolation valves. Es level
permissive. 170.69 12.5 529.25

f

I ne'.r . For wide, narrow, shutdown / upset
zero range Inst. harrow range and

shutdown range dcarnseale. 158.19 0 516.75

T ap 'b " Narras range tap (variable leg) 150.44 -7.75 509.0
nozzle

Fee <' water sparger 124.94 -33.25 483.5

Level 2 Initiate RCIC and WCI. Start Div.
3 diesel. Clme prir.ary system isola-
tion velves (except RHR shutdown
isolation velves). Trip recire.
pug s. Close M51V's. 120.19 -38 478.75

Fuel Zones upscale 50 -108.19 410 . %

Level 1 Initiate LPCS and RHR.
Start Div.1 and Div. 2 stancby
diesels. Contribute to ADS, 25.69 -132.5 384.25

Wide Range downscale 8.19 -150 366.75

TAf Top of active fuel'g
Fuel Zone Inst. Zero 0 -158.19 358. %

fap"c" Wide range tap (variable leg) -0.56 -158.75 358

BAf Bottom of Active Fuel
Fuel zone downscale -150 -308.19 208.56

g T ap "d" Fuel Zone variable leg -226.56 -384.75 132

hotes:
(1) Tg of active fuel, approximate.

(2) Vessel zero, cold (approximate).

(3) Level instrument zero.*

g

(4) 58.75 for feedwater trip.
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Figure 3-3: Reactor Vessel Level Instrumentation Orientation
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Teole 3-3

-

1.awel Instrument Assignmente
.

(
Side A Side 8

Fisiction Instrtment Power Indrtment Power

*
Scree & LT 821-N080A(L3) RPS A LT 521-N080C(L3) RPS A''
RHR LT E1-N080B(L3) RPS B LT B21 >083)(L3) 25 B' . * ISO

HPCI Trip LT S21-N0910(L8) DC-A LT B21-N091D(LB) DC-B

HPCI LIS B21-N091A(L2) DCe4 LT B21-291B(L2) DC-BInitiat e LIS E21-291C(L2) DC-4 LT B21-N091D(L2) DC-B

RCIC Trip LT 821-N091A(L8) DC-A LT B21-P091D(L8) DC-B
I

RCIC LT B21-N091A(L2) DC-A LT B21-N091B(L2) DC-B
Initiate LT B21-4091C(L2) DC-A LT 821-P091D(L2) DC-B

(. MSIV LT-821->081A(L2) RPS A LT-821-N081C(L2) PS A
LT-821-P081B(L2) RPS B LT-821-N081D(L2) RPS B

ATWS LT B21-N091 A(L2) DC-A LT B21-291B(L2) DC-B
RPT LT B21-N091C(L2) DC-A LT B21-P091D(L2) DC-B

ATWS LT 821-N091A(L2) DC-A LT B21-N091B(L2 ) DC-B
ARI LT B21 P091C(L2) DC-A LT 821-N091D(L2) DC-B

LPCI LT 821-N091 A(L1) DC-A LT B21-N091B(L1) DC-B
LPCS LT 821-N091C(L1) DC-A LT 821-N091D(L1) DC-B

LT B21-P095A(L3) DC-A LT B21-N095B(L3) DC-B
ADS LT B21-291A(L1) DC-A LT B21-N091B(L1) DC-B

LT B21-P091C(L1) DC-A LT 821 P091D(L1) DC-B

Feed and LT C32-N004A(L8) Vital A.C LT C32-N004B(L8) INST B
Mein TT LT C32-N004C(L8) INST A

i

Narrow LT C32-N004A(IND) Vital AC LT C32-N004B(IT) INST B
Range LT C32-N004C(IPO) INST A
Display * LT 02-N004A(REC)+ Vital AC LT O 2-N0048(REC)+ INST B

WR LT 821-N081 A(REC) RPS-A LT B21-N081C(REC) RPSB
Display * LT F21-N081D(IPO) RPSB

( '

Shutdan LT B21-N027(IPO) INST t.
.-

Upset LT C32-N017(REC) INST A

( Fuel Zone LT B21-NO37A(REC) INST A LT 821-NO37B(IPO) INST B ,

.

* REC a Recorder IPO a Indicator.

+ Recorder switched between seneers.

C 3-10
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e LPCS - Low Pressure Core Spray

I e LPCI - Low Pressure Coolant Injection
,

o HPCI - High Pressure Coolant Injection
~

,

e RCIC - Reactor Core Isolation Cooling-

* e ATWS - Anticipated Transient Without Scram

e ADS - Automatic Depressurization System

1.3 INSTRUMENT LINE ROUTING

The routing of the instrument lines from the vessel tap to the level

! sensors is required to determine the ef fect of changes in the fluid

density in the lines on sensed level. For conditions where flast.ing does
'

not occur, the error is proportional to the difference between the

reference and variable leg drops. At a particular set of conditions the

L error due to reference line flashing will depend on the instrument line
routing. For example, routing with a vertical drop followed by a long
horizontal run will give a different error characteristic than a routing

which has a long horizontal run followed by a vertical drop. A schematic
of the Shoreham reference leg routing is shown in Figure 3-4. Tables 3-4
and 3-5 list the total lengths and vertical drops for each of the runs

shown in Figure 3-4. The required routing information for establishing
errors due to fluid density changes when flashing has not occurred are
shown in Figure 3-5. The dimensions for various instrument ranges are
shown in Table 3-6.

]f
.

3.4 OPERATOR DISPLAYS

The various level displays available to the operator are located on the
f reactor control benchboard, reactor core cooling benchboard, and reactor

water clean-up benchboard. The locations of these panels on the main
control console are as shown in Figure 3-6. The displays on each of
these panels are also 1isted on the figure.

,

(
1

.
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tJ Table 3-4
- |hI

Reference Leg Side "A" Lengths [1
jL;

*

|

'- ei.
c

N|
;i Vert. Drop Accum. True Length Accum, t,

|[tp' Point Elevation From Prev. El Vert. Drop From Prev. Pt. True Length AZ

t

]i N13A 140'-11.75" 220'

!| 1 141'-0.25" -0.5" -0.5" 3'-7" 3'-7" !i
; 5;_-

![j' 2 144'-6.0" -3'-5.75" -3'-6.25" 9'-7" 13'-2"
_

.. ..

.

1 3 144'-6.5" -0.5" -3'-6.75" l'-2" 14'-4" ; |
, * -

Cond. |i '

} Pot (1)
-

i
f, '

l. i l ',
4 143'-8,5" 10" 10" 10" 10"

t '. , . .
;[-

-
<
ea

d 5 143'-7.5625" .9375" 10.9375" l'-1.25" l'-11.25 '

_

:i

[! Y 6 141'-0.375" 2'-7.1875" 3'-6.125" 5'-3.375" 7'-2.625"
-

. -

7 140'-6.625" 5.75" 3'-11.875" 5'-0.25" 12'-2.875" j.i'
_;

i ,g
8 140'-4.25" 2.375" 4'-2.25" 5'-8.5" 17'-11.375" j j._

,

e t-'

9 140'-1.9375" 2.3125" 4'-4.5625" 5'-6.875" 23'-6.25" |. _

10 140'-0.75" 1.1875" 4'-5.75" 2'-11" 26'-5.25" !
---

i

11 139'-3.375" 9.375" 5'-3.125" 9.625" 27'-2.875" f,
_

'
.' , ,

12 138'-0.6875" l'-2.6875" 6'-5.8125" l'-2.75" 28'-5.625" '.' '

13 138'-0.50" 0.1875" 6'-6" 3.625" 28'-9.25" 245'
i

Drywell ,i

Pent

(i Note (1): The condensing chamber is considered "zero" for purposes of determining the '!
~ vertical drop and true length of pipe from the condensing chamber to the |

drywell penetration. ;

;
L
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e.J
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:l' I'
;g(
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.! Table 3-5

s. ;
,

Reference Leg Side "B" Lengths ;'
r

,

t ,

4;

i Vert. Drop Accum. True Length Accum. i!
1Point Elevation From Prev. El Vert. Drop From Prev. Pt. True length AZ r

.i

N13B 140'-11.75"
- - - ---

(oo .)'
,

?

1 141'-0.25" -0.5" -0.5" 3'-7" 3'-7"
i-

2 141'-5.125" -4.875" -5.375" 10'-6.0625" 14'-1.0625" I
. _

Cond
.

j Pot (1) .

:i !
i

,1
3 140'-5" l'-0.125 l'-0.125" l'-0.125" l'-0.125" }:f

. w
_

5;
:j 4 140'-4.25" 0.75" l'-0.875" 5'-6" 6'-6.125"'

,.
i

. *

.

[. j5 139'-6.375" 9.875" l'-10.75" 9.875" 7'-4"
_

t

6 139'-5.875" 0.625" l'-11.375" 5'-0.5" 12'-4.5" !r, -

l
, ~

t,

7 138'-2.5" l'-3.25" 3'-2.625" 5'-6.125" 17'-10.625"'
_

8 138'-2.1875" 0.3125" 3'-2.9375" l'-10.875" 19'-9.5"-
_

ii

9 138'-1.5625" 0.625" 3'-3.5625" 5'-2.5" 25'-0" j_

10 138'-0.9375" 0.625" 3'-4.1875" 4.3125" 25'-4.3125" 20' ' .
!.-

Drywell
Pent

Note (1): The condensing chamber is considered "zero" for purposes of determining the
vertical drop and true length of pipe from the condensing chamber to the ;

drywell penetration.
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i Table 3-6 ,i

l ?,

j Instrument Line Drops
'

l,

'

Side A Dimensions--Inches Side B Dimensions--Inches

Parameter Narrow Wide Fuel Narrow Wfde Fuel
Range Range Zone Range Range Zone

a ,

:

Xs 42.75 42.75 42.75 5.38 5.38 5.38 5
,

f>
k

l.
'

; Xr 78.0 78.0 78.0 40.2 40.2 M.2 t.
7

?' .
i

r! AE 77.25 228.25 581.75 77.25 228.25 581.75 i

[... , , '

.f Xm 36 36 163.5 36 36 163.5 I
] ;!

Xr-Xm 42 42 -85.5 4.2 4.2' -123.3 I
,

(,

r

La 7.75 8.75 76.6 7.75 8.75 76.6 I
I

j. .

, i
i :

i
k

'.I
,

.

:

,
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- TWO WIDE RANGE RECORDERS (821.R623 A & 8) .

I FUEL 2ONE LEVEL INOICATOR (821.R6101
FUEL ZONE LEVEL RECORDER (821.R615) .

*

.

-SHUTDOWN R ANGE INDICATOR (821.R605)

e

'

SRV AND SHUTOOWN UPSET RANGE RECORDER (C32 R608)
*

COOLING CONTROLS- NARROW RANGE RECORDER (C32 R608)(- *e

N ARROW R ANGE INOICATORS (C32.R606, A,8,C)
WIDE R ANGE INDICATOR (821.R6031

f FEEDWATER
I ! ! CONTROLS

I I u
I Jl

C 8

ECCS
SYSTEMS

CONTROLSg
A fI |

[ CONDENSATESYSTEM
PERIODBC LOG / CONTROLS
TYPER TABLE /

Da /
g

RE ACTOR OPER ATOR$
COMPUTER CONSOLE

D

4

:
:
I e

A PARTI AL SWR RE ACTOR
CONTROL ROOM ARR ANGEMENT

e

A 1 H11.P603 RE ACTOR CONTROL BENCH 80ARD (88)
8 1H11 M 2 REACTOR WATER CLEANUP AND RECIRC 88
C 1 H11-P601 REACTOR CORE COOLING 88
D 1H11 MCB41 SALANCE OF PLANT (BOP) PANELS

.

3
Figure 3 6: Reactor Water Level Indications in Control Room

.
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In addition to the recorders and indicators shown on Figure 3-6, there

are various indicators and annunciators that are activat.ed on level
L signals as follows: .

.

'

e High Level Trip Indicators. These consist of three amber
lamps mounted on the feedwater panel. Each lamp is driven
by one of the three level transmitters in the feedwater'

" system (LT C32-N004.A.B.C) and will illuminate when the,'
*

transmitter indicates that level is above level 8.

* High/ Low Level Annunciator. This annunciator is driven
from the level transmitter that is selected for feedwater
cont rol . The annunciator will sound when indicated level

g from the transmitter is above level 7 or below level 4.

e Level 2 Indicators / Annunciators. When any one of the ECCS
transmitters (LT BZl-N091A,B.C.D) reaches level 2, an
annunciator will sound. The " System A low level"
annunciator will sound if either N091A or C indicates
below level 2. The " System B low level" annunciator will'
sound if either N091 or D indicates low level. In
addition, there are four white indicator lamps that will
illuminate to show which transmitters indicate below level
2.

e Level 1 Indicators / Annunciators. The level 1 annun-'
clator/ indicators are identical to the level 2.

e Level 8 Indicators. A white indicator light is associated
with each HPG1 high level trip transmitter
(LT B21-N091C,D). The indicator will illuminate when its
corresponding transmitter indicates level is above level

' 8.

'0
t

t E

|

|

|

i
I '

s
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Section 1
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.

SUMMARY -

.

A detailed, plant-specific study was carried out for the reactor water
,' level system at Shoreham. The evaluation considered potential waterc

level indication errors, including flashing errors, the relationship

between measured water level and the state of the core, as well as an in-
depth failure analysis of the Shoreham level system, including water

< level system reference leg breaks or leaks. Plant behavior and operator
capability to respond were assessed under all such circumstances. A

probabilistic risk assessment was also perfc;z.ed to determine the

contribution of water level system failures to the previously calculated
frequency of core vulnerable conditions at Shoreham.(

The plant and operator performance evaluations reveal that water level
indication errors due to changes in process conditions and instrument

line flashing do not jeopardize plant safety because of the small;

reference line drops employed at Shorehaa. Some combinations of a level
system reference. line break or significant leak plus additional single
instrument failures will require operator action to assure adequate water
inventory. However, the operator is expected to manually initiate a

water make-up system from the information available to him and from plant
procedures and operator training which prescribe appropriate action under
degraded circumstances. The probabilistic risk assessment confirms the

preceding findings. It v rifies that most of the water level system
C,

failure contributions to risk come from a reference line break or a

significant leak. All water level system failures were found to

contribute about 11 percent to the revised total core vulnerable

frequency. However, the predominant portion of the core vulnerable
(.'

frequency attributable to the water level system would occur with the

containment intact at the onset of core melt so that its contribution to
offsite consequences would be nuch less than 11 percent of the total

Shoreham consequences.
c

1-1

C

. . . . . . . _ ~ _ _ - - . _ .._ . _ _ .
_ __ _



. . _ - .. .. .. - ... .-
- = . - .. _ ..-.-. ~ ..e.. . . -

~

<_.

Section 2-

C
~

INTRODUCTION
.

In January 1982, the Boiling Water Reactor Owners Group (BWROG)-

commissioned an extensive review of Boiling Water Reactor (BWR) water
level measurement systems. The review consisted of examining the

operating experience of BWR water level systems, identifying all their
potential weaknesses, and proposing long-term improvements which might

,

remedy the discovered weaknesses. The results of that investigation are

reported in Reference Q). Reference Q) emphasizes the importance of
carrying out plant-specific water level measurement studies. It is the

purpose of this report to provide a detailed study of the Shoreham

reactor water level system. It is is based upon the findings and methods

contained in References Q) and Q).

The study consists Of:
t

a A summary description of the reactor water level system
utilized at the Shoreham plant. It provides a description
of the level measurement system, the vessel level
instrumentation arrangement, the pertinent instrument line
routing information, operator displays, and the water

'
level system application to the control and safety of the
power plant.

e An evaluation of the performance of the Shoreham water
level measurement system. An evaluation of the
measurement errors due to variations in plant conditions,

t including conditions which cause a loss of fluid in the
reference leg, is provided. Also, an evaluation of the
relationship between water level and the state of the core
is provided, including the ability of the Shoreham water
level system to determine the state of the core.

,

An in-depth failure analysis of the Shoreham level system,( e
including a thorough review of drawings and logic diagrams
to determine the vulnerability of the plant to postulated
single failures in the level instrumentation.

A qualitative analysis of the Shoreham specific responsee
C to plant transients and accidents for various failures of

the water level system.

2-1
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A probabilistic assessment of the risks contributed bye
failures of the water level system as they impact the

I. plant operators and the automatic initiation of. safety
systems. This water level probabilistic risk is compared
to overall Shoreham plant risks to put into perspective
any need to modify or improve the Shoreham water level
system.

A concluding section which sumarizes the key findings.( e*

.
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Section 3 .

.

( SHOREHAM WATER LEVEL SYSTEM _ |

.

This section provides a detailed description of the Shoreham water level
I measurement system. The information provides the basis for the water'c

level system failure and probabilistic analyses given in subsequent
(MW ) BWR. It is onesections. Shoreham is an 846 Megawatt electrical e

of the BWR-4 class of plants and utilizes a Mark 11 pressure suppression
i type containment. The nuclear Steam Supply System (NSSS) is being

provided by General Electric (GE). The balance of the plant is the

responsibility of Stone and Webster (S&W). The key parameters of the
Shoreham plant are given in Table 3-1.

<

In order to analyze water level measurement systems, it is necessary to
identify the physical layout and the plant system functions for each of
the primary level sensors. It also is necessary to compile the pertinent

< facts regarding placement of the instrument nozzles and condensing
chambers, the physical arrangement of the instrument piping and

conriections to the instruments themselves, and the plant system safety
and control functions that are influenced by the instruments.

c

The purpose of this section is to provide the pertinent information of
the level measurement system for Shoreham as follows:

e Role of the water level system.
(

e Description of the level sensing system which includes
vessel elevations that correspond to the trip settings and
other key levels, system physical separation, and plant
systems assigned to each level transmitter.

Pertinent instrument line routing information.( e

Description of the displays available to the operator.*

L

3-1
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Table 3-1
'-- Pertinent Plant Design Parameters -

.

.

NSSS Supplier General Electric
.

A/E Stone & Webster*

Turbine Supplier
. General Electric

Reactor Type BWR-4/220-inch Vessel I.D.

' Plant Thermal Rating 2436 Megawatt Thermal (MWt)

Gross Electrical Power 849 Megawatt Electrical (MWe)

Steam Flow at Rated 10.47 Million lb/hr
I Bypass Capacity 25 percent

Number of Fuel Assemblies 560

Active Fuel Length 150 inches

t Average Fuel Heat Generation Rate 5.39 Kw/ft

Core Flow Rate 77.0 Million lb/hr

Jet Pump M Ratio 1.18

Jet Pump Exit Velocity 14.4 ft/sec

Rated det Pump Head 91.7 feet

Instrumentation Type Rosemount Transmitters with
Bailey 7000 Alarm / Trip units

t

Feedwater Temperature 420 F

Number of SRV's 11

SRV Manufacturer Target Rock
C

Feedpump Drive Type Turbine

Rated Separator / Dryer Pressure 12 psid*

Drop

Dynamic Head at Level 1 at 18 inches of waterc
Rated Conditions

3-2
C
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3.1 SAFETY AND CONTROL ROLE OF SHOREHAM WATER LEVEL SYSTEM
l. .

The plant systems that require signals from the output of the level

instruments are the reactor protection system, the high pressure coolant
injection systems, the isolation systems,- the low pressure coolant,

' '

injection systems (including the automatic depressurization system), the
'feedwater control system, the Anticipated Transient Without Scram (ATWS)
features, plus equipment protection trips for the recirculation flow and

main turbine control systems. The signals these systems receive are
I based upon the function of the system and its rem iaship to reactor

vessel water level. Figure 3-1 shows the vest- levels and their

relationship to the reactor core and other vessel internals, along with
the Shoreham elevations that correspond to each of the levels.

(

Briefly, the significance of the various water level designations are:
d

Level 8 - High Water Level Trip

'
1. Main Turbine Trip - Protects turbine against the occurrence of

gross carryover of moisture.

2. Trip of Reactor Feedwater Pumps - Prevents reactor vessel over-
fill and protects feedwater turbine against gross moisture
carryover.

,

3. Trip of Reactor Core Isolation Cooling (RCIC) and High Pressure
Coolant Injection (HPCI) turbines - Prevents vessel overfill.

Level 7 - High Water Level Alarm

Annunciates the level above which the moisture carryover in the
l

steam is expected to increase at a significant rate while operating
at full load.

~

|
,C Level 5 - Automatic Level Control Range

Water level is maintained within this range in order to minimize
. moisture carryover and steam carryunder over the normal reactor
I steam flow range during transient level disturbance conditions. The

|(.
water level usually is kept at any level above Level 4 and below

! Level 7.

:

l 3-3
(C



..~...... - --- n . . .. .....- . . - - - - - - . - .. .. - - _ ...... . . .

L

.

.

I
_

.

.

' '

I ky , -~Q-

f / ())
~

(Q/ 6Q A
r,- -

L7 HIGH WATER LEVEL -- -- --

ALA
/ / [ < STEAM LINE NOZ2LE

/ / /
~~

-1 - L8 HIGH WATER LEVEL TRIPL5 NORMAL WATER # - ------ ' (571.25 m l*LEVEL > --- - - --. - -- -

- - -- -

L4 LOW WATER LEVEL 4 L3 LOW WATER LEVEL SCR AM(-
- .

ALARM - (529.25 in.)
J'

| p' |' |'|]'[L|I7(550.25 in.) g
e4 FEEDWATER NOZZLE

(483 5.n)

L2 LOW WATER LEVEL
f TOP OF ACTIVE -- - .? (478 75 en1

FUELZONE j j[
f158.56 en.) =

'

n n Li LOW WATER LEVEL
(384.25 in.)

' BOTTOM OF ACTIVE
FUELZONE
1208.56 in.)

RECIRC OUTLET )1 R ECIRC INLET
NOZZLE F NOZ2LE%,

c. - -

I VESSEL INVERT
(0 in.)

*575.5 FOR FEEDWATER TRIP

0 Figure 3-1: Relative Reactor Vessel Water Level

3-4
(

.

-~_ 7



. - . ~ - - - . - . . . . ~ . - . . , - ~ - . . , _ . - _ . . - .. .. .

C

.

Level 4 - Low Water Level Alarm
0

Annunciates the level below which the steam carryunder in the water
is likely to begin affecting the recirculation . flow rate
significantly under full load conditions, or below which the
reduction of vessel inventory following a loss of one feedwater pump
would cause reactor scram.

,

r .

Level 3 - Scram and Recirculation Flow Runback

1. This level is above the bottom of the dryer seal skirt. The
quantity of inventory below this level is sufficient to allow
for evaporation losses and displacements of coolant from the,
reactor system following interruption of reactor feedwater flow
without the vessel level dropping to Level 1. This quantity of
inventory accounts for steam voids contained below Level 3
while operating at full reactor power and is based on the
Reactor Core Isolation Cooling system operating as designed.

' 2. When the recirculation flow is run back, the error on the wide
range water level instrumentation due to the annulus flow is
reduced, thereby reducing premature water level trips on
decreasing soter level for normal large-scale transients.

' Level 2- Initiate HPCI, RCIC, and Main Steam Isolation Val ve (MSIV)
Closure

Considerations involved in determining this level's set points are
as follows:

5 1. The volume between Level 2 and Level 3 corresponds to the
partial core void collapse caused by a low level scram from
full power. .

2. The set point is low enough so that the RCIC and HPCI will not
be falsely initiated af ter a scram due to vessel water level,

C providing feedwater flow is available.

3. The set point is high enough so that for complete loss of
feedwater flow, the RCIC system flow will be sufficient to
prevent initiation of systems at Level 1.

(
Level 1 -

This level is set to assure timely ECCS system initiation in order
to maintain core cooling above prescribed limits in tha event of the
design basis LOCA.

C

3-5C
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3.2 DESCRIPTION OF LEVEL E ASUREMENT SYSTEM

t

The Shoreham water level measurement system uses an unheated (" cold")
reference leg connected to the reactor vessel steam space via a

condensing chamber and a variable leg connected to the reactor vessel at
_

." an elevation below the water level. The water level in the reactori

vessel is then determined by measuring the differential pressure between
the reference leg and variable leg through appropriate instrumentation.
In a cold reference leg system the fluid temperature in the instrument
line is not affected by process conditions but is determined by the<

ambient temperature. The fluid temperature in the variable leg will also
be determined by the ambient temperature.

t The Shoreham water level system uses five different instrument ranges as
shown in Figure 3-2. The vessel levels covered by each of the

instruments are related to key vessel levels and vessel internals

features shown in Table 3-2. There are several instruments connected to
the appropriate vessel taps in each of the five ranges as shown in Figure,

3-3. The level instruments shown in Figure 3-3 are used by the various
systems via the Analog Trip System (ATS). In the ATS, the outputs of the
level transmitters are sent to a trip unit which compares the sensor

output to a set point. When the level output from the transmitter moves
across the set point, the output of the trip unit changes state and

causes the desired action to occur. The use of ATS allows the trip set

points to be set at a control room panel so no access to the instruments
, is required for set point adjustments.

The system assignment of level instruments to the various systems is
shown in Table 3-3. There are various stages of logic between the

sensors shown in Table 3-3 and the system functions they initiate, as

described in Appendix A. The important information from Table 3-3 is the
sharing of instruments between systems. Table 3-3 shows that sensors
N091A, B, C, & D are used in the following systems:

(

.

3-6
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Table 3-2

Shorehamg-
Vessel Level Trip Elevation Correlatiun -

.

Inehee A b o v et,.

TAF Instr. Vessel
Psference Description (, ,1 ), Zero (3) _Zero.

. .

Tap "a" Steam 'tep for condrraing cnmeets 227.69 69.5 586.25
nozzle

Narrow and wide range upscale 218.19 60 576.75

Level 8 RCIC, WC1 Turbine Steen Inlet
valve closure. Close main turbine
etcp valves. Trip feed pumps. 212.69 54.5(4) 571.25

Level 7 Feedwater control high level alarm. 200.94 42.75 559.5

Level 4 Feedwater control low level alarm. 191.67 33.5 550.25

Level 3 Scree and close RHR thutdown cool-
ing isolation valves. ADS level
permissive. 170.69 12.5 529.25t

Instr. For wide, narrow, shutdown / upset
zero range Inst. Narrow range and

shutdown range dcnenecale. 158.19 0 516.75

Tap 't" Nartnw range tap (variable leg) 150.44 -7.75 509.0
nozzle

Feedwater sp rger 124.94 -33.25 483.5

Level 2 Initiate RCIC md W CI. Start Div.
3 diesel. Close primary system isola-
tion valves (except RHR shutdcwr.
isolation velves). Trip recire.
pum s. Close M51V's. 120.19 -38 478.75

Fuel Zones upscale 50 -108.19 28.56

Level 1 Initiate LPCS and RHR.
Start Div.1 and Div. 2 stancby
diesels. Contribute to ADS, 25.69 -132.5 384.25

Wide Range downscale 8.19 -150 366.75

'( TAF Top of active fuel
.

Fuel Zone Inst. Zero 0 -158.19 358.56

f ap"c" Wide range tap (variable leg) -0.56 -158.75 358

SAF Bottom of Activo Fuel
Fuel zone downscale -150 -208.19 208.56

g T ap "d" Fuel Zone variable leg -226.56 -384.75 132

Notes
(1) Tcp or active fuel, approximate.

(2) Vessel zero, cold (approximate).

(3) Level instrument zero.*

p
(4) 58.75 for feedwater trip.

3-8
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Table 3-3

Level Instrument Assignmente
.

Side A Side B

Function Instrument Power Instrument Power

Scram & LT B21-N080A(L3) RPS A LT 821-N080C(L3) RPS A
RHR LT 821-N080B(L3) RPS B LT B21-M)8CD(L3) FS B*

5. .

150*

HPCI Trip LT B21-N091C(LB) DC-A LT B21-N091D(LB) DC-B

HPCI LIS 821-N091A(L2) DC-A LT B21-W91B(L2) DC-B
Initiate LIS B21-M)91C(L2) DC-A LT B21-N091D(L2) DC-B

<

RCIC Trip LT B21-N091A(LB) DC-A LT B21-M)910(LB) DC-B

RCIC LT B21-N091A(L2) DC-A LT B21-N091B(L2) DC-B
Initiate LT B21-N091C(L2) DC-A LT B21-M191D(L2) DC-B

l

( MSIV LT-B21-M)81 A(L2) RPS A LT-821-N081C(L2) FS A
LT-821-N081B(L2) RPS B LT-821-N001D(L2) RPS B

ATWS LT B21-N091 A(L2 ) DC-A LT B21-M)91B(L2 ) DC-B
RPT LT 821-N091C(L2) DC-A LT B21-W9*0(L2) DC-B

f ATWS LT B21-Nb91A(L2) DC-A LT B21-N091B(L2) DC-B
ARI LT B21-W91C(L2) DC-A LT B21-N091D(L2) DC-B

LPCI LT B21-N091 A(L1) DC-A LT B21-N091B(L1) DC-8
LPCS LT B21-N091C(L1) DC-A LT B21-N091D(L1) DC-B

i LT B21-M195A(L3) DC-A LT 821-N095B(L3) DC-B
ADS LT B21 M)91A(L1) DC-A LT B21-N091B(L1) DC-8

LT 821-N091C(L1) DC-A LT B21-N091D(L1) DC-B

Feed and LT C32-N004A(LB) Vital AC LT C32-N004B(L8) INST B
Mein TT LT C32-N004C(L8) INST A

(
Narrow LT C32-N004A(12) Vital AC LT C32-N004B(IM)) INST B
Range LT C32-N00aC(IND) INST A
Display * LT O2-N004A(REC)+ Vital AC LT O 2-N004B(REC)+ INST B

WR LT B21-N081A(REC) RPS-A LT 821-NOB 1C(REC) RPSB

Display * LT 821-NOB 1D(12) RPSB

C

Shutdown LT B21-N027(IM)) INST t.

Upont LT C32-N017(REC) INST A

Fuel Zone LT 821-NO37A(REC) INST A LT B21-NO37B(If0) INST B(
-

REC a Recorder; 1 2 : Indicator.*
,

+ Recordsr switched between sensore.

0 3-10
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e LPCS - Low Pressure Core Spray

I e LPCI - Low Pressure Coolant Injection -

e HPCI - High Pressure Coolant Injection
"

,

RCIC - Reactor Core Isolation Coolinge
.

' ' e ATWS - Anticipated Transient Without Scram

e ADS - Automatic Depressurization System

3.3 INSTRUMENT LINE ROUTING
i

The routing of the instrument lines from the vessel tap to the level
sensors is required to determine the effect of changes in the fluid
density in the lines on sensed level. For conditions where flashing does

'
not occur, the error is proportional to the difference between the

reference and variable leg drops. At a particular set of conditions the

error due to reference line flashing will depend on the instrument line

routing. For example, routing with a vertical drop followed by a long
' horizontal run will give a different error characteristic than a routing

which has a long horizontal run followed by a vertical drop. A schematic
of the Shoreham reference leg routing is shown in Figure 3-4. Tables 3-4
and 3-5 list the total lengths and vertical drops for each of the runs

shown in Figure 3-4. The required routing information for establishing
errors due to fluid density changes when flashing has not occurred are
shown in Figure 3-5. The dimensions for various instryment ranges are
shown in Table 3-6.

C

| 3.4 OPERATOR DISPLAYS

The various level displays available to the operator are located on the

,f reactor control benchboard, reactor core cooling benchboard, and reactor
water clean-up benchboard. The locations of these panels on the main

control console are as shown in Figure 3-6. The displays on each of
these panels are also 1isted on the figure.

,

(

!
,
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Figure 3-4: Water Level Reference Line Pictorial
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i Table 3-4 |

! I

j Reference Leg Side "A" Lengths i
|

-
.,

1 }
'

; Vert. Drop Accum. True length Accum. i

j Point Elevation From Prev. El Vert. Drop From Prev. Pt. True Length E |

N13A 140'-11.75" 220' !

1 141'-0.25" -0.5" -0.5" 3'-7" 3'-7"
i 1

'

2 144'-6.0" -3'-5.75" -3'-6.25" 9'-7" 13'-2"
'

_

3 144'-6.5" -0.5" -3'-6.75" l'-2" 14'-4"
- '*

Cond.'

Pot (1)

1
*

4 143'-8.5" 10" 10" 10" 10"
_

1 '

! 5 143'-7.5625" .9375" 10.9375" l'-1.25" l'-11.25
-

!

l Y 6 141'-0.375" 2'-7.1875" 3'-6.125" 5'-3.375" 7'-2.625"
"

t
7 140'-6.625" 5.75" 3'-11.875" 5'-0.25" 12'-2.875"

-
m

, i
'

8 140'-4.25" 2.375" 4'-2.25" 5'-8.5" 17'-11.375"
_

-

9 140'-1.9375" 2.3125" 4'-4.5625" 5'-6.875" 23'-6.25" i

{

10 140'-0.75" 1.1875" 4'-5.75" 2'-11" 26'-5.25"
_

!
i

11 139'-3.375" 9.375" 5'-3.125" 9.625" 27'-2.875"
_ |

12 138'-0.6875" l'-2.6875" 6'-5.8125" l'-2.75" 28'-5.625"
_ ,

,

13 138'-0.50" 0.1875" 6'-6" 3.625" 28'-9.25" 245'
Drywell .

Pent

'

Note (1): The condensing chamber is considered "zero" for purposes of determining the t

vertical drop and true length of pipe from the condensing chamber to the
drywell penetration.
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' Table 3-5 ;
,

i>

Reference Leg Side "B" Lengths i'

I

I
'

! Vert. Drop Accum. True Length Accum. i '

Point Elevation From Prev. El Vert. Drop From Prev. Pt. True Length AZ
|

,

N138 140'-11.75" 40* Ie
.

i 1 141'-0.25" -0.5" -0.5" 3'-7" 3'-7"
!

2 141'-5.125" -4.875" -5.375" 10'-6.0625" 14'-1.0625"
Cond

_

Pot (1)
1
5,

.

i
j 3 140'-5" l'-0.125 l'-0.125" l'-0.125" l'-0.125"

_

.; w
.' , ' , 4 140'-4.25" 0.75" l'-0.875" 5'-6" 6'-6.125"

_

]
- !

5 139'-6.375" 9.875" l'-10.75" 9.875" 7'-4" .

_

;
i 6 139'-5.875" 0.625" l'-11.375" 5'-0.5" 12'-4.5" !

I
-

.
L' 7 138'-2.5" l'-3.25" 3'-2.625" 5'-6.125" 17'-10.625"

_

8 138'-2.1875" 0.3125" 3'-2.9375" l'-10.875" 19'-9.5" j-
_

*
.,

9 138'-1.5625" 0.625" 3'-3.5625" 5'-2.5" 25'-0" ,
_

'

10 138'-0.9375" 0.625" 3'-4.1875" 4.3125" 25'-4.3125" 20' -

Drywell ;-

Pent

Note (1): The condensing chamber is considered "zero" for purposes of determining the
vertical drop and true length of pipe from the condensing chamber to the ,

drywell penetration.
,
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Table 3-6 ,
,s ,

>

.; Instrument Line Drops

!
$

.

Side A Dimensions--Inches Side B Dimensions--Inches
?

'

.
- Parameter Narrow Wide Fuel Narrow Wide Fuell Range Range Zone Range Range Zone

, Xs 42.75 42.75 42.75 5.38 5.38 5.38
'

! = 1' i y

Xr 78.0 78.0 78.0 40.2 40.2 40.2 ,

( .:' w :

F
,'

AE 77.25 228.25 581.75 77.25 228.25 581.75 i
>.

. m
-

le
j

'

Xm 36 36 163.5 36 36 163.5
r
r

Xr-Xm 42 42 -85.5 4.2 4. 2' -123.3
'

,.

(,

> r
!. Lo 7.75 8.75 76.6 7.75 8.75 76.6 [

|
!
t

g L

so.

!

'

. ~ .-

T

*

-
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-TWO WIDE RANGE RECORDERS (821 R623 A & B)
$ FUEL ZONE LEVEL INDICATOR (821 R610) -

FUEL ZONE LEVEL RECORDER (821 R615)
.

-SHUTDOWN R ANGE INDICATOR (821 R605)

SRV AND SHUTOOWN -UPSET RANGE RECORDER (C32 R608)*

COOLING CONTROLS- NARROW RANGE RECORDER (C32 R608)I'
*

*

N ARROW R ANGE INDICATORS (C32-R606, A,B,C)
WIDE R ANGE INDICATOR (B21 R603)

FEEDWATER
$ CONTROLS

I I "
i j i

C B

ECCS
SYSTEMS

CONTROLSg ^
i i

p CONDENSATE
/ SYSTEM

PERIODIC LOG / CONTROLS

TYPLR TABLE '

Da # '

s
RE ACTOR OPERATORS
COMPUTER CONSOLE

D

6

i

1

s
| A PARTIAL BWR REACTOR

CONTROL ROOM ARR ANGEMENT

e

I

A 1 H11.P603 RE ACTOR CONTROL BENCHBOARD (88)
B 1H11.P602 REACTOR WATER CLEANUP AND RECIRC BB
C 1 H11-P601 REACTOR CORE COOLING BB
D 1H11-MCB41 BALANCE OF PLANT (BOP) PANELS

,

s
Figure 3-6: Reactor Water Level Indications in Control Room

.
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In addition to the recorders and indicators shown on Figure 3-6, there
'

are various indicators and cnnunciators that are activated on level
C signals as follows:

-

o High Level Trip Indicators. These consist of three amber
lamps mounted on the feedwater panel. Each lamp is driven

', by one of the three level transmitters in the feedwater
system (LT C32-N004,A,B C) and will illuminate when the*

' '

transmitter indicates that level is above level 8.
e High/ Low Level Annunciator. This annunciator is driven

from the level transmitter that is selected for feedwater
control . The annunciator will sound when indicated level

g- from the transmitter is above level 7 or below level 4.
e Level 2 Indicators / Annunciators. When any one of the ECCS

transmitters (LT BZl-M091A,B.C,0) reaches level 2, an
annunciator will sound. The ' System A low level"
annunciator will sound if either N091A or C indicates
below level 2. The " System B low level" annunciator will''~

sound if either N091 or D indicates low level. In
addition, there are four white indicator lamps that will
illuminate to show which transmitters indicate below level
2.

a Level 1 Indicators / Annunciators. The level 1 annun-'
clator/ indicators are identical to the level 2.

* Level 8 Indicators. A white indicator light is associated
witn each HPGI high level trip transmitter
(LT B21-N091C,D). The indicator will illuminate when its
corresponding transmitter indicates level is above level,

J 8.

% B

|

|

F .
\

.

%
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Section 4 -

L
-

.

WATER LEVEL SYSTEM PEREFORMANCE
'

*
.
*
,,.

-

This section provides an analysis of the performance of the Shoreham
.

level system. First, a description of level system's errors due to
changes in process conditions are given, followed by a discussion of the
relationship between water level and the state of the core. An eva-'
luation of the Shoreham water level measurement system's ability to
assure core integrity is given in a sununary section.

4.1 LEVEL INDICATION ERRORS
s.

The Shoreham level measurement system uses the pressure increase caused
by the weight of water in the vessel to provide level indications. If

the static pressure above the water column, the static pressure below the
'

water column, and the density of the water are known, then the level can
be determined accurately. Note that the water level system measures
collapsed level (level that would result if all the steam entrained in-

the water was removed) because the steam entrained in the water has
i little effect on the density head. In the Shoreham level measurement

system, the two pressures are transmitted to a remote location via water-,

filled instrument lines and connected to an instrument that is sensitive
to the pressure difference between the lines. The transmission process

O modifies the pressure due to elevation changes in the instrument lines
and the dynamic effect of the lines. An ideal measurement system would

measure the riifferential pressure at the instrument end of the lines, the
density in the vessel, and the density of the water in the instrument

r lines. With these measurements, an extremely accurate level indication i

could be provided. The Shoreham level measurement system measures only
the differential pressure at the 1..strument end of the lines and is
calibrated for assumed constant densities in the vessel and instrument

c lines. In other words, density changes in the vessel and instrument
i

1 -

t

*
.
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lines are not distinguishable from actual variations in water level.

( Also, the pressure at the vessel end of the instrument lines is total,

not static, pressure so'the sensed pressure contains kinetic. terms. The
indicated level therefore contains errors caused by:

,' e. Differences between actual and assumed vessel density;*

,- ,

e Differences between actual and assumed density in the-

instrument lines;

?.inetic components in the sensed pressure;e

'
* Dynamic ef fects of the instrument lines.

