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CONNECTICUT YANKEE AT O MIC POWER COMPANY

BERLIN, CO N N ECTIC U T

P.O. BOX 270 H ARTFORD. CONNECTICUT 06101

203 See 6 11

September 17, 1982

Docket No. 50-213
B10278

Director of Nuclear Reactor Regulation
Attn: Mr. Dennis M. Crutchfield, Chief

Operating Reactors Branch #5
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

References: (1) D. G. Eisenhut letter to All SEP Licensees, dated
July 7,1981.

(2) W. G. Counsil letter to D. G. Eisenhut, dated
July 29,1982.

(3) W. G. Counsil letter to D. M. Crutchfield, dated
August 23,1982.

(4) W. G. Counsit letter to D. L. Ziemann, dated
February 7,1980.

Gentlemen:

Haddam Neck Plant
SEP Topic III-5.A, i

High Energy Break Inside Containment

Reference (1) requested the SEP Licensees to commit additional resources
devoted to completion of the SEP. In Reference (2), Connecticut Yankee Atomic
Power Company (CYAPCO) committed to develop Safety Assessment Reports
(SARs) for certain SEP Topics which would be submitted for Staff review.
CYAPCO committed in Reference (3) to provide the SAR for this topic by
September 17, 1982. In accordance with this commitment, CYAPCO hereby
provides the SAR for SEP Topic III-5.A, High Energy Pipe Break Inside
Containment, which is included as Attachment 1.

CYAPCO had initiated a review of the effects of high energy pipe breaks inside
containment and submitted an interim report dated January 1980 as an
attachment to Reference (4). The January 1980 submittal has been revised, and
supplemented by the final report included as Attachment I to this letter. The
attachment is intended to stand alone as the SAR for this topic except for

' additional information pertaining to instruiaentation required for safe shutdown
which will be addressed during Integrated Assessment.
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We trust the Staff will find the attached information sufficient to resolve any
concerns related to this SEP topic, with the exception of the item noted above
which will be addressed during Integrated Assessment.

Very truly yours,

CONNECTICUT YANKEE ATOMIC POWER COMPANY

A// 7 -

ruu-

W. G. Counsil ~
Senior Vice President
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September 17, 1982

Docket No. 50-213
B10278

Director of Nuclear Reactor Regulation
Attn: Mr. Dennis M. Crutchfield, Chief

Operating Reactors Branch #5
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

References: (1) D. G. Eisenhut letter to All SEP Licensees, dated
July 7,1981.

(2) W. G. Counsil letter to D. G. Eisenhut, dated
July 29,1982.

(3) W. G. Counsil letter to D. M. Crutchfield, dated
August 23,1982.

(4) W. G. Counsil letter to D. L. Ziemann, dated
O- February 7,1980.

Gentlemen:

Haddam Neck Plant
SEP Topic ill-5.A,

High Energy Break Inside Containment
.

Reference (1) requested the SEP Licensees to commit additional resources
devoted to completion of the SEP. In Reference (2), Connecticut Yankee Atomic
Power Company (CYAPCO) committed to develop Safety Assessment Reports
(SARs) for certain SEP Topics which would be submitted for Staff review.
CYAPCO committed in Reference (3) to provide the SAR for this topic by
September 17, 1982. In accordance with this commitment, CYAPCO her by
provides the SAR for SEP Topic III-5.A, High Energy Pipe Break Inside
Containment, which is included as Attachment 1.

;

CYAPCO had initiated a review of the effects of high energy pipe breaks inside
containment and submitted an interim report dated January 1980 as an
attachment to Reference (4). The January 1980 submittal has been revised, and
supplemented by the final report included as Attachment I to this letter. The
attachment is intended to stand alone as the SAR for this topic except for
additional information pertaining to instrumentation required for safe shutdown
which will be addressed during Integrated Assessment.

O

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



-2-

We trust the Staff will find the attached information sufficient to resolve any
concerns related to this SEP topic, with the exception of the item noted above
which will be addressed during Integrated Assessment.

Very truly yours,

CONNECTICUT YANKEE ATOMIC POWER COMPANY

n. .

)*

W. G. Counsil '
Senior Vice President,
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1.0 INTRODUCTION

As part of the Systematic Evaluation Program (SEP) Topic III-5.A,
a detailed study of the effects of postulated breaks in high energy
piping systems on other systems, structures, cables, and components
necessary to place the plant in a safe shutdown condition is under-
way. This study includes the following.

1.1 Definition of the criteria and assumptions used in the study.

1.2 Identification of the high energy piping systems inside the <

containment.

1.3 A discussion of the independent metnods of placing the plant
in safe shutdown condition including the systems and components
required to do so. Not all of these methods are necessarily
available in the case of pipe break event.

1.4 A discussion of the effects of postulated ruptures in each
of the high energy systems.

1.5 An evaluation of the ability to place the reactor in a safe

/'5 shutdown condition following each postulated pipe break event.
(
'~

1.6 A discussion of the approaches, under consideration, that
will help mitigate the consequences of pipe breaks and place
the plant in safe shutdown condition.

2.0 CRITERIA

This study has been based upon the intent of the criteria outlined
in SRP 3.6.1, 3.6.2, and Regulatory Guide 1.46. Specific criteria
adhered to are summarized below.

2.1 A high energy piping system is one which meets any of the
following two conditions,

j 2.1.1 Design temperature is 200'F or greater.

2.1.2 Design pressure is 275 psig or greater.
1

2.2 A whipping pipe will be considered sufficient to rupture an
impacted pipe of smaller nominal size and lighter wall thick-
ness. A whipping pipe will be considered sufficient to cause

,

leakage crack in an impacted pipe of equal or larger' a
nominal size and lighter wall thickness.

s-

'
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e
2.3 pipe whip protection need not be provided when the energy

associated with the whipping pipe is insufficient to impair
the safety function of necessary structures, systems, or
components.

