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Attached please find a draft of new GESSAR Il Appendix 15E pertaining to
station blackout capability. This appendir concludes that the GESSAR II
station blackout capability exceeds ten (10) hours. The assessed capability
assumes credit for operator actions that are straightforward and where means
exists to enable the operator to execute the actiun. Where features and/or
equipment are not present, potential design improvements are recommended.
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15€.1 INTRODUCTION AND CONCLUSIONS
15€.1.1 Introduction

This appendix ° vovided to demonstrate that the GESSAR II design has
substantial capability to prevent a core damaging event well beyond the
two-hour value recommended by NUREG-0626 and assumed in the Probabilistic Risk
Assessment (Section 15D.3).
Attachment A contains responses to pertinent questions on station blackout
of interest to the staff. These are addressed in more detail in other parts
of this appendix.
15€.1.2 Conclusions
The GESSAR II station blackout capability exceeds ten (10) hours. The
assessed capability assumes credit fcr operator actions that are straight-
forward and where means exist to enable the operator to execute the action.
Where features and/or equipment are not present, potential design improvements
are recommended. These operator actions and potential design improvements
are summarized below:
1. Operator Actions

a. Manual RPV Water Level Control with RCIC.

b. Shift of RCIC pump suction to the condensate storaye tank.

c. Vessel depressurization with SRVs to about 200 psig. Maintain

vessel pressure above 150 psig with manual SRV control.
2. Potential Design Improvements
a. Provide manual logic override of tha RCIC suction transfer

signal and test line closure signal from the control room,
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b. Provide Enhanced Water Level Instrumentation (currently under
review for Appendix 1D).
c. Provide alternate power supply to RCIC gland compressor.
An ongoing evaluation of the 125 VDC battery capability is in progress.
However, if necessary to ensure 10-hour capability, emergency DC bus cross

ties, or larger battery capacity, or other methods will be identified.

In addition to the above actions, the following contingency actions could be
taken to provide even longer duration capability are:

1. Provide override capability for the RCIC room high temperature
isolation logic to be used if room temperature exceeds about
150°F.

2. Extend SRV pheumatic supply by replacing air bottles if depleted.
A connection outside the fuel building would be more convenient.

15E.2 DEFINITION OF STATION BLACKOUT

Station blackout refers to the total loss of both off-site and on-site a.c.
electrical power. In draft information pertaining to proposed Regulatory
Guides, the NRC consultants refer to "Emergency AC" loss in addition to
offsite power loss. This could be interpreted as the Division 1 and 2 Standby
Emergency Diesel Generators. Both KFCS and RCIC operate 2t high pressure

and can be considered redundant water sources available for maintaining core
cooling during design basis assumptions that assume a single failure (i.e.,
such as a D-G). This configuration is believed to be adequate to comply

with the proposed regulatory requirements. For purposes of this assessment,

-4-




however, a failure of the HPCS diesel generator has been assumed in addition
to loss of offsite power and the division ! and 2 diesel generators thus

providing a more severe impact on plant systems and the station battery.

A one-line diagram of the GESSAR II design is shown in Figure 8.3-1. Three
divisions of 6.9 kv on-site power are provided; two by standby emergency
diesel generators (in addition to preferred and alternate off-site power
sources); the third by an off-site power source and a separate and diverse
diesel generctor dedicated to division 3 eletrical power. Division 3 supports
the High Pressure Core Spray (HPCS) system and all of its supporting

auxiliaries.

The GESSAR II design also includes a steam turbine driven Reactor Core Isolation
Cooling System (RCIC) which operates in an emergency independently of a.c.
electrical power. This system is designed to provide high pressure makeup

to the RPV during isolation events and would thus be initiated automatically
during a postulated blackout event. The plant response with RCIC alone has

been reviewed, and the duration capability of the GESSAR II plant in excess

of cen hours has been verified. This configuration is consistent with the

station blackout definition in the Probabilistic Risk Assessment (Section 15D.3).

In the evaluation certain assumptions have been made:
o No Loss of Coolant Accident (LOCA), stuck open relief valve (SRV)

or failure to scram concurrent with the station blackout is cons‘dered.



In evaluation of equipment, some capability beyond environmental
qualification Timits has been assumed. In assessing the ultimate
failure capability of equipment the Judgement of senior General
Electric engineering personnel has been relied upon to provide
guidance. Such judgements are explicitly call out in the following
sections.

Operator actions are identified where adequate time and skills
would be expected to be availahle to a typical operating plant
staff. No extra-ordinary actions on the part of the operator are
assumed; rather, ||§{2§taightforward. simple actions are allowed.

No credit for off-site assistance from a utility maintenance crew
u: ‘'ng portable electric generators or batteries has been assumed
for this assessment even though this possibility may exist within
the time frame of interest. Such capability might be considered

by an applicant to improve the restoration time for on-site emergency

a.c. power if the situatior warranted.



