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1.0 Introduction

As part of the Systematic Evaluation Program Topic II1I-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 underway.
This study includes:

b.

Definition of the criteria and assumptions used in the study.

Identification of the high energy piping systems inside the
drywell.

A discussion of the independent methods 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.

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

An evaluation of the ability to place the reactor in a safe
shutdown condition following each postulated pipe break event.

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

This study is based on the following criteria:

A high energy piping system is one which meets anv of the
following two conditions:

b I Design temperature is 200°F. or greater, or
- Design pressure is 275 PSIG or greater.

A whipping pipe should be considered sufficient to rupture an
impacted pipe of smaller nominal size and lighter wall thickness.

Pipe whip protection need not be provided when the energy
associated with the whipping pipe is insufficent to impair the
safety function of ary structure, system, or component to an
unacceptable level (e.g., a system damaged by pipe whip may be
capable of performing its safety function but not capable of
completely fulfilling its design function).

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

Following a single break, the unrestrained pipe movement of
either end of the ruptured pipe about z plastic hinge formed
at the nearest pipe whip restraint cannot impair the safety

function of any structure, system, or component important to
safety.

Pipe break orientation:

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.

p 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 of the break location or
equal to break area determined by test data which defines
the break geometry.

Pipe sizes subject to breaks:

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

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

i All terminal ends aud all weld joints.

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.



3.0 High Energy Piping Systems

All piging systems inside the drywell that have a design temperature
of 200°F. or greater and/or design pressure of 275 PSIG or greater
are considered high energy systems.

Nominal Min. Wall Design Design
System Size, in Thickness, in Temp., F. i.essure, Psig

Isolation Condenser 14 0.750 575 1250

10 0.594 575 1250
Core Spray 10 0.594 575 1250
Main Stream 20 1.031 575 1250
Cleanup Water 8 0.500 575 1250
Shutdown Cooling 14 0.750 350 125,
Feedwater 18 1.562 375 2300

12 0.844 375 1250
Recirculation 12 0.566 575 1250
Cont. Cooling (LPCI) 18 0.938 575 1250
Main Steam S/R Lines 10 0.594 - -
Control Rod Drive 1 150 1900
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4.0 Plant Shutcdown Methods

Four (4) independent me*hods of plant shutdown are available to
bring the plant to a safe shutdown condition. None require that
the control room be available for functional act:vities. These
methods are:

- Isolation condenser only.

Normal shutdown (steam dump to main condenser) .

Auto pressure relief (APR) and control rod drive (CRD).
- Emergency core cooling (AFPR and core spray/LPCI).

It should be noted, however, that these plant shutdown methods may
pot be all available in the event of a high energy pipe break, or
may not be capable of handling such an event.

In each postulated break event, as will be discussed later, the
specific available safe shutdown method will be outlined.

4.1 Isolation Condenser Only

1f the inventory of water in the vessel is maintained, assurance
of fuel integrity is maintained. Therefore, with the reactor
scram used and the vessel isolated, use of the isolation
condenser retains the inventory of water by condensing the

steam and returning the condensate to the vessel with no

losses. Te-peratgres can be reduced to and maintained at
approximately 200 F. for the duration of decay heat production.

4.1.1 Prerequisites for Cooldown
a. Reactor scrammed. Verified by visually checking
that .11 scram inlet and outlet valves are open

inside the reactor building.

b. Group 11 and III isolaticn. Verified by visually
checking that cleanup recirc. pumps tripped.

s Group I isolation. Verified by visually checking
recirc. loop sample flow stopped by isolation
signal.

d. Isolation condenser intact.

e. 1-1C-1, 2 and &4 open (normally open and fail as

is on loss of DC and/or AC power).

£ 1-1C-3 manually operable (inside reactor building,
outside of primary containment).
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8- Yarway leval and pressure non-electrical gauges
(2206 or 2205 operable adjacent to 1-IC-3).

h. Makeup to isolation condenser available (required
within 30 minutes).

1) Firemain system and diesel driven fire
pump operable.

- Flashlights available.

6.1.2 Proredure
a. Immediate Action

1) Prior to leaving control room, manually
scram the reactor, if possible, and verify
safe shutdown.

2) Close all main steam isolation valves.

