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TABLE G.5-4

SAFETY ACTIONS FOR PLANNED OPERATION

Safety Action

Radicactive Material
Release Ceontrol

Core Coolant Flow
Rate Control

Core Power Level
Control

Core Neutron Flux
Distribution Control

Reactor Vessel Water
Level Control

Reactor Vessel Pressure
Control

Nuclear System Temper-
ature Contrel

Nuclear Systems Water

Quality Control

Nuclear System Leakage
Control

Related
Unacceptable

Resultﬂ__

1-1

1-3

1-4

e
'
" VT

1 of 2

Reason Action
Required

To maintain radioactive
material release within
10CFR20

To limit fuel failure and to
remain within the envelope
of conditions considered by
station safety analysis

To limit fuel fajilure and to
remain within the envelope
of conditions considered by
the station safety analysis

To limit fuel failure and to
remain within the envlope
of conditions considered by
station safety analysis

To limit fuel failure and
operate only in conditions
considered by station safety
analysis

To limit nuclear process
barrier stress and operate
only in conditions
considered by station safety
analysis and so indicate

To limit nuclear system
process barrier stresses

To remain within the condi-
tions considered by station
safety analysis

To limit nuclear system
process barrier stresses, to
operate only in conditions
considered by station safety
analysis, and to limit re-
lease of radioactive
material



Safety Action

Core Reactivity Control

Red Worth Control

Refueling Restrictions

Primary Containment
Pressure and Temperature
Control

Stored Fuel Shielding,
Cooling, and Reactivity
Control

PNP5-FSAR

TABLE G.5-4 {Cont)

Related
Unacceptable
Result

1-4

1-4

=
1
N

2 of 2

Reason Action
Required

To operate within the condi-
tions considered by station
safety analysis

To operate only in
condition considered by
station safety analysis

To remain within the
envelope of conditions
by considered station
safety analysis

To remain within the
envelope of conditions by
the station safety analysis

To limit fuel failure, to
provide adequate shielding
of station personnel, and
to maintain stored fuel to
within the envelope of
condition considered by

the station safety analysis



PNPS-FSAR

TABLE G.5-5
SAFETY ACTIONS FOR TRANSIENTS WITH UNACCEPTABLE RESULTS

Related
Unacceptable
Safety Action Resylt Reason Action Reguired
Scram 2-2 To prevent fuel damage and to
2-3 1imit nuclear system pressure

rise resuiting from excessive
core power level

Pressure Relief 2-3 To prevent excessive nuclear
system pressure rise

Core Cooling 2-2 To prevent fuel damage in the
event that normal cooling is
interrupted

Reactor Vessel g2 To prevent fuel damage by

Isolation reducing the outflow of steam
and water from the reactor
vessel, thereby 1imiting the
decrease in reactor vessel water
Tevel

Restore AC Power 2-2 To prevent fuel damage by

i oof 1

restoring ac power to systems
essential to other safety actions

Reviston 11 - July 199C
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TABLE G.5-6
SAFETY ACTIONS FOR ACCIDENTS

Related
Unacceptable Reason Action
safety Action ——Result
Scram 3-2 To prevent excessive fuel
3-3 cladding temperatures
and to prevent excessive
nuclear system pressures
Reactor Vessel 3-1 To 1imit radiological
Isolation effacts from exceeding
the guideline values
of 10CFRI00
Establish Primary 3-1 To 1imit radiological
Containment effects from exceeding
the guideline values
of 10CFR100
Establish Secondary 3-1 To 1imit radiological
Containment effects from exceeding
the guideline values
of 10CFR100
Core Cooling 3-2 To prevent excessive fuel
cladding temperatures
Contzinment Cocling -4 To prevent excessive
pressure in the primary
containment when
contatnment is required
Stop Rod Ejection 3-3 To prevent excessive
(passive) nuclear system pressure
Limit Reactivity 3-2 To prevent excessive fuel
Insertion Rate 3-3 cladding temperatures and
nuclear system pressure
Restrict Loss of Reac- 3-2 To prevent excessive fuel
tor Coolant (passive) cladding temperatures
Pressure Relief 3-3 To prevent excessive nuclear
system pressure
Control Room Environ- 3-5 To 1imit radiation exposure
mental Control of station personne! in the
control room
1 of 1 Revision 11 - July 1993



DIAGRAM INDICATES
THAT AUXILIARIES
A, 8, AND C ARE
ESSENTIAL TO THEﬁ
OPERATION OF
THE FRONT LINE
SAFETY SYSTEM.
NO CHRONOLOGY
OR ORDER OF
ACTIONS IS
IMPLIED

FRONT LINE COLUMN NUMBER
OF SYSTEM ON

SAFETY SYSTEM MATRICES 3
/xv\%
/

N

COLUMN NUMBER

SAFETY SYSTEM
OF SYSTEM ON

AUXILIARY A ,;z\ MATRICES 3
./
SAFETY SYSTEM COLUMN NUMBER
OF SYSTEM ON
AUXLLIARY B /5-1:\ MATRICES 3
' \ /]

COLUMN NUMBER

SAFETY SYSTEM
OF SYSTEM ON
AUXTLIARY ( /;;\ MATRICES 3
\. /

FIGURE G.5-
SAFETY SYSTEM AUXILIARIES
EXAMPLE OF CONVENTION

USED ON BLOCK DIAGRAMS
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT
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FIGURE G.5-2 i SHEET 1 OF 1

RCIC AUXILIARIES

RCIC
60
VALVE POWER,
A | CONTROL POWER,
125V »  CONDENSATE PUMP,
VACUUM PUMP
89
EQUIPMENT COOL AREA AROUND
AREA COOLING  ==—gp  RCIC TURBINE PUMP
107
TORUS WATER
——p  WATER SUPPLY FOR
STORAGE RCIC PUMP
83

Appendix G.5 Rev 23 - Oct 2001



RHRS -

SHUTDOWN COOLING
MODE 61

DC POWER SYSTEM = VALVE POWER, BREAKER CONTROL

250/125v
s

OFF-SITE AC POWER

= VALVE POWER, PUMP POWER

SYSTEM

28]

REACTOR BUILDING

o LUBE OIL COOLER, RHRS

CLOSED COOLING
WATER SYSTEM

HEAT EXCHANGER

(RBCCW) 97,
CQUIPMENT g COOL AREA AROUND RHMRS
AREA COOLING EQUIPMENT
SYSTEM (EAC)
107
FIGURE G, 5-3

RHRS-SHUTDOWN COOLING

MODE AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




RHRS -
LPCI
MODE

62

DC POWER SYSTEM BREAKER CONTROL,
250/125Yy ™ CONTROL LOGIC

89

]

STANDBY AC VALVE AND VALVE AND OFF-SITE
= puMP PUMP -
POWER SYSTEM POWER POWER POWER SYSTEM
88 96
RBCCW g LUBE OIL COOLER
97

EQUIPMENT AREA COOL AREA OF
cooLING SysTEM (eac)[ ™ RHRS EQUIPHENT

107
TORUS WATER SUPPLY TO
WATER ™ LPCI PUMPS
STORAGE
83
FIGURE G.5-4

RHRS-LPCi MODE AUXILIARIES
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




RHRS-TORUS

WATER
COOLING
63
VALVE AND OFF-SITE VALVE AND
ST:SSE: AC PUMP POWER POWER PUNP POWER
SYSTEM SYSTEM
88 g6
_ LUBE O!L COOLER,
™ RHR HEAT EXCHANG
RBCCW ANGER
97
COOL AREA OF RHR
o EQUIPMENT
EAC
107
DC ———s= PUMP BREAKER CONTROL
250/125v
89
FIGURE G.5-5

RHRS-TORUS COOLING

MODE AUXILIARIES
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




HPCIS

65

—® VALVE POWER; CONTROL LOGIC;

LUBE CIL PUMP

e
250/125 v
89
EAC
107
TORUS
WATER
STORAGE
83

® COOL AREA OF
HPCIS EQUIPMENT

—&= WATER SUPPLY FOR HPC!S PUMP

FIGURE G.5-6

HPCIS AUXILIARIES
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




AUTOMATIC
DEPRESSURIZATION

SYSTEM

56
oC
250/125V —————»= RELIEF VALVE CONTROLS; SENSORS, LOGIC
AND SOLENOIDS

f9

TORUS

WATER

STORAGE
83
FIGURE G.5-7

AUTOMATIC DEPRESSURIZATION
SYSTEM AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