ISE.3 INDLCaTOod OF sTATWR BLACWOUT

The station blackout event is characterized by a loss of all off-site
power (preferred and allernate feeders) and a loss of divisions 1, 2
and 3 of on-site a.c. power., As noted in Section 1D.2.3.33 of the
assessment against Requlatory Guide 1.97, the class 1E power distribu-
tion system monitars voltage on the three 6.9 kv a.c. buses and the
four 125 V d.c. buses. This indication is displayed on panel P800 in
the main control roam. A potential station blackout event would be
first noticed by the plant operators by a change in the control roam
lighting which would alert him to evaluate both the plant and the
electrical distribution system status. By observation of the loss of
bus voltage on the 6.9 kv buses "E", "F" and "G" and the breaker
position for incoming voltage to these buses, the operatoar would be
alerted to the presence of a potential blackout event. Voltage
indication on the d.c. buses E, F, G & H would assure the operator that

power is available to control the event.

Prior to conducting the various operator actions needed to mitigate a
blackout event, the operator must distinouish between a short duration
event and a prolonged hlackout, A short duration event would be one in
which restoration of an off-site or on-site a.c. power source would
occur prior to development of conditions requiring the operator actions



defined later in this supplement. Minimizing the time to recognize this
event is important so that the potential drain on the batteries is
controlled.

Upon recognition of the z.c. power source failure, an auxiliary operator
would be sent to each of the diesel generatar roams to attempt a manual
start. Sicultanecusly, the control roam operator should attempt to
start each diesel fram the main control roam. In addition, the system
dispatcher would be contacted by the shift supervisor to determine the
statuc and likelihcod of off-site power restoration. Accomplishment of
these activities in addition to those related to controlling vessel

water level and pressure is expected to take about 30 minutes.

Thus recognition of a station blackout event and the initiation of any
blackout specific operator actions is expected to be delayed for about
30 minutes.

\SE. 4 INSTRUMSNTAT\ON RIGUUREMSNT S

Instrumentation required to monitor plant status during a blackout event
has been selected fram a review of the type A through E variables

A OWA % , :
discussed inAggo&-en 1D which is the response to Reg Guide 1.97 require-
ments., This list has been augmented slightly to account for specific
variables such a roam temperatures and certain valve and breaker
position indications which are needed to determine plant conditions.



ISE~1|
Table ﬂAuts the variables considered and whether or not they are

needed for the blackout sequence., The basis for selection generally is
based on the need for the operator to follow Emergency Procedure Guide-
lines (or take other actions which may later be estahlished) during the
period of interest. As such, type A variahles are identified as need-
ing indication during the hlackout event while variables which are more
representative of monitoring core damage or breaks of the reactor
coolant boundary or effluent release are exr:lucbd:ft O RSO AN

R e Y

\S&6-2 pui
Table ﬂ,‘shows the power supplies in the GESSAR/\desig) for the

instruments needed. All indications needed to follow the hlackout event
are or will be powerad fram 125V d.c. sources.

Cou\A b c\t “pP
The applicant,\_ provide d.c.,\gaoked power to the condensate
storage tank level indicatar and to ensure local control room tempera—

ture indication as available,

e S\V\CQ. V—Q\QO«SQS S“”Q\«r\v\nxwa -;VOW\ a 0014\,\\‘\\&(1
station blackot et o W . S ex\s)'\nj
dQS\Sh bo\s'cs v 1D ;bf \A‘aSe‘t’ CU\A“‘L ow § .,



ISE.S PLANT RESPINIS FOLLOWAING A STRN\ON BLACKROLT

The key plant areas which could potentially effect the ability of the
plant design to accommodate a station blackout are:

0 RCC roam

0 Remote shutdown panel area

0 Suppression pool and containment
0 Drywell

o Control roam

o Fuel pool

In additicn non-electrical a.c. plant energy supplies will be consumed
and need to be addressed to assess the plant capability. These are:

o Preumatic Air Supply Syster (ADS)

o D.C. Power Distribution System

These areas and enerqy supplies will be discussed in subsequent su\o-
v nvew\w‘\’s
sections, An estimate of limiting condition, design or operatoa

actions needed are noted in each.

-0~
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1S E.S-1. 1
MAM

@. Reason for Concern

0 Room temperature increase without area cooling could cause a loss of
RCIC control due to equipment failure.

© Isolation and turbing trip due to leak detection system trip. (Trip
setpoint approx. 170 F) could prevent RCIC fram operating .
valves eowe s
0 Steam line drain Amay fail after air supply,exhausted causing system
damage on restart.

b. Rlant Response
o Approx. 122

o Approx, 133
o Approx. 101

in 12 hours (w/CST suction)
in 12 hours (w/SP suction) > See Attachment B
in 12 hours (w/10 1b/hr ateun)/

Limitati

"'Jo'ﬂo'ﬂo

E

Differential Coil Approx., 170°F water temp.