2.4 Pipe whip protection need not be provided where piping is
physically separated (or isolated) from other piping or
components by protective barriers or restrained from
whipping by plant design features such as concrete encase-
ment.

2.5 Pipe break orientation:

2.5.1 Circumferential breaks are perpendicular to the
pipe axis and the break area is equivalent to the
internal cross-sectional area of the ruptured pipe.

2.5.2 Longitudinal breaks are parallel to the pipe axis
at any point around the pipe circumference. The
break area is equal to the sum of the effective
cross-sectional flow areas upstream and downstream

s_, of the break location.
,

*~ 2.6 Pipe sizes subject to breaks:

2.6.1 Circumferential breaks will be postulated for all
piping runs and branch runs above one inch (1")
nominal size.

2.6.2 Longitudinal breaks will be postulated for all
piping runs and branch runs four inches (4 ")
nominal pipe size and larger.

2.7 Postulated pipe break locations: Either one of the following
two approaches will be used to determine the postulated pipe
break locations in each pipe run.

2.7.1 All terminal ends and all weld joints.

2.7.2 All locations that meet the requirements of
Regulatory Guide 1.46, including the stress
criteria stipulated therein, for ASME Section III,
Classes 1, 2, and 3 piping.

s-
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3.0 HIGH ENERGY SYSTEMS

All piping systems or portions of systems inside containment that
have a maximum operating temperature of 200 F or greater and/or a
design pressure of 275 psig or greater during normal plant operation
will be considered high energy systems in this study.

Design Design
Temperature Pressure

System 6 Designation *F psig

RC-2501R 650 2500
Reactor Coolant Main Loops, Loop Bypasses,
Pressure Connections, etc.

SI-2501R 650 2500
Safety Injection Lines to Check Valves at
Coolant Loops

Cil-2501R 650 2500Charging Lines
'

' Cil-2501R 650 2500
-- liigh Pressure Temperature Coolant Pump

Seal 1I 0 and Instrument2

Cil-2502R 650- 2500Charging Pump Discharge Lines

SI-2502R/SI-1501R 650 2500
Safety Injection Lines Within Containment

SI-901R/SI-601R 200 1500
Safety Injection Pump Discharge Lines Up
To Reactor Containment

AC-60lR/>"-2501R 550 2500
Residual ltcat Removal

RC-602R 650 600
Pressurizer 4 Auxiliary Coolant System
Relief Valve Discharge Lines

RC-151R 400 150
Pressurizer Relief Tank Liquid Piping

s-
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Design Design
Temperature Pressure

System 6 Designation 'F psig

Cil-151R 400 150
Charging Pump Suction Lines

DRil- 2502 550 2500
liigh Pressure Drains from Reactor Coolant
Loops

DRL-152/DRL-154/DL-154 350 150
Low Pressure Drains

Ril-155D 300 150
Reactor Containment Spray 300 150

WFPD-601 450 1210
Steam Generator Feedwater

WAPD-601 100 1250
Auxiliary Steam Generator Feedwater Pump

( '' Discharge and Recirculating Through Last)
Shutoff Valve

WGCB-601 545 .985
Steam Generator Blowdown to Last Valve

SiiP-601 650 985
Main Steam

RC-2501R 650 2500
Reactor and Pressurizer licad Vent

SLPil-151 330 100
Auxiliary 11 eating Steam

4.0 PLANT SilUTDOWN MET 110DS

Three (3) independent methods of plant shutdown are available to
bring the plant to a safe shutdown condition if a pipe break
incident were to occur. Although Methods II and III are written
as if the control room is available, these methods can be implemented
both from the control room, or else manually if the control room is
uninhabitable. Only Method I requires that the control room be
availabic for functional activities.s,

()

.
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1.1 Method I: Motor Driven Steam Generator Feedwater Pumps

Prerequisites for Cooldown

1. Reactor tripped.

2. Normal sources of AC and DC power available.

3. Condenser air removal system available.

4. Condensate system available.

(a) One condensate pump.
(b) One gland pump seal.

5. Feedwater system available.

(a) One steam generator feedwater pump.
(b) Feedwater bypass flow control valves.

6. Circulating water system available.

(. (a) Two circulating water pumps.

7. Main steam system available.

(a) Steam dump flow control valves to condenser.
(b) Atmospheric steam dump valve.

8. Service water system available.

(a) Service water pump.

9. Component coolant water system available.
,

,

(a) Component cooling water pumps.
(b) Component cooling water heat exchangers.

10. Residual heat removal system available.

(a) Residual heat removal pumps.
(b) Residual heat removal heat exchangers.

11. Control air system available.

(a) Control air compressors.
|

%s
|

,-.
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12. Turbine building closed cooling water system available.

13. Reactor coolant system availabic.

(a) Reactor coolant pumps.

14. Charging and volume control system available.

(a) Charging pumps.

15. Primary water system available.

(a) Primary water pumps.

16. Boric acid system available.

(a) Boric acid pump.

17. Adequate supply of secondary makeup water is available.

(a) Demineralized water storage tank.
(b) Primary water storage tank.

,

r .I Procedurew

immedutte Action

1. Verify reactor tripped.

2. Verify operation of reactor coolant pumps #3 or #4
for pressurizer spray capability.

(a) If not available, use auxiliary spray from
charging system.

Subsequerst Action

1. Eorate reactor coolant system to cold shutdown con-
centration.

(a) One reactor coolant pump should be operating
during boration for ideal mixing conditions.

