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his report documents the engineering evaluation of twenty-sev

roposed damage control measures and associated system-level design changes thet

)uld be of potentia benefit 1in providing protection against sabotage t
ymmer 1 l1ght water reactor (LWR) power plants. The damage control measures

emphasize the use of existing systems in normal or alternate modes of operation.

The proposed system-level design changes are those necessary to support the use
)f existing systems in alternate modes. To the extent practical, the
system-leve ijesign changes have been limited in scope to those that could be
retrofitted in existing nuclear power plants. The potential applicability of
each damage control measure and system-level design change is defined, and the
impact of its implementation is subjectively estimated.

)Jamage control measures and design changes are not stand-alone measures

for providina protection against sabotage. However, the potential role of damage

ntrol and design change in an 1integrated sabotage protection system is




2. BACKGROUND

Radiological sabotage is a deliberate act of destruction, damage or
manipulation cf vital equipment which results in the release, beyond the plant
boundary, of sufficient radioactive materials to endanager public health and
safety due to radiation exposure. A sabotage threat may arise from a determined
violent external assault, attack by stealth, or deceptive actions, of several
persons; or from the activities of an insider who could be an employee in any

position.

The Nuclear Regulatory Commission (NRC) maintains an ongoing safeguards
research program for the development and evaluation of the effectiveness of
measures which provide sabotage protection for nuclear power plants. On the
basis of previous studies, the following three categories of measures which
provide protection against radiological sabotage have been identified (Ref. 1):

o Physical protection measures
. Damage control measures

. Plant design measures

Physical protection measures may include a combination of procedures,
personnel and hardware (e.g., alarms, barriers and computer systems) which are
specifically intended to deter, detect, assess, delay and respond to acts of
radiological sabotage. Damage control measures are actions that can be taken by
plant personnel within hours after an act of radiological sabotage to prevent or
reduce a release of radioactive material from the plant., Plant design measures
are features included in the design or fabrication of components or systems or in
the layout of the plant to increase the difficulty of radiological sabotage or to
better accommodate physical protection or damage control measures.



Sandia Mational Laboratories has conducted a two-phase, NRC-sponsored
study to identify and evaluate nuclear power plant design concepts and danage
control measures for sabotage protection. The results of Phase [ of this study
are describded in NUREG/CR-1345 (Ref. 1). Among the results of Phase [ were the
identification and initial evaluation of the 25 potential damage control options
listed in Table 2.1.

The basic assumptions made in developing the 25 damage control options
were the following:

B At the onset of the sabotage event, all sources of offsite power are
assumed to be indefinitely interrupted {e.g., the offsite power system
could be disabled by separate, coordinated sabotage actions).

[] The main turbine generator trips on loss of load and is unavailable as
a source of electrical power.

. The reactor control rods are inserted when a scram signal is generated.
Measures other than damage control are assumed to provide physical
protection for the reactivity control system and reactor protection
system.

s There is no coincident loss of coolant accident due to a pipe breach
(e.g., onsite sabotage actions do not include the use of explosives).
Coolant may be lost from the reactor coolant system by other means such
as safety valve operation or reactor coolant pump seal leakage.

. The reactor has been operating at full power for an indefinite period
of time prior to the sabotage event, resulting in maximum decay heat
levels following reactor shutdown.

. Sabotage acts committed during shutdown periods or refueling are easier
to counter since the time available and access conditions greatly
expand the possible damage control options.

Based on the above assumptions, the following approach was taken in
NUREG/CR-1345 to derive the damage control actions that could aid the operator in
establishing and maintaining the plant in a hot shutdown condition following
sabotage actions:

. The principal functions required to maintain the plant in a hot
shutdown condition were determined. In particular, the basic
considerations of coolant inventory control decay heat renoval, and
primary system pressure control were addressed.



Table 2.1.

Summary of Damage Control

NUREG/CR-1345

Option

Function

".

6.

Manual-operated reactor
vessel relief system
[ R

Peed & bleed-~conden-~
sate storage tanks and
suppression chamber

{ BWR )

Feeding steam genera-
tors with the main
faedwater system (PWR)

Feeding steam jenera-
tors with the safety
injection pumps (PWR)

Manual venting of steas
generators (PWR,

Reactor vessal makeup
with HPCI systes (BWR)

Substitution~-~-ESW
system for RHR
systes (BWR)

Fire main cross
connection to RHR
service water
aystem (BWR)

Series operation of SI§
pmpe for reactor high-
pressure injection (PWR)

Vessel makeup with the
CRD pumps (BWR)

Reactor vesssl makeup
with core spray or RHR
systems (BWR) with
sutomatic depressuri-
sAtion systes

Reactor vesssl makeup
with main condensate
aystem (BWR)

Substitution--plant
service water for ESW
system (BWR & PWR)

Cross connection--main
feedwater and ESW
systems (PWR)

Cross connection~~-
fire main and ESW
system [(BWE & PWR)

Substitution--ESW for
COW system (PWR)

Pressurizer and steas
genarator level
indication local
readout |(PWR)

Steam jgenerator
pressure indication--
local (PwWR)

Class 'E backup power
supply for non-Class 1E
equipment |(BWR & PWR)

Cross connection of
Class 'E battary buses
(HWE . PwR)

Decay heat removal/
vessel blowdown

Decay heat removal

Decay heet removal

Decay nest removal

Decay heat resoval

Reactor coolant
inventory control/
decay heat removal

Dmcay heat removal

Decay heat removal

Reactor coolant
inventory control

Reactor cuvolant
inventory control

Reactor coolant
inventory control

Reactor coolant
inventory control

Auxiliary cooling

Auxil iary cooling

Auxil lary cooling

Auxilisry cooling
Decay heat resoval/

primary piant
inventory cuntrol

Decay heat removal

Applies to several
damage control
aptions

125~-voit dc power
source

Options Identified

Target (System
Sabota or Affected)
Main steam safety relief
valves; vital dc power
supply

RHR and PHR service
water sysatems

Auxiliary feedwater
systes

Auxiliary feedwater
system

Main steam generator
safety rellef valvas
Reactor core isolation

cooling systes

RHR service water puspe

RHR service water puspe

CVCS coolant charging
pumps

Reactor core isolation

cooling systes
RCIC, MPCI, CRD systems

RCIC, HPCL, CRD, core
spray and RHR systems

ESW pumpe
ESW pumps
ESW systam

Component cooling water
pumps
Instrusentation circuitry

Instrumentation circultry

Applies to several
targets

1i5-voit & power
supply













3. THE POTENTIAL SABOTAGE PROTECTION ROLE OF DAMAGE CONTRUL MEASURES

3.1 DAMAGE CONTROL OVERVIEW

The basic objectives of damage control are to: (a) restore or maintain
a functional capability required for safe shutdown, or (b) extend the time
available to restore by other means those functional capabilities that have been
lost due to sabotage actions. Unlike physical protection measures, damage
control measures are only undertaken after sabotage aclions cause a departure
from normal plant operations and "traditional” reponse systems fail to provide
the functional capabilities necessary to establish and maintain a saf: shutdown
condition. The key role for damage control therefore is in the response and
recovery phase following attempted sabotage.

The types of damage control activities considered in this report
emphasize the use of existing systems in normal or alternate modes of operation.
This approach to damage control must be differentiated from conventional
approaches which include activities such as: (a) making temporary repairs to
vital equipment, and (b) jury-rigging systems and equipment to perform in
alternate roles. Conventional damage control was considered in NUREG/CR-1345
(Ref. 1), but was found to have major shortcomings. As reported in
NUREG/CR-1345, the significant concerns associated with conventional damage
control activities at a nuclear power plant include the following:

. “This (damage control time line) analysis does not take into account
the actions an adversary might take to interfere with repair crews.
That is, if an adversary is intent upon damaging particular items of
equipment, he could also take steps to prevent a repair crew from
gaining access to the damaged equipment.”

. "The time estimates for response and repair activities are highly
subjective at this point and probably optimistic. To adequately
support such an approa~h, a data base (which does not exist) 1s
required which wou d pi2vide response times to various control room
alarms required to accomplish particular damage control tasks."



. “There is uncertairty regarding the reliability factors and time
constraints involved in assemdling a sufficient number ¢f appropriately
skilled personnel to conduct repairs or jury-rigging. Establishment of
standby damage control teams for backshift response presents personnel
management problems as well as additional costs. Given current
requirements for fire brigades and security teams, a damage contro)
team concept would likely meet firm resistance from utilities, who
appear to believe they already have too many ‘'nonproductive’
personnel "

“ ‘With the large amount of repair and backfitting now going on during
p.ant outages, maintaining ‘emergency only' stocks of equipment and
suoplies could be a major administrative problem."

As a result of these concerns, the basic philosophy of damage control at nuclear
power plants was reevaluated, and the concept of using existing systems in normal
or alternate modes of operation was developed.

Many nuclear power plants have only limited capabilities to operate
existing systems 1in alternate modes, therefore, design changes will likely be
required to support the implementation of many damage control measures. Design
changes may include, but are not limited to, the following:

. Adding the capability to crossconnect fluid systems or to establish
unconventional system alignments.

. Adding the capability to crossconnect electrical buses or to transfer
electrical loads.

(] Adding the capability for local manual operation of eguipment or
systems that are not normally operated in this mode.

[ Upgrading fluid system pumping capacity.

For timely implementation of damage control, all design changes should be
permanent in nature, and damage control actions by operating personnel should be
limited to valve, circuit breaker and switch manipulations to the extent
practical.

An individual damage control measure provides a diverse system or an
alternate operating mode to replace or restore the functional capability of a
specific system or component (e.g., target) that has been disabled or adversely
affected by sabotage actions. A set of damage control measures provides a
variety of diverse systems and alternate operating capabilities to respond to the
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option requires major redesign of the alternate system; a factor that lTimits the
practicality of this option.

3.2 INTEGRATION OF DAMAGE CONTROL AND PHYSICAL PROTECTION MEASURES

Having identified a set of damage control measures for a particular
nuclear power plant, the question of how to integrate these capabilities with
other sabotage protection measures must now be faced. The following are three
basic approaches for treating damage control:

B Assume no credit for damage control in sabotage protection analysis.
Physical protection 1is provided for a set of "traditional"” response
systems that are capable of establishing and maintaining a safe
shutdown condition. Systems associated with damage control are not
physically protected against sabotage, and any actual benefits from
damage control will be considered as an "extra."

B Take credit for damage control capadilities, but only as a redundant
backup to "traditional" response capabilities. Both “traditional” anrd
alternate systems are physically protected, however, some reduction in
physical protection requirements may be possible because of the
redundant response capability.

. Take credit for selected damage control capabilities as primary means
for establishing and maintaining a safe shutdown condition (e.g., in
lieu of "traditional" response systems). Systems associated with
damage control must be physically protected.

Current NRC philosophy regarding daaage control is comparable to the first
aoproach. fhe second approach uses damage control to provide some redundant
capabilities for establishing and maintaining a safe shutdown condition, thereby
justifying the raduction of physical protection requirements for the related set
of "traditional” and alternate systems. The specific changes to physical
protection philosophy that may be realized by implementing damage control are
beyond the scope of this report. Such changes may :nclude a reduction in the
need for physical barriers and a modification of the monitoring and sacurity
force response requirements., These changes may lead to improvements in the
operational flexibility of the integrated sabotage protection system. As an
exampie, the existence of 2 functionally redundant, physically protected damage
contrel capability may justify the simplification of physical protection
procedures fdor maintenance that temporarily takes a vi*tal piece of equipment out
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4. SUMMARY AND CONCLUSIONS REGARDING DAMAGE CONTROL MEASURES

4.1 SUMMARY OF THE EVALUATIONS OF INDIVIDUAL DAMAGE CONTROL MEASURES

The twenty-five damage control measures listed in Table 2.1 and the
following two additional measures are evaluated in detail in Section §5:

. Alternate source of onsite Nonclass 1E AC power.

. Diesel generator startup and loading without DC power.

Potentially feasible approaches for all twenty-seven measures have been
identified; however, the impact of their implementation varies greatly. To
summarize the evaluation of each damage control measure, the following five
ranking categories are used:

0 Technical feasibility

. Effectiveness

- System or plant modifications required
- Operational impact

. Regulatory concerns

Tables 4.1 to 4.5 explain the subdivisions that are wused within each ranking
category.

The summary of the twenty-seven individual damage control measure
evaluations is presented in Table 4.6. This table briefly describes the basic
concept of each damage control measure, identifies the sabotage targets for which
the damage control measure was developed, and describes the specific approaches
that were considered to implement the basic concept. Each potentially feasible
approach is evaluated using the five categories discussed previously. Approaches
judged to be not technically feasible are included in Table 4.6 for information,
but are only evaluated under the category "Technical Feasibility."

15



Table 4.1. Level of Technical Feasibility of Damage
Control Measure or Design Change.

Code Description

A Existing .2sign - (1) Examples of the proposed
system design or operating mode exist in nuclear
power plants and can be copied, or (2) the damage
control measure uses the design capability of
existing systems.

B Feasible - It is judged that an adequate design
and/or adequate operating procedures will result
from the application of standard engineering prac-
tices and plant experience.

C Questionable - Damage control measure is original
or conceptual in nature and will likely require
proof testing, or may operate outside the range of
common experience.

D Not feasible - Fundamental technical problems exist
that would likely precluue implementing the measure.
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Table 4.3. Level of System or Plant Modif .cation Required
To Implement Damage Control Measure.

Code Descriptions
A None - The proposed measure uses existing systems.
B Low - Modifications are relativeiy minor in nature

and can be accomplished at the component or sub-
system level. Basic operational characteristics
of existing systems are not altered.

- Moderate - Modifications may entail (1) routing
and installing new crossconnect piping systems,
(2) redesigning and replacing a portion of a system,
or (3) altering plant structures. Basic operational
characteristics of existing systems are not signif-
icantly altered.

D High - (1) Significant system-level or plant struc-
tural modifications require extensive redesign and
replacement of equipment, with supporting detailed
analysis and testing *o verify adequate system
operating capability, or (2) requires new system
not commonly found at nuclear power plants,

18






Table 4.5. Leve: of Regulatory Concern Associated With
Damage Control Measure or Design Change.

Code Description

A None - (1) The proposed measures are existing
features of approved nuclear plant design, or
(2) the proposed measures are straightforward
extrapolations of approved designs.

B Low to moderate - Regulatory concerns may impose
constraints on design, operation or trairing, but
should not preclude implementing the proposed
measure.

C Moderate to high - Regulatory concerns may pre-
clude the implementation of the proposed measure.

20
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Table 4.6.

Summary of Damage Control Measures and Design Changes.

EVALUATION
. 2
“» Zn ns
v -ls v
I =0 O
25| & |85(8 |Eg 2%
o = -l = 1 e = 88
g —
g SYSTEMS SABOTAGED 2 g Eg 35 2e Eg
BRIEF DESCRIPTION OR AFFECTED APPROACH TO DAMAGE CONTROL W w - B & F ws gé REMARKS
1 Manually-operated capa- | Automatic depressuriza-| Add Tocal manual operating B B C C B 11,
bility to depressurize | tion system (ADS) and capability to safety/relief (OHR ) 12
the reactor vessel (BWR)| power-operated mode of | valves.
safety/reitef valve
operation.
Reestablish condenser vacuum b* - - .- - - *Inadequate response
and depressurize using time avallable.
turbine bypass system (TBS).
Reestablish condenser vacuum D* - - -- - -- | *Inadequate blowdown
and blowdown to condenser via capabrlity,
reactor water cleanup (RWCU)
system.
vent reactor vessel to suppres{ D* - - - .= .- *inadequate blowdown
stion pool via RCIC or WPCI capability,
pump steam lines.
2 Feed-and-bleed suppres- |Residual heat removal feed only. Makeup from upper A B ge A 8 I *Upper containment pool
ston pool cooling (BWR) |system (BWR/3 to BWR/6),| containment pool. 8, dump valve contrals,
separate containment 24
cooling system (BwH/1 on
BWR/2), and essential
service water system. feed only. HPCI or HPCS pump B* B A A B -do- | *Effects of flooding on
provides suppression pool maked containment may |imit
up via existing test line. volume of water that
can be added
Feed only. Refueling water B* 8 | il 8 B -do- |*Effects of flooding on
transfer pumps provide suppresq containment may 1imit
sion pool makeup via upper volume of water that
containment pool. can be added,
**pper containment
pool dump valve
controls.
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Table 4.6.

Summary of Damage Control Measures

and Design Changes (Continued).