Magnetic Speed Sensor 225°F Capability
Instrumentation 212 >12 hrs

C. Assumed Operator Actions
0 Manual switch of RCIC suction to CST at about 30 min.

0 Override RCIC high temp isolation if roam temp > approx. 150% (not
expected)

0 Manual RW level control of RCIC to avoid L8 trip and restart.

0 Ensure override capability exists for RCIC roam isolation signal.
o Ensure override capability for RCIC suction transfer.
o Provide logic changes to permit low flow RCIC injection. Requires

override capability on test line to CST to obtain flow split between
CST return and vessel.



‘SE.S t.o?—
m:ﬁw

0 RCC electronics could fail if area temperature exceeds 150°F.

0 Access needed if control roam uncomfortahle or electronics erratic,

b. Plant Response

© Not evaluated, but very little heat mce/a/inoe Remote Shutdown
Station pnelyc}q'ergized until control tr er switch is thrown.
\

0 Expect area temperature to remain

n Capability >20 hrs
<150°F for 20 hours

© . Assumed Operator Actions
None,

4. 2] Modifications/Acti
None,



1ISsE.5.1.3
;—m/\w

Q.- Reason for Conoern

o m%'umeuion pool temperature could cause NPSH limits (approx.
175"F) and reduced lube oil aoolingJ +o RC1IC.

© High suppression pool level causes suction transfer.
© High containment air temperature may cause erratic RPV indication.

© High suppression pool temperature and level increases contairment

loads.
b - Rlant Response
T L : + 3
Ltime T :g Notes 'rc based on T3p judgment
(hrs) ("F) ("F) (ft) T__ based on Tahle 15D.2-2
$Pcalculation

1 135 100 +2

5 190 175 +5 i(h{.nbility >10 hours.
10 220 220 @ weir
15 225 225 @ weir
20 230 230 @ weir

Instruments qualified to 185°F; capability likely to 250°F.

C. Assumed Operator Actions

© Manual switchover back to CST within 1 hr. eliminates potential NPSH
problem,

© Maintain vessel pressure below heat capacity temperature limit per EPGs
- ensure written procedures contain heat capacity temperature limit
curve - may need to exceed heat capacity
temperature limit slightly after approx. 6 hrs, but acceptable because
no additional depressurization required. Consistent with EPGs.

dEIIi]IIiIE' 3 Act i
© Ensure manual override capability €or RCIC suctior transfer




GeSsAau. I
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ATTACNMENT A
To
APPEWO'\Y IS E

ACRS GOLSST\ONS BRTAVWING TO AC/UC POUSR SYSTS*A

LVAQRI\LA\TY
\SEA.l OC RsLi\AB\L\TY
Question: The MRC Staff has issued a report (NUREG-0666, on the
reliability of d.c. power system in which a 2-train d.c. system found to
meet minimum NRC requirements was evaluated. As a result, the d.c. power
system was identified as a potentially high contributor to core melt.
The applicant could be asked what his assessment of his d.c. system is

and what consideration he has given to the recommendations of NUREG-0666.

Response: We do not favor the use of such a minimun system as

considered in NURBG-0666¢

For example, it has a single bus tie breaker with too much potential for
The me& AR T

common cause failure. Oull\ongx sign allowed d.c. cross-connection

capability with _dual cross-tie breakers and double key interlocks. GE

A Hc.d %\L“‘ ? C. Cross -Cownre ¢+\on
co?a\a N x-ﬁr.\.. S;&‘Lc, \‘v?:;. t caw be shown
4+t +L“s c.a alovl\ ¥ . M-' no"‘ comtrrbate
40 d.c¢. SjJ °~v AW \alo _,) .

The following is provided in response to the recommendations in

NURBG~-0666 :

(1) Prohibits certain design and operational feactures of the d.c.
power system such as use of a tie breaker which could compromise
divisional independence. As noted above, GESSARJ,\::omplies although
we believe cross-connection capability is appropriate for specific
conditions during shutdown and occurrences which reguire last

resort flexibility (such as station blackout). GESSAR%AS four

-2 8



(2)

(3

(4)

safety-related batteries, each of which has two chargers so that charger

maintenance does not require use of cross-connections nor cause draw-

down on the battery.

Addresses testing and maintenance activities. Tnese are accom-

plished by the applicant. We agree with these recommenda-
I

ticns, and the GESSARAdesign allows their implementation.