2. Set up automatic makeup control for proper ratios of
boric acid and primary water. Monitor volume control
tank level during cooldown.

s-
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3. Deenergize all pressurizer heaters.

4. Commence cooldown of primary plant by initiation of
steam dump to the condenser. Monitor cooldown rate.

5. Establish pressurizer spray to commence cooling of thee
'

pressurizer.

(a) Monitor cooldown rate of pressurizer,

j 6. Monitor and adjust reactor coolant pump seal water
; supply flows during cooldown.
:

; 7. Monitor condenser hotwell level and demineralized water.
storage tank levels during cooldown to ensure adequate
supply of steam generator makeup water.

,

8. When pressurizer steam phase temperature reaches 450'F,
.

go solid in pressurizer, maintain approximately 500 psig'

in reactor coolant system, and continue using spray to
further cool down the pressurizer.

;

9. When the pressurizer reaches 300*F, shut down the reactorO coolant pump and place the residual heat removal system
in operation.

j 10. Change over to atmospheric steam dump to continue the
,' cooldown and decay heat removal.

11. Discontinue steam dump to condenser. Break vacuum and
take out main steam.

( 12. Continue to cool down the. primary system to less than-

|
200*F using the residual heat removal system.

13. Shutdown the steam generator feedwater pump and continue
to cool down the steam generators by feed and bleed using
the condensate pump and two inch steam generator drain
valves to the blowdown tank.

4.2 Method II: Emergency Steam Generator Feedwater Pumps
| (Steam Turbine Driven) ,

Prerequisites for Cooldown

i 1. Auxiliary steam generator feedwater system availabic.
:

%-

! (2) -

;

I

!
! i

i !

!
._. - . - - - . - _ . _ _ _ - . - . . - - - - _ - - . - . . - . - - -
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(a) Demineralized water storage tank with adequate
supply of water.

(b) Auxiliary steam driven feedwater pump.

(c) Feedwater line from discharge of auxiliary steam'

driven feedwater pumps through MOV-35, containment
penetration'to the main feedwater lines downstream
of the main feedwater line check valves or from
discharge of auxiliary steam driven feedwater pumps
to the main feedwater bypass lines upstream of the
bypass flow control valves.

2. Main feedwater system available.

(a) Inside the containment between check valves and
steam generators.

(b) Inside the turbine building from the main feedwater
header to the steam generators inside the contain-
ment.

(]) 3. Auxiliary steam generator feedwater pump steam supply
lines.

4. Emergency diesel generators "A" or "B".

5. Emergency 4160 volt bus "8" or "9" associated with its
corresponding diesel generator.

6. Emergency electrical buses and equipment associated
with its corresponding diesel generator.

7. Charging system availabic.

(a) Charging pump associated with its corresponding
diesel generator and 4160 volt bus.

Procedure

Imediate Action

1. Verify reactor tripped.

2. Verify diesel generator start and electric power
supply restored to respective buses and equipment.

%d
3. Push reactor trip buttons.

() 4. Verify reactor tripped by monitoring nuclear
instrumentation.

. . . . . . . .
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Subsequent Action

1. Determine status of primary and secondary systems.

2. If pressurizer pressure end temperature have reached
the core cooling set point, place high pressure or
low pressure safety injection pumps in service
(depending on system pressure) and restore pressurizer
level.

3. Change over suction to charging pumps from volume
control tank to refueling water storage tank.

4. Start charging pump and commence feeding reactor coolant
system to maintain pressurizer level within observable
ranges.

5. When control of pressurizer level has been achieved
with t.ie charging pump, shut down the safety injection
pumps.

6. Using a2xiliary steam driven feed pumps establish feeds,

(^N rate to steam generators to restore and maintain levels
't- for heat removal.

7. Borate rystems to cold shutdown concentration using
boric acid transfer pumps and charging pump.

8. Commence or continue cool down of reactor coolant system
to 250 F-300*F, using auxiliary steam driven feedwater
pump for feed.

(a) Allow the IcVe! in the steam generators to increase
to 95%, then establish a feed and bleed through
the two inch steam generator drain lines to the
blowdown tank.

(b) When feeding of steam generators cannot be main-
tained because of low steam pressure, close steam
generator drain valves.

(c) Steam pressure will rise as decay heat transfers
from reactor coolant system to steam generator
water and will provide a steam supply for operating
the auxiliary feedwater pumps again. Reactor
coolant system temperature will fluctuate between
approximately 212 F and 250*F.s,

_

\ #

|
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(d) When a source of power is available for a service -

water pump and residual heat removal pump, place
residual heat removal system into operating and
cool down reactor coolant system to less than 200*F.

4.3 Method III: Feeding of Cool Water Direct to the Reactor
- Coolant System Through the Emergency Core

Cooling System

Prerequisites for Cool Down

1. Emergency diesel generators "A" or "B".

2. Emergency 4160 volt buses "8" or "9" associated with
corresponding emergency diesel generator.

3. Emergency electrical fuses and associated equipment.

4. Emergency core cooling system equipment, piping, and
valves.

Procedure

Immed< ate Action

1. Trip reactor.

2. Verify diesel generator starting and restoration of
electrical power supply to emergency buses and
equipment.

3. Monitor nuclear instrument action to verify reactor
trip and shutdown.

Subsequent Action

1. Monitor instrumentation and determine status of primary
and secondary systems.

2. Line up charging pump suction from the refueling water
storage tank and isolate from the volume control tank.

3. Start a charging pump and control charging rate to
maintain or restore pressurizer level to normal.

w

O
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4. When reactor coolant system pressure falls below
shutoff discharge pressure of the high pressure safety
injection pumps, start the high pressure safety injection
pump.