3) Pass the word over the P/A System "Evacuate
the control room and turbine building; all
shift personnal proceed to reactor building".

b. Subsequent Action

1) In the event control room personnel were
unable to perform steps in immediate
action:

a) Close instrument air stop valve to
scram pilot headers in reactor building.
Verify all scram valves are open.

b) Close instrument air stop valves to
drywell and MSIV's. This will close
MSIV's if not already closed.

2) Manually open 1-IC-3 and control pressure
and coocldown by observing pressure instruments
2206 (or 2205) on instrument racks.

4.2 Normal Shutdown (Steam Dump to Main Condenser)

With the reactor scrammed out and not isolated, a safe shutdown
may proceed by using the main condenser as a heat sink for
pressure reduction and control, with the condensate/feedwater
systems supplying makeup water to the vessel for level control.

4.2.1 Prerequisites for Cooldown

P L E. R
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a. Reactor scrammed.

b. Air removal system available.

£ Condensate system available.
1) One (1) condensate pump.
2) One (1) condensate booster pump.

d. Feedwater system available.
1) One (1) reactor feedwater pump.
2) One (1) reactor feedwater pump seal water

pump .

e. Circulating water system available.

£. Main steam system available.

g Reactor building closed cooling water system
available.

h. Shutdown cooling and service water systems
available.

i. Turbine building secondary closed cooling water
system available.

3. Instrument air system available.

k. Electrical equipment.
1) 125 DC available.
2) Vital AC and instrument AC available.
3) Reactor protection 120V AC available.
4) Neutron wonitoring 24V DC available.
5) 4160V AC available.
6) 4BOV AC available.

4.2.2 Procedure
a. Immediate Action.

1) Verify reactor scrammed.

2) Reduce reactor pressure by opening the
by-pass valve with the by-pass opening
jack.
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3) Change to manual control of feedwater
regulating valves to maintain vessel
level.

Subsequent Action.

1) When steam jet air ejectors are no longer
effective, isolate reactor vessel.

2) At approximately 350°F., put shutdown
cooling system in service.

4.3 Auto Pressure Relief (APR) and Control Rod Drive (CRD) System

With the reactor scrammed and the vessel isolated, a safe
shutdown may be made by using one (1) auto pressure relief
velve for pressure reduction and control, with the control rod
drive system supplying water to the vesscl for level control.

The control rod drive pumps (2) can supply more than 200 gpm
at 1200 psig for this shutdown method.

4.3.1 Prerequisites for Cooldown
a. Reactor scrammed.
b. Reactor isolated.
€ Reactor pressure and level instrumentation
available in control room.
d. Condensate storage tank at 225,000 gallons
(normal level).
e. Control rod drive hydraulic system available.
f. APR's available.
g- Instrument air available.
h. 4160V and 125V DC available.
4.3.2 Procedure
a. Immediate Action.

1) Verify reactor scrammed.
2) Verify reactor isolated.

3) Control the pressure build-up, due to
reactor decay heat, by intermittently
opening one (1) main steam relief valve
(APR) .



4) Compensate for the reactor vessel level,
reduction caused by water inventory loss
to the torus, with the control rod drive
hydraulic system. Note: Each control
rod drive pump is rated at B84 gpm at
operating pressure. Use second control

rod drive pump via head spray system if
needed.

Subsequent Action.

1) Continue Steps 3 and 4 under Immediate
Action until in cold shutdown condition.

4.4 Emergency Core Cooling System (APR and Core Spray/LPCI)

With the reactor scrammed and the vessel isolated, a
safe shutdown may proceed, with one (1) core spray or
LPCI (low pressure coolant injection) pump for makeup
water to the vessel for level control.

4.4.1 Prerequisites for Cooldown
a. Reactor scrammed.
b. Reactor isolated.
s Reactor pressure and level instrumentation
readouts available in control room.
d. Torus water level normal.
e. Auto pressure relief valves available.
f. One (1) core spray or one (1) LPCI pump
available.
g One emergency service water pump availuble.
h. Instrument air available.
i. 4160V AC and 125V DC available.
4.4.2 Procedure
a. Immediate Action.

1) Verify reactor scrammed.

2) Verify reactor isolated.
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3) Control the pressure buildup, due to
reactor decay heat, by intermittently opening
one (1) main steam relief valve, and decrease
pressure to 300 psig.

4) Compensate for the reactor vessel level
reduction caused by water invemtory loss
to the torus with one (1) core spray or
LPCI pump.

Subsequent Action.