Requires staggered test and maintenance activities to minimize the
potential for human error related common cause failure. This is
controlled in the field, but we agree that these actions are

appropriate,

Requires design and operational features to be adequate to maintain
reacior core cooling in the hot standby condition following the
loss of any one d.c. power bus and a single independent failure of
any other system required for shutdown cooling. Although we
cannot disagree with the intent of this recommendation, a judgment
as to what features are needed should be tempered with an assess-
ment of the reliability of the d.c. power loads and sources. We
have concentrated on maintaining full separation and independence
between division 1 and division 2 d.c. systems to provide this
reliability. s e SRR A NSRS R . SRS SO
sssssssitssmmtnes, With four independent d.c. systems and with

three inde nden‘ a.c. 4&&1\? cmdei&gn i Capablllt'

N el +kﬂ, NUQ—S ~« OE 66 va Covmmwaon aton,
For example, a“potentially adverse capability loss would follo.

from the loss of both RHR systems, but the suppression pool can

-9~



store decay heat for several hours, during which it may be

possible to recover active decay heat removal.

\SBA. 2 Grid Reliability

Question: What is the applicant's assessment of grid reliability and
- what procedures exist for restoring offsite power to the plant in the
event of this loss,

Response: The grid is the responsibility of the applicant, and we
assume he will meet the NRC requirements in this area. On lecss of normal
preferred offsite power, there is autamatic transfer to the alternate
offsite power source and, if necessary, to the onsite diesel generators.
Restoring preferred power is accomplished manually by the control rcam
operator. The specific procedures for restoration of power in the
switchyard or transmission systems would be developed by the applicant.

Station Blaci Anatvns
Question: What are the results of the applicant's station blackout
analyses? Has the applicant made a best-estimate analysis of the
accident sequence and evaluated what might be done to improve the plant,
c¢r has a conservative analysis been made with a core ielt assured after
same specified degradation of the battery?

Tha e\,a\ua\'mh nsmeJ +o 'o o"'\.\ ?At shows.
Bespcnse: A UGN, Our bDest-estimate analysis to the extent

that it is complete is the primary subject of this supplement. We

have identified potential system design and procedural improvements, and we

will lm:\va‘Ow*.'“\Ow u;on concurrance Hi-one +henRe +hat +L.“]
SQ-‘\SCA&OH :) HSo‘vC +L.n. \ JJui N

=30—



SEARECTRCSCTOR IR esTSOR.. 0000090000000
assessment considered station blackout capability in a conservative
manner (core cooling lost in two hours due to battery depletion and loss
of RCIC control), We believe the more realistic treatrment considering
automatic and manual d.c. load shedding shows a substantially longer

capability.

ISEA. 3 Diesel Generators
Question: What is the applicant's assessment of his diesel generator
system? To what extent has LER and operating experiences been used to

improve the design?

Response: Our HPCS diesel generator has undergone extensive testing
(including 300 tests without failure) which has been documented for the
NRC. From this testing and from field experience we have high conf idence
in the design. Extensive review of the design specifiation, the

installation design and the auxilia-y system design for the larger diesel

generators (division 1 and 2) high availability from

these units.

|SEA. 4 Low Power Testing/Simulated Loss of Offsite Power
Question: Has the applicant performed low power testing and a simulated

loss of offsite power test? If so, what arec the results and what has the

applicant learned?

AT SV DRI L RS RN AL MO

Thas os 4h
This s the HSPOhJ\\m‘Jj of +ha A?F‘\c““*.



ISE6.5.4. 4
g hress) Drywell

Q- Reason for Concern

O High drywell temperature could cause RPV level instrument reference leq
boiloff,

© High drywell temperature might exceed qualification levels for drywell
equipment.

O High drywell temperature could cause SRV solenoid failure.
b. Plant Response
Approx. 135% during plant operation :

<270°F prior to depressurization at 30 min. Capability:
' unlimited

<200°F after depressurization to 200 pei
Drywell equipment qualified for >300°F
- Assumed Operator Actions
O Depressurization to approx. 200 psi to limit drywell heatup.
© Maintain pressure >118 psi to avoid reference leg flooding.
© Maintain R water level approx. + 20" on Enhanced Level Instrument,

A‘E dd Modifications/Act i

© Enhanced water level instrument (ELI) compensates for drywell and
contaimment temperature effects., (Previously recommended. See GEBSAR A?pcmc\h(
1D, )

-l



\SE.S5.1.S
mﬁmm

4 - Reason for Concern

0 High control roam temperature could cause computer/microprocessor
controls to fail.

0 High temperature could make the control roam uninhabitahle,
b. Plant Respanse .

0o PGCC floar -ecug: heat sinks expected to prevent ' Capability:
heatup above 105 i

0 Humidity could become uncomfortable but not
uninhabitahle.

Microprocessors (ELI, ERIS, etc.,) unreliable above approx. 105 %

but backup iformation is available at Remote Shutdown Station (RSS).