Under most conditions these errors are small, and different calibration

strategies are used for the various instrument ranges so indication of
'

water level is reliable. This section provides estimates of indicated

level errors when the process and environmental conditions vary dramati-
cally from calibration conditions.

' The errors in indicated level due to density are caused by two distinct--
but related--phenomena. Changes in the density of the process fluid and
of the fluid in the instrument lines as a function of process temperature
and drywell temperature cause changes in the sensed level, and extreme

' combinations of process pressure and drywell temperature cause flashing
in the instrument lines. The flashing induces transient pressures in the
instrument lines which induce errors in both the reference and variable
legs so indicated level may be high, low, or oscillate between the two

' : (. while flashing is occurring. The indicatea error is not readily quan-

tifiable under these circumstances because it depends on the relationship
between flashing in the reference and variable legs. However, bounds on

the effects can be established. After the initial transient, the system
,

f reaches steady state with some loss of fluid from the reference leg.
! Bounds on the amount of fluid lost may be determined from thennodynamics.

The fluid lost from the variable leg will be quickly replaced by fluid
from the vessel so, subsequent to flashing, the variable leg will be

O filled with fluid at vessel conditions.,

|

| 4-2
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The error analysis of the level measurement system depends on the assumed

c conditions used for instrument calibration. For this analysis the

calibration conditions used are as given on the Shoreham Nuclear Boiler
System P&ID (729E616BD, Rev. 13).

*
FUEL ZONE : Instruments are calibrated for saturated water-

r *
steam conditions 9 0 psig in the vessel with no jet
pump fl ow. The instruments are assumed to be

" calibrated for 135'F drywell temperature.

WIDE RANGE : Instruments are calibrated for 1000 psig in the
reactor pressure vessel,135'F in the drywell with

t no jet pump or vessel steam flow, and 20 btu /lbm
subcooling below the narrow range variable leg
vessel tap and saturated conditions above.

NARROW RANGE : Instruments are calibrated for saturated conditions
at 1000 psig in the vessel, 135*F drywell tem-

( perature, and rated vessel steam flow.
|
|

UPSET RANGE : Instruments are calibrated for saturated water-
steam conditions @ 1000 psig in the reactor
pressure vessel 135"F drywell temperature, and no,

reactor steam flow.

SHUTDOWN : Instruments are calibrated for 120*F water 0 0 psig
in the reactor pressure vessel arid 'BO*F in the
drywell, and no vessel steam flow.

t

The temperature outside the cor.tainmer.t is assumed to be 80*F.

The following sections develop level instruments' errors as a function of
various parameters,

l'

4.1.1 Errors Caused by Fluid Density Chance

The indicated level error due to changes in plant parameters with no
.

instrument line flashing will be provided in this section. The plant
..,

,

installation parameters used for this analysis are defined in Figure 3-5
and Table 3-6. As indicated in Table 3-6, the fuel zone, wide, and
narrow range instruments are connected to the reference leg which is
attached to the vessel tap just above the top of the steam separators.

.
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The upset and shutdown range instruments are connected to a reference leg
which is attached to a tap in the top of the vessel head. The indicated
level errors (positive error means indicated level is high) f6r the dif-
ferent instrument ranges are:

;

e' S a. Narrow Range, Upset Range, Shutdown Range

EN " Kcl +Kco + Kca + Kcx + Kwd (4-1)

b. Wide Range
1

(4-2)Ew = K l + Kco + Kcsts+Kca + Kcx + Kwd + Kwre
.

c. Fuel Zone

f=Kl+Kco + Kcsls + Kca + f(Wrc) + Kcx + kwd (4-3)E ct

Sensitivity charige due to change in bulk water densityK =

h:1ght of subcooled water above lower tap--inchesL =
3,

Sensitivity change due to changes in subcoolingKcs
=

Zero shift due to changes in drywell terrperature--inchesAca
=

Zero shift due to changes in reactor building temperature-r =ex,

-inches

Distance from instrument downscale vessel elevation toL =

actual level--inches

Error due to vessel density effect on instrument zero ele-Kco
=

( vation above the lower tap--inches'

Kinetic term due to dryer pressure drop--inchesKwd
=

Kinetic term in the region of the wide range lower tap--Kwr =

inches
,
.

f(W c) = Kinetic term at the jet pump discharge--inches *

r

The parameter Xc in these equations reflects indicated level sensitivity
to changes in the saturation density of the bulk water as a function of<

.

4-4
0

. . . _

**



- . . . - . . . - . ~ - . - - - _ . - . - - - . ~ . . . . . . . . . . _ . . . . ..

^

.....a..~..-.... . . .u- '- - -. _ x- . . . . . - ... .

i
'C

\

!

.

system pressure as shown in Figure 4-1 for the narrow, wide and fuel zone

I. - ranges. Kc for the upset range is the same as the narrow -range, while
the shutdown range value may be found by subtracting 0.03 from the fuel
zone value. The term (kcl) represents a fraction of point error because
it acts on the vessel water level above the instrument zero..

,
, .

The term Kco represents the zero shift due to changes in vessel density.
The zero shift occurs because the instrument downscale elevation is some
distance above the lower tap elevation. The zero shift is equal to K c

times the elevation of the instrument zero referenced to its lower tap:

(Lo in Table 3-6). For the Shoreham plant, the elevations are:

Narrow Range 7.75 in.

( Wide Range 8.75 in.
Fuel Zone 76.56 in.

Plots of zero offset shift due to vessel density changes are shown in

Figure 4-2 for the narrow range, wide range and fuel zone range. K forco,

the upset range is equal to the value for the narro,. range, while the

shutdown range value is approximately equal to the narrow range value
minus 3.5 inches.

The parameter Kcs indicates the system sensitivity to changes in average
density caused by changes in the subcooling of the bulk water below the
feedwater sparger. The subcooling is a function of system pressure,

.

feedwater temperature, and the ratio of feedwater flow to recirculation

flow. If level is above the feedwater sparger, then the term (Ls) is the
elevation difference between the lower tap and the feedwater sparger. If

is the actual levelthe level is below the feedwater sparger, then LS
is proportional toreferenced to the lower tap. The subcooling term Kc3

L
the difference between the density change due to subcooling at calibra-
tion conditions and operating conditions. The difference between
saturated and subcooled density for wide range calibration conditions is
1.01 lb/ cubic feet (20 btu /lb subcooling). A lower subcooling will cause

c
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the wide range indication to decrease and a higher subcooling will cause
~

f the indication to increase. At saturated 1000 psig vessel conditions (no
subcooling), the error in wide range indication will be -2.8 ' inches and,
if feedwater temperature decreases by 100'F (higher subcooling), the
error will be +2.6 inches when the level is above the sparger. The*

errors will decrease linearly to zero as level drops from the sparger tof *

the lower tap. The fuel zone instrument is calibrated for saturated con-

ditions so its indication will increase with subcooling. The fuel zone
error will be +7.8 and +15.1 inches' at nominal operating conditions and

t for a 100'F decrease in feedwater temperature, respectively. The narrow,
upset, and shutdown instruments are above the feedwater sparger where the
vessel inventory is always saturated during plant operation.

( The parameter Kca accounts for the indicated level zero shift due to
changes in the fluid density in lines that are at drywell temperature

when no flashing occurs. The value of this parameter is proporticnal to
the prod ect of the difference between actual and assumed instrument line
fluid density times the difference between the reference and variable leg4

drops in the drywell. Figure 4-3 shows Kca as a function of drywell ten-
perature for the narrow, wide and fuel zone ranges. The value for the
upset and shutdewn ranges is about twenty times the value for the Side A
narrow range. TLe curves in Figure 4-3 show that the effect of drywell,

temperature on the Side B wide and narrow range instruments is negli-
gible. The Side A narrow and wide range instruments are somewhat sen-

|

sitive to drywell temperature with an error of about 4-1/2 inches when
the drywell is at its maximum expected temperature (320*F), which occursc
subsequent to a large Loss of Coolant Accident (LOCA). The Side A narrow

j and wide range sensitivity to drywell temperature is greater than Side B
because the difference between the reference and variable leg drops is
ten times greater for Side A. The fuel zone instruments on both sidesr
have a negative error because the variable leg drop is longer than the
reference leg drop. At 320*F drywell temperature, the Side A and B fuel
zone instruments have errors of about -8-1/4 and -12-1/2 inchas, respec-

tively. The Side B error is larger because it has a shorter reference
7

leg, while the fuel zone variable legs are the same length on both sides.

4-8
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The term K represents the change in instrument zero in response tocx
( changes in the temperature of instrument lines in the reactor building.

The value .of this parameter is set by the variation in instrument line
fluid density with reactor building temperature and the elevation dif-
ference between the reference and variable leg drywell penetrations.

.

t' 5 Figure 4-4 shows a plot of Kcx. The narrow and wide range instruments

are not very sensitive to this parameter, with a maximum 2.5-inch error
at 120'F in the reactor building. The value for the shutdown and upset

ranges is negative and about 1/2 of the narrow range value. The fuel

( zone instrument is more sensitive to the reactor building temperature

because of the longer difference between the variable leg drop and
reference leg drop in the reactor building. The fuel zone instrument
error is about 8.5 inches when the building temperature is 120*F and the

( vessel at zero psig.

The tern Kwd represents the change in indicated level as a functint of
the changes in drye. pressure crop as ste3m flow changes. The reference
leg vessel penetration is in communication with the steam space above the
dryers and will respond to the changes. The term Kwr represents the
change in velocity head at the wice range lower tap as recirculatter. suc-i

tien flow changes. Both terms vary as the square of flow as shown in
since driveFigare 4-5. Total recirculation flow may be used to find Kwr

i

flow and suction flow follow each other closely, except at low flow where
the term is small.

The term, f(Wrc), for the fuel zone instrument, represents the effect
c.

that recirculation flow has on the pressure at the lower tap. The high
pressure drive flow will cause the pressure to be much higher than the
density head under high flow conditions. Under natural circulation con-
ditions, the jet pump friction loss causes the pressure to be slightly

g

less than the density head. The velocity head in the jet pump tailpipe
is a small fraction of the other effects under any conditions and may be
neglected. Figure 4-6 shows the fuel zone level error as a function of
recirculation flow for nominal plant conditions. The actual error will

7
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vary with level, degree of imbalance between the loops, power l_evel, etc.(, ~

However, the fuel zone instrument will be used primarily under natural
circulation conditions and the indicated level error shown ori the figure
will be nearly correct for any natural circulation condition.

P
(' ,

4.1.2 Instrument Line Flashing Errors

High drywell temperature accompanied by reactor depressurization can
result in instrument line flashing. Flashing is initiated when vessel
pressure drops to a point where the temperature of the fluid in the
instrument line is above the saturation temperature corresponding to the

vessel pressure. The variable leg piping slopes monotonically downward
from the reactor vessel nozzle assuring that, shortly after depressuriza-

( tion has stopped, this leg will be refilled with vessel water; therefore,
the effects of flashing on the variable leg are transitory. Refilling of
the reference leg will occur when the operator ficods the vessel, as
directed by procedares, and actual ipel is above the vessel reference

'
leg tap. Shortly af ter the transient is over, the variable leg will be
filled with fluid at the vessel saturation conditions and sose portion of
the reference legs will not contain weter.

I 4.1.2.1 Steady-State Flashing Errors

| This section provides the level indication errors that would occur after
the initial transient but before the vessel is flooded and drywell tem-

E perature is reduced. When the flashing transient is over, the amount of
fluid that has been removed from the reference leg can be estimated from

the initial temperature of the leg and the final steady-state vessel
pressure. The fluid left in the reference leg will drain down to replace

C the fluid lost from the horiznntal runs, so the routing of the piping
must be considered when determining error. The maximum error is propor-
tional to the vertical line drop in the drywell, regardless of the total
line length. The indicated level error, as a function of initial tem-

C perature of the fluid in the line and the final pressure, is shown in

4-14
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C Figures 4-7 and 4-8 for the wide and narrow range instruments ' and in
Figures 4-9 and 4-10 for the fuel zone instruments. The error for the
upset and shutdown range is about 20 times t,he Side A narrow range error.
Two cases are shown on each of the figures. One case is based on

'

assuming full carryover during the flashing. That is, the expanding.

steam forces the steam / water mixture out of the line, thus the amount of
water remaining in the line is a function of the void fraction. The

other case is based on assuming no carryover during flashing. That is,
the steam bubbles out of the line without displacing fluid, thus the(
water remaining in the line is a function of the quality. For the full
carryover case, the indicated level error changes rapidly with changes in
vessel pressure and reference leg temperature, while in the no carryover
case, the indicated error changes relatively slowly. Since Shoreham uses

'
a cold reference leg systen., the reference leg temperature is approxima-
tely equal to the drywell temperature (rwximum expected value of about
320*F). The full carryover case represents the maximm pcssible error
and the no carryover case the minimum. The actus; error will IIe

'
somewhere be; wen the two cases.

The side A and B error curves have different magnitudes and shapes. The
,

lower magnitude on side B is due to the smaller reference line drop. The |
( difference in shape is due to the difference in line routing. The por-4

tion of total vertical drop occurring for a specific amount of. total
fluid loss will depend on how the horizontal and vertical runs are inter-
mixed. A plot of vertical drop versus total length of line is shown in

( Figure 4-11. Figure 4-11 shows that the vertical drop characteristic for
sides A and B have the same general profile for the first half of thet

In the second half of the runs, the side B line drops rapidly inruns.

the early part of the run and then drops slowly in the latter part of the
' run. The side A line drops very slowly for most of the run and then

drops rapidly in the latter portion.

C'
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4.1.2.2 Transient Flashing
L .

,

While flashing is occurring, the fluid in the instrument libes flows
toward the vessel to accomodate the expansion of the fluid. This flow

| 1s accompanied by a pressure gradient which causes the pressure at the
t ''

instrument to remain high while vessel pressure continues to decrease.
Reference leg flashing results in transient low level indications, and
variable leg flashing results in transient high level indications. The

transient pressures can cause level to be high, low, er oscillate between
'

the two, depending on the relationship between the variable and reference
leg flashing. A summary of the effect of transient flashing follows.
For a complete discussion, see Reference 1.

Flashing of the variable leg occurs when the reactor pressure drops below
the saturation pressure corresponding to the drywell temperatare. The

flow velocity in the instrument line at a distarce "Y" from the drywell '

penetration is g' ren by:
t

#f9 1 bV= Y (4-4)
fg dP dt ;h

; where dP/dt is the depressurization rate. The terms h and hfgg

correspond to liquid enthalpy and heat of vaporization, respectively. P

represents pressure and vfg the difference between water and steam speci-
fic volumes. Equation (4-4) shows that the maximum velocity will be

t- obtained close to the reactor vessel. The fluid properties in Equation

(4-4) are the saturation properties of the fluid in the instrument line
when flashing begins and can therefore be determined from drywell tem-
perature. The maximum velocity may be found from:

i
Vmax = Fy(T)L(dP/dt) (4-5)

where L is the instrument line length in the drywell, Vmax is the maximum
flow velocity near the reactor vessel, T is the drywell temperature, andp
F (T) is the steam property term in Equation (4-4). iy

.

4-21 i
C

l.
.

: : :,::*: L L. - --, L- - X:'- . .. -- T.' " - .
;

_ __



....... ~ . ~ = - ~-.a --- a .-- - --- - . - = - - _ . - - - . - - . . . - :. -

:......... , . . . . - -
- -- . . . ~ - - . - - - -.

C -

a.

.

~

Using Equation (4-5) and the standard flow squared loss relationship
gives an equation for the total head losses due to friction iri 'the line.

Hf = Fv(T) L3 (dP/dt)2 (4-6)
a

,

.

d

F (T) is F (T) modified by the appropriate loss coefficient for thev y
instrument line conditions. Figure 4-12 shows the normalized head losses
F (T) vs. the initial variable leg temperature. Figure 4-13 shows they

effect of transient flashing on level indication as a function of drywell
temperature for two pressure rates. One case is the pressure rate that
results when the Automatic Depressurization System (ADS) is initiated,
and the second case is the pressure rate which corresponds to a 100*F
cooldown rate. The transient flashing error for tha variable legs is
about the same for cll instruments. The transient error due to reference
leg flashing for che narrow, wide and fuel zone range is as shown in
Figare 4-13, while the value for the upset and shutdown range is about 20

,

times greater than as shown on Figure 4-13.
.

A restricting orifice in the va riable or reference leg can cause a

discrete loss. The velocity Y , at the flow restriction orifice dependso

,
on the orifice location and the orifice size and is given by:

t c

o=F(T)LoArh (4-7)V y

where lo is the distance between the orifice and the drywell penetration
f.

and Ar is the ratio of the line to the orifice flow area.

The local head losses in the orifice are given by:

'

Ho = Fy(T) Lo (dP/dt)2 Ar

For Shoreham, the distance Lo is very small since the orifices are
located very close to the drywell wall. Therefore, the velocity is very

' small and the pressure drop across the orifice is negligible.

.
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Figure 4-13 indicates that the maximum transient flashing error for the

~

ADS case occurs when the drywell temperature is at about 350*F while the
maximum error for the " cooling" case occurs at 212*F drywell t~emperature.
The total error is the reference leg value subtracted from the variable

: leg value. If only the variable leg were to flash during ADS, the indi-
i !

cated level would be high by a maximum of about 11 inches. If only the

reference leg were to flash during ADS, the indicated level would be low
by a maximum of about 18 inches. If both the referer$ce and variable legs
flashed at about the same time, the maximum level indication error would

i
be low by 6 to 8 inches. For the " cooling" pressure rate case, the
errors are much smaller and most likely would not be noticeable, par-
ticularly if both legs flashed at about the same time.

'
4.2 WATER LEVEL RELATIONSHIP TO CORE STATE

The water level system provides measurements to indicate vessel inventory
as described in the preceding sections. This section provides a

' discuss 1cn of the relationship between water level and the state of the
core under decay power, natural circulation conditions. The discussion

given here is a summary of the analysis given in Reference (2,) . As

described in @), there are several hardware and procedural restrictions
which orevent plant operation in regimes where efficient fuel heat remo-'

val can be impaired by heat flux phenomenon, so a discussion of the water
level system performance under these conditions is not required.

.

,; 0 In order to adequately assess the performance of the water level system,
a definition of satisfactory core cooling is required. Reference 2'

concludes that a peak clad temperature of less than 1300*F in the average
fuel bundle is a satisfactory definition of adequate core cooling,

t

( -

_

W.

W
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4.2.1 The Relationship Between Water Level an3 T$o Cor# State During
- - ' - fUncovery

,

In a BWR, there is a direct and unambiguous relationship between
collapsed level and coolant inver[ tory.. Because of the boiler's physical

'

. .
i e

layout, collapsed level above .in, and below' the core can be- directly
interpreted in terms of coolant in',entory. Collapsed level is defined as
the level which would result if all of 'the steam we're assgmed to be above
the liquid. In the analysis which 'follows',1.this reisionship. is used to

'
illustrate the connection between wate'r' level and' thi core stIte. The

analysis is a summary of the analysis given in Referehce ,2,.
- ,: '

.

A typical condition which could lead to a postulated thre'at to core~

'
integrity is initiated 'with isolation of the' BW3 primary system.

Isolation can occur for several reasons, but the particular cause is
unimportant to the accident sequence. The reactor will be scrammed, the

sm .-
recirculation pumps tripped, and neither the Raactor Core. Isolation

Cooling system nor the Emergency 2 ore Cooling System are assumed to be'

available. No break is postulated. Hence, the vessel will remain

pressurized but without inventory make-up. Sensible 'and decay heat in

the fuel will continue to boil;off the system's inventory. The steam

f produced is assumed to escape at A_ steady rate 50 thad'the reacter vessel

will remain at a constant pressure. In this situation, natural ci r-

culation will continue in the vessel until enough ~ liquid inventory has
been lost so that the downcomer water level can no longer provide suf-

.C ficient elevation head to orive flow through the core and steam separa-
,

tors. After this time, circulation, will continue inside the cere shroud,
with flow going up through the fuel assemblies and 'down the common bypass

region between the channel walls. Unless make-up innntory is supplied,
f the liquid level will eventually drop below the top hf the fuel bundles,

breaking the coolant circulation loop, and the accident will progress

| into a boil-off and core heat-up phase.

( For an event such as the one postulated, liquid inventory depletion is

|
related directly to the net amount of fuel sensible heat and decay heat

-
.
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transferred to the fluid. For the present study, the American Nuclear
(

Society decay heat standard for infinite fuel exposure is used to provide
.

a conservatively high decay heat. The control rod drive cooling system
is assumed to be operating. The integrated net heat dJap to the fluid is,

'. the time integral of the fuel decay heat plus the fuel sensible heat,
'

' minus the reactor vessel heat losses, minus the heat removed by the
control rod drive cooling flow. A plot of the net heat dump to the fluid
inventory for a typical BWR/4 is shown in Figure 4-14.

The net heat dump shown in Figure 4-14 may be converted to downcomer
level by:

Using the first few seconds of heat dump to heat all sub-e
cooled inventory to saturation conditions.,

Assuming the remaining heat dump goes to boiling of vessele
inventory. This assumption is no longer valid when the
core begins to uncover since some of the energy would
centribute only to heating the fuel and superheating the
steam.

,

Determining the inventory split between the downcomer ande
core for a particular decay heat / total inventory condition.

Converting the downcomer inventory to downcomer level.e

,

Note that iteration between the last two steps is required. The inven-
tory split is a function of the downcomer level and core conditions since
a hydrostatic balance nust exist between the downcomer and core, while

'

. the core condition is a function of downcomer level., .. r

The level in the active core is also established by this process and the

| time of core uncovery may be determined. Once the core has uncovered. -

! the downcomer and core bypass (region between the fuel channels) levelsg

are essentially equal since little heat is added to the fluid in the

bypass region. The lowest power bundle will be the first to uncover

because this bundle has the lowest voids and therefore the highest
density; therefore, the hydrostatic head will not support as high a7
level.,

|

|
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A time history of downcomer level and the minimum core water level (water

-

level in the coldest bundle) for the postulated event is shown in Figure
,

4-15. The downcomer level shown in Figure 4-15 is collapsed level, while
the core level is the lowest value of the two-phase steam / water mixture

j level in the fuel bundles. Note, that the lowest power bundle would not
' '

begin to uncover until the downcomer level had dropped midway between the

Top of Active Fuel and the jet pump suction. To be more specific, this

analysis predicts that in the absence of inventory make-up the core would
not begin to uncover until some 40 minutes after scram, by which time the

( downcomer level would have dropped about 18-1/2 feet below normal water

level.

Prior to core uncovery, the clad temperature is slightly above the
' saturation temperature of the steam / water mixture. As the core begins to

uncover, the fuel cladding temperature in the uncovered portion of the
fuel will begin to increase, and the peak cladding temperature will occur
in the low power bundles. As the inventory drops further, more of the
core will begin to uncover, and the peak clad temperature will shif t to
the high power bundles and the rate of temperature rise will increase.

A detailed heat-up analysis was performed Q), using a model which
included appropriate radiation, conduction, and convective heat transfer
terms and also accounted for the energy released by the exothermic

metal / water reaction that occurs when the temperature exceeds 1800*F.
The model contained eight radial groups, each consisting of three types

C of bundles. Each bundle contained corner, peripheral, and center rods
with six axial nodes apiece. A plot of the maximum clad temperature for
the average power bundle is shown in Figure 4-15. The average bundle is

shown since core vulnerability was defined in terms of the average bundle
( , peak clad temperature.

Much of the data shown in Figure 4-15 is displayed in Figure 4-16 from a
different perspective. Figure 4-16 shows the relationship between peak

l
C cladding temperature and water level for the postulated event. For the

/
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definition used here, core vulnerability would occur when level. is about
(

8.5 feet below the top of the active fuel. The sensitivity of.the water

level / clad temperature relationship to changes in the time between scram
and core uncovery is also shown in Figure 4-16. These curves show that
the' relationship does not change over a wide range of core 'Jncovery.

.
,

* times. The water level / clad temperatur'e relationship is therefore appli-
cable to other events. The variation is small because of the steam
cooling effect on the uncovered portion of the rods. At earlier uncovery
times, the additional steam generated in the covered portion of the

bundles removes more heat than is added by the higher decay heat in the
uncovered portion. -

Effect of Changing Pressure
(

The previous analysis assumed that the vessel pressure was constant and
the inventory loss occurred continuously at a rate equal to the boil-off
rate. The intermittent SRV action that would occur subsequent to isola-
tion was not modeled. Using this basis, however, was more conservative
than assuming the sawtooth-shaped pressure / flow characteristic associated
with intermittent SRV action. If the SRV were to open, the two-phase

coolant level would jump upward, owing to the sudden pressure drop,

thereby re-wetting portions of previously uncovered fuel rods. Note that
. indicated level would also increase since the slight depressurization

caused by SRV action would also cause a level swell in the

downcomer/ bypass region.
,C

Blowdown by means of selected SRVs may be activated either automatically

or by operator action. The effect of blowdown, given the additional

| postulated failure of all low pressure systems, is as follows. To esti-
| 0 mate the effect that the ADS swould have had on the analysis, realize

first that rod-to-steam convection is the most important heat transfer

mechanism insofar as clad heatup is concerned. The convective cooling
provided by the rising steam is directly proportional to both the steam

( mass flow rate and the temperature difference between the rods and the

(- 4-32
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steam. Furthermore, the boil-off rate is inversely proportional to the
g

~

latent heat of vaporization of water. If the analysis had been -conducted
at 100 psia instead of 1000 ps.ia, the latent heat of vaporization would
then be 37 percent higher so the steam mass flow would be 27 percent

,

; lower, but the saturated steam would' be over 200*F cooler. All other
things being equal, the convective cooling in the early stages of

stagnant boil-of f would be greater at the lower pressure because the

increase in heat transfer due to the cooler steam temperature w%sd have
more ef fect than the decrease in heat transfer due to the lower steam
flow rate. Hence, the present analysis encompasses events that occur at
lower pressure.

4.2.2 The Relationship Between Water Level and Core State During Core
(

Recovery

In the event that the core does uncover, recovery of the core will cool
it and restore adequate core cooling. Conservative calculations in BWR

'
FSAR analyses show this to be the case. If the period of uncovery is

extended, then fuel failures and res'ilting local damage and flow blocka-
ges may occur. The review of tests and analysis given in Reference 2,
shows that fuel damage will not progress following core recovery, even
for almost total channel blockages. The key points from Reference 2_ are:

o Core Blockages. A body of tests and analyses indicate
that core cooling is adequate for almost total local chan-
nel blockages, while, conversely, large local blockages

( are not expected due to the axial distribution of fuel
f ailures within a bundle.

= Counter Current Flow limiting (CCFL). Water level in the
downcomer or bypass reflects the state of the core since
it relates to the lower plenum level with very little
influence from the upper plenum level. Furthermore,

f

recently completed 30' core sector tests show that CCFL is
not expected to occur in BWR's.

In summary, water level is a good indication of the state of the core

f because core damage cannot occur or propagate when level is high, and
water level can be used to predict the peak clad temperature.

l !

Ij - .
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4.3 Summary
( ,-

.

The indication errors as a function of various plant parameters may be
used to estimate indication errors dJe to process parameter changes for,

| differing plant conditions. Under normal operating conditions (~1000,

psig vessel, 80*F drywell, 80'F reactor building) no flashing can occur
and the errors due to other factors will be as follows:

NARROW RANGE : Negligible error
i

WIDE RANGE : +7 inches due to dryer pressure drop, -18 inches
due to jet pump flow, for a total of -11 inches

FUEL ZONE : Full upscale due to jet pump discharge head.

( If power is reduced to natural circulation (30% recirculation flow, 45%
power) no flashing will occur and the other indication errors will be:

NARROW RANGE : -5 inches due to change in drye pressure drop.

WIDE RANGE : +1 inch due to dryer pressure rop, -1 inch due to'

jet pump flow for zero total.

FUEL ZONE : -45 inches due to jet pump flow. -90 inches due to
vessel density for a total of -135 inches. Will be
just onscale if water level is near normal.

4

If the vessel is depressurized, the errors will be:

NARROW RANGE : -7 inches due to loss of dryer pressure drop, +11
l r inches due to vessel density if water level is near

normal for total of +4 inches. Maximum flashing
errors would be 103 inches for side A and 53 inches
for side B.

| WIDE RANGE : +56 inches due to vessel density effect if level is

t ( near normal. Will be offscale until level drops to
about 15 inches above instrument zero. Maximum
flashing errors would be 103 inches for side A and
53 in:hes for side B.

FUEL ZONE : Negligible error since this is the calibration con-

c dition. Maximum flashing errors will be 75 inchest

for side A and 36 inches for side B. The flashing

4-34c
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error is less for the fuel' zone instrument because
C the variable leg density decrease compensates to |

some degree for the reference leg density . decrease. |

The various instruments are useful under differing plant conditions. The

h* narrow range instrument is very accurate under normal operating con-(

ditions and remains reasonably accurate for other expected plant con-
ditions where no line flashing occurs. The wide range is reasonably
accurate until vessel pressure is reduced and then indicates high due to
vessel density effect. Note, however, that its absolute accuracy will,

improve as level drops since the vessel density causes a fraction of
point error, and will be less than +8 inches when level reaches level 1.

The fuel zone instrument gives good accuracy subsequent to vessel
depressurization.

g

In sunm3ry, the Shoreham level measurement system has short vertical line
drops since it does not employ the heated reference leg system, and its

,,
susceptibility to flashing and temperature errors is limited. Further
discussion of the impact of errors caused by flashing is given in Section
5.

The fuel zone instrument may be used to indicate the core state when

vessel level is low enough to threaten core integrity. At those con-
ditions, the jet pump flow is essentially zero, so it does not contribute
to the fuel zone indication error. At high pressure, the error due to

vessel density will be about -45 inches when the coldest bundle uncovers.
Thus, under these conditions, the indicated level is conservative and
actual level is easily determined if desired. When pressure is reduced

an.1 no instrument line flashing occurs, the fuel zone error is quite

small and reliably indicates actual downcemer/ bypass level. Note that
-the indications always conservatively indicate core state since the indi-
cation is conservative for the event analyzed in Section 4.2, while the
core heat-up analysis is couervative at low pressure, where the indica-
tion is accurate.

(

4-35
C

~

\T':: :'.': ::, - ~ ~'~~r r .. T - ~~:



.. . . .. ... _ .
---- .. - _ _ _ . . . . . ..

. . . . ~ . . . . _ . . . . - . _ _ _ _ . _ - . . - _ . . . , . . . .

r .

.

.

If flashing should occur, the fuel zone error would be +75 inches on Side
L A and +35 inches on Side B until the vessel is flooded and the reference

line is filled. Prior to restoring the reference lines, the. level indi-
cations under various conditions would be as follows. Actual level is
about 3 feet below the top of the active fuel when side B indicated level-

J
is at the top of the active fuel. Figure 4-16 shows that, under these'

.

conditions, very little clad heat-up would occur and no fuel damage would
be expected. If the Side A instrument indicated that level was at the
tv of the active fuel, the actual level would be about 5.5 feet below

l tne top of the active fuel, and tre peak clad temperature would still be
more than 500*F below the point where the core is considered vulnerable.

In conclusion, the water level system at Shoreham will conservatively
C indicate the core state under most conditions and, if indicated level is

kept above the top of the active fuel, will asrure that no fuel damage
will occur even during the period between postulated reference line

flashing and refill of the reference line. The water level system is
i therefore a satisf actory device for assuring adequate core cooling and

for indicating the potential of inadequate core cooling.

Since water level does not require placing a device in the core, it is

also a reliable indication of the recovery from a condition where fueli

| damage could occur. Restoring indicated wide range water level to near
| level 2 assures that the core is in an adequately cooled state since the

|
occurreia e of gross fuel damage will not degrade the water level measure-

Lc ment system.
|
r
i

1

c

{
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'. Section 5

L
PLANT EVENT ANALYSIS

-

.

*

The purpose of this section is to present a performance analysis of the
I '

Shoreham water level measurement system. In Subsection 5.1, several

plant events and their interaction with the water level measurement

systems are examined to identify selected events which may challenge the
system and to determine the response of the plant to the events.

'
Subsection 5.2 presents the results of the failure analysis of level

detection and logic schemes for the Shoreham water level measurement
system. Subsection 5.2 focuses on the level detection instrumentation,
the logic, trip, and initiation functions, and examines the system with

( respect to its response to various postulated water level sys. tem

failures.

The analysis given in this section is based on the analysis methods and
' techniques used in Reference Q).

5.1 PLANT TRANSIENT AND ACCIDENT ANALYSIS

This section provides an analysis of the interaction between plant

events, the plant water level measurement system, and the plant systems
used to mitigate the events. The water level indication errors developed
in Section 4 are used to estimate the indicated level at various points
in selected plant transients. The plant transients selected are those,

which cause the parameters affecting sensed level to deviate considerably
from the calibration conditions.

~

( As discussed in Section 4, a review of the parameters affecting indicated
level shows that concurrent high drywell temperature and low vessel

,

pressure are required before significant degradation of level indications
is expected. Ther error caused by high drywell temperature is 0.25 to 8

(
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'. percent for the narrow and wide range instruments when d ywell

temperature is at its maximum expected value (320*F) and vessel pressure
(

is near 1000 psig. Low pressure alone can cause an error of ,30 percent
of point ir. the narrow and wide range instruments. However, the absolute !

trror caused by low pressure is small at the low end of the instrument

f 1,anges, so the error caused by pressure changes alone does not degrade
the ability of the operator and automatic plant systems to maintain
adequate inventory. When high drywell temperature and low vessel
pressure occur concurrently, the total error is the sum of the two errors
and it increases correspondingly. As described in Section 4, extreme

combinations of vessel pressure and drywell temperature can cause

flashing of the instrument lines and subsequent substantial errors in
indicated level. Plant event profiles that lead to the simultaneous

existence of these two conditions are therefore of the greatest interest.
The following subsections examine plant events that may lead to this
circumstance. The discussion of the events which follow is based on
typical BWR responses. The analysis does not represent a second by
second analysis of the Shoreham Plant response. Rather, it provides

' bounds on how the plant and level instruments are expected to respond
under abnormal conditions.

5.1.1 Loss of Drywell Cooling
(

Interruption of adequate drywell cooling will cause a fairly rapid
increase in drywell temperature and pressure with the resulting scram and
plant shutdown. If the vessel is depressurized as part of the normal

C shutdown process, instrument line flashing may occur. A drywell thermal
time constant of about ten minutes and a maximum drywell temperature of
310*F will be used in this analysis. These values are typical of BWR's

and are not Shoreham-specific. However, the event progression would not
( be signficantly different if the Shoreham-specific values were used. The

310'F temperature requires the heat transfer from the vessel to the
drywell to be approximately equal to the heat transfer from the drywell
to the reactor building. Figure 5-1 shows the typical BWR drywell

C
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temperature and pressure msponse developed in reference (1) and used in
,

this analysis. The pressure resportse is obtained from the _ temperature
( response and the ideal gas law. The event description assumes all trips

occur when the indicated parameter is at the normal trip sett.ing given in
Table 3-2 and that the thermal tin constant for sensing line heating is

.', small compared to the drywell thermal time constant. The second

assumption is not precise but generally gives conservative results for'

drywell heat-up events.

5.1.1.1 Event Progression
(

As the drywell heats up, the indicated narrow range level will increase.
The feedwater control system will respond to this increase in indicated
level by decreasing feedwater flow. Therefore, actual water level will

l decrease even though the indicated narrow range level will remain near
the level set point. At the high drywell pressure trip point (2 psig),
scram and ECCS initiation signals (HPCI initiation and injection, LPCI
and core spray startup in the recirculation mode) will occur. The

drywell temperature will be about 218'F as indicated by Figure 5-1. (The

temperature actually may be lower since the initial drywell pressure is
slightly higher than atmospheric pressure.) Vessel pressure will remain
high and will have little effect on indicated level so the actual level
will 'be about two inches below the side A narrow range indicated level if

feedwater control is on Side A. The wide range instrument will indicate

16 inches low on Side A and 18 inches low on Side B. The fuel zone

instrument will read full upscale until the recirculation pumps trip.

0
HPCI injection will not participate in the early part of the transient

,

following scram. There are three general plant conditions that may exist
a few seconds after the scram. The plant conditions that may occur

r depend on the relative response rates cf various systems and are as
follows:

A. . Pressure regulator controlling pressure; feedwater system
tripped. Ints condition occurs if the pressure regulator,

t'

.
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', is fast and the feedwater system is slow. In this case,
the pressure regulator will quickly reduce steamline flow,
and vessel pressure 'will decrease slightly but feedflow

(~ will remain high. The excess feedwater flow, coupled with
the level rise due to the pressure decrease, will* cause

' the level to rise to above the feed pump and HP'CI high
level trip. In this case, pressure is maintained within
the regulation band by the pressure regulator and the.

inventory is being lost through the turbine bypass valves.-
,

B. Pressure regulator controlling pressure; feedwater main-
taining level. This condition occurs if the difference in
response rates between the regulator and feedwater _ system
is such that the level stays below the high level feed
pump trip. Note that a high lesel trip of the feed pump
and HPCI would eventually occur if the operator does not
turn off HPCI.

C. Vessel isolated. This condition occurs if the pressure
' regulator is slow enough to allow the steamline pressure

to drop below the 850 psig MSIV closure set point before
the operator switches from the run mode to the shutdown
mode. Subsequent to MSIV closure, a turbine trip and the
resulting recirculation pump trip occur. In this case,
the Safety Relief Valves (SRV's) are maintaining vessel

I pressure within the limits and the feedwater pumps are of f
since no steam is available to power their turbines. The
inventory will slowly be depleted through intermittent SRV
action. The operator nust manually control HPCI to
maintain level. The high level HPCI trip would occur if
the operator fails to provide adequate manual control.

Conditions A and C are similar in that feedwater is not available. In

Condition A, the pressure will be somewhat lower, but this will not have
a significant effect on the event. In either case, inventory will be

' slowly lost as a result of decay heat boil-off. Recirculation drive flow
will be reduced to a low value in both cases due to recirculation flow
runback signals originating in the feedwater system. Therefore, the two
cases to consider are shutdown with and without feedwater.

(

-
.
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E 5.1.1.2 Shutdown Without Feedwater. ,

For this case the feedwater system is assumed to be lost a rly in the
transient. In this situation, the operator will be using the high*

( pressure ECCS system pump controls and level indicators on the emergency.

core cooling benchboard to control level and the relief valve controls on
the shutdown cooling benchboard to control pressure while taking the
plant to cold shutdown. Subsequent to the scram and loss of feedwater,

i the actual water level will be on the order of 10 inches below narrow and
wide range instrument zero; the vessel pressure will be high; and the
drywell temperature will be about 220'F. For these conditions, the

narrow range instrument indication will be downscale, and the wide range
( will indicate two inches high on Side A, with little error on Side B. If

the recirculation pumps are operating at about 50 percent flow, then the
fuel zone error is about 50 inches low, and they will remain offscale
high. If the recirculation pumps trip, the fuel zone instrument will

( indicate 130 inches low on Side A and 135 inches low on Side B, which is

large enough for the instruments to be on scale. Note that the large

error in the fuel zone instrument is 3 result of its calibration for low
vessel pressure.

!

Normal Cooldown Event Profile Without Feedwater. Plant emergency

procedures require the operato. to rapidly depressurize and flood the
vessel before drywell temperature reaches 296*F. If the operator fails

to implement this procedure, the cooldown and depressurization could, g-

proceed at the normal rate. The error caused by a drywell temperature of
310*F is only 4 inches on the Side A wide and narrow range instruments
and 0.5 inch on the Side B instruments, so the normal cooldown would not
be affected until vessel pressure dropped below 63 psig (saturation

c
pressure corresponding to the 310'F drywell temperature) and the
instrument lines begin to flash. Prior to achieving this pressure, the

plant would have been placed in the shutdown cooling mode, and indicated
level on the narrow range instruments would be between Level 7 and Levelp

; 4. The operator is directed to keep the narrow range instrument

.
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'( l indication near normal water level to provide surgin to the. low level
isolation of the Residual Heat Removal (RHR) system. Under these
conditions as pressure approaches 63 psig, but before flashing occurs, !