1) Continue Steps 3 and 4 in Immediate
Action, until in cold shutdown condition.
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5.0 Pipe Break Effects On Drywell Liner and Biological Shield Wall

$.1

5.2

Drywell Liner

For the purposes of this evaluation it is assumed that a

whipping pipe impacting against the drywell liner is not going

to penetrate the liner. Millstone Unit No. 1 Technical Specifica-
tions Basis, Sections 3.6F and 4.6F directly address the

special inspections performed on the main feed and steam lines

to provide added protection against pipe whip. These welds

are selected on the basis of an analysis that shows these

welds are the highest stress welds and that due to their

physical location, a break would result in the least interference
and maximum energy upon impact with the liner.

These welds are identified in Figure 4.6.3 and 4.6.4 of the
Technical Specifications Basis as Group I welds and are the
only ones which offer any significant risk and are therefore
inspected four times as often as the other welds within the
drywell.

All other welds, designated as Group II on Figures 4.6.3 and
4.6.4 in the Basis are selected without regard for the operating
stress levels and interfering equipment because they have
sufficient energy to propel the pipe toward the liner; they

are therefore included in the first inspection. Upon considera-
tion of impact angle, interfering equipment and the distance

the pipe would have to travel, no substantial risk is involved
and no additional inspection is needed.

It is felt that the above In-Service-Inspection Program is
adequate to protect the drywell liner from damage due to pipe
whipping. No further considerations of pipe impact on the
liner is included in this evaluation.

Biological Shield Wall

Jersey Central Power & Light Co. has prepared an analysis
entitled "Evaluatiocn of Structural Integrity of the Biological
Shield Wall Under Pipe Whip Loadings". The results of the
analyses which are applicable to Millstone Unit No. 1, indicate
that no gross structural damage will occur under "worst case"
impact loadings, and that the shield wall is capable of with-
standing the full spectrum of postulated breaks without incurring
significant loss of load carrying capability. Damage to the
shield wall will be restricted to the local region of impact

and will not significantly affect overall structural capability.
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6.0 Bieaks at Penetration Assemblies

The penetration assemblies were assumed to withstand and transmit
pipe rupture forces to support structures without plastic deforma-
tion. Additionally, the effects of jet impingement were not
analyzed for breaks postulated to occur between the penetration
assembly and the first isolation valve outside containment, since
they were previously evaluated as part of another assessment.



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
breaks. Circumferential and longitudinal breaks were considered to
be non-simultaneous occurences 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:

2.1.1 Pipe whip was assumed to occur as a result of a
circumferential rupture in a high energy system
provided there was a significant reservoir of
energy. Table 7-1 oi this report lists these systems
and their attendent energy reservoirs.

7.1.2 For ' ircumfereantial 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 not cause dynamic instability
(large amplitude oscillations) since the critical
length required for this phenomena 1is substantially
greater than any major pipes in the drywell of BWR
plants.

7.1:3 Impacted active equipments (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.

7.1.4 Impacted passive equipment (e.g., pipes, restraints, or
structures) will be considered capable of continuing
to perform their iziended functions provided that the
resulting strair levels due to the impact do not exceed
defined allowatles. These allowables are defined in
Appendix D of this report.

Todd Valves which are normally closed and are not ignaled
to open, shall not be assumed to fail open.

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
torsion mode depending "n the configuration.
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7:3.7 Longitudinal breaks were assumed to cause a jet in
the form of a cone with a 20 angle of divergence.

7.2 Interaction Consequences

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:

a) Pipes of smaller nominal size and lighter wall thickness.
b) Electric motor operators.
¢) Electric conduit and cable trays.

A steam jet was considered to have sufficient energy to cause
damage to:

a) Electric cable trays.
b) Electric motor operators.

Reports deemed applicable to Millstone Unit No. 1, prepared by
MPR Associates, Inc., (Report No. MPR-285, May 7, 1971) and
Burns and Roe, Inc., (Penetration Analysis for Jet Impingement
Due to Pipe Rupture, April 24, 1968) demonstrate the ability
of the steel containment vessel to withstand the effects of
jet impingement.

Interaction Matrices

The results of the analysis are shown on matrices i-, Appendix B.
The isometric drawings used to develop these interaction matrices
are included in Appendix A. All postulated break points on the
high energy piping are shown and numbered on these drawings.