5. Shutdown the charging pump and control feed to the
. reactor coolant system via one or more loop safety

injection MOV's to maintain pressurizer level and
pressure as reactor coolant system temperature
decreases due to natural circulation and lifting
of secondary safety valves.

6. When reactor coolant system temperature and pressure
decrease to discharge pressure of the low pressure
safety injection pumps, start one low pressure safety
injection pump.

7. Shutdown the high pressure safety injection pump and
maintain a solid system at low pressure safety injection
pump discharge pressure (295 psig) via core deluge
connections.

s_.
( ) Fotfouup Ac.tlon
y ;

1. If reactor coolant system temperature and pressure
are above residual heat removal system limits, line up
service water to the component cooling system to provide
cooling to the nonregenerative heat exchanger, transfer

i charging pump suction to volume control tank, start a
charging pump and commence feed and bleed of system via
normal Ict-down and charging systems.

2. If or when reactor coolant system temperature and
i pressure is less than residual heat removal system
i limitations, line up service water to residual heat

removal heat exchangers and place residual heat
removal system in service and cool reactor coolant

i
system to less than 200*F.

5.0 PIPE BREAK EFFECTS ON CONTAINMENT LINER

| Since the containment liner is flush with the concrete containment
shell and has a minimum thickness of 1/4", it is not considered
credible that a whipping pipe or water or steam jet impinging on

,

| the steel liner could fail the material or degrade in any manner the
| s, liner's function as an environmental barrier,

i

(m
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6.0 INSTRUMENTATION
-

The minimum required instrumentation is listed in Table II in the
Interaction Evaluation section. The necessary instrumentation is
redundant and therefore, is not vulnerable unless a pipe break or
jet impingement could wipe out more than one channel, transmitter,
tubing, etc. Therefore, the instrumentation and tubing must be
verified to have sufficient separation in order to assure protection
from. pipe break and jet impingement. Due to lack of sufficient
information, the question of separation must be addressed at a
later date after a system walk-down is performed or drawings are
made available.

7.0 INTERACTION ANALYSIS

The purpose of this section of the report is to describe the effects
of pipe whip and jet impingement resulting from postulated pipe

i breaks. Circumferential and longitudinal breaks were considered to
be nonsimultaneous occurrences and the effects of these breaks were,
therefore, analyzed independently.

7.1 Assumptions!

The criteria of Section 2.0 along with the following assumptions
form the basis for the interaction analysis.

j 7.1.1 Pipe whip was assumed to occur as a result of a circum-
|

ferential rupture in a high energy system provided there
was a significant reservoir of energy. Table I of this

:

I report lists these systems and their attendant energy
reservoirs.

7.1.2 For circumferential breaks, the free end of a moving pipe
will be assumed to move in only one direction parallel to
its reaction force. This type of pipe break event will

cause dynamic instability (large amplitude oscillations)not
since the critical length required for this phenomena is
substantially greater than any major pipes in the contain-
ment.

7.1.3 Impacted active equipment (e.g. , valves and instruments)
will be considered unable to perform its intended function
unless it has been specifically designed to operate
following such impact.

v

i
\_/
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7.1.4 Impacted passive equipment (e.g., pipes, restraints, or
structures) will be considered capable of continuing to
perform their intended functions provided that the
resulting strain 1cvels due to the impact do not exceed
defined allowables.

7.1.5 Valves which are not signaled to change state shall be
- assumed to fail in the position in which they were in prior

to impact.

7.1.6 Plastic hinge formation due to pipe rupture was assumed
to occur at system anchors or at other intermediate
locations as dictated by the complexity of the particular
system configuration. The hinges can form in either
bending or torsional modes depending on the configuration.

7.1.7 Longitudinal breaks were assumed to cause a jet in the
form of a cone with a twenty degree angle of divergence and
were assumed to impair all components listed in Paragraphs
7.2.4 through 7.2.6 if they fell within the volume of the cone.

7.2 Interaction Consequences
|

'

s/ The basis for evaluating the consequences of interactions between
the high energy source system and the selected targets were as
follows.

A whipping pipe was considered to have sufficient energy to cause
damage to the following.

7.2.1 Pipes of smaller nominal size and lighter wall thickness.

7.2.2 Electric motor operators.

7.2.3 Electric conduit and cable trays.

A steam or water jet was assumed to have sufficient energy to cause
damage to the following.

7.2.4 Electric cable trays and conduit. |

7.2.5 Electric motor operators.

7.2.6 Instrumentation and instrument tubing.

v

O
V
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7.3 Interaction Studies
I

This section is organized as follows. The Appendix index provides
'

the reference to each high energy systen. In the body of the
Appendix is a boundary diagram, an isometric drawing showing the
pipe break locations and an interaction matrix which indicates all
potential interactions between the source for each postulated break
location and the selected target due to pipe whip or jet impingement.
Interactions are defined as follows.

7.3.1 (A) Acceptable: Interaction not possible or causes no
damage.

7.3.2 (D) Damage Possible: Further evaluation required.

It should be noted that interactions falling within the last category,
"D", does not mean that the occurring damage will impair the safety
function of the target. Each interaction falling within this
category will be evaluated individually, in the interaction evalua-
tions, to assure that such possible damage does not prevent the
safe shutdown of the reactor or that the damage does not impair
the safety function of the target.