C. Assumed QOperator Actions

0 Transfer contro. to remote shutdown station (RSS) if control roam
becomes uninhabitable. (not expected)

d. Potential Modifications/Actions
None.

- 1=



1S6.5.1.6
'\\rmAmL.m:L sl Sk i e . I ——

Q. Reason for Concern
© Loss of fuel [0l cooling could cause fuel pool to boil away.
b. PRlant Response

© Approx. 14 hrs to boiling Basis: Judgment
probably longer with
0 Approx. 77 hrs to fuel uncovery less hot fuel

Capability >75 hrs. ,

| 2
C. Assumed Operator Actions

None, but SRV air bottle replacement (see pneumatic supply) could be
hampered by fuel building envirorment after approx. 14 hrs.

d . Potential Modifications/Actions

Consideration of mov extra air bottles to corridor outside fuel
building. Not required for station blackout.

-1 6 -



ISE.S.2 Enevgy Swpples
ISE.S. 2.1

CRery-SupRly A
Q- Major Sources of Consumption
0 ADS/SRV
0 Drywell and contaimment vacuum breakers
b. Estimted Duration (5000 CF available)
SRV Depressurization approx. 50 actuations @ 8 CF/actuation = 400 CF

Ongoing SRV use approx. %ﬁnmm x ﬁgrm‘ x 8 CF = 240 CPH

Leakage @ 1 CFH/valve x 8 valves = 38 CFH

DW Vacuum Breakers approx. %ﬁ < 12382\78- 4 CFH

I approx. 250 CFH
2000 =400 . 18 nrs. Capacity >18 hrsl
of

C. QOperator Actions to Extend Duration

0 Air bottle replacement after depletion possible if necessary (not
expected) .

O Rotate use of ADS/SRV valves to permit time for accumulators to
recharge and give preference to Division 2 ADS/SRV values.

0 Monitar SRV position indication to indicate need for switch to other
values (valves close when air supply lost).

d'EI tial Modificati
None

_l',-



ISE.5.2.2
W/&.J.zs_m-_n_n

Q. Major Sources of Consumption
See Table 8.3-6
b. Estimated Duration (1950 amp hours (AH), 2 hr)

RCIC Gland Compressor Modification
(see below) deiete 58A Capability

Shed load approx 35A (see below) > __* hts.:
Steady state load approx. 251-58-35 = 158A
C. sperator Actions to Extend Duration
© Shed the following loads (at approx. 30 min.)

- NMS panel H13-P669 (NSPS) - 25A fram NSPS inverter
- BEmergency lighting (fuel building) - 1CA

d. Potential Modifications
0 Power RCIC gland compressor fram an alternate source,

0 Delete 125 VDC emergency lighting system except for control building or
move to Bus J.

0 Provide Emergency crosstie capability with dual crosstie breakers and
double key interlocks if needed for longer duration,*

0 Provide larger capacity battery if needed for longer duration*.

*The capability of this battery with load shedding is being evaluated. If
the estimated duration is less than about 10 hours, the addition of
crossties or expanded battery size will be reviewed to determine the
optimum configquration for achieving a 10-hour capability.

-8 -



IS&€.5.2.3

m»m
QA . Major Sources of Consumption
See Table 8.3-7

b. Estimated Duration  (1500AH, 2hr)

Shed Loads approx. 40A (see below) Capubuit{‘
Steady State Load = 175 -40 = 125A > __* s.

C. Operator Actions to Extend Duration
Shed the following loads at approx. 30 min,

- NMS panel H13-P670 (NSPS) -25A
-~ Emergency lighting -15A

d . Potential Modifications
© Delete 125 VDC emergency lighting in auxil’-ry building
0 Provide Jarger capacity battery if needed for longer duration.”

*The capability of this battery with locad Bhedding is being evaluated.
the estimated duration is less than about & hours, the addition of
crossties or expanded battery size will be reviewed to determine the
optimum configuration for achieving a 10-hour capability.

- 19—
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1S6.5.2. 4
MA_MMQ

Major Sources of Consumption
See Tahle 8.3-8
Estimated Duration (400 AH, 6 hr)

Shed Loads = 25A (see below) Capabil ity
SS load = 78 -25 = 53A > _ . hrs,

Qperator Actions to Extend Duration
Shed the following load at approx. 30 min,

NMS panel H13~P671 (NSPS) -25A

Potential Modifications
Larger capacity battery if needed for longer chration.'

*The capability of this battery with lcad shedding is being evaluated. If
the estimated duration is less than about’s hours, the addition of
crossties or expanded battery size will be reviewed to determine the
optimum configuration for achieving a 10-hour capability.