EVALUATION
v
el
2 §§ 83
I o -
) z o g x g"'
25 L 5« S =

« 25 | £ | a2 |5 | 5% | g2

i SYSTEMS SABOTAGED 2l B |Es |8 g 39 | &£

z BRIEF DESCRIPTION OR AFFECTED APPROUACH TO DAMAGE CONTROL e b P | &% :{.é ;‘é REMARKS

I |feed-and-bleed supres- | Residual heat removal |Feed-and-bleed. HPCI, HPCS or B A C C C 24

Con"qsion pool cooling (BWR) | system (BWR/3 to BWR/6\jrefueling water transfer pumps (DHR)
{Cont inyed) separate containment cperated alternately in feed

conling system (BWR/1 |and then in bleed mode.

or BWR/Z), andessentia _

service water system.

(Cont inued) feed-and-bleed. HPCI or HPCS [ A C B C 24
pumps and refueling water (DHR)
transfer pumps each operate in
a fixed mode, one to feed, one
to bleed,

3 (Feed the steam generator] Auxiliary feedwater Power restored to components inj 8 A C ¢ 8 19, |Not applicable to PWR
with the main feedwater | system, a steam turbine-driven main {DHR ) 26 plants with only metor-
system {(PWR). feedwater pump train to re- driven main feedwater

establish makeup to the steam pumps
generators via existing piping.

4 |Feed the steam genera- |Auxiliary feedwater SI pumps crossconnected to AFW B A C B B -
tors with the high pres-} system, system to reestablish makeup to (DHR)
sure safety injection the steam generators.
pumps | PWR)

5 |Alternate system to vent| Steam generator safety |Redundant set of safety valves B A C B B -
the steam generators valve installed on main steam 1ines. (opp)

(PWR) . -
Vent steam generators to main D* .- - - - - |*Inadequate response
condenser via turbine bypass time available
system.

6 [Alternate high pressure |Reactor core isolation |High pressure coolant injection| A A A A A - Applicable to BWR/3
resctor coolant makeup |cooling (RCIC) system. |(HPCI) system provides reactor (INy) and BWi/4 plants.
system [BWR) coolant makeup.







Table 4.6.

Swmmary of Damage Control Measures and Design Changes (Continued).

ve

EVALUATION
w
d
T “ %w b 4
> 4 as g:‘
ElE |<=|3 |z |28
32312 |5%8|8 |82 ax
- o - E B < ™)
— 208 | B5 (8|33
BRIFF DESCRIPTION OR AFFECTED APPROACH TO DAMAGE CONTROL e = e | &= gg =5 REMARKS
Reactor vessel makeup A1l other high pressure| CROMS modified to provide C B . C 19, | *Unkriown .
with the control rod injection systems (HPCS{ upgraded makeup capability. (INV) 26
drive pumps (BWR). WPCI, RCIC and FWCI).
{Continued) (Continyed)
Reactor vessel makeup All high pressure in- LEZS system provides reactor - 1 Applicable to BWR/2
with Jow pressure in- jection systems (HPCS, | coolant makeup following (INv) to BWR/6 plants
jection systems follow- | HPCI, RCIC, FWCI, and depressurization.
ing depressurization CROMS ),
(BwR )
Separate LPCI system provides A i Applicable to BWR/1,
reactor coolant makeup follow- (INV) BWR/2 and some BWK/3
ing depressurization, plants.
Multi-mode RHR system operates A A 1 Applicable to BWR/3
in LPCI mode to provide reactor (INV) to BWR/6 plants.
coolant makeup following
depressurization.
Single-mode RHR system B i Applicable to BWR/1,
modified to provide reactor (INV) BWR/Z and some BWR/3
coolant makeup from the plants.
suppression pool following
depressurization.
Single-node containment coolin A 1 Applicable to BWR/1
system modified to provide (INV) and BWR/Z plants.
reactor coolant makeup from
the suppression pool following
depressurization.
Reactor coolant makeup |All high pressure and Power restored to condensate A ',
with the main condensate| low pressure injection | system components to reestab- (INv) 14,
system following depres-| systems (MPCS, WPCI, Tish low pressure makeup to t 19,
surization (BWR). RCIC. FWCI, CROMS, LPCS,| reactor vessel via existing 26

LPCI, and RMR)

piping.
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Table 4.6. Summary of Damage Control Measures and Design Changes (Continued).
EVALUATION
wy
= Wi
« Zan 85
| & | 28 2
32| 2 (5|2 |Bg |2

a —m o oo | == = &a

i SYSTEMS SABOTAGED o g b |22 | 39 | &8

z BRIEF DESCRIPTION OR AFFECTED APPROACH TO DAMAGE CONTROL W I ne | = -&‘§ @5 REMARKS

13 | Alternate service water|Essential service water | Power restored to components inf 8 A C D* B 7, *1f ESW provides diesel
system crossconnected |system, an altervate service water (DHR , 19, generator cooling,
to essential service system and cooling to safety- SUP) 26 otherwise C
water system (PWR and related components reestablish-

BWR ) ¢# via a crossconnection with
the ESW system.

14 | Feedwater system pumps [Essential service water | Power restored to condensate 8 A C b* B 12, |*1f ESW provides diesel
crossconnected to system. . pumps and cooling to safety- (DHR, 19, gen~rator ccoling,
essential service water ! ~elated components reestablish- SuP) 26 otherwise C.
system (PWR), #d via a cro: .connection with

the ESW system,

-

Auxiliary feedwater pumps cross{ 0* -- -- - -- -~ *Inadequate flow
connected to ESW system to re- capability for ESW
establish cooling for safety- service.

related components.

15 | Fire water system pumps |[Essential service water | A11 fire water pumps crosscon- B 8¢ C (s C 8, *Cannot match ESW sys-
crossconnected to system. nected to ESW system to rees- 19, tem flow requirements,
essential service water tablish cooling for safety- 26 “*1F ESH

provides diesell
system (PWR and BWR). related components. generator cooling,
otherwise C.
Fire water pumping capacity up-|] B A 0 D> B ~do- |**If ESW provides diesel
graded, part of system reserved (DHR, generator cooling.
for fire protection duties and SUP) otherwise C.
part crossconnected to ESW sys-
tem to reestablish cooling for
safety-related components,

16 | Essential service water Lomponent cooling water |ESW supply and return headers B A C D* ] -~ *1f CCW provides diesel
system substituted for kystem. crossconnected directly to CCW (DHR, generator cooling,
component cooling water system piping to provide direct SUP) otherwise C.
system (PWR). cooling for components normally

served by the CCW system.
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Table 4.6.

Summary of Damage Control Measures

and Design Changes (Continued).

BRIEF DESCRIPTION

SYSTEMS SABOTAGED
OR AFFECTED

EVALUAT ION

APPROACH TO DAMAGE CONTROL

FEASIBILITY

TECHNICAL

OPERATINAL

MODIFICAT
IMPACT

REGULATORY
CONCERNS

CONTROL MEASURLS

RELATED DAMAGE

REMARKS

17

Pressurizer and steam
generator level indica-
tion local readout
(PwR) .

Remote level instrument-
ation.

Permanent 1y installed level
Qauges provided inside containd
ment .

»

€ > |EFFECTIVENESS

w |SYSTEM OR PLANT
1ONS

=

»

Permanently installed level
gauges provided outside
containment

(sup)

Portable, self-powered, cali-
brated level instrument p.ck.q
connected to existing signal
terminals from level transmit-
ters to measure level.

(sue)

Steam generator pres-
sure indication local
readout (PWR).

Remote pressure intru-
mentation.

Existing pressure sensor/trans-
mitter units replaced with
units having a local indicator

gauge.

(suP)

Portable, calibrated pressure
gauge connected to existing
sersing line,

(sup)

Portable, self-powered cali-
brated pressure instrument
pack connected to existing
signal terminals from pressure
transmitters to measure
pressure,

(suP)

Local pressure gauge installed
on main steam piping between
containment and main steam
isolation valves.

(sup)
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Table

4.6.

Summary of Damage Control Measures and

Design Changes (Continued).

EVALUAT 10N
v
a | % 15 &
w s “
> -t a g(
!_—‘ x ;-_: g > !
8215 18518 1828 ] =e
; SYSTEMS SABOTAGED L I .E:g gt 5‘3 -
BRIEF DESCRIPTION OR AFFECTED APPROACH TO DAMAGE CONTROL o w e g! gé 3§ REMARKS
23 | Backup water supplies |[Normal decay heat remov-| Permanently installed cross- A A A* 8 * -~ ["Adequate backup mrcesq
(PuR) . al or reactor coolant cornections provided to supply (DHR, may exist.
inventory control water |water from alternmate sources. INV)
ources 'e.g., conden-
sate and refueling
ter storage tanks).
24 | Backup water supplies [Normal decay heat remov-|Permanently installed cross- B A A* Bl o 2 Adequate backup source
(BWR) . al or reactor coolant connections provided to supyly (DHR) may already exist,
inventory control water |water from alternate sources. Note that suppression
sources (e.g., condensate pool is assumed to be
nd refueling water available for invento-
torage tanks). ry control.
25 |Manual operation of power system and DC |Auxiliary feedwater system mod-| B 2 C C B -
safety-related systems r for turbine-driven|ified for operation without AC (DHR)
having steam turbine auxiliaries. or DC power (PWR).
driven pumps (PWR and
BWR) . Reactor core isolation cooling | B A c [ 8 --
system modified for operation (Inv)
without AC or DC power (BMWR).
High pressure coolant injection] C A 0 C C -
system aodified for operation {inv)
without AC or DC power (BWR).
26 |Alternate onsite source Tass 1E AC power Large Nonclass 1E combustion A A D B 3. 7,
of Nonclass 1E power es (offsite power |turbine generator unit perma- (sur) 8, 10,
(PWR and BWR). main turbine genera-|nently instalied onsite and con-| 12, 13
or) and emergency Class|nected to startup bus to supply 14, 15
[ diesel generators. Class 1E or Nonclass 1E loads
as necessary.
27 |Manual startup and load power for diesel Diesel generator auxiliary C A 8 i A -~
irg of diesel generator rator control system'systems modified for startup (Sup)
(PWR and BWR). and loading without AC or OC
power




Table 4.6,

Notes:

1.
-
13.
14.
15.

DX N O O W N -

Summary of Damage Control Measures and

Design Changes (Continued).

AFW
CCW
CRDHS
ESW
FWCI
HPCI
HPCS
LPCI
LPCS
RCIC
RCS
RHR
RWCU
SI
TBS

auxiliary feedwater system

component cooling water system
control rod drive hydraulic system
essential service water system
feedwater coolant injection system
high pressure coolant injection system
high pressure core spray system

low pressure coolant injection system
low pressure core spray system
reactor core isolation cooling system
reactor coclant system

residual heat removal system

reactor water cleanup system

safety injection system

turbine bypass system
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Damage control measures which may be implemented with relatively low
technical risk and impact are those that are ranked as "A" or "8" in all
categories except "Effectiveness.” Damage control measures with higher tecnnical
risk or impact are ranked as “C" or "D" in one or more categories. This ranking
was, of necessity, based on a review of the systems and design features of a
limited set of nuclear power plants. Plant-specific considerations may have a
very strong effect on the technical feasibility and impacts of each of the
proposed damage control measures. Table 4.6 should therefore be considered only
as 2 tool for performing a first-order screening of damage control measures as a
nrelude to further studies or plant-specific applications.

A summary of the damage control measures that may apply to PWR systems
i< presented in Table 4.7. Damage control measures potentially applicable to BWR
systems are listed in Table 4.8, These tables were abstract~d from Table 4.6.
The individual evaluations in Section 5 provide additional information, when
necessary, to identify the specific operating plants for which a damage control
measure may be applicable. Note in Tables 4.7 and 4.8 that some systems are
considered for use in more than one damage control measure, In actual practice,
some alternate aligi ments for a given system are mutually exclusive, and a
selection must be made regarding the damage control application of the system.

4.2 CONCLUSIONS

Damage control can niake a useful contribution to sabotage protection in
nuclear power plants, not as a stand-alone measure, but as an element 1n an
integrated sabotage protection system., Through the use of damaye control,
diverse systems can be aligned and operated to restore functional capabilities
that have been lost or degraded following sabotage of a specific set of
safety-related systems or equipment. The range of damage control measures
evaluated in this report provides insight into potential applications and into
tne engineering, operational and regulatory impacts that may be encountered when
implementing these measures.
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Table 4.7. Damage Control Measures and Design
Changes Evaluated for PWR Systems.

Damage Contrel (1)
System Measure Description
Auxiliary feedwater system 25 Modify system for ope:g;ion
without AC or DC powe ¢)
High pressure safety B crossconnect t? 3ubstitute
injection system for AFW system 3
9 Modify for high pressure
1njecf1?n using tandem HPSI
pumps (3
Main steam overpressure 5 Add redundant set of safety
protection system valves
Safety-related display 17 Provide local indications of
instrumentation pressurizer and steam gener-
ator level
18 Provide local indication of

steam generator pressure

AC electric power system 19 Reenergize Nonclass 1E loads
from the Class 1E AC system

26 Add an alternate onsite source
of Nonclass 1E power

27 Modify diesel generators for
startup and E%ading without AC
or DC power(

DC electric power system 20 Add or utilize existing obus tie
capability be%ween Class 1E OC
load groups

21 Reenergize Class 1E DC load
group frﬁp a Nonclass 1E OC
system(2

22 Provide load transfer cap h\?-

ity for selected DC ioads \2)
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Table 4.7. Damage Control Measures and Design
Changes Evaluated for PWR Systems.

(Continued)
Damage Control
System Measure Description(])
Essential service water 16 Crossconnect for direct cooling
system of components served by a CCW
system

Plant (nonsafety) service 13 Modify to operate following
water system loss of offsite power and

crossconnect to substitute
for ESW system

Fire water system 15 Modify to be fully operable
following loss of offsite
power and crossconnect to
substitute for ESW system

Main feedwater system 3 Modify turbine-pump train to
operate following loss of off-
site power and use as substitute
for AFW system

Condensate system 14 Modify to operate following loss
of offsite power and crossconnect
to substitute for ESW system

Backup water sources 23 Modify for rapid alignment of
alternate sources of water for
decay heat removal or coolant
inventory control

Notes: (1) AFW = auxiliary feedwater system, HPSI = high pressure safety
ivjection system, CCW = component cooling water system,
ESW = essential service water system.

(2) DC system modifications (damage control measures #20, #21, or
#22) may be an alternative to redesigning AFW system or diesel
generator to operate without DC power (damage control measures
#25 and #27 respectively).

(3) Damage control measures #4 and #9 are mutually exciusive.
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Table 4.8.

Damage Control Measures and Design
Changes Evaluated for BWR Systems.

Damage Control

System Measure Description(])
High pressure coolant 2 Modify for suppression f?ol
injection system feed-and-bleed coolind

6 Utilize existing capability
as a high pressure coolant
makeup system(2

25 Modify system to opera%g
without AC or DC power(3)
High pressure core spray 2 Modify for sunpression 5301
system feed-and-blecd cooling(

6 Utilize existing capability
as a high pressure coolant
makeup system(2)

Reactor core isolation 25 Modify system to operafs
cooling system without AC or DC power )
Control rod drive 10 Utilize existing capability

hydraulic system

Automatic depressurization
system

Low pressure core spray
system

Residual heat removal
system (multi-mode)

Low pressure coolant
injection system
(separate system)

n

N

11

or modify for upgraded capa-
bility as a high pressure
coolant makeup system

Modify system for local manual
operation of safety/relief
valves

Utilize existing capability as
a low pressure coolant makeup
system (with ADS)

Utilize existing capability as
a low pressure coolant makeup
system (LPCI mode with ADS)

Utilize existing capability as
a low pressure coolant makeup
system (with ADS)
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Table 4.8.