CORE SPRAY

SYSTEM
67
DC
BREAKER CONTROL;
250/125V CONTROL LOGIC
8
[ : |
STANDBY OFF-SITE
AC POWER . VALVE AND POWER VALVE AND
SYSTEM PUMP POWER SYSTEM PUMP POWER
88 96
COOL BEARINGS

RBCCW .
BCC ~—® (MOTOR THRUST)

97 1

COOL AREA OF CORE

EAC SPRAY EQUIPMENT

107

TORUS WATER WATER SUPPLY
STORAGE TO PUMPS
83
FIGURE G.5-8

CORE SPRAY SYSTEM AUXILIARIES
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYS|IS REPORT




STANDBY LIQUID

CONTROL SYSTEM
68

OFF-SITE PUMP POWER,
L TANK HEATERS,
AC POWER SYSTEM VALVE FIRING CIRCUITS

96

FIGURE G.5-9

STANDBY LIQUID CONTROL
SYSTEM AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




RECIRCULATION
PUMP TRIP
SYSTEM
1o
]+ BREAKER
250/128V ) CONTROL
89

FIGURE 6.5-9A
RECIRCULATION PUMP TRIP
SYSTEM AUXILIARES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT

REVISION 2-JULY 1983




OFF SITE
AC POWER
SYSTEM 96

DC POWER SYSTEM
250/125 | BREAKER CONTROL

83

FIGURE G.5-i0
OFFSITE AC POWER

SYSTEM AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




PRIMARY CONTAINMENT
AND REACTOR VESSEL
ISOLATION CONTROL

STANDBY AC
POWER SYSTEM

SYSTEM
73
DC
VAL VE 250/125V
POWER
88 89
FIGURE G. 51

PRIMARY CONTAINMENT AND
REACTOR VESSEL ISOLATION
CONTROL SYSTEM AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT

REVISIQN 2 - JULY 1983




STANDBY AC
POWER SYSTEM
88
DC POWER
SYSTEM
2507125V
89

=8 AREAKER CONTROL

FIGURE G.5-12
STANDBY AC POWER

SYSTEM AUXILIARIES

PILGR!M NUCLEAR FPOWER STATION
FINAL SAFETY ANALYSIS REPORT

-




PRIMARY
CONTAINMENT

{PASS I VE)
82
TORUS WATER
STORAGE : > PRESSURE SUPPRESS|ON
(PASSIVE)
83

PRIMARY CONTAINMENT DRYWELL/TORUS
VACUUM REL'EF ——8 0| FFERENTIAL
SYSTEM PRESSURE CONTROL
109
FIGURE G.513

PRIMARY CONTAINMENT AUXILIARIES
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




STANDBY GAS
TREATHENT
SYSTEM
9)

STANDBY AC POWER TO OFF-SITE POWER TO
— BLOWERS AND v = BLOWERS AND

POWER SYSTEH DAMPERS OWER SYSTEM DAMPERS

88 96
FIGURE G.5-14

STANDBY GAS TREATMENT
SYSTEM AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




INCIDENT

INITIATES HPCIS, AUTO

DETECTION e DEPRESSURIZATION, LPCH,
CIRCUITRY AND CORE SPRAY

92

e
2507125V © POWER TO CONTROL
" CIRCUITRY
89
FIGURE G, 515

INCIDENT DETECTION

CIRCUITRY AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYS!IS REPORT




RHRS-DRYWELL

STANDBY AC

POWER SYSTEM

SPRAY MODE
94
be
—m BREAKER CONTROL
250/125v
89
VALVE AND VALVE AND OFF-SITE
——a PUMP PUMP -—]
POWER POWER POWER SYSTEM
8¢ 96
TORUS WATER WATER SUPPLY
STORAGE To PUMPS
83
FIGURE G,5-18

RHRS-DRYWELL COOLING

MODE AUXILIARIES

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




i

MAIN CONTROL ROOM
ENV{RONMENTAL
CONTROL SYSTEM

STANDBY A(
POWER SYSTEM

100
POWER TO POWER TO :  OFF-SITE
—> 8| OWERS AND BLOWERS AND =@ POWER SYSTEN
HEATER HEATER
88 96
FIGURE G, 5-17

MAIN CONTROL ROOM
ENVIRONMENTAL CONTROL

SYSTEM AUXILIARIES
PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




POWER TO
™ BLOWERS

EQUIPHENT AREA
COOLING
SYSTEM
107
RBCCW  |—w COOL AREA COOLERS
97
STANDBY AC POWER TO 0F;63|T£
POWER ™ BLOWERS ER
SYSTEM L SYSTEM
88 96
FIGURE G.5-18

EQUIPMENT AREA

COOLING SYSTEM AUXILIARIES
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OPERATIONAL NUCLEAR SAFETY ANALYSIS MATRIX
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FIGURE G.5-45

EXPLANATION OF SYMBOLS USED

SF (single failure)

S (shared)

R (restricted)}

L {limit)

P (personnel action)

Blank

Dark Frame Around Block

System is required 8o that an essential
safety action will meet the single failure
criterion as atated by tha nuclear gafety
operational criteria.

Used with other aymbols to indicate that the
system shares with another system the
obligation to perform an action or to meet
the single failure criterion. The column
number of the system with which the
obligation is shared is  written inside
parentheses with the S.

One or more of the system's functions either
1§ not acting or in not capable of acting in
order to satisfy operational nuclear safety
criteria while the reactor 1s in the
designated operating state.

One or more of the key process parameters
must be limited to satisfy nuclear safety
operational criteria while the reactor is in
the designated operating state.

Credit is taken for persconnel action (manual
control) of the corresponding system.

None¢ of the system’'s functions are required
or need to be restricted to satisfy nuclear
safety operational criteria while the reactor
is in the designated operating state.

Represents the most significant or demanding
condition from which an operational nuclear
safety requirement for the system is derived.

INTERPRETATION OF SYMBOLS USED IN EXAMPLE MATRIX

Event
6. Fower

operation

6. Power
operation

System or

Symbol

Safety Action {Column
{Column Number) Entcy Meaning

Power level 1-2 Power level control ig egsen-

control {4) tial to avoiding unacceptable

regults I1-2.

Power level 1-4 Power level control is egsen-
control (4) tial to avoiding unacceptable

results 1-4.
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FIGURE (;.5-45 (cont)

System or
Safety Action

S$ymbol
{Column

{Column Number} Entry

Meaning

Fual (46)

Scram {17)

Pressure
Relief (18}

Reactor
protection

Reactor
protection
system (48)

Reactor

4L

17

SF

Sheet 3 of

There is a limit on power

level based on the fuel design
that must be observed to
satisfy the need for safety
action 4 (power level control).

Scram is essential to avoiding
unacceptable results 2-2 and
2-3.

Pressure relief is essential
to avoiding unacceptable result
2=3.

It is essential that the reactor
protection system be capable

of operating ta achieve

safety action 17 ({scram).

It is essential that the reactor
protection system be in a
condition to meet the single
fajlure criterion.

The dark frame around the
matrix block indicates that
this block represents the most
significant or demanding condi-
tion from which at least

one operaticnal nuclear safety
requirement for the system is
derived. This matrix block
would be referenced {using the
block coordinates X 14-48)

in the operational nuclear
gafety requirements portion

of the FSAR subsection des-
cribing the system. The block
coordinates correspond to the
BWR operating state letter. the
row number, and the column num—
ber in that order.
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FIGURE G.5-45 (cont)

System or
Safety Action
(Column Number}

Symbol
{Column
Entry)

Meaning

Safety
and relief
valves (52)

Control
rod drive
system (53)

Scram (17)

Core
conling
(22)

Core
spray
system
(45)

Core
spray
system
(45)

185F

L75F

22

SF(sS76)

Sheet 4

It is essential that the
valves be capable of oper-
ating to achieve safety
action 18 (pressure relief),
and be in a condition to meet
the single failure criterion.

It is essential thakb the
control rod drive system be
capable of operating to
achieve safety action 17
{(scram), and be in a con-
dition to meet the single
failure criterion.

Scram is essential to avoid-
ing unacceptable result 3-2,

Core cooling is essential te
avoiding unacceptable results
3-1 and 3-2.

It is essential that the
core spray system be capable
of operating to achieve
safety action 22 (core
cooling).

It is essential that the

core spray system be in

a condition to meet the
single failure criterion.