{ the indicsted level error caused by combined high drywell temperature and
t - low vessel pressure would cause the narrow range indicated level to be 12,

inches high, and the wide range instruments would be upscale because of
the large error dJe to the vessel pressure effect. When pressure drops
further, flashing will occur and level indications will ri se. The

flashing error under these circumstances is assumed to follow the noi

carryover characteristic. A drop in pressure to 50 psig would cause the
narrow range indication error to suddenly increase to about 22 inches on
both Side A and Side B narrow range indications and the wide range would

,

( remain upscale. An error of this magnitude would not significantly
affect plant operation. Also, the sudden rise in indicated level caused
by the flashing coupled with operator training and procedures that
identify the potential for flashing, would warn the operator that

something has occurred in the level system since no inventory" change is
i expected under shutdown cooling conditions. Therefore, this situation

will not jepordize core cooling if the operator maintains level above
level 3 on the wide range instruments, as plant operating procedures

, require.

Event Profile with ADS Without Feedwater. If the operator fails to

depressurize and flood the vessel and the high pressure systems are
unavailable or do not initiate, the vessel nust be depressurized to.c
within the range of the low pressure systems before makeup water can be
supplied. If no operator action is taken, the level will continue to

decrease until the ADS initiation level is reached. At 310*F drywell
temperature and 1000 psig vessel pressure, the indicated wide range levelg

will be within 4 inches of actual, so that ADS will initiate as required.
The vessel inventory would drop to the ADS level 20 to 25 minutes after
scram. Once ADS is initiated, pressure will drop with approximately an
exponential decay. Pressure is expected to reach a minimum of about 507

'

psia during ADS. Since the depressurization is fairly rapid, the error

.

57
0

_ _ _ __ . - _ _ _ _ - _ _ _



-.-....;......< a._ . _ . - - _ _ - - - . - - - - -. <

_

- . . _ . . . ._ .
-- ..._.u..- - - - -- . . . . .

.

.

due to flashing will follow the full carryover case. The indicat,f on

error during the flashing transient would be erratic with a maximum error
;of about 10 inches on the narrow anc' wide range instruments. Subsequent
to the flashing transient, the indicated level will be about 70 inches

,

high on the side A wide range instruments and about 50 inches high on*

side B. The fuel zone will read 45 inches high on side A and 28 inches

high on side B. If the operator does not inject with the low pressure
systems until drywell temperature is less than 212*F, as required by
procedure he is assumed to increase level to at least level 3. When

indicated level is at level 3 on the side A wide range, actual level is
still more than six feet above the top of the active fuel (TAF), and
adequate core cooling is assured. If the operator follows procedures and
rapidly depressurizes the level when drywell' temperature approaches the
stated limit , the indication errors would be about the same as the
automatic ADS case. However, level would not be expected to reach level

1 since the procedure which requires depressurization also calls for
flooding the vessel, so the operator would be expected to disregard level

indications and use other means to establish that the vessel is full of
water.

5.1.1.3 Shutdown with Feedwater. This case is no different from
shutdown without feedwater (except that the operator's primary perception
will be at the feedwater control panel) because shutdown cooling will be
established before flashing occurs.

5.1.2 Small Steam Break

,
' The small steam break is similar to the loss of drywell coolers except

the drywell temperature may go as high as 320'F. Subsequent to scram,

the seme plant conditions are possible. Plant operating procedures would
require the operator to depressurize and flood the vessel because drywell
temperature is high. However, as in the loss of drywell cooling event,
other postulated sequences will be evaluated to illustrate the

'

performance of the water level system. For this break size HPCI is

. .
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L designed to initiate automatically and fill the vessel to level 8. If

the HPCI fails to initiate on high drywell pressure then. level will
decrease until HPCI and/or RCIC initiate on low level. As long as a high

|, pressure system is available, level indications will be satisfactory
since pressure remains high.e *

If the high pressure systems fail, the level will continue to decrease
until the ADS is initiated. For a 320*F drywell temperature, the wide
range level will indicate approximately 5 inches high, so ADS initiation
will occur as requi red. The low pressure ECCS system will begin to
inject water as pressure drops below their shutoff head. Flashing will
begin when pressure reaches 103 psig, which is low enough for shutdown

( cooling to be established.

The steady-state indication errors subsequent to flashing for side B will
be about the same as the loss of drywell coolers case. For side A, the

, error will be' about 85 inches. The maximum error during the flashing
transient will be 16 to 17 inches. If the operator does not flood the
vessel but maintains level near level 3 on the side A wide range
indicator, actual level will still be about five feet above the TAF and
adequate core cooling is assured. Actual level would remain higher if
the Side B wide range indicator was maintained near level 3.

Long-Term Ef fects. For the small steam break, long-term boil-off of all
. reference legs will occur 1.9 to 2.5 hours after the event, depending on

the break size and the procedures used by the operator, because pressure
| 1s expected to drop below the instrument line flashing pressure at some

point in the shutdown process. Prior to refill of the instrument lines
, via vessel flooding the side A error would be 100 inches, but the actual

level will still be nearly 4.5 feet above the fuel when side A wide range
indicated level is near level 3, with higher actual level maintained if
the Side B wide range indicators were near level 3.

r
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I 5.1.3 Large Steam Break .

.

.

The large steam break is characterized by rapid depressurization of the
vessel. This transient is so rapid that all necessary level initiations*

,,

will occur before the temperature increase in the drywell can affect the< *

level measurement instruments. The long-term effects will be the same as
the small steam break except the instrument reference leg boil-off will
occur some 20 to 45 minutes after the break.

.

5.1.1 Plant Event Summary

!

The previous analysis shows that the level indications are satisfactory
( for maintaining edequate core cooling even under extreme conditions where

the reference lines flash or boil off. With indicated level near the
level 3 on side A, there is still almost 4-1/2 feet of water above the

TAF. If indicated level was kept near level 3 on side B, there would be
nearly 8 feet of water above the core. The operator would have to allow

the side A wide range level to drop a foot below level 2 before the core
beg;ns to uncover.

5.2 FAILURE ANALYSIS OF SHOREHAM WATER LEVEL MEASUREMENT SYSTEM

This section provides an in-depth analysis of the level measurement

systems for the Shoreham plant. The level measurement system elementary

drawings and the Piping and Instrumentation Diagrams (P&ID) were,

thoroughly reviewed in order to determine the basic logic for reactor
'

systems and system actions that are affected by the level measurement
systam. A detailed description of the review process and logic diagrams ,

'

f r the affected systems are contained in Appendix A. The logic diagrams
r

identify the specific level transmitters and the transmitter sensing line
divisions. These detailed logic diagrams provide a foundation from which
to determine the vulnerability of the plant to postulated failures in the
level instrumentation.

I
l
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'' In order to perform a complete evaluation of all relevant failure events,
it is necessary to first determine the plant vulnerabilty to potential
level sensing system failure combinations. A review of the water level
measurement systein logic reveals that the " worst case" set of failures is*

,,

a reference leg blowdown with postulated single failures in a division*

not served by the failed reference leg. The reference leg blowdown is

significant in that this postulated event affects all instruments that ,

are connected to the reference leg. The reference leg blowdown will

( cause the level instrumentation connected to that leg to indicate full
scale high level regardless of the actual water level in the reactor
pressure vessel. In this study, a line break or a leak or misvalving
sufficient to affect fluid level in a reference leg is conservatively

( considered to cause high level indications. The vulnerabilities of the
Shoreham plant to a reference line failure plus a single level instrument
f ailure are shown in Table 5-1. The systems may be initiated by other
signals and conversely, single failure in other components may cause loss
of system initiation. The analysis here addresses only the system,

vulnerabilities with respect to the water level measurement system. This
table sumarizes the information contained in the detailed system logic
diagrams and analysis that are provided in Appendix A. To avoid
confusion on the meaning and use of these tables, a detailed explanation

,

is provided herein:

:. a. The first row in the table identifies the location of the 1

|
Ir postulated reference leg failure, i.e., Side A or Side B.

b. The second row identifies the physical location of a
postulated additional single failure. Each column in the ;

table then represents a particular worst combination of !
1

reference leg break and additional single failure

( location.

c. The remaining rows in the table identify, on a system by
system basis, the plant ' vulnerability" to each

,

combination of reference leg break and additional single
f ailu re. A "V" in any location in these rows means that

r there is at least one level transmitter single failure
that could cause the system .in question to fail to
automatically initiate due to a reactor water level
condition.

.
.
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Table 5-1
* Vulnerability of Systems to Automatic Initiation Failure

Caused by Combinations of Reactor Level Reference Leg
-

and Single Level Instrument Failure
.

C
.

_.

_

Reference leg A side B side
Failure (s):,

','1 . .

Single Level Instrument B side A side
Failure:

SYSTEM
i

e RPS V(1) V
e ADS Confirming V V

e HPCI -' (4) V(3) y(3)
e e RCIC

V(3) V(3)e CS/LPCI V V
e MS Y V

ATWS (5) y ye
_,

, e MSIV V V

e FEEDWATER
- A Control DS (2) DS*(2)
- B Control DS* DS

f

NOTES:

(1) V = Vulnerability of the system (s) to fail to initiate automatically
,g on level inputs due to the indicated combination of reference leg
! failure (s) and single worst case failure in the instrument utilized

for the indicated system (s).

(2) DS = Feedwater will decrease, then shut off under the conditions of
the indicated combination of reference leg failure (s). DS* = same

', effect as DS but due to single worst case failure in the instrument
utilized for the Feedwater Control System.

(3) If a high drywell pressure signal occurs, these systems are not
vulnerable to level sensor failures. If the drywell pressure stays
below set point, then the systems are vulnerable to level sensor
failure.

(4) Bracket ] indicates that these systems share the same set of level
instruments.

(5) ATWS mitigation also initiates on high reactor pressure.

C
5-12
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( d. The feedwater control system is treated differently in
these tables. A "DS" in any location in the matrik means
that the feedwater control system will cause the feedwater
flow to decrease and shut off. "DS" means that the*

decrease and shut off is caused by the reference leg break,

alone. "DS*" means that the decrease and shut of f is..
caused by an additional single failure.- ,

To complete the failure analysis, it is necessary to determine the
consequences of each reference leg break / additional single failure

( combination for which a system vulnerability has been identified, such a
consequence analysis has been performed qualitatively and the plant
response scenarios are described in the following sections.

e 5.2.1 Water Level System Failure Analysis

A review has been conducted of the consequences of reactor vessel water
level system reference leg breaks (or significant leaks) with an

additional active component failure which could effect the automatic

systems initiation on vessel water level. Six primary events, depending
on the specific additional single failure, have been identified--failure

of an RPS transmitter, failure of an ADS transmitter, failure of an MSIV
transmitter, failure of a coolant injection system transmitter, failure
of a feedwater control transmitter and a failure in one of the redundant
power buses supplying the level instruments. The response scenarios for
each of these events are described below,

hr
It has been concluded that the consequences of the additional single
failure are of concern only when a coolant injection system initiation
transmitter has an undetected failure or a power bus fails subsequent to
the reference line failure, because these events require operator action,

to assure adequate vessel inventory. Several indications are availtble
in the control room to give the operator information relative to the

event. The high natural circulation flow, coupled with the decay heat
removal by the control rod' drive flow allows the operator 30 to 40(
minutes to take action before jepordizing the core (see Section 4); so
successful operator mitigation of the event is expected.

C 5-13
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0 5.2.2 Plant Response to Failure .

.

- Assumed Initial Operating Conditions. The reactor is operating at full
power. Feedwater flow is under automatic control through the level_

*
,

instrumentation on side A. There is an undetected failure in a single' *

level transmitter in the level instrumentation on side B. The response

scenarios discussed below are unchangad if feedwater control is through
the side B instrumentation and the instrumentation failure is on side A,

t

Event Initiation. The transient event is initiated by a break in the

level instrumentation reference leg in level instrument side A (the side
controlling feedwater flow).

i

Response Scenarios. Several possible events result from the reference
leg break depending on which side B level transmitter has experienced the
undetected failure. The response scenarios for each of these events are
described qualitatively in the remainder of this section. The initial

system. response is the same for all events of interest. The reference

leg break will cause a high level indication to the feedwater control
system that will result in a reduction of feedwater flow. Feedwater

system inertia results in a foi.r to five second feedwater flow decrease,

before flow reaches its minimun.. The decrease in feedwater flow produces

a slight system pressure decrease and a decrease in core inlet
| subcooling. Both of these effects lead to an increase in core void

fraction which reduces reactor power and moderates the decrease in
f

reactor vessel water level for the first few seconds of the transient
event. Sensed reactor vessel water level on the intact side B
instrumentation decreases quickly and reaches level 3 approximately six
seconds into the transient. The scenario up to this point is virtually

,

identical to that of the loss of feedwater flow event analyzed in the

plant Final Safety Analysis Report (FSAR). It has not yet been affected |

by the undetected instrument failure. From this point on, the scenarios
are influenced by the single instrument failures, and separate

(.
discussions will be provided for each failure. f

l

l
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5.2.2.1 Failure of Re~ actor Protection System (RPS) Transmitter.

~

(
From Tables 5-1 and A-2, and from Figure A-4, we see that there are

several reference leg break / single instrument failure combinations to
which the RPS is vulnerable. For example with feedwater under control

,

of side A and a side A reference leg blowdown, a failure in either*
.

'
'

transmitter LT-B21-N080C or LT-B21-N0800 will cause a loss of scram
initiation on level 3. and loss of isolation of RHR sample lines and
discharge to radwaste. However, when the sensed level reaches level 2,
low level signals from LT-B21-N081C and LT-B21-N0810 activate the Main

'
Steam Isolation Valve (MSIV) closure, which closes in 3 to 10 seconds.
Position switches on the MSIV signal the Reactor Protection System (RPS),
resulting in reactor scram. All coolant injection systems that are

assumed to respond to the event are unaffected by the RPS transmitter
' failure and o'perate as required to provide long-term cooling and

maintenance of coolant inventory. It should be noted that, although the
postulated break will be releasing energy into the drywell, this scenario
issumes that the energy is not sufficient to result in a high drywell

pressure signal and subsequent scram. This event is similar to the loss
of feedwater event reported in the plant FSAR. The scram is delayed and

achieved indirectly, but there is clearly no danger of the core

uncovering, nor is there any requirement for unusual operator action.
.

5.2.2.2 Failure of Automatic ^ Depressurization System (ADS) Transmitteri

From Tables 5-1 and A-2, and from Figures A-10 and A-11, we see that
-( there are reference leg break / single instrument failure combinations to

which the ADS is vulnerable. For example, if we substitute failure of

the side B ADS confirming level transmitter into the prior case, ADS

level initiation will be lost. However, this is a benign situation since

low level initiation of the high pressure injection systems (HPCI andi

RCIC) is not effected so ADS is not required.

.
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5.2.2.3 Failure of MSIV Transmitter .
,

C From Tables 5-1 and A-2, and from Figure A-7, we see that there are
several reference leg break / single instrument failure combinations to
which the MSIV function is vulnerable. For example, with feedwater

*

control on side A and a side A reference leg break, a failure in either,,

transmitter LT-B21-N081C or LT-821-N0810 causes a loss of main steam line*

isolation on level 2. Reactor scram will occur on a level 3 trip and

will cause some lines to isolate, but most, including the main steam
lines, will not isolate. All coolant injection systems that are assumed

( to respond to the event are unaffected by the transmitter failure and

operate as required to provide long-term cooling and to maintain pressure
vessel coolant inventory. There is clearly no danger of the core

uncovering in this event, nor is there any need for unusual operator

i action.

S.2.2.4 Failure of Coolant Injection System Transmitter

Fron. Tables 5-1 and A-2, and from Figures A-5, A-6, A-8 and A-9, we see.

that there are several reference leg break / single instrument failure

combinations to which the coolant injection systems are vulnerable. For

example, with feedwater control on side A and a side A reference leg
,

blowdown, a failure in either traa.smitter B21-N091B or 621-N0910 will

cause a loss of low level automatic initiation the following systems:

High Pressure Coolant Injection (HPCI), Reactor Core Isolation Cooling,

|
(RCIC), low Pressure Coolant Injection (LPCI), Core Spray (CS), and The'

e, Automatic Depressurization System (ADS). Reactor scram, system

| isolation, and recirculation pump trip level instrumentation are
unaffected by this transmitter failure. The RPS will scram the reactor
at level 3. MSIV closure will occur at level 2. It should be noted

( that, although the postulated instrument line failure will be releasing

energy into the drywall, this scenario conservatively assumes the energy
is not sufficient to result in a high drywell pressure signal and

subsequent HPCI and low pressure ECCS pump initiation. The rate of water

L

|

'
,

I.
'
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level decrease will slow appreciably following closure of the MSIV, but
,

coolant will continue to be lost from the primary system through the

level instrumentation reference leg break and through internitfent action<

of the safety / relief valves. Failure of the operator to manually

initiate a coolant injection system would eventually lead to uncovering
, ' , of the core.

. .

The level instrumentation failure will also prevent level initiation of

ATWS-RPT and ATWS-ARI, but they will initiate on high reactor pressure

causing the reactor recirculation pumps to trip and alternate control rod
8 insertion (backup scram) to occur, if a turbine trip or MSIV closure

occurs from high power.

The reactor operator will see an indication of high water level from the
feedwater controlling instrumentation and will see that feedwater flowi

'has been shut off. The operator will also observe a mismatch between the
, level instrumentation of side A and side B. This mismatch may help the -

operator to detect the reference line break (or an indication that there
is a failure in the level instrumentation), but, potentially, not in time

to terminate the event by taking trenual control of feedwater flow or by
switching automatic control to the other instrumentation side. The

failure of the coolant injection system transmitter should be evident to
the operator when he observes that reactor scram and system isolation4

have occurred and no coolant injection systems are operating.
Indications of the break in the reference leg through increased drywell
temperature, increased dryvell pressure, and drywell sump pump actuation

,e may also be available to the operator. Finally, uncovery of the core

will not occur for 30 to 40 minutes, giving the operator a substantial
amount of time to manually initiate one of the many inventory make-up

~

systems.

<

.

.

.
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5.2.2.5 Feedwater Control Transmitter Failug

C From Tables 5-1 and A-2, we see that there are no safety trips vulnerable
to a reference line break and a single failure of the feedwiter control
transmitter in the other mechanical division. This is the case because

,' the feedwater control transmitters (LT-N004A, B, and C) do not initiate
,' any safety trips.t

5.2.2.6 Pcwer Bus Failure

The Shoreham plant has four essential (Class 1E) power buses for poweringi

the plant safety systems, as follows:

RPS Bus A (120 VAC)e
,

( e RPS Bus B (120 VAC)
'

e DC Bus A (125 VDC)
e DC Bus B (125 VDC) _ ,

The failure of a power bus in addition to the instrument line failurei

will also cause loss of low level initiation as_ discussed in Appendix A.
A failure in instrument line A plus a failure in DC Bus B will cause loss
of automatic level initiation of HPCI,'RCIC,' LPCI, I,PCS, ADS, and ATWS

mitigation features. Similarly, a failure in-instrument line B plus a<
,

failure in DC Bus A will cause the loss of automatic initiation on low
level for the same systems. A loss of poOer 6111' not affect the RPS or
MSIV initiation because they are de-energized to operate systems, so a
power failure causes one of the channels to generate a system initiate;<-

signal (i.e.' isolation a'd scram). The power bus failure is different'

n

from the instrument failure in that'it will be detected as soon as it
! occurs because annunciators are provided to warn the operator of the

failure.~ Therefore, the power failure nust occur subsequent to the line(
breaks, which has a nuch lower probability than the undetected sensor
failure.

'

m

A.

.
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c 5.3 PLANT ANALYSIS SUMMARY .'
.

.

The preceding an31ysis of the Shoreham plant shows that flashing of the
instrument lines will not jeopardize core cooling because the reference*

,,

line drop is short enough so that adequate vessel inventory is assured*

when the operator maintains level above level 3. When indicated level is
above level 3, as required by. normal operating procedures, there is

sufficient inventory to assure adequate core cooling. The reference leg
drop is also short enough so high drywell temperature will not cause a<

large shift in the low level ADS initiation setpoints. Thus, the

setpoint adjustment described in Reference Q) will not have a

significant impact on the Shoreham ADS setpoint.

t

The reference line failure plus additional single failures in some cases
require operator action to assure adequate inventory. However, the many

level indications in the control room provide the operator with

sufficient information to select and correctly implement the appropriate
procedures to assure adequate i nventory. Note that the plant

vulnerability to reference line failure plus single active failure is due
primarily to the use of sensors LT-B21-N091A, B, C, and D to initiate all

,

'

'he feedwater controlemergency core cooling systems, combined with t

signal vulnerability to the instrument line failure.

This section provides a deterministic based analysis of the reference leg

i. t
failures plus an additional single active failure. The next section
provides a probabilistic analysis of the reference line break combined
with one, two or more additional failures, including errors made by the
plant opeators. A probabilistic analysis of the interation between the

plant, operator, and level measurement system for other events is also
c'

given in the next section.

(

.

.
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Section 6

.

.

REACTOR WATER LEVEL INSTRUMENTATION CONTRIBUTION

-}
C TO CORE VULNERABILITY

.

Reactor water level measurement instrumentation affects both the*

,,

operator's perception of the condition of the core and the automatic
'' *

controls of normal and safety systems. As a result, failure modes of

this instrumentation which can disable nultiple systems become important
in the evaluation of plant safety despite the low frequency of the

( postulated failure modes.

The failure modes of the water level instrumentation which have been
postulated and observed in the operating experience data base include:

(

1. Leaks or breaks in the reference leg of the reactor water
level instruments;

2. High drywell temperatures causing boiling or flashing of
the reference leg;

t

3. Other water level instrument failure modes, including
miscalibration.

The methods used in this section to investigate the impact of various
postulated failure modes on plant safety applies the Probabilistic Risk
Assessment (PRA) techniques used in the Shoreham PRA. The use of event
trees and fault trees provides the framework for evaluating the con-
sequences of reactor water level instrumentation failures. This con-

! f sistent basis of comparison then allows the potential risk associated
with the water level instrumentation failure modes to be placed in

perspective relative to other sources of risk at the Shoreham plant.

( A calculation of the contribution to core minerable frequency is pre-

l sented for four specific situations which are affected by water level
instrumentation.

.

!
.

|
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e Breaks or leaks in the reactor water level instrumentation
-

lines (section 6.Z). The potential for accident sequences
involving failures in a reactor . water level instrumen--

tation reference leg is a source of risk which was. not
(' explicitly evaluated in the Shoreham draft PRA, but it is

evaluated here. -

e Loss of Drywell Cooling following other initiators
(Section 6.3? The loss of drywell cooling during the.,

,, course of previously identified accident scenarios could
cause some adverse impact on the operator response. The,

impact of the loss of drywell cooling is calculated based
on the operating procedure guidelines for Shoreham. The
added contribution to calculated core vulnerable frequency
is small compared with other contributors.

Loss of Drywell Cooling Initiators (Section 6.4). Manual*

shutdown caused by the degradation or inoperability of the
drywell coolers was not explicitly included in the
Shoreham draft PRA. .The results of the evaluations
included here represent a small addition to the calculated
frequency of core vulnerability from all sequences.

( e Inherent reactor water level instrumentation failure
contribution (section 6.5). This evaluation was performed
in the original Shoreham PRA. The results are summarized
here both for purposes of comparison and to provide a
complete sunnary of the impact of water level instrumen-
tation failures.

6.1 APPLICATION OF PROBABILISTIC TECHNIQUES AND METliODOLOGY

The Shoreham plant has been analyzed using . probabilistic techniques.
This analysis provides a logic model of the plant which describes com-
ponent and system level interaction. Specific accident sequences have
already been analyzed within this framework and included in the quan-
titative calculation of the core vulnerable frequency associated with the,

-(
| operation of Shoreham. This methodology can easily be extended to the

evaluation of other accident sequences which were not included in the
|

| Shoreham draft PRA.
!

(

.

l
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6.1.1 Background of PRA Application

.

The Shoreham Probabilistic Risk Assessment (PRA) applies the WASH-1400.

Q) techniques, i.e., event trees and fault trees, with appropriate modi--
(

fications. In the Shoreham PRA analysis, event trees were constructed to
relate mitigating systems to selected accident initiators. -Fault trees*

were constructed as required for the egents that appear in the event
,

'. t rees. Independent failure modes as well as common mode miscalibration ,
' '

of the reactor water level instruments were included, as appropriate, in
the fault trees of the original analysis. However, consistent with pre-
vious analyses such as WASH-1400 Q), RSSMAP (4), and IREP ' (5), the
failure of, or inaccurate readings from, the reactor water level sensors
as a result of high drywell temperature or instrument line failure were

not considered in the draft Shoreham analysis.

This study will evaluate the water level system contribution to core
' vulnerable frequency. New event sequences derived from modified event

trees and event trees constructed specifically for this analysis were

quantified using the appropriate failure probabilities from the Shoreham
fault tree logic model, along with the frequencies and conditional proba-

' bilities calculated for new events included in this study. The contribu-
tion of level instrumentation failures was calculated by evaluating the
dominant core vulnerable sequences in the Shoreham PRA to determine the
instrument contribution to the sequence probabilities. " Dominant acci-
dent sequences" are those sequences which make the largest contribution'

to plant ri sk. Note that a core vulnerable sequence is defined as a
serial list of failures that must occur before a core vulnerable con-
dition occurs. A sequence begins with an initiator and is followed by

( failures in systems requi red to mitigate the progression of the ini-
tiating event.

The PRA logic models form the framework into which the engineering
( details of the reactor water level system are integrated. Specifically,

the following key features of the reactor water level measurement system

C

-
.
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L are incorporated:

'

1. Basic design;
,

2. Interface of water level instruments with normal ,and
safety systems; --

3. Operator perception if failures occur in the level
instrumentation;

'

4. Operating procedures in response to various water level,.

readings incl ~uding spurious signals.* *
r

This input information has been developed for Shoreham and is summarized
in Section 3 and Appendix A.

(

6.1.2 Core Vulnerable Sequence Endpoints

| The Shoreham PRA categorized the accident sequences leading to core

]( vulnerability into five classes. The five classes are defined according
to effects on core, containment, and potential for radionuclide source.

Class I: Loss of Inventory Makeup. This class is charac-
tertzed by a ratlure to maintain adequate core
cooling and a relatively fast core melt with the,

' containment intact at the onset of core melt .

Class II: Loss of Containment Heat Removal. This class is
| characterized by an inability to renlove heat from

containment and a relatively slow core melt with
the containment failed prior to the core melt.,

Class III: LOCA Plus Loss of Inventory Makeup. This class is
character 1 zed by a relatively fast core mit with
incipient containment failure due to high contain-

b ment pressure at the onset of core melt.

' Class IV: ATWS Plus Loss of Poison Injection or Loss of

li suppression Pool cooling. This class is cnarac-
terized by a relatively fast core melt with the
containment failed at the onset of core melt.

Class V: Interfacing LOCA Outside Containment. This class
'. is characterized by a loss of primary coolant to

the reactor building and a relatively fast core
melt with a direct bypass of the containment
during core melt.

L
.
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! O In general, the Class I and II events have relatively high frequencies
and relatively low consequences, while the other classes have relatively

,

low frequencies and higher consequences.-

6.1.3 Guidelines for the Probabilistic Analysis
.

.

In order to understand the significance of the probabilistic calcula-
. " . tions, it is necessary to establish the limitations and guidelines under
'

which the analysis is performed. The key items are:

* The existing Shoreham PRA is used as the basic logic |

model for the calculation of the frequency of core l

vulnerable conditions associated with water level instru-
(. mentation and for the comparison of the frequencies with I

other contributors.

e The Shoreham PRA has not exhaustively addressed external
events (e.g. , seismic events, fires). Therefore, the
calculations and comparisons will be based upon the fre-

(. quency of core vulnerability due to internal events |
(e.g., transients and LOCA's) (6).

|
'Operator action may involve a wide spectrum of activitiese

both during the test and maintenance operations required
; by plant procedures and during the course of a postulated ,

l accident scenario. In the Shoreham PRA, those planned orr
unplanned manipulations which are required by procedure,
or which are possible rtmedies to a failed system, are
depicted and evaluated. Operator actions which are
caused by failed instrumentation are also included in the
analyses; however, operator actions which defeat system
performance or which aggravate the achievement or main-c

' tenance of stable hot shutdown without apparent cause are
not evaluated. This approach is consistent with previous
nuclear power plant PT 's such as WASH-1400 Q), RSSMAP
(4), and IREP (5,). (See also Appendix C).

i
e The uncertainty in the best estimate frequency of core1c vulnerability in the Shoreham PRA has been quoted as

I approximately a factor of 20. This indicates that the
absolute value of the core vulnerable frequency may be
significantly different than the best estimate value
quoted. It is not surprising then that there are acci-
dent sequences which may add to the previously evaluated

I frequency of core vulnerable condition. However, these
additions should be well within the uncertainty of the

calculated frequency.

C
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C Given these restraints on the basic probabilistic analysis, the potential
.

contribution of unter level seasurements indication, and control systems-

to the calculated frequency of core vulnerabililty can then be isolated-

and compared on a consistent basis with Shoreham and other plant analy-
ses. -

1 - ,
.

'. 6.1.4 Data

' * The input data required to quantify the accident sequences are developed
in Appendexes to this report or in the Shoreham PRA as follows:

Component failure rates and system level unavailabilitiesa

are develored in the Shoreham PRA (6J.

e Instrument line failure initiator frequencies from
operating experience data are developed in Appendi:, B.

Operator response error probabilities are developed ine
Appendix C.

(
o fault trees for developing the probabilities of the func-

tional events requi red for this analysis are given in
Appendix 0.

These data are applied using the event tree models presented here and the
fault tree models which are presented in the Shoreham PRA (6_). The event

trees and selected fault trees were requantified for this specific eva-
luation.

<

6.1.5 Potential l@act

The results of this investigation into the impact of reactor water level
instrumentation ' failures on core vulnerable frequency can be categorized

[: c, . .

'I as to the potential for adverse consequences using five unique classes or
,

core vulnerable conditions with differing potential consequences. The

class with the lowest radionuclide source term, i.e., Class I, is the

class in which the additional identified sequences involved in a water
( level have the largest impact. Therefore, while these sequences will

have an effect on the calculated frequency of core vulnerable condition,

c.
.
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there will be little effect on the larger public consequence accident
( sequences of Classes IV and V. . .-

'
'

: ;
' 6.1.6 Significant Shoreham-Specific Considerations.

.

The probabilistic evaluation' of the Shoreham real: tor water level' *

instrumentation and its impact on the frequency of postulated core
vulnerable conditions has used the following important Shoreham.speci fi c

plant design details and procedures.
4

1. The normal operating mode of Shoreham will be with the
feedwater level controls set to use the Side A water level
instrumentation. This procedure decreases the potential
for loss of feedwater and the resulting plant transient
subsequent to water level reference leg disturbances,

t

2. Shoreham operating and maintenance procedures prohibit
surveillance testing on the nuclear boiler system
instrument racks when the reactor is at power. This
reduces the potential for maintenance personnel inducing
reference leg leaks at power, as described in Appendix B.

3. The Shoreham water level measurement system uses analog
trip units rather than switches, as used in older plants
from which most of the operating experience data has been
collected. This aspect of the Shoreham design results in
fewer maintenance actions at the instrument racks and
reduces the potential for nuintenance. induced leaks, as
described in Appendix 8.

4. Validation of 1.he reactor water level signals will be
performed once per shif t. This familiarizes the operator

with the relationship between tre various level
jr indications.

5. The SNPS procedures require written sign off by the
technician and then an independent verification by a

| qualified person.

(

t

I C
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6.2 REACTOR WATER LEVEL INSTRUMENT LINE FAILURE .

g ,

.

4

Previous reviews of operating experience and analytic effort have
,

identified that the reactor water level instrumentation is subject to a
*

*
,

low frequency failure mode which could result in false indications of*

, ,

reactor water level to the operator. The identified failure mode is a
loss of inventory in the reactor water level instrument reference leg, as
discussed in Section 5. This low frequency failure mode could act as an
accident initiator which challenges the plant systems needed to insure a
safe shutdown. The purpose of this subsection is to calculate the
potential contribution of these failures to the frequency of a core
vulnerable condition at Shoreham.

t
6.2.1 Initiator Frequency

The probability of a leak sufficient to drain the reactor water level
reference leg has been calculated for the folloaing two cases:

(

a. Instrument line break;

b. Leak or valve misoperation.

The frequencies of these initiators are combined and assurn d to have
equivalent impact on the operator and automatic initiation logic. They

are treated in the same event tree since the level sensors connected to
.i the line are assumed to indicate upscale regardless of the failure mode.
C

The initiating event frequency for the reference leg pipe break was
estimated by using the WASH-1400 small pipe break failure rate per foot
multiplied by the number of operating hours per year nultiplied by the

f reference leg length, plus the failure frequency associated with weld
joints and valves in the line. The combined frequency of leaks in fit-

(:
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(.
tings and valves and of the misoperation of valves which drain the

.
reference leg were estimated by examining the Licensing Event Report*

(LER) database for such events. Appendix B summarizes the calculation of-

the frequency of potential leaks in the reference leg based upon the
( number of events and the accumulated operating experience. The.tesult of

).the calculations is that the initiator frequency is conservatively esti-
-

mated to be 0.020 per reactor year for each of the reference legk, a valueI
.,
'. which is dominated by the potential for failures outside containment.

t *

6.2.2 Event Tree Structure

The postulated reactor water level instrumant reference lir.e failure is
' treated separately for side A and side B; that is, the effects of instru-

ment line problems are not identical due to the asymmetric nature of the
signals derived from side A versus side B. The principal differences

between side A and side B (see Section 3) are:
(

e The feedwater high level trip logic is any 2 of 3
transmitters. There are two side A transmitters and only
one on side B. Therefore, the potential impact on feed-
water is substantially dif ferent depending upon which
side is affected by the postulated leak,

,

The HPCI and RCIC controls are powered from opposite DCo
buses and therefore the coupled failure of a reference
water leg and a DC power supply would also be asymetric.

e The level indications on the various panels do not co .
tain symmetric Side A/ Side B displays.-

The important aspects of the quantitative evaluation include the
following:

'i r
- s Two quantifications are incluced on the event tree since''

side A is not symmetrical with side B. The functional<~

event values for a postulated leak in each leg are pro-
vided in Figure 6-1. The calculated sequence frequency
given is the summation of sequences occurring on both

1- sides.

e The fault tree system logic models were recalculated,
where appropriate, for the pre-existing condition of a
reference line leak.-

f.
.

6-9

C

. . . . . . L J_ : . . - . . _ . .._;. g. . . . 2 1..
_ __ _ __ __ "_ _ _ _ _ _

-

~

_



~ -~ j . m, . t. ~, ,,y i q ,v) - "-
r,

_._,u. 1 - . = - 1
. . _ _ _ _ . .-

- _., _ _- . .. .

. .a _-au.- .Jec.a ..w. - - ' - . = ' - = = - . - . - - . . . . . -. .

The (vent tree for the instrument line failure is shown in Figure 6-1,
,.

'' sheets 1 through 5. The event functions included in the event tree are
. described in detail in Appendix U; however, a capsule summary 1s. included-

,

here to describe the nature of the functional system interaction.
0

.

2 ..

tInitiator (TR Section 8.1, Table B-4) '

*

*
.

As discussed in Section 6.2.1, the initiating frequency for the water-

'

.

-.

level instrument line leak is 0.020 events per year, which is judged to

be equally applicable to both side A and side B.

Continued Power Operation (RR Section D.1.1, Figure D-1)
i

A loss of the reference leg will not always result in a plant transient.
If feedwater maintains adequate level control, then power operation will
continue. The possible events following a loss of reference leg are:

.

e Failure is on reference leg A. A high level feedwater
trip will occur since two of the three transmitters for
the 2-out-of-3 high level feedwater trip logic are on side
A.

,

e Side B Failure / Side B Control. In this case, a high level
trip will not occur, but the feedwater controls will shut
off feedwater due to the high level signal from the side B
transmitter unless the operator successfully achieves
manual control.

e Side B Failure / Side A Control. In this case, power opera--

tion will continue since no high level trip occurs and
feedwater control will be unchanged.

i
3 The probability for continued power operation developed in Appendix 0

~ #' accounts for these events and includes consideration of the Shoreham pro-
cedures which require feedwater control to be on side A unless there are
compelling reasons to do otherwise.

C

I (.

-

|

6-10

C

..._......_..__..a._- . . . _ . , . . __

_ __ __ _ __ _ _ ,_ _ _ _ _ _ _ _ _



_______ - _________ _ _______-__ .- - .

u , e o-' .-,
~ .~ , O .*

,

) O M 5 e ?
*

? it :
1 I

i ;[ (
i

;

taltiates acoltionu lusfewtui FAltunt (3 IltALIlv taotant inJtciton $Q contaisegnt stat aggggg
G 855 SF ! i

h k8'TL 1[OPP 05871 fttowalte *

M '' "" = * '" " " " .idfla i,I,'erta.ates IO I Divillom St..g malavalut0 BCIC H,tl tcis E M NtBes in
ts ca SCIu51.irtet tentlealce*

I3#1" === ia s'i= > ia =s'''"J!,'" .iit.'t.a =n=t m it = t = = = 5-'

!. '|ast!" ,,'t:|"J., (t|"I.
*

LO40(n51mc (P.e Rs Tel coucillous : i= sueru rgos

341alIPEW1 alltenait LIC19041C1 LIG N I" iterat) - . T'

f- NF. Ef5 #f5708ts 'f'

: y E.O.L W' I p"
I a, e, t L | C Q ts' U" i f
g o a i

M [: f'.g
T ,4 .

I . , ~. 5et- T aw' . '

g.$t.5 a
I .M.3 * >t

5fillh8EftR i T av 1.7t.18 Ci.ss si i
.

,1 ttges l.5E-6 e.
R

'f
y I 888L a *SS I f f'g g,gg,g

8" b i. .a.s t-a (slK A ttAR) I4 '"

R
et ,,y.yEy(sitt8EEAK) T, ass' .

'#' , # ''' T ''' 8 E*' U'" II ,,
a

acic s.ot-2

g
. g T,norr s.x-e n.n ::

''

T '8" 1.9E.4 U'" I . -
a

OE N.i g3,y
T,aqu' . ;

et | , ' > ' ,%
(sttsatt2) 1.o*

t aqu v' .
a

31' r_ ac.: ,

r.st e e. ,,,,,, 3,,,,, gi,, i, ;2

gi,3 m, ' .;.r'ct,asrv r t.st-s cini si ;5"T

j .

g,

[T,nerset t.4t.9 C'*" l ,
r.

8"(38) T 888s !*
. css
~Ds5 St ..t(11 1,000s' ? i Y ''

.
.

1.0t.5 '$.et.3 U .st Il g } ('
T,aglAf .EDG5 (16) f.4t-e I

% '' ' " ' ' T mp*r s.w s c.n is } t' fCL'II I'+ ~~~~
e.0161.0 .@g tut swif s)

' a
*8 a-i ;T= ...c .m ,,,,5, i,a -n .i ;-

gra3 gm T "O"' t.2t-4

,
,

cini IT'W s.st t ( jii.ii on ,,
s

(5tt satti 3) C''" 3 '
i j

a' - -

g, , . T,mc ,,,,,,
um iv |moits: ,_ _ ___ _________________________

v_ i'
,,3,,,,.,,,, s.st.s :I l.lei u-u .va . .

DG5 1 ,i t
i' '

-

Io * '. ' K . Rv^N ' i'''E:

*in i.en me rii f.e r.t., itcas ,t. re.6..i.,.. .. r t. i...i o . -.i. Figure 6.1. Event Tree Diagram i ,

c ** = o '

"io in i. 3e .i t for Sequences Following Reactor Water ,,'"o
Levei Instrument Lfne Leak.swi.en in. c nti i er.6.stist,tm.: ta. <e,*.i.e **'o '

.iii t n. .nii.u. t. sa. i.iti.i.e.
s= i .: s atv
owc. peo

I
i

i
r

e

#

4

|

|



.
....s. *

.