Damage Control Measures and Design
Changes Evaluated for BWR Systems.
(Continued)

System

Damage Control

Measure

Description(])

Residual heat removal
system (single-mode)

Containment cooling
system (single-mode)

Suppression pool makeup
system

AC electric power system

DC electric power system

Plant (nonsafety) service
water system

i1

1

19

26

27

20

21

22

13

Modify system for Tow pressure
coolant makeup capability

Modify system for low pressure
coolant makeup rapability

Utilize existing capabilities
for suppression pool feed

Reenergize Nonclass 1E loads
from the Class 1E AC system

Add on alternate onsite source
of Nonclass 1E power

Modify diesel generators for
startup and loading without AC
or DC power(3)

Add or utilize existing bus tie
capability ?steen Class 1E DC
load groups

Reenergize Class 1E DC load
group a Nonclass 1E DC
systemis?m

Provide 1nad transfer cspability
for selected DC loads(3

Modify to operate following loss
of offsite power and crosscon-
nect to supply RHR heat ex-
changers (e.g., substitute for
ESW system)

Modify to operate following loss
of offsite power and cross-
connect to substi*ute for entire
ESW system
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Table 4.8. Damage Control Measures and Design
Changes Evaluated for BWR Systems.
(Continued)
Damage Control 1
System Measure Description( )
Fire water system 8 Modify to be fully operable

Condensate system

Refueling water transfer
systenm

Backup water sources

following loss of offsite
power and crossconnect to
supply RHR heat exchangers
(e.g., substitute for ESW
system)

15 Modify to be fully operable
following loss of offsite
power and crossconnect to
substitute for entire ESW
system

16 Modify to operate following
loss of offsite power and
use as substitute low pres-
sure coolant makeup system

2 Modify to operate following
loss of offsite power and for
suppression pool feed-and-
bleed cooling

23 Modify for rapid alignment of
alternate water sources of
water for decay heat removal
or coolant inventory control

Notes: (1) ADS = automatic depressurization system, LPCI = low pressure
coolant injection, RHR = residual heat removal sys*em,
ESW = essential service water system.

(2) Damage control measures #2 and #6 are mutually exclus ‘ve.

(3) DC system modifications (deamage control measures #20, #21 or
#22) may be an alternative to redesigning HPCI system, RCIC
system or diesel generators to operate without DC power
(damage control measures #25 and #27).
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Many of the design features necessary to implement damage control
measures are not commonly found 1in current nuclear power plant designs.
Therefore, damage control opportunities with currently available resources may be
somewhat limited.

For damage control to be effective, the design features necessary to
establish crossconnections or to operate systems in alternate modes must be
permanently installed and available on short notice to operating personnel.
Design features such as fluid system crossconnections and :lectrical system bus
ties must be carefully engineered to ensure that the separation, independence and
reliability of safety-related systems are not adversely affected by damage
control measures. Requirements for separation and independence have been
considered in the design changes proposed 1in this report. Effects of these
design changes on the reliability of safety-related systems and on nuclear power
plant risk have not been evaluated.
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5.1 DAMAGE CONTROL MEASURE #1 - BWR

The purpose of damage controi measure #1 is to provide manually
operated relief valves for depressurizing the reactor vessel. This capability
would allow operation of the low pressure injection or residual heat removal
(RHR) systems in the even*t that automatic or remote-manual! operation of the
automatic depressurization systen (ADS) is prevented by sabotage action.

5.1.1 Sabotage Scenaric

Loss of offsite power is assumed to occur coincidentally with the
successful sabotage of the ADS. The main turbine generator trips on loss of
ioad. The emergency di2sel generators operate to supply AC power to the Class lE
huses. The systems not dependent wupon ofTsite power are assumed to operate
normally, with the exception of the high pressure injection systems which will
include one or more of the following; Reacfsr Core Isolation Cooling (RCIC)
System, High Pressure Core Spray (HPCS) System, High Pressure Coolant Injection
(HPCI) System, the Feadwater Coolant Injection (FWCI) System and the Control Rod
Orive Hydraulic System (CRDHS). The wunavailability of the high pressure
injection systems creates the need for ADS actuation and operation of the low
pressure injection systems, such as the Low Pressure Core Spray (LPCS) System,
Low Pressure Coclant Injection (LPCI) System or the Residual Heat Removal (RHR)
System.

9vl.2 Normal Operation of Pressure Relief Valves for Reactor Coolant
Systen Depressurization (based on descriptions in NUREG 0625)

A1l light water reactors are required to have some means of relieving
reactor primary system pressure 1in order to prevent overpressurization. This
protection takes the form of pressure relief valves which are set to open when
the primary system pressure reaches predetermined setpoints. Early BWR plants
use two separate types of valves for overpressure protection -- relief valves and
safety valves. The relief valves are power-actuated at a pressure below the
mechanical safety valve setpoint. Pressure relief systems in later BWR plants
use one type of valve, a safety/relief valve (SRV). The SRVs are power-actuated
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when operating as relief valves and are mechanically opened by primary system
pressure when operating as safety valves. Table 5.1.1 summarizes the pressure
reliaf valve complement of 3uRs.

In addition to the overpressure protection function, relief valves and
SRVs are required to perform another function; i.e., automatic depressurization.
Autonatic depressurization of the primary system is required in the event of a
small-break LOCA where the system pressure remains high and the plant has no high
pressure emergency core cooling system (ECCS) capable of injecting water into the
system to cool the core, either as a result of high pressure ECCS failure or
because the plant has no system available. Automatic ADS actuation typically
requires a coincidence of low reactor water level and high drywell pressure
(e.g., conditions typical of a LOCA). The ADS logic has two independent
channels, "“A" and "B", either of which can cause ADS valve operation. Remote
manual ADS actuation can be accomplished via remote manual switches in the
channel A and B logic, or by individual control switches for each ADS valve. For
plants with high pressure ECCS, the ADS operates only in the event of failure of
the high pressure ECCS. For plants without a high pressure ECCS, the ADS system
actuates to reduce primary system pressure to allow core cooling by means of low
pressure cooling systems. Generally, in the older plants, the ADS system uses
“elactromatic" relief valves while the newer plants use a number of the SRVs for

the ADS function.

The separate relief valves used in the earlier plants noted above were
power-actuated valves manufactured by the Oresser Company, commonly known as
"electromatic” valves (shown in Figure 5.1.1, from Ref. 1). These valves should
actually be termed solenoid-operated, power-actuated relief valves since they
operate as follows: System steam at pressure is applied to the main valve disk at
the valve inlet (Chamber A), passing upward around the disc guide in Chamber B8,
also entering Chamber C through a clearance space between the main valve disc and
disc guide. The main valve disc 1is held against the seat, in the closed
position, by the steam pressure in Chamber C. Actuation is accomplished by
energizing the solenoid assembly which then moves the pilot operating lever,
moving the pilot valve disc and allowing steam from Chamber C to escape, reducing
the pressure in Chamber C. Resulting differential pressure on the main valve
disc causes it to open, allowing steam to escape from Chamber B to the outlet of
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Table 5.1.1. BWR Plant Pressure Relief Valve Complements.(])

?:ge Facility Sa;g%{égfégef Safety Valves 227?£¥A5§?3§§?2)
2 Nine Mile Point - 16 6
2 Oyster Creek - 16 5
3 Dresden 2 & 3 1 8 B
3 Millstone 1 6 - -
3 Monticello 7 - -
3 Pilgrim 1 4 2 -
3 Quad Cities 1 & 2 1 8 4
4 Browns Ferry 11 2 -

.2, 83
4 Brunswick 1 & 2 11 - -
4 Cooper 8 3 -
4 Duane Arnold 6 2 -
4 Fitzpatrick 11 - -
4 Hatch 1 & 2 11 - -
Bl Peach Bottom N 2 -
243
4 Vermont Yankee R 2 -
5,6 Grand Gulf 19 - -
(typical) (typical)

Notes: (])Based on Table B-1 in NUREG-0626, "Generic Evaluation of
Feedwater Transients and Small Break Loss-of-Coolant-Accidents
in GE-Designed Operating Plants and Near-Term Operating
Liceense Applications.”

(2)yatves capable of providing ADS function.
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the valve. Typical capacity of each relief valve of this type is in the range
from 400 to 600 KI1b/hr at the lowest relief setpoint (Ref. 1).

SRVs in the operating plants are usually three-stage Target Rock valves
(Figure 5.1.2, from Ref. 1). In either the ADS mode or relief mode, air or
nitrogen is admitted to the chamber above the air actuator at the top of the
valve. This differential pressure drives the actuator downward, moving the
second stage piston spring and disc downward, thereby unseating the second stage
disc. This action relieves the pressure from above the main vaive piston with
system pressure acting both to force the main valve disc down against the seat
and to force the main valve piston upward. Since the diameter of the piston is
greater than that of the disc, the net force is upward, opening the valve.
Self-actuation occurs when sufficient system pressure enters the pilot sensing
port to cause the bellows to expand. This eliminates the abutment gap, pulling
the pilot disc from its seat and allowing system pressure to enter the volume
above the second stage piston forcing the second stage piston down. This action
unceats the second stage disc thereby relieving system pressure above the main
valve piston and opening the valve. Typical capacity of each SRV of this type is
in the range from 800 to 900 K1b/hr at the lowest relief setpoint (Ref. 1).

SRVs in more recent plants {e.g., B8WR/5 and BWR/6 plants, not yet
licensed), use direct system pressure against a spring-loaded valve disc for
safety actuation. An exterior cylinder, actuated pneumatically (usually air or
nitrogen) opens the valve mechanically in the relief mode or ADS mode by means of
a lever connected to the main valve disc (Figure 5.1.3; from Ref. 2). Typical
capacity of each SRV of this type is also in the range from 800 to 900 K1b/hr at
the lowest relief setpoint (Ref. 1).

A typical pneumatic supply system for an SRV with an ADS capability is
illustrated in Figure 5.1.4. Remote actuation of each SRV is controlled by three
normally deenergized solenoid valves. Energizing any solencid valve will admit
high pressure air or nitrogen to the SRV remote air actuator (see Figures 5.1.2
and 5.1.3) to actuate the SRV. Solenoid A is actuated automatically by the "A"
channel of the ADS or pressure relief logic, and is powered from 125 VDC Division
1. Solenoid B is actuated by the "B" channel of the ADS or pressure relief
logic, and is powered by 125 VDC Division 2. Solenoid C is manaully actuated via
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multiple control room switches and 1is powered by 125 VOC Division 1, An
accumulator 1s provided in the air supply line for each SRV. The accumulator
permits one or two actuations of the SRY in the event that the normal high
pressure air system is unavailable.

5.1.3 Plant Conditions During Sabotage Scenario

Loss of offsite power causes a loss of the normal feedwater system.
The high pressure injection systems (RCIC, FWCI, HPCS, HPCI, CRDHS) are
unavailable, thereby creating the need to depressurize the reactor and use the
low pressure injection systems to maintain reactor coolant inventory. The ADS
has been sabotaged to prevent automatic and remote-manual opening of the SRVs.
The reactor coolant system will likely remain at high pressure (e.g., at or near
the SRV mechanical relief setpoints which typically range from approximately 1165
psig to 1250 psig). Coolant inventory will be lost via SRV blowdown to the
suppression pool.

NUREG-0626 (Ref. 1) describes BWR plant response to a variety of feed
water transients and loss-of-coolant accidents (LOCAs). The accident scenario
most comparahle to the sabotage scenario postulated in this section is a loss of
feed wator transient coincident with the loss of high pressure emergency core
coolinj systems. The reactcr coolant system initially pressurizes to the SRV
setpo‘nt and then stabilizes at high pressure (e.g., at or below the SRV
setpoint). With manual ADS actuation 19 minutes into the transient, it was
calculated that only the top 0.8 feet of the core would be uncovered for
approximately 10 seconds.

Based on BWR operating history discussed in NUREG-0626 (Ref. 1), a
relief valve failure to close has been recorded 30 times in 187 cases of relief
valve challenges over a three year period (e.g., probability of 0.16 per
challenge). With this relatively high probability of occurrence, it is possible
that, without further sabotage actions, the feedwater transient described above
could develop into a feed water transient plus LOCA (e.g., due to a stuck open
relief valve). With failure of the high pressure emergency core cooling systems,
1t has been calculated (Ref. 1) that the time available to actuate the ADS in
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order to prevent the onset uf core uncovery could be as short as 3 minutes under
these circumstances.

It has been estimated that the reactor core will be uncovered to its
midplane in 1.4 hours following a total station blackout and loss of makeup to
the reactor vessel (Ref, 3). This scenario approximates the sabotage scenario
postulated in this section, and suggests that an hour or more may be available
for operator action before the onset of core melting. WASH-1400, Appendix VIII
(Ref. 4) describes BWR core melt processes and estimates core melt times for a
variety of boiloff and LOCA conditions, none of which are directly comparable to
the scenario postulated in this section. Detailed quantification of the time
available for local manual operator actuation of the ADS to prevent core melt is
therefore not possible without further analysis.

5.1.4 ADS Valve Design Features To Facilitate Operation In A Manual Mode

Manual handwheel actuators can be added to operate any of the SRVs
described in this section. The Target Rock SRV (Figure 5.1.2) is availabple with
a handwheel actuator, but typically for applications where remote actuation is
not required. A possible modification of this type of valve to facilitate local
manual actuation of the ADS is illustrated in Figure 5.1.5. The lead screw is
normally retracted, and does not interfere with normal SRV operation. During
local manua)l operation, the lead screw is inserted into the SRV by operating the
handwheel, Contact is made with the valve actuator which is driven downward by
the lead screw, moving the second stage piston spring and disc downward and
causing the SRV to open as described previously. A similar type of modification
could be made to manually operate the nower-actuated relief valve in Figure 5.1.1
(e.q., a manually operated lead screw «cting directly on the pilot valve stem).

Manual operation of the SRV in Figure 5.1.3 could be accomplished by
extending the top of the valve stem, adding a second dog and connecting the dog
shaft to a reach rod and handwheel using a set of bevel gears as shown in
Figure 5.1.6. Operation of the handwheel would rotate the dog shaft, causing the
manually operated dog to 1ift the valve stem and open the SRY.
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The SRVs are located in the drywell, as illustrated in Figure 5.1.7.
In a typical BWR/6, only 8 (2 per steam line) of 19 SRVs are actuated by the ADS.
A comparable number may require the local manual actuation capability. With the
relief valve and SRY capacities discussed previously, this adds up to a very
large initial blowdown. The specific valves could be selected to simplify the
installation of the reach rods for valve operation from outside the drywell and
to minimize the requirements for angle gears to get around other equipment.
Flexidble shafts may be a possible alternative to rigid reach rods, thereby
eliminating the need for angle gears. It may also be necessary to select SRVs to
maintain a symmetrical blowdown to the suppression pool. If this is necessary,
manual operation of the SRVs could not be accomplished from a single Jlocation.
At Jeast two valve stations in the reactor building (one on each side of the
drywell) would be required. During normal operation the valves at these stations
require physical protection because of the possibility of initiat.ng a LOCA by
opening these valves when reactor coolant system depressurization is not desired.

It may be possible to design the containment penetrations for each SRV
reach rod in a manner comparable to the rotating shaft penetrations commonly used
in containmei.¢ airlocks. Typically, shafts penetrating airlocks are sealed by
multipie seals as illustrated in Figure 5.1.8.

9.1.8 Other Approaches for Depressurizing the Reactor Coolant System

Other potential methods for depressurizing a BWR following failure of
the high pressure injection systems and the ADS are described in NUREG/CR-2100

(Ref. 5). These methods are discussed below.
5.1.5.1 Dump Steam to the Main Condenser

The main steam isolation valves (MSIVs) close automatically on low
reactor vessel water level. To dump steam to the main condenser in this
condition, it would be necessary to override containment isolation and reopen the
MSIV bypass valves and then the MSIVs. Also, it would be necessary to
reestablish condenser vacuum using an electric hoeging pump and/or the steam jet
air ejectors. With vacuum restored, and a portion of the main circulating water
system operating, the turbine bypass system could then be used to dump steam to
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the main condenser and thereby depressurize the reactor coolant system at a rate
comparable to the ADS. A significant number of Nonclass IE components are
required to implement this damage control measure. It is unlikely that all of
these components could be suoplied from the diesel jenerators. If offsite power
cannot be restored it may be possible to supply necessary coaponents from an
onsite nonclass IE source such as a standby gas turbine generator (see damage
control measure #26). It is unlikely that this approach could provide the timely
response reguired.

5.1.5.2 Blowdown the Reactor Coolant System to the Main Condenser Via
the Reactor Water Cleanup (RWCU) System

The RWCU system can be aligned to blowdown reactor coolant from the
suction side of the reactor coolant recirculation lines to the main condenser
(see Figure 5.1.9). Piping sizes in the RWCU system vary, but nominally are 4
inches 1n diameter. To maximize blowdown flowrate, a bypass line could be
installed from the suction of the RWCU pumps to the blowdown line to the main
condenser (see Figure 5.1.9). Even with *this bypass line, blowdown rate would
not exceed that of a 4 inch break (0.087 ft? break) at the interface of the RWCU
with the recirculation suction line.