The single active failure criteria is considered ~in preparing the
interaction evaluations.

i
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|
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TABLE I |

i

PIPING SYSTEMS AND ENERGY RESERVOIRS |
!

l

SYSTEM ENERGY RESERVOIR

Reactor Coolant Loops Reactor Vessel

Safety Injection Reactor Vessel

Charging Reactor Vessel

Residual Heat Removal Reactor Vessel

Pressurizer Surge Reactor Vessel

Feedwater Steam Generator and Feedwater
System Outside Containment

Main Steam Steam Generator and Main Steam
,37 System Outside Containment
( 1
\- Heating Steam Service Boiler

Reactor and Pressurizer Reactor Vessel
Head Vent

|

[

!

I

V

(~~\
/

|

|
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TABLE II,

ACCIDENT MITIGATION AND SAFE SilUTDOWN EQUIPMENT

Component Location
.

A. liigh Pressure Safety Injection System

1. IIPSI Pumps ** Primary Auxiliary Building

2. SI-MOV-861A, B, C, D** Containment-Loop Area

3. Power Supply to Pumps ** Diesel Generator Building,
Service Building, Primary
Auxiliary Building

4. Power Supply to Valves G61A-D** Diesel Generator Building,
Service Building, Cable
Vault, Containment

_M
'

5. Associated Piping * Primcry Auxiliary Building''

Containment

B. Low Pressure Safety Injection System

1. LPSI Pumps ** Primary Auxiliary Building

2. Core Deluge Valves ** (MOV-871A,B) Containment-Loop Area

3. Power Supply to Pumps ** Diesel Generator-Building,
Service Building, Primary
Auxiliary Building

4. Power Supply to Valves 871A,B** Service Building, Contain-
ment

5. Piping * Primary Auxiliary Building,
Containment

C. Charging System

1. Charging Pumps ** Primary Auxiliary Building

'' 2. Cil-MOV-292B, C** Containment-Outer Annulus

3. Cil-MOV-32** Primary Auxiliary Building
V/~~ ,

|
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TABLE II (Page 2)

Component Location

4. BA-MOV-373** Primary Auxiliary Building

5. LD-MOV-200**
.

Containment

6. CII-MOV-257** Primary Auxiliary Building

7. Cil-FCV-110, 110A** Primary Auxiliary Building

8. Fil- FCV- 2 9 5 , 34 4 * * # Primary Auxiliary Building

9. Fil-MOV-508, 522, 535, 57 8* * # Primary Auxiliary Building

10 Power Supplies to Pumps Diesel Generator Building,
Service Building, Primary
Auxiliary Building

11. Power Supplies to Valves in Diesel Generator Building,
. Primary Auxiliary Building Service Building, Primary

[J'T Auxiliary Building

12. Power Supplies to Valves in Diesel Generator Building,
Containment Service Building, PI4 mary

Auxiliary Building, Containment

13. Associated Piping Diesel Generator Building,
Primary Auxiliary Building,
Containment

D. Residual lieat Removal System

1. RilR Pumps ** Primary Auxiliary Building

2. Ril-MOV-22** Primary Auxiliary Building

3. RH-MOV-33A,B** Primary Auxiliary Building

4. Power Supply to Pumps 4 Valves ** Diesel Generator Building,
Service Building, Primary
Auxiliary Building

5. Associated Piping **

s-

O
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TABI,H II (Page 3)

Component Location

E. Service Water System

- 1. Service Water Pumps ** Screenwell

2. SW-MOV-1,2** Turbine Building

3. SW-MOV-3,4,5,6** Primary Auxiliary Building

4. Power Supply to Pumps ** Diesel Generator Building,
Service Building, Screenwell

5. Power Supply to SW-MOV-1,2** Diesel Generator Building,
Turbine Building

6. Power Supply to SW-MOV-3,4,5,6** Diesel Generator Building,
Primary Auxiliary Building

7. Associated Piping * Screenwell, Service Building,(5') Turbine Building, Primary
Auxiliary Building,
Containment

F. Containment Heat Removal System

1. Containment Air Recirculation Containment
Fan Motors **

2. Containment Air Recirculation Containment
Fan Dampers **

3. Power Supply to Fan Motors ** Diesel Generator Building,
Service Building, Cable
Vault, Containment

4. Power Supply to Fan Dampers ** Diesel Generator Building,
Service Building, Cable
Vault, Containment

%s

O
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TABLE II (Page 4)

Component Location

G. Minimum Required Instrumentation

- 1. Pressurizer Level (1 of 3 Channels)**

2. Pressurizer Pressure (2 of 3 Channels)**##

3. Steam Generator Level (1 of 3 Channels
Each Generator)**

4. Loop T r Core Exit Thermocouples**
H

5. RWST Level **

6. Volume Control Tank Level **

7. Demineralized Water Storage Tank Level **

/''N- 8. Pressurizer Relief Valve Monitors **
V

9. Containment Water Level **

10. Containment High Range Radiation Detector **

11. Associated Instrument Tubing and/or Cabling
With All of the Above*

KEY
-

* Passive Component

** Active Ccsponent

i #Used in alternate charging, routed to RCS using fill header

## Safety Injection Actuation Signal (SIAS) based on 2 of 3 logic
on pressurizer low pressure signals

v

:

,

'
,
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APPENDIX

I.A RCS Hot Legs. Cold Legs and Cross-Over Legs

Small slots only... jet i.npingement effects.