The (S76) indicates that the
core spray system shares
with system 76 (LPCI) the
obligation to satisfy

the single failure criterion.
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FIGURE G.5-45 (cont)

System or Symbol
Safety Action (Column
{Column Number) Entry)
Standby 45-765F
ac power

system (88)

Sheet &

Meaning

least one operational nuclear
safety requirement for the
system 1s derived., This
matrix block would be
referenced (using the

block coordinates ¥ 40-76)

in the operational nuclear
safety requirements portion
of the F5AR section de-
scribing the system.

Tt is essential that the
standby ac power system

be single failure proof
relative to the system pair
consisting of the core spray
system (45} and LPCI {76).
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G.&6 CONCLUSION

It is concluded that the proposed operational nuclear safety criteria
for the intitial station operating license are satisfied when the
station is operated in accordance with the propesed nuclear safety
requirements for initial plant operation determined by the method
presented in this Appendix.

G.6-1




PNPS-FSAR

APPENDIX H

TORNADO CRITERIA FOR NUCLEAR POWER PLANTS

TABLE OF CONTENTS

Section Title Page

H.O FOREWORD H.O

H.1 INTRODUCTION H.1-1
H.2 CHARACTERISTICS OF TORNADOES H.2-1
H.2.1 Sources of Information H.2-1
H.2.2 Tornado Design Criteria H.2-2
H.3 TORNADO PROBABILITY H.3-1
H.4 WIND LOADING H.4-1
H.4.1 Design Criterion H.4-1
H.4.2 Discussion H.4-1
H.4.3 Additional Analysis H.4-2
H.4.4 Conclusions H.4-3
H.5 PRESSURE DIFFERENTIAL H.5-1
H.5.1 Design Criterien H.5-1
H.5.2 Disgcussion H.5-1
H.5.3 Additional Analysis H.5-3
H.5.4 Conclusions H.5-3
H.6 WATER LOSS H.6-1
H.6.1 Design Criterion H.6-1
H.6.2 Discussion H.6-1
H.6.3 Conclusions H.6-3
H.7 TORNADO MISSILES H.7-1

H.7.1 Design Criteria H.7-1
H.7.2 Discussion H.7-1
H.7.3 Analysis H.7-2
H.7.4 Missile Spectrum Analysis H.7-6
H.7.5 Comnclusions H.7-8
H.8 REFERENCES H.8-1

H-i Revision 2 - July 1983



Table

PNPS-FSAR

APPENDIX H

LIST OF TABLES

Title

Typical Missiles at Grade Level
Typical Missiles at High Level

Potential Missiles Generated by a Tornade

H-ii Revision 9 - July 1988



Figure

PNPS-F3AR

APPENDIX H

LIST OF FIGURES
Title

Annual Probability of Tornadoes {(Chances in 10,000)
Design Tornado Tangential Velocity Distribution

Design Tornado Tangential Velocity

Tornado Wind Velocity Design Criterion

Wind Velocity Envelope for a Tornado with a Maximum
Tangential of 300 MPH and a Translational Velocity of
60 MPH

Design Wind Velocity Envelope

Time-Pressure History of the Design Basis Tornado with
a Translational Velocity of &0 MPH

Fuel Poocl Size Relative to Tornado

Maximum Water Surface Distortion Due Only to Pressure
Reduction

Air Flow Over Pool During Water Removal

Air Flow Over Pool After Maximum Water Removal
Swimming Pool in Jonesboro, Arkansas, Tornado Path
Energy Dissipation of Missiles in Water

Damage from Jonesboro, Arkansas, Tornado

Damage from Jonesbhoro, Arkansas, Tornado

Damage from Jonesboro, Arkansas, Tornado

H-iii Revision 9 - July 1988



PNPS-FSAR

APPENDIX H
TORNADO CRITERIA FOR NUCLEAR POWER PLANTS

FOREWORD

This report establishes a set of tornade criteria for nuclear power
plants. The criteria are identified, develcoped, justified, and the
application of each explained. This reportf!’ summarizes the tornado
studies performed by Bechtel Corporation as a result of a commitment
made during the review process for a Construction Permit for Pilgrim
Nuclear Power Station.

When the criteria developed in this report are considered
simultaneously, the resulting design parameters prescribe a tornado~
resistant structure. The application of the criteria results in a
building with energy absorption characteristics much higher than
those of buildings that have withstood tornadoes.

H-0
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APPENDIX H

TORNADO CRITERIA FOR NUCLEAR POWER PLANTS

H.l INTRODUCTION

In the General Design Criteria for Nuclear Power Plants, the United
States Atomic Energy Commission (AEC) relates tornadoes to nuclear

power plant design:
"Criterion 2 - Performance Standards (Category A)

Those systems and components of reactor facilities which are
essential to the prevention of accidents which could affect the
public health and safety or to mitigation of their consequences,
shall be designed, fabricated, and erected to performance
standards that will enable the facility to withstand, without
loss of the capability to protect the public, the additional
forces that might be imposed by natural phenomena such as
earthquakes, tornadoes, flooding conditions, winds, ice, and
other local site effects. The design bases so established shall
reflect: (a) appropriate consideration of the most severe of
these natural phenomena that have been recorded for the site and
surrounding area, and (b) an appropriate margin for withstanding
forces greater than those recorded to reflect uncertainties about
the historical data and their suitablilty as a basis for

design,n¢2?

In 1969, the AEC staff expressed concern about four facets of tornado
design: wind loading, pressure differential, protection of the spent-
fuel storage pool, and missiles.

This report intends to identify the tornado design criteria, present
background information, and show the methods by which the criteria

are applied.
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H.2 CHARACTERISTICS OF TORNADOES

Tornadoes are the most vielent of all storms, Although they are
local, of short duration, and have low probability of occurrence,
their damage potential to nuclear power plants warrants intensive
evaluation. Adequate protection must be provided for those
components whose failure could cause a significant release of
radioactivity or which are required for safe shutdown of the plant

and removal of decay heat.
H.2.1 Sources of Information

In order to develop the tornado design criteria, five sources of
information were considered: eyewitness accounts from persons making
observations during tornadoes, analyses of photographs taken during
tornadoes, analyses of tornado-caused damage or lack of tornado-
caused damage, analyses of the physical aspects of tornade phenomena,
and recommendations of persons familiar with the effects of

tornadoeces.

There are numerous recorded eyewitness accounts of tornadoes:;
however, the credibility of many accounts is questionable since the
observers were often close to the tornado and under great emotional
stress. Although individual reports are sometimes questioned, there
are certain similarities in reports of like phenomena. These reports
provide a greater understanding of tornado characteristics. Probably
the largest single collection of eyewitness accounts is found in s5.D.
Flora's book, Tornadoes of the United States;‘3) however, many
others, such as Battaan, {4’ have compiled interesting and informative
reports. Technical journals, such as the Bulletin of the American
Meteorological Society and the Monthly Weather Review, commonly make
comprehensive reports of extraordinary features of tornadoes. In
addition, Bechtel Corporation sent structural engineers to examine
the damage caused by the June 8, 1966, tornade which passed through
Topeka, Kansas; the May 15, 1968, tornado which passed through
Joneshoro, Arkansas; and the January 23, 1969, tornade which passed
through Jackson, Mississippi. Their findings are presented here as a
supplement to the research work done and the information published in
technical literature. Additionally, Bechtel Corporation has retained
Mr. C.F. Van Thullenar, former Regional Director of the U.S. HWeather
Bureau, as a consultant on tornadaes.

Although many photographs have been taken of tornadoes, there are tao
few on file to support a general quantitative analysis. dn two
occasions-the Dallas tornadoes of April 3, 1957, and the Fargo
tornadoes of June 20, 1957-enough moviss of tornadoes were taken to
permit detailed analyses. The analyses performed by Hoecker!3’ on
the Dallas tornadoes and Fujita‘®’ on the Fargo tornadoes give a
great deal of insight into the forces that a tornado could impose on

a structure.

Based on analyses of the existence of or the lack of structural
damage, several reports have been prepared to determine lower and
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upper bounds of various tornade forces, The analysis by Segner7!}
for the Dallas tornadoes is a good example of this method.

H.2.2 Tornado Design Criteria

A tornado can be characterized as a vortex possessing tangential,
radial, and translational velocity. By establishing a reasonable
tornado model, the magnitude of the loading parameters can be
determined. When the above loading conditions are compared to the
criterion, the conservatism of the criterion becomes evident.