NUREG-0626 (Ref. 1) analyzed the case of a 0.l ft2 break in the
recirculation suction line. With this size break, the reactor coolant system
remained at high pressure and ADS operation was required to permit coolant
injection by 1low pressure systems. Blowdown of reactor coolant via the "WCU
system would therefore not be a viable alternative for depressurizing the reactor
following high pressure injection system and ADS failure.

5.1.5.3 Discharge Steam to the Suppression Pool Via The HPCI and/or RCIC
Pump Turbines

The HPCI and/or RCIC systems are assumed to be sabotaged so that makeup
water can not be delivered to the reactor coolant system at high pressure. If
the turbines can still be operated following the sabotage event,

reactor-generated steam could be exhausted to the suppression pool via the
turbine drives. An RCIC turbine is tynically rated at 460 to 925 horsepower.

Maximum RCIC turbine steam flow rate is in the 30 to 40 K1b/hr range (Ref. 2). A
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Sel,7 Conclusions and Recommendations Regarding Damage Control Measure #1

There appears to be at least one technically feasibie approach for
manually depressurizing the reactor vessel to pormit operation of low pressure
coolant injection systems. Moderate plant modifications are required to
implement this damage control measure. The time available for operator response
is judged to be marginal, and the reactor core will probably be partially
uncovered before or during manual depressurization.

5.1.8 Section 5.1 References
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5.2 DAMAGE CONTROL MEASURE #2 - BWR
The purposa of damage control measure #2 is to supply cooling to the
suporession pool using a feed-and-bleed technique in the event that suppression

pool cooling systems are disabled through sabotage action.

9.2.1 Sabotage Scenario

Loss of offsite power occurs and the main turbine generator trips on
loss of load. The emergency diesel generators operate to supply AC power to the
Class 1E buses. Suopression pool cooling systems have been sabotaged, but other
safety-related systems operate normally.

$.2.2 System Descriptions

5.2.2.1 BWR Pressure Suppression Containment

The three major BWR containment designs are designated Mark I, Mark II,
and Mark [Il. These containment designs are illustrated in Figure 5.2.1 and
selected parameters related to suppression chamber design are compared in
Table 5.2.1.

The pressure suppression pool 1is a standby passive heat sink which
maintains a large water volume to absorb heat and quench steam from the following
major sources:

L Loss of coolant accident (LOCA) inside the drywell
« Safety/relief valve operation
- for overpressure protection

- for reactor coolant system (RCS) depressurization following
Automatic Depressurization System (ADS) actuation

. Safety-related steam turbine-driven pump operation

- High Pressure Coolant Injection (HPCI) pump
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- Reactor Core Isolation Cooling (RCIC) pump

Water temperature and level limits and plant operating limitations are imposed to
ensure that the suppression pool remains an effective standby heat sink (Refs. 1
and 2). Following an event that causes suppression pool heatup, systems are
normally placed in operation to cool the suppression pool by completing tie heat
transfer path to the ultimate heat sink.

LOCAs, events requiring RCS depressurization and events causing
sustained overpressure protection system response can be characterized by a
significant blowdown of reactor coolant to the suppression pool and rapid
suppression pool heatup. From full power operating conditions, a LOCA or ADS
blowdown to a suppression pool initially at 90% results in a water temperature
of approximately 135% immediately following blowdown (Ref. 1). Subsequent
heatup of the suppression pool progresses at a slower rate, governed primarily by
the decay heat generation rate of the reactor core.

5.2.2.2 Suppression Pool Cooling Systems

In some early-vintage BWRs, suppression pool cooling is accomplished by
a dedicated containment spray system. Figure 5.2.2 illustrates a BWR/2
containment spray system which consists of two 100 percent capacity, independent
loops. in later-vintagaz 8wRs, suppression pool cooling is verformed by an
operating mode of the residual heat removal (RHR) system. The RHR system
general.y consists uf two 100 percent capacity, inrdependent Iloops that can be
aligned to draw a suction on the suppression pool, and return the water either
directly tc the suppression poel or to the containment spray headers. Either
return path wiil provide for heat removal from the suppression pool water. A
typical BWR/3 or BWR/4 multi-mode RHR system aligned for suppression pool cooling
is shown in Figure 5.2.3. A BWR/5 or BWR/6 RHR system in a similar alignment is
shown in Figure 5.2.4. BWR suppression pool cooling capabilities are summarized
in Table 5.2.2.

P. 1 suppression pool cooling heat exchangers transfer heat to component
cooling and/or service water systems that complete the heat transfer path to the
ultimate heat sink. There is considerable variety in the design of these cooling
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Table 5.2.2. Summary of BWR Suppression Pool Cooling Capabilities.

Systems for Containment
Spray and Suppr?53ion
Pool Coolingl]

BWR
Plant Type €S-$ CS-M

Grand Gulf 1 & 2
Other BWR/5 & /6

Dresden 1 1 X -
Humboldt Bay ] B -
Big Rock Point 1 - (2)
Oyster Creek 2 X -
Nine Mile Point 2 X -
Millstone 1 3 - (3)
Dresden 2 & 3 3 - (3)
Pilgrim 3 - (4)
Monticello 3 - (4)
Quad Cities 1 & 2 3 - (4)
Hatch 1 & 2 4 - (4)
Browns Ferry 1, 2 & 3 4 - (4)
Vermont Yankee 4 - (4)
Peach Bottom 2 & 3 4 - (4)
Cooper 4 - (4)
Duane Arnold 4 - (4)
Fitzpatrick 4 - (4)
Brunswick 1 & 2 4 - (4)
Shoreham 4 - (4)
Fermi 2 a . (4)
Susquehanna 1 & 2 4 - (4)
LaSalle 1 & 2 5 - (4)
Zimmer 5 - (4)
Hanford 2 - - (4)
6 - (4)

- (4)

Notes: (1) CS-M = containment spray or suppression pool cooling, which is
an operating mode of some other multi-mode system

CS-S = single-mode containment spray system

(2) Containment/suppression pool cooling is an operating mode of
the Low Pressure Core Spray (LPCS) system

(3) Containment/suppression pool cooling is an operating mode of
the Low Pressure Coolant Injection (LPCI) system

(4) Containment/suppression pool cooling is an operating mode of
the multi-mode Residual Heat Removal (RHR) system.
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5.2.4 Techniques for Maintaining Suppression Pool Temperature Within Design
[imits Without Active Heat Removal Systems

5.2.4.1 Increasing the Mass of Water in the Suppression Pool

To ensure that the suppression pool remains an effective heat sink, the
BWR Owner's Group has developed generic guidelines for a heat capacity
temperature limit curve (Ref. 2). A plant-specific application of these
guidelines produced the limit curve in Figure 5.2.5. Continued heatup of the
suppression pool above the heat capacity temperature limit may result in
insufficient suppression pool heat capacity to assure stable condensation of
steam discharged through the safety/relief valves at some point following an ADS
actuation. If the RCS remains at high pressure following the sabotage scenario
described in Section 5.2.3, the operator would be required to initiate
suppression pool cooling before bulk temperature reached approximately 160°F (see
Figure 5.2.5). Altrrnatively, the operator could initiate RCS depressurization.
The heat capacity temperature limit curve is defined by a straightforward energy
balance so that ADS actuation initiatad below the curve will not cause pool
temperature to exceed the curve during the depressurization. Fol'nwing
depressurization, suppression pool temperature 1is limited by the design
temperature listed in Table 5.2.1. (Note that a heat capacity temperature limit
curve for a BWK/6 plant with a Mark 11! contairment wouid be considerably more
restrictive than the curve in Figure 5.2.5.)

If tne suppression pocl coo'ing sSystems are not operavie, existing
design features may allow the operator to expand the heat sink capacity of the
suppression pool by supplying water from tne upper containment pool as shown in
Figure 5.2.6 (from Ref. 3). Approximately 30,000 to 40,000 ft> (225,000 to
300,000 gallons) of water at 100 to 125%F may be available for suppression pool
makeup from this source.

There are upper limits on aliowable suppression pool Tlevel when the
reactor coolant system 1is pressurized (Ref. 2). These limits ensure that the
dynamic loads resulting from safety/relief valve actuation do not exceed the
yield stress on the limiting submerged structural component in the suppression
pool. Because of these limits and permissive actuation logic restrictions,
makeup water from the upper containment pool would not be supplied before
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can be absorbed if 75,000 gallons/hour (1250 gpm) of makeup water at 70% can be
supplied to the suppression pool which is assumed to be at 200°F. The
containment free volume would be reduced by approximately 10,000 ft3/hr at this
makeup rate and the suppression chamber will be slowly pressurized.

By increasing the thermal mass of the suppression pool, it may be
possible to maintain the pool at 200°F for several additional lours. Limiting
factors to be considered include: (a) the static load (from static head of water
and from gas pressure) on the suppression chamber, (2) instrument flood-out in
the suppression chamber, and for BWR/6 plants, (c) overflowing the weir wall and
flooding the drywell.

This damage control measure only serves to delay the time at which an
active heat transfer path must he csi:zblished between the suppression pool and an
ultimate heat sink. The added time provided by this damage control measure may
be helpful when considered in conjunction with other measures to restore active
cooling for the suppression pool (see damage control measures #7 and #R8),
Several other methods of providing makeup to the suppression pool are described
below,

A. Suppression Pool Makeup Using HPCI or HPCS System

The containment cooling systems illustrated in Figures 5.2.2 to 5.2.4
could provide more than the required 12350 gpm wakeup rate if a
suction-3ide connection to a suitable onsite reserveir could be
establishea (assuming that the sabotage actions discussed in
Section 5.2.1 have only disabled the heat transfer capabiiity of the
suppression pool cooling system heat exchangers). Assuming that tnese
systems are unavailatle, the HPCI or HPCS system (or marginally, the
RCIC system) could be removed from duty as a reactor coolant inventory
control system and aligned to supply water from the CST to the
suppression pool via the test line illustrated in Figure 5.2.7. In
some plants, this test line may not De designed as a full-flow test
line and may have to be increased in size to accommodate at least 1250
gpm. The CST would be rapidly depleted at the high makeup rate
required by the suppression pool. An dlternate suction for the HPCI or
HPCS pumps could be provided as illustrated in Figure 5.2.7. Other
onsite sources of water might include: (1) refueling water storage
tank, (2) fire water storage tanks, (3) service or potable water
systems.
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B. Suppression Pool Makeup Using Refueling Water Transfer System

An indirect means for supplying water to the suppression pool is to use
the refueling water transfer system to supply makeup water from the
refueling water storage tank (RWST) to the upper containment pool (see
Figure 5.2.8). Water from the upper containment pool can be supplied
to the suppression pool as described previously. Capacity of each
transfer pump may be as high as 1250 gpm at 95 psid. The RWST contains
150,000 to 300,000 gallons which would be an adequate source for
several hours of suppression pool makeup. The transfer pumps are
usually supplied by Nonclass 1E power and would be unavailable
following loss of offsite power. These pumps could be supplied with
Class 1E power (see damage control measure #19) or from an alternate
onsite source of Nonclass 1E power (see damage control measure #26),
The condensate transfer pumps do not (and should not) have access to
the 75,000 to 170,000 gallons of water reserved in the condensate
storage tank for reactor coolant inventory control (e.g., for the RCIC,
HPCI and HPCS systems). These pumps would, therefore, not be likely
candidates for suppression pool makeup.

G Suppression Pool Makeup Using Service Water System Crossconnect to RHR
System

A crossconnect may exist between the RHR service water system and the
RHR system, such that the service water system can be aligned as a
makeup source for the suppression pool. This crossconnect path, shown
in Figure 5.2.4, is normally isolated by two manual valves. When this
makeup path is established, water can be supplied to the suppression
pool wusing the service water pumps. Service water quality must be
considered, however, when determining the acceptibility of this
approach.

5.2.4.2 Feed-and-Bieed Cooling ¢f the Suppression Pool

An alternative approach to suppression pool zooling would be to supply
"cold" makeup water Dy any of Lhe techniques described in Section 5.2.4.1 and
drain an equivalent amount of "hot" water from the suppression pool. This method
could be continued indefinitely without restrictions imposed by flooding the
suppression chamber. Assuming that a sufficient reservoir of "cold" water exists
the major concern associated with feed-and-bleed cooling of the suppression pool
is where to put the 75,000 gallons/hour (approximately) that would be removed
from the suppression pocl.

The suppression pool water will likely be contaminated with
radionuclides, and therefore, release directiy to the environment would not be
feasible, Surface release to a large clay-lined settling basin may be possible,
however, environmental effects should be calculated on an individual case basis.
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The HPCI or HPCS system flow rates exceed the suppression pool makeup
requirements, therefore these systems could be operated alternately in a "“feed"
mode and then in a “bleed" mode. In the "feed" mode, water is supplied from an
onsite reservoir to the suppression pool via new suction-side piping and tne HPCI
or HPCS test line (see Figure 5.2.7). In the "bleed" mode, the pump suction is
realigned to the suppression pool using existing piping, and the pump discharge
is aligned to new piping that directs flow to the onsite settling basin. It
would be necessary to maintain RCS pressure above 150 psig to permit continued
operation of the turbine-driven HPCI pump. The electric motor-driven HPCS pump
is not subject to these restrictions.

The refueling water transfer pumps could also be operated alternately
in a feed-and-bleed mode (or in a single mode in conjunction with the HPCI or
HPCS pump). The "feed" path has been described previously. The "bleed" path
would wutilize an existing suppression pool suction 1line (normally used for
suppression pool cleanup) and new piping on the discharge side of the transfer
pumps to direct flow to an onsite settling basin. The operator may have to
override containment isolation valves to make this "bleed" path available during
some emergency conditions. As an alternative to the settling basin, existing
crossconnect piping could be used to pump water back to the CST and RWST wuntil
these tanks have been filled (see Figure 5.2.8). If initially empty, these tanks
coula provice 2 storage volume for several hours of suppression  pool
feed-and-b!eed operations.

$.2.5 Technical and Regulatory Impediments to Implementing Damage Control
Measure #2

The primary technical and regulatory concerns are: (1) containment
integrity under static loading conditions imposed by a flooded suppression
chamber, and (2) potential radionuclide release to the environment resulting from
feed-and-bleed operations. These concerns should be addressed on an individual
case basis.
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5.2.6 Conclusions and Recommendations Regarding Damage Control Measure #2

Increasing the thermal mass of the suppression pool provides a means
for extending the time available tou restore active suppression pool cooling
systems to operation, and would be wuseful in this context. Existing design
features can provide significant makeup to the suppression pool from several
sources., Relatively minor modifications could make the makeup water sources more
readily available during emergencies. Tne feasibility of long-term suppression
chamber feed operations (e.g., flooding without draining any water) should be
evaluated on an individual case basis.

Feed-and-bleed cooling of the suppression pool could provide an
effective long-term heat sink without the need to restore conventional
suppression pool cooling systems to operation. The potential impact of
radionuclide releases to the environment, and therefore the acceptability of this
approach, should be evaluated on an individual case basis.

5.247 Section 5.2 References
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5.3 DAMAGE CONTROL MEASURE #3 - PWR

The purpose of damage control measure #3 is to use a steam
turbine-driven main feedwater pump to supply feedwater to the steam generators in
PWR plants in the event that the auxiliary feedwater system has been disabled by
sabotage.

Sedel Sabotage Scenario

It is assumed that offsite power is lost coincidentally with successful
sabotage actions that have made the steam turbine-driven and motor-driven trains
of the auxiliary feedwater system inoperable. The main turbine generator trips
on loss of load. The power conversion system (main steam, feedwater and
condensate and circulating water system) is unavailable due to loss of Nonclass
1Z power. The emergency diesel generators operate and supply AC power to the
Class 1E buses.

9.3:2 System Descriptions

5.3.2.1 Auxiliary Feedwater System

See Section 5.4

5.3.2.2 Main Feedwater (MFW) System

The main feedwater system 1is used to supply feedwater to the steam
generators during normal operations. PWR feedwater and condensate system
configurations are summarized in Table 5.3.1. Approximately 55 perc.at of the
plants Tisted in this table have steam turbine-driven feedwater pumps. Basic
elements of a typical main feedwater system are illustrated in Figure 5.3.!

During power operation, the main feedwater pump drive turbines are

typically supplied with steam from extraction nozzles at an intermediate point on
the main turbine. The feedwater pump turdbine can also be driven by high pressure
main steam taken upstream of the main turbine. This latter mode of cperation is
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ysed during plant startup when the *Hine not operating. The feed pump
turbine exhaust 1is routed : ~ondenser ith permissible exhaust
pressures between 1 and 10 ches mercury absolute. ypically, a three-element
feedwater flow control system maintains programmed water level in

generator by modulating feedwater pump turbine drive speed and feedwater

v

valve position, he programming of valve position and feedwater pump speed
such that valve control of feedwater flow rate predominates at low-power
conditions, while pump speed control is the primary mechanism for feedwater flow

ydjustment nigh power Ve (e.g., with the control valves fully open to

p across the valves).

main feedwater pump drive turbine can be characterized as a
multi-stage condensing turbine. This is in contrast to an auxiliary feedwater
pump drive turbine which 1is typically a single-stage noncondensing turbine.