"

Affected systems for break in:

Loop #1 RHR (10" AC-2501R-1) [III.B]
Return line; also RH-MOV-780

SI (4"-RC-2501R-39); also MOV-861A [I.B]
(3"-SI-1501R-9)

Loop #2 Charging (3"-CH-2501R-45); also MOV-292A [II.F]

RHR (10"-AC-1501R-9) supply line; also
RH-MOV-804 [III.A]

y SI (4"-RC-2501R-40); also MOV861B [I.B]
(r) (3"-SI-1501R-10)i

Loop #3 SI (4" RC-2501R-41); also MOV-861C [I.B]
(3" SI-1501R-11)

,

Loop #4 SI (4" RC-2501R-42); also MOV-861D [I.B]
(3" SI-1501R-12)

Note cable routing to HPSI stop valves (shown on drawings 10899-FE-
46C, 46D) is individually routed inside the reactor containment crane
wall. Common mode failures of power supply to these valves (861A-D)
is therefore not considered credible due to pipe whip or jet impinge-
ment effects in the RCS systems. A pipe break in a loop will there-
fore only potentially render inoperable the safety injection stop
valve in that particular loop.

v

,'~

! A
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I.B High Pressure SI Lines from RCS Loops Back to Isolation
Valves 861A-D

Only a small portion of the piping is pressurized during
. normal operation (from the main loop piping to the isolation

valves) and an energy source (RCS) only exists on the RCS
side of a postulated guillotine break pipe. Any whip could
only occur about an " anchor" at the RCS pipe to SI line
junction. The resultant maximum length of whipping pipe would
be less than four feet and would not interact with any
susceptible system components.

I.C RCS Drain Header From Reactor Coolant Lines Back to Isolation
Valves

The RCS drain lines normally are only pressurized from the
junction with the RCS loop piping to the isolation valves.
An energy source (RCS) only exists on one side (the RCS
side) of a postulated break in this short length of pipe,,-

/ ) (approximately five feet maximum) in each loop and the
L/ attachments to the pressurizer surge and spray lines. No

susceptible equipment or piping (based on size considerations
[11" pipe]) in this region is necessary for LOCA mitigation or
safe shutdown.

I.D Reactor Coolant System Pressure Equalization Lines

All interactions with adjacent piping are acceptable. based
on size considerations (ll" pipe). Active adjacent equipment
consists only of the high pressure safety injection isolation
valve in the affected loop. Loss of the ability of this
valve to perform its function (LOCA mitigation) would not
create a problem due to the nature of the system routing
(four lines to the individual loops).

I.E RCS Fill Header from RCS Loop Piping to Isolation Valves,

No unacceptable interactions with piping based on size
comparisons. Energy reservoir on one side of break only
and length of piping normally pressurized is very small,
about five feet. LOCA mitigation equipment not jeopardized
by the break.s-

._/

-



. . .-- ._ -

,

: ATTACHMENT 1 Page 22

O
APPENDIX (Page 3)

.

I.F Reactor Coolant System Bypass Lines - 6"

Affected Systems for break in:

- Loop #1 SI (4"-RC-2501R-39) and MOV-861A [I.B]
; (3"-SI-1501R-9)

Loop #2 Charging (3" CH-2501R-45); also MOV-292A [I.B]
SI (4" RC-2501R-40); also MOV-861B

(3" SI-1501R-10)

Loop #3 SI (4" RC-2501R-41); also MOV-861C
(3" SI-1501R-11)

Loop #4 SI (4" RC-2501R-42); also MOV-861D
(3"-SI-1501R-12)

Break in any loop could affect one SI line--no problem due to--

() routing configuration of the system since flow will remain2

available to the other three loops. *

A break in Loop #2 causing failure of the charging supply to

j Loop #2 would also be acceptable due to the alternate routing-
through the loop fill lines (see Boundary Diagram in II.A).

~

Note that the charging pumps are not assumed to be available
! immediately following a LOCA event with coincident loss of off-
I site power (see E0P 3.1-4). The charging pumps do not have

automatically routed power from the emergency diesel generators,

! and have to be started manually later in the transient following
| a . drop off in power demand. The safety analyses performed for

the LOCA event therefore remains unaffected by this failure.

I.G Pressurizer Surge Line

The pressurizer surge line spans from the Loop #4 hot leg to the;

bottom of the pressurizer at elevation 19'4". The pressurizer
itself is located between steam generator #3 and steam generator
#4. Due to separation and shielaing offered by a concrete-wall
between loops 3 and 4 (shown on drawing 10899-FM-2B) there are
no unacceptable interactions shown in the matrices; .~. safety
analyses for LOCA remain unchanged,%-

i

.
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1 .11 Pressurizer Safety Relief Lines

Resulting depressurization of the RCS and LOCA. No unacceptable
interactions indicated in the matrices; safety analysis

*

..

unchanged. Pipe whip created due to energy reservoir on one
side only (pressurizer side). Length of pipe which can whip
is insufficient to impact targets.

I.I Pressurizer Spray Lines from Loops 3 and 4 to Pressurizer

No unacceptable interactions indicated in matrices. Same
consequences as Paragraph I.H with regard to LOCA mitigation
equipment.

I.J Pressurizer Auxiliary Spray Line from Charging System to Tee
With Pressurizer Spray Line

The only interactions shown in the matrices are for pipe
.'7" whip impacting the containment liner. It is not felt possibic

: ) for any serious damage to the concrete 's occur due to the
,''- thickness and high reinforcement. The liner plate is considered

ductile enough to absorb any strains associated with pipe
impact and resulting localized concrete crushing in the
material backing up the liner plate (see Section 5.0) of the
Discussion.

I.K Pressurizer Relief Lines to PORV's and Low Pressure Safety
Relief Valves

Same as Paragraph I.H.

s-

.,
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F

II.A RCP Seal Injection Lines

Consequences of break: LOCA downstream of check valves near
individual RCP's. No problems upstream of check valves.

~

Only charging pump flow to containment. No unacceptable
effects on mitigating equipment based on size and proximity
considerations are shown in interaction matrices.