-0 ~



ISe.S.2.S
Major Sources of Consumption
See Tahle 8.3-9
Eitimated Duration (425 AH. 2 hr)

Load Shed = 25A Capabili 7
85 Load = 100 =25 = 75A >_;,c{n.f

Qperator Actions to Extend Duration ‘

Shed the following load at approx. 30 min,
Shed NMS Panel H13-P672 (NSPS) -25A

Potential Modifications
None

10

*The capability of this battery with locad ing is being evaluated. If
the estimated duration is less than about @/hours, the addition of
crossties or expanded battery size will be reviewed o determine the
optimum configuration for achieving a 10-hour capability.



TABLE =g (S E~|
VARIABLES ASSESSED FCY: STATION BLACKOUT ASSESSMENT

RG 1.97 RG 1.97 Discussion Needed in Black-

Yariable Iype  Category  Subsection  out Sequence?

Reactivity Control

Neutron Flux AB 1 1p.2.3.1 No*
(value, rate, trend)

Control Rod Position B 3 1D,2.3.2 No*

Boron Concentration B 3 1D.2.3.3 No
(sample)

Core Cooling

Coolant Level in the AB,C 1 1D,2.3.4 Yes
Reactor

(value, trend)

Maintaining Reactar Coolant

—System Integrity

RCS Pressure A,B,C 1l 1D,2.3.5 Yes
{value + alarm)

Drywell Sump Level B,C 3 1D.2.3.6 No
(value + alarm)

Drywell Pressure B,C,D 1,2 1D.2.3.7 No

Primary Containment E 1 1D.2.3.8 No
Area Radiation C 3

Suppression Pool A,C,D 1.2 1D.2.3.9 Yes
water Level

Maintaining Contairnment

Integrity =

Primary Contairment B 1 1D.2.3.10 Yes**

Isolecion Valve Position
(Exc’uding Check Valves)

Primary Containment A 1 1D.2.3.11 Yeo
Temperature

*ATWS plus blackout is not considered in this study. Failure to scram czn be inferred from
abnormal water level and pressure response.

**Plus RCIC minimum flow.

—



TABLE &=F (S E ~|
VARIABLES ASSESSED FOR STATION BLACKQUT ASSESSMENT (Conmhiuad)

RG 1.97 RG 1.97 Discussion Needed in Black-
Yariable Iyvpe  Category  Subsection  out Sequence?

Maintaining Containment
Integrity (Continued

Primary Contairment A,B,C 1 1D.2.3.12 Yes
Pressure

(value, rate, trend,

+ alamm)

Drywell/Contairnment A,C 1 1D,2.3.13 No
Hydrogen Concentration
(value)

Secondary Containment C,E 2 1D.2.3.14 No
Area Radiation
(value)

Secondary Contairment C,E 2 1D:.2.3.15 No
Noble Gas Effluent

Primary Contairment C 3 1D.2.3.16 No
Noble Gas Effluent

Suppression Pool A,D 1,2 1D.2.3.17 Yes
Temperature

Drywell Air Temperature A,D 1,2 1p.2.3.18 Yes

Puel Cladding Barrier
Monitoring

Coolant Radiation NA NA 1D.2.3.19 -
(value + alamm)

Coolant Gamme C 3 10.2.3.20 No

(1 sample/6 hours)
results within 72 hr

System Operation

Main Steam Line Isolation D 2 1D.2.3.21 No
Valve Leakage Control
System Pressure

Contairment Spray Flow D 2 1D,2.3.22 No

" Sy L



TABLE ¢=3 | SE~|

VARIABLES ASSESSED FOR STATION BLACK™ T ASSESSMENT ( Conhwwal))

Yariable

System Operation
{Continued)
Residual Heat Removal
(RHR) System Flow
RHR Service Water Flow

Low Pressure Coolant
Injection System Flow
Reactar Core Isolation
Cooling System Flow
RCIC koom Temp.
Control Room Temp,

High Pressure Coolant
Spray System Flow

Core Spray System Flow

Standby Liquid Control
System (SLCS) Flow

SLCS Storage Tank Level

SRV Position

Feedwater Flow

CST Level

ESF Cooling Water Flow

ESF Cooling Water Temperature

High Radiocactivity Tank Level

Emergency Vent Damper Position
Standby Energy Status

*Including breaker position.

RG 1.97
Lype

v

O U U U U U U U ©O

RG 1.97
(ategory

LS

NN WD W W N W

ik Wl

Discussion

Needed in Black-

Subsection  out Sequence?