.* f": o ' q .- , , ", 'D f* i f
.' | I~

I i
IM teitilten asettsomat testowstut FAttunt c.alist.Auft scootant imJtcf rca ytd confalsetti dat strevu

| '
'a if {

' s

l We mtutam m Stan (orgaavaa opposatt strowarra , .
g, , nain,ainto acic nPts f latM LW envutites E tenon 125 V envisiog ,33,

jg: M Esteam ra m tuct a'kpe'g$. geogg$ g%g y,[,,gook tNeu h atNatisCE
I " *I'I' 8L MCPtugg ,AtattAett ATAttast!i; t as 18lP ',> 30 *1 ..- (W Re k tamm5Ftt {_j"g g ,'"g'II

suaIZAtlos pgg5 5 ,II FAltunt EtttfeoutC1 ttG8'f8All8"
.|9 g, atstonte pera) . ,g n g,,

'',.. '

I 8e % % 'a C 0 c' U" I! W 8,0,L v' 2 va
; t- n

fa. .
ttEuts I I*

no (nattinGl OR >. .

a.s C.s (Slet A LEAE)
- 9.gt.g '

'

atlC I- "I T a Class il ..' 3 |tnr., g

| |! y.y E-y ($lK S LEAE)
1.5E-6 1 3.N-t tiess 18 ;

' U'" I
,

'l.0E.9 (. jg
(54) OE F

'

ii . .

a.e',

{,
'34 8C- -

2.et.e
$' ~ T M'9 * O*" II

(51) E6 |5 M.7 E I

1 'W s Ctess Il
1.5E

,

1 *EOL s Class I
'i

(su m
.' i

. .

ma
og L, p.:

; e tre m w rl 11 585 . .
v.

, c,, ,, g ;.J .e r.u.s i s.st.:,

(5n ,,,,
|| } [-. o.= n3. Aar r t,em'

#' '8 ' f"" E'"' I 'h*3 d'-T "A a 3.N.9

(59 @ (55)
. I' .I"I T gst 1.E e clus t,

9A a *'

.i, {TM d ess I. .' '

g 4 W-a' h N .02 (54)x.g t:e,, - <, . r. ,1
I '

.
- . to Sh. 3,,,, #

Is0ft$: ,

, 5 N*I
,

(3)y.v..v..
(2) u u'eu"

I
2 '

ow es K . RVAhl T IT L t. :
' ened upon e : te.s trle eartas the period of operatiea with a sea,1e refereme Figure 6.1. Event Tree Diagram ,!cHmo r .

** i., .,*,e u . for Sequences following Reactor Water i ;se.ne, scam is eu e F., n.in .t inen sew =e.. ...o
**ao Levei Instrument Line Leak I -

i|
*

s= 2. .I s acv
ows. no .' '

|. |
'

.

9

k
| 8'

i,

.

I e

|
'

|
'

,

|



< .- ,

''
"

~,i*

, o m ~. n - - -~ ~
i. p

,

I, d ;
.t >(

|.|!-i-
;...

!.I.j

. Y. ~ m '- -: |
'

!F!re,n . .,,, ., sim: . . . , , . . . ni .. . ,.it - .m. i .,
t , ,, ,,,

[;8'"'"' N.utaNe !t1
Aennam eP m m msn aun ce

sto,sivn .e xu rat.t.
usu

1 m,a . =, us,yc gig,
e. , ,,g g , =;,;g =y amyru-na i:;*= t ,cs 1e..c asu. stic -i ,,,

Lhsfg'* Mg'"Jg "3"18380 ,g',f,y *' '.I4JECTION RipetAL CONDt4114Cta:P avaitaatt avaitasts ritowart e (le1AL) 1998 S
rtttinosit,. attovtsto Ptu$ SW

j, tavatumw .tr. tts

. 7,e. e, e, t, c o e' u" o a v s.o.t w' r u" r'k
,

- _ELLDittY88 3 atctIGlett
,jI truer stic l 7 wctistett

I ''
n.. t (Star A ttan) ( .

1ei. tu) t,ae,es en.

:; 1., t , (sist a Lt.a) O
I "a#* "*

; il tir) (tattveto in i t [@ siistrieasort) r.er-e T A gue
i' I-' S 8t*3l a Ct.ss il P

. ,

! ! 8g 1,ne,qw r ;.. }* ar i . ci. . ::
.

5" 5.ot-s t.e,em t.w.10 ti... < ici su7 ~' ' 5m 82'): htI o. w .. c,... ,," " 4* E*8
' (raon M tf li (rs) OW (D)

f "n88 tiess I ,-III (MGticiott) Civ a 3,g,y

. h,; ,
,,,, ggg, gy gg.3

o.e tarcticiotti ti<

,{. y (F) -
i

i mits: (=rcticintr)et, g,3 |

b$N h, ,. .
'
'

:
4

O s ee K . RYAhl 1HLO p .

Figure 6.1. Event Tree Diagram r. .ci.e in. c iti t m nii,in. in. < . .ter c,. . o
'* ' " *'' ''..ie.Ui.Yt.Ni.,[''*'''"''" for Sequences Following Reactor Water t >**eo<

. !- arao . Level Iristrument Line Leak I -

I;isma . s aty
;

towc. no ,

[f i
l l

;i
-

f f,
' *

. .
. -

.- .

.t ,

i
'

I i
.

.

%

! .

4



_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.,<. ** t t -,$ p(-) $ a () .g -m -

;! !. t f.
i

i; - ; -

to i Ii|m
f L

f:a I '

|i
,! IIltlA104 ADellionAL Insieumet FAILUllt CalllCAdit C00tAh! l#JECIl04 gt,{ CaNIAIMNT EAT MAL _ fgta g y*

''II'LAIII fIOPP 0511t P>ll I ilrtif LOW DarwitL nSif StWEtKIE IN a WitCT COE g j'

,[g', i eh0, 52% TOC Offl5104 gaa,, Ftt0dith RCIC MPCI atori?.t0 stACIOR Pet %5uRE IE AT STOPtNES PC$
$ E * "I

b( ; f
gy 8',

MAINIAthtD AV Alt #8t t ATAllA0tt Ottet InJECil04 Stev4L 10 MI5 [Per As Tr,
.fj Lied Lt As ggYgg W E ,'IL g Cer #G:

OWI53E 8 LIE 8"AII atCLvtito PLUS SW
,

(19tAL]9

,' | |I [
[

f. ' f (tgggfDNICS
. Det Ale (m: Stf. ttG

c o r u- c i e s .0.t -

a r- - ,,,,,. ., ,, t,,

W ;- ;'A -

% ,r=e <. . u .5 . 7-

mI ' M-3 n
1|j ttt > Atta ' y "n" ea cieu ::mA

Ii LEE'8: T f,et,WL 8 Class I

IY * 8E fR
a.s E s (113 A LEM)

D *

'j!!' y,y E y (Slet 8 LEM) 9.M-5 i

.

Class IIM3 f,as,p e ,

|I |

6 RCIC Cleve Il.5 T tE,W'Ig e'gj 3,g g

4, r,m,qsa tien t
'|

un ,

IIII f e W' tg g g. ,*

'j r it ,, ,W ,- yW.

3
4 M.3 EI888 OI LI.4t=4 I I E ST e {,& (gg) g g

.

p an 5,tf u g r,m,es v'.t E. tien I ,j5
-

cieu r e
i til r,=,W est e

? I
005 (30) 8"

[. jf "s#T5 *
e

;. ,

OE [., EI "R *g

a stees || D.' f
gggy

! "*3
; IIOff5: g(stctlGistil -(IntibDfD in fitt>sArts Aeovt) r,et.e

__ f,as,0sf

{'d z . x.. r,=,e='s5 . cini si
,<=i=>:; In =*. -ov i,3

j# i ;~" na ,, ,W.m, e ci... .,
. , W-3 (39)

g$
*

.03 .osr .* sri r,=,s= s.st-e Cieu-io ,
I"IM N'I [ f,se, qui g,gg.g (less I, ,.

( 30; }
I.

s
*

* lxludes benefit for seerster sultching to free.ater en wearete level cwenael. {0 p K . WM 10 % !.

** 10 esawtes to 30 e6aetet ic ee n o
Figure 6.1: twent. Tree Diagram |

for Sequences F0ll0 Wing Re8Ct0F Water* Incl. des the conditleaal probabilltp that the feed eaer .. P o

will met be evallante due to the In$tlater * PPD level Instrument line leak {
'

sh4 of 5 aLV f,4-'

|
'

o w t. NO
' :

- .i *

'
i

i

- s

D

|

| _ _ _ __



_ _ _ _ . . _ - -____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ . _ _ . _ _ _ _ _ _ __ _ _ . - _ _ _ _ _ _ __ _ _- - - - - -

, - _ - - -
----__ .

*

[ -. . . , , .

O $
- & - 3 , . *s. & *

.ti..!.,'

I e| ['{'

'*| |
'

-

I$ | _

fon% CONTAIM41 MAI Meat (LA$S er
,

F

$jj tal18410e ' acellional insieuEn1 FAltuRE iRliilAdl1 (00tMt inJttfigs
1

Bt0Ptug, Q' " " " "E'a'[ A
fet NCT *

* = 125 WC h ; 7ttouAf te PCIC WCl et to L8i8 "E "
O||';".! j, u"'.n . s ",;;j5;, I||'JC% =4 I "

Cou!Lc
' -gg., n, a => rw a. *

, i tawdat ="* " '"'''" ' aa '''* * a ' ' ""'
jj t|,;;;,t,'J' a'tC, r.5E '".n'" Plus SW ggggy getCovt.to i

FttCramelts g ;:eness rtni et, . tts a e s.e A i- a u"
g ;i e ,e. v, e, j t, c o u- u" o g , ,

q .~. a

8E Iil 7,En *,

#

ki! "
V w -

n., i

a ess Il t-I l 8E-3,n ,,,,, 1. W-4 Yap g

! nta .I

.
a

a Class IIY1 trum:
i

gj
jt f ''A0 Ni *

t

{! s.at-a(SittALtasG '

fy* g [.
,

1 y.y E-y (SIE e LEAK 3 i 58 1 : gi., gg :,! 9.st s t,np
II, , cit '

sm > 4.m.m ung r,ar
,

i- 's"a8'" 4.m.N a#8 I ;'
|I|. IM- m , ' '

pi;
*

'!I g

oY, M ,T,E,WT . ,'

!!I (rnon sman l) Q-
, '

' ' * " "' ''''''' '

f " F ."y.g
#-'

II,!
e '

i (iSI wu 5.m-t Class It
, Sts:' I.3 . W -6 g g a

4 -

I "a#'" ' "*" I
; tre (g3 v ve.v.. 9,3

s
o.iss

| (2) u.u u" ex ,,.,,, ,.
,

-
- >

,,,f,,,i,.
,,. .

, , an 3 ;;ii,3 ,

. . . ,

,,,,i a ici n a- _ii mt,i.,n..n. n . . . . .. , aaa wL, o w,,
, . - >.4 ,,., ! .....,.

- >>o, on 1,= p . i...a ai s
mi ,

? i.
. . . . ,

''"# "*" 8

!' kl$ IA 'I|I'* t 4.u-8
r 's"#" an. I !

,

I3 I 4.M-7

. ) 1.
e

i t- t

'Ij.
JD*" l

* 'WAN '"'''
i! ,Everet ' ree DiagramTFigure 6.1.t

.. i=i.4n n tit ver
.ter itoi., i. e..o ier s. ,.i. i...i o,. .i .+ c .o'

is ..~in i. so .i ,i.. for Sequerices Fo1Tbwing Reactor Water ?! !
.swi n in. c iu i ,, nia,in.i u. e..+..ier .'''o Level Instrument Line Leak 'f

ao i
.in i n. ...n..i. t. u v iti.i.<- i :

| s*5 . s av ,

;i ;'onu o
.. , ir

,

i.
i

ti
'; .i 1-

f

;i
;-

e

f

- - - - -_-



. . . . . . . . . . . - -. -.- . . . .

. . . . - - -- - .. . ._ -w - . . _
.

.. c . . . . . . . .

.m. . - u. .. m 1. . -
-- - - - - ...s . . . . . . , _ . _ . _ . . .

,

1

l
\f~ Operator Error Causes Leak in Alternate Reference Leg (O ) Section D.1.2, |R

Figure D-2.

'.'
The potential for an cperator error causing a failure in the alternate
leg sust be assessed. A loss of the alternate leg may occur ~1f repairs
or tests are performed on the intact leg. With a failure' in both

5 reference legs, the high pressure injection systems (feedwater, diPCI, and

4 RCIC) will be locked out due to the high water level (L8) trip of these ;

systems. Successful coolant injection will therefore depend on the j

operator depressurizing the plant and providing coolant injection with
low pressure systems while all level indications are high except the
shutdown and upset range instruments.

l125 Volt DC Bus (B ; Section D.1.3)R

Given the pre-existing condition of a high level indication on the
C instrument connected to one side, an additional (although unlikely)

failure is that the DC bus powering instruments on the other side may
also fail during the shutdown period. This could cause the loss of
instrument channels, powered from the bus, located on the side with the
intact reference leg.'

Opposite Reference leg Low Level Trip Failure (L ; Section D.1.4, Figure D-3)R

The loss of ' inventory in one reference leg causes all level instrumen-
'tation on that side to read high. If either one of the two level instru- |

1

ments on the other side supplying initiation signals to a particular

f safety system fails, automatic initiation of that system may not occur.
jo The inclusion of these failures in the event tree rather than the fault

f
tree is done in order to deal as explicitly as possible with the poten- ;

ti31 failures which could defeat multiple systems.

l

I

1

1

! 0

| -
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Reactor Shutdown (C Section D.1.5)

'.
The methods for initiating a scram are sufficiently redundant that, for

.

most cases investigated, the conditional probability of successful scram
#'- is equivalent to that used elsewhere in the Shoreham PRA. (see also,

, Appendix D). -

i..

.

* Feedwater Available (Q Section D.1.6, Figure D-4)*

. .

Feedwater is the normal mode of coolant injection chring power operation

and during most shutdowns. When power operation continues, the feedwater

system vulnerability to a high level trip is increased due to the hign
' level signal from the side B feedwater transmitter. The feedwater

failure probability for these branches accounts for the increased
vulnerability.

( For branches where a loss of feedwater occurs because the feedwater
controls shut off feedflow, feedwater may be restored immediately if the
operator is able to achieve manual feedwater control . When a loss of
feedwater is caused by a high level trip, ro credit for feedwater reco-

f very is given because the high level trip logic would have to b-

defeated. The main turbine trip logic is identical to the feedwater trip
logic, so a turbine trip is assumed to occur whenever a reactor water
level failure causes a feedwater trip.

.

High Pressure Injection - HPCI/RCIC (U', U", 0; Section D.1.7, Figures _
D-7, D-6, D-5

c: 0 As a backup to the feedwater system, HPCI and RCIC provide high pressure
coolant makeup. However, similar to the feedwater system, these systems

,

can be shut off if reactor water high level (L8) signals are present.

r The value for U is the Boolean product of U' and U". However, because

the HPCI and RCIC systems are closely linked and vulnerable to common-

C
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C cause failures from reactor water level and other causes, the value for U

is not simply the product of the independent values U' and U". The value
.

for U was obtained by evaluating a combined WCI/RCIC fault tree to-

account for common elements in the systems, and is displayed using
,

' brackets in the event tree. The events U' and U" represent the indepen-

g dent failure probabilities for RCIC and WCI, respectively, and are eva-
luated to include the increased vulnerability to high level triph.

,

i
'' Timely Reactor Depressurization (X Section D.1.8, Figure D-8)

Plant procedures call for reactor depressurization if water level cannot
be determined. The instrument line failure is assumed not to cause high

' drywell pressure directly, so automatic ADS initiation will not occur
initially, but nay eventually occur later in the event. The operator

response to manually initiate ADS can be modeled using the analysis in
Appendix C and the fault trees in Appendix D.

t

High Pressure Injection / Reactor Depressurization (UX Section D.1.9,

F,i gu re D-9) .

ADS is linked to both HPCI and RCIC through the initiating signals from'

reactor water level, so that, while UX is the Boolean product of the

events U', U" and X, the value for UX is not simply the product of their
corresponding independent probabilities. The value for UX was obtained
by evaluating a combined ADS /HPCI/RCIC fault tree to properly account for
ccmmon elements, and is displayed using brackets in the event tree.

Low Pressure Injection (V Section D.1.10, Figure D-10)

{C
.j This event combines the operation of three redundant low pressure injec-

tion systems: Core Spray, low Pressure Injection pumps, and Condensate

Pump injection. The redundancy in low pressure pumps is sufficiently
high that the success of adequate cooling via the low pressure systems is
governed by the ability to achieve low pressure in the reactor (event

(
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"X"), and by the ability to establish stable cooling with inaccurate
level indications.-

'.

Drywell Cooling (G,0,l.; Section D.1.11, Figure D-11) - ,-
c' -

In the event that drywell cooling is unavailable subsequent to the ini-
5 6'tiating event, the drywell temperature may rise sufficiently high to

,

j ' prompt the operator to depressurila the plant in accordance with the pro-
cedures, which, in turn, may cause the reference leg to flash and,

accurate water level indication to be lost. The procedures then direct

the operator to flood the primary system. The probability that the

operator fails to perform this procedure dominates the determination of
I G,0,L. The loss of adequate drywell cooling event is discussed in more

detail in Section 6.3, 6.4, and Appendix D.

Containment Heat Removal (W, W', Z; Section D.1.12, Figure D-12)
(

Residual Heat Removal (RHR) and Service Water (SW)--(W') designator). The

RHR system nust provide a complete flow path from and to the containmact
through at least one RHR heat exchanger. In addition, the SW system must
provide cooling water to the corresponding RHR heat exchanger from the

service water screenwell.

Heat removal via the RHR steam condensing made is an additional design
feature which allows flexibility in maintaining a safe reactor condition.*

The RHR steam condensing mode utilizes a large number of systems, so it
provides only a small improvement in the overall calculated probability
of successful containment heat removal.

iC

MSIV Reopens in 15 Hours (Z). The use of the Power Conversion System
.

(PCS) as a method of containment heat removal is possible if at least one
main steam line path can be maintained and there is not a large diversion

r of reactor decay heat directly to the suppression pool. The PCS can be
either emin'. tined intact throughout the transient or regained with a high

.

C
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'b confidence. If the IV's close early in the transient, the conditional |

probability of regaining the PCS approaches a high value after two to
.

'. three hours if the condenser is available.

Power Conversion System (W"). For the PCS to successfull'y. transfer0

.. fission product decay heat to the environment, all of the feilowing are
s 8required:

'.
'l e One complete condensate-feedwater system is able to,

deliver water from the conden'ser hotwell to the reactor
vessel. This requires the condensate and feedwater pump
to be operable or that the condensate pump is operable
and that the operator reduces reactor pressure to below
540 psia.

t
e The main steam line isolation valves in one of the four

main steam lines m st be open and the turbine bypass
valves sust open.

e At least one of the main condenser circulating water
pumps sust be delivering cooling water to the main con-(' denser.

6.7.3 Results of the Accident Sequence Quantification

' The event tree of Figure 6-1 shows that, for the postulated water level
Instrument line failure, the sequences which present the highest fre-
quency of degraded core conditions are those involving:

( e Failure to supply coolant inventory makeup to the reactor
due to loss of feedwater, high pressure systems, and low
pressure systems as a result of system trips caused by
the postulated initiator in one reference leg, either
alone (e.g., T QUV and TRQUX) or in combination with theR
previously undetected fai~ lure of an instrument served by.

J;j r the other refertate leg (e.g., T L QUV and T l QUX).RR RR

f Failure to supply coolant inventcry makeup water late ine
the sequence due to water level reference leg flashing
from failure to provide adequate drynell heat removal
(e.g.,TGOL).R

( Failure to adequately remove decay heat from the contain-e
ment following a hfgh reactor water level (L8) caused
turbine trip (T W).R

i '

.

' (,

.
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Table 6-1 susmarizes the results of the reactor water level instrument
line failure sequence by class and compares them with the overall results

s. of the Shoreham PRA. The results can be summarized as follows:
'

C e The total reactor wat level instrument line breakcontribution of 3.0x10 grper reactor year is a 7 * per-
cent addition to the total core vulnerable frequency of
4.4x10-5 per reactor year, which is well within the.

uncertainty of the Shoreham core vulnerable frequency
analysis. '

..
,

< ..

e 90 percent of the accident sequences from this initiator
are in Class I, with a resulting 10 percent increase in
the total frequency of the class.

* As was the case in the sequences examined in the Shoreham
t PRA, the largest contribution to the frequency of core

vulnerable condition resulting from sequences following
this newly identified initiator is due to Class I and II
sequences, i.e.,

Loss of coolant makeup following transient--

c challenges

Loss of containment heat removal following transient--

challenges

s Based upon previcus PRA work, the consequences of Class I
and II events tend to be the lowest, while Class IV and Vg

are more likely to result in higher consequences,

Figure 6-2 displays the results contained in Table 6-1. Since the fre-
quency is shown on a log scale, the relative contribution for low

frequency classes appear larger than actual. For example, Class V repre-
sents an extremely rare sequence of events which has a calculated fre-
quency of 2x10-8 per reactor year, which is less than 0.1 percent of the

|. Class I frequencies.
'iC.

3
' Figures 6-3 through 6-5 display, in a histogram format, the ranking of'

reactor water level instrument line breaks among the other dominant
sequences in each class. The water level line break contributes a larger

'- sh'are to Class I than any of the initiators evaluated in the Shoreham
PRA, but is a much smaller contributor to the potentially more severe

O
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|| { 8
Comparison of the Reactor Wate.- Level Reference Leg Breat Contribution ; i. i

i*'l i
,t;1 With the Frequencies of Core Vulnerble Condition

'
' ;
.. *

'

'!]| by Accident Class Calculated in the Shoreham PRA
'

ljj
4, -

~

?

.I. ...

r

'! Additional Frequency
Contribution by'

; Frequency of Core Vulnerable Reactor Water Level
,

j>

|2 ;

;! j
- Generalized Class Class (Per Reactor Year) From PRA Reference leg Break g

,t'i!
f|15 Total gj'
-|r

){ Loss of Coolant Makeup I 2.7E-5 2.6 E-6 { ri
.

.; i !i
|: 8' 4 f''} Loss of Containment Heat II 1.0E-5 0.13 E-6 i

Nemoval j |;.j
"

j :!
J

'

LOCA III 6.6E-7 ---

l
f'j ATWS w/o Poison injection IV 6.1E-6 0.22E-6 .,

|;'

;

;) LOCA Outside Containment V 2.0E-8 --- ,,

$' i 5

ff
'

} Total Core Vulnerable Frequency 4.4E-5 3.0E-6 ;
' '

(Per Rx Yr)
,' ,' t;*

.
'

ii

iI' '
.
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,
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Classes II and IV. The. water level line break sequence contribution is a
factor of three smaller than the largest contributor to Class II, and a

'

factor of ten smaller than the largest contributor to Class IV. Water -'

level instrument line fatiures were found to make no contribution to the:
( ~

frequency of Classes III and no contrit,ution to Class V.
,

i 6.3 HIGH DRYWELL TEMPERATURE DURING PLANT SHUTDOWN
'(

As discussed in Section 3, inadequate drywell cooling during a plant
shutdown can lead to high temperatures in the''orywell. and possible
flashing of the water in the reference legs, with the resulting higher

( than actual indicated level. This subsection evaluates the contribution
to core vulnerable frequency associated with the loss of drywell cooling
subsequent to identified event initiators.

t 6.3.1 Initiating Events Considered in Evaluation of the Ir@act of High
Drywell lemperatures

The event trees in the Shoreham PRA were modified to include the ef fects
of the unavailability of drywell coolers during a reactor shutdow'. The

,

initiators and initiator frequency in the Shoreham PRA are:

Manual Shutdown (M ) 4.3 per reactor yeare 3

Turbine Trip (T ) 4.24 per reactor yearTe

' Loss of Condensor Vacuum (T ) 0.38 per reactor yeare C

MSIV Closure (T ) 0.24 per reactor year
,

o M
tc

'

Loss of Feedwater (Tp) 0.16 per reactor yearo

,
o Inadvertent Opening of Relief 0.07 per reactor year

Valve (Tg)

Loss of Offsite Power (T ) 0.065 per reactor yearc e E
(modified to 0.00018 -
See discussion)

t

.
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' e Control Rod Withdrawal 0.03 per reactor year
*

Small LOCA (S ) 0.008 per reactor yearIe
,

Medium LOCA (5 ) 0.003 per reactor yeare 2

C Large LOCA (5 ) 0.0007 per rea,ctor yeare 3

An event tree for the large loss of coolant accident (LOCA) was not
I, included because it was assessed to have a small contribution. For this

t event, pressure will decrease rapidly and all automatic system ini-
tiations will occur before the drywell heats up. Also, the initiating

frequency is very small for this event, so its cont ribution will be
correspondingly small.

(

6.3.2 Event Trees

Three events were included in the event trees to model drywell heat remo-
( val systems, the operator's ability to detect water level instrument line

flashing, and operator actions required to establish a stable coolant
injectiun mode. These modifications to the Shoreham event tree were
included to model the response of water level instrumentation and its

s effects on operator event diagncsis. The changes to the structure

include:

Adequate Drywell (GDesignator) The adequate removal of heat
Heat Removal from the drywell during the course

of an accident sequence may be
necessary to ensure accurate water
level indication.

Reference Line (0 Designator) If adequate drywell cooling can-
'< Flashing or boil- not be maintained, then there is
]r off Detected a possibility during the long-term

cooldown that the reactor water
level instrument reference line

!

flashing or boil-off could lead to'

l errors in the indicated water
! level. The operator's ability to

maintain adequate cooling willc
' depend on his recognition of the

occurrence of flashing.

C
.

.
.
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O Stable Cooling (LDesignator) For cases in which adequate dry-
Established well cooling is not available,

then the conditional probability
of successful long-term stable,

cooling must be established both.

with and without detection of
C instrument line boil-of f or

flashing. ,-*

A detailed description of the events G. O, and L and the probabilities
associated with them are given in Appendix D.

-
*

,

The event trees modified to include the G, 0, and L events are shown in

Figures 6-6 through 6-14. Only the impact of the additional events m
the core vulnerable frequency are evaluated on the event trees. The risk

l for other sequences will remain as calculated in the Shoreham PRA. Some

points to note regarding the event trees are:

* The control rod withdrawal and turbine trip initiators
are combined in the same manner as in the Shoreham PRA,

C

(ATWS)fe Anticipated Transients Without Scram sequences
Loss o Drywellwere judged not to be affected by

Cooling. For these events, plant operators are
instructed to maintain a high reactor pressure and ini-
tiate containment heat removal systems so the conditions

I required for instrument line flashing are not expected to
occur.

s The transient event sequences involving nultiple stuck
open relief valves (50RV) with subsequent loss of drywell

: coolers were assumed to depressurize and cool the primary
system faster than the drywell would heat up. This eli-

i

minates the drywell heatup scenarios from being con-
sidered when event P has occurred.

The result of the addition of the G, 0, L branches to the event trees can;

f,0 be readily ascertained. For example, the turbine trip transient shown in
Figure 6-7 is essentially the same event tree as was used in the Shoreham-

PRA for the initiating event and criticality, pressure control, and
coolant injection events. At this point, event G (Drywell Heat Removal)

( describes the challenge to containment heat removal systems. If they per~
form as designed, then the risk in making the transition to cold shutdown

C

s
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U is as evaluated in the Shoreham PRA. Failure of drywell heat removal
systems coupled with eventual reactor depressurization is assumed to lead
to flashing or boil-off of the water in the reference legs of the water*

,

level instruments. If the flashing is detected by the operator, then
( there is a .very high probability he will take appropriate ' actions to

,

recover the water level instruments or use alternate indi' cations to,

f determine water level (Event 0). The next event is the operator's abi-

; lity to maintain the RPV water level based on the outcome 6f event O. If

f 5 the operator succeeds in establishing a stable cooling mode, the event
tree proceeds to the containment heat removal functional event. If the

operator fails to establish stable core cooling, the event tree sequence
ends in a core vulnerable condition The net result of the event tree.

4 quantification is an addition to the frequency of Class I core vulnerable
sequences. These additional end points are evaluated explicitly on the
event trees.

( The loss of offsite power event tree is evaluated differently than the
other event trees because there is a dependency of the drywell cooling
system availability on the availability of the electric power system. If

the Division I or II diesel generator is working, then there is still a
( power source for the drywell coolers and the transient resembles an MSIV

closure transient. If power from the Division I and II diesel generators
is unavailable, then the drywell will heat up, leading to the sequence of
events affecting the water level instruments. Therefore, the dominent

e contribution to core vulnerable frequency, sy be evaluated by using an
inititor frequency which is the product of the loss of offiste power ini-
tiator times the conditional failure probability of the Division I and II
diesel generators. It was also determined that following recovery of

,

jc electric power at any time the suppression pool temperature would already

; be high enough to require drywell cooling and that the drywell coolers
would be unavailable due to a high drywell pressure isolation signal.
Thus, all loss of emergency electric power sequences leads to the same G,
0, L sequence so there is no dependency upon the performance of the high,

pressure injection systems. The event tree which quantifies the contri-

C

|

i
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l

bution of the loss of offsite power initiator to the G.O.L sequences
appears in Figure 6-12.

*

.

The small and medium LOCA event trees in Figures 6-14 and 6-15, respec-
C tively, are similar to the loss of offsite power initiator in-that they

,are precursors to drywell cooler isolation on high drywell pressure. The
levaluation of events G, 0, and L for these two event trees is discussed

. in Appendix D.
'

c .

6.3.3 Summa ry

The results of the quantified event trees with G, 0, and L events are
.

C summarized in Table 6-2. The only significant or noticeable additions
to the calculated core vulnerable frequency, over that calculated in the
Shoreham PRA, are those transient sequences involving event L, operator
failure to establish a stable cooling mode. Of these, the event sequen-

( ces that provided the largest addition to the new core vulnerable fre-
quency were the TGOL sequences. The domin&nt contributing sequences are
those which most frequently challenge the operator, i.e., those for which
the main feedwater or condensate system is supplying coolant makeup to

( the reactor. In addition to the fact that these sequences have the

highest challenge rate, an evaluation of the operator perception of reac-
tor conditions during such sequences was also made. In these sequences,

the operator is expected to use the 3 narrow range and I wide range level

s. displays on the feedwater control panel as his primary level indications.
Under the circumstances, the operator is judged to have a higher error
rate than in sequences where his primary perception is at the emergency
core cooling panel. (See also Appendix D.),

',k C
.;
;

I>
.

C
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' Table 6-2

C ..

Additional Contribution to Core Vulnerable Frequencyt

5 For Initiators Affected by High Drywell Temperature
,

**

Additional Frequency
,'

Initiator (Per Rx Year) Accident Class

Manual Shutdown 8.8x10-8 I

Turbine Trip * 9.1x10-8 I
,

Loss of Condenser 1.3x10-8 I
Vacuum

MSIV Closure 5.3x10-9 I

( Loss of Feedwater 9.8x10-9 I'

Inadvertent Open 1.9x10-9 I
Relief Valve

I
Log,g[Offsite 8.1x10-7

Small LOCA 2.1x10-7 I

Medium LOCA 5.2x10-8 III

i
?

i" Total 1.2x10-6 I#

LI 0.052x10-6 III

f*
|

l Includes contribution from Control Rod Withdrawal Initiator*

|l
,

I

.
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4.4 MANUAL. SHUTDOWN RESULTING FROM HIGH DRYWELL TEMPERATURE DUE TO

DRYWELL COOLER DEGRADATION OR FAILURE
.

Generalizedimanual shutdown initiators and postulated sequences. following
C them have been included in the Shoreham PRA, and sequences inyolving loss

,

. of drywelb cooling subsequent to the manual shutdown initiator were
addressed :tn Section 6.3. However, the possibility of a connon-cause

.' event leading to both high initial drywell temperature and a manual shut-
0 down mJst also be considered.

For this initiator, the sequences begin as a controlled shutdown which *

may eventually be complicated by the loss of accurate reactor water level
C measurement.' The initiating event is a loss of drywell cooling followed

by a r.ise in drywell temperature well above the technical specification
limit of la5'F. Appendix B provides the operating experience basis for
the initiatdr frequency for these events. Given the conditions of very

( high.:drywell, temperature, the Shoreham emergency procedures require a
plant Mhutdown and initiation of the drywell sprays. The structure of
the cevent.it.ree for the manual shutdown due to the high drywell tem-
perature irtitiator (Figure 6-15) reflects these actions. The event tree

( in Figere 6,15 is similar to the trees developed for the manual shutdown
initiator discussed in Section 6.3, except the conditional failure proba-
bilitys associated with event 0 (instrument line flashing detected by
operator) tin- the G. O, L sequence was reduced to 2x10-2/ demand. The

I reduction was made because the operator was judged to be more cognizant

of the' possibility of instrument line flashing since the initiator was
caused ' by 3an awareness of high drywell temperature. The additional

!! contriltuti6n.to the Class I core vulnerable frequency caused by the G,0,L
'l
9, G sequentes,.given that the manual shutdown was caused by high drywell tem-
'a
I f perature, ws calculated to be 1.5x10-7 events per reactor year.

(.
!'

I' C.
,

l
~

|'.
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6.5 INSTRUMENT FAILURE CONTRIBUTION

Level instrumentation failures contribute to core vulnerable frequency as

contributors to the loss of feedwater initiator (T ) and as a contributorF
. O. to core vulnerable sequences that involve loss of inventory makeup.

These contributions were quantified by re-evaluating the pertinent
'

! sequences using the values computed for these failure modes. Other reac-
~ tor water level instrumentation failures contributing to systems

.

) appearing in core melt sequences involving ATWS (Class III, IV) were eva-
luated, and it was determined that the contribution was negligible.

,

6.5.1 Level Instrument Contribution to Loss of Feedwater Initiator
,U

!, The level instruments can contribute to the loss of feedwater in three
ways:

.O e Failure in the transmitter controlling feedwater;

| Random failure in two instruments causing a high levele
j feedwater trip;
;

e Common mode miscalibration causing a high level feedwater-

'o t rip.

:
t

i The initiating frequency due to~ a failure of the level instrument
controlling feedwater is the failure rate of the instrument times the
number of operating hours in a year. From the Shoreham PRA, the instru-e

-
ment failure rate is 3.9x10-6 per hour so, for a 100 percent operating

.[ time, the contribution of this event to the loss of feedwater initiator
I.

is 0.034 per reactor year.
,

iG The feedwater trip logic uses 2 out of 3 logic so concurrent random*

h failures in two instruments are required to cause a trip. There are

three combinations of two failures which can cause the spurious trip.
The failure rate for this event is therefore 3 times the square of the

g
.

failure rate for the level instrument. Using the Shoreham value fer
instrument failure rates and a quarterly test interval (2200 houEs) gives

a rate for the spurious trip of:
,

,: 0

!

$

l
*

!
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*

RT = 3 x [3.9x10-6 x 2200]2 x 4 quarters = 8.8x10-4 events;

year years
~

l'

In addition to the random instrument failure, a potential exists for '

O common-mode human error through the miscalibration of two or more instru- |

ments within the system. This potential was assessed in the Shoreh'am PRA !

[ (see Appendix C for a summary) to have a probability of 2.0x10-3 per com-
bination of two or more instruments calibrated in the same maintenance

;O action. A comon mode miscalibration of two or 'more of the three feed "
,

water trip instruments is therefore 2x10-3 Again, assuming a quarterly
calibration interval gives an initiating frequency of 4 times this value

or 0.008 events per year.
C

The total contribution of level instrument failures is the sum of these
three events, which is 0.042 events per, year.

,

iO In order to obtain the fraction of TF events that involve water level
$ instrumentation failure, instrument failures that initiate loss of feed-

(T ) were considered as a portion of the loss of feedwater ini-| water F

tiator frequency. In the Shoreham PRA, loss of feedwater has a frequency ,
O of occurrence of 0.16 per reactor year. Dividing the instrumentation

contribution to loss of feedwater by the loss of feedwater frequency
'

gives the fractional cont'ribution of level instrumentation to the loss of
feedwater initiator sequences. (Note that this contribution is from the

G level sensors only and does not include failure in the control

electronics.)
'

TF water level fraction = 0.043 = 0.27
0.16,g

i

: The level instrument failure contribution to frequency of core vulnerable
conditions for a loss of feedwater initiator is the total core vulnerable

.
frequency for all TF sequences multiplied by the fractional contribution'

to initiation frequency: __

.,

,

,
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'

TFWL = 8.4x10-7 x 0.27 = 0.23 events /million years.

6.5.2 Level Instrument Failure Contribution to Dominant Sequences !

u
The existing Shoreham draft PRA calculates the frequency of core
vulnerable conditions due to a large number of postulated accident

Those sequences which lead to potential core vulnerable con-sequences. '

ditions include contributions from postulated failures of the reactorc
w'ater level instrumentation. The failure modes in the Shoreham PRA
include random independent failures of transmitters and logic, plus com-
mon mode failures of all level transmitters monitoring a given level.

O
The contribution of level instrument failures already included in the
Shoreham PRA may be established for comparison purposes by determining

the contribution of these level instruments to the core vulnerable fre-
quency in the dominant event sequences (contribution of 10-9 or greater)

O in which level instrumentation is required for successful mitigation of
The dominant core vulnerable sequences from the Shoreham PRAthe event.

are given in Table 6-3.

O The dominant sequences which contain a water level measurement system
contribution are those sequences involved with water nakeup to the pri-
mary system, since they depend upon water level inputs for automatic ini-
tiation of safety systems. These sequences involve the feedwater system,

C high pressure injection systems, low pressure injection systems, ADS, and
p

the RHR steam condensing mode. The water level initiation of the Reactor
' Protection System (RPS) does not have a significant contribution to the

core vulnerable frequency because a failure in reactor water level--

G initiated scram will not by itself lead to a core vulnerable event. The
sequences shown in Table 6-3 involving feedwater (Q), HPCI/RCICevent

(U), low pressure ECCS systems (V), ADS (X), or the RHR steam condensing
mode (W') are, therefore, the events in which water level instrumentation

IO failures make a contribution to the ca ; lated frequency of core
! vulnerable events. Sequences appearing in Table 6-3 which contain these

1
;

!

:
;O

f

|
1

|
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iO sequence designations, either individually or in combinations, were eva-
' luated for the water level contribution to the frequencies.

.

|g The instrumentation and logic for the Loss of Feedwater event (Q) are

i sufficiently distinct from those of the High Pressure Injection (U), Low

i Pressure Injection (V), and Depressurization (X) events for Q to be
', treated independently from UV and UX sequences. The high pressure injec- ;

[ tion, low pressure injection, and depressurization events (U, V, and X)
-share many of the same' level sensors and use quite similar logic systems
in generating automatte initiation and cutoff signals. For this mason,

j UX and UV sequences must be evaluated as single events, rather than as
I combination of independent events U and X. The RHR steam condensing mode

j0 (W') was evaluated as an independent event.
.

1

i Since reactor water level trips do not influence the condensate system,-

| no fractional contribution of water level to condensate was assessed.
)C
!' The fractional contribution of water level instrumentation failures to
k events Q UV, UX and W' were estimated by evaluating their respective

! fault trees in the Shoreham PRA. ' In the cases of UV and UX, the indivi-
'O dual fault trees for these events were combined into a single fault tree

i and evaluated. The fractional contilbutions for individual events U and
V that appear individually in the dominant sequences listed in Table 6-3
were also obtained. Event X does not appear as an individual event

O because it has no significance unless low pressure systems are required.

L Table 6-4 summarizes the results of this analysis, including the TF

' contribution derived earlier.

Table 6-5 displays the estimated contributions of reactor water levelo
failure to the frequency of each core vulnerable condition class. These
values were obtained by substituting the estimated water level failure'

; contributions to the appropriate events in Table 6-3, then calculating

O - -and totaling the dominant sequence frequencies. The Shoreham PRA values

] for each core vulnerable class tre also listed in Table 6-5. The contri-

bution to the loss of feedwater initiator is also included in Table 6-5.i

!
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Table 6_h !'
Shorehaa Dominant S:qu:nces for Which Water Level h
Instrument Line Failures Contribute Significantly p

to Core Vulnerable Frequency (Sheet 1 of 4) t
. . _ _ . .

A
i

i

CLASS 1 CLASS 11 CLASS 111 CLASS IV CLASS V ,

Sequence * rrequency Sequence * rreguency Sequence * Frequency Sequence * rrequency Sequence * Frequency

1. Transients:
(1) Turbine Trip T QUV 6.8E-7 TW 1.5E-6y y

T QUI 7.5E4 T QW 1.X4
T T

T PQUV 1.4E-9 T Q0'W 2.26E-7 ,

g y

T PQUI 1.5E 8 T QUW 5.4E-8 ;

T T [T QUv'V N 7.X-8 .

T t
T PW 3.0E-8*

g

' T PQW 1.58E-8
T

8 T PQU'M 3.1E-9
T

8.2E4 3.2E4 {
f

(2) Manual Shutdown M QUV 2.2E-8 MW 2.0E-6*

5 3

M 0UI 2.5E-7 M QW 4.9E-8 ,

5 5
\ M QU W 7.8E-9

5m
M QUW 1.9E-9

h 5
M QUV'V N l'7E-9 g.