II.B Letdown Line from Loop 1 Cold Leg to Regenerative Heat
Exchanger

Break locations 1-8 will result in an unisolable loss of
coolant accident. Break locations 9-31 can be isolated
using LD-MOV-200 (although a single failure of the valve
to close would also result in an unisolable LOCA). The
applicable interaction matrices show no unacceptable
interactions with the LOCA mitigating systems due to
separation or size considerations.

II.C Letdown Line from Inlet to Regenerative Heat Exchangers
to Containment Penetration

Same us Paragram II.B (downstream of LD-MOV-200). Also, not
needed for mitigating the LOCA. Containment liner interaction
dismissed due to size, ductility, etc.

II.D Charging Line from Containment Penetration to the Inlet
of the Regenerative Heat Exchangers (Tube. Side)i

Results in spill to containment of charging flow. No LOCA
due to presence of check valve between RCS pressure boundary
and this section of pipe.

Alternate charging path is available through loop fill lines
with redundant valves inside containment (MOV's) available for
new charging supply. This line-up would require manually
opening valves 264 and 265 inside the primary auxiliary
building as well as closing FCV-110 and 110A or MOV-20B and C.

,

! No interactions with other accident mitigating systems.

I

s-;

|

|

|
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II.E Charging Line from Regenerative Heat Exchanger E-7-1A to
Junction With 3"-CH-2501R-95

Same as Paragraph II.D except interaction exists with
- 6"-WS-151 and 152 (service water to CAR fans) . Will not be a

problem, as can be seen in the flow diagram for the service
water system (attached) . The four CAR fans have separate
supplies of service water to the individual fan motors and
cooling coils. Should rupture of the charging line result

'

in degradation of the service water line accessible (outside
containment) hand operated valves are available to allow
isolation of the affected train of service water to the CAR
fans. Sufficient information exists to allow determination
of the affected service water line should damage occur.
Note that the loss of one CAR fan is not of concern due to the
availability of the remaining three CAR fans.

II.F Charging from Junction with 3"-CH-2501R-74 to Loop #2 Cold Leg'

Same as Paragraph II.E , except for reference to service water.s,

.]'

II.G Charging from Junction with 3" CH-2501R-95 to Loop #4 Hot Leg

Same scenario as Paragraph II.E.

II.H Charging Line from Junction With 3" CH-2501R-74 to Auxiliary
Spray FH-MOV-298

Same scenario as Pargraph II.D.

II.I Charging Return Lines from Reactor Coolant Pumps

No unacceptable interactions.

s-
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III.A Residual Heat Removal Return Line to Loop #2 Cold Leg

Interaction with charging line (3"-RC- 2 5 01R-4 5) (3"- CH- 2 5 01R-9 5)
supply to Loop #2. Results in loss of charging coincident with
LOCA. Charging can be isolated and rerouted through the loop
fill lines as detailed previously in Section II.D. Pipe
whip will only affect a limited area due to the short length
of pipe which can whip (less than ten feet) with an energy
source only on one side (reactor coolant system) of the
postulated break.

III.B RHR Take-Off Line From Loop #1 Cold Leg

No interactions due to short length of whipping pipe (less
than ten feet) with energy source only on RCS side of
postulated break. Normal LOCA mitigation sequence.

(\
v.
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IV. Core Deluge Valves from Reactor Vessel Head to Isolation
Valves 871A and 871B

A pipe break in the portion of piping between the RPV head
and the isolation valves in either train of the core deluge
system will result in a LOCA (up to a 30 square inch single
ended break). Even though the interaction matrices do not
indicate any damaging interactions with other systems,
consideration of a single active failure in the unaffected
core deluge isolation valve train will result in a total
loss of core deluge supply to the RPV head. In this scenario ,

since the single active failure is in the LPSI train, both IIPSI
pumps would be available and no ECCS flow losses will occur
through the postulated break (the postulated break being higher
than the hot and cold leg elevations) until the vessel is
completely reflooded.

A comparison of the flow capabilities of two HPSI pumps versus
one llPSI and one LPSI pump shows a maximum reduction of about
30% flow at low RCS pressures (one llPSI and one LPSI pump''

(,j deliver 8900 gpm whereas two llPSI pumps yield 5300 gpm at
45 psig). The not flow loss would be smaller for higher
RCS pressures.

The loss of both core deluge lines for the above described
scenario would result in a total loss of LPSI in its normal
line-up and also in the normal two-path recirculation mode
of decay heat removal as described in Section 5.16 of
Emergency Operating Procedure (EOP) 3.1-4.6. An alternate
means of rerouting flow from the RHR heat exchangers to the
llPSI pump (s) and the four RCS cold 1 cgs through MOV's
861A-D would be unaffected by this accident scenario.
Setting up the alternate routing would involve unblocking MOV-874
(normally locked closed) and opening the valve and closing
MOV-33A and 33B. This would supply flow from the downstream
side of the RilR heat exchangers to the suction of the llPSI
pumps through a 6" line. The flow could then be directed
to the RCS through the normal llPSI flow path.

w
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V.A-D Steam Generator Feedwater From the Containment Penetration
to Steam Generator Nozzles

Feedwater lines inside containment are unconnected except
for the auxiliary feedwater lines (alternate routing to feed-
water from auxiliary feed). Check valves in these lines would
prevent any backflow from an intact feedwater line to a
postulated break. Since normal routing of the auxiliary
feedwater to the feedwater lines is totally outside contain-
ment, and no active feedwater valves are located inside
containment, multiple losses within the feedwater/ auxiliary
feedwater systems due to a postulated break in any of the
feedwatet lines is not possible.