Conditions that will typically cause a trip of a steam turbine-driven MFW pump

Table 5.3.2.

conditions During Sabotage Scenario

The electrically-powered condensate and booster pumps the main
feedwater system would be inoperable becduse of the loss of Nonclass 1lE AC power.
of these pumps makes the condenser unavailable as a water source for the
feedwater pumps. In addition, loss of the circulating water system, the
steam jet air ejectors and the trip of the main turbine would cause a rapid

9

)f main condenser vacuum. The main feedwater pumps would therefore trip

~

-

) reasons (e.qg., low suction pressure, low condenser vacuum, 1ow

1

The steam supply for the main feedwater pump steam turbine drive
be interrupted when the main turbine tripped following loss of offsi
Main steam could be made available to the feedwater pump drive turbine
from the main steam header as described previously. )peration of
feedwater pump would require the restoration of AC to the feed

f iwater control system, the condensat

¢




Table 5.3.2. Trip Conditions Typically Associated With
Turbine-Driven Main Feedwater Pumps

Low Condenser Vacuum (high turbine exhaust pressure)

Low Pump Suction Pressure

High Pump Discharge Pressure

Low Bearing Lube 0i1 Pressure (pump and turbine)

High Turbine Speed

High Turbine Vibration Level

Thrust Bearing Wear

High Steam Generator Water Level(])

Safety-Injection Signal(])
Manual

Notes. (‘)Some Westinghouse Plants.
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L] An alternate line to discharge exhaust steam from the feed water pump
drive turbine directly to atmosphere would be required. Atmospheric
discharge of steam is necessary because the t.me constraints for
restoring feedwater flow would likely preclude restoring main condenser
vacuum and utilizing the normal exhaust path for the turbine drive.

The main feedwater -~ mp turbine drive is designed for condensing
operation, with _.. exhaust discnarged to the main condenser under
v.cuum conditions. When exhausting to atmosphere, the turbine drive
would be operating in a noncondensing mode. Problems associated with
operating the turbine in this mode include overheating the final stages
of the turbine drive.

The turbine modifications that would be necessary to permit the turbine
to operate under the steam inlet and exhaust conditions resulting from
the postulated incident have not been defined in this study. It is
likely that existing drive turbines could not be readily modified.
Replacement drive turbines may be required to implement this damage
control measure.

. The feedwater control system will 1likely require modifica*fon to
provide feedwater at rates comparable %o the auxiliary feedwater
system. A comparison of a main feedwater and an auxiliary feedwater
pump is provided in Table 5.3.3. A typical MFW pump provides more than
twenty times the flow provided by « typical AFW pump. Following the
initial response to an accident, AFil flow is further reduced to prevent
overcooling the shutdown reacter plant and overfilling the steam
generators.

Additional control system modifications would be required to provide a
bypass for the low condenser vacuum (high turbine exhaust pressure),
and high MFW pump discharge pressure trips. To protect the main
condenser, an interlock ma{ also be required to ensure that the MFW
pump turbine exhaust is aligned to the atmosphere before the high main
condenser vacuum trip can be bypassed.

$.3.5 Technical and Regulatory Impediments To lmplementing Damage
Control Measure #3

It appears to be technically feasible to install properly sized piping
interconnections netween the main feedwater and main steam systems to implement
damace control measure #3. Appropriately sized lines, together with the
necessary block and backflow prevention valves could be installed and could be

capable of providing an additional source of feedwate:~ to the steam generators
during emergencies. The primary technical impediments to this damage control
measure are: (1) the inability of the feedwater pump to operate for an extended
period of time with atmospheric pressure exhaust conditions, and (2) the ability
of the feedwater control system to provide the required modulation of the
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Table 5.3.3.

Comparison of Main and Auxiliary Feedwater
Pump Characteristics

Main Feedwater

Auxiliary Feedwater

Pump Pump
Type Multi-Stage Multi-Stage
Centrifugal Centrifugal
Flowrate 8,000 to 20,000 gpm 260 to 1050 gpm
(14,000 gpm typical) (600 gpm typical)
Design Head 2000 to 3200' 2500 to 3000'
(2600' typical) (2700' typical)
Horsepower 8000 to 12000 600 to 1000
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2. NUREG-0635, “"Generic Evaluation of Feedwater Transients and Smail Break
Loss-of-Coolant Accidents in Combustion Engineering Designed Operating
Plants,” U. S. Nuclear Regulatory Commission, January 1980.
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tn the RCS against full system pressure. Typical capacity of a centrifugal
charging pump that doubles as a HPSI pump is in the 140 to 370 gpm range at 2500
psig (5750 feet). Three charging pumps are usually provided, and tota® high
pressdare injection flow rate is in the 355 to 810 gpm range (one of the three
charging pumps may be a lower capacity positive displacement pump providing 50 to
98 gpn flow). A typical performance curve for a centrifugal charging pump is
illustrated in Figure 5.4.2 (from Ref. 2).

Many plants have separate pumps for the HPSI and normal charging
functions. In these plants, the HPSI pumps usually cannot provide makeup against
full RCS pressure. These HPSI pumps have a design flow rate of 375 to 425 gpm at
a head of 1150 to 1225 psid (2650 to 2822 feet). Two or three HPSI pumps are
usually provided, yielding a design HPSI system flow rate of 750 to 1275 gpm. A
typical performance curve for a centrifugal HPSI pump is illustrated in Figure
5.4.3 (from Ref. 2). The separate charging pumps are wusually positive
displacement and are rated at 33 to 98 gpm. Three charging pumps are usually
provided, and total charging system flow rate is in the range from 100 to 260

gpm.

Low pressure safety injection pumps typically have a design flow rate
of 2500 to 4200 gpm at a head of 140 to 170 psid (320 to 390 feet). Two or three
LPSI pumps are usually provided, yielding a design LPS! system flow rate of 7500
to 12,600 gpm. A typical performance curve for a LPSI pump is illustrated in
Figure 5.4.4 (from Ref. 2). LPSI pumps generally serve a dual role, and are also
used in the residual heat removal (RHR) system to provide for normal shutdown
cooling of the RCS following cooldown to approximately 35% and 350 psig by
another system (e.g.. auxiliary feedwater or main turbine bypass system).

5.4.2.2 Auxiliary Feedwater System

The AFW system provides for heat removal from the primary system via
the steam generators when the main feedwater system is not available. It is
capable of maintaining the plant in a hot shutdown condition or of cooling the
RCS to the point where the RHR system can be placed in operation. The AFW system
can also be used to provide feedwater to the steam generators during normal plant
startup and shutdown conditions.
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The AFW system also plays an important role in mitigating some small
break loss-of-coolant accidents (LOCAs). Small break LOCAs traditionally are
considered to include breaks with an equivalent diameter up to six inches.
Within this class of LOCAs, there are two distinctly different plant responses.
Analysis predicts that PWR LOCA sizes greater than approximately two inches in
diameter have the capacity to remove energy from the primary system at a rate
greater than that introduced by the core decay heat source, independent of heat
removal from the steam generators (Refs. 3, 4, and 5). As a result, RCS
depressurization occurs, and coolant makeup can be provided by the HPSI portion
of the ECCS or by the ECCS accumulators. Breaks smaller than two inches
equivalent diameter are dependent for a portion of the heat removal function on
the steam generators to depressurize the RCS. Without heat removal via the steam
generators, the RCS will remain at high pressure. In this condition, many plants
will be wunable to provide coolant makeup with the ECCS system because reactor
pressure exceeds the shutoff head of the high pressure safety injection pumps.

There is a wide variety of AFW system designs. Many of these designs
are described in References 3, 4, and 6. The pump complement found in AFW
systems is summarized in Section 5.25 and a AFW system is illustrated in Figure
5.4.5 (from Ref. 3). A representative performance curve for an AFW pump is
illustrated in Figure 5.4.6.

5.4, Plant Conditions During Sabotage Scenario

A total loss of feedwater has occurred following loss of the main and
auxiliary feedwater systems. The pressurizer safety or power-operated relief
valve (PORV) will initially open and then reclose. Initially, RCS pressure and
temperature will drop following valve closure because for a limited period of
time, there may be more energy removed by the steam generators than is being put
into the system by the stored and decay heat of the core. As the steam
generators boil off their secondary-side water inventory, this imbalance will
shift so that more heat is being added to the RCS than is being removed through
the steam generators. RCS temperature and pressure will rise again to the PORV
and/or safety valve setpoint (Ref. 6). The steam generators are expected to boil
dry in 14 to 43 minutes (Refs. 3 and 4).
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Following steam generator dryout, blowdown through the pressurizer
safety valves 1is the only significant heat removal path from the RCS. The
primary system will likely remain at high pressure.

Plants with safety injection systems capable of pumping against full
RCS pressure will be able to maintain adequate core coolant inventory. It should
be possible to maintain these plants in a safe condition for an extended period
of time, essentially by using a feed-and-bleed method of core cooling. The
pressurizer safety valves and power-operated relief valve (if provided),
discharge to a aquench tank that is not sized to accomodate extended blowdowns.
Overpressure protection for the quench tank is typicaily provided by rupture
discs that fail at a predetermined pressure. The open quench tank then vents
into the containment. Although not a particularly desirable situation, safety
systems are available to perform the key safety functions of core cooling
(inventory control), and containment cooling.

Plants without safety injection systems capable of pumping against full
RCS pressure would probably not be able to maintain adequate core coolant
inventory with the low capacity charging system alone. Under station blackout
conditions (e.qg., with no makeup to the RCS), it has been estimated that the core
will be uncovered to its midplane in approximately two hours (Ref. 7).

5.4.4 System Alignment Necessary to Substitute the Safety Injection
System for the AuxiTiary Feedwater System

The Yankee Rowe nuclear plant has the capability to use the charging
and safety injection systems as a backup to a single steam turbine-driven AFW
pump. This system is illustrated in Figure 5.4.7 (from Ref. 3). As described in
Ref. 3, the operation of this backup AFW capability is as follows:

“A backup method of supplying feedwater to the steam generators in
the event of failure in the AFWS is the plant's primary coolant
system charging pumps with total capacity of approximataly 100 gpm
(33 gpm/pump). Two of the pumps have variable speed motors. The
system is connected permanently by a spool piece that connects to
the main feedwater header. The operation of ten manual valves
(two drains and eight isolation) is required to initiate flow from
this source. The water supply to the charging pumps is the
135,000 gallon Primary Water Storage Tank.
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The high pressure safety injection and Tow pressure safety
injection pumps provide another backup method of supplying
feedwater to the steam generators. Flow from this source is
obtained by the operation of the same manual valves used when the
charging system 1is the source, plus the operation of 21e of two
redundant motor-operated valves (MOV). Flow is then directed to
the steam generators through the same permanently connected spoo)
piece used for the charging pump path as described above. The
flow available from this source is 200 gpm per train (three trains
available).”

Yankee Rowe is an early vintage PWR, and this system interconnection capability
is not typical of other PWR plants.

A comparison of AFW, centrifugal charging and HPSI pumps is provided in
Table 5.4.1. As is evident from this table, the three types of pumps provide
somewhat comparable flow at 2700 feet head (e.y., comparable to the steam
generator safety vaive setpoints). At a given plant, a centrifugal charging pump
and a HPSI pump are generaily capable of providing between 50 to 70 percent of
the flow of a 100 percent capacity AFW pump. It would therefore be likely that,
in most plants, two centrifugal charging or HPSI pumps could provide adequate
flow to the steam generators if they could be realigned for this purpose.
Remaining charging or HPSI pumps should be Tleft aligned for core coolant
inventory control.

Because of the wide variety of AFW and safety injection system designs,
an approach for making the system interconnections will be outlined in general
terms. Basic features would include the following:

» Valving is provided to align individual safety injection (SI) pump
discharges to the RCS or the steam generator, as required. Initially,
realignment of two SI pumps to the steam generators would 1likely be
required. Any remaining SI pump(s) could perform its normal reactor
coolant inventory control function. As AFW coolant demands decrease,
an additional SI pump could be returned to its normal alignment.

. Valving is provided to align individual SI pump suctions to the RWST or
to the condensate storage tank, as required. SI pumps performing a
reactor coolant inventory control function would be aligned to the RWST
and would provide borated water to the RCS. This would be the normal
system alignment. When providing coolant to the steam generators, the
corresponding pump suctions would be aligned to the condensate storage
tank (CST), which is the normal water supply for the AFW system. This
will preserve the inventory of borated water in the RWST for primary
coolant inventory control.
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Table 5.4.1. Comparison of AFW, Centrifugal Charging

and HPSI Pump Characteristics

AUXILIARY FEEDWATER

CENTRIFUGAL

HIGH PRESSURE

PUMP CHARGING PUMP SAFETY INJECTION PUMP

TYPE Multi-stage Multi-stage Multi-stage

centrifugal centrifugal centrifugal
DESIGN 260 to 1050 gpm 140 to 306 gpm 375 to 425 gpm
FLOWRATE (600 gpm typical)
DESIGN 2500 to 3000 ft. 5760 to 6500 ft. 2650 to 2822 ft.
HEAD (2700 ft. typical) (2700 ft. typical)
FLOWRATE 260 to 1050 gpm 440 to 700 gpm 375 to 500 gpm
@ 2700 ft.
HEAD

(1170 psid)

HORSEPOWER

600 to 1000

600 to 900

400 to 600
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5 Interlocks would be provided to wmatch suction and discharge valve
alignment if power-operated valves are used. This would prevent the
inadvertent introduction of unborated water from the CST into the RCS.
1f manual valves are used, operating procedures must be developed to
ensure proper valve alignment,

. Interlocks are provided to prevent realignment of SI pump dishcarges to
the steam generators during large LOCA conditions. Heat renoval via
the steam generators 1is not required during large LOCAs. Suitable
logic, such as the coincidence of low RCS pressure and high containment
pressure, could provide the required interlocks.

€ The physical connection between the SI system and tne AFW system should
be selected on a plant-specific basis. A possible location would be
immediately upstream of the containment isolation valves in the AFW
supply lines to each steam generator. No new containment penetrations
or containment isolation valves would be required, and the impact of
faults in the AFW system on the new backup AFW capability would be
minimized. The interconnection should also be upstream of any valves
operated by the AFW loop selection logic (if provided) which identifies
and isolates a failed steam generator. This logic ensures that AFW
flow is only provided to an intact steam generator.

» Electrical separation and independence of the SI trains must be
maintained throughout the interconnection with the AFW system.

An example of an SI system with such modifications is illustrated in Figure
5.4.8. Plant-specific designs and supporting analysis would be required for
real-plant applications of this damage control measure.

5.4.5 Technical and Regulatory Impediments to Damage Control Measure #4

Use of the SI system as a backup to the AFW system is technically
feasible., As discussed previously, the Yankee Rowe plant has the AFW and SI
systems interconnected. In thei* review of the AFW system for the Yankee Rowe
plant, the NRC had no comments that reflected concern over the use of the SI and
charging systems in the alternate role as a backup to the AFW system (Ref. 3).

Analysis would be required to determine the full impact of the
interconnections on SI and AFW system reliability. Operating procedures would
also be required to ensure that adequate core coolant inventory was being
maintained when a portion of the SI system was serving in an AFW capacity.
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5.4.6 Conclusions and Recommendations Regarding Damage Control ¥easure #4

The importance of the AFW system in mitigating transients and small
break LOCAs has been evaluated in detail in recent analyses (Refs. 3 to 6). This
damage control measure is technically feasible and may add significantly to the
AFW capabilities of PWR plants. The need for AFW cooling must, howevaer, be
balanced against the need for a high pressure reactor coolant inventory control
capability. This damage control measure would be of most importance in PWR
plants that do not have a HPSI system capable of providing makeup against design
RCS pressure (see Section 5.9 for a listing of the safety injection capabilities
of PWR plants). This damage control measure may be of less importance in PWR
plants that have an adequate core coolant makeup capability at design RCS
pressure.
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Table 5.5.1.

Summary of PWR Main Steam Safety Valve
and Turbine Bypass Capacities(a).