Numerous methods have been suggested to increase the tornado
resistance of a structure; for example, recommendations of Bates!®?
and Reynolds¢?’ illustrate simple precautions that can be taken.

From these sources of information, the following basic criteria have
been adopted for nuclear power plant design:

1. The velocity components are applied as a 300 mph horizontal
wind applied aver the full height of the structure

2. The pressure differential 1is applied as a 3 psi positive
(bursting) pressure occurring in 3 sec

3. The missiles are applied as a 4,000 1b automobile flying
through the air at 50 mph but not more than 25 ft above
ground, as a 4 in by 12 in by 12 ft plank (108 1lb) traveling
end on at 300 mph over the full height of the structure, or
as a 3 in dia Schedule 40 pipe 10 ft long traveling end-on
at 100 mph over the full height of the structure

All three loading conditions are applied simultaneously, and , except
for local crushing at the missile impact area, the allowable stresses
on a structure, as calculated by the working stress design method of
analysis, are limited to 90 percent of the vyield stress of the
reinforcing steel and 75 percent of the 28-day specified strength of
the concrete and 150 percent of AISC Code allowable stress for
structural steel provided that the primary stress is smaller than the
yield stress. If ultimate strength-design methods of concrete
members are used in accordance with ACI 318-63, approximately the
same margin of safety is provided through appropriately assigned load

factors.
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H.3 TORNADO PROBABILITY

At the present time, probability does not affect the magnitude of the
tornade criteria. The tornado design criteria for ruclear power
plants 1is wunchanged for sites which have a tornado probability of
occurrence greater than one in ten thousand. Sites which have a
probability of occurrence of less than one in ten thousand have
generally not adopted tornado design criteria.

Tornado probability is a function of damage area and frequency. The
general formula used in probability studies is:

Probability = Average damage path area x frequency
Area of cbservation (H.3-1}

This probability study 1is based on Thom's work.!12) He studied
tornado path records in Iowa and Kansas and found a mean damage path
length of 3.935 mi and a mean damage path width of 466 ft. Thom used
a log-normal distribution and found the average damage path area to
be 2.8209 miZ,

Thom's paper includes a map of the United States with the mean annual
frequency of tornadoes in 1 deg areas. The map is based on a 10 yr
period (1953-1962), since earlier data were inconsistent. This map
is more reliable; as population density increases and weather
recording instruments become more sophisticated, more widespread
reporting increases the figure for annual freguency. Figure H.3-1
shows probability curves based on:

I
(H.3-2)
where
P = probability (chances in 10,000)
A = average area of damage path (2.8209 mi?2)
t = mean annual frequency for 1 deg square
A = area of 1 deg square {(varies with latitude)

These probability curves do not consider the severity of the
tornadoes or any historical data on the damage path area observed

regionally.

H,3-1




FIGURE H.3-i
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H.4 WIND LOADING
H.4.1 Design Criterion

The velocity components are applied as a 300 mph horizontal wind over
the full height of the structure.

H.4.2 Discussion

The design basis tornado model <consists of a maximum tangential
velocity component of 300 mph and a maximum translational velocity of

60 mph. The complexity of the tornade phenomenon requires
considerable engineering judgement in establishing a wind loading
criterion, The wvelocity components are applied as a 300 mph wind

over the entire surface of the structure. Portions of  ASCE
paper 3269¢10) are used to establish appropriate shape factors.
Provisions for gust factors and variation of velocity with height are
not applicable. The radial velocity component is neglected since it
precedes the maximum tangential component, acts perpendicularly, and
is of a magnitude 1/4 to 1/2 the maximum tangential velocity
component. ¢5) The vertical component is alsc neglected since it acts
parallel to the structural walls.

The tornado design criteria for various critical structures have been
checked against extrapolations of Hoecker's¢5’ wvelocity profiles
developed for movies of the Dallas tornadoes of April 2, 1957.
Hoecker's studies were selected because they are the most detailed
tornado  analyses available. Figure H.4-1 shows the tangential
velocity distribution of the design basis tornado as extrapolated
from Hoecker's data. Figure H.4-2 shows a section of the design
basis tornadc at the height of maximum low-level tangential wvelocity
for both 0 mph and &0 mph transverse wind velocities. These curves
may be compared with wind loading criterion shown on Figure H.4-3.

The average wind loading on a structure is obtained by integrating
the wind created by the design basis tornado over the surface of the
structure. The design basis tornado with a translation velocity of
60 mph imposes on a typical BWR building an average wind loading of
220 mph velocity. This is 80 mph below the design wind loading and
denotes the conservatism of the established wind loading criterion.
Figure H.4-4 shows the design hasis tornade wind velocity envelope on
a typical Reactor Building wall, and, for comparison, Figure H.4-5
shows the design criterion wind velocity envelope.

Further confirmation of the conservatism of the design wind loading
criterion can be obtained from analysis of photographs of tornadces
or analysis of the presence, or absence, of tornado-induced
structural damage. No actual wind velocity measurements have been
made for reasons Battaanf?’ has stated:

“The maximum speeds have never been recorded because the
anemometers in a position to make the measurements have never
survived. Speeds as high as 120 mph have bLeen measured, but, to
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cause the types of damage observed, much higher velocities would
be needed.”

On at least two occasions - the Dallas tornadoes of April 2, 1957,
and the Farge teornadees of June 20, 1957 - sufficient photographs and
movies were taken to permit detailed analyses. Hoecker!5! calculated
a relative maximum low-level (below the storm cloud) tangential
velocity of approximately 170 mph and a translational velocity of
approximately 30 mph for the Dallas tornadoes; Fujita(®’ calculated a
relative maximum low-level tangential velocity of approximately
230 mph and a translational velocity of approximately 30 mph for the

Fargo tornadoes.

Many reports attempt to place an upper and lower bound on the wind
loadings caused by a particular tornado. One of the best examples of
this is Segner's‘7'analysis of the Dallas tornado. He was able to
determine a lower bound of the wind loading from overturned freight
cars by noting their positions and loads, yet there were enough
loaded freight cars left standing in the direct path of ternade to
establish an upper bound in wind loading. His calculations show that
wind velocities on the order of 200 mph would be necessary to perform
some of the observed incidents. Reynolds' ¢11) gstudies of nine
different tornadoes =~ including the major ones that struck Vicksburg,
Mississippi; Waco, Texas; and Wood River, Illinois — state that the
damage patterns suggest maximum wind velocities not exceeding 200 or
250 mph. Bates‘8’ has summarized many studies of tornado~induced

wind damage in this statement:

"Maximum wind speeds producing damage (threshold speeds to
produce damage observed) in tornadces have been estimated to be
in the 250 mph range in several studies. With greatest
frequencies, the wind speeds appear to be in the range of 100 to
150 mph., Unfortunately, estimates of maximum wind speeds (speeds
which could not have been exceeded) are more difficult to
determine from observed damage. An outstanding case was found in
a watertower directly on the track of the Ruskin Heights,
Missouri, tornade of 1957. Engineering estimates indicate that
this tower, which was essentially undamaged, could have
with-stood wind speeds up to 500 mph. It appears from these
several studies that a conservative maximum wind speed at

anemometer height is 300 mph."

H.4.3 Additional Analysis

If a noncritical portion of a critical structure contains a light
gage metal siding, or if a portion of a critical structure could be
exposed to wind velocities in excess of the 300 mph design wind
loading criterion, additional analyses must be performed.

In the superstructure there are often portions of the structure
housing no unprotected critical equipment and consisting of a steel
frame clad with light gage metal sicding. Under tornado wind loading
conditions, it is assumed that one third of the siding remains in
place. This assumption is quite reasonable because the applied force

H.4-2
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is approximately 185 psf on the windward side and 110 psf on the
leeward side; the normal allowable design pressure is on the order of
25 psf., If the structure supports a bridge crane, the steel frame is
designed so that it will not collapse or distort and allow the crane
to fall. Steel frames supporting the roof and crane are checked to
assure that stresses do not exceed 90 percent of the minimum yield
stress if one third of the light gage metal siding remains in place.

Tall, tornado-resistant structures could be subjected to wind
velocities in excess of 300 mph. As an example, Figures H.4-4 and
H.4-5 indicate a typical BWR Reactor Building on which the design
basis tornado wind loading and the design wind loading criterion are
imposed. For the portion of those structures that could experience
wind velocities in excess of the 300 mph design wind loading,
analysis wusing the wind loadings from the design basis tornado is
performed to assure that no unacceptable structural failure will
occur, For this type of analysis, limiting values are established to
control the maximum structural deformations to within defined limits
and to provide strength equal to or greater than that required to
sustain the loads and limit the defcrmations.