1D.2.3.22

1D.2.3.23
1D.2.3,22

1D.2.3.24

1C.2.3.24

1D.2.3.24
1D.2.3.25

1D0.2.3.26
1D.2.3.27
1D,2.3.28
1D.2.3.29
1D.2.3.30
1D.2.3.30
1D.2.3.31
1D.2.3.32
1D.2.3.33

Yes

Yes
Yes

Yes

Yes



TABLE 4=3 \SE-'
' VARIABLES ASSESSED FOR STATION BLACKOUT ASSESSMENT CCOV\“"\V\\‘QU\)

RG 1.97 RG 1.97 Discussion Needed in Black-

Variable Ivpe Category  Subsection  out Sequence?
Effluent Monitoring
SGTS Ventilation Flow Rate E 2 1D.2.3.34 No
Other Ventilation Flow Rates E 3 1D.2.3.34 No
Particulate/Halogen E 3 1D.2.3.35 No
Release (sample)
Environs Radioactivity E 3 1D,2.3.36 No
Monitoring
Metearology E 3 1D.2.3.37 No
Post-Accident Sampling E 3 1D.2.3.38 No
(sample)

-7S ~-



TABLE &=z \SE-2

POWER SUPPLIES TO INSTRUMENTS NEEDED FOR A BLACROUT

—— . Yariable

RW Level

fPV Pressure

Suppression Pool Water Level

Pri. Contaimment Isol., Valve
Position

Pri. Contaimment Temperature
Pri. Contaimment Pressure
Supprescsion Pool Temperature
Drywell Air Temperature
RCIC Flow

RCIC Room Temperature
Control Roam Temperature
SRV Fosition

CST Level

Emergency Vent Damper Position

Standy Enerqy Status 619 kv AC
DC
Air

Control Room Power
Indicator Spply

B21 R623A 120 Inst,
R623B 120 Inst,

B21 R623A 120 Inst.
R623B 120 Inst,

P50-R600A, B 125 vDC

Indication RPS
Lights

T41-RR613A,B
T¥1-RR618A,B
P50-R600A, B
T41-RR611A,B
ES1-R606
E31-R608

Indicating
Lights

By applicant

Indicating
Lights
Voltmeters

Voltmeters
F53-R606A,B




1.

2,

3.

4.

Notes to Table #=2~ |S &~ 72

Enhanced Water Level Instrument to be powered from d.c. power.

D.C. power to be provided by applicant.

Power Supply fram 125V d.c. to Reactor Island Logic Panels P88l or

P882.

Exhaust air measurement may be unreliahle,

supplied by applicant,

- L P

Local thermameter to be
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RCIC ROOM WEATUP DURING A STAT\ON BLACKOUT

|SEB.! PURPOSE

attachme T
The purpose of thil4.‘l..‘.‘-lhil to document the results of analysis performed by
Contaimment and Radioiogical Engineering on Reactor Core Isolation Cocling System
(RCIC) room temperature response during a suation blackout for wse GESSAR ssosdeed T |
obuwnt. The results indicate that s station blackout imposes no threat to the
operation of RCIC with the RCIC room temperature reaching 122°F 12 hours into the
transient, well below che point above which RCIC performance would be degraded.
Sensitivity results for soms of the most important parmmeters are also given,

IS8R, 2
A

A station blackout results in loss of all A.C. porer (both offsite and onsite
sources), imitiating reactor isolation aad scrmm. For this analysis all three diesel
generstors of a BWR plant are assumed inoperative, i.e., mo Emergency Core Cooling
System (ECCS) pumps are available: this leaves the batte.y operated RCIC as the only
system available for core cooling. Thus, it is essential that the RCIC remains
operational. An irportant requirement for the proper functioning of the RCIUC is that
the RCIC room temperature be masintained below the equipment operational limit.

The loss of all A.C, power also means the loss of lighting, suxiliary equipment
Operation, area HVAC and drywell fan coolers, resulting in a drywell heatup, At some
point reactor depressurization will be inmitiated to reduce the heat input to the
drywell, slthough the resctor is assumed to be depressurized only to the point
sufficiently above the RCIC shutoff pressure so that operation of the XCIC cun be
maintained,

RCIC initiaily draws water from the Tondensate Storage Tank (CST), However, an
sutomatic svitchover to the suppression pool as the water



source would occur if the CST water level drops too low or the suppression pol water
level rises sbove s certain point., Since the suppression pool heats up as a result
of SRV discharges sand subsequent reactor depressurization, aud since the desipgn
temperature for the KCIC pump is 140°F, & manual switch back to the CST from tae
suppression pool as the RCIU w: ter source is required when the pool temperature
approaches 140°F. Since the time period when the RCIC takes suction from the
suppression pool is relatively short (about 30 minutes) compared to the iransient
period of inmterest (up to 20 hours), tho impact on RCIC room temperature in assuming
that RCIC drsws all water from the CST is insignificant.

sEB .3
MODELING AND ASSUMPTIONS

To model the RCIC room temperature response, thermodymamic preperties of stesm and
air in the room are evaluated based on mass and energy balances, Heat sources and
heat sinks were considered., In addition, some steam has leaked into the room through
the RCIC turbine gland seal. The room is conmservatively assumed to be isolated from
the adjacent rooms.