Main Steam Safety

Turbire Bypass

Plant Type(b) Valve Capacity(c) Capacity(c)
San Onofre 1 W (?) 10
Prairie Island 1 & 2 W 129 10
Trojan W 145 40
Salem 1 W 110 40
Ginna W 128 40
North Anna 1 & 2 W 118 40
Point Beach 1 & 2 w 111 40
Kewaunee W 155 40
D.C. Cook 1 & 2 n 141 85
Farley 1 & 2 “ 116 40
H. B. Robinson W 160 40
Zion 1 & 2 W 139 40
Haddam Neck W 122 40
Indian Point 2 " 121 a0
Indian Point 3 " 124 45
Beaver Valley W 185 85
Turkey Point 3 & 4 " 110 40
Surry 1 & 2 " (?) 40
Arkansas Nuclear One-2 C-E 170 32
Calvert Cliffs 1 & 2 C-E W) 40
Maine Yankee C-E (?) 45
Millstone 2 C-E 12 43
Palisades C-E 152 5
Saint Lucie 1 C-E 146 5
Three Mile Island 1 B&W 120 15
Three Mile Island 2 B&W 106 21
Crystal River B&W 131 15
Oconee 1, 2 & 3 BAW 117 25
Rancho Seco B&W (?) 15
Davis Besse B&W 12 25
Arkansas Nuclear Cne-l B&W 121 15

Notes: (a) Data abstracted from NUREG/CR-2069, "Summary Report on a

Survey of Light Water Reactor Safety Systems”
(b) W = Westinghouse, C-E =Combustion Engineering,

(¢) Capacity is listed as a percent of design main

B&W = Babcock & Wilcox

steam flow rate. Data that was not available is

indicated by a "(?)".
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5.5.2.2 Main Tubine and Condenser Overpressure Protection Systems

To protect the low pressure (LP) turbines from overpressure as a result
of turbine bypass system operation, the bypass control system is provided with a
iow vacuum trip that blocks operation of the T8BS. The LP turbine casings are
additionally protected against overpressuri.ation by multiple atmospheric relief
diaphragms on each LP turbine. These atmospheric relief diaphragms rupcure at a
nressure usually 1in the range from 18 to 22 psia. Separate rupture diaphragms
nay also be provided to protect the main condenser and the flexible turbine
exhaust hood against overpressurization.

5.5.2.3 Main Steam [solation Valves

tach main steam 1line has a single hydraulically-operated main steam
isolation valve (MSIV) that is normally open during power operation. The MSIVs
are located upstream of the turbine bypass system, and therefore mist remain open
during bypass operations. To ensure MSIV closure when required, redundant
solenold-operated pilot valves powered from separate Class 1E power sources open
and dump hydraulic oil from the bottom of the MSIV actuator piston. The MSIV is
shut by nitrogen pressure on the top of the actuator piston. The valves fail
closed on loss of hydraulic system pressure or loss of electric power to the MSIV
control system,

Automatic containment 1isolation or main steam line isolation systems
may initiate MSIV closure. Usually, the MSIVs cannot be reopened again wuntil
plant conditions permit manual reset of tne actuation logic wnich caused MSIV
closure. Plant conditions which mav initiate MSIV closure may include one or
more of tnhe following:

. Containment isolation system actuation

- safety injection actuation

- containment high pressure

- reactor coolant system low pressure
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5.9.9 Technical and Regqulatory Impediments to Implementing Damage
Control Measure #5

There do not appear to be significant technical or regulatory
impediments to the addition of a redundant set of safety valves to the main steam
lines. The following issues, however, dictate against using the TBS to vent the
steam generators to atmosphere via the main condensers following the sabotage of
all main steam safety valves:

B Average main turbine bypass capacity is approximately one-third of the
total main steam safety valve capacity (see Table 5.5.1). Insufficient
TBS capacity exists for adequate uverpressure protection of the steam
generators.

0 Main condenser and low pressure main turbine casing integrity may be
jeopardized by continuous TBS steam venting without the main
circulating water system in operation. Existing overpressure
protection for the main condenser and low pressure main turbine casing
may not be adequate for this proposed operating mode of the TBS.

. The TBS would normally be unavailable following loss of offsite power.
Substantial control system modifications would be required to make this
system available in emergencies. These modifications would include
adding the capability to bypass the low condenser vacuum interlock.
Impact of the TBS control system modifications on frequency of
transients induced by TBS failure (e.g., TBS valves stuck open) should
be assessed.

5.5.6 Conclusions and Recommendations Regarding Damage Control Measure #5

Steam generator overpressure protection is a more immediate concern
than decay heat removal following loss of offsite power and turbine trip. Use of
the TBS to provide overpressure protection following sabotage of ali main steam
safety valves is not technically feasible. Installation of a redundant set of
safety valves could provide a backup overpressure protection capability and would
support subsequent decay heat removal for those events which do not require MSIV

closure,
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5.6 DAMAGE CONTROL MEASURE #6 - BWR

The purpose of damage control measure #5 is to use the high pressure
coolant injection (HPCI) system or the high pressure core spray (APCS) system to
supply coolant to the reactor vessel in the event that the reactor core isolation
cooling (RCIC) system has been sabotaged.

5.6.1 Sabotage Scenario

Loss of offsite power occurs. The main turbine generator trips on loss

of load. The power conversion system (main steam, feedwater and condensate and
circulating water system) is unavailable. The emergency diesel generators

operate and supply Class lE power to safety-related systems. The RCIC system has
been sabotaged. Other safety-related systems operate properly.

5.6.2 Systen Description During Normal Operation

The RCIC system (found in BWR/3 to BWR/6 plants) is normally in
standby. During power operation, reactor coolant inventory control is maintained
by the feedwater system, with some minor additional makeup from normal control
rod drive hydraulic system leakage into the reactor coolant system. The RCIC
system 1is actuated automatically on reactor vessel low water level. The single,
100 percent capacity, turbine-driven RCIC pump is intended to provide adequate
core cooling when the reactor vessel is isolated from the main condenser (e.q.,
the main steam isolation valves are closed) and normal feedwater flow is lost.
In this condition, the reactor coolant system will be at high pressure, with
energy being removed by blowdown through the safety valves to the suppression
pool. Continued RCIC system operation in the injection mode will cause a fairly
rapid heatup of the suppression pool, necessitating the actuation of suppression
pool cooling systems or the changeover to the closed-loop steam-condensing mode
of RCIC system operation (found in BWR/5 and BWR/6 plants). In this mode of RCIC
operation, energy is removed from the reactor coolant system via the residual
heat removal (RHR) heat exchangers operating in the steam-condensing mode. The
safety valves will close, and suppression pool heatup rate will be reduced to
approximately 3°F/hr from RCIC turbine exhaust (Ref. 1). Requirements for
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Table 5.6.1. Comparison of Typical RCIC, HPCI and HPCS Systems
rerct) wpcy(2) wpes(3)
Number of Pumps 1 1 ]
Type of Pump Multi-Stage Multi-Stage Multi-Stage
Centrifugal Centrifugal Centrifugal

Drive

Horsepower

Flowrate
(@ Pump Head)

Water Source

Actuation
Signal

Modes of
Operation

Steam Turbine
460-925

400-800 gpm
(@ 1120 psid)

Condensate Storage

Tank or

Suppression Pool

Low Reactor

Vessel Water Level

Injection or
Steam Condensing

(4)

Steam Turbine
2675-4600

2980-4250 gpm
(@ 1120 psid)

Same

Low Reactor Vessel
Water Level or High

Drywell Pressure

Injection

Electric Motor
3000-3500

1465-1650 gpm
(@ 1130 psid)

Same

Low Reactor Vessel
Water Level or High
Drywell Pressure

Injection

Notes: (1) BWR/3
(2) BWR/3
(3) BWR/5
(4) Steam

to BWR/6 plants, except Dresden 2 & 3, and Millstone 1.
and BWR/4 plants, except Millstone 1.

and BWR/6 plants

condensing only in BWR/5 and BWR/6 plants.

.
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Figure 5.6.1. Reactor Core Isolation Cooling (RCIC) System,
Injection Mode Only (From NUREG-0626).
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5.6.5 Technical and Regulatory Impediments to Implementing Damage
Control Measure #6

None

5.6.6 Conclusions and Recommendations Regarding Damage Control Measure #5

This damage control measure is, in actuality, a normal design feature
of most BWRs.

5.6.7 Section 5.6 References

1. "238 Nuclear Steam Supply System - GESSAR," Docket STN-50550, General
Electric Company.

2. NUREG-0626, "Generic Evaluation of Feedwater Transients and Small Break
Loss of Coolant Accidents in GE-Designed Operating Plants and Near-Term
Operating License Applications,” U. S. Nuclear Regulatory Commission,
January 1980.
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5.7 OAMAGE CONTROL MEASURE #7 - BWR

The purpose of damage control neasure #7 is to use an alternate service
water system to supply cooling water to the secondary side of the residual heat
removal (RHR) or suppression pool cooling system exchanger in the event that the
essential service water pumps are disabled.

$.7.1 Sabotage Scenario

Loss of offsite power occurs coincidentally with the successful
sabotage of the service water pumps that supply cooling water to the suppression
pool cooling heat exchangers (in most BWR plants, these are the residual heat
removal system heat exchangers). The main turbine generator trips on loss of
load. The emergency diesel generators operate and supply AC power to Class 1t AC
buses. The reactor core isolation cooling (RCIC) and the high pressure coolant
injection (HPCI) or high pressure core spray (HPCS) systems operate properly to
maintain reactor coolant inventory. The suppression poo! cooling (or RHR) system
is operable, but a complete heat transfer path from the suppression pool to the
ultimate heat sink cannot be established.

9.7.2 System Descriptions

5.7.2.1 Suppression Pool Cooling Systems
See Section 5.2.
5.7.2.2 Residual Heat Removal System
See Section 5.11.
5.7.2.3 BWR Service Water Systems
A. Essential Service Water (ESW) System
In many 3WR plants, the ESW system is the normal system for completing

the heat transfer path between the R heat exchangers and the ultimate
heat sink. A representative BWR essential service water system is
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described in Section 5.13. The ESW system is powered from the Class IE
electrical power system and is operable following loss of offsite
power.

B. Nonsafety-Related Service Water Systems
Other service water systems nrovide cooling for a variety of nonsafety
related equipment. Specific design details vary greatly among plants.

Generally, these systems receive Nonclass 1E power and are not
available following loss of offsite power.

9.7.3 Plant Conditions During Sabotage Scenario

Following loss of offsite power and main turbine trip, the primary
coolant system safety/relief valves will open, as necessary, to provide
overpressure protection for the reactor coolant system (RCS). After the initial
blowdown to the suppression pool, core decay heat will be transferred to the
suppression pool by intermittent safety/relief valve operation and by operation
of the turbine-driven reactor core isolation cooling (RCIC) and/or high pressure
coolant injection (HPCI) pumps which exhaust to the suppression pool. It has
been estimated that a suppression pool will reach 150°F approximately 3.1 hours
following loss of offsite power with no suppression pool cooling (Ref. 1).
Suppression pool temperature will continue to rise unless service water can be
restored to the RHR heat exchangers or other measures can be taken to stabilize
suppression pool temperature (e.g., see damage control measure #2).

5.7.4 System Features Necessary to Align an Alternate Service Water System
to the Suppression Pool Cooling (or RHR) Heat Exchangers

The basic interface requirement to be met by an alternate service water
system is that adequate cooling water flow be provided to the RHR heat
exchangers. Estimated service water flow rate requirements are listed in Table
5.7.1. Any service water system that can provide this flow rate is a potentially
viable substitute for the ESW pumps. An approach for connecting an alternate
sarvice water system to an RHR heat exchanger is illustrated in Figure 5.7.1.
The alternate service water supply is manually aligned when required. The
existing ESW outfall (return) line continues to be used. An alternate outfall
line could also be added to further improve the flexibility of the system to
bypass disabled components. If an alternate outfall line is used, it should be
provided with a radioactivity monitoring capability (e.g., gross gamma
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Figure 5.7.1, Connection of Alternate Service Water
System to RHR Heat Exchanger.
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monitoring) to detect 1leakage from the RHR heat exchanger into the alternate
service water systen.

Electric power must be restored to the alternate service water system
following loss of offsite power. This can be accomplished by supplying the
system from the Class lE power system (see damage control measure #19) or from an
alternate onsite source of Nonclass lE power (see damage control measure #26).

$.7.5 Technical and Regulatory Impediments to Implementing Damage Control
Measure #7

Any electrical interconnections hetween the Nonclass 1E and the Class
1E AC distribution systems would require particular attention to assure that the
Class 1E system is not degraded because of the interconnection. See Section 5.19
for additional information.

5.7.6 Conclusions and Recommendations Regarding Damage Control Measure #7

This damage control measure appears to be technically feasible.
Sufficient time 1is available to permit the manual operations necessary to align
an alternate service water system to supply an RHR heat exchanger. This damage
control measure would increase the flexibility of BWR decay heat removal systems
to bypass disabled components and maintain an effective decay heat removal
capability.

8.7.7 Section 5.7 References

1. Ericson, D. M. and Varnado, G. 8., "Nuclear Power Plant Design Concepts
for Sabotage Protection," NUREG/CR-1345, Sandia National Laboratories,

January 1981.
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5.8 DAMAGE CONTROL MEASURE #8 -~ BWR

The purpose of damage control measure #8 is to use the fire water
system to supply cooling water to the secondary side of the residual heat removal
(RHR) or sunpressicn pool cooling system heat exchangers in the event that the
essential service water pumps are disabled.

9.8.1 Sabotage Scenario

Loss of offsite power occurs coincidentally with the successful
sabotage of the service water pumps that supply cooling water to the suppression
pool cooling or residual heat removal system heat exchangers (in most BWR plants,
these are the same heat exchangers). The main turbine generator trips on loss of
load. The emergency diesel generators operate and supply AC power to Class lE AC
buses. The reactor core isolation cooling (RCIC) and the high pressure coolant
injection (HPCI) or high pressure core spray (HPCS) systems operate properly to
maintain reactor coolant inventory. The suppression pool cooling (or RHR) system
is operable, but a complete heat transfer path from the suppression pool to the
ultimate heat sink cannot be established.

5.8.2 System Descriptions

5.8.2.1 Suppression Pool Cooling Systems
See Section 5.2.

5.8.2.2 Residual Heat Removal Systems
See Section 5.11.

5.8.2.3 Essential Service Water System
See Section 5.13.

5.8.2.4 Fire Water System
See Section 5.15.
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5.8.3 Plant Conditions During Scenario

Following loss of offsite power and main turbine ¢trip, the primary
coolant system safety/relief valves will open, as necessary, to provide
overpressure protection for the reactor coolant system (RCS). After the initial
blowdown to the suppression pool, core decay heat will be transferred to the
suppression pool by intermittent safety/relief valve operation and by operation
of the turbine-driven reactor core isolation cooling (RCIC) and/or high pressure
coolant injection (HPCI) pumps which exhaust to the suppressior pool. It has
been estimated that a suppression pool will reach 150°F approximately 3.1 hours
following loss of offsite power with no suppression pool cooling (Ref. 1).
Suppression pool temperature will continue to rise unless service water can be
restored to the RHR heat exchangers or other measures can be taken to stabilize
suppression pool temperature (e.g., see damage control measure #2).

Nonclass 1E electric motor-driven fire water pumps are unavailable.
The diesel erngine-driven fire water pump is operable, and if the fire water

system has Class 1E motor-driven pumps, these are also operable.
5.8.4 System Features Necessary to Align the Fire Water System to the
Suppression Pool Cooling (or RHR) Heat Exchangers

The basic 1interface requirement to be met by a fire water system is
that adequate cooling water flow be provided to the RHR heat exchangers, as
described in Section 5.7. If a fire water system can provide the required flow
rate to the secondary side of the RHR heat exchangers, it could be considered as
a potentially viable backup to the ESW system. A comparison of the basic
characteristics of ESW and fire water pumps is presented in Section 5.15. There
is a marked disparity between the capacity of these pumps. The capacity of a
single ESW pump exceeds the capacity of the entire fire water system. The total
flow rate of the fire water system described in Section 5.15 is about 5500 gpm at
280 feet head. This flow rate would only be available if electric power is
restored to the motor-driven fire water pumps. This could be accompl?shed by
supplying the pumps from the Class 1E system (see damage control measure #19) or
from an alternate onsite source of Nonclass 1E power (see damage control measure
#26).
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When crossconnected to the RHR heat exchangers, the fire water pumps
would 1likely be operating under runout conaitions (e.g., at significantly less
than design discharge head) and system flow rate may be on the order of 1.4 to
1.6 times the design flow rate at 280 feet head (e.qg., 7700 to 8300 gpm). The
system runout flow rate is comparable to the service water requirements of an RHR
heat exchanger approximately 2.8 hours after reactor shutdown (see Section 5.7).
If the entire fire water cystem were realigned to provide cooling water to the
RHR heat exchangers, it should be possible to stabilize suppression poo!l
temperatures before suppress.nn pool design temperature limits are reached and
ultimately to cool the suppression pool when the heat transfer capability of the
realigned fire water system exceeds the decay heat generation rate. Use of this
fire protection system 1in this alignment leaves the plant without a water fire
fighting capability.