The matrices are prepared on a system basis showing the potential
interactions between the source, for each postulated break point,
and the seiected target. Interactions are defined as follows:

a. (A) Acceptable - Interaction causes no damage.
b. (N) No Interaction - Interaction physically not possible.
c. (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 Appendix C, to assure
that such possible damage does not prevent the safe shutdown of the
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reactor or that the damage does not impair the safety function of
the target (if any).

Table 7-2 gives a summary of the interactions between piping,
structures, and components within the drywell for each high energy
piping system.

The single failure criteria will be considered in preparing the
interaction scenarios and evaluation presented in Appendix C.



Table 7-1

Piping Systems and Energy Reservoirs

System Energy Reservoir

Isolation Condenser Reactor Vessel

Core Spray Reactor Vessel

Reactor Clean Up | Reactor Vessel

Shutdown Cooling Reactor Vessel

Reactor Recirculation Loop Reactor Vessel

LPCI Reactor Vessel

Main Steam Reactor Vessel and Main
Steam System Outside
Drywell

Feedwater Reactor Vessel and Feedwater

System Outside Containment
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Table 7-2

Summary Interaction Evaluation Matrix

Target
Source Shield Piping Electrical

Isolation Condenser
Core Spray

Main Steam

Cleanup Water

Shutdown Cooling
Feedwater

Recirculation

LPCI

PEZZZZ PEETEEEE L 3 B 4 5 0 e
ZZO> > X ZZZZZP>PP>PUO000Z>UOO000> > Z>
ZOOZZZ ZZZZZZZODDZUODDOOZZOX

Control Rod Drive

(A) Acceptable Interaction - Causes no damage.
(N) No Interaction - Interaction physically not possible.

(D) Damage Possible - Further evaluation required.
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8.0 Conclusions

Our analysis and evaluation of all possible interactions, due to
postulated high energy pipe breaks between piping, structures,

equipment--etc., inside the drywell of Millstone Unit No. 1, leads
to the following conclusions:

1.

For 346 out of 349 total postulated break locations, acceptable
Safe Shutdown Scenarios could be developed. These scenarios
are included in Appendix C of this report.

For the other three (3) postulated break locations, additional
review is required. The proposed line of action is defined in
section 4 of Appendix C. A first step will be to acquire a
complete stress analysis for the iuvolved system, Main Steam
Line C, a step that is being pursued at the moment. The
results of any further amalysis for these three (3) locations
will be incorporated into this report later.

|
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Appendix A

Isometric Drawings

Postulated break point locations are numbered on the isometric drawings
listed below.

List of Drawings

System Drawing Number
Isolation Condenser A BMR072-1C15
Isolation Condenser B BMRO72-1C16
Core Spray A BMRO72-1C11
Core Spray B BMRO72-1C12
Main Steam A BMR0O72-1C10
Main Steam B BMR072-1C9
Main Steam C BMR072-1C8
Main Steam D BMRO72-1C7

Cleanup Water A BMRO72-IC17, 18

Cleanup Water B BMR072-1IC19
Shutdown Piping A BMR072-1IC13
Feedwater A BMR0O72-1C6
Feedwater B BMRO72-1C5
Recirculation BMR072-1C20, 23
LPCI A BMRO72-1IC1

LPCI B BMR072-1C3
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SEE IC-20A FOR HANGER AND
FESTRAINT LOCATIONS

THERE ARE LONGITUDINAL SEAM
WELDS IN THIS SYSTEM
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RECIRCULATION RISER (TYPICAL)

BMROTZ -IC23

YO IDENTIFY WELD,
SKETCH TO FOLLOWIN
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G RISER CODE.
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FLOW

J-4
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MAN'FOLD INLET PIPE
(ACRL SS MANIFOLD FROM
RISERS C & W ONLY)

NOTE.
THERE ARE LONGITUDINAL SEAM
WELDS IN THIS SYSTEM
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Appendix B

Interaction Evaluation Matrices

List of Matrices

System

Isolation Condenser (IC)

Core Spray (CS)

Main Steam (MS)

Cleanup Water (CUW)

Shutdown Cooling (SDC)
Feedwater (FW)

Reactor Recirculation (Recirc.)