Heat Sources - The following heat sources are modeled:

b Steam Pipes — there is a six inch steam pipe upstream of the RCIC
turbine, 60 ft long, with three inches of imsulation, with the pipe
temperature assumed equal to the reactor steam temperature of 552°F
under normal operating conditions, and 388°F after reactor
depressurization to 200 psig): and a sixteen inch exhaust steam pipe
downstream of the RCIC turbine, 40 ft long, with two inchrs of
insulation, with pipe temperature at 250°F because steam prossur®
downstream of the tovrbine is held at 25 psia.

o VWater Pipes - two uninsulated water pipes, ome suction pipe and the
other discharge pipe, with dimensions of 8''X 38 ft and 6''X 36 ft,
carry water from the water source and imject it iamto the reactor. As
mentioned previously, the water source may be either the CST or the
suppression pool, thus the water temperature may vary from the CST
temperature of 90°F up to the suppression pool temperature. Depending
on the RCIC room temperature at a particular time, these water pipes
may be either heat sources or heat sinks.

. Turbine - the LCIC turbime is insulated, The turbine temperature is
taken as the average upstresm and downsiream steam tempesatures.
Small portions of turbine that are not insulated are not modeled.

o RCIC Pump - the RCIC pump weighs 6600 1bm and is mot insulated, As in
the case of water pipes, the RCIC pump may become & heat sink
depending on the room temperature and the water temperature.

Heat Sinks - The following heat sinks are modeled:

-3 -



. Concrete Walls, Floor and Ceiling -~ the walls are 26 ft tall, with
widths varying from 18 ft to 31 ft. Thicknesses vary from 1 ft to 3
ft. These structures were conservatively sssumed to be insulated on
the outer surfaze.

. Turbine Base Plate - it weighs 900 1bm and is uninsulated,

. Room Cooler -~ it weighs 2000 1bm and is mminsulated.

. As mentioned previously, the water pipes and RCIC pump become heat
sinks if the RCIC room tempersture is higher than the RCIC water

temperature,

Analytical Assumptions - The tollowing sssumptions were made in the analysis, with
justifications for these assumptions given subsequently:

. Air and steam are uniformly mixed at all times,.

. Air behaves like an ideal gas.

¢ No condensation on structural surfaces.

¢ The RCIC room is isolated from the surroundings.

o Heat conduction is one dimensiomal through structures ead walls,

Since the period of interest is several hours, steam leaked into the room has
sufficient time to diffuse and mix with air, therefore, the uniform wixing assumption

is a good approximation, Also, since only low pressures and temperatures are
encountered, the ideal gas law holds true for air.

Assumptions of no condensation on siructural surfaces is conservative because the
free-convection heat transfer coefficient used in the abseace of condensation is
smaller than the condensing heat transfer coefficient. Isolating the RCIC room is
snother comservatism, becaunse mass and energy are preventd from lesving ths room
through comduction, comvection and radiation, Finally, the one-dimensional hcat
conduction assumption is correct except at the cormers of the walls, but the impact
is megligitle.

SeB- 4

The following initial conditions and key parmmeters were used in the analysis:
o Initial csoom temperature was 90°F,

L Steam leakage rate was 70 1bm/hr.

- 5



. No resctor depressurization for the first 30 inutes (as the operator
is trying to determine appropriate actions) and the reactor was cooled
down at 100°F/hr.

b Temperature of RCIC water was 90°F, which is the technical
specification CST temperature, because the RCIC can take suction from
the suppression pool for omly a short period of time and the cperator
will switch the sucton back to the CST as the pool approaches 140°F,

\SER.S
MRESULTS AND DISCUSSIONS

A timeshare computer program has been developed to carry out the calculations
described above.

The RCIC room temperature response following a station blackout is given in Figure 'SEB-1.
The temperature increases rapidly during the first hour of the tramsient, then
the rate of incresse levels off subsequently. The room temperature rises to 119°F at

eight hours of transient and 122°F at twelve hours of tramsient.

\SER-2 and 'SEB-3
Figuces show the sensitivity results at high water temperature and low steam
leakage rate, respectively. With the water tempevature at 140°F, the RCIC room
temperature rises to 133°F at twelve hours, while at the steam leakage rate of 10
ibm/hr (which corrésponds to mew turbirs gland seal condition) the room temperature
geaches only 101°F at twelve hours. The high censitivity to the steam leakage rate
is due to the large latent heat of steam which is released upon condensing in the
RCIC room. The sensitivity study also indicates that there is no impact of reactor
cooldown rate on the RCIUC room temperature response.

The above results indicate that the RCIC room temperature twelve hours following a
station Slackout to be substantially below the equipment quaification limits of 212°F
for the first six hours and 150°F between six and twelve hours following a station
blackout. This shows that proper operation of the RCIC can be maintained for many
bhours during a station blackost to provide adequate core coolinmg.
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