Since the probability of the occurrence of a design basis loss of
coolant accident or a design basis tornado during the life of a plant
is small, the probability of the simultaneous occurrence of these two
independent events is vanishingly small. Therefore, the need to
control leakage is not considered for tornade loadings.

H.4.4 Conclusions

Available information on tornado effects supports the conservatism of
a 300 mph wind loading as the design wind loading criterion.
Analysis of the postulated design basis tornade (300 mph maximum
tangential velocity with a 60 mph translation velocity) also
indicates the conservatism of the design criterion. Therefore, it is
reasonable to assume that structures designed to meet this criterion
will provide protection from tornado-induced wind.

H.4-3
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H.5 PRESSURE DIFFERENTIAL

H.5.1 Design Criterion

The pressure differential is applied as a 3 psi positive (bursting)
pressure occurring in 3 sec.

H.5.2 Discussion

All critical structures are designed to withstand a tornado-induced
depressurization rate of 1 psi/sec for 3 sec, a calm for 2 sec, and a
repressurization to  ambient pressure in the following 3 sec.
Calculational confirmation of the design criteria may be obtained
from the cyclostrophic wind equation

§P/Sr = pvi/r

(H.5-1)
where
P = pressure
r = radial distance
P = density
v = velocity

once the tornado tangential wvelocity radius relationship is
established. From ¢the design basis tornado tangential wvelocity
distribution shown in Figure H.4-2 and the cyclostrophic wind
equation, the pressure~-versus-distance relationship has been
calculated. This calculation shows that the design basis tornado has
a maximum pressure drop of 3 psi at the center of its vortex or that
the atmospheric pressure drops to 11.7 psia from an assumed ambient
pressure of 14.7 psia, The pressure time history of the design basis
tornado has been calculated by assuming that the tornado has a
translational velocity of 60 mph as it passes a point on its path
centerline. This relationship is shown on Figure H.5-1. For
comparison, the design criteria of a 1 psi/sec depressurization rate
for 3 sec, followed by a constant pressure for 2 sec, and a
repressurization rate of 1 psi/sec for 3 sec are superimposed.

Further confirmation of the conservatism of the pressure differential
design criterion is gained from surveving the {officially recorded)
measurements and eyewitness accounts of extreme pressure drop.
Reynolds¢®’ has summarized the officially recorded measurements of

significant pressure drops.

The following table lists these pressure drops:

Location "hg psi
1. Dyersburg, Tennessee 0.65 0.32
2. Sidney, Nebraska 0.48 0.24
3. Minneapolis, Minnesota 0.42 0.21
4. Little Rock, Arkansas 0.38 0.19
5. Cleveland, Chio 0.25 0.12

H.5-1
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Although these are the greatest officially recorded pressure drops,
some of the eyewitness accounts are far more spectacular. Florat3!?
has recorded the following two incidents:

"one of the few actual measurements of this partial vacuum was
due to a fortuitous combination of circumstances during the wvery
destructive tornado that struck 5t. Louis on May 27, 1896. Near
Lafayette Park, where destruction was especially severe, the
vortex passed directly over the residence of the widow of former
Commissioner Richard Rlemm. Mrs. RKlemm's son happened to notice
that the hand of an aneroid barometer in the house pointed
straight down when the storm was at its height. This position
was so Unusual that he remembered it. The reading was reported
to H. ¢. Frankenfield, official in charge of the local Weather
Bureau office, who had the barometer carefully tested for
accuracy at this reading. After the necessary corrections had
been made, it was determined that the correct low reading,
reduced to sea level, was 26.94 in, a drop of approximately
10 percent from normal.

“"Another record of even greater decrease in pressure exists in
connection with the destructive tornado that struck Minneapolis
on August 20, 1904. Here is a report of it:

ITwo reliable gentlemen living near the residence of Mr. W. D.
Washburn, which was near the center of the wide path of greatest
damage, were wvatching an aneroid barometer at the time of the
storm. They stated that the needle (the indicating hand) of the
barometer went down to 23 in and returned immediately to near its
former reading. This bareometer had been compared with the
official barometer at the Weather Bureau office not very long
before the storm and found correct. Even allowing for error
because of a possible mementum gained by the needle in its rapid
drop, the reading was a remarkably low one."

Reynclds(9) states that he is skeptical of both these reports since
the observations were made under conditions of stress, hardly the
circumstances for taking a careful harometric reading. In addition,
he states that the majority of the damage done by the Minnesota
tornadoe showed the "effects of a straight blow of hurricane force,"
not the explosive type damage that would be associated with the
pressure drop of 5 to & in (2.5 to 3 psi).

Although there 1is a great deal of skepticism about such eyewitness
accounts, the design criterien of 3 psi is greater than the highest
cbserved pressure drops described above. In addition to the
officially recorded measurements and eyewitness accounts, Hoeckerf12)
has calculated that there was a maximum pressure drop of 0.86 psi,
75 percent of which occurred in 5 sec during the Dallas tornade of
April 2, 1957. This pressure drop rate is much less than the tornado
criterion of 100 percent of the total pressure drop occurring in

3 sec,
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H.5.3 Additional Analysis

In addition to checking all nonvented compartments to verify that
they are capable of withstanding a tornado-induced pressure
differential of 3 psi, all structural components in vented
compartments are checked to confirm that they will withstand the
maximum calculated transient pressure differential. The transient
pressure for vented compartments is calculated by constructing a flow
diagram of all air wvolumes and interconnecting wvent areas. B&n
instantaneous pressure drop, caused by opening of the relief panel,
is followed by a further depressurization to 3 psi at a rate of 1 psi
per sec, a steady pressure for 2 sec, and repressurization to
atmospheric pressure at a rate of 1 psi/sec. The maximum calculated
transient pressure differential for a structural component is the
maximum difference in pressure between the air volumes it separates.

H.5.4 Conclusions

hvailable information on tornade effects supports the conservatism of
the tornade pressure differential design criterion of a 3 psi
pressure drop occurring in 3 sec. Analysis of the postulated design
basis tornado (maximum tangential velocity of 300 mph with a
translational velocity of 60 mph) also indicates the conservatism of
the design criterion. Therefore, it is reasonable to assume that
structures designed to meet this criterion will provide protection
from tornado-induced differential pressura.

H.5-3
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H.& WATER LOSS
H.6.1 Design Criterion

A significant amount of water will not be removed from the fuel pool
during a tornado.

H.6.2 Discussion

The primary damage a tornado can inflict on the fuel pool is the loss
of water as a cooling medium. The potential means of water removal
are direct vremoval by the tornado or the breaching of the fuel pool
structure by tornado missiles. The direct removal of water by the
tornado requires a combination of two mechanisms: The first
mechanism is pressure-induced displacement, and the second mechanism

is water entrainment.

Pressure-induced displacement is the lifting of water by differential
pressure. This is not likely over a pool because of the relative
size of the pool compared with the tornado. Figure H.6-1 indicates
the position of the pool at the maximum pressure drop rate. The
pressure differential is enough to tilt the water of a 40 ft long
pool approximately 11 in. as indicated on Figure H.6-2. This
distortion, acting alone, cannot remove water from the pool.

The second means of direct water removal by the tornado is water
particle entrainment. The strong convergent forces of a tornado
produce frictional drag on the water surface, causing waves which are
immediately entrained by the wind. This effect is observed in the
spray bush of waterspouts (tornadoes over water). Since the tornado
is large, compared with the pool, the wind can be approximated as a
two dimensional rather than a three dimensional vortex. As the wind
passes over the pool, an eddy forms at each step. Figure H.6-3 shows
the effectiveness of the freeboard in reducing the wind contact area.
The areas under the eddies are relatively stagnant and, therefore,
not capable of creating the surface disturbance necessary for water
entrainment. Experiments by Liu, Kline, and Johnston{!3! have shown
the stagnant area to be a function of freeboard height. The
numerical values of the eddy effect are shown on Figure H.6-3. Water
remcval occurs only over the attached area "La." Based on these
experiments, when freehoard height equals pool length/7, (h = L/7),
the attached area is zero and there can be no direct water removal.
The experiment indicates that the maximum depth of water removed is
1/7 times the exposed pool length, as shown on Figure H.6-4 (less
than 6 ft in a 40 ft long pool). The limits are conservative since
no credit is taken for building protection or time. If building
protection is available, no direct water removal will occur because

of the great effective freeboard.