Containment Cooling (LPCI)

0 160

Page
Nusber

B-1

B-11
B-27
B-33
B-35
B-45

B-55



| SOURCE
LEGEND D = Damage Possible, Purther .
Evaluation Required SYSTEM Maivn Shteaw
A = Acceptable Interaction
(Damage Not Posgible) A
N = No Interaction
DRAWING ‘B-MR._e72. LC \o
TARGET sx. pr. | | 2 3 4 s (A 7
ISOLATION CONDENSER & = N ™ N T‘ T‘
B | !
CORE SPRAY A l l ‘
E 1 { 1 \
MAIN STEAM A - — - —_ — -— -
B N ~N ~ ~N ~ N N
c ’ l
D {
l l
REACTOR CLEANUP A I '
B ‘
| T
SHUTDOWN COOLING A | '
| 3 '
FPEEDWATER (18") A ,
(12*) A | l © & o
(18") B 1 ~N Ts N
(12") B L | l
| |
CONTROL ROD DRIVE NORTH BANK {
(Supply & Return) SOUTH BANK )
REACTOR RECIRCULATION (12") A l ‘l
B ‘ |
c | !
D l
: » |
F | |
G ‘
” i l
J | | |
X ‘ | 1
PRIMARY CONTAINMENT COOLING A | ; a
(LPCI) B 1 |
i |
MAIN STEAM RELIEF VALVES A ' 1 '.
B | i
c i | ;
D { g
E | .3
r | | |
i ':
ELECTRICAL (Whip) i *
(Impingement) | W |
BIOLOGICAL SHIELD WALL ‘. A A A
REACTOR VESSEL } ' { ' NGON N
o



LEGEND D = Damage Possible, FPurther
Evaluation Reguired
A = Acceptable Interaction
(Damage Not Possible)

X = No Interaction

SOURCE

Tse\adion C.aA twaer

B

DRAWING

TR eTL. 1S

TARGET BX. PT. < a o " 2 (59 \4
ISOLATION CONDENSER A - - - - oy = =
P N ~ N N N ~N N
CORE SPRAY A \ l l
B
MAIN STEAM A . A N
B | ~N N
c | t |
D * | | |
! { |
REACTOR CLEANUP A ‘ ; |
B | L l
.‘ i 1
SHUTDOWN COOLING A ‘ ' a .
| | | |
PEEDWATER (18") A *‘ i * '
(12") A i A
(18") B | | N ‘ |
(12") E e | i
! , ! T
CONTROL ROD DRIVE NORTH BANK ‘ | %
(Supply & Return) SOUTH BANK , | |
‘ T
REACTOR RECIRCULATION (12") A \ ‘
. \
c ; |
D : |
E '| ‘
F v
G ‘ ‘
H | ‘ \
J 1 |
K | 1 | |
’ 1
PRIMARY CONTAINMENT COOLING A j \
(LPCI) B |
[
MAIN STEAM RELIEF VALVES A \. 1
B 1 |
¢ |
D ‘ ~ ‘
s i | | |
r |
|
| |
ELECTRICAL (Whip) \ ‘ 1
(Impingement) | !
BIOLOGICAL SHIELD WALL \ l
REACTOR VESSEL ' 1 v ' Y { Y
®B-2



LEGEND D = Damage Possible, Purther . o S
Evaluation Required SYSTEM l1acladion Condtwirer
A = Acceptable Interaction
(Damage Bot Possible) A
N = No Interaction
DRAWING BMR o2~ L&I\S
TARGET pr. | '® \6 1
ISOLATION CONDENSER A - o -
B ~N ~ w
|
CORE SPRAY A |
B |
MAIN STEAM A |
B ?
c |
D
REACTOR CLEANUP A
B | 1 |
| |
SHUTDOWN COOLING A , "
FEEDWATER (18") A ,
(12") A ! :
(18") B ‘ |
(12%) B ’,
CONTROL ROD DRIVE NORTH BANK :
(Supply & Return) SOUTH BANK i |
| | |
REACTOR RECIRCULATION (12") A { : '
B ?_ ‘ ;
c ‘: | \
D i \ .
E | ‘ i
r .
¢ |
§ '. \ l
J y 1
X | j
| |
PRIMARY CONTAINMENT COOLING A i \
(LPCI) B } l
MAIN STEAM RELIEF VALVES A '
B
c
D
E
F .
ELECTRICAL (Whip) l l i
(Impingement) .
BIOLOGICAL SHIELD WALL A A A
REACTOR VESSEL ; N N N
.-

.