A more balanced system alignment would be to reserve one fire water
pump (e.g., the diesel engine-driven pump) for fire protection duties and to
align the motor-driven pumps to supply the ESW system. This aligmment is
described in Section 5.5 and would be capable of supplying 100 percent of
required fire water flow but only about 50 percent of the required ESW flow 2.8
hours after shutdown. Without substantial redesign to upgrade its pumping
capability, the fire water system cannot provide both fire protection and
alternate ESW services. Major fire water system design changes to provide the
upgraded pumping capability are described in Section 5.15.

5.8.5 Technical and Regulatory Impediments to Implementing Damage Control
Measure #3

See Section 5.15.

5.8.6 Conclusions and Recommendations Regarding Damage Control Measuie #8

Adequate RHR cocling may require diversion of the pumping capatility of
the entire fire water system. Regulatory constraints are likely to prohidit this
system alignment. This damage control measure would therefore only be practical
if the fire water system is substantially redesigned to upgrac. its pumping
capability.

128



5.9 DAMAGE CONTROL MEASURE #9 - PR

The purpose of damage control measure #9 is to connect safety iniection
pumps in series to increase the pump discharge pressure and permit coolant to be

injected into the reactor vessel at full reactor coolant system pressure.

.51 Sabotage Scenario

Loss of offsite power is assumed to occur coincidentally with sabotage
actions that create the need for a core coolant injection capability at design
reactor coolant system pressure (e.g., 1oss of main and auxiliary feedwater).
The main turbine generator trips on Tloss of load. The emergency diesel
generators operate and supply AC power to the Class lE buses.

9.9.2 Safety Injection System Descripcion

The safety injection (SI) system is an element of the emergency core
cooling system (ECCS). During normal power operation, the system is in standby.
Following a loss of coolant accident (LOCA) the safety injection pumps are
automatically started and supply borated water to the reactor coolant system
(RCS) from the refueling water storage tank (RWST). When RWST water has been
exhausted, the suction of the safety injection pumps can be shifted to the
containment sump. Post-LOCA core cooling is continued by recirculating water
from the sump back to the reactor vessel. Safety injection system operation may
also be required to maintain adequate core coolant inventory following some
transients. A summary of PWR high pressure mckeup capabilities is presented in
Table 5.9.1. A safety injection system for a typical Combustion Engineering PWR
is illustrated in Figure 5.9.1 (from Ref. 1).

There are two basic safety injection subsystems providing high pressure
safety injection (HPSI) and low pressure safety injection (LPSI) functions. In
many plants, the HPSI function 1is performed by positive displacement or
centrifugal charging pumps that are capable of providing makeup to the RCS
against full system pressure. Typical capacity of a centrifugal pump that
doubles as a HPSI pump is in the 140 to 270 gpm range at 2500 psid (5760 feet).



Three charging pumps are usually provided, and total high pressure injection flow
rate at 2500 psid is in the range from 355 to 810 gpm (one of the three charging
pumps may be a lower capacity positive displacement pump providing 50 to 100 gpm
flow).

Many plants have separate pumps for the HPSI and normal charging
functions. In these plants, the HPSI pumps cannot provide makeup against full
RCS pressure. These HPSI pumps have a design flow rate of 375 to 425 gpm at a
head of 1150 to 1225 psid (2650 to 2822 feet). Two or three H{PSI pumps are
usually provided, yielding a design HPSI system flow rate of 750 to 1275 gpm.
The separate charging pumps are usually positive displacement and are rated at 33
to 938 gpm. Three charging pumps are usually provided, and total charging sys*en
flow rate is in the range from 100 to 260 gpm.

Low pressure safety injection pumps have a design flow rate of 2500 to
4200 gpm at a head of 140 to 170 psid (320 to 330 feet). Two or three LPSI pumps
are usually provided, yielding a design LPSI system flow rate of 7500 to
12600 gpm. LPSI pumps generally serve a dual role, and are also used in the
residual heat removal (RHR) system to provide for normal shutdown cooling of the
RCS following cooldown to approximately 350% and 350 psig by another system
(e.g., auxiliary feedwater or main turbine bypass system).

5.9.3 Plant Conditions During Sabotage Scenario

For this discussion, it is assumed that a total loss of feedwater has
occurred following loss of the main and auxiliary feedwater systems. The
pressurizer safety or power-operated relief valve (PORV) will initially open and
then reclose. RCS pressure and temperature will drup immediately following valve
closure because, for limited periods of time, there may be more energy removed by
the steam generators then is being put into the system by the stored and decay
heat of the core. As the steam generators boil off their secondary-side water
inventory, this imbalance will shift so that more heat is being added to the RCS
than is being removed through the steam generators. RCS temperature and pressure
will rise again to the PORV and/or safety valve setpoint (Ref. 2). The steam
generators are expected to boil dry in 14 to 43 minutes (Refs. 3 and 4).
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Table 5.9.1.

PWR High Pressure Coolant Makeup Capabilities

CHARGING PUMPS

HIGH PRESSURE
SAFETY INJECTION PUMPS

PLANT

NO. TYPE CAPACITY (GPM) NO. TYPE GPM @ 2500 psig
Arkansas 1 3 Cent. 270 @ 2500 psig same as charging pumps
Arkansas 2 3 P.D. 24 3 Cent. !
Beaver Valley 3 Cent. 140 @ 2485 psig same as charging pumps
Calvert Cliffs 182 3 P.D. a4 3 Cent. 0
Cook 182 R st B . 0

|2 Cent. 150 @ 2500 psig
Crystal River 3 Cent. 260 same as charging pumps
Davis Besse 2 Cent, 150 @ 2514 psig 2 Cent. 0
Diablo Canyon 3 P.D. 60 2 Cent. 0
Farley 142 3 Cent. 250 @ 2485 psig same as charging pumps
Fort Calhoun 3 P.D. a0 3 Cent. 150
Ginna 3 P.D. 60 3 Cent. 0
Indian Point 243 3 P.D. 87 3 Cent. a
Xewaunee 3 P.D. a6 2 Cent, 0
Maine Yankze 3 Cent. 150 @ 2485 psig same as charging pumps
McGuire )2 Cent. 130 © 2514 psig same as charginn oumps

I1 p.0. 55
Millstone 2 3 P.D. a4 3 Cent. 0
North Anna 3 Cent. 225 @ 2485 psig same as charging pumps
Oconee 1,243 3 Cent. 270 @ 2500 psig same as charzing pumps
Palisades 3 P8 40 3 Cent. 0
Point Beach 3 P.D. 60.5 2 Cent, 0
Prairie [sland 3 P.D. 60.5 2 Cent. 0
Rancho Seco 3 Cent. 270 @ 2500 psig same as charging pumps
Robinson 2 3 P.D. 69 3 Cent. 0
Salem 182 {2 Comt. 190 @ B 819 | gong as charging Dumos

11 P.0. 55 g
San Onofre 1 same as S.1. system ; 2 Cent. 0
San Onofre 243 P.D. aa i 3 Cent. 0

P.D. = Pesitive Displacement Type Pumps
Cent. = Centrifugal Type Pumps
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Table 5.9.2. Comparison of Typical HPSI and LPSI
Design Characteristics.
HPSI Pump LPSI Pump
Multi-stage Single-stage
Type Centrifugal Centrifugal
Design Head 1150 to 1225 psid 145 to 165 psid

Design Flowrate

Shutoff Head

Design Pressure
Max. Suction Pressure

Design Code

(2650' to 2822')
375 to 425 gpm

1495 to 1535 psid
(3450' to 3550')

1750 to 1950 psig
400 to 430 psig
ASME III, Class 2

(340' to 370')
2500 to 4200 gpm

140 to 170 psid
(320" to 390')

550 to 650 psig
400 to 430 psig
ASME III, Class 2
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Adequate makeup can be provided by a single HPSI train. Tandem
operation would involve either HPSI pump 1 or 2 being aligned to discharge to the
suction side of the third-of-a-kind HPSI pump (pump 3), and that pump being
aligned to suppliy the RCS. The system modifications to permit tandem HPSI pump
operation are illustrated in “‘qure 5.9.2. This arrangement does not require any
cross connections that would violate the independence of the two HPSI trains.

As a minimum, the third-of-a-kind pump and its suction-siac piping will
require replacement, In addition a large numnber of vaives and a great deal of
system piping would likely require replacement to acccmnodate the new system
operating pressure capabilities. Design pressure would be the same as the
reactor coolant system (approximately 2500 psig).

This damage control measure does not apply to P4R plants which use
charging pumps for the high pressure safety injection function (see Table 5.9.1).
These plants can provide considerable makeup with RCS pressure at the pressurizer
safety valve setpoint.

$.9.5 Techniral and Regulatory Impediments to Damage Control Measure #9

Without replacing a significant portion of the HPSI system with
components designed to accommodate the higher operating pressure, there are
significant technical and regulatory impediments to implementing this damage
control measure. These deal primarily with the stress and pressure conditions
that would 1likely exist in a large portion of the safety injection system when
HPSI pumps are run in tandem, and with the operability of active components under
these conditions.

Section II1 of the ASME Boiler and Pressure Vessel Code ‘Ref. 6)
establishes rules intended to ensure the integrity of the pressure retaining
boundary of safety class components. The ASME Code defines stress and pressure
limits for four service limits of components design (e.g., Levels A, B, C, and
D). Table 5.9.3 summarizes the effect on a component of stress at each of the
four service limits.
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Table 5.9.3.

Definition of Service Limits Specified in The
ASME Boiler and Pressure Vassel Code.

Service Limits

Description

Level A

Level B

Level C

Level D

These are limits which must be satisfied for all
loadings identified in the design specifications
to which the component or support may be subjected
in the performance of its service function.

These are limits which must be sati<“ied for all
loadings identified in the design soecifications
for which these service 1imits are designated.
The component or support must witiistand these
loadings without damage requiring repair.

These sets of limits permit large deformations in
areas of structural discontinuity. The occurrence
of stress to Level C limits may necessitate the
removal of the component from service for inspec-
tion or repair of damage to the component or sup-
port.

These sets of limits permit gross general deforma-
tions with some consequent loss of dimensional
stability and damage requiring repair, which may
require removal of the component from service.
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PORTIONS OF HPSI SYSTEM

REQUIRING REDESIGN AND
COMPONENT REPLACEMENT
TO ACCOMMODATE HIGHER
OPERATING PRESSURE

HEADER 1

Nmas e\

%X@"‘N—N—

| X

L__..’ VIA HPSI
HPSI HEADER 2
FROM
AWST > ";'” ’

NOTE: SYSTEM IS SHOWN ALIGNED FOR TANDEM \-/\//

OPERATION OF HPSI PUMPS 1 AND 3 AND
MAKEUP VIA HPSI HEADER 1. PUMP 2 AND
HPSI HEADER 2 ARE IDLE,

Figure 5.9.2. Modifications to Operate HPSI Pumps in Tandem.
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The majority of the components 1in the safety injection system are
designed as ASME Code Class 2 components, and are subject to subsection NC of the
ASME Code. Applicable stress and pressure limits are summarized in Table 5.9.4.
These limits do not assure the operability of components in which mechanical
motion is required.

The safety injection pumps and the valves that must move during the
course of accomplishing the system safety function are considered as active pumps
and valves. The NRC specifies the following design limits for active ASME Code
Class 2 pumps in Regulatory Guide 1.48 (Ref. 7).

“The primary membrane stress should not exceed the allowable

stress value S, and the sum of the primary membrane and the

primary bending stresses should not be exceeded by more than

50 percent of S when the component is subjected to either:

(1) concurrent loadings associated with either the normal

plant condition or the upset plant conditizn and the

vibratory motion of 50 percent of the SSE, or (2) loadings

associated with the emergency plant condition, or

(3) concurrent loadings associated with the normal plant

conditions, the vibratory motion of the SSE, and the dynamic

system loadings associated with the faulted plant condition.”
These limits correspond to Level A Service Limits in Table 5.9.4. This is the
most restrictive service level from a design standpoint, and its application is a
measure of the level of conservatism required by the NRC in the design of the

safety injection system.

Realigning the safety injection pumps as illustrated in Figure 5.9.2
would expose a sianificant portion of the safety injection system to pressures up
to approximately 2500 psig. This exceeds the HPSI pump design pressure listed in
Table 5.9.2 by a factor of 1.28 to 1.43. From Table 5.9.4 it can be seen that
this maximum pressure (Pmax) falls between Level C and D Service Limits. The
effect of stress at these levels is briefly outlined in Table 5.9.3. Although
stress increases for the modified safety injection system have not Deen
determined, it is likely that the stress would also be well beyond Level A

Service Limits.
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Table 5.9.4. ASME Stress and Pressure Liwjgs for
Design and Service Loadings\:/,

Valves and Centrifugal Pumps Piping
Service
(2) (3) (2) (3)
Limit Stress Limit Pmax Stress Limit pmax
Lave) A g <SS 1.0 1.0 Sh 1.0
(cm or °L) *op < 1.58
Lavel 8 ). 1.1§ 1.1 1.2 Sh 1.1
(o, OF oL) to, s 1.655
Level C < 1.55 1.2 1.8 Sh 1.5
(om or °L) +o, < 1.8S
Level D o, < 2.08 1.5 2.4 Sh 2.0
(am or °L) to, < 2.45
Notes: (1) From ASME B & PV Code, Section III, Division 1,
Subsection NC, Paragraphs NC-3416 (pumps),
NC-3521 (valves) and NC 3611.2 (piping),
(2) S = allowable stress
oL " general or primary membrane stress
oL * local membrane stress
% = bending stress
Sh = basic material allowable stress at maximum
temperature
(3) The maximum pressure shall not exceed the tabulated

factors listed under Ppax times the design pressure.

The design pressure of a component is the maximum
difference in pressure between the inside and out-
side of an item, or between any two chambers of a

combination unit, which exists under the most severe

loadings for which the i.evel A Service Limits are

applicable.
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With the possible exception of suction side piping and valves, and the

HPSI pump suction casing, the pressure boundary of the safety injection system
may remain intact at the elevated pressures created by the modified system

alignment, Operability of active components under these conditions would remain
to be demonstrated. The NRC requires tnat assurance of operability under all
design loading combinations be provided in any of tnhe following measures
(Ref. 7):

. In situ testing (e.g., precoperational testing after the component is
installed in the plant).

@ Full-scale prototype tec ‘. .g.

- Detailed stress and de urmation analyses (includes experimental stress
and deformation analyse: .,

In the performance of tests or analyses to demonstrate operability, the
structural interaction of the entire assembly (e.g.. valve-operator and
pump-motor assembly) should be considered.

5.9.6 Conclusions and Recommendaions Regarding Damage Control Measure #9

This damage control measure cannot be implemented without wholesale
redesign and requalification of tne HPSI system to accommodate higher operating
pressures and to retain the current level of conservatism in HPSI system design,
If this damage control measure were implemented in selected PWRs, it might reduce
the dependence on the auxiliary feedwater system for R(C5 pressure reduction
following feedwater transients and small-break LOCAs. Alternatives to this
damage control nieasure include the following:

. Installing higher capacity HPSI pumps capable of providing adequate
makeup at design RCS pressure.

. Installing a power-operated relief valve (PORV) capability adequate for
reliably depressurizing the RCS to the point where an existing HPSI
system can provide adequate core coolant inventory control. This
system would be analogous to the automatic depressurization system in a
BWR. A pressure suppression volume within the containment would also
be required to collect the blowdown from the PURVs.
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Control valves distribute the high pressure water from the CROHS pumps
as follows (refer to Figure 5.10.1):

. Drive Water: A flow rate of approximately 4 gpm is required to insert a
control rod, and 2 gpm is required to withdraw a control rod. An
individual control rod or gang of control rods (e.3., 3 to 4 rods) may
be operated at one time. Maximum drive water flow rate would be 12 to
16 gpm. A pressure control valve downstrean of the drive water supply
line to the control rod hydraulic control units maintains drive water
pressure about 260 psi above reactor pressure.