The mechanisms discussed above are theoretical and appear to be
idealistic when compared with documented occurrences. One of the
first reports to cause alarm concerned a 39 ft well that was "sucked
dry" by a tornade at Marshall, Missouri, April 18, 1880,¢3) This
occurrence is, of course, impossible theoretically and was refuted by

H.&6-1
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a local newspaper the following week. An excerpt from the
"Springfield Patriot Advertiser," dated April 29, 1880, said:

"and right here we may remark that many people have drawn largely
upon their imaginations -- the story of the child blown away and
found hanging next morning in the tree; of cattle taken up and
carried a long distance and deposited without serious injury; of
wells sucked dry -— are pure fiction."

Other investigations of tornado effects on bodies of water do not
indicate major water losses. Two bodies of water in the path of the
Jonesboreo, Arkansas, tornado {May 15, 1968) experienced no detectable
water loss.t4) A pond directly in the tornade's path had overflowed
its dike because of heavy rains following the storm. This did not
indicate water loss from the tornado. Aalso, no water loss was noted
by workmen at the pond the following morning. The second body of
water affected was a swimming pool that underwent high winds on the
periphery of the tornado. Figure H.6-5 shows about 2 ft of
freeboard. It is doubtful that any water was removed from the pool
because the stains below the water surface and the sun-bleached steps
above indicate the same water level existing before the tornado. A
third report of water loss occurred in Jackson, Mississippi, on
January 23, 1969. Reports of 40 ft of water removed by the tornado
have been investigated. The pond was less than 20 ft deep when full,
and following the tornado no water loss was noticed by the sheriff or
other reliable sources. Spot interviews by a ground survey team
reported no unusual distrubances to any open water surfaces along the
path of the tornado. The above occurrences have been confirmed in a
discussion with the state climatologist at Jackson. A complete
survey of the Topeka, Kansas, tornado of June 8, 1966, did not find
any unusual disturbances of bodies of water. The above discussion is
not intended to imply that no water is removed by tornadoes; that
water removing forces are present in tornadoes is indicated by the
spray bush associated with waterspouts. The implication of the above
phenonemon is that the idealistic mechanism of water removal is, in
actuality, very conservative because it neglects the transient
dependence upon time of contact between the tornado and the water

surface,

The only other potential for gross water loss from the fuel pool is
the breaching of the pool structure by a tornade missile. The pool
structure generally consists of 6 ft thick reinforced concrete walls
and base. The missile required to penetrate a 6 ft slab is given in

the following table.

H.6-2
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Weight of missile per
ft2 (1bs) 1,000 500 100

Required impact velocity

for 6 ft penetration
{fps) 815 6,030 532,000

NOTE: 300 mph = 440 fps

Required impact energy
for 6 ft penetration
(ft lbs)l0 X 10 10 X 108 282 X 106 47 X 100

The above values are based on the modified Petry penetration formula
and are felt to be conservative as explained in the discussion of
missile criteria. The wvelocities indicated iIn the table are
cbviously not available for tornado missiles. Further evidence of
the pool integrity is obtained by noting that the above values are
for missiles striding the slab normally. Any induced angle of impact
will decrease the penetration of the missile. The missile will
ricochet off if the impact angle is less than 80 degq, thus
eliminating the possibility of a penetrating impact on the lower
portion of the fuel pool walls.: : '

The water in the pool is an effective deterrent of missiles. The
40 ft of water above the base slab would absorb a large portion of
the missile energy, thus decreasing the missile's penetrating
capability. Figure H.6-6 indicates the initial and final energies of
missiles going through 40 ft of water. The higher the initial
energy, the better the absorbing characteristics of the water,
Calculations have shown that a base slab thickness of 1 ft would
provide adequate protection from tornmado-hurled missiles. Therefore,
other structural and radiation requirements govern the base slab
design. The 6 ft slab, common to most fuel pools, 1is more than
adequate to provide structural integrity during a tornado,

H.6.3 Conclusions

The two potential means of water removal from a fuel pool are direct
removal by the tornado and water leakage caused by missile impact.

The direct removal of water by the tornado is limited by an eddy
formation over the pool. Water removed in this way still leaves
adequate coverage of the fuel elements.

The second possibility of gross water loss would be from a rupture of
the pool by tornado missiles. The pool structure usually consists of
6 ft thick walls and base which will withstand any tornado-induced
missiles. The possible angles of impact and energy absorption
characteristics of the water add to the integrity of the pool
structure, The pool, therefore, will not lose a critical amount of

water during a tornado.

H.6-3
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H.7. TORNADO MISSILES
H.7.1 Design Criteria

The effects of the following tornado-induced missiles shall be
evaluated:

i. A 4 1in x 12 in x 12 ft long wood plank (108 lb)
traveling end-on at 300 mph over the full height of the
structure

2, A 3 in id pipe (ASA Schedule No. 40) 10 ft long
traveling end-on at 100 mph over the full height of the

structure

3. A passenger auto (4,000 lb) traveling end-on at 50 mph
with a contact area of 20 ft2 and at a height not
greater than 25 ft above ¢ground

H.7.2 Discussion

These criteria represent a conservative spectrum of tornado
missiles. The three missiles cited do not necessarily represent
realistic occurrences buk are as upper design parameters. The
criteria represent both light missiles subject to high velocities
and heavy objects that stay relatively close Lo the ground.

The wood plank represents a conservative upper limit of the
spectrum of misgiles that might obtain sustained flight in a
tornado. Injection and acceleration of specific missiles are
impossible to determine since drag and lift coefficients, missile
orientation, and the effect wind components are not accurately
determinable for nonaerodynamic objects. Because of the
complexity of the problem, the assumption is made that cbjects
with low welght~to-area ratios will reach velocities approaching
the maximum harizontal wind wvelocity of 300 mph. This, of
course, 1s conservative, since drag force, tumbling, and erratic
wind conditions will mnot allew the missile te approach this
velocity. The light missiles are assumed to be injected at any
height by the vertical velocity component; thus, they may act at
any height. Missiles with a low weight-to-area ratio usually
possess crushing characteristics upon impact. Calculations made
on the plank, assuming a tumbling sequence, velocity forces,
shape factors, and injection height, indicate a more realistic
impact velocity of about 150 mph. These calculations, plus
observed phenomena, confirm the conservatism implied.

The pipe, such as a portion of maintenance scaffolding, is
typical of a missile with a high weight-to-impact-area ratio that
might conceivably be temporarily suspended in the tornado.
Information on this type of missile is limited, and thus
deductive limitations must be incorporated, The injection and

H.7-1
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suspension of any missile is dependent upon the object's shape.
A round object will be reolled along the ground rather than
injected, If the object is injected, its nonaerodynamic
properties will cause it to fall. Preliminary calculatisnsg on
the pipe with assumed parameters similar to the plank's indicate
an impact velocity close to 50 mph. The 100 mph velocity of the
pipe more than accounts for the uncertainties involved in pipe

acceleration.

The third category of missiles is heavy masses that can be moved
by the tornado, such as automobiles. The problems of theoretical
calculations mentioned in the two previous discussions of
missiles are also applicable  here, with some  deductive
limitations applied. The most logical hypothesis of automobile
movement is that of tumbling. As the object is injected, the
wind level causes a rotation of the car, its rotation cancels the
lift force and causes the object to fall. When this is repeated,
tumbling occurs. The height of injection cannot be calculated
since it is a function of lift coefficient, time, and erratic
wind forces, but empirical evidence indicates that injection
heights are low (possibility less than the height of the object).
Based on observed incidents, a 50 mph horizontal velocity and a
25 ft injection height are believed 'toc be  conservative

parameters.

Observations made of the Jonesboro, Arkansas, tornado of
May 18, 1968, indicate that small debris was caught by fences and
trees. This does not imply high altitudes or high velocities.
Further observation concluded that a majority of the objects
injected as the tornado passed through the town of 0il Trough,
Arkansas, did not <clear the adjacent river {100 yd).t1%?
Figure H.7-1, taken at the river, supports this conclusicn.
Automobiles cbserved along the same tornado path are damaged on
all sides, as shown on Figure H.7-2. This type of damage implies
tumbling. The low injection height hypothesis is supported by
Figure H.7-3; the car shown did not clear the railroad embankment
but did shear off a telephone pole 1 ft above the ground.
Similar observations, such as cars shearing trees at grade,
support the hypothesis of tumbling.