5
2.K-7 2.1E4 |

t

(3) MSIV Closure Ty 4.9E-8 Tg 7.9E-8 , .

Ty 5.4E-7 Tp 1.0E-7

T,PQUX 3.X-9 Tp'W 1.6E-8

Ty 3.9E-9

TfUv'VN 5.4E-9

! T PQW 3.6E-9g
5.9E-7 2.1E-7

(4) Loss of Feedwater T quV 5.4E-8 TW 3.8E-8 -

p p

T QUX 6.0E-7 T 0W 1.1E-7
{,

p p

T PQUX 1.2E-9 T 00'W 1.8E-8p p
:

T,0UW 4.3E-9 *

'

T,QUV 'V N 6.0E-9 ,

je
T PQW 1.3f-9p

6.6E-7 1.8E 7 |
^

i

1 .
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Table 6-A
Sh::reham Dominant Sequincts fcr Which Water Lcval
Instrument Lins Failurss Contribute Significantly
to Core Vulnerable Frequency (. Sheet 2 of 4)

Ctass class II class III class IV class V ,.

sequence * Frequency sequence * Frequency sequence * Frequency sequence * Frequency sequence * Frequency

(s) Loss of Condenser TW 2.6E-7 TW 5.4E-7
C C

'*C""" TW 2.06 Tu1 1.6E-7
C g

T rUn 5.7E-9 Tw 2.0E-8
e e.

TWV 2. M .

C
T rW 5.9E-9
C

T 1.K-9
C

* * -
3.2E-6 7.6E-7

(6) Loss of Offsite T UV/Ut 7.5E-6 TW 3.8E-7
E E' * * ' T PUV/UX 1.5E-8g ,

'

7.E-6 3.8E-7

(7) 10nv T QUV 4.6E-8 T QW 6.4E-7
g g

T QUI 5.2E-7 T@T 1.2E-7
g g

T QUW l.6E-8g
'

T QUV'V"W 3.7E-7g

I T C'W 6.M-7g

0 T C'Qu'W 8.6E-8 i*

g

T CW 7.7E-9
;!

g

5.7E-7 1.8E-6
. .

I

2. LOCA:

(1) Large LOCA AW 3.4E-7 AV 9.8E-8 AC 7E 9 ,

'AV'W 1.2E-9 ,

AV'V"W 3.5E-7

6.9E-7

(2) Medfue LOCA sp 7.2E-9 s QW 2.4E-8 sC 3.0E4
g g g

r s QUv'V w t.8E-8 s QUI 2.4E-7t g

! 2.5E-B 2.6E-7

(3) !=sH LOCA s QUV 1.6E-9 sW 2.6E-9
2 2

s QUx 1.sE-8 s,QW 3.2E-9
2

2.0E-8 5.8E-9*
.

.
.

'
I

.
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iTable (-g
IShorthaa Dominant S:qu;nc s for Which Wat2r Leval

Instrument Line Failurss Ccntributa Significantly I

to Core Vulnerable Frequency (Sheet 3 of 4) {

CLASS 1 CLASS 11 CLASS 111 CLASS IV CLAS$ V

Sequence * Frequency Sequence * Frequency Sequence * Frequency Sequence * Frequency Sequence * Frequency

0UT 'V"W 7.0E-9 QV 2.0E-8
(4) Large LOCA Outside A V

centelnuent

(5) Reactor Pressure vessel.
R 3.0E-7 RT 1.0E-9

g O
RT 7.0E-9*

2
RT 3.M -9

g

1.1E- 9

3. ATW5: I 4.X-8I ,U 1.1E-7 Ty (C t)C2(1) Turbine Trip T C gy Iy (C "I I*"I''IT C PU 1.9E-8 T
_Ey g

T C ,C U 2.1E-9 T Cgg 3.X-9y ,y 2
T 5.6E-9

T

T CfD 1.1E-9
T

|T Cg2 2.1E-6y

1.X-7 2.2E-6 I

|

im
!k,' (2) M51V Closure T/(C KW 6.2E-8 (C E)W 1.M-8 |gg

T (CK)PU 6.2E-9 (CK)PW 1.0E-9 j
g E

T (C K)C U 1.7E4 T (CK)C E*U8 i
E 2 E 2

T Cf 3.1E-6 T (CR) 5.X-9 fEy
T C PU 3.1E-7 T Cf 5.0E-7 :

g -

T ,C ,C,U 8.4E-7 - T C,U, 4.6E.9

T C ,0 9.1E-9 ;

' {a
.

C UD 3.0E-8g
C PW 5.0E-8 ;g

T C , PUD 3.1E-9
,

3.0E-6 [T C ,C2 *

T C,C 0 1.2E-9'

2
C C UD 8.5E-9 ;g2

*

T Cf 2.7E-9
(

T C/ 2.7E-9

3.7E-6
4.3E-6

e
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TABLE 6-4

ESTIMATED FRACTIONAL CONTRIBUTIONS OF WATER LEVEL,

INSTRUMENT FAILURE TO EVENTS APPEARING
C

.

IN SHOREHAM DOMINANT SEQUENCES "

._

Estimated
C. System Event Fractional

Contribution
'

Feedwater Q 0.036,

i HPRC* U 0.15
C

RCIC U' O.048

HPCI U" 0.010

HRA** UX 0.0057
O

LPCS V' O.0061

LPCI V" 0.024

LPC*** V(=V'V") 0.19C
Injection **** UV(=UV'V") 0.028

.. RHR/RCIC W' O.0074
d Steam Cond.

O Feedwater T 0.27
Initiator

y

*
HPRC = HPCI/RCIC

**
HRA = HPCI/RCIC/ ADS

*** LPC = LPCS/LPCI-

****O Injection = HPCI/RCIC/LPCS/LPCI

; .

.

l .

10 j
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Table 6-5
,

Contribution of Reactor Water Level Instrument Failure To Core Vulnerable Frequency

Class Frequency of. Core Vulnerable Water Level Contribution Fractional Water
(Per Reactor Year) (Per Reactor Year) Level Contributicii

is
'

I 2.7E-5 9.95E-7 0.037

II 1.0E-5 3.7E-8 0.0034 !!
Io.

in III 6.6E-7 3.9E-8 0.11 C'

G .
'

IV 6.1E-6 6.6E-10 O.00011

V 2.0E-8 3.8E-10 0.019
i

&
.

Total 4.4E-5 1.07E-6 0'.024
' ''

t
*

|

. .

t

G

e
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6.6 SUMMARY OF THE IMPACT OF ADVERSE SYSTEMS INTERACTIONS DUE TO WATER

LEVEL INSTRUMENTATION

The previous assessment evaluated the impact of potential adverse systems
0 interactions, caused by water level instrumentation failures, on the fre- ,

I

quency of calculated core, vulnerable conditions. The specific failure
modes of water level instrumentation investigated and their contribution
to core vulnerable frequency are as follows:

'O
i e Reactor water level instrument reference line break or

leak as it affects both operator and automatic system
i response. Contribution of 3.0 events per million years

which represents a 7 percent addition to the Shoreham
total.,g

High drywell temperature ccurring during safety systeme
challenges which affect Lth reference legs due to boil-

i off or flashing. Contribution of 1.3 events per million
years, a 3 percent addition to the Shoreham total.

,

'C Loss of drywell cooling during power operation leading toe
4

a reactor shutdown due to high drywell temperature.
Contribution of 0.15 events per million years, a 0.3 per-

,

cent addition.-

.

An evaluation of the contribution from all other waterI e
O level instrument failure modes including random failures

i and miscalibrations. Contribution of 1.07 events per

~

million years, which is 2.4 percent of the Shoreham2

total .
o

.

C" Figure 6-16 is a graphical comparison of the calculated frequency of core
' vulnerable conditions due to the above contributors associated with reac-

i tor water level instrumentation. Note that the contribution due to
"other" failure modes of reactor water level instrumentation, as calcu-

fO lated in Section 6.5, is already incorporated in the Shoreham PRA.

The most significant contributio*. So : ore vulnerable frequency is the
-

instrument line break. In or6d t( pu; this contribution in perspective
.

'

O relative to other potenti'l et C , tors, Figure 6-17 compares the fre-
j quency of core vulnerabilitf due to 61) causes with the frequency of core
>
; melt associated with water level instrumentation line break.

]O
1
: f.
:S

1 6-56
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LOSS OF
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COOLINGg.
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Figure 6.16. Comparison of the Frequency of Core.

i Vulnerable Co.s..itions Due to Postulated
Reactor Water Level Instrument Failure Modes.<

.

*C
:.

.

--

( Instrument
Loss.of Line Failures
Offsite

Loss of DC Powers
a

|
LOCA. Release oft

Water in Rx Bldg.

TW
;

W
,

C

_

; TOTAL: 4.9E-5 EE- ha is
proportional to
the frequency of
core vulnerableC conditions,

;

f
j Figure 6.17. Core Vulnerable Frequency (Per Rx Yr) Due to
4 Various Identified Contributors for Shoreha'm.
)
C\

f
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'C
Figure 6-18 is a comparison, by accident class, of the incremental
contribution to core vulnerable conditions from reactor water level |

instrumentation with the total contribution calculated in the Shoreham
PRA. This comparison is crucial in understanding the potential impact of

C
these sequences on the ex-plant consequences.

'

Based upon the comparison of the Shoreham PRA results with the plant-

.

specific results of the water level cont ributors , it is found that
sequences involving the instrument line failure initiator are a noti-
ceable contributor to the overall frequency of core melt when compared

with other internal event initiators. However, the frequency of such

sequences is approximately 7 percent of the overall frequency of core
g

vulnerable conditions, and the summation of all . internal events is below
the published safety goals for core melt of 1x10-4 reactor year./

Ninety percent of the water level contribution to core vulnerable fre-
C quency occurs in containment Class I sequences. In the original Shoreham

PRA, Class I sequences were 60 percent of the total . Since Class I#

sequences have a smaller consequence (i .e . , offsite dose due to the
event) than other containment classes, the portion of the overall risk

U attributable to the water level measurement system will be considerably
,

smaller than its contribution to core vulnerable frequency.
|
I

I
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!
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C

|j

4

g
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Figure 6.18. Impact of Sequences Involving Reactor Water Level

Instrumentation on the Frequency of Core Vulnerable"

Conditions Compared by Class Type.
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t Generic and Shoreham-specific operating and emergency
O procedures coupled with operator training are designed to

prevent the occurrence of degraded plant conditions and
to assure that the plant operating staff will

successfully manage the plant under degraded conditions
C - should a highly improbable series of events occur.

The key results from the analysis are:
O

e The various level indication ranges coupled with
different calibration strategies for the different ranges

G provide satisfactory level indications to indicate the

state of the core. The water level system may be used to
indicate the state of the core even when the reference
lines have flashed or boiled off.

O

e Because of the short reference leg and variable leg

drops, the significance of flashing errors is limited.

Even under the worst flashing condition, the actual level
C will be about five feet above the top of the active fuel

even if indicated level is well below the point at which
plant procedures instruct the operator to maintain level.

e e The nearly equal vertical drops of the reference and

variable legs in the drywell assure that correct level

initiation of safety systems will not be affected by high

drywell temperature.

O
e The deterministic analysis of Section 5 shows that a

reference line break or significant leak plus an

additional single failure will, in some cases, require

operator action to assure adequate long-term waterg

1

I
.
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Section 7
.

'C
CONCLUSIONS

C The Shoreham water level system analysis in the previous sections is the
result of a study of the interaction between the water level measurement
system, the plant systems, and the plant operator. The analysis is based
on the Shoreham-specific plant water level system whose key features are

O as follows::

e The Shoreham water level measurement system uses an
unheated (" cold") reference leg connected to the reactor

O vessel steam space via a condensing chamber and a
variable leg connected to the reactor vessel at an,

elevation below the water level. Control and safety

systems are connected to two level measurement systems
,

,

j located on opposite sides of the reactor vessel.
4

.

e The Shoreham water level system has short vertical
reference leg drops in the drywell. The variable leg

<

'O drops for the narrow and wide range instruments are'

f nearly equal to the reference leg drops.
i

4

b e The safety system automatic . initiation logic for each
class of systems (i.e., scram, isolation, high pressure

1 injection, low pressure injection) receives two signals
k from each side of the water level system. An initiation

signal from both of the sensors on one side will cause'

O system initiation.
.

!
-

i
4 e Shoreham uses an analog trip system to provide safety

system initiation signals so the operator interaction
O with the level transmitters on the instrument racks is-

i
minimized.

:1
-
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inventory. Many level and other indications will be
C available in the control room to provide the operator

with sufficient information to manually initiate

inventory make-up systems.

C
,

The probabilistic risk assessment sh'ows the reactor watero
level reference line break adds 3.0x10-6 events per
reactor year to the previously calculated core vulnerable
frequency of 4.4x10-5 per reactor year for the Shoreham

o plant. Most of this added risk (2.6x10-6) is associated

| with Class I sequences (i.e., sequences where the

I containment remains intact during core melt, and the
consequences are much less serious due to the fission

t products' scrubbing by the suppression pool).;o

e Risk contribution from loss of drywell cooling during|
5

i operation, plant shutdown due to high drywell

io temperatures, and all other water level instrument

i failure modes contribute 2.4x10-6 events per reactor year
s

5

! to the previously calculated core vulnerable frequency
for the Shoreham plant.'

i
:C
y e. The total risk attributable to the . water level

$ measurement system is 5.4x10-6 events per reactor year,
\t which is 11 percent of the total risk for all transientP

!} O accident sequences at Shoreham.
li
i
|
; -

t
'C.

-

i
|}
!
'O

'

1

l

|
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In summary, the Shoreham water level system provides sufficient*

informaticn to assure adequate water inventory in the vessel and can be
used to indicate the state of the core. As described in Section 5, the

biggest challenge to the system is the low probability condition of an
,

f instrument line break with a pre-existing or concurrent failure in an -

;C - active component (instrument or power bus) of the water level measurement
;

systems because operator action is required to mitigate the event. The

; use of an analog trip system and plant procedures which call for

i feedwater control on Side A and require periodic validation of water

f0 level indications reduce the impact of the event. The probabilistic risk
assessment, which accounts for the Shoreham configuration and procedures,

; shows that this event has a small contribution to core vulnerable
,

; frequency. Since 90 percent of the core vulnerable risks associated with
)O the water level measurement system are in Class I sequences, the
' fractional contribution to consequences (offsite dose) will be less than

f the fractional contribution to core vulnerable frequency. This is so

h because Class I sequences have lower consequences than other sequence
iO classes and Class I sequences were 60 percent of the total core

- vulnerable frequency in the Shoreham PRA.;

;
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Section 8

81 LIST OF ACRONYMS
.

ADS Automatic Depressurization System

O
~

.ARI Alternate Rod Insertion

ECCS Emergency Core Cooling System

[ FCD Functional Control Diagram
i
(0 FSAR Final Safety Analysis Report
|

HPCI H!gh Pressure Coolant Injection
g

| IROV Inadvertent Opening of Relief Valve

0 IREP Interim Reliability Evaluation Program

I LER Licensee Event Report
I

( LILC0 Long Island Lighting Company
. .

.c LIS Level Indicating Switch

! LOCA Loss of Coolant Accident
s

A LODWC Loss of Drywell Coolers
>

C. LPCI Low Pressure Coolant Injection

LPCS Low Pressure Core Spray
4

LT Level Transmitter'

MSIV Main Steam Isolation Valvegy
.

MWT Megawatts Thermal

. NRC Nucler Regulatory Comission

PCS Power Conversion System
y. ,

:;
q P&ID Piping and Instrumentation Diagram -.

'

PRA Probabilistic Risk Analysis-

;)
RBCCW Reactor Building Closed Cooling Waterq 4,

a

i|
1jo 8-1-

:a

[' .



- - . , . . . , __._ -. . . . _ . _ _ _._ ._. . . . _ . . .

C

LIST OF ACRONYMS (CONTINUED)

G

RCIC Reactor Core Isolation Cooling

RHR Residual Heat Removal

RHRS Residual Heat Removal System

'RPS Reactor Protection System

RPT Recirculation Pump Trip

RSSMAP Reactor Safety Study Methodology Applications Program

SNPS Shoreham Nuclear Power Station

SORV Stuck Open Relief Valve

SRV Safety Pelief Valve
O
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Appendix A
O

$ LEVEL LOGIC DESCRIPTION AND FAILURE ANALYSIS
;
;

i

:0 -In this Appendix, protective action Boolean equations for level inputs I

are derived by first determining the basic logic diagrams of the per-,

tinent plant systems and then using the diagrams to write the Boolean'

,

equations. The logic information is derived from the plant drawings such
O

! as piping and instrument diagrams (P&ID's), functional control diagrams

j (FCD's), and elementary diagrams. The Boolean equations are next analyzed

I for the effects of failures of the reference legs. The failure of the
I reference leg could be &e to: (1) a line break in the reference leg
iO anywhere between the vessel tap and the sensor; (2) fitting leak; (3)

{
any other occurrence, such as misvalvings, that causes blowdown of a

{
reference leg. The effects of single instrument failures alone will not

i be analyzed, since this is covered by existing plant safety analyses;
iO however, the effect of a single instrument failure in conjunction with

, reference leg failure will be analyzed.

t

| A.1 CONVENTIONS

C

f Bo'olean algebra is a switching algebra that involves variables that have
only two states. The variables can be denoted by any convenient symbols

h
and the two states by the symbols 0 (zero) and 1 (one). The states can

se imply that a relay contact is closed or open, for example, or that a
voltage is applied or not applied to a relay coil. The following posi-

tive logic convention for the two states is used in this appendix: logicr

1 indicates the presence of voltage; logic 0 indicates no voltage. Since

Io each Boolean expression corresponds directly to a network of logic gates,
a Boolean expression can be derived from a pictorial interconnection of

.

logic gates and vice versa. Graphic depiction using logic gates allows

6 illustration of the plant system logic in a convenient and consistent set
gc of diagrams.

h

)
A-1

iO
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The plant system logic diagrams are used to construct a Boolean,

~

O expression for the system action as a function of the reactor water level
inputs. The expression is then evaluated for certain events by substi-

; tuting values of 0 or 1 for each variable. The resulting expression is

I reduced by application of Boolean algebra definitions and theorems

c ,regarding the basic operations of AND (e) and OR (+). The definition of
the AND and OR operations are given in Figures A-1 and A-2, respectively.

.',

L

! Certain simplifications were made in deriving the Boolean expressions

;e from the system logic diagrams. The purpose of the logic diagrams pre-
sented is to convey the main logic flow, so logic related to resets,

timers, latches, and flip-flops are not always included because they do
not necessarily influence the initiation of mitigating systems. The

Boolean expressions are derived by inspection of the system basic logicO
diagrams with respect to only the reactor level inputs and not to other
variables. The worst case level instrument failures postulated are those
that will cause the system protection initiation action to remain in the
n rmal state and not respond to an event requiring initiation.'O

A.2 SHOREHAM PLANT LEVEL SYSTEM

The orientation for the reactor vessel level instrumentation is shown in
C

Figure A-3. The correlation of vessel level with system actions is
i

shown in Table A-1. The system assignment of instruments is shown in
,

l Table A-2 along with the power used for the instrument and the logic
relay, connected to the Analog Trip System (ATS) trip unit output, which

,O
i

; initiates the desired action.
I

h
,

O
i ...

!
}

O
i

1,

I A-2
)O
A
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:
SYM80L:

O A

F = A e B (A AND B)

B
a

-

0 -

TRUTH TABLE: INPUTS OUTPUT'

A B F=Ae8
* 0 0 0
. 0 1 0

1 0 0
1 1 1

6

? STATEMENTS: (1) IF 80TH INPUTS = 1,THEN OUTPUT = 1:OTHERWISE THE j
OUTPUT = 0 |

(2) IF ANY INPUT = 0,IT WILL FCRCE THE OUTPUT TO O iy

(3) THERE CAN BE MORE THAN TWO INPUTS. ALL INPUTS MUST ='
1 TO 08TAIN OUTPUT = 1.

,

5 THEOREMS: (1) X e 1 = Xs0 (2) X e 0 = 0-

1 .(3) X e X = X

. Figure A-1: Definition of the AND Gate

1
* SYMBOL:e

A 1 -.

. 1

( F = A + 8 (A OR 8)

8 l
I s

i

TRUTH TABLE: INPUTS OUTPUT
A 8 F=A+8

' O O O
O 1 1

1 0 1

1 1 1

STATEMENTS: (1) IF 80TH INPUTS = 0.THEN OUTPUT = 0;OTHERWISE THE
OUTPUT = 1

(2) IF ANY INPUT = 1,IT WILL FORCE THE OUTPUT TO 1(,
(3) THERE CAN BE MORE THAN TWO INPUTS. ALL INPUTS MUST.=~

0 TO 08TAIN OUTPUT = 0.
!

THEOREMS: (1) X + 0 = X'

(2) X + 1 = 1
(3) X + X = X

,

O Figure A-2: Definition of the OR Gate

1
,

.

O A-3
e
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Table A-1
O.

Shorehae

; Vessel Level Trip Elevation Correlation
, ,

'

's Inehes A b o v es

TAF Instr. Vessel .

C . Re ference Description M
,

Zero (3) Zero

Narrow and wide range upacele 218.19 60 576.75

Level 8 RCIC, WCI turbine stees inlet
; valve closure.
t Close sein turbine stop velves.
' Trip feed ptspo. 212.69 54.5 (4) 571.25
0

Level 7 Feedwater control high level eiere. 200.94 42.75 559.5f
'

Level 4 Feedwater control low level elers. 191.69 33.5 550.25

Level 3 Scree and close RHR shutdown cooling
isolation valves. 25 level 170.69 12.5 529.25.

permisolve.
C

Instr. For wide, nortw , shutdown / upset
zero range Inst. Narrow range and

,

shutdown range denocale. 158.19 0 516.75

Level 2 Initiate RCIC and W CI.
Close primary eyetes isolation

G valves (except RM shutdown cooling
isolation valves). Trip recire.
ptop s. Close M51V's. 120.19 -38 478.75

Fuel Zonee upecele 50 -108.19 408.56
'

Level 1 Initieto LPCS and RHR.
Start diesel generatore.

( Contribute to ADS. 25.69 -132.5 384.25

Wide Range downecele - 8.19 -150 366.75

TAF Top of active fuel
Fuel Zone Inst. Zero 0 -158.19 358.56

BAF Bottom of Active Fuelg.
Fuel zone downecele -150 -308.19 208.56

Notes:,

; (1) Top of active fuel, approximate.

(2) Vessel zero, cold (approximate).i g,
(3) Level instrument zero (except fuel zone). . _ .

|, (4) 58.75 for feedwater.

i!
4

14

1

!

:( A-4

iO
.,
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Table A-2 :,

SYSTEM ASSIGNMENTS OF LEVEL INSTRUMENTATION ;

I
ATS ;

TRIP LEVEL SENSOR TRIP POWER FUNCTION
ISYSTEM RELAY SENSOR LOCATION CHANNEL BUS

i
-

'

RPS B21-K101A B21-N080A Side A Al RPS A, 120 VAC Level 3 SCRAM & -

,

B21-K101B B21-N0808 Side A B1 B, 120 VAC isolation of RHR i
| B21-K101C B21-N080C Side B A2 A, 120 VAC valves (sample j

B21-K1010 B21-N080D Side B B2 B, 120 VAC lines & discharge i

to radwaste.) }

'

HPCI B21-K302B B21-N091B Side B B B,125 VDC LEVEL 2
B21-K302D B21-TiO91D Side B B B, 125 VDC Initiate

2 B21-K302A B21-N091A Side A A A, 125 VDC HPCI

si B21-K302C B21-N091C Side A A A, 125 VDC

!

| B21-K303C B21-N091C Side A A B, 125 VDC Level 8 i
'

i B21-K303D B21-N091D Side B B B, 125 VDC HPCI Turbine Trip

RCIC B21-K302A B21-N091A Side A A A,125 VDC Level 2

| B21-K302C B21-N091C Side A A A, 125 VDC Initiate

E11-K798 B21-K302B*- B21-N0918 Side B B B, 125 VDC RCIC
*

E11-K808 B21-K302D* B21-N091D Side B B B, 125 VDC

|

| B21-K303A B21-N091A Side A A A, 125 VDC Level 8 i

B21-K303B B21-N091B Side B B B, 125 VDC RCIC Turbine !,

Trip !.
;

!'

!,

Initiation signals are not taken directly from ATS signal but indirectly via the RHR system relay shown under* ;
*

" SYSTEM" column.
S

- - _ - _ - - - - . - _ - - - - _ .
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Table A-2 (Cont'd.) ,

SYSTEM ASSIGNMENTS OF LEVEL INSTRUMENTATION
i

ATS

! TRIP LEVEL SENSOR TRIP POWER FUNCTION

SYSTEM RELAY SENSOR LOCATION CHANNEL BUS

,

-

l 1

MSIV B21-K102A B21-N081A Side A Al } RPS A, 120 VAC Level 2 Isolation i

B21-K102B B21-N081B Side A B1 i RPS B, 120 VAC of MSIV & Other i

| B21-K102C B21-N081C Side B A2 || RPS A, 120 VAC talves except
I B21-K102D B21-N081D Side B B1 (D) RPS B, 120 VAC RHR Valves Above, j

LPCS B21-K302A B21-N091A Side A A A, 125 VDC Level 1
B21-K302B B21-N091B Side B B B, 125 VDC Initiator of
B21-K302C B21-N091C Side A A A, 125 VDC Core Spray ,

B21-K302D B21-N091D Side B B B 125 VDC Systems j2

LPCI B21-K302A B21-N091A Side A A A,125 VDC Level 2 for

'(H5Je B21-K302B B21-N091B Side B B B, 125 VDC Low Level i

of RHR) B21-K302C B21-N091C Side A A A, 125 VDC Indicating Light !

B21-K302D B21-N0910 Side B B B 125 VDC & Annunciator Only |
i

E21A-K7A *B21-K302A B21-N091A Side A A A, 125 VDC Level 1 Initiation
i E21A-K7B *B21-K302B B21-N091B Side B B B, 125 VDC ;

.

E21A-K8A *B21-K302C B21-N091C Side A A A, 125 VDC -

|
E21A-K8B *B21-K302D B21-N091D Side B B B, 125 VDC !

{
i i
! :

; These signals are not taken directly from the ATS relay, but indirectly via the core spray system relay shown |a
*

: under " SYSTEM" column. t

:
i

,

_ - - - . - -
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Table A-2 (Cont'd.)

SYSTEM ASSIGNMENTS OF LEVEL INSTRUMENTATION i

4

TRIP LEVEL SENSOR TRIP POWER FUNCTION
SYSTEM RELAY SENSOR LOCATION CHANNEL BUS

ADS B21-K301A B21-N091A Side A A A, 125 VDC Level 1 ,

B21-K301B B21-N0918 Side B B B, 125 VDC Initiation i

B21-K301C B21-N091C Side A A A 125 VDC
B21-K301D B21-N091D Side B B B, 125 VDC s

W

B21-K304A B21-N095A Side A A A, 125 VDC Level 3 i-
B21-K304B B21-N0958 Side B B B, 125 VDC Confirmation ,

,

> !
O I

b
ATWS B21-K305A B21-N091A Side A A A 125 VDC Level 2 Initia-
YscTrc. B21-K305B B21-N091B Side B B B, 125 VDC tion of ATWS !
Pump B21-K305C B21-N091C Side A A A 125 VDC Recirc. Pump Trip j
Trip B21-K305D B21-N091D Side B B B 125 VDC (RPT) with 10

Sec. time de'ay i,

i

i
I

ATWS-ARI B21-K302A B21-N091A Side A , A A, 125 VDC Level 2 Initia- !
B21-K302B B21-N091B Side B B B,125 VDC tion of ATWS ;

B21-K302C B21-N091C Side A A A, 125 VDC Alternate Rod !'
B21-K302D B21-N091D Side B B B, 125 VDC insertion (ARI) {

.

p

b

t

t

.
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Table A-2 (Cont'd.) -

SYSTEM ASSIGNMENTS OF LEVEL INSTRUMENTATION

TRIP LEVEL SENSOR TRIP POWER FUNCTION

SYSTEM RELAY SENSOR LOCATION CHANNEL BUS

FEEDWATER C32-K624A C32-N004A Side A A Vital Bus 120 VAC Level 8 Trip of

C32-K624B C32-N004B Side B B Non-Essential Main Turbine &
Bus II 120 VDC Feed Pump Turbine

C32-K624C C32-N004C Side A C Non-Essential t
Bus I,120. VDC

C32-R608* C32-N017 Side B N/A (Recorder Power) Wide Range Level J
*

Instr. Bus 120 VAC Recorder Pen

?
C32-R606A* C32-N004A Side A N/A Vital Bus 120 VAC Narrow Range*

C32-R606B* C32-N004B Side B Non-Ess. Bus II Level Indicators
120 VDC

C32-R606C* C32-N004C Side A Non-Ess. Bus I
120 VDC

\
C32-R608* C32-N004A Side A N/A (Recorder Power) Narrow Range !'

C32-R608* C32-N004B Side B Instr. Bus 120 VAC Level Recorder ;

Switched Between !

Sensor A or B
8

:
!

These entries under " TRIP RELAY" column are recorder or indicator reference designations. -

i *

i'

ij
.End of Table A-2 :

1

i .
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A.3 LOGIC SYSTEM DESCRIPTION AND FAILURE ANALYSIS,

|C
:

In this section, the logic for level initiation of the various plant
; systems are developed. A failure analysis is also given for each system4

'

for a reference leg failure plus an additional active failure.*

C
.

- Referring to Figure A-3, if the line to the condensing chamber fails,'

then the reference leg loses pressure and the associated transmitters

! will go upscale, and low level trips will not occu r. An additional

O active failure then has the potential to defeat automatic systems' ini-
1 'tiation.

.

A.3.1 Reactor Protection System (RPS). The RPS basic logic is shown in

!c Figure A-4. The Boolean logic equation relating the level input to the
protective function is:;

<

(A *C *S ) + (B edges )j F= A B A A B

' O
where:,

- .

LT-B21-N080A transmitter on side AAA =

LT-B11-N080C transmitter on side A'
~

BA =

C
LT-B21-N080C transmitter on side BCB =

LT-B21-N060D transmitter on side BDB =

g

RPS Bus A powerSA
' =

O..

RPS Bus B powerSB =

,

1, no scramF =

O, scram
O

1 if level is above scram setting '(Level 3)A,B,C,DB=A A B>

0 if level is below scram setting (Level 3)=

! O
!

.i
(
I
i

A-9io
1
1
6 - -- - - - . _ _ _ _ _ - _ _ . . . _ . . . _ _ . .
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ECCS ECCS '-
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RPSil A,ll8|RPS l A,18 g& SIDE "A"
q$ ig A,gigguS4gg,ig g

SiOE "8 * 27(f 4

! k

I i.

22 8 18F ,TODOME
CONDENSING
CHAMBER

0002

n
Olv. It OlV.I

N13A N138

EPvil = =
A

INSTR.

fNOTEi NOTE 1

I i i i ;

I> LEVELR, LEVEL SHROUD ' SHROUD "N R.IINSTR. LEVEL LEVEL NARROWNARROW INSTR'STR' RANGE
RANGE

l
!

R, LEVEL e

R. LEVEL INSTR
2

INSTR WlOE I
WlOE

N12A N129 REE }
RANGE

!

| | (N11A N118 :
!
.

-
.

i

NSA N88

l' NOTES
1. CONDENSING CHAMBER STATIC REFERENCE LEG.
2 INSTRUMENT NOZZLES NOT OR AWN TO ELEVATION OR SCALE.

Figure A-3: Reactor Vessel Level Instrumentation Orientation
.



-

.__ - .- . .. . - -

\

.O
'

i I

.

4

S , Sg 1 if power is availableA =;!g
0 if power failed=

1

For a reference line A break, the RPS equation becomes (A , BA " 1)A

C ' -~

F (leC *S ) + (led *S )= B A B B

If LT 821-N080C fails upscale and power is available, the equation

becomes:*

0,,

.

F = (1elel) + (led el) = 1 + DB=1B
.

Similarily if LT B21-N0800 fails upscale:*

C

| F = (leCg) + lol = Cs + 1 = 1 ..

This means that the automatic scram . function is then blocked' for level
O

inputs. The same analysis would hold for failuge of the. side' B,refe'rence
leg and additional upscaTe failure of LT-B21-N080A'o'r LT-B21-N080B, so as

|. aw .. c
j postulated break of the referehce line on si'de B with concurfent fail.ure,

of an RPS level instrument on side 4A would also causeT scram failure.
,C Loss of power will ~ not' ' prevent.. scram initiation sinde ~1t causes one of

~

e. - .- -

' r| the terms in the logic e.iJation'to become zero, which puts the channel in" q
.r,'. r .

i the scram condition..
'

_, ., ,

; *

, ,, ,

-

,- u . .,, u . . .p:, . -

\ :, .s n . -

High Pressure Coolant +1njectionn(HPCI) -};3.'. . , .
. ..

; ..s' .:.\ -*

O A.3.2 The logic for the .HPCI~

i low level initiation is shown ;,on iFigu're 'A-5. The prot *ective s[ sten! ~
,

< . -

Boolean equation for level in'put is: '

,

m # y .
,

. ,

f., .,

.,
,

.

F = [(A *S +B *S ),e (C *S +D *S )3 * S 5
, .

O A A B B A A B B B

,
. ~, * r , ._ ,:+ ,

* d D.y ,,1
,

, ,,

|- where: '- -
a s, .

,

p. .j
' '

~

G AA LIS-821-N091A on side A~,=
p

+'

BB LT-821-N091B on side B e-=

a .
,v^r

'f '5). )'._

8
' ~

'

!
'

A-11
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R LEVEL > LEVEL 3 = 1 [821 K101 A (LT 821-N080Allx CHANNEL A1
120 VAC (TYPICAL FOR A2. St. 82)

OTHER, RPS
J (0 = CHANNEL SCRAM)C TRIPS

[ gyS A

CHANNEL A1 (A)
120 VAC CHANNEL A

CHANNEL A2 (C)g RPS
SUS A

O SC A RPS SCR AM
~

CHANNEL 81 (Bi j RPSg
120 VAC

CHANNEL 82 (Di g RPS
CHANNEL 8BUS 8

SUSCRIPTS REFER TO C, = 82W01 C (LT 821MO C)O SENSOR LOCATION (SIDE A OR B) 8 = 821 K1018 (LT.821-N080 8)4
D, = 821.K101 D (LT 821-N080 D)

NOTES:
1. INPUTS AND OUTPUTS ARE NORMALLY LOGIC"1"%.

2. BOTH CHANNELS A AND 8 SIGNALS REQUIRED FOR CONTROL RODS INSERTION
'

REFERENCE DRAWINGS: A1, A2, A3
O

Figure A-4: Reactor Protection System (RPS) Basic Logic

o

!

821 K302 8 (LT 821-N00181 8T BUS 8
821-K302 A (LIS-821-N091 A)g |125 E

j BUS A

O R LEVEL < LEVEL 2 = 1 125 VDC HPCI INITI ATE = 1X

bus 8 }
821 K302 D (LT 821-N091 Dl

8 } BUS S
821 K302 C (LIS-821 N091 Cl, J 125 VDC

BUS A'; j

O
't
l
! 821 K303 C (LT 821 N081 C)3

R LEVEL > LEVEL 8 = 1 BUS A TRIP HPCI TURBINE = 1
X.' 821 K303 D (LT-821-N091 D), 125 VOC

SUS 8

'b
SUBSCRIPTS REFER TO'

ii SENSOR LOCATION (SIDE A OR 8) NOTE 1: ALL LOGIC INPUTS AND OUTPUTS ARE NORMALLY LOGIC "0"

l
{

REFERENCE DRAWINGS: A1, A4

i;

1 Figure A-5: High Pressure Coolant injection (HPCI) Basic Logic
'o

. ,i

o]! A-12
,

ii

'!O
'I

*
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1

5 |

CA LIS-B21-N091C on side A
'

=
.

DB
iLT-B21-N091D on side B=

l

l

SA
'

125 VDC Bus A=

SB 125 VDC Bus B=

i F 1. HPCI initiate;=

0, normal'
=

C;
A,B,C,DB= 0 if indicated level is above level 2.A 3 A

1 if indicated level is below level 2.'

=

:
,

S.SB 1 if power available.s
A =

'O 0 if power fails.=

.
' If the reference leg on side A were to fail, the equation becomes:
,

4

0
F = [(0+B *S ) e (0+D *S )] * SBB B B B

; In addition, if LT-B21-N091B fails upscale with power available, then the
: equation becomes:

(C
! F = (0+0) e (0+D el) e 1 = 0 e DS=0B

I This condition would prevent automatic initiation of the HPCI system due

|C to level inputs. The same analysis holds for failure of LT-B21-N091D
instead of LT-B21-N091B. If side B reference leg were to fail, then

( either an upscale failure in LIS-B21-N091A or LT-B21-N091C would lead to
i the same result.

jG ,

{ A power failure in bus B would cause loss of HPCI since this bus 'provides

I power for the turbine controls. With a reference leg B failure and bus A

{ power failure, the equation would be:
G

!

!

A-13
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C

F = (A *0 + Osi) e (CA*0+0el) e 1 = 0A

C
so this failure condition would cause loss of HPCI initiation.

.

The Boolean expression for HPCI high level trip as a function of level

inputs is:i
-

.

T = (C *S )e(DgeS )A A B

where:
0

LT-B21-N091C on side ACA =

LT-B21-N091D on side BDB =

EI" *
O

0, no trip=
-

f

0 if level is below level 8.C , DB =
D

1 if level is above level 8.
.

=

'C
When the reference leg on side A fails the trip equation becomes:

T = led 'S *SBB A
C

If transmitter LT-B21-N0910 then fails upscale, the HPCI would trip if

power was available. If LT-821-N091D were to fail low the HPCI trip

1 could not occur. A loss of either power bus would cause loss of trip

fU regardless of the state of the sensors. Similarly, a reference leg B

i failure and LT-B21-N091C failure would cause the HPCI trip to occur or
fail, depending on the sensor failure mode.'

O A.3.3 Reactor Core Isolation Cooling (RCIC). The simplified logic
.

| diagrams for the RCIC low level initiate and high level trip are shown on

! Figure A-6. The Boolean logic equation for the initiation as function of

| levpl inputs is exactly the same as for the HPCI system; therefore, the
iO
I

k

|
'

A-14
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RCIC system would not initiate under the same failure conditions as the
'C HPC'I system, with LT-B21-N091A and C replacing LIS-821-NO31A and C. A

bus A failure would cause loss of initiation regardless of the status 'of
the level sensors. While a reference leg A failure coupled with a bus B

failure would also cause loss of initiation.

G -

The Boolean expression for RCIC trip for level is:
i

F = (A *S )*(B *S )A A B B;

O
where:

.

LT-B21-N091A on side AAA =

LT-821-N091B on side BBB =g

125 WC bus A'

SA =

| SB 125 YOC bus B=

G

| F 1, RCIC steam supply valve closure=

|
0, valve remains open

: -

l. 0 if level is below level 8.A.BBA =

C
1 if level is above level 8.-

L
1

1 if power available.S,SBA =

" # *

|C
When the reference leg on side A fails, the trip equation becomes:

,

) F = leB * S * SBB A
, C,.

...

If the transmitter LT-B21-N091B then fails high, the RCIC steam supply+

} valve would close. If LT-B21-N091B fails low, there would be a block on

( RCIC steam supply valve closure. A power failure in either bus would
|C

!
I
i

[
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's
.

I 821 K302 A (LT 821 N091 A), g
BUS A

I (*.
,

1 125 VDC
E11 A-K79 8 (821 K302 8/LT 821 N0918),f SUS 8-

{
1

m VDC RCIC MATE = 1
R EL < W = 1 ~ 8US A

- _'

X

821 K302 C (LT 821.N091 C)g g
BUS A*

{12

. E11 A K80 8 (821 K302 0/LT 821 N091 D), ( 125 VDC
sus 8

1'

.