v



SOURCE
LEGEND D « Damage Possible, Purther
Evaluation bqn.‘.t.d STEM Tacladien CovotrLer
A = Acceptable Interaction
(Damage Not Possible) NE ®
N = No Interaction
_DRAWING BMReT2L- 1C 6
TARGET BX. PT. \ 2 s -~ < [ 1
ISOLATION CONDENSER A N N N N N N N
K - pa— pr— — — — p—
CORE SPRAY A h N N N N N N
B |
1
NAIN STEAM A |
B
c
D
REACTOR CLEANUP A
B
-
SHUTDOWN COOLING A
FEEDWATER (18%) A
(12") A
(18") B ‘
(12") I3 1
I
CONTROL ROD DRIVE NORTH BANK '
(Supply & Return) SOUTH BANK |
REACTOR RECIRCULATION (12") A ;
B
C i
D
E
I 4
G
H
J
X |
l‘
PRIMARY CONTAINMENT COOLING A ,
_(rpcI) B |
MAIN STEAM RELIEF VALVES A
B
c
D
E
F _
ELECTRICAL (Whip) ‘
(Impingement) O
BIOLOGICAL SHIELD WALL ’]4
REAC'OR VESSEL : ) ‘ Y
.4

W,




SOURCE
LEGEND D = Damage Possible, Purther
Evaluation ”II'M SYSTENM Iscladion <endenger
A = Acceptable Interaction v
(Damage Not Possible)
N = No Interaction
DRAWING B|MR 72 - 1C G
TARGET B, PT. | \o \ 2 [} -
ISOLATION CONDENSER A ~N N N N N N
B ol - - - - .
CORE SPRAY A N ~N N N N N
B l
MAIN STEAM A
&
c
D
REACTOR CLEANUP A
k
| l 1
SHUTDOWN COOLING A ; \ i
‘ | |
PEEDWATER (18%) A 1 ! f 3
(18") B ‘ | ‘ 1
712") 3 , | | {
CONTROL ROD DRIVE NORTH BANK j |
(Supply & Return) SOUTH BANK | |
1 !
REACTOR RECIRCULATION (12*) A | !
B | |
c | : e ‘
D | i
E l :
’ | | |
H ‘ ' I
J | | 1
X | ‘ . (
PRIMARY CONTAINMENT COOLING x E | ! 1
(LPCI) B ﬁ' | ‘ |
MAIN STEAM RELIEF VALVES A ‘ ‘ I. 1.
B ‘ | ;
|
C ) |
. | | 1 |
u .
£ .
F l 1 ! t l
t |
ELECTRICAL (Whip) D o 1 |
(Impingement) N ~N , AT
BIOLOGICAL SHIELD WALL i - A | J
|
REACTOR VESSEL ' ‘ N N } Y
BR.5



SOURCE
LEGEND D = Damage Possible, Purther
Evaluation Mu;nd STEM l1acladieon Candewser
A = Acceptable Interaction .
, (Damage Not Possible)
¥ = No Interaction
DRAWING BMR 012 - 116
_TARGET _ PT. IS e
ISOLATION CONDENSER A N N
B e g
CORE SPRAY A N ~N
B
MAIN STEAM A
4
c
D
REACTOR CLEANUP A
B
SHUTDOWN COOLING A
FEEDWATER (18%) A
(12%) A
(18") B
(12") B
CONTROL ROD DRIVE NORTH BANK
(Supply & Return) SOUTH BANK
REACTOR RECIRCULATION (12") A
B
c
D
E
r
G
H
J
KX
PRIMARY CONTAINMENT COOLING A
(LPCI) B
MAIN STEAM RELIEF VALVES A
B
€
D
E
F
ELECTRICAL (Wrip)
(Impingement)
BIOLOGICAL SHIELD WALL
REACTOR VESSEL : 1 1

®-6 -t 190 0 160



LEGEND D = Damage Possible

, Purther

Evaluation Reguired STEM

A = Acceptadble Interaction
(Damage Mot Possible)