H.7.3 Analysis

Oonce the missile parameters have been established, it is
necessary to determine how the criteria will be incorporated. To
prevent a loss of function due to tornado-generated missiles,
both structural stability and penetration must be investigated.

Structural stability is a function of momentum transfer. When a
tornado~induced missile strikes a surface of a structure, the
enzrgy dissipated by the structure is usually very small because
of the large difference between the masses of the missile and the
wall, thus the missile effect on the structural stability is

H.7-2
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neglected for the two lighter missiles. The car missile effects
on the stability of the structure must be considered.

The study of missile penetration is a very complex prcblem. In
general, the penetration of a wall involves the simultaneous
action of elastic and plastic wave propagation, crack formation,
friction, heating, spalling, and in some cases shattering of the
missile,. Obviously, any analytical solution regarding all the
above phenomena would be a very tedious, if not impossible,
problem. Therefore, an empirical solution which is applicable
and reasonably conservative is desirable. A general empirical
expression for missile penetration has been proposed by different
authors expressing the resisting force of a wall as:

dv 2 2
F = e B,V" +3B,°V+ B, + B f(v) (H.7-1)
where:

v = missile velocity
m = mass of missile

B, = empirical constant to account for acceleration of the
wall material adjacent to the projectile

B, = empirical constant to account for frictional forces
By = empirical constant for cohesive strength of the wall
B, = empirical constant for hypervelocity effect
The evaluation of these constants is dependent on the conditions
of the experiment, and thus under difficult circumstahces one or
two of the constants are usually assumed to be zero. Obviously

then, the circumstances of formula cevelopment must be studied
before the selection of any empirical formula.

At tornado velocities, the hypervelocity and frictional effects
are neglected for most missiles. From the equation of motion,
the general penetration formula becomes:

B
—— m 1 3
X=1/2=—1n [-— Vo' + | H.7-2
2 g ] 1.7-2)

For velocities above ordnance range, the penetration value is a
function of nose shape and kinetic energy of the missile.

H.7-3
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The general penetration formula becomes:

X = .ot vo¥? (H.7-3)

The formula applicable to tornade vwelocity missiles is very
similar to those discussed by J. 8. Rinehart and
A. Amirikian, (21 '8} wyhile the general high veleocity penetration
formula is similar to those of the Ballistic Research
Laboratories, Army  Corps of Engineers, Naticnal Research
Committee¢l7?, and Ammann and Whitney's formula,‘!?' a careful
evaluation of applicable constants (B, B,,B;,B,) should be made
to obtain a proper penetration formula. Formulas such as the
modified Petry (Amirikian) do not consider the effects of nose
shape or crater formation and are thus invalid for hypervelocity
missiles. It should be noted that most other missile penetration
formulas developed for high velocity missiles are not applicable
for lower velocities. Many of these formulas have limits of
applicablility; these should be adhered to. The normal lower
limit for high velocity formulas is 500 ft/sec.

For tornado-generated missiles the most acceptable empirical
penetration formulas are those of Rinehart and Amirikian, The
numerical wvalues of the constants in Rinehart's formula are not
available at this time; therefore, Aamirikian's modified Petry
formula is suggested. It is: '

ik Toe [1e— ]
D =K, 3 log, 215,000 (H.7-4)

where:
D = depth of penetration into infinite thickness (ft)
W = missile weight (1lb)

A = maximum effective cross sectional area of the
missile (ft2)

V = impact velocity (ft/sec)

K, = experimentally obtained material coefficient for
penetration (K, = 4.76 X 10”23 for normal
reinforced concrete)

Penetration intoe a finite slab is a multiple of D,

D, = KD (H.7-5)

H.7-4
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where:

Dy « penetration into finite slab

D « penetration into infinite slab
Ko = 1 + e-4% where x = [(T/D)-2]
T = slab thickness

When T = 2D the missile will just perforate the slab, thus a limiting
value of penetration in finite slabs is:

D = 2D (H.7-6)

A preliminary analytical analysis utilizing a finite element
technique gives good agreement to the penetration wvalues of the
modified Petry formula.

Studies of the effects of mis?ﬁle 1??3Ft on spalling have been
made for high velocity missiles.(19.20,82)  PResults indicate that
the spalled portion obtains a velocity less than 20 ft/sec. The
reinforcing steel 1limits the spalled thickness. Thus, for the
retatively low impact velocities involved, the effect of spalling is

neglected.

A1l of the penetration formulae are for missiles of steel;
therefore, the effect of missile crushing s neglected. The
obvious result s that the crushing upon impact of wood missiles
will eliminate much of the penetration capacity. The effect of
crushing  obviocusly should. be considered for «critical wood
missiles. No formulae are known to actount for the effect of
missile crushing, but a reasonable solution i§s to subtract the
crushing energy of the missile from the impact energy and assume
the ;1ema1nder is dissipated in penetration by an equivalent steel
missile.

Penetration values of the pipe missile should consider the effect
of friction due %o anm inside and outside shearing surface. As
previously discussed, friction 1s an {important parameter 1in
deterring  penetration. The modified Petry formula does not
emphasize friction and therefore, adjustments must be
incorporated to obtain penetration values. The modified Petry
formula suggests an area parameter based upon the net area of the

missile.

The empirically derived constant (Ky)} accounts for normal frictional
effects. The additfonal frictional effects due to the geometry of
a pifpe are accounted for by modifying the net area to an “effective
area." This effective area is a function of perimeters and is
assumed to have the following relationship:
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A= Anet EQ'P_PPI (H.7—7)
N

where: l .
A = Effective cross sectional area
Anet = Actual cross sectional area of the missile

Outside perimeter of object
Inside perimeter of object
Py = The perimeter of a solid rod with an area
equivalent to A
The effective area modification is consistent with
solid missiles as Py becomes zero and A = Apet.

w0
—_0
na

H 7.4 Missile Spectrum Analysis

Further examination of the objects in and around the power plant
that can become tornado missiles reveal three other categories.

Typical missiles that might be generated at grade level around
the plant are shown on Table H.7-1.

Missiles with a large weight-to-projected-area ratio cannot be
propelled higher than the walls around the refueling floor which
are 145 ft above grade. Lighter missiles, such as items 6 and 7
on Table H.7-1, may be carried high enough to ¢lear the walls
around the refueling floor. As will be discussed later, none of
these missiles have sufficient.energy to rupture a fuel rod.

Missiles that might be generated at a high Yevel are shown on
Table H.7-2.

These missiles cannot enter the refueling area by penetrating the
precast concrete walls as discussed 9n Section 3.1.3 in
Amendment 4 to DAR. There could, however, be objects falling
vertically after they have 1lost their horizontal velocity. In
the latter case, they have been conservatively assumed to fall
freely to the water surface neglecting aerodynamic braking
effects and assumed to penetrate the water through the path of
least .resistance. These falling objects and debris which may
fall 1into the fuel pool will then be decelerated as they travel
through the 25 ft of water cushion above the spent fuel assemblies
and racks.

H.7-6
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The third classification of missiles are those which might bhe
generated by a tornado which has entered the refueling floor.
The potential missiles in this category are shown on Table H.7-3,

The energy required to rupture a single fuel rod in compression
is discussed in Section XIV-3,2 of the DAR and 1is 250 ft 1lb.
Because of the size of the reactor head insulation and the
ventilation ducts, the impact energy would most probably be
transmitted to several fuel assemblies, and no fuel rods would

fail.