4
'

i
'

821-K303 A (LT-821 N091 Al- a
R LEVEL > LS * 1 SUS A TRIP RCIC TUR8tNE = 1) {,' X

1 821 K303 8 (LT-821-N09181 125 VDC 5
BUS 8

,

i..
SUBSCRIPTS REFER TO NOTES:

"

SENSOR LOCATION (SIDE A OR B) Ett A IS RHR: ATS RELAY 821 K302 8 PICKS UP RELAY E11 A K79 8-

ATS RELAY 821 K302 D PICKS UP RELAY E11 A-K80 8REFERENCE DRAWINGS: A1, A5

4c

$ Figure A 6: Reactor Core isolation Cooling (RCIC) Basic Logic
,

4

t

.

I R LEVEL > LEVEL 2 = 1 [821 K102A (LT.821-N081 All CHANNEL A1x 120 VAC (SEE NOTE 1)0
OTHERj RPS O

(0 = ISOWE)TRIPS j gyS A

; CHANNEL A1 (A)
120 VAC,

CHANNEL A2 (C1 RPS8
SUS A

\
R PS- IN80ARD MSIV*

1,

CHANNEL 81 (Bi DC 1 * OPEN .
OC' I SOLENOIDS .'

0 = CLOSE,
NOTE 2g j

120 VAC
'

CHANNEL 82 (0) RPS
BUS 8;

.

. CHANNEL A1 (A)
|O 120 VAC

CHANNEL A2 (C) RPS
BUS A

4

OUT8OARD MSN _

SOLEN
CHANNE L 81 (Bi pp "I = OP E N

i g ) NOTE 2

CHANNEL 82 (D)8 RPS
-0=CLOSE120 VAC * -%

O sus 8 j
NOTES:
1 TYPICAL FOR CHANNELS A2,81. 82 EXCEPT SUS 8 FOR 81 ANO 82 AND

N R L CA ON (S DE A OR B) SENSOR / TRIP RELAY AS$1GNMENTS PER TA8LE A 2.
2. EACH MSIV AC AND DC SOLENOID MUST DE-ENERGIZE FOR CLOSURE.,,

I REFERENCE DR AWINGS: A1, A3

l
jn- Figure A-7: Main Steam Line Isolation Valve (MSIV) Basic Logic
.:
:!
l,
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i

; cause loss of RCIC trip regardless of the state of the level sensors. A
O similar analysis holds for side B reference leg plus LT-B21-N091A

1failure.;

,

'

There is no single transmitter failure that would cause both RCIC and
0 -HPCI to trip. .

.

_

A.3.4. Main Steam Isolation Valve (MSIV) Closure. The basic logic
diagram for low level initiation of MSIV closure is shown in Figure A-7.

,,

O The Boolean expression for level inputs with all power available is:

F = (A eC ) + (B eD )A B A B<

,

Il where:
,

3

LT-B21-N081A on side A) AA = .

LT-B21-N081B on side A-

BA =

LT-821-N081C on side BO CB =

LT-B21-N081D on side BDB =

L

0, MSIV closure;F =

1. normal=c

A .B ,Cg,DB = 1 if level is thove level 2.A A;
= 0 if level is below level 2.

O
This equation is of the same form as the RPS equation and the analysis is
the same except a wide range transmitter is involved. A failure of the

reference leg on side A with concurrent upscale failure of LT-B21-N081C,,

g.. or LT-B21-N081D would block MSIV closure from low level. A failure of

reference leg B plus LT-E21-N081A or B would also cause failure to ini-
R tiate. Also, the MSIV closure initiation, like PPS, is a de-energize to

operate system, so loss of power will not cause loss of initiation.
.

O
;

,'

||
-

3

{g A-17
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A.3.5 Low Pressure Core Spray (LPCS) and Low Pressure Coolant Injection
'C

(LPCI). The basic logic diagram for Core Spray is shown on Figure A-8.
The Low Pressure Coolant Injection basic logic diagram is shown on Figure
A-9. The Boolean expression for Core Spray initiation as a function of

'

level inputs is:
C. .

1 * (A +A ) e (CA+Cp) e SA For system I initiateF A P
2 = (B +Bp) e (D +Dp) e SB For system II initiateF B B

U where:

AA LT-821-N091A transmitter on side A=
;

BB LT-821-N091B transmitter on side B=

C
CA LT-B21-N091C transmitter on side A=

DB LT-821-N091D transmitter on side B=

Ap PT-E11-N091A drywell pressure transmitter=

Bp PT-E11-N091B drywell pressure transmitter=

O Cp PT-E11-N091C drywell pressure transmitter=

Dp PT-E11-N091D drywell pressure transmitter=

SA 125 VDC bus A=.

G SB 125 VDC bus B=

i F 1 LPCS initiate=

0, normal=

L0
A.B,C,DB= 0 if level above level 2A B A

1 if level below level 2=

C Ap, Bp, Cp Dp = 0 if drywell pressure normal
'~

1 if drywell pressure high=
.

|

| S.SB= 1 if power availableA

|' O if power fails.

|:

1
.

|

:iv A-18
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B21 K301 A (LT 821 N091 Al .

BUS A

C E11 K301 A (PT E11 N091 Al

125 VDC INITI ATE SYSTEM i
S j (1 = INITI821 K301 C (LT 821-N091 Cl

8US

E11 K301 C (PT-E11 N091 CI

-

(,

' B21 K3018 (LT 821 N0918)'
BUS

E11 K3018 (PT E11-N09181 ' 125 VDC

125 VDC INITIATE SYSTEM 11
8US 8 (i.INITI

821 K301 D (LT 821 N091 Di8O
E11 K301 D IPT E11-N091 Di | 12$ VDC

SUSj
'R WATER LEVEL < LEVEL 1 = 1X

SUBSCRIPTS REFER TO DRYWELL PRESS > 2 pss = 1

SENSOR LOCATION (SIDE A OR B)

C

REFERENCE DRAWINGS: A1,A6

Figure A 8: Core Spray System Basic Logic

0
I E21 A K7 A (LT 821 N091 Al

*

| BUS

E11 K301 A (PT E11 N091 Al,

125 VOC INITIATE A. C

] O = INIT)C E21 A K8 A (LT 821-N091 Cl
! BUS *

| E11 K301 C (PT-E11 N091 C)

>
[ E21 A-K7 8 (LT-821 N09181
r BUS
b 12 VE11 K3018 (PT-E11 N091 Bl

8US

125 VDC INITIATE 8. D

() =INIT)E21 A KS B ILT 821 N091 D1
[

- BUS

II,6E11 K301 D (PT E11-N091 DI

I.J R WATER LEVEL < LEVEL 1 = 1h

g
i E21 A IS CORE SPR AY SYSTEM DRYWELL PRESS > 2 ps.g = 1
! SENSOR LT 821 N091 A PICKS UP RELAY E21 A.K7A
| SENSOR LT 821 N091 C PICKS UP RELAY E21 A K8A SUBSCRIPTS REFER TO

SENSOR LT 821 N0918 PICKS UP RELAY E21 A K78 SENSOR LOCATION (SIDE A OR 81*

SENSOR LT 821 N091 D PICKS UP RELAY E21 A K88
,

REFERENCE DR AWINGS: A1, A7
1.o
i Figure A 9: Low Pressure Coolant injection Basic Logic

!
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If the wide range reference leg on side A were to fail, the system I
|

C equation becomes:

F1 = (0+Ap)*(0+Cp)eSA
;

G If drywell pressure remains normal, then:

F1 = (0+0)e(0+0) = 0

0 so no system I initiation on level would occur.

A high failure of LT-B21-N091B with drywell pressure normal would cause

| the System II equation to become:
,

LC
F2 = (0+0) * (DB + Dp) e SB=0 (if no drywell pressure trip)

|

l
t.

so no system II initiation on low level would occur. Similarly, an

'. o upscale failure of LT-B21-N091D would prevent initiation. Therefore, a

j reference line break plus an instrument failure would prevent core spray
initiation.-

;g If power bus B fails, then the System II equation becomes:

F2 = (B +Bp) e (Dg+Dp) e 0 = 0B
.

and no System II automatic initiation would occur. Similarly, a.o
reference leg B failure plus an upscale failure of LT-B21-N091A or C, or

I a power Bus A failure would prevent automaic LPCS initiation.

I
t

LPCI initiation has the same failure conditions because it uses the same'

9
logic and the same sensors.

=
.

.

A.3.6 Automatic Depressurization System (ADS). The AutomaticI

i Depressurization System basic logic for solenoid A is shown on* Figure
O

i

.

1
t A-20
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' A-10 and for solenoid 8 on A-11. Either of the solenoids can activate,
'

,O ADS so the Boolean expression for the low level and high drywell pressure

| initiation is

y. [(ApeAAl*A)e(CpeC*SA)+[(Bp* bbl *B)e(De*D*SB)3A A B B

,C -

where:

'

,

Ap PS E11-N010A, drywell pressure switch=
,

e Bp PS E11-N010B, drywell pressure switch=

'

( Cp PS E11-N010C, drywell pressure switch=

Dp PS E11-N010D, drywell pressure switch=

; AA1 LT-B21-N095A on side A (L )=
3

~

AA LT-B21-N091A on side A (L )
,

=
1c

', CA
.

LT-B21-N091C on side A (L )=
1

;
BB1 LT-821-N0958 on side B (L )=

3

BB LT-B21-N0918 on side B (L )=
3,

%. DB LT-821-N091D on side B (L )=
1e,

l
SA 125 VDC Bus A=

SB 125 VDC Bus B -=
7

G
F 1 for ADS;=

0 normal -=

,

A , Bp Cp, Dp = 0, pressure normalPc
| 1, pressure high=

[

S,SB 1 if power is availableA =

0 if power fails=

G
.-

A,C,B,DB= 0 if level is above low level 1
'

A A B

1 if level is below low level 1.-

O
,

! A-21
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f
"A" CORii SPRAY PUMP RUNNING = 1 1 !' 125 vDC

l BUS A"A" OR "C" RHR PUMP RUNNING = 1
A

DWP > 2 puis = 1 RESET = 0 -

gPS E11-N010 A g

821 K304 A 125 VDC 1 T 125 VDC 105 see T SUS A
R 3=1 BUS A DELAY fg ILT 821 N095 A), SUS A f | 125 VDC

'

SUS ALEVf<L1.g /
821 K301 A
ILT-821 N091 AlA SEAL-IN

I
'

a

"A" CORE SPRAY PUMP RUNNING = 1 1 '

125 VDC
BUS A"A" OR "C" RHR PUMP RUNNING = 1

f T TO "A"
RESET = 0

-

125VDC \ SOLENOID m

_DWP > 2 psy = 1 PS E11-N010 C L
_

125 VDC SUS A J Aos
"

i

I
125 VDC T 125 VDC BUS A / INITIATE = 1 #

R LEVEL < L1 = 1X BUS A 125 VDC SUS A J (NOTE) ,'

8

821 K301 C ILT 821-N091 C), BUS A > '-) i
|SEAL.IN

SUBSCRIPTS REFER TO NOTE: EITHER "A" OR "B" SOLENOID WILL INITIATE ADS |
SENSOR LOCATION (SIDE A OR 8)

~ t

fREFERENCE DRAWINGS: A1, A8

.

r

Figure A-10: Automatic Depressurization System (ADS) Basic Logic to "A" Solenoid j
i
!
;
'
,
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"8" CORE SPR AY PUMP RUNNING = 1 1 -

*'

| 125 VDC
.

805 8"B" OR "D" RHR PUMP RUNNING = 1
i

t

I4
DWP > 2 ps.g = 1 RESET = 0 t'PS-E 11-NO10 8 -

g | 125 VDC
'

821-K304 8 125 VOC 1 \ 125 VDC 105 SEC T SUS 8
.

L3 = 1 (LT 821-N094 8)gR BUS 8 125 VOC SUS 8 DELAY j lx '

~

821 K3018i

(LT-821-N0918),
) SEALIN

,, j
- 1, .

~8" CORE SPRAY PUMP RUNNING = 1 \ |,
125 VDC '

"B"OR "D" RHR PUMP RUNNING = 1 8US 8- I,
,

RESET = 0
-

125 VDC SOLENOID
_

DWP > 2 ps.g = 1 PS E11 N010 D T | T 125 VDC SUS 8 J Aos
-

125 VDC 1 \ 125 VDC 1 BUS 8 / INITIATE = 1R !tEVEL < L1 = 1X 805 8 125 VDC BUS 8 (NOTE)
821 (301 D (LT-821 N091 Di Mg _,_)

SE AL-IN ,

SUliSCRIPT REFERS TO NOTE: EITHER "A" OR "B" SOLENIOD WILL INITIATE ADS
SEr1SOR LOCATION ISIDE A OR 81 j
RES ERENCE DRAWINGS:A1 AB

Figure A-11: Automatic Depressurization System (ADS) Basic Logic to "B" Solenoid
.
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0 if level above levtl 3AA1, Bei =

1 if level below level 3.=C

With a failure of the reference leg on side A, the equatic . becomes:

F = [(Ape 0o0) e (Cpe0eS )] + [(BpeBBle0) * (DpeDgeS )3A BC,

With an additional upscale failure of sensor Bg on side B, the equation
becomes:

U
F = [( Ape 0o0) e (Cp*0eS )] + [(BpeBBle0) * (DpeD *S )3A B B

=(0)+(0)=0,

C
An upscale failure of LT-B21-N095B or LT-B21-N091D would also cause a
failure of ADS initiation.

:

'. p If bus B fails in addition to the reference leg A failure, then the
equation becomes:

BleB ) e (DpeD )e0] = 0: F = [(ApeDe0) e (Cpe0) e S ] + [(BpeB B BA

C and ADS initiation will not occur.

It can also be shown in a similar manner that reference leg failure on
side B and an instrument failure on side A or bus A failure would also

! block the ADS function.

A.3.7 The Anticipated Transients Without Scram (ATWS) - Recirculation
Pump Trip (RPT). This logic is shown on Figure A-12. Only the Boolean*

U expression for level inputs need be examined since the reactor high
; pressure trip initiation is essentially independent. --

A + (B oD ) * SBF (Pump A) = (A eC ) * S B BA A
!0
:

$
i .

O

I A-24
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R LEVEL- LEVEL 2 1x,

R PRESS 1120 pig * 1''

X

821 K305 A ILT 821 N091 Al
'

821 K305 C (LT 821 N091 CIA 8Us

c j
\

125 VDC TRIP BRE AKER 1 A 1
I 8US A

521 K307 A (PT 821 N097 Al
i 125 VDC

821 K307 C (PT 821 N097 CI A SUS A J,

i 6 . J
) BUS A TRIP RECIRC

ji25vDC
BUS S PUMP MOTOR A = 1

#' *

821.K305 8 (LT 821 N0918)

'
B21.K305 D (LT-821 N091 Dig gy

;O j
.' 125 vb

,

BUS TRIP BREAKER 18 = 1=

821-K307 8 (PT-821-N097 8)

J 821 K307 0 (PT.821-N097 D)8 US J.o
>

NOTE: K305 RELAYS ARE 10 see TO*

I
- 821 K305 A (LT 821.N091 A)

821 K305 C (LT 821-N091 Cig Ja
I! ' 125 VDC TRIP BREAKER 2A = 1i | 8US A'

l821 K307 A (PT 821 N097 Al'

! 821 K307 C (PT 821 N097 CI A *8US YC
I BUS A

,' TRIP RECIRC
1125 VDC

L SUS B PUMP MOTOR 8=1
4 821 K305 8 (LT-821 N0918)

'
821 K305 D (LT 821 N091 D)8 US

O M8US 8j TRIP BREAKER 28 = 1;

821 K307 8 (PT-821-N097 8)

821 K307 O (PT 821-N097 D)g fu*

Je
SU8 SCRIPT REFERS TO -.

SENSOR LOCATION (SIDE A OR 8)

REFERENCE DRAWINGS: A1.A9

Figure A-12: ATWS - RPT Basic Logic
,O
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F = 1, trip pump
;G = 0, normal

.

The expression is the same for pump B since the same level transmitters
.and trip relays (but different contacts) are used.*

-

:0
.

LT-821-N091A level transmitter on side AAA =

LT-821-N0918 level transmitter on side B
.BB =

<

LT-821-N091C level transmitter on side A|- CA =

LT-821-N0910 level transmitter on side B'C DB =

:
;

125 VDC Bus Ai SA =

125 VDC Bus BSB =
4

;e
A , Bg, C , Dg = 1, when level is below level 2A Ai

j = 0, when level is above level 2.
:

I S , Se = 1, if power available'o A

= 0, if power fails.j

.

Failure of the reference leg on side A and an upscale failure of level
.

{g transmitter 821-N0918 on side B will result in the equation:

'

:
.! F = (0) + (OoDg) = 0
4

fO
hence, no level initiation of the pump trip will occur. An upscale

! failure in LT-B21-N091D would also cause loss of the pump trip.

)
; If bus 8 power fails, the equation becomes:
'

.

G
F = 0 + (BeeDg) = 0>

; -

(
and no pump trip will occur. Similarly, a reference leg B failure plus'

! an upscale failure of LT-821-N091A or C or loss of bus A will cause loss
3' 0 of automatic level initiation of ATWS-RPT.i

,

$\

a
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The ATWS - Alternate Rod Insertion (ARI) logic is shown on figure A-13.

'c The same analysis and conclusions as for ATWS-RPT apply, with RPS Bus A
and B replacing 125 VDC bus A and B.

A.3.8 High Level Turbine Trip. The logic for the high level trips of

the main and feedwater turbines is shown on Figure A-14. The logicc
equation for trip of the turbines is:

F = (A *S ) e (C *S ) + (A *S ) * (B *S ) + (C *S ) * (B *S )A 1 A 2 A 1 B 3 A 1 B 3

O
LT-C32-N004A on side AAA =

LT-C32-N004B on side BBg =

LT-C32-N004C on side ACA =

|g Si Vital AC=

Instrument bus BS2 =

Instrument bus AS3 =

1, trip turbinesF1 =
g

0, normal=

0, if level below level 8A.B.CAA B. =

1, if level above level 8
~

=
,

:

1. if Power availableS,S.53
[ i 2 =

' 0, if power failed=

' O' If reference line A fails, the equation becomes:
.

F = (leS ) e (leS ) + (185 ) e (B *S ) + (1*S ) e (BgeS ) = 11 2 1 B 3 1 3
,

.

I' So a reference line failure on side A will cause the turbine co trip. If
'side B reference line breaks, the equation becomes:

.

F = (A *S ) * (C *S ) + (A *S ) * (1*S ) + (C *S ) * (185 )A 1 A 2 A 1 3 A 1 3;

O
'

,

f
i
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SUBSCRIPTS REFER TO'

O SENSOR LOCATION (S10E A OR 8)
*

REFERENCE DRAWINGS: A1

e

Figure A-13: ATWS - ARI Basic Logic<

i

U
; C32-K624 A (LT C32 N004 AlA BUS 1
,

C32-K624 8 (LT C32-N004 81*

BUS 2

i

G
L C32-K624 A (LT C32-N004 Al^ BUS 1 BUS TRIP FEE 0 WATER AND

B
C32-K624 C (LT-C32-N004 Ci MAIN TURBINES *1g g

|>
|' O

C32 K624 8 (LT C32-N004 818 BUS 2

'e C32 K624 C (LT C32-N004 Cl
BUS 3

.

SUS 1 IS VITAL 120 AC BUS
| '. SUBSCRIPTS REFER TO
j: O SENSOR LOCATION ISIDE A OR 8) SUS 2 IS NON-ESSENTI AL 120 VDC BUS I

SUS 3 IS NON ESSENTI AL 120 VDC SUS 18
|$ --

II
|| REFERENCE DRAWING: A90
!

G Figure A-14: Turbine Trip Basic Logic'
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, c,

.

addition upscale failure in LT-C32-N004A or C would cause the tu r-
bines to trip.

.

4

A.4 SUMARY OF ANALYSIS

'

'The analysis in this appendix indicates that the reference line break
3

plus an upscale failure in a second instrument or a power loss can cause
failure of the automatic initiation of systems from sensed level. A sum-'

. mary of the conditions is shown in Table A-3. Note that other methods--
O notably, high drywell pressure and operator action--are available to

assure adequate make-up inventory to the vessel.e

3

C

|
1

.

4

O,

4

A

C

:
-

:

(!,

.

+

>

0

L

.a

'

s

5
5
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,

Table A-3 _.

1
'

SU N RY OF ANALYSIS

o
i

!

Additional Failure Which Will Defeat Auto Initiation
.

System Side A Reference Leg Failure Side B Reference leg Failure

i

!
RPS LT-B21-N080C or D LT-B21-N080A or B

r.
HPCI LT-B21-N091B or D,125 VDC Bus B LT-B21-NO31A or C,125 VDC Bus B, [

125 VDC Bus A LT-821-N091C L

,

:n. RCIC LT-B21-N0918 or D,125 VDC Bus A, LT-B21-N091A or C,125 VDC Bus A ,

-

a 125 VDC Bus B .

o

. 1

MSIV LT-B21-N081C or D LT-B21-N081A or B ;

t

j[LPCS LT-B21-N091B or D. LT-B21-N091A or C,125 VDC Bus A
LPCI 125 VDC Bus B

:

ADS LT-B21-N091B or D LT-B21-N095B LT-B21-N091A or C. LT-B21-N095A,
125 VDC Bus B 125 Bus A i,

i
!,

)
| ATWS-RPT LT-821-N0918 or D,125 VDC Bus B LT-B21-N091A or C,125 VDC Bus A i

:
;
I

ATWS-ARI LT-B21-N091B or D. RPS Bus B LT-B21-N091A or C RPS Bus B
:
,

Turbine Trip Spurious Trip on Line Failure LT-C32-N004A or C
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Appendix B
C

I

BWR OPERATING EXPERIENCE RELEVANT TO I

INITIATOR FREQUENCY o
;

;

0
; - ;

This section deals with event initiators which directly affect the'

instrumentation system. In estimating the frequencies of these ini-

; tiating events, past operating experience plays an important role. Thus,

|C to establish the frequency of transient initiators which directly affect

I the level system in BWR's, Licensee Event Reports (LER's) from 1971-1981
'

were evaluated.
i

fC B.1 WATER LEVEL INSTRUMENT LEAK / BREAK INITIATOR FREQUENCY
.

} B.1.1 Instrument Leak / Break Frequency Data Base

i
L

0 A failure in che reference leg will cause the level instruments connected

f to the leg to indicate high level. The high indicated level can initiate
. a transient by:

e Causing high level trips of the feedwater and main
O turbines;

,

e Causing low level trips due to feedwater shutoff when'

i feedwater control is on the instrument that failed high.

O In addition to causing plant trips, the instrument line failure increases
i

; the vulnerability of the emergency core cooling systems as discussed in
Section 5.

,

.

O The LER's included in the data base are those that cause or would cause
) plant trips if high level turbine and feedwater trips or _ feedwater
$ control was from instruments connected to the failed reference leg. The

.
LER events where plant trips did not occur but indicated level was high

'O are included because the instrument configuration varies from plant to
i
l
s

1
B-1

.! c
)
4 . .. _ . _ .- .
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4

plant, so the fault trees in Appendix D and the event trees in Section 6 |
'

-

|C are used to reflect the plant response for the Shoreham configuration. |

| Events that occur during plant startup and power operation are included
,

in the data base, but events that occur while the plant is shut down are
'

not included because they do not initiate transients.
O

,

'

LER events that result in low level indications are not included because.

these events are adequately covered by the event trees for other tran-,

{ sient initiators since they do not jeopardize low level initiation of

i C' emergency core cooling systems.
'

,

;

; The seven LER events which meet the above criteria and are the result of

[ leaks are sununarized in Table B-1, dile the four LER events which meet

C the criteria and are the result of maintenance errors are shown in Table
'

B-2. The total plant operating years for BWR's between 1971 and 1981 are

j 200.5 as shown in Table B-3. The initiating frequency for loss of the

reference leg due to breaks or leaks is thus given by:-

C

TR1 = 7/200.5 = /J.035 events per reactor year &e to leak / break
%

'

The events in Table B-2 may be divided into two sub-categories:

.c
Trips during startup caused by neintenance or surveillancee
test error while shut down (2 events).

e Trips due to naintenance or surveillance test error while
at power operation (2 events).

O

j The probabilities for these two events are:

TR2 = 2/200.5 = 0.010 events per reactor year due t'o main-
G tenance error kring shutdown

.

,
-.

TR3 = 2/200.5 = 0.01 events per reactor year he to maintenance'

error & ring power operation.
,

I O
6

a

! B-2
t

hj .
. . . _ .
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Table B-1

C Reference Leg Failures Due to Leaks or Breaks

DATE (PLANT) DESCRIPTION OF EVENTS CCMMENTS

O

September 1973 During a plant startup, a dis- Leaking valve found
(Millstone 1) crepancy of 15 inches was noted by operators prior

between the two independent to trip. This pre-
reactor level sensing columns. cursor was found be-
This mismatch was such that fore challenging anyc half of the RPS, ECCS and pri- normal or safety
mary containment isolation systems.
system level switches were
seeing an indicated level that
was higher than the actual level
in the reactor. The mismatch

C could result in late initiation
signals for the systems in a
situation were ta11ure
occurred in the level switches
that were reading properly..

O
.

An investigation revealed a
!

valve that is normally used for
L filling the system was leaking.

The water was being drained from
the reference column at a rate
greater than the make-up rate by'

I condensation in the level column
condensing pot. A loss of water
from the reference column in a

,i device such as this causes the
L indicated level to rise.

O The valve was replaced and the
indicated levels converted such
that they were within the
requirements of the Technical

' Specifications.

C
May 1976 During startuo, a level indi- First year operation;
Brunswick 2 cating switch (Yarway) mal- startup.

~

r

functioned due to an internal
leak. The associated instrument
channel was manually tripped.

O The cause of the occurrence was
that the threaded pipe inside

', the instrument housing leaked
i because.of a crossed thread.
1

i
c

i B-3
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Table B-1 (continued)
~

.

O
Reference leg Failures Due to Leaks or Breaks

!
'

DATE (PLANT) DESCRIPTION OF EVENTS COMMENTS

e

December 1977 While at 75% power, during a Leak outside contain-,

Cooper plant tour, it was noted that ment.
'

4

three reactor level instruments'
'

c; were reading high upscale.
Further investigation revealed

: that the instrument line excess
i flow check valve was leaking

around the body nut. The leak"

at the valve caused the con-*

densing chamber and reference
C leg level to decrease, thus

causing instruments associated
^ with that sensing line to read
| upscale.
t

C) May 1979 During startup, the main turbine Startup.
Dresden 2 tripped on high water level. It

was discovered that a pacxing
leak existed on the isolation
valve for the local pressure
indication, PI-263-608. The "B".

C reference leg drained to an
abnormally low level through the
packing leak. This resulted in

t an upscale reading on all the
Yarways on instrument rack 2206.
The "B" reference leg root valve

iO was shut to isolate the leak
which isolated the following
components: PS-263-55C, 550,
LIS-263-58A, 588, 72B, 72D, and

L LITS-263-598. A control systems
technician locally isolated

i PI-263-60B (local pressure
indication) and PS-263-550 ._

(reactor high pressure scram)
via their common sensing line
root valve. The "B" reference
leg root valve was then opened

C and the reference leg filled.
: Since the Technical
| Specifications require two

instrument channels per trip

?

LG
; B-4
1

:
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Table B-1 (continued)e
:
1

Reference. Leg Failures Due to Leaks or Breaks

.DATE (PLANT) DESCRIPTION OF EVENTS COMMENTS! E'

:
system, an orderly reactor
shutdown was begun immediately.

: The packing was tightened and,

|g subjected to a hydro of 1000
psi. No leaks were discovered.:

: The isolation valves for
PS-263-55D and PI-263-60B were*

I opened and the comon sensing
line root valve was opened,

C returning the system to normal.,

>

!

Sept. 23, 1979 During normal operation, a leak Very small leak;
Monticello 1 developed in a reactor pressure found by operator.

gauge. The leak lowered the
,

'

- C' reference leg of the scram and
ECCS Yarway level switches con--

nected to the same process tap.
As a result, the Yarways indi-
cated a false high level and
would not have tripped within

C the settings specified in
Sections 3.1.1 and 3.2.3 of
Technical Specifications.,

j Redundant level instruments were
' operable. One previous similar
-

occurrence reported in A0
G 50-263/75-12. Pressure gauge is

Helse Model C, 8-1/2 inch dial,
! 0-1500 psig, Ho3 Stainless Steel;

Bourdon Tube. Small crack
discovered in Bourdon Tube; most>

probable cause is fatigue.
.G - Gauge isolated and removed. New

gauge with wide range and

|
improved Bourdon tube material m

to be installed on different+

i process tap.
!

'o
I

!
s

11

'j B-5
C
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- Table B-1 (continued)

4,

Reference Leg Failures Due to Leaks or Breaks'

,

I

C: .DATE (PLANT) DESCRIPTION OF EVENTS COMMENTS

[ Feb. 7, 1981 The auxiliary operator noticed
1 Brunswick 2 that reactor level instrument
i B21-LIS-N017D was pegged high.
1O On February 12, 1981, it was
I discovered that the N0170
i instrument was reading higher
,' than the other level instru-

ments. 3oth events were caused;
by a low level in the reference<

O leg.

.

(
'

1

i Dec. 12, 1981 Reactor level instrument 1-821-
1 Brunswick 1 LT-N01?D-1 was indicating upscale.

This event also occurred ono Jan. 6, Jan. 7, and;
i Jan. 8, 1982. N0170-1 supplies
i a reactor low level input into
; the RPS and Primary Containment

Isolation System (PCIS). The;
inoperability of this instrumento inops one of four low level
scram inputs to RPS and would
fail to isolate the outboardi

? isolation valves for Groups 2,
; 6, 7, and 8 of PCIS. These
i events resulted from a stem

Cr packing leak on the N0170-1
reference leg excess flow check

? valve bypass valve.
!
f

i
'~

,

4

0
!

i
s
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Table B-2
O

Reference Leg Failures Due to Maintenance Errors

DATE (PLANT) DESCRIPTION OF EVENTS COMMENTS

O

Aug. 14, 1977 During startup from cold shut- Trip due to error
,

(LER 77-30L) down, reactor water column "B" made during shutdown. !
'

Browns Ferry 2 reference leg was low, produ-
cing a +20 inch error in two
reactor water low-level scram

| c; switches. Redundant switches
were operable and in service.
The reference leg was refilled
and water level agreement con-
firmed. This was not a repeti-
tive problem.e

.

March 1978 Technicians were performing a Trip due to error
Brunswick 2 test while at 97% power (reac- made during power

tor water level inside shroud) operation.
on a Yarway instrument when the-

'U main turbine and feedwater pump
turbines tripped, causing a
reactor scram. The scram
occurred as a result of a
pressure change in the comons

? level instrument reference leg
fO which apparently actuated the

N004 instruments. The
. ' . pressure change apparently
} occurred due to the bellows

movement in the instrument
being calibrated. No personnel

U error was detected. They wereg
; shut down for 25 hours.
>

An investigation was to be per--

formed to determine the most
,

suitable instrument arrangement
,| 0 and test procedures necessary|
|; to prevent reference leg

.

pressure changes. The investi-,

gation was to consist of an

| industrial survey and a design
!.. review. .

C
.

1 -

|6

h
O B-7

.
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Table B-2 (continued)' * *
'

s' .

'C t i

Reference Leg Failures.Due to Maintenance Errors
s

I DATE (PLANT) DESCRIPTION OF EVENTS COMMENTS

O >
.

'

March 31, 1981 During normal operations while Trip due to error

(R0 50-260/ decreasing load for MG set main- made while at power
; 81014) tenance, the reactor water level operation.

Browns Ferry 2 instrumentation indicated full
0 upscale, resulting in a turbine

trip. There was no hazard to*

*

the health or safety of the
; public. Instruments affected

were: 2-LITS-3-52;'

2-LIS-3-203A, 8; 2-LIS-3-184.i

Ic The technical specifications
were fully complied with at all
times. Equalizing valve, on
2-LITS-3-52 was partially open.'

t

Closed equalizing valve and'

i verified reactor water instru-
c, ment operable.t

5

May 25,1981 During startup, following a Trip due to error-

9 (LER 81-027/ maintenance outage, reactor made during shutdown.
03L-U) water level instrumentation

_

Browns Ferry 3 3-LIS-3-203A and B indicatedg~,
full upscale and were declared

h inoperable. There was no
danger to the health and safety

1 of the public. Redundant
[ systems were available and
J operable.g

Reference leg was lost on the
i water column for undetermined

reasons, causing the Barton
,
; model 288 A, bellows type indi-

cating switch, to indicate full
| U, upscale. The water leg wasj

: backfilled and the instruments
~

returned to operable status.

$
Jo
1
l'
1

1
-

3 B-8
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Table B-3

Calculation of Reactor Years for BWR's'

O

:
}

Date of
4 Plant First Comercial Plant Operating Time
c Operation 1971 to 1981 -

.

! Years Months

io Brunswick 2 11/75 6 3
1 3/77 4 10

,

: Dresden 1 8/60 11 0
2 7/70 11 0

'

3 10/71 10 3.

'

Quad 1 8/72 9 5

Quad 2 8/72 9 5"

,

5 Humboldt Bay 8/63 6 6*

Big Rock Point 12/65 11 0p

La Crosse 11/69 11 0

llatch 1 12/75 6 0
2 1979 3 0

:

C Oyster Creek 12/69 11 0

Cooper 7/74 7 6
,

i
Nine Mile Point 9/69 11 0

:C Millstone 1 1/71 11 0

Monticello 12/70 11 0

Peach Bottom 2 7/74 7 6
3 12/74 7 2

Fitzpatrick 8/75 6 5
,

'

Browns Ferry 1 8/74 7 5
2 3/75 6 10
3 3/77 4 10

| Vermont Yankee 12/72 9 2

i

i Total Plant Operating Time ' 200.5 plant years
1

-

gO
j * Shutdown 6-76 B-9
Ji
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O B.I.2 Shoreham Reference Leg Failure Frequencies

The total number of instruments connected to the reference letfs is
'

assumed to be equal to the number of instruments at operating plants, so

(c . .the frequency of. trips due to leaks or breaks is TR1-

i
! Most of the operating BWR's use switches' mounted in the level instruments

[o for generating the logic signals needed for safety system initiation.

i ( These instruments typically requi re monthly calibration at the instrument
to maintain the setpoints within the technical specification limits.*

j Shoreham uses the, Analog Trip System (ATS) so the periodic trip setpoint

| c, adjustment is performed at a control room panel not at the instrument

{
rack. Calibration of the instruments will be performed only during

; refueling outages. The effect of this design difference is that the ini-
j t1ator frequency due to surveillance testing would be reduced for

!g Shoreham. An informal survey of most (15) of the operating BWR's showed

that at least three of them use analog trip units driven by the reactor
water level transmitters. A minimum of 13 reactor years have been accu-

mulated on ATS without a transient initiation being reported. This data,
'

while limited, supports the reduction in plant transient initiation wheng
an analog trip system is used. The transient initiator frequency due to.

j instrument maintenance or surveillance test errors for Shoreham may be

found by estimating the rate of errors per neintenance or test for
perating plants and multiplying by the frequency for Shoreham.

o

The instrument surveillance test frequency during shutdown for operating

plants may be estimated by assuming that it is performed each time the
,

plant is manus 11y shut down. The frequency of manual shudown, given in
'

Section 6, is 4.3 per reactor year. The error rate for maintenance
,

: errors during shutdown may then be determined from:

' IR2 , 0.010 events / year = 0.00233
eventsO T =

~

| 4.3 4.3 maintenances / year maintenance

l
l
1

iO B-10
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u



; . :. ... = .a...... w a - . ~ ~~ - --- - --- - - - - - - - . ~ . . - - - - - - - - -

.

C

c Surveillance testing at Shoreham will be conducted only during refueling

outages. Although the Shoreham Technical Specifications are based on an
18-month refueling cycle, a conservative assumption of instrument main-
tenance once a year will be used for calculating the initiator frequency
for the reference leg failure due to shutdown testing. The value forc.
Shoreham is therefore:

events maintenances
To=ThoM

,3 = 0.00233 events / year
C maintenances year

In addition to transient initiations due to errors during shutdown, plant

transients may be caused by errors made during instrument maintenance at

G power operation. At Shoreham, the only maintenance required during power

operation will be to repair or replace a failed instrument. There are 51
instruments connected to the reference legs at Shoreham so, for the
instrument failure rate used in the Shoreham PRA, the naintenance fre-

O quency is:

failure h"
Fg = 3.9 x 10-6 x 8760 x 51 = 1.74 inst. neint./ year

hr year

C
The frequency of maintenance during power operation for operating plants
is the surveillance testing performed during power operation plus the

;
maintenance performed to repair or replace a failed instrument. For a,

s

{O
m nthly surveillance test interval, the number of surveillance tests
during power operation is 12 minus the number of surveillance tests per-,

formed while shut down (4.3). If the random failure rate for operating'

'

plants is assumed to be equal to the rate for Shoreham (i.e., about the'

same number of instruments on all plants) the frequency of maintenance
n,' during power operation for operating plants is:

L.

l
,

Fh=12-4.3+1.74=9.44 inst. neint./ year
G

f The error rate for maintenance errors during power operation for
s

1
-

i

B-11
O
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jO operating plants may be obtained from the frequency of transient ini-
t1ation due to maintenance during power operation (TR2) and the main-,

tenance frequency which is:

O e TR3 , 0.010 events / year = 0.00106 ennts,. ,

; FM 9.44 maint./ year maint.
r
,

!

The initiator frequency at Shoreham for transients caused by maintenance
;O
; errors during plant operations is then the error rate times the main-
.

tenance frequency, or:
,

1

Tgp=ThpxFg= eunts0.00106 x 1.74 "' " * = 0.00184o s

,
maint, year

?

! The total initiator frequency is then the sum of TR1, TM0 and T p orM

|O
0.039 event per year. Since the instruments are nearly equally divided
between the two reference legs (26 vs. 25), the failures are assumed to;

; be equally divided between the reference legs, so the initiator frequency
I per leg is 0.020 events per reactor year. A sumary of the initiation
! frequency calculation is given in Table B-4.

G

B.2 HIGH DRYWELL TEMPERATURE IMITIATOR FREQUENCY

Licensee Event Reports for the period 1971-1981 which described BWR high.

jO drywell temperature-initiated degradation of reactorwaterlevel instru-

) mentation accuracy were examined in order to establish a generic value
for BWR High Drywell Temperature initiator frequency.

, C As was the case for water level instrument breaks / leaks, the data base

( for High Drywell Temperature frequency covered approximately 200.5 reac-

[
tor years of operation. Two events were found in this data base in which

[ drywell temperatures in excess of 212*F caused erratic reactor water

[O level indications; thus, High Drywell Temperature initiator was assigned
4 a frequency of 2/200 or 10-2 events per reactor year. Lower drywell tem-

peratures were not reported to have degraded reactor water level instru-
'

*- ment response.

O B-12
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Table B-4

O Summary of Reference Log Failure Initiator Frequency

.

A LER Events &e to Leeks / Breaks. 7 ovente

8 Reactor Operating Yeare for LER 200.5 reactor years
O - T w rrame .

C Initiator Frequency for Leeks / 0.035 events / reactor year
Breaks (A/B)

D LER Evente de to Maintenance 2 ovente
during Shutdown.

E Initiation Frequency for Main- 0.010 ovents/ reactor yearp'
tenance Errors & ring Shut-
down at Operating Plante (D/B)

i

F Maintenance Frequency & ring 4.3 maint./yeare
Shutdom for Operating Plants

,

'
C Error Rete for Shutdown 0.00233 ovente/maint.

Maintenance Errore (E/F)g
H Shutdown Maintenance Frequency 1.0 maint./ year

for Shorehen
,

I
'

I Initiation Frequency for 0.00233 events / year

Maintenance Errore during )Shutdown for Shorehen (CxH

U J LER Events & e to Maintenance 2 ovente
,

' during Power Operation

K Initiator Frequency for Mein- 0.010 ovente/ year.

tenance Errore & ring Power
Operation (J/B)

L Maintenance Frequency & ring 9.44 insint./ year
,G Power Operation for Operating
,

Plante (12-F4N)'
,

/ M Error Rate for Power Operation 0.00106 evente/maint.
T Maintenance Errors (K/L)

I N Maintenance Frequency for 1.74 maint./ year
, Shorehen during Power Operation

0 Initiator Frequency for Errore 0.00184 events / year
- during Power Operation at

Shorehen (MxN)

P Total Initietor Frequency at 0.039 event / reactor year
,

Shoreham (C+I+0)

( Q Initietor Frequency fur 0.020 event / reactor year
Reference Log (P/2) ...