] Cooling Water: A flow rate of 0.22 to 0.35 gpm per drive mechanism is
required for seal cooling. For a typical 3WR/6 with 117 control rods,
a cooling water flow rate of 26 to 41 gpm would be required. Cooling
water can be interrupted for short periods without damaging the drive,
however, extended loss of cooiing water flow will shorten seal life. A
pressure control valve downstream of the cooling water supply line to
the control rod hydraulic control units maintains cooling water
pressure about 20 psi above reactor pressure. This low pressur2
difference (with respect to reactor pressure), allows cooling water
flow to be supplied via the drive water "insert" lines without
uniatching the drive mechanisms. Water not required for drive cooling
passes through the pressure controi valve to the reactor vessel via the
control rod hydraulic return line.

k3 Charging Water: Scram accumulator pressure is established by the
discharge pressure of the CRDHS pumps. Ouring normal operation, there
is no flow in the charging water line. During a scram, the "withdraw"
side of each drive mechanism is vented to the scram discharge volume
(or scram dump tank in early BWRs) which is at atmospheric pressure.
The scram accumulators discharge to the drive water “insert" lines and
cause rapid rod insertion. The resulting pressure decrease in the
charging water header allows the CRDHS pump to achieve a maximum
(runout) flow rate of approximately 200 gpm into the charging header,
and to the control rod drive mechanisms. The flow sensing system
upstream of the accumulator charging header detects high flow and
clnses the flow control valve downstream of the charging header. This
action maintains increased flow in the charging header. After the
scram is complete, the control rod drive seal leakage (from "insert”
side to the "withdraw" side of the drive mechanism piston) continues to
flow to the scram discharge volume until discharge volume pressure
equals the reactor pressure. Charging water flow alsc recharges the
scram accumulators. With the accumulators recharged and the scram
discharge volume at reactor pressure, control rod drive seal leakage is
then directed to the reactor vessel and serves as an additional source
of coolant makeup.

[ Exhaust Water: Water vented from the drive mechanisms during contro!

rod operation is directed to the reactor vessel via the control rod
hydraulic return line.
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Because of control rod drive hydraulic return line nozzle cracking
problems, General Zlectric has recommnended tne removal of the CRD return line
piping and capping of the return nozzle (Ref. 3). Testing performed on an
operating reactor revealed that, with the return line blocked, rod drive water is
returned to the reactor vessel through a reverse flow path involving the insert
exhaust directional control v2lves of nonactuated CRD hydraulic control units.
Analysis has predicted that the CRD pumps can deliver close to their rated flow
through the charging water and cooling water headers when the drives are scramned
(Ref. 3). The NRC has approved this approach, subject to the demonstration of an
adequate high pressure coolant nakeup capability for the CRDHS ef. 4). The
recommended coolant makeup capability is that which matches the oolant boiloff
rate approximately 40 minutes after shutdown (based on the actua, CRDOHS makeup
capability observed following the Browns Ferry fire). Some plants have been able
to demonstrate greater than 180 gpm maka2up flow rate with both CRDHS pumps
running.

Once a control rod has been moved to a desired position in the core by
the CRDHS, a collet assembly latches with the drive mechanism index tube
(connected to the control rod) to prevent the control rod from accidentally
moving downward (see Figur» 5.10.2, from Ref. 2). In the latched position,
fingers on a collet piston engage a locking groove on the index tube. A pressure
of about 180 psi above reactor pressure must be applied to the collet piston to
spread the latch fingers out so they do not engage a locking groove. This is
accomplished when drive water (e.g., 260 psi above reactor pressure) is supplied
to the drive mechanism. Cooling water (e.g., 20 psi above reactor pressure)
cannot unlatch a drive mechanism. Downward force on the index tube holds the
latch fingers in place. Once inserted foilowing a scram, the latches can hold
the control rods in place without requiring continued hydraulic pressure from the
CRDHS or scram accumulators.

There are variations to the CRDHS system illustrated in Figure 5.10.1.
Some early BWRs such as Dresden 2 can direct CROHS pump flow to a reactor vessel
head spray that is used to maintain acceptable reactor vessel head temperatures
during a plant cooldown (Ref. 5). Some other plants such as Monticello have a
CRDHS pump test bypass line capable of aligning the pump discharge directly to
the reactor vessel via the normal control rod drive hydraulic return Tline
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(Ref. 6). A CROHS with both of these capabilities is illustrated in Figure
5.10.3 (from Ref. 7). Other aspects of the operation of these CRDHS designs are
similar to the previously described system.

5.10.2.2 Reactor Core Isolation Cooling System

The RCIC system is intended to provide adequate core cooling when the
reactor vessel is isolated from the main condenser (e.g., the main steam
isolation valves are closed) and normal feedwater is lost. In this condition,
the reactor coolant system will be at high pressure with energy being removed
through the safety valves to the suppression pool. A description of the RCIC
system is provided in Sections 5.6 and 5.25.

5.10.3 Plant Conditions During Sabotage Scenario

The reactor would have scrammed for any of the following reasons
following loss of offsite power: turbine stop valve closure, turbine control
valve fast closure, high reactor pressure or low reactor water level. A low
reactor water level scram typically occurs at "Level 3" which is approximately 14
feet above the top of the core. If the CRDHS pumps are nonsafety loads supplied
from the the Class lE system, they would not automatically be reenergized when
the diesel generators come on line. The control room operator could restart the
CRDHS pumps manually. If the CROHS pumps are supplied only from the Nonclass lE
AC system, electric power would not be available to restart the pumps.

High pressure injection systems are normally actuated when reactor
water level drops to "Level 2," which is apnroximately 10 feet above the top of
the core. With high pressure injection systems unavailable, reactor water level
will continue to drop. When "Level 1" (about 1.5 feet about the top of the core)
is reached, the Automatic Depressurization System (ADS) should be actuated and
the low pressure injection systems placed in operation. For non-LOCA conditions,
such as this postulated sabotage scenario, manual actuation of the ADS would be
required because the coincidence logic of the ADS (e.g., low reactor water level
and high drywell pressure) would not be satisfied.
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5.10.4 System Alignment Necessary To Use The CRDHS as a Substitute
for the RCIC System

A comparison of RCIC and CROHS pumps is presented in Table 5.10.1. The
combined capacity of the two CROHS pumps provide only about 30 percent of the
flow rate of an RCIC pump at normal reactor pressure. The CRDHS would not likely
be able to provide adequate coolant makeup for the fu'l spectrum of events which
the RCIC system is designed to mitigate. The value of the CROHS as a high
pressure reactor coolant makeup system in past events at 3rowns Ferry and Oyster
Creek has been noted (Refs. 7 and 8). Coolant makeup contributions from the
CRDHAS have been considered in recent BWR feedwater transient and small-break LOCA
analysis (Ref. 7), although makeup rate was assumed to be only 7.5 pounds/sec
(about 60 gpm). Traditionally, no credit has been taken for the coolant makeup
capability of the CRDHS in accident analysis in support of plant licensing.
Generic emergency procedures prepared by the BWR Owner's Group (Ref. 9) do,
however, include the CRDHS as a potential system for high pressure coolant
injection.

In actual practice, the existing CROHS system design appears to provide
a makeup capability following reactor scram at or near the rated capacity of the
CROHS pumps. Further upgrading would be necessary for this system to fully
replace the injection capability of the RCIC system. Some enhancement of
injection capability may be realized by providing a head spray capability similar
to the system illustrated in Figure 5.10.2. There would be reduced head losses
using this injection path, and injection flow rate may increase to approximately
200 gpm at normal reactor pressure, with both pumps running. This small increase
would be at the expense of drive mechanism cooling.

Further improvement of the CRDHS coolant makz2up capability would
require the installation of higher capacity pumps and a wide variety of other
system design changes. Potentially affected areas include system line sizes,
control rod drive seal design, CRD flow control subsystem operation, CRD filter
design and pump cooling requirements. In short, a wholesale redesign of the
CRDHS might be required. Impact of these changes on normal CRDHS operation would
have to be evaluated in detail.
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Table 5.10.1. Comparison of RCIC and Control Rod Drive
Pump Characteristics

Control Rod
RCIC Pump Drive Pump
Type Multi-Stage Multi-Stage
Centrifugal Centrifugal
Drive Steam Turbine Electric Motor
Flowrate 700 gpm 104 gpm
(@ Pump Head) (@ 1120 psid) (@ 1000 psid)
Water Source Condensate Storage Condensate Storage
Tank or Tank
Suppression Pool
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5.10.5 Technical and Regulatory Impediments to Implementing Jamage
Control Measure #10

There are no technical impediments to the use of the CRDHS for reactor
coolant makeup in its present form. Major system redesign would likely be be
required to provide a makeup capability comparable to the RCIC system. Such
redesign may introduce a number of technical concerns associated with normal
CRDHS operation.

No significant regulatory concerns have been identified other than the
control rod drive hydraulic return line nozzle cracking generic problem discussed
previously. It is 1likely, bhowever, that a significant redesign of the CRDHS
would open a renewed licensing review of this system.

5.10.6 Conclusions and Recommendations Regarding Damage Control Measure #10

The CRDHS has been recognized and utilized as a high pressure reactor
coolant makeup system in its present configuration. This high pressure coolant
makeup capability is a normal design feature of the CRDHS. This coolant makeup
capability does not match the capability of the RCIC system. Therefore, the
CRDHS would not be expected to provide adequate coolant inventory control for as
broad a spectrum of accidents as the RCIC. Significantly upgrading the makeup
capability of the CRDHS could impact normal reactivity control operations of the
system, and would require further investigation to determine technical
feasibility.
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5.11 DAMAGE CONTROL MEASURE #11 - BWR
The purpose of damage control measure #11 is to provide reactor coolant
makeup using low pressure injection systems in the event that high pressure

injection systems have been disabled by sabotage action.

5.11.1 Sabotage Scenario

Loss of offsite power is assumed to occur coincidentally with the
successful sabotage of the reactor coolant high pressure injection systems which
will include one or more of the following: reactor core isolation cooling (RCIC)
system, high pressure core spray (HPCS) system, high pressure coolant injection
(HPCI) system, the feedwater coolant injection (FWCI) system and the control rod
drive hydraulic system (CROHS). The main turbine generator trips on loss of
load. The emergency diesel generators operate and supply power to the Class 1E
buses. Systems for depressurizing the reactor coolant system and for coolant
injection of low pressure are operable.

9.11.2 BWR Low Pressure Core Cooling Systems

Table 5.11.1 summarizes the B4R systems provided for a variety of
functions, including core coolant injection at low pressure and shutdown core
cooling. The low pressure core spray (LPCS) system, residual heat removal (RHR)
system and the low pressure coolant injection (LPCI) system are discussed in more
detail in this section.

5.11.2.1 Low Pressure Core Spray (LPCS) System
All BWRs have an LPCS systew This system provides for core coolant
inventory control when the plant is at low pressure following: (1) a large LOCA,

(2) plant cooldown by another system, or (3) rapid plant depressurization with
the automatic depressurization system (ADS).
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Table 5.11.1. Summary of BWR High and Low Pressure Coolant Injection, Shutdown Cooling and
Containment Cooling Capabilities

Systems for Core Coolant Systems Performing Systems for Containment
Systems for Core Coolant Injection Injection at Low Pres“sr Only a Shut N Sprav and Suwrts;ion
at High Pressure(l) and Other Functions Cooling Function Poul Coolingl(!
gﬂ (2) 4“ Isolation
- ype RCIC  HPCI  HPCS ﬂfl_ CRON LPCS LPCI RHR-M]  RHR-M2 RHR-S  Condenser | Cis CS-M
Dresden 1 1 - (4) - - X X - - - X X
Humbo1dt Bay 1 - - - X X X X - - X X X 3
Big Rock Point 1 - - - - X (5) - - - X X - (7)
Oyster Creek 2 - - - - X X - - - X X X -
Nine Mile Point 2 - - - X X X - - - X X X -
Millistone 1 3 - - - X X X X - - X X » (8}
Dresden 2 & 3 3 - X - - X X X - - X A - (8)
Piigrim 3 X X - - X X - X - - - - (9)
Monticello 3 X X - - X X - X - - B - (9)
Quad Cities 1 8 2 3 X X - - X X . X - - - . (9)
Hatch 1 & 2 ' X X - - X X - X - - - - (2)
Browns Ferry 1, 283 & X X - - X X - X - - - - (9)
Vermont Yankee 4 X X - - X X - X B - - - 9)
Peach Bottom 2 & 3 4 X X - - X X - X - - - - (9)
Cooper 4 (3) X - - X X - - X - - . (9)
Duane Arnold 4 (3) X - - X X - - X E - - (9)
Fitzpatrick 4 (3) X - = X X 5 _ X - - = i9)
Brunswick 1 § 2 ! (3) X - - X X - - X - - - (9)
Shoreham 4 (3) X - - X X - - X - - - (9)
Fermi 2 ‘ (3) r . - X X - - X - - - (9
Susquehanna | & 2 R (3) X - - X X - - X - - - (9)
LaSalle 1 & 2 5 (3) = X - X (6) ol o X = . - (9)
Zimmer 5 (3) - X - X (6) - - X - . - 9)
Hanford 2 5 (3) - X - X (6) - - X - - - (9)
Grand Gulf ) & 2 6 (3) - X - X (6) = - X - - - (9:
Other BWR/S & /6 3 - X - X 6) - . X - - . (9)




Table 5.11.1. Summary of BWR High and Low Pressure Coolant Injection, Shutdown

Notes:
(1)

(2)
(3)
(4)
(5)
(5)

(7)

Cooling and Containment Cooling Capabilities (continued)

RCIC = reactor core isolation cooling system

HPCI = high pressure coolant injection system

HPCS = high pressure core spray system

FWCI = feedwater coolant injection system

CROHS = control rod drive hydraulic system

LPCS = low pressure core spray system

LPCI = low pressure coolant injection system {single mode system)

RHR-M1 = multi-mode RHR system performing LPCI, shutdown cooling,
suppression pool cooling and containment spray functions

RHR-M2 = same as RHR-M1 plus steam condensing operation with RCIC

RHR-S = single-mode residual heat removal system

CS-M = containment spray, which is an operating mode of some other
multi-mode system
single-mode containment spray system

CS-S
Non-engineered safety feature system except Millstone 1 FWCI
Injection plus steam-condensing modes of operation

Being installed

Also performs suppression pool cooling function

Only a single 100% capacity LPCS pump. Otler plants typically have two
100% capacity LPCS trains

Containment/suppression pool cooling is an operating mode of LPCS
system

Containment/suppression pool cooling is an operating mode of the LPCI
system

Containment/suppression pool cooling is an operating mode of the
multi-mode RHR system (RHR-M1 or RHR-M2)
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plants having a single-mode RHR system, low pressure core coolant makaup is
provided by the LPCS system and, in a few plants, by a dedicated low pressure
coolant injection (LPCI) system.

Middle-vintage BWRs, including some BWR/3 and BWR/4 plants, introduced
a multi-mode RHR system. This system performs the following three functions:

. Core shutdown heat removal

. Low pressure coolant injection (as part of the emergency core cooling
system)

. Containment cooling (spray or suppression pool recirculation)

A system of this type is illustrated in Figure 5.11.5. It typically
consists of two loops, each rated at 100 percent of the required cooling or flow
capabilty. For shutdown cooling operation, the RHR pump suction and discharge
are aligned to the RCS. Low pressure coolant injection is accomplished by
shifting the pump suction to the suppression pool. The LPCI mode of operation is
automatically initiated by low reactor vessel water level (e.g., Level 1) or high
drywell presure. Other modes of operation are manually initiated.

Later-vintage BWRs, 1including some BWR/4 and all BWR/5 and BWR/6
plants, continued the evolution of the multi-mode RHR system with the
introduction of a system capable of being aligned to perform any of the three
functions listed above plus steam-condensing in conjunction with the RCIC system.
In this latter mode of operation, one or both RHR heat exchangers are used to
condense steam from the reactor vessel. The condensate 1is returned to the
reactor vessel by the RCIC pump. The RHR pumps are not used in this mode of
operation. A typical BWR/6 system of this type is illustrated in Figure 5.11.6.

A1l RHR systems have suction and discharge lines connected to the RCS.
During normal power operation, redundant containment isolation values in the
suction line, and one or more power-operated containment isolation valves in the
return line are closed. In the return line, there is also a check valve. The
outer containment isolation valves form the boundary of the high-pressure portion
of the RHR system. The remainder of the RHR system is a low pressure system that
is not designed for operation at full RCS pressure. During plant operation when
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