N = No Interaction

Core Spraw

A

DRAWING

"TMR T2 . 1CW

TARGET BK. PT. | 2 3 - 3 6 7
ISOLATION CONDENSER A T ~ ~N N ~ ~N N
A B { 1 1 { 1 {
CORE SPRAY A - - = - ol — -
F ~ N N ~ N ~ ~
NAIN STEAM A |
B ‘
c
D
REACTOR CLEANUP A ‘
B | 4
|
SHUTDOWN COOLING A |
1
| |
FEEDWATER (18") A l |
(12") A ! |
(18”) 5 | , | |
(12") B | | | .
‘ '
CONTROL ROD DRIVE NORTH BANK ‘ a
(Supply & Return) SOUTH BANK %
|
REACTOR RECIRCULATION (12%) A |
b | |
¢ | | |
- | |
E | | .
/ |
G
B |
o I
X | 1
1 :
PRINARY CONTAINMENT COOLING 2 | |
(LPCI) i | < “
|
MAIN STEAN RELIEF VALVES A
E
¢
D
E
r
'.
ELECTRICAL (Whip) [
(Impingement) [
BIOLOGICAL SHIELD WALL
1 Y
REACTOR VESSEL | ' 1 ' '
n 1¢17
-'-7 J T U7



SOURCE
LEGEND D = Damage Possible, Purther F-)
Evaluation Regquired SYSTEM Sere spr.l
A = Acceptable Interaction
(Damage Not Possible) A
N = No Interaction
DRAWING BEMR o2, 1SN
_TARGET BX. PT. b | Q e " 2 5.8 \ 4
ISOLATION CONDENSER A N N N N N N N
» .. 3 .3 .§ -4 1
CORE SPRAY i - - - - -~ P, =k
5 WM N W N NN
| | !
NAIN STEAN A | *A |
B
c ‘ N ‘
D ! } § |
1 | | |
REACTOR CLEANUP 2 l | ‘ ;
B | | r {
SHUTDOWN COOLING A \ f | !
‘ ' -
PEEDWATER (18") A | | |
(12*) A ‘
(18") B |
(12*) E |
CONTROL ROD DRIVE NORTH BANK | "
(Supply & Return) SOUTH BANK ' |
REACTOR RECIRCULATION (12") A l 5
B | . 1
c | 0
> | |
g l
¢ I
- I
J | |
X ) ! [
PRIMARY CONTAINMENT COOLING A ‘ ;
(LPCI) B | ‘
MAIN STEAN RELIEF VALVES A | }
B , :
C |
: &
E | .
r : |
T 1
ELECTRICAL (Whip) l
(Impingement) i 1 ;' |
BIOLOGICAL SHIELD WALL | s | \
REACTOR VESSEL 1 { Y Y ! | :
[ 1. L Q
\—‘ 7\) T UV



SOURCE

LEGEND D = Damage Possible, Purther

Bvaluation Regquired SYSTEM Ceore  Splaw
A = Acceptable Interaction
(Damage Not Possible) NE ®
¥ = No Interaction
BMR e72- 10 \2
TARGET . pr. | | 2 3 4 S < 7
ISOLATION CONDENSER A N ~N N N N t‘q N
B i l | J} | 1 |
CORE SPRAY A Y l l 3 { x ‘
B s - sk - el o e
MAIN STEAM A N 'ﬁ N N N 'Xw‘ N
B l ] :
c ' ‘
D * . |
B ) | { ‘
1 T !
SHUTDOWN COOLING A | l i
, ‘ | |
‘ |
PEEDWATER (18") A |
(12") A |
(18") B ,
(12") B {
CONTROL ROD DRIVE NORTH BANK l‘
(Supply & Return) SOUTH BANK | ’
i
REACTOR RECIRCULATION (12") A , 1
. | |
e 1 {
D g ;
E | '
F i
- \
L ; 1
J ' g
X l |
PRINARY CONTAINNENT COOLING A E
(LPCI) B !
NAIN STEAN RELIEF VALVES A |
' 1
c
9 :
' -
r N
ELECTRICAL (Whip) 4 !
(Iq_iﬁmnt) . e ——
BIOLOGICAL SHIELD WALL l i % '
REACTOR VESSEL 1 1 i Y ) Y 1
-9 10



SOURCE

LEGEND D = Damage Possible, Purther
Evaluation Reguired SYSTEM

-

ere MPQ:

A = Acceptable Interaction
(Damage Not Possible) LINE
N = No Interaction

B

R"RMR o2 1 12

TARGET BK. PT. s a \o \ 2 3 |4
ISOLATION CONDENSER A N N ~ ~N N N N
B L !
1 1
CORE SPRAY A
B
MAIN STEAM A
B !
c -
D N .
REACTOR CLEANUP A |
B |
i
SHUTDOWN COOLING A 1
FEEDWATER (18") A ‘
(12%) A |
(18") B ;
(12") B 3 | |
CONTROL ROD DRIVE NORTH BANK i 1 l
(Supply & Return) SOUTH BANK 1 ~ |
! i
REACTOR RECIRCULATION (12") A : | | l
’
c TR B
D | | t
| { |
£ - é
' |
G |
u \ |
J | |
X | !
S !
PRIMARY CONTAINMENT COOLING A ; .
(LPCI) B |
| |
MAIN STEAN RELIEF VALVES A | !
B ' :
c ' |
D ‘ ‘ i :
E | t ‘ !
F 1 | ‘ ‘
l ; | l
ELECTRICAL (Whip) i g i
(I-gingmnt) | |
|

BIOLOGICAL SHIELD WALL

REACTOR VESSEL

57



SOURCE
LEGEND D = Damage Possible, Purther -
Evaluation Reguired SYSTEM Maivn Sheaw
A = jcceptadble Interaction
(Damage Not Possible) LINE A
N = No Interaction
DRAWING BMR.o72. LC\o
TARGET Bk, pr. | 2 2 4 s G 7
ISOLATION CONDENSER A ™~ N NN N '\13 r 'r‘
B | l z ‘ | ‘ |
1 | T 1 T !
CORE SPRAY A » \ l l ‘ | *
B | 1 \
MAIN STEAM A - — - s - - o
c | | | | | \
D | i | L |
| | ‘ ‘
REACTOR CL.ANUP A ! i l
B | | | | ' i
7 } ' B | 1 |
SHUTDOWN COOLING ) ! | l
| | ‘
FEEDWATER (18") A | :‘ 'D % !)
(12") A , ;
(18") B N TJ ™
(12") B ’ |
' | .
CONTROL ROD DRIVE NORTH BANK : i | ‘
(Supply & Return) SOUTH BANK I t ' .
| | |
REACTOR RECIRCULATION (127) 5 ; ._ i 5
B ‘ \ . ‘,‘
c | ' ‘
D { 1
E ; ,
F | \
G ; , '!
y | | | | |
J | |
X | | . " !
PRIMARY TONTAINMENT COOLING A | ; i
(LPCI) B | |
i 1 |
MAIN STEiN RELIEF VALVES A ‘ { ,
I3
c
D
E !
F
ELECTRICAL (Whip) | [
(Impingement) i ! | |
= l A A A
BIOLOGICAL SHIELD WALL | ‘ |
REACTOR VESSEL ‘ ‘ ! ' ~N NN
L b |




SOURCE
LEGEND D = Damage Possible, Purther ‘
Evaluation Reguired SYSTEM Ma'in  Steaw
A = Acceptable iuteraction A
(Damage Not Possible) LINE
¥ = No Inte
i BMR oT12. 1S o
TARGET BK. PT < a \o W (A 3 14
ISOLATION CONDENSER A N N N N N N N
B ! | l ‘ | 1 '
[ ! } !
CORE SPRAY » ! l
B f 1 1
MAIN STEAM A - - - - - - -
B OO N S R R R
¢ | t i |
D | ‘ | [ 3
T T T ! T
REACTOR CLEANUP A ‘. ! ‘
g .
SHUTDOWN OOLING A ! '.
| .
FEEDWATER (18") A ' ' ' |
(12") A D | | | |
(18") 5 N | | |
(12") B \ ! |
| | 1 |
CONTROL ROD DRIVE NORTH BANK | | | |
(Supply & Return) SOUTH BANK ' 5 | |
* 'r l s !
REACTOR RECIRCULATION (12") A k | ' z
B ‘ . ; ,
c A | | |
D D ’ i !
E i ‘. “ ]
F ' | .
¢ ’ r 5 l
H ; ~ | ‘
J : '
X ! Y ‘ ! ! !
PRIMARY CONTAINMENT COOLING A o - o 0 2 E, ¢
(LPCI) B o b b : |
l % ] el |
MAIN STEAN RELIEF VALVES A ‘ “ . , ‘
. | ' { ;
c | | l | | |
D 1 ‘ | |
E | : ‘ s
L4 ‘ ’ < | | :
l { i ' !
ELECTRICAL (Whip) 1, { ;
(Impingement)