I

u

,

3

s
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Appendix C

c
HUMAN ERROR ANALYSIS

C A,n examination of Licensee Event Reports (LERs) and other data sources
indicates that operator actions play a very important role during acci-
dent sequences. Operator interactions pric.- to, and during, accident
sequences were included in the Shoreham PRA to the maximum extent

O possible. However, certain human actions were specifically excluded,
such as sabotage and other forms of intentional malevolent behavior.
Other errors, such as fabrication and installation errors, as well as
many design errors were not explicitly analyzed but were included in the,

c component failure data base and thus were accounted for in the component

failure rate estimates.

There are limitations inherent in the human failure analysis of any PRA.

C However, current state-of-the-art methods are used for evaluation of
human errors in the Shoreham PRA. Section C.1 contains a brief sumary

of techniques used in analyzing human failure for the Shoreham study.
Section C.2 then presents examples of the analyses used in this

a assessment. Section C.3 provides the human failure analysis for operator .

initiation of vessel depressurization for the sequences following the
instrument line failure initiator. Section C.4 provides the human

;

failure analysis for the operator action necessary to provide long-termt
-

.

stable cooling.
(O

-

|

}
C.1 METHODS OF ANALYSIS

!. The Shoreham PRA considers two main types of human interaction errors:
7,

Errors committed during tests or maintenance (referred too
,

: as maintenance errors); ~

} e Errors comitted in responding to an accident situation
,O (referred to as operator errors).'

4

4
-

!

C-1
s.

1

~

_. ,- -
_ , - - - --,
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The principal difference between these two types of errors is that main-
O tenance errors are essentially independent of individual event sequences,

while the role of operator error . varies with the particular sequences
being evaluated.

C, C.lc1 Maintenance Errors

Many types of maintenance errors are considered in this analysis,
although some are not included explicitly. For example, the failure of a

O component due to improper repair is included in the component failure
rate estimate. Maintenance errors as initiating events (e.g., taking the
wrong item off-line) are also not explicitly considered, although many of
these errors are included in the operating experience data base from

g which the initiator frequencies are derived.

The investigation of maintenance errors was generally limited to com-
ponents that are manipulated during test or maintenance (primarily

q failure to restore valves to the proper position) and components subject

to common-mode effects (such as calibration icerors). These components
F were identified and the appropriate procedures were reviewed to determine

~

[ the relevant potential human error. The appropriate procedures and other
factors affecting human performance were then analyzed, and human
reliability event trees were formed. This procedure is explained in

'

Appendix A.3 of the Shoreham PRA, which includes several examples. The

L human error probability obtained is then included in the appropriate
place in the fault tree as though it were a component failure probabi-

C
lity. It should be noted that the maintenance analyses generally,

accounted for first-level recovery due to the standard tagging / checking
procedures. A small conservatism is introduced here since it is con-

[c ceivable that an error not corrected at this early stage may be corrected
at some later time.

._

J
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1
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C.1.2 Operator Errors
g

Operator Errors ~ are defined here to be those human errors made during the
course of accident sequences. As such, these errors are highly sequence

dependent and must be analyzed for each particular accident scenario. '
"

O Operator errors may be either errors of omission (e.g. failing to start

a manual system) or errors of connission (e.g., overriding an operating

system). |

,

O an operator action treeThe analysis of operator errors begins with
(Figure C.1). Generally, the time available for perception is small;
however, the existence of many annunciators in the control room reduces
the probability of the operator failing initially to perceive that a

' problem has occurred. The diagnosis branch is usually the -dominant

contributor to operator error due to:

(a) the limited amount of time available to the operator,
:

.

'O (b) potentially conflicting indicators, and

(c) multiple distinct failure events used as input to a single
annunciator.

!

,O The response or action beanch is also significant, but makes a smaller
~

contribution to the frequency of ' operator error than the diagnosis branch
s

when a plant-specific emergency procedure is available and familiar to
the operator.-

; O

j The quantification of the operator event tree is highly dependent upon
the specific action, the postulated accident sequence, the plant design-

and operator training. Each branch of the operator event tree for a spe--

'O cific plant event sequence is evaluated based upon the applicable

]
emergency procedure, supplemental information obtained from plant manage-.

i ment and operating personnel, LER information, human reliability event
trees (Shoreham PRA Appendix A.3), and engineering judgment.i

i
iO _

hi
C-3
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Generally, only errors associated with expected (procedure-directed)
.g

operator response actions were included. That is, given that the correct
procedure was selected, only errors of omission were considered, unless
information to the contrary was available.

C There are recognized limitations to this approach. For example, if the

operator diagnoses the situation incorrectly, the wrong procedures will
be used. Even if the diagnosis is correct, there is still the possibi-
lity that the wrong procedure will be chosen inadvertently. Recovery

g
from operator error is not considered in the analysis which contributes
some conservatism to the human-error evaluation. It is likely that in

some instances, even if the wrong procedure is used initially, feedback
from the plant will prompt the operator to re-analyze the situation and

0' correct the error before plant operation is disrupted.

!

Initiator Perception Diagnosis Response

G

f

;

.

C

,

Figure C.1 Generalized Operator Action Tree (Taken from NUS

O developmental studies on operator response
modeling)

C.2 EXAMPLES

C This section . presents two sample analyses that have been prepared for the

Shoreham PRA.

G .

s

!
!

! C-4
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}
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C.2.1 Miscalibration of Four Level Sensors During Regularly Scheduled
g

Maintenance (Procedure Available) ;

I
.

This example is an extension of one evaluated explicitly in WASH-1400
(C-1). The probability that a technican would miscalibrate four similar
sensors independently is negligible, but the probability of a comon-mode
miscalibration may be significant. The dominant common-mode failure used
in WASH-1400 and by Swain and Guttman (C-2) is due to a faulty setup,
such as using the wrong scale or connecting at an incorrect point. An

O estimate of this probability is 10-2, This is treated as a gross misca-

libration which results in the inability of the sensors to function on
demand. However, recovery from the setup error can be factored into the

evaluation as follows. If the test setup led to a large calibration
' change on the first sensor, the technician would recheck the setup 701, of

the time. If the setup were not rechecked initially, and if the second
calibration proved also to be in error, then the probability of the tech-
nician rechc" king t'he setup would be 0.3. If the technician did not

C discover the vror after the first two sensors, he would also not detect
the error after the third and fourth. It is assumed that if the tech-

nician rechecked the setup then the sensors would be calibrated
correctly.

r

As shown in the event tree in Figure C.2, the probability of misca-
librating three or more sensors is approximately 2x10-3,i

O

I -

1

I

*.

t

'O i

!

i

!
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A
A S = success

F = failure
5 I 0'

0 ,

S
I' C'

S
31 D'4

C S [' E'
F

1,

.

O A: Probattitty that egulparet is set up tacerrectly = 0.01
s': Probattitty of est totag susettless after 1st large afscalibretten

= 0.3 ,

C's Probability of not betag suspisteus after 2nd large etscalthrotten
= 0.7

0's Probatt11ty of not being sussteteus after 3rd large siscalibretten
= 1.0:

E': Probattitty of set betag asspicteus after 4th large etscalibrettenp" = 1.0

The probatt11ty of fatture (etscalthrottag all four sensers ese ta

f lacervoctsetup)ist

i P(f)=(A=s'sc'se'st')=2.18~3
'

i

iG
L

C
...

.

Figure C.2 Human Error Probability Tree for
L. Sensor Miscalibration
'G

!
!
1
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10 minutes) Under High Stress iC.2.2 Immediate Response (0 -

g
Environment

1

.

This analysis is based upon the operator action tree of Figure C.3. It

is assumed that a major accident that requires an immediate response has
0 - occurred. The combination of a very rare event and a short response time i

is assumed to lead to high stress for the operator.'

.

Due to the multitude of alarms and other indications that would follow a4

iO major accident, it is very likely that an operator would perceive that
something has gone wrong. A value of 0.001 for perception is shown in

Figure C.3. Human error innediately after the event would tend to be
higher than a stable high-stress value because of a probable incredulity

C response (i.e., since the probability of a major accident is so small,
;

! for some moments a potential response would be to disbelieve panel
- indicators). Under such conditions, no action at all might be taken for
~ at least one minute, and if any action were taken it would likely be

U inappropriate. WASH-1400 and Swain assessed that the error rate as a
function of time after the occurrence of a high stress event is as given
in Table C-1 and in Figure C.4 for a single operator. These values may
be used in the diagnosis branch of the operator action tree of Figure

C: C.3. It is apparent from the tree that for short response times, the
_

diagnosis error dominates the operator error probability.

From Table C-1, the probability of an operator diagnosis error decreases
O with time after a major accident. It was estimated in WASH-1400 that by

7 days after an accident there would be a complete recovery to the nor-
,

mal, steady-state error rates, assuming that the nuclear plant is brought
under control. At this later time, the operator response error may domi-

G nate operator errors, depending on the response required. For the pur-

poses of this example, the response error rate several hours. after the4
.

accident is taken to be the steady-state general error of omission

(0.003) from Swain's handbook (C-2). At an earlier period in the course

O of the accident, the response error rate is multiplied by a factor of 3
due to the stresses involved, as shown in Table C-1.j

,

I
! C-7 '
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-

1
J
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O Ta ble C-1

PROBABILITY OF ERROR BY A SINGLE OPERATOR AS A FUNCTION
OF TIME IN A HIGH STRESS SITUATION

~

'O
.

ACTION REQUIRED PROBABILITY OF ERROR FOR
WITHIN A SINGLE OPERATOR

:o
1 MINUTE 1.0

5 MINUTES 0.9'

30 MINUTES 0.1j

SEVERAL HOURS 0.01
f

7 OAYS NORMAL ERROR PROBABILITYG
e

1'
.

!
;
1

|O
"

PERCEPTION DIAGNOSIS RE5PONSE R ESULT
NT

OK

-,

0.01
OPERATOR ERROR

l
i

VALUE FROM TABLE C 1

LC OPERATOR ERROR

K
'

1; O.001
OPERATOR ERROR

,

G

|; * ERROR RATE SHORTLY AFTER THE EVENT. OCCURRENCE FAILURE PROBABILITY DROPS TO 0 003 SEVERAL
HOURS AFTER THE EVENT.

. 0

|} Figure C 3: Operator Action Tree for Immediate Response Under High Stress
|!
4
|$
|* C-8
9

:O
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1
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.

1.0 - 1st MIN
{ 0.9 AT 5 MIN

0.1 AT 30 MIN
O.01 AT 2 HR
SUT IF HIGH STRESS PERSISTS
LEVEL OFF AT 0.25 AT ABOUT 25 MIN

O'
.

G

5
5
5 -

1.00g
0 8

e -

y 0.90 -

*

5
u.

I
C i

e.

<
E
ti
su

C
. -

|
-

.

t

I

F
iC

IF HIGHLY STRESSFUL
CONDITIONS PER$1ST

0.25 - = = - - - - - -c ---

2 -

l .

o .

AUTOM ATIC SYSTEMS WOR KING O.K. _

0.10 -

~*
.

,

! I I ! I -

i: 0 01
'i 1 5 10 30 60 120

iO ,

TIME (minutes af ter enitetor)l'
1
j Figure C-4: Estimated Human Performance After Major Accident for a Single

i! Reactor Operator
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,O C.3 OPERATOR INITIATION OF ADS

i
^

One of the principal manual * actions which the operator has available to
him to maintain coolant inventory is the depressurization of the plant

0 - using the safety / relief valves to allow injection by the low pressure

| systbis. This section addresses the derivation of the conditional proba-
'

bility of this function under the accident sequence conditions of th::

event trees in Section 6. Four cases are investigated to determine the
O conditional probability of ADS in sequences initiated by a reactor water

level reference line failure coupled with the following events:

o Case 1 Unavailability of high pressure systems;

O e Case 2 Failure c' *.iie opposite reference leg;

e Case 3 Loss of DC bus;

e Case 4 Level transmitter failure.

n
'

Initiation of ADS requires the operator to perceive that vessel level is
low and that low pressure injection is required to provide make-up inven-
tory. The quantification of this case, given in the following sections,
was the Shoreham plant-specific level related displays and annunciators.

G Appropriate plant-specific procedures are also used, including procedures
that familiarize the operator with the relationship between the level
indications (e.g., procedures that call for level indication logging and
comparison once each shift).

O

C.3.1 Case 1: Single Reference Leg Failure Plus Loss of High Pressure
Systems

, C: In this case, the level instruments on one side are reading hi.gh and all

j high pressure make-up systems are unavailable. The opt.rator must

depressurize to allow the low pressure systems to provde inventory make-
"

up.
O

j The events on the operator action tree shown in Figure C.5 are as
I follows:

!O C-10
| ,
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| o n n o n o o o n C o P

-

PERCEPTION DIAGNOSIS RESPONSE
..

S NCE' CONDITIONR
OPERATOR INSTRUMENT RECOGNITION AUTO MANUAL

OR DISPLAY AND ADS DEPRESSURI- DESIGNATOR PROBABILITY'INITIATOR
-

ANNUNCIATOR 5 PROCEDURE ZATION

T R@ A D P N
R R g R R R ,

OK -

OK -

9x10 4.5x10-44'

-

.

OK -

10-2 -3-

.5x10.5 -

! OK -n
!I

;~
OK. -

'5 -4 9x10-7 b9x10
2x10-3

.

OK -

-2
10 -5

1x10.5 -
1

OK

10-4
5x10-5 j .

|

.5 -
.

5.5x10-3 |TOTAL
p .

J

Figure C.5._ Case 1: Leak in a Single Water Level Reference Leg
Evaluation of Reactor Depressurization Function ;

When Required for Instrument Line Break Initiators .

(See Figure 6.1, Sheets 1 and 2 of 5 - Branches 28 and 54)
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U
AR Success: Reactor Scram has occurred on turbine trip or on low

,

-

|| reactor water level. The operator is well aware that a
f

| challenge to safe shutdown is proceeding.

jC -DR Success: Two reactor water level channels are reading upscale-

indicating high water levels in the reactor vessel. The

j opposite Ode indicators are dropping below level 1 due to the
i loss of high pressure injection. The operator is expected to
iO detect the disparity in indications.

Success: The operating procedure is assumed to ' dictate thatPR
'

-

the operator follow the indication of the lower level once the-

O disparity is confirmed and a probable cause identified. The

; potentially dominant contributor to a failure of manual ADS is
| the probability that the operator ~ fails to recognize the
I transient and choose the correct procedure. Swain and Guttman

G indicate that for a case with conflicting signals operator

i response can be severely hampered and the human error

probability (HEP) is fo'und to be as shown in Figure C.6.

'C XR Success: Automatic ADS is ' assumed to be possible in the case-

f
where reactor ' water level drops below level 1, the drywell

f
coolers isolate (i.e., operator does not de-isolate them), and
drywell temperature and pressure rise. However, because this

,C action is dependent upon a chain of events, including the

prevention of operator manual inhibit of ADS, it is judged that
very little credit should be given to automatic ADS in the

quantification of successful depressurization.
t

O

MR Success: The manual initiation of ADS is a straightforward-

action which, when the timing and presence of the shift

supervisor are included, results in a high reliability for

C performance. The hardware unavailability of ADS is included in
.

the determination of the probability for this event.

}
C-12
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OPERATOR FAILURE

+Q TO RECOGNIZE AND
IMPLEMENT CORRECT+ -

,
i

PROCEDURE )
*

I!
'

lP 0.01n.

4 e

<

!

t
'

C
OPERATOR ERROR
TO RECOGNIZE AND WRITTEN PROCEDURE*

IMPLEMENT CORRECT- IN ERROR
; PROCEDURE

f

C
; 0.01

1 x 10-3

C

' OPER ATOR ERROR CONDITIONAL PROBABILITY
| FAILURE TO THAT THE SHIFT
II RECOGNIZE THE SUPERVISOR F AILS TO

| CONDITION AND RECOGNIZE THE CONDITION
' IMPLEMENT TH E ANDIMPLEMENT

CORRECT PROCEDURE CORRECT PROCEDUR E

:

.

0.05 0.2

|i ' REFERENCE: SWAIN AND GUTTMAN (REFERENCE C 2) :-

!,

.

c i
1

5
~

'

! Figure C-6: Fault Tree for Operator Recognition and Procedure implementation !
) -
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;C C.3.2 Case 2: Leaks in Both Water Level Reference Legs
i

In this case, a common-mode failure in the alternate reference leg causes
all level indications to be high with the resulting loss of automatic

0 .high pressure system initiation. The events in the operator tree of

Figure C.7 are as follows:*

!

With all water level instrumentation reading high, a reactor
| AR -

;C scram on turbine trip due to high indicated level will occur.
The operator will be aware that a transient is in progress.:

!.
I DR All reactor water level instrumentation will be reading high-

O indicating to the operator that the reactor has more than

| enough water. Therefore, the only remaining indications to the

L operator are:

f
.

No coolant injection is occurring because FW, HPCI,'
-

'O and RCIC are all off.
,

!
The MSIV's are open and there is loss of inventoryF -

L directly to the main condenser.
+

E

[C The operator has only these indications for approximatgly 30

| minutes.

1

Based upon the common view available from the water leveli PR -

;O indications, the operator must depend on the secondary
5 indications mentioned above to diagnose the problem and pick
;

the correct recovery procedure. The conditional probability
-

has been evaluated using Swain-Guttman methods and shaping

O factors (see Figure C.4). However, there are no comparable

j quantified estimates in Swain; therefore, engineering judgment
1 was used.

Automatic ADS will not occur because no low water level signalHO XR -

; .will be present.

l
)

C-14
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O
MR Same as Case 1.-

C.3.3 Case 3: Single Reference Leg Failure Coupled with a DC Bus

Failure
.C

.

The loss of the DC bus will cause loss of either the HPCI or RCIC system,

depending on which bus failed. The events for the operator tree of

Figure C.8 are as follows.

'9
High reactor water level indication on one leg my result inAR' -

! reactor scram due to turbine trip, or the low level isolation
\. from sensors on the intact leg may also result in a scram.

.O
The display of reactor water level is available from indicatorsi DR -

|
not affected by the initiators. However, operator recognition

! is still required to make this display effective.
I
O

The loss of the DC Bus coupled with the initiator causes the
f PR -

loss of the level 1 and level 2 annunciators, so the operator'

must use the disparity in level indications to diagnose the*

r Therefore, this case is assessed to tE similar !.o, butevent.c
i slightly better than Case 2.
[
s
n

XMR- Same As Case 2.I R

G
C.3.4 Case 4: Single Reference Leg Failure Plus Instrument Failure in

the Opposite Side

l' In this case, the failure of a single instrument on the opposite side|g All
|[

causes loss of automatic low level initiation of all ECCS systems.
,~

event functions on the operator tree of Figure C.$ are similar to that of
;

Case 3 except:
.

|i -

''(s

One instrument is available to initiate an annunciator so thisj AR -

case lies between Case 1 and Case 3.j
-

!
I C-16
! O
li
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PERCEPTION DIAGNOSIS RESPONSE

i

INITIATOR OPERATOR INSTRUMENT RECOGNITION Al',TO MANUAL SEQUENCE CONDITIONAL

OR DISPLAY AND A')S DEPRESSURI- DESIGNATOR PROBABILITY
t

ANNUNCIATOR! PROCEDURE ZATION
,

'

N
T RB A D P R R
R R R R R ;

[' OK -

'

3OK -

1.0 ~4 |8.5x109x10-4 g 1L

I
OK -

,

.

0.05
PN 0.050.

RR
I

OK -

| ?' OK'
--

I C
<9x10-4 D X "R ;-3 RR5x10 _

.

1OK -

0.25
1.0 DP 0.0012

RR.

|OK -

.i 10-2 !
1.0 A 0.01 :

R '
j t

::
4 TOTAL 9.062 i

||
,

1

Leak in a Single Reference leg Coupled With! Figure C.8. Case 3:
! A DC Bus Failure

*

i Evaluation of Reactor Depressurization Function When
Required for Instrument Line Break Initiators
(See Figure 6.1, Sheet 4 of 5 - Branch 30)

,
'

e

_ __ __ _ -
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10
4

%

'O
DR Same as Case 3.-

The remaining annunciator provides a diagnostic aid that wasPR -

not available in Case 3 so the probability for this case is
'C

- slightly better than in Case 3.
.

X ,MR- Same as Case 3.R
:
:

O C.4 OPERATOR RESPONSE TO CONTINUE LONG-TERM STABLE COOLING.

Normal operator response to maintain adequate core cooling during long-
term reactor shutdown using low pressure systems is anticipated to be

i O quite reliable and is characterized by the Wreathall Operator Response
' Curve. However, there may be cases in which the operator response may be

f compromised by the plant conditions and by his perception of those

!.
conditions. Table C-2 summarizes the variability in operator response as

:O a function of plant condition and operator perception. These values are
based generally upon Swain and Guttman models (C-2); however, the point:

[ values used in this analysis are developed using a Shoreham pl ant-

) specific analysis. The basis for the values used in Table C-2 are as

iC follows:
P

[ 1. For the cases with no flashing, the following conditions
i are assumed to be applicable:

Operator response is required over the long-term.) --

(O
{ Clear procedural steps state that indicated water--

3 level on the wide range indicators is to be

j maintained above level 5.

Water level indication is sufficiently accurate with--

O no reference leg flashing or leaks.
-

|t

? The value used is from the Wreathall Human Error
I

-

Probability (HEP) Curve. ,

'

.
,

o'

! 2. For cases with flashing of the instrument lines which is
!! detected by the operator, the following addition

considertion is included:j ,

k
i0 C-19
I
I

.
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'U Table C-2
i

Human Error Probabilities for Long-Term Stable Cooling
|

8.,
~

Human Error'

i Condition Probability

i

| No flashing; low pressure system operating. 10-5

IC Flashing occurs and is detected with systems 10-4

i operating.
;

i Flashing not detected; operator at ECCS panel. 5x10-3
i *

' Flashing not detected; operator at feedwater 0.01
O control panel.

Instrument line failure;* flashing undetected. 0.05 to 0.1
.

i
4

4

^0
i

!

,

[

c

!

i

$

G

:
|-

!

I
r

IG
".

|-

O

;

l

}
-

2
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U Moderate stress is imposed on the operator model due--

to the excessively high drywell temperature.

3. For those cases where flashing is not detected, operator
response is characterized by: ,

- High st:e:;s;--

Inappropriate procedural action already;--

Possibility of ignoring further procedural steps.--

4. The case of an instrument line break with undetected
flashing is assigned a relatively high failure probability
because of:

C Conflicting signals among level indications;--

Inappropriate procedural actions in the face of--

excessive drywell temperature;

High stress due to both of these occurrences.--

O

REFERENCES TO APPENDIX C

O C-1 WASH-1400, Reactor Safety Study: An Assessment of Accident Risk in
U.S. Comercial Nuclear Power Plants, USNRC, October 1975.

l
| C-2 Swain, A. D., and H. E. Guttman, Handbook of Human Reliability
0 Analysis with Emphasis on Nuclear Power Plant Applications,

NUREG/CR-1278, April 1080. (Draft)
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Appendix D

C
FUNCTIONAL LEVEL FAULT TREES

.

i

This appendix provides the derivation of the conditional probabilities ;

c l

^ associated with the functional events used in the quantification of the 1

event trees for the following cases:
,

1. Sequences following a Reactor Water Level Reference leg
C Failure (Section D.1).

2. Sequences following Various Transient Initiators (Section'

D.2).
,

; D.1 FUNCTIONAL FAULT TREES FOR SEQUENCES FOLLOWING A REACTOR WATER LEVEL
'C REFERENCE LEG FAILURE

d

The reference leg failure is different from other initiators because it
causes the loss of the safety system low level initiation channels due to'

O the high level signals from all instruments connected to the line. The

: fault trees for events following this initiator are given in the

following subsections. The required fault trees and the fault tree^

figure numbers for the events appearing in the event, tree for this ini-
O t1ator are:^

.

Label Designator Figure No.
.

D-1Continued operation RR
Operator Error Og D-2

c'
- 125V DC Bus Failure BR N/A

Opposite Division Level Trip Lg D-3
Scram C N/A
Feedwater Q D-4

HPCI/RCIC U D-5
HPCI U" D-6

C RCIC U' D-7
ADS X D-8

4 Coolant Injection UX D-9
1 Low Pressure V D-10

Drywell Cooling G0L D-11
;.

~

Containment" Heat Removal W D-12
g

!

i
?

-

] D-1

. ., c

:). ' ~

.t
'

-
, . - - . . - - -
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The numbers in parenthesis in the paragraph headings and on the fault
trees refer to th'e event tree branch numbers in Section 6 where the fault

.

C tree probabilities are used. The sources for the values given on the

fault trees are as discussed in Section D.3 and delineated on Table D-2.

D.1.1 Continued Power Operation: RR

0 _

The water level instrumentation and feedwater control configurations are
arranged so a loss of the reference leg does not necessarily lead to a
plant shutdown. The important considerations for establishing the

c, failure to continue power operation are:

e Side A Failure With No Operator Intervention. A high
level turbine trip will occur since two of the three high
level trip instruments are connected to the Side A and the
trip logic is 2-of-3.

O
e Side B Failure With No Operator Intervention. If feed-

water control is on the side B level instrument, the feed-

water controls will shut off feedwater and a low level
scram will occur from the Side A level sensors. If feed-
water control is on Side A, then power operation will con-

C tinue.

The operator is instructed to assume manual control ofe
feedwater if the high/ low level annunciator or the high
level trip annunciator sounds. The procedure calls for
manual control of feedwater until the problem is diagnosed

c and appropriate action taken.

The fault tree shown in Figure D-1 accbunts for these considerations.
Since the trips are assumed to occur shortly after the failure, little
credit for successful operator intervention is given. The Shoreham

O operating procedures are expected to call for using the Side A sensor
for input to the feedwater level controls unless there is a compelling
reason to use the Side B sensor. It is conservatively assumed that the
Side B sensor will be unavailable 10 percent of the time.

The probability for a high level trip when the failure is on ' Side A is
1.0. The Side B probability for this event is low since it requires a
failure in an instrument and is evaluated to be 0.008. The

O

.

: D-2
4

0
!

- .. ._
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F AILURE TO
CONTINUE POWER .

OPERATION FOLLOWING
THE FAILURE OF A

SINGLE REFERENCE
G LEG

I

I a a

1.0
*

0.10
.

I I(:
.

OPERATOR OBSERVES AUTOMATIC ACTION
OCCWS TO SW OU

| INITIATES MMED TE FEEDWATER
SCR AM LEGEND

,; g | SIDE A PROBA ssuTY

; SIDE B PROBABILITY
,

C
10-2 O
10-2 ,

W

I I

FEEDWATER CONTROL
I ON REFERENCE LEG IN

O HIGH LEVEL (LB) WHICH LEAK / BREAK
TRIP OF FEEDWATER OCCURS AND OPERATOR

DOES NOT SWITCH TO
4

OPPOSITE LEG

| | |

1 I-

O 8 x 10-3
1.0 0.68

0 -

0.08

I I

OPERATOR FAILS TO
l SWITCH FEEDWATER

# '

ON REFERENCE LEG IN
CONTROL TO THE WHICH LEAK /BRE AK

|C
OPPOSITE REFERENCE OCCURS

|
LEG

'

| |

0.75 3
5 01=

C i I

OPERATOR F AILS OPERATOR FAILS TO
ANNUNCIATOR TO NOTICE SWITCH FEEDWATER

FAILS ANNUNCIATOR TO OPPOSITE LEG

| | |

O

0:::::: O" Oi!4

' BASED ON THE ASSUMPTION THAT THE SHOREHAM PROCEDURE SPECIFIES THAT THE OPERATOR WILL INVESTIGATE
THE CAUSE OF THE WATER LEVEL INSTRUMENT ANOMALY PRIOR TO INITIATION OF PLANT SHUTDOWN

IC Figure D-1: Fault Tree for Continued Power Operation Subsequent to Reference
Line Failure

5
'4

f D-3
?

i0
r

i
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Side A/ Side B failure probability for continued power operation is as
shown on Figure D-1.

g

D.1.2 Failure in Alternate Reference Leg: OR
;

!
~

.

The possibility of a common cause failure is included in the event tree.
'''' ~ Figure D-2 sunnarizes the functional events considered in the quan-

tification. The loss of the other reference leg, subsequent to ae

failure in one reference leg, is most likely to be caused by a nain-
.

tenance error. Based upon this knowledge and recognizing the importance

!O of the water level measurement system, LILC0 has taken steps to minimize

| the potential for adverse impact of the operation and maintenance per-

j sonnel on the water level system. The LILC0 procedures define the

following important items:-

:o .

During power operation, if it is necessary to manipulate; e
: valves on one of the reactor level sensing lines, the
' control room operator will be notified at the start and

: completion of the work and will perform frequent valida-
tion checks during the work period.

* There are no scheduled surveillance tests of any type that
j require minipulation of any valves associated with any

reactor level sensing line during power operation.'

Additionally, all station procedures used for instrument; calibration or maintenance are written on a detailed step-
,C by-step basis and require sign-off by the technician at'

; each step. Also, after the completion of the work task,
( all procedural steps, including valve alignment, are inde-
4 pendently verified by a second qualified person.

O The quantification of the functional event in Figure D-2 consider the

j positive improvements gained from each of the above items.

The probability of a failure in the alternate reference leg given that a
O failure in one reference leg has already occurred, depends on the source

of the original error and the particular sequence under consideration. |,

When the original failure is caused by a leak, an alternate reference leg'

failure can occur if the following events occur , simultaneously:
|

O

i

j '

D-4 ))
%o
|t

1
. _ -

--
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| MAINTENANCE ERROR
,

LE ADS TO HIGH LEVEL }j,

. INDICATION IN ONE
I SLOE OF RE ACTOR SIDE A BRANCH SIDE 8

LE VE L INSTR UMENTATION.

2.7 m 10-5 2 2.7 w 10-5

| 0, |
2.2 , w " 49 n= & |

I I;

MAINTENANCE ERROR Ii MAINTENANCE ERROR CAUSES LOSS OF i

OCCURS ON ALTERNATE REFERENCE,

ALTERNATE LEG LEG

I I |
| | | FIRSTLEG | ;

5.4 x 10 12,49Al

2.2 x 10-5 (2) 9.9 x 10 (4981
2.2 m 10-5 g493

'

I I 1 I
- -

MAINTENANCE PERSONNEL TEN
A ASIGN D TO THE ORIGWAL FAlWRE AUSE LOSS .

F AILU N T CAUSED WRONG WATER LEVEL CAUSED BY e

ALTERNATE r
*

8 A A CE INSTRUMENT SIDE AND MAINTENANCE ERROR REFERENCE LEGERROR MAKE AN ERROR

I I I I i

| | | OR SE ARCH | | | | O MAINT |R

0.9 2.4 x 10-5 0.1 5.4 m 10-5 (2,49A)
9.9 x 10-5 (4981

f
i

SEE SHEET 2 SEE SHEET 3

r ;

Figure D-2 (Sht 1): Fault Tree for Operator Error Causes Failure of Alternate
Reference Leg

s

.
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- ;,

MAINTENANCE PERSONNEL
ARE ASSIGNED TO THE
WRONG WATER LEVEL
INSTRUMENT SIDE AND '

MAKE AN ERROR
,

TO SHEET t i

I

| O SEARCH |R

2.4 10-5

I I

MAINTENANCE PERSONNEL MAINTENANCE
'

ACCESS WRONG ERROR OCCUR
INSTRUMENT RACK '

i

I I
.

I I I I

44 10-*0.Oss

I I I I i

i

BREAK DOWN IN MAINTEN ANCE CREW RECOVERY'FROM THE f;O
8 OPERATOR ASSIGNS* COMMUNICATION AND ERRORINDUCES ERROR DOES NOT OCCURTHE WRONG MAINTENANCE CRFW DR AINING OF PRIOR TO DR AINING OFREFERENCE

LEG SIDE EFERENCE LEG REFERENCE LEGGO 8 T T"
RONG S DE

1 I I I
-

I I I I I I I I-

0.05 0.005

I I I I

INSUFFICIENT TIME
FAULTY PROCEDURE MAINTENANCE CREW COMMUNICATION FAILURE TO AVAILABLE FOR

USED IN THE HUMAN ERROR NOT EST ABLISHED IMPLEMENT OPERATOR TO
j CHECKING OF THE PROBABILITY WITH CONTROL ROOM RECOVERY COMMUNICATE TO,

'
,

LEVE L INSTRUMENTS MAINTEN ANCE CREW

I I I I I

I I I I I I I I I II

O => Oo> O=Oir" OT ira

Figure D-2 (Sht 2): Fault Tree for Operator Error Causes Failure of Alternate
Reference Leg
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MAINTENANCE ERROR
CAUSES LOSS OF
OF ALTERNATE 4

IREFERENCE LEG e

TO SHEET 1 ?

|:

12,49Al
| 5.4 m 10|

O MAINTR 9.9 x 10~ (498)t

- CONTROL ROOM OPER.
MAINTENANCE AND/OR AND/OR TEST PERSONNEL

: TEST PERSONNEL Fall TO NOTICE
PERFORM IDENTICAL INCORRECT WATER
F AULTY PROCEDURE LEVEL INSTRUMENT

ON OPPOSITE LEG MEASUREMENTS FROM
THE FAILED LEG

1-

|I I I I

0.06 (2,49Al
9 m 10 0.11(498)

; I I I }

SAME CREW WITH DIFFERENT CREW FAILURE OF CONTROL
SAME PROCEDURE PERFORMS THE TEST NO INDICATION IN ROOM OPER ATOR OR i

PERFORMS THE AND MAINTEN ANCE THESHOREHAM TEST PERSONNEL TO'

o TEST / MAINTENANCE AND FAILS THE CONTROL ROOM RESPOND '
'

( AND FAILS LEG REFERENCE LEG
*

I I I I

I I I I I I I I ,

9 io-* ir5 O ,o-- g j

l | I I I I I

FAULTY PROCEDURE PROBLEM NOTFAULTY PROCEDURE
t CONDITIONAL IS AGAIN UTILIZED CONDITIONAL IS UTILIZED AND PERCEIVED .* NO OPERATOR ACTION

] PRO 3 ABILITY THAT AND REFERENCE LEG PROBABILITY THAT REFERENCE LEG FAILURE TO FOLLOW PRO 3LEM NOT FAILS OR

NEW CREW PERFORMS 15 FAILED AND SHOREHAM DIAGNOSED MAINTENANCE
SAME CREW PERFOnMS is FAILED AND F AULT

TEST / MAIN TEN ANCE IS NOT IDENTIFIED TEST / MAINTENANCE F AULT IS NOT Call 8R ATION PERSONNEL F AILURE
IDENTIFIED PROCECURE

I I I I I I I

I o PERCEP | | j' | |
I I I I I I I I R

O= O ir' O o> 0 io" O : s t,'^' O i r ' O ir'
,

-
.

:

Figure D-2 (Sht 3): Fault Tree for Operator Error Causes Failure of Alternate ;

Reference Leg ||
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; 1. Maintenance ' crew accesses wrong instrument rack.
.

'O 2. Maintenance crew perforns an action which causes loss of
the alternate reference leg.

!

: The fault tree for evaluating these events is shown on Sheet 2 of Figure
t

1e .

D-2.

f When the original reference leg failure is due to a maintenance error,
the probability of failure of the alternate reference leg will depend on
whether the original error occurred during shutdown or during powerg
operation as well as the sequence. The loss of both legs will occur when

i a maintenance error occurs on the alternate leg before the original
4

] failure is detected and diagnosed. The probability of the occurrence of

j the second error, given that the first error is not detected, is deve-g
l loped on the left-hand side of Sheet 3 of Figure D-2. The failure of the
$ operator to detect and diagnose the first error is shown on the right-
. 'i hand side of Sheet 3 of Figure D-2. The operator detection of the error

will depend on the sequence. The cases to be considered when the origi-
nal error occurs during power operation are: -

Original error causes loss of power operation (Branch 2).e

1 In this case, the operator is expected to detect the ori-
ginal error.

O
Original error is on Side B with Side B feedwater controli e

,' and power operation continuing. The operator is assumed
! to detect the original error since manual operation of the

feedwater is required to maintain power operation.

Original error is on Side B with Side A in control. SinceC e
the only immediate indication of the error is a single
yellow light on the feedwater panel, the probability of
the operator detecting the error in time is judged to be

' O.1.
't

c
If the original error occurred during shutdown, the probability of timely

_

h detection of the original error is assigned a value of 0.1 because the
j long time available to detect the error is counterbalanced by the fact
a

,C
;
1

1

I D-8
*

i

k

0
4
1 . . _ .

t -- - _ _ -- -



_ . - - - . . - - . _ . . . . - . . _ . .

. - . _ _ .. - _._ . _ . _ _ . _ _ _ _ _ _ _ . . .

_

C

that less attention is given to the indications during shutdown. As

indicated in Appendix B, the fraction of the initiators due to main-
O tenance errors is 0.1, with an approximately equal split for errors

occurring during power operation and during shutdown. The detection pro-
babilities shown on Sheet 3 of Figure D-2 reflect these considerations
and represent the combined failc.e probabilitics for errors which occur ,

O . during shutdown and power operation.

'

D.1.3 Failure of 125V DC Bus (3,6): BR
;

' C' The quantified probability of a single electrical bus failure developed
in the Shoreham PRA electrical power fault tree is directly applicable'

to the conditional failure probability of the DC bus (B ) for the dura-R

tion of this accident (3.7x10-4). For this reason, a fault tree for

C this event is not developed.

D.1.4 Opposite Side Level Instrumentation Failure (4,7,9): LR'

.,

*C The postulated reference leg failure on one side causes loss of one

i safety system low level initiation channel, so an upscale failure in
either one of the sensors and associated electronics on the other sidei

will result in loss of automatic low level initiation. The functional

O fault tree for this event is shown in Figure D-3. The failure rates for
the various components represented in Figure D-3 are taken from the
Shoreham PRA, with a quarterly test interval used for calculating the

g

event probabilities. The event ALEV1 in Figure D-3 represents the random
failure probability for one of the instruments on the intact referenceo
leg and CLEV1, which contains the same items as ALEV1, represents the
failure of the other instruments. A common-mode miscalibration of the
two instruments is also included in Figure D-3.'

.
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1

OPPostTE SID' E'
INITIATION SIGNAL{ FAILURE

,

R
.

- 1.6E.2
..

INITI ATING OTHER INITI ATINGQ COMMON MODESIGN AL ON SIGNAL ON OPPOSITE
OPPOslTE SiOE MISCALL 8 RATION SIDE FAILS

FALLS

ALEV1/CLEV1 CLEV1
{,

2.0E 3 6.8E 3
j 6.8 E-3

T

'O
- LEVE L 21.4tTIATION LEVEL 1 INITI ATION MECHANICAL F AILURE

FAILS FAILS OF OlFFERENTIAL
ELECTRONICALLY ELECTRONICALLY PRESSURE CELL

0

.J .2E 3 V .4E.31 41.2E-3-

- --

C

LEVE L 2 RELAY LEVEL 2 SLAVE LEVEL 1 RELAY LEVEL 8 ' LAVE
|; LOGIC F AILS UNIT FAILS LOGIC FAILS UNIT A:
,,

; ( '.

.-

<

O"" O '-> O"" O-
{ ' FAILURE OF EITHER ONE OF INSTRUMENT
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I Figure D-3: Fatilt Trie for Loss of Low Level initiation from One Division
1

i D-10 *
I O
l
I

_ .. . . . - - . -

- . . . . . . . - .

-

-

i
- - _ _ . . . . .



. . - - - _. .. . - - . ~ . . . . . . . . . . . .

:

!

:C

D.1.5 Reactor Scram: C
s

C The reactor scram failure probability used is the same as used in the
Shoreham PRA, with the alternate rod insertion feature included in the

evaluation of scram failure rate (1x10-5). The reference leg failure
,

causes the loss of one low level scram channel. However, as discussed in
'O , Section 5, a scram initiation signal would be expected to originate from
i other sources (e.g., turbine trip, other level channel MSIV closure) so

the loss of the reference leg would not significantly affect the scram;

[ failure probability.

{O ,

D.1.6 Feedwater Availability: Q*

I For events where feedwater is lost due to the initiator, the feedwater

5 availability depends on the operator's ability to restore feedwater.C
;

For the event where the initiator does not cause loss of feedwater, the <

feedwater availability is set by the probability of a spurious trip

O 91ven that one reference leg has failed, which is assessed to have a
. probability of 0.04, based on a conservative evaluation of the feedwater

system. MSIV, main condenser, and the high level trip circuit failure
probabilities for 24 hours following the initiator.