Although damaging interactions were previously indicated
for the main steam lines due to a feedwater line break,
these are not credible due to relative pipe size and
wall thickness considerations. (The matrices have been
modified to indicate such.) The main steam lines are
24" NPS and 0.969" wall thickness while the feedwater linesg7 are 12" NPS and 0.688" wall thickness.(j

Damage could occur to the RCP motors as indicated in the
matrices; however, these are not necessary for safe shutdown.

v
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VI. The portion of the auxiliary feedwater system located
inside containment constitutes an alternate routing to the
steam generators.

This portion of piping is not pressurized even during operation
of the auxiliary feedwater system. Postulation of breaks in
the auxiliary feedwater system inside containment is therefore
not required.

,---
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VII.A through VII.D Main Steam Lines Inside Containment

Interactions are shown with the RCP's, damage to the motor may
result and affect operability; however, RCP operation is not
required for safe shutdown. Damage to the pump casing or attached
RCS piping is not considered credible based on size considerations.

Interaction matrices in previous versions of the report show
potential damage to the other main steam lines for postulated main
steam line breaks. This is not considered credible based on relative.

size considerations.

Interactions are shown with the feedwater lines in the matrices, a
detailed review of the piping geometry in this region shows the
following.

1. The main steam lines r.a in almost a straight line from the
containment penetration anchor (10899-FP-1A) to the crane
wall penetration. As such, the formation of a plastic hinge
and the resulting pipe whip are not possible in this vicinity.-

2. Inside the crane wall the main steam lines and feedwater
lines run in horizontal planes at elevations 33'1" (main
steam lines) and 40'0" (feedwater lines) until they approach
the steam generator building which they are associated with. Postulated
breaks in the main steam lines in this region will result in
horizor.;al and/or downward motion of the main steam lines only,
due to the geometry (see FP-1A, FP-1B) . Pipe breaks in this
region will therefore not affect the feedwater or auxiliary
feedwater system.

3. Immediately before the individual main steam lines to steam
generators 1 and 4 are connected to their respective steam
generator, they each run vertically along the side of the
steam generators, penetrate the operating floor, rise above
the steam generators and connect to the top-center of each

i

| steam generator. Postulated pipe breaks in the main steam
lines in this region at steam generators 1 and 4 could only'

potentially impact the feedwater line in that loop. The
consequences of this event are not considered significantly
more severe than.the MSLB or FWLB, based on the following.
The safety analysis performed for the MSLB is based on total
loss of inventory in the affected steam generator within a
very short period of time, as well as additional blowdown
from the vaporization of auxiliary feedwater additions to the%-

a f fected steam generator. The added failure of the feedwater

1
__ - _ _
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line would not impact the mass lost during the blowdown of the
initial inventory in the steam generator, only varying the
rate of blowdown slightly. The assumed coincident failure of
the feedwater line would preclude the addition of auxiliary
feedwater to the affected steam generator and therefore prove
to be less severe in terms of return to power or containment
pressurization considerations.

4. The main steam lines to steam generators 2 and 3 also run
vertically up the side of their respective steam generator,
penetrate the operating floor, rise above the steam generator,
and connect to the top-center of each steam generator. The
feedwater lines to steam generators 1 and 4 run adjacent to
the main steam lines feeding steam generators 2 and 3 respectively
in this region. Due to the orientation of the main steam and
feedwater lines in this region, pipe breaks in the main steam
line in the vertical or horizontal runs of pipe adjacent to
steam generator 2 (drawing 10899-FP-1A, 1B, 3L) or steam
generator 3 (drawing 10899-FP-1A, 1B, 3M) will result in main

[]' steam line whip away from the feedwater lines, therefore this
interaction is not considered credible. A pipe break at the'

steam generator to main steam line nozzle will result in main
steam line whip in the upward vertical direction. Due to an
offset in the vertical run of main steam piping (drawing 10899-
FP-1B0 the main steam piping will contact the operating floor
prior to impacting with the feedwater lines. An interaction with
the feedwater lines due to a break at this location is therefore
act credible.
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VIII.A-D Steam Generator Blowdown Lines

A break in the steam generator blowdown lines (2" NPS) inside con-
tainment constitutes an unisolable secondary side Icak; i.e.,
saturated water leakage. Since no interactions are indicated in
the matrices, this event will be less severe than a MSLB and be
within the safety analyses for that event in terms of plant shut-
down capabilities. Since the blowdown lines are individually
routed to the containment penetrations, the ability to bleed
saturated water from the steam generators described in Step B.2.h.1
of shutdown method II can be utilizied.
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IX. Reactor and Pressurizer Head Vents

The reactor and pressurizer head vent piping have no unacceptable
interactions. Therefore the small line LOCA analysis may be used
for these break locations.

'

X. Auxiliary lleating Ste..m

The auxiliary heating steam supplies the space heaters with steam
in the outer annulus (see drawing 10899-FB-21A). This piping runs
in the annulus pipe rack and has a potentially unacceptable inter-
action with the loop fill line. Since the loop fill is not necessary
for safe shutdown and any damage to that line is isolable, this inter-

.! action presents only environmental concerns which are less severe
than a main steam line break. Therefore, the interaction is
acceptable.
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8.0 CONCLUSIONS

The interaction matrices and evaluations lead to the following
conclusions with regard to postulated ruptures of high energy
piping systems inside containment of the Connecticut Yankee
Atomic Power Plant. ,

.

8.1 For all postulated break locations, acceptable safe shut- I
Idown methods are available.

8.2 Containment integrity is maintained for all postulated
'

pipe ruptures. !

'

This statement is made with the assumption that the necessary
instrumentation is available to arrive at and maintain a safe shut-
down condition. As noted in Section 6.0, this information will be
provided at a later date.
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