C,

D.1.6.1 Feedwater Maintained or Restored Imediately (12,13,14,15,851):
l

f _S:.

When the initiator is a failure of the Side A reference leg, the feed-|o
[ water system is assumed to remain unavailable since the high level trip

logic would have to be defeated to restore feedwater. For the Side B
failure with Side B in control, the operator could restore feedwater by
assuming manual control as discussed in Section D.1.1. Since the action

G.t

required to restore feedwater would have to occur rapidly and the opera-
-,

( tor would have to resolve conflicts between level indications, the

failure to restore feedwater is evaluated to have a probability of 0.75
,

O
:
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C

as shown on Figure D-4. In addition to the probability for the failure
of manual control, there is the probability that the transient following

C scram could result in a high level trip or that a spurious trip could
occur. The probability of a spurious trip is assessed in the same manner
as with feedwater available, and the probability of the transient causing
a trip is assessed to be 0.24. The total failure probability for

0 -restoring feedwater is the Boolean combination of these three terms, or
0.82 as shown on Figure D-4.

! D.1.6.2 Feedwater Recovered (25,26,27): Q

,o

Subsequent to loss of feedwater due to the initiator, the operator could
recover feedwater in time to use it for core cooling. In order to

i restore feedwater, the operator sust clear the high level trips and open

O the MSIV's. Since clearing high level trips requires bypassing the trip
electronics, no credit for restoring feedwater is given. For

'
OR sequences (Branch 25), the high level feedwater trips will occur and
will not clear as water level drops; consequently, no credit for feed-

c water recovery is given for these sequences. For other sequences, the

! dominant contribution to core vulnerable frequency is due to a side A
L failure, With a side A failure, the high level trips will not clear as

level drops. Therefore, no credit for recovery is given on any sequence.

C
D.1.7 High Pressure ECCS Systems Available (16,17,18,19,20,21,22,23):

; U, U', U"

E

(C The High Pressure Coolant Injection (HPCI) and Reactor Core Isolation
i Cooling (RCIC) systems share the same low level initiation signals, which

$ requires consideration of a common-mode failure of both systems. The

L fault tree for a common-mode failure of the HPCI/RCIC systems is shown in

Figure D-5. The common mode event failure probability shown on Figure
C;

D-5 is calculated by including a common-mode term in the Boolean com-
,

* bination operation represented in Figure D-5. The combined HPCI/RCIC

unavailability is based on a re-evaluation of the fault trees in the;

| Shoreham PRA, which include credit for manual initiation of the systems.

+
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FEEDWATER
UN AVAILABLE SIDE A BRANCH SIDE 3

1.0 (12) 0.82 ,

| 1.0 (131 1.06 '
| 0 | 1.0 1941 1.0

1.0 (ISI 0 82*

NA (51) 0.04

I I
+F EEDWATER IS

UNAVAILABLE DUE TO SPURIOUS TRIP AND REACTOR WATER LEVEL !
t

HIGH RE ACTOR WATER LOCKOUT OF THE FW SWELL CAUSE3 HIGH LEVEL
LEVEL TRIP DOE TO SYSTEM DUE TO TRIP AND FEEDWATER NOT ! -

CONTROLLING ON THE RANDOM F AILURES RECOVERED BEFORE 1

LEVEL INSTRUMENT COUPLED WITH MSIV's CLOSED AT |

WITH REFERENCE LEG ACCIDENT SEQUENCE LEVEL 2
' F AILUR E

SIDE A 8 RANCH SIDE 8 | I I'

1.0 12,15 0.75
* * *

1.0 13,14 1.0 0.04 o(*

NA 51 0.0p (ALL 8RANCHESI
** j'

i I j-
"
' OPERATCet FAILS |

CONTROLLER FOLLOWS '

TO SWITCH FEEDWATER
THE WATER LEVEL

'. TO THE OTHER WATER
INDICATION AND LEVE L INSTRUMENT

CLOSES THE FEEDWATER LEG AND RESTORE
REGULATOR VALVE FEEDWATER**

| | * NOTE THAT THIS CONTRIBUTOR IS CONDITIONAL

{ON THE OCCURRENCE OF A SIMILAR EVENT IN RR-
| | | |

+8ASED UPON A CONSERVATIVE ASSESSMENT OF ;O O THE RELIABILITY OF THE FF*, MSIV's, AND TRIP
CIRCulTS FOR A 24 HOUR DURATION FOLLOWING j1.0(12,13.14,15) THE D9AINING OF THE REFERENCE LEG.

0.0 (511 SIDE A BRANCH SIDE B ,

**THIS OPERATOR ACTION OCCURS IN THE TIME :

" 1.0 (12,15) 0.75 FRAME FOLLOWING THE HIGH LEVEL TRIP AND $'
'

1.0 (1 31 1.0 PRIOR TO THE WATER LEVEL RE ACHING THE
1.0 (141 1.0 MSIV ISOLATION SET POINT OF LEVE L 2.

NA (51) 0.0

|
:Figure D-4: Fault Tree for Feedwater Availability Following Reference Line Failure

!-

1



i. , , - . . . . . . . _ . . . -

.. ..._ - - .. - _ _-. _. ._

f

.

C

(16-20.52 53)
O.02HPCI AND RCIC

LEGEND UNAVAILA8LE; 1.0
(17 211

b_
REFERENCE LEG g-

SIDE A BREAK INITI ATOR
SIDE B

0.085 (18-22)I C.11

U 0.13
Og (19 23)-

!

.

I

i
OPERATOR

HPCI AND RCIC ERRONEOUSLY
UN AVAILABLE 0.01

'O g, (16-20.52 53) INITIATES ADS'

I (17 211 |

,

0.075 4
I 10

( 0.10 ( ALL BR ANCHES)

Cs
i1 23i

; O

i Figure D 5: Fault Tree for Common Mode and Random Failures of HPCI and RCIC
for Reference Leg Failure initiator
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1 0.11
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0.M (73)
__

CREDIT FOR OPERATOR INITIATION

1 I

C

HIGH LEVELTRIP AND OPE R ATOR
A

N I 0.10 LOCK OUT OF HPCI ERRONEOUSLY
UN AVAILABLE - (20.21,53) OCCURS DUE TO INITIATES ADS

'

SEQUENCE=

I o o (22) ; ,

c-
~

HPCl* 123) 2

<Am. A~C -I oA o =.0 (21)
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Figure D 6: HPCI Fault Tree for Reference Line Failure Initiator
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In addition to the common mode failure probabilities, the HPCI and RCIC

also have independent failure modes so that one of the systems may

:e operate when the other fails. The fault trees for the HPCI and RCIC
system's independent failure probabilities are shown in Figures D-6 and
D-7, respectively, where the HPCI and RCIC unavailabilities are obtained

from the fault trees in the Shorehara PRA.

0
' D.1.8 Timely Reactor Depressurization (28,29,30,31): X

The ability to provide adequate coolant injection at high pressure is
augmented by the ability to depressurize the primary system, allowinge
the low pressure injection pumps to provide coolant makeup from the
suppression pool.

Reactor depressurization can be performed in a number of ways atg
Shoreham, including: ,

.

1. Automatic Depressurization System (ADS), which requires-

high drywell pressure, low level and low pressure ECCS
punp running signals for successful operation. Also, the

O operator can inhibit automatic ADS for two minutes after
the initiation signals are received.4

,

2. Manual depressurization through the safety / relief valves. ,

Plant procedures call for manual depressurization under
various conditions, including a condition where level can-

C not be determined.

3. Manual operation of valves in the HPCI and RCIC steam
: lines to the suppression pool.

O The ADS automatic initiation logic at Shoreham requires both high drywell
pressure and low reactor vessel level signals to trigger the ADS 2-minute
timer. Subsequent to time out of the timer, a signal confirming the
operation of a low pressure ECCS pump is required before ADS occurs.

O Automatic initiation may be effective since high drywell pressure signals
could occur when the drywell coolers isolate at level I with the sub-
sequent rise in drywell temperature and pressure.

G -
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0 085
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-

RCIC UNAVAILA8LE: 1.0
07IREACTOR REF ERENCE g

LEG SREAK INITIATOR

(18)
i 1.0

O
U- 0.185

0.185

| |,

C)
HIGH LEVEL TRIP ANO- OPERATOR

4 RCtc LOCK OUT OF RCIC ERRONE 8V
UNAVAILA8LE OCCURS DUE TO , ES A S,

SEQUENCE

$ I I I

' C
RCfC*

J

10-2SHOREHAM d (16,17.52) (16,18,19,52)| PRA 0.07 0.005 (ALL BR ANCHES)

(18) (171
.

0
0.17
g (19)

) * EVALUATED SASED ON LS AND L2 SENSORS FAILED HIGH ON ONE SiOE ANO NO
CREDIT FOR OPERATOR INITIATION

(f

4

0
.

<

Figure D 7: RCIC Fault Tree for Reference Leg Failure initiator
O

,

,s

I
i D-16
6

.O
1 . - . - . . .

- - - - - _ _ _ . - . _ . _ . . . . _ , _ . _ . . , _ _ _ . . . _ , . .



' ~ ^ ^ '

.. ~ ....... L . -. f ~ ^
^~

; . a. . .- -- .-

.

,O
,

- The functional fault tree for ADS in Figure D-8 reflects the above con-

sideretions. The following important considerations were used in the
C quantification of the conditional probability of successful depressuriza-

: tion.
'

i
1. Automatic ADS is given relatively little credit since it3

relies upon the rise in drywell pressure following the
O non-safety trip of drywell coolers at level 1 and the ini-

; tiation signal originates in the same level sensors used~

i for initiating the ECCS systems. In addition, this trip

.
occurs late in the transient, so depressurization may be

j too late to prevent a core vulnerable condition.

'O 2. For cases in which one referenc'e leg is leaking (i.e., one
! Division reading high) and there is a leak in the other
: reference leg or a failure in the DC bus for the other

Division, 'no automatic depressurization will occur.-

,

,
3. The conditional failure probability for manual depressuri-'

c zation is derived in a structured framework which accounts
for the quality of the information available to the opera-

| tor for a specific sequence.
;

! 4. The alternate methods of depressurization require operator
i action. The failure of the operator to manually initiate
o ADS encompasses the failure of the operator to initiate

alternate methods so a failure probability of 1.0 is used
,

; for alternate depressurization methods.

A detailed evaluation of the failure probabilites for manual depressuri-:

. C' zation under various conditions is given in Appendix C. Figure D-8 sum-

,

marizes the evaluation given in Appendix C and shows the event tree
' branch numbers associated with the various conditions.

>

,O D.1.9 Coolant Injection: UX

i The automatic initiation logic for ADS uses some of the same instrumen-
! tation as the automatic initiation logic for HPCI and RCIC. In addition,

O all three of these methods can be initiated by operator action, which may
require the operator to respond correctly in the face of conflicting

,

$ information. Therefore, a quantitative evaluation of HPCI, RCIC, and ADS |
failure must be performed together to properly account for intersystem

,

O .
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0
!

X
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5.5 m 10-3 (28,54)
0.30 (29)
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0.083 t30)
O.011 (31)

I
ALTERNATIVE

?

ADS METHODS OF'

UN AVAILABLE REACTOR'

O DEPRESSURIZATION Fall

.

e

.

h

0 ''O

s

't

d DEPRESSURIZATION
.

MANUAL OPER ATION THROUGH THE RCIC

~~ Q
AOS INITI ATION OF OF THE SAFETY OR HPCI STEAM LINES

F AILURE ADS FAILS RELIEF VALVE FAILS TO THE SUPPRESSION
POOL F AILS4

j
[

,

~

8.8 x 10-4 0.0055 (28.54)
g3gg,

(ALL 8R ANCHES)c E6301d SHOREHAM
a011(31) 1.0* (ALL BR ANCHES) 1.0* 1 ALL BRANCHES)} PRA

u
il
li
j6

AUTO A0S MANUAL ADS FAILS *OPER ATOR ACTION INCLilDEDp
IN MANUAL ADS

.

O * OPERATOR ACTION INCLUDED IN
MANUAL ADS

f 0.5 (28.54) 0.011 (28.31.54) *lNPUTS TO TblS GATE ARE NOT
1.0 (29.30.31) 0.3 (29) INDEPENDENT SO THE COM8INATION'

O.06&t30) IS NOT A SIMPLE SUM OF THE INPUTS,

,'
b

U
.

Figure D-8: Fault Tree for Timely Depressurization Following Reference line Failure
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|

dependencies and the potential for common-mode failures in the. system. |

The functional fault tree for the combination of the RCIC, HPCI, and ADS |
.

C systems is presented in Figure D-9.

D.1.10 Low Pressure Coolant Injection (32,33,34,35): V

O There are three low pressure injection systems at Shoreham: Core Spray
_

(V'), LPCI (V"), and Condensate (V'"). Once the reactor is

depressurized, these pumps are sufficiently redundant to ensure with a .

high probability that sufficient coolant injection is ava'ilable (V).
,

|C However, in the sequences in which the operator may be misled by the high
! level indication on one set of level instruments, the operator perception
! of the reactor water level will dominate the response of the low pressure

$ systems. Figure D-10 is the functional fault tree for the three low

fO pressure injection systems. The failure probabilities for the injection
systems are based on an evaluation of the unavailability of the combined'

I low pressure systems. The fault trees, appearing in the Shoreham PRA,
,

for the three systems were combined and evaluated to account for common-
mode or dependent failures between the systems. The probabilities of theO
operator prematurely securing the systems are based on assessments of the

; information available on a particular sequence. The manual initiation

failure probabilities shown on Figure D-10 are 1.0 when automatic ini-,

t1ation is successful, since nanual initiation is notL required, and 0.0
7p

when automatic initiation fails because the operator sust initiate ADS
r

under these circumstances, so the human error is covered in the ADS fault
i

tree.

C .

G0LD.1.11 Drywell Cooling (36,37,38,39,40,41,42,43,44,45,46,47):
i

Drywell cooling may be required in certain accident sequences to prevent
degradation of the water level measurement systems. Specifically, inade-g
quate drywell cooling may result in sufficiently high drywell tem-
peratures to lead to boil-off or reference instrument line fldshing when

3

the primary system pressure is reduced, i.e., for long-term shutdown
.

cooling or access to low pressure coolant injection.
'

.
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C
.

LEGEND
LOSS OF COOLANT SiOE A

O' INJECTION
SiOE B

I

I ux |

5.5 E-5
t
' * ''

5.5 E-5
C

I I

HIGH PRESSURE F AILURE TO
DEM ESSWE

U AVAl BLE

O I I

| | | |

l 0.02 5.5 E 3
,5 5.5 E 5

I IL

C
HPCI UNAVAILABLE RCIC UN AV AILABLE

I I

| HPCI | | RCIC |

0.11 0.085
O

0.11 0.085

' INPUTS TO THESE GATES ARE NOT INDEPENDENT;THE SYSTEMS SHARE SOME COMPONENTS.
THEREFORE, THE GATE REPRESENTS A BOOLEAN COMBINATION WHICH IS NOT THE PRODUCT OF THE TWO INPUTS.

C
-.

<

Figure D 9: Fault Tree for Loss of HPCl/RCIC Coupled with Failure to Depressurize
c
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LOW PRESSURE
INJECTION

O

v

5.0 x 10-3 (32,55) -

7.0 m 10

(33.34)'

,,.%

1.0 a 10- (35)
C

.

F ALLURE
TO INITI ATE

C

6 m 10-# (32.55)
0.0 (33,34.35)

C

OPERATOR BELIEVES
THAT THE WATER

AUTOMATIC LEVEL IS HIGHM MUAL INITIATION INITI ATION
F AILURE AND STOPS LOW

FAILURE PRESSURE
O IN;ECTION

O 0.0 (33.34.35)*
1.0 (32.551** 6.0E4' (32.551 1.0 m 10-# 132.55)

1.0 (33.34,35) 5.0 x 10-3 133.34)
10 x 10-3 1351

CONDENSATE
LPCI CORE SPR AY SYSTEM

C UNAVAILABLE UNAVAILABLE UN AVAILABLE

LPCI CS COND

b

* COMBINED LOW PRESSURE SYSTEM UNAVAILABILITY WITH COMMON ELEMENTS AND SYSTEM
INTERDEPENDENCIES CONSIDEREDi

** MANUAL INITIATION NOT REQUIRED WHEN AUTO INITIATION OCCURS
+ OPERATOR ACTION INCLUDED IN ADS FAULT, TREE

e Figure D 10: Fault Tree for Low Pressure injection Following Reference Line Failure
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Plant shutdown with loss of adequate heat removal is modeled by three
events as discussed in.Section D.2. For the reference leg failure ini-

C tiator, these events are combined in a single event, using the fault tree
shown in Figure D-11. The failure probabilities for these events are

sequence dependent as indicated in Figure D-11.
|

'

G D.1.12 Containment Heat Removal (W)
_

The containment heat removal function can be satisfied by either of two
principal modes of heat removal:

0
1. The RHR system (W')

2. The Power Conversien system (W")

.

C The Containment Heat Removal function is described in the fault tree
shown in Figure D-12. The object of the functional level fault trees is

,

to identify the sequence dependencies which may arise and affect the con-
ditional probability of the successful completion of the function.

O
The following assumptions are important in understanding the calculated
conditional probabilities for adequate containment heat removal:

1. Operator action to open MSIV's is assumed to be diF' ult
G to justify for cases where water level indicators ar. ...

conflict. Specifically, it is judged that the MSIV's will'

not be reopened for cases where there is a conflict of
Iwater level measurements or where all water level measure-

ments are above level 8 or below level 2.
,

:O 2. RCIC in the steam condensing mode is considered a viable
option for cases in which water level measurement is
responsive; however, in case of water level measurement'

conflicts and high water level cases, RCIC in the steam ;

i
. condensing mode is assumed to be unavailable because of |
the potential for high level turbine trips or because of '

>

lG the uncertainty of effective operator response.
,

". _ .
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(37,38, 56, 57)

2.3 a 10"

2.3 m 10" Got
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F AILURE TO
ESTABLISH STABLE

ORYWELL HEAT FLASHING OR BOILOFF COOLANT INJECTION
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AND REFERENCE
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G O L
(,

A O" O
SEE FIGURE D.13 0.05

g (37,38,39,56,57,58)
3.3 m 10,

i36,37,38,56,571'
0 3.3 x 10-5 - (36)

0.1
0 005
0.005 (39,58)**

,

i

'O LEGEND

SiOE A_

SIDE B
'HIGH PRESS'JRE SYSTEMS AVAILABLE

**NO HIGH PRESSURE SYSTEMS AVAILABLE

C Figure D-11: Fault Tree for inadequate Drywell Cooling Following Reference
Leg Break
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1

^b ** PROBABILITY OF Z WHEN NO HIGH PRESSURE ECCS SYSTEM IS AVAILABLE
r
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Figure D-12: Fault Tree for Long-Term Containment Heat Removal FollowingI
I Instrument Line Failure
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[ D.1.12.1 RHR or RCIC in the Steam Condensing Model (W')
1 -

.

O The RHR heat exchangers can be used to remove decay heat from the con-

tainment. These heat exchangers require service water pumps for removal
of heat to the ultimate heat sink and either the RCIC or the RHR pumps to

provide primary flow to the reactor vessel or the suppression pool. For
. the cases investigated here, the RCIC in the steam condensing mode is

assumed to be ineffective because of the questionable reactor water level
'

indication.
'

,

i

O D.1.12.2 MSIV Reopened /PCS (Z) and (W")

.

j In the event that the RHR is unavailable, the operator faces the dilemma
of needing to open the MSIV's without knowing where the reactor water

,

.O level is.

The containment heat removal function using the power conversion system

i has been assumed in this analysis to be adversely impacted by the inabi-

'c lity to determine reactor water level, and, therefore, operator action to
reopen the MSIV's is assumed to be degraded due to this uncertainty.

D.2 FUNCTIONAL FAULT TREES FOR LOSS OF ADEQUATE DRYWELL HEAT REMOVAL

C SEQUENCES
- -

When low pressure and high drywell temperature occur together, the poten-
tial for instrument line flashing and the subsequent degradation of level
indication exist. Safe plant operation under these conditions depends ong
the operator's ability to achieve stable cooling with abnormally high
level indications. The operator's ability to achieve stable cooling'

depends on whether or not the operator is aware that flashing has
,

a occurred. Three distinct events are therefore required to model theseg
D sequences: ._

(
Adequate Drywell Heat Removal (G designator);e

i
o

:

h,
f
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Flashing Detected (0 designator);: e

Stable Cooling Established (L designator).' e
O

The quantification of these events is highly sequence dependent., In

general, there are four classes of transient initiators for which these
sequences sust be developed:

0 .

* Plant Transient Initiators;

e Loss of Offsite Power Initiator; |

e LOCA Initiation;
O s

e Instrument Line Failure Initiator.

D.2.1 Adequate Drywell Heat Removal

C
Loss of Drywell Cooling is nodeled by the functional fault tree shown in
Figure D-13. This fault tree reflects the fact that both the containment
sprays and drywell coolers must be unavailable in order to cause loss of
adequate heat removal and the subsequent rise in drywell temperature.C

D.2.1.1 Containment Sprays Are Unavailable. This event represents the

! unavailability of the containment sprays when drywell temperature is
high. The functional fault tree for this event, shown in Figure D-14

' indicates that failure of the operator to initiate the sprays dominates
the unavailability. The Shoreham emergency procedures instruct the

.

operator to turn on the containment sprays when drywell temperatura

', g approaches the drywell design temperature. The probability that the

operator fails to initiate the drywell sprays is evaluated to be 0.05, as
shown on Figure D-14. This relatively high failure probability reflects
three factors that would tend to inhibit the action:

;C 1. Actuation of the containment spray system may cause water
damage to equipment within the drywell. ...

4

2.' The drywell temperature may remain below the design tem-'

i perature.
| -

O'

,

i
i

1
-
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3. There is 'no immediate direct threat to the reactor from
failure to spray.

'G
The availability of the containment sprays also depends on the availabi-
lity.of a source of water for the sprays and the containment spray injec-
tion system. The failure rates for RHR and spray injection systems are

4

as given in the Shoreham PRA. The use of service water as a source is
,9

- given little credit because the contaminents in the water would make the
operator reluctant to use it. The containment spray unavailability is
assessed to be the same for all event sequences since it depends only on

the operator response to drywell temperature increase.c
;

I

i D.2.1.2 Drywell Coolers Unavailable
i
i

The drywell coolers can be lost due to a mechanical failure prior to
; c.
1 achieving cold shutdown (assumed to be period of 5 hours), or because

the drywell coolers are isolated and not restored. The probability of
.

[ mechanical failure of the drywell coolers may be calculated from:
I

-c
P(cooler failure) = 1 - EXP[-Ac5]

'

where Ac is the failure. rate of the coolers. The failure rate of the
coolers may be derived from operating experience. The LER data base con-

C,
tains two loss of drywell cooling events that caused drywell temperatures

,

to go above 212*F. A may therefore be estimated by:c

# a lures 2 = 1.6 x 10-6/hrAc" ,

O reactor years *8760* 0.7 200 x 8760 x .7 '

i
6

where 200 is the number of reactor years for BWR's (see Appendix B), 8760'

is the number of hours in a year and .7 is the average availability of

LO BWR plants. The estimated failure rate may then be used to calculate the

f|
failure probability which yields 7.8 x 10-6 as the estimated probability

1 of mechanical failure of the drywell coolers during the transient. This
failure probability is independent of the, event sequence. The probabi-

Jo
!

!
1 .
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lity of isolating the drywell coolers depends on the event sequence. The
drywell coolers will isolate on low reactor water level (L1) a low-low

0, level signal from the Reactor Building Closed Cooling Water (RBCCW)
; system head tanks A or B, or a high drywell pressure signal.
,

I Drywell Cooler Isolation for Plant Transient and Loss of Reference
O .

; - Leg Initiators

;

i For the plant trans'ient and loss of reference leg initiators, the proba-

f bility of isolating the drywell coolers will depend on the availability
|0 of the high pressure systems, as indicated in the functional fault tree

shown in Figure D-15.
.

[
-C High Pressure Systems Available. If high pressure systems are

available, the probability of reaching the low level isolation
7

! is very small as indicated in Figure P-16. For this case, the

3

i probability of isolating the cooler! is set by the failure pro-
bability of the Reactor Building Closed Cooling Water (RBCCW)o
head tank level switches as indict.ted in Figure D-15.

High Pressure Systems Unavailable. If high pressure systems

! g. are unavailable, the low level isolation signal is assumed to
occar. The availability of the coolers will then depend on the

,

.

|"
operator resetting the low level isolation when level is
restored. The probability of the operator restoring the
c olers is assessed to be 0.1 as shown in Figure D-15.

:O
!

[ Drywell Cooler Isolation Following a LOCA

i
For the LOCA initiator, the high drywell pressure signal is assumed to-

O occur, so the failure probability for drywell coolers is 1.0 for this
! case. ~~-

!

i
*

10 _
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Drywell Cooler Isolation for LOSP (Station Blackout)

U The probability of drywell cooler isolation for loss of offsite power is
conservatively evaluated as follows. Drywell cooler operation is halted
when the emergency electric power supply is lost and even brief power
losses are enough to result in a LOCA signal due to high drywell pressure

,

C -caused by loss of drywell cooling. Therefore, it is assumed that reco-

very of the emergency electric power supply will not restore operation of
the drywell coolers. This is reflected in the functional level fault
tree shown in Figure D-13, in which the conditional probability of the

O drywell coolers being permanently unavailable due to high drywell'

pressure is assigned a value of 1.0 for all cases involving station
blackout (loss of both on-site and offsite power) at the initiation of
the sequence.

O
D.2.2 Occurrence and Detection of Flashing (0 Designator)

|

The Shoreham emergency operating procedures call for RPV depressurization.

C and containment spray actuation in the event .of Loss of Drywell Cooling.
If the noerator fails to initiate containment spray prior to depressuri-
zation and the drywell temperature is sufficiently high, the reference

; legs of the level instrumentation are assumed to flash and cause all -

C instruments to read high. For most sequences the operator's ability to
achieve stable shutdown (Event L. discussed later), following a loss of'

j drywell cooling and subsequent instrument line flashing, is expected to
improve if he has detected the occurrence of flashing. Therefore, Event

iG 0 represents the occurrence of flashing and the operator recognition of
i flashing, as shown in Figure 0-16. Two positise factors are associated
i

n with the event:

The procedure that calls for depressurization alerts thee
C operator to the potential for reference leg flashing and

the resulting level indication errors. ._.

i
e The operator will be watching reactor level during'

; depressurization, and the level change associated with
E flashing will be abnormally fast and erratic. -

U
e

;

l
1

-
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A negative factor related to the assessment of the operator error is that
for this situation to occur, the operator may have disregarded a portion

C.
of the operating procedures and alarms calling for containment spray
actuation. Once a portion of a procedure has been ignored, subsequent
errors are found to be more likely. For the plant transient and LOCA

,

initiators, the operator error of failing to detect flashing was assessed
g

- to have a probability of 0.05. Event 0 for the loss of drywell cooler
.

plant transient initiator is modified to 0.02 to account for increased
; operator awareness of the potential for flashing because he has already
.

I identified the high drywell temperature condition. When loss of drywell
cooling occurs subsequent to a loss of reference leg initiator, the;

; operator's ability to achieve stable shutdown is not expected to vary
k significantly as a function of the recognition of flashing. Therefore.

[ for the reference leg failure initiator, Event 0 represents only the
occurrence of flashing. The loss of offsite power is assumed to cause a

f loss of both reactor protection system (RPS) buses and a loss of the
3 instrument buses. Under these conditions, all level instruments indica-
I tions will be lost since they are powered by either the RPS or instrument
'O buses. Therefore, operator action is not expected to depend on detection
I of flashing, as in the reference leg failure initiator.

D.2.3 Stable Cooling Established (L Designator)-

O

Long-term stable cooling depends on the availability of a system to pro-

) vide coolant injection and the operator's ability to maintain acceptable
level control. The availability of a coolant injection system and the

i} O operator's perception of the actual vessel level relative to the indi-
cated level are both sequer.ce dependent. Since the reference leg failure

i.

(, initiator causes a loss of valid level indications on one side prior to
' line flashing, it is considered separately from the other initiators.
';O

I D.2.3.1 Stable Shutdown Cooling for Plant Transient and LOCA Initiators.
t

j The probability of failing to establish a stable cooling mode for these

.g sequences is dependent upon the operator's awareness of the fact that his
04

*

14
. *

il -
-
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i level sensors are reading incorrectly. This leads to two cases depending )
upon the outcome of the previous event (0) in the event tree:,g

o Case 1: The operator has successfully detected reference
leg flashing;'

I e Case 2: He initially has not detected the flashing.
,0

' "

,

' For Case 1, the operator may use shutdown cooling or injection with
either LPCI, Core Spray, or the Condensate Systems to provide heat remo-;

f val. Based on these options plus the long period of time available to
iO the operator to establish a cooling mode, the probability for failure to

establish a stable cooling mode, given that the operator has detected'

,' instrument line flashing, is dominated by failure of the operator to ade-
,

j quately assess water level and is evaluated to be 1x10-4, as discussed in
2 C Appendix C.
'n
t
j Case 2 represents a more serious challenge to the operator. In . this

[ case, the operator. is unaware that flashing has taken place in the
C reference legs. At this point, Case 2 can be subdivided into two events

i that depend upon which water level indicators the operator is likely to

$ be using to control water level. If the operator is controlling water

[' level by the use of the feedwater/ condensate system, he is more likely t$

0 rely upon the combinatiom of 3 narrow range and 1 wide range water level

indicators located on the reactor control benchboard. However, if he is e'*

g controlling water level using any of the ECCS systems, he is likely to be
'

f relying upon the two wide range and two fuel zone displays located on the

~! O core cooling benchboard. Subsequent to flashing, two of the narrow range
r

)I
instruments will read upscale and the third will indicate above the high
level alarm regardless of the actual water level, while the fuel zone and

[ wide range instruments will indicate abnormally low water level well

'O before actual level drops to the top of the active fuel. Therefore, the
operator is more likely to fail to establish stable cooling when he is

3

| using the narrow range indicators. For Case 2, the probability of the
''

operator failing to establish stable cooling is assessed to be 0.01 when
,

- o using the narrow range indicators and 0.005 when using the wide range.
! .

,!

1
o
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;{ indicators. The evaluated operator error probability recognizes that

, ; o~ adequate core cooling is assured if the operator controls level according
-
'

to procedures even if he is unaware that reference line flashing has
occurred.

D .'2. 3. 2 Stable Cooling for Reference Leg Failure and LOSP Initiators.
O .For these sequences, the degradation of level instruments prior to,

; instrument line flashing also degrades the operator's ability to properly
j assess and manage the transient.
!

|| 0 It is important at this stage to consider the effects of the water level

] displays that are available to the operator for controlling water level.

;{ The availability of water level displays depends on which reference leg
;} drained at the start of the transient and which control panel (reactor
jO control or core cooling) the operator is using. This results in four

i possible cases with varying effects on the operator's ability to

:l establish a stable cooling mode. The four cases are related to the asym-
.I

2

1 metric nature of the referance leg arrangement. The pertinent

G Side A/ Side B asymmetrical features are:;

!
ti e The reference leg vertical drop is different for Side A

and Side B;,

,

e Location of level displeys in the control room;hc

e Instruments which initiate automatic main and feedwater
t turbine trips are asymmetrically located.

h

jC The four cases to be assessed are:

b
b

} Cey e 1 - Side A mference leg drains; operator perception at the
! feedwater control station. Operator has two out of three
i narrow range indicators reading offscale high. One narrowg
. range and one wide range indicator reads on scale, but
! high. Controlling indicated wide range water level at

Level 5 keeps actual water level above top of active fuel
,

! (TAF). -

!c
i

, .
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Case 2 - Side A reference leg drains; operator perception at the |
l

ECCS control station. Operator has two wide range
G indicators: one reads upscale; the other reads on scale,

but high. Controlling the on-scale water level at indi-
cated Level 5 keeps actual water level above TAF.

:C -. Case 3 - Sice B reference leg drains; operator perception at the
feedwater control station. All indicators read offscale
high. There is no indication of changing water level.

'O Side B reference leg drains; operator perception at theCase 4 -
ECCS control station. Operator has two wide range

indicators: one mads offscale high; the other reads on

scale, but high. Controlling water level at indicated
*

;O Level 5 keeps actual water level above TAF.
,

;
Cases 1, 2, and 4 are similar in that adequate _ core cooling is assured if

,

the lowest reading wide range instrument is kept in the normal water
.

:O level range. However, the conflicting water level indications will cause
confusion so the human error rate will be higher than it is for other
initiators. For cases 1, 2, and 4, the failure probability of the large
level errors resulting in inadequate level control is assessed to be

C 0.05, per Appendix C. For Case 3, the failure probability will be higher
beccuse the operator is more likely to be using the narrow range instru-e

i ments. However, since Shoreham procedures call for water level indica-

tion logging and comparison each shift, the operator would be expected to
"O check other level indications. The failure probability for this case is

assessed to be 0.1. Fo: the LOSP initiator, the situation is similar to
Case 3, so a failure probability of 0.1 is used for this initiator.

.

O D.2.4 Summary of Loss of Drywell Cooling Sequence Probabilities
, -_

The probabilities for the drywell cooling events discussed in the pre-
.

! ceding sections are dependent on both the initiator and also the par-
.

h
,

-k
^ '

'
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i ticular sequence for a given initiator. The failure probabilities to be'

f used for a particular sequence are as follows:
10

e Plant transient initiators (Ms, IT. TC. TM. TF. TI. TNT
designators):

G (Adequate Drywell Cooling)--

_

with high pressure systems (FW/HPCI/RCIC)-

--

a vail a ble--3'.'3 x10-5

without high pressure systems available--0.005--

4

0 (Flashing Occurrence and Detection)--0.05--

.0
for LODWC initiator (TMT) 0.02

[
--

l L (Stable Cooling Established)--

1
.

with flashing detected--0.0001
|C

--

flashing undetected using feedwater/ condensate1 --

,

systems--0.01'

;

i flashing undetected using ECCS ,-0.005--

.

O
e Loss of offsite power initiator:

i.
'

G (Adequate Drywell Cooling)--0.05'

--

,

0 (Flashing Occurs)--0.9--

C

|
- L (Stable Cooling Established)--0.1

i

e LOCA Initiator

O G (Adequate Heat Removal)--0.05

0 (Flashing Occurrence & Detection)--0.05

L ( Stable Cooling)

with flashing detected--0.0001! O --

flashing undetected using feedwater/condinsate--

system--0.01

flashing undetected using ECCS system--0.005--

0
!

ii
;i
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e Loss of Reference Leg Initiator:

G (Adequate Drywell Heat Removal)O --

with high pressure system available--3.3x10-5--

without high pressure system available--0.005--

0 (FlashingOccurs)--0.9--

.

(Stable Cooling Established)L--

Side A failure using feedwater/ condensate--

controls--0.05

0 Side A failitre using ECCS controls--0.05--

Side B failure using feedwater/ condensate--

controis--0.1,

i
Side B failure using ECCS contrQ1s--0.05: --

,

.iO
i D.3 SUMMARY OF INPUT VALUES FOR THE FUNCTIONAL FAULT TREES

')
.

The event trees and functional fault trees for the evaluation of the
C

^

postulated failure modes of the reactor water level instrumentation
system are quantified using a number of sources which include the->

; following principal ones:

; c e The main source is the Shoreham PRA and the associated
.

system fault tree evaluations which have been performed to
calculate the system reliabilities at Shoreham for a wide

|4 variety of accident sequences.
)

Operator response plays a major role in the evaluation ofe

; 'o the functional fault trees. The quantification of human
error probability is based upon operator response models
constructed for Shoreham, using methods and data taken

,

f rom Swain-Guttman and Wreathall et al'. Appendix C sum-

|
marizes the principal contributors to this evaluation and

i how they were implemented for the Appendix D evaluation.

Table D-2 is the tabular sumary of the key events in the functional
fault trees along with their respective references.

i
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Table D-2

4 ===ry of the Conditional Probabilities Used in the Quentification

of the Event Tree Functione.,

Top
Fiaure Event Basic Event Probability Refs.

'D-1 RR Operator seerves high level and initiates Scram 1E-2 2, 8

High level trip of FW A31.0 8:8E-3 8, 6

FW is being controlled on Ref. leg with break A 0.9 8:0.1 8
- Annuncistor fails 1E-2 6

Operator fails to notice Annunciator .5 2, 6

Operator sees Annunciator, but fails to switch over .5 2, 6

D-2 OR Maint No indication in control roan 1E-6 4

Sht. 3 Some crew performe test /seintenance .9 6
Same crew uses faulty procedure 1E-3 2,

-O Different crew performs test / maintenance .1 4
Different crew uses faulty proce&re 1E-4 2, 4

Problem not diagnosed 1E-2 2, 6

Operator action failure or maintenance failure 1E-3 2, 6

Problem not perceived 0.05(2,49A) 0.1(498) 4, 8
-

D-2 OR Search Faulty procedure 10-4 2, 4

Sht. 2 Maintenance crew error 7x10-4 2, 6

C Communication not eet sliehod 0.01 8
Failure to implement recovery 0.1 2, 8

Insufficient time for communication 0.5 8

Operator seeigns wrong side 0.05 2, 8

Maintenance crew goes to wrong side 0.005 2, 8

D-2 OR Original failure not caused by maintenance 0.9 5

2 Sht. 1 Original failure caused by maintenance 0.1 5

' O
D-3 LR Relay logic fails 1.6E-4 6

Sleve mit falle 1.05E-3 6

Differential Pressure cell mechanical failure 4.4E-3 6
Cosmon-modo failure 2E-3 6

D-4 Q Trenaient level owell 0.24 6

Controle etwt off feedwater 0.0(51):1.0(12,13,14,15) 8

Operator failure to maintain 0.75(128,158); 1.0(12A,13,14,15A); 0.0(51) 2, 8
,

control
Spurious trip 0.04 6, 7

D-5,6,7 U Operator depressurizes to flood vessel (Erroneous ADS) 1E-2 2, 4

i High level trip locks out RCIC (HPCI) .005(16,18,19,20,22,23), 1.0(17,21) 7, 8

RCIC (U') 0.07(16,17,52,18A); 0.1(188); 0.17(19) 7

HPCI 0.1(20,21,53,228): 1.0(22A): 0.2(23) 7'

RCIC/lfC1 0.01(16-20): 1.0(17-21): 0.75(18A-22A) 7
0.1(188-228): 0.12(19-23)

,

D-8 X Depressurization through steen lines falle 1.0 2, 4

Manuel operation of S/R valves fails 1.0 2, 4
r' ADS unevellable 8.8E-4 7

AOS auto fails .5(28), 1.0(29,30,31) 8

ADS eenuel faile 0.011(28), .3(29), 0.063(30), 0.011(31) 2, 3
t
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Table D-2 (continued),

<,

%-ry of the Conditional Probabilities Used in the Quentification

of the Event Tree Functions

-
Top

Figure Event 8asic Event Probability Refs.

D-9 UX Failure to depressurize 5.5x10-3 2, 8'

RCIC 0.085 7, 8'

HPCI 0.11 7, 8

''
RCIC/HPCI 0.02 7, 8

D-10 V Operator stops low prose. injection 1E-4(32), SE-3(33), 5E-3(34),1E-3(35) 2, 3

LPCI/CS/COND 6E-4 7
.

D-11 GOL These values are obtained in essequent figures

D-12 W RHR System tsieveilable 2.4x10-4 7
. O RCIC eteam condensing mode 1.03 0.4 7i

PCS evailable 5x10-3 7
i

HSIV's opened 0.5 5x10-2, 6x10-2, 1.0 2, 4

B

! D-13 G Loos of Drywell Coolers
! These are obtained in essequent figurec
!

D-14 CSPRAY Containment Spray Nozzles fail 1E-4 6
' b, RHR 4E-4 7

Operator fails to perceive need for cooling 5E-2 2, 6

Operator fails to identify proper response 0.001 2, 6'

Operator fails to take action 1E-3 2, 6

D-15 DCISO Hiscalibration of level sensors 5E-4 2, 6*

Level switch faila 7.K-5 6
Operator f ails to recover coolers .1 2

O Law Reactor Water Level signal 1E-6 / 1.0 4
High Drywell Pressure signal 1E-6 4

D-16 0 Operator fails to recognize the excess temp. 0.05 2, 3

Failure of drywell cooling .9 8
,

!
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