The examination of objects in and around the power plant included
many potential missiles which can be eliminated for the reasons

given below:

1. Transformers - small transformers will be bolted to
their foundations and main transformers will be too
heavy to become missiles

2. The main off-gas stack - see Amendment 4, Part I,
Section 3.1.2 which concludes that this will not become
a missile

3. Painter's trolley on stack - will be designed so that it
will not separate from the stack monorail in tornade

winds

4. Stack ladder, 10 ft leng - a permanent structure and
welded or bolted connections will be adequate to prevent
its separation from the stack in a 300 mph wind

5. Pipe, 4 ft dia C.I. x 12 ft 0 in - observations of many
tornados confirm that this type object cannot be 1lifted
by 300 mph tornado winds but may be tumbled along the

ground

6. The refueling crane - must not be allowed to fall into
the fuel pool; therefore, dead-man type automatically
operated rail clamps will be provided which are actuated
when all controls are released. The entire crane
structure will be designed to remain intact when
subjected to 300 mph winds. The clamps, rails, and rail
attachments will be designed to sustain the stresses
generated by these forces

7. The reactor stud tensioner - too heavy to be lifted by
tornado winds which can enter the refueling fleor with
the walls intact, To prevent sliding this eguipment
into the fuel pool, concrete curbs will be provided

8. The reactor service platform - provision will be made
for bolting this item to the floor during tornado alerts

H.7-7
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9. Reactor head strongback - provision will be made to bolt
this item to the floor during tornade alerts

10. Stud tensioner power unit - a heavy compact item which
cannot be lifted by the tornado winds, Curbs will be
provided to prevent its sliding into the fuel pool

11. Equipment hatch covers on the refueling floor - bolted
down or stored on other floors during tornado alerts
except when they are small and can be shown to have
acceptably low energy of impact on the fuel element
racks

12, Jib <cranes - designed so they will not be released from
their sockets in tornado winds

13. The portable ladder for the reactor cavity - stored
below the refueling floor when not in use

14, Metal grating at the reactor head cleaning station - not
removable; the grating and framework will therefore be
designed to remain intact during tornado winds

15, Impact wrenches and other tools -~ stored where they
cannot be subjected to tornado winds; operating
procedure will require that they be stared during

tornade alerts

The spectrum of potential missiles for which impact energies are
tabulated was analyzed by calculating the free-fall wvelocity in
air at the fuel pool surface, neglecting air resistance, then
calculating the deceleration effect of a 25 ft depth of water to
arrive at the impact wvelocity and impact energy where the
missiles make contact with the fuel racks. In all cases
investigated, the energy of impact was less than 840 ft lb.

In summary, the potentially damaging missiles have been
eliminated by adequate permanent attachments, automatic clamps,
or operational procedures for securing during tornade alerts.
The remaining spectrum of potential missiles can be shown to
impact against the fuel element assemblies with a kinetic energy

low enough to prevent rupture.

H 7.% Conclusions

The missile criteria are intended to give useful design
parameters. The missiles cited are representative of three

particular categories: thase that become suspended, those that
are temporarily suspended, and those that are tumbled along the
ground, Since the problem is highly complex, reliable

theoretical computations cannot be made; conservative assumptions
must be incorporated into the criteria.

H.7-8
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once the design parameters are established, the analysis of the
missile impact involves energy transfer and penetration. For the
light tornade missiles, the mass of the missile is relatively
small, therefore the emnergy to be dissipated is negligible,
Thus, the effect of the missile impact on the structural
stability can be neglected except for the automobile.

The designer must use caution when applying available penetration
formulae. The general equation for missile penetration contains
parameters which are not all walid simultaneously. The
penetration analysis of tornado-induced missiles c¢an neglect
the effect of hypervelocity. The resulting general penetration
equation is very similar to formulae suggested by Rinehart and
Amirikian. The modified Petry formula, suggested by Amirikian,
ig used due to accessibility of the penetration constants.

Two modifications are made to account for the particular missile
characteristics: crushing is accounted for in the case of the
wood missile, and the large shearing surface is accounted for in

the case of the pipe.

By using the suggested missile criteria and the appropriate
penetration formula, the = structure will be  capable of
withstanding tornado-induced missiles,

H.7-9




Lack of debris on opposite bank indicates a majority of the debris was
not carried over the river (100 yards}.

FIGURE H. 7-I
DAMAGE FROM JONESBORO,
ARKANSAS, TORNADO

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




Cor appears to have been bounced along rather thon injected and thrown

about.

FIGURE H.7-2
DAMAGE FROM JONESBORO,
ARKANSAS, TORNADO

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT




Coar did not clear 6t railroad embankment. It also appears to have been
tumbled. Mote dabris caught by embankment,

FIGURE H.7-3
DAMAGE FROM JONESBORO,
ARKANSAS, TORNADO

PILGRIM NUCLEAR POWER STATION
FINAL SAFETY ANALYSIS REPORT
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TABLE H.7-1
TYPICAL MISSILES AT GRADE LEVEL

Minimum Original Max imum
Impact Elevation Elevation Impact
Weight Areg Above Grade Above Grade Energy*
(i) (f1<) (fL) (f1) (ft 1b)
1. Passenger
Auto 4,000 30 0 3 -
2. Steel Plate
B ft x 8 ft x
3/8 in 1,000 1.0 0 Tumbles -
3. Crated Motor 1,000 16 0 Skids -
4, Pipe 4 in
Cl x
12 ft 0 in 240 0.14 0 Tumbles -
5. Wood Plank
4 in x 12 in X
12 ft 108 0.33 0 50 -
6. Street Light -
Fixture 1 ft x
4 ft x 6 In 25 0.5 20 300 2
7. Crushed Rock
1172 in .25 0.01 0 500 ]

* Impact energy is listed for missles which can enter the fuel pool, and §s
the total Kinetic energy, after deceleration by falling through 25 ft of
water above the spent fuel racks.

1 of 1
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TABLE H.7-2
TYPICAL MISSILES AT HIGH LEVEL

Original Maximum

Minimum Elevation Elevation Impact
Weight Impact Area Above Grade Above Grade Energy
(1b) (fte) (ft) (ft) (ft 1b)
1. Microwave
Antenna,
10 ft x 750 1.0 300 300 840
15 ft
2. Piece Roof
Deck
4 ft x 130 1.0 150 450 257
16 ft
3. Warning
Light 10 0.2 300 300 2

T of 1
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TABLE H.7-3
POTENTIAL MISSILES GENERATED BY A TORNADO

Minimum Original Maximum
Impact Elevation Elevation Impact
Weight Areg Above Grade Above Grade Energy*
_(1b)  _(ft<) (ft) ) (ft 1)
1. Reactor Head
Insulation* 4,000 1.0 100 100 736
2. Ventilation
Ducts 160 0.333 10 140 300
3. 8 ft Handraii
Section 50 0.05 100 100 26

® Insulation will be buoyant temporarily but will lose its buoyancy at some
depth below water.

1 of1
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APPENDIX I

SITE INVESTIGATION OF THE SEABREEZES

I.1 INTRODUCTION

During the summer of 1969 a series of smoke releases were made from
the top of the 300 ft msl meteorological tower at the site in
conjunction with an intensive sea and air monitoring program.
Purpose of the tests was to determine the behavior of an elevated
plume discharged into the transition zone from over water to overland
air flow and, in particular, to investigate the occurrence of
"fumigation" as referred to by Hewson!!) and Van der Hoven, {2}

Specific objectives were to determine whether the point inland at
which fumigation occurs can be predicted by Van der Hoven's model by
a combination of sea surface temperature measurements and onshore
tower data and whether his nomogram (see Figure I.l-1) could be
applied to hilly terrain. If this proved to be the case, then a
“fumigation climatology" could be compiled with relatively 1little
effort in addition to the routine meteorological observatlons already
being maintained at the site.

This report summarizes the findings of the summer seabreeze program.
Conclusions are based on the results of 10 smoke releases over the
period July 9 through August 26, 1969. Results of three tests (1,3 &
4) were disregarded because of aircraft equipment malfunction.
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I.2 RESULTS AND CONCLUSIONS

1.

A seabreeze occurs at the site only when a weak overall pressure
gradient exists - usually when a high pressure area is situated
over New England.

The seabreeze is most pronounced in spring and early summer when
the contrast between sea and land temperatures is the greatest,
(i.e., when water temperatures are low and the land surface is

warming rapidly.)

The onset of a seabreeze is marked by a light northerly wind
which gradually wveers to east and southeast.

Fumigation frequently occurs from a 300 ft release, but the point
at which it occurs varies considerably over a short span of time.

Calculated locations at which fumigation was expected to occur
were in good agreement with Van der Hoven's prediction technique
on six occasions and fair on one occasion. Tower data, coupled
with sea water temperatures, would have correctly predicted
occurence or non-occurrence of fumigation, but would have placed
it in the wrong location on one occasion.

Predictions made from aircraft soundings are more reliable than
tower soundings when the mixing layer has already reached the
tower, Tower soundings can be used to predict fumigation inland
from that point only if the upper half shows a stable condition.
Fumigation occurring between the tower and the shore will not be
detected by the tower if its measurements show nonstable

conditions.

Plumes blowing towards Plymouth (E to ESE wind) freguently touch
the ground over Rocky Point, or come down to the surface over
Plymouth Harbor. Four factors seem to be involved, sometimes
working together, sometimes independently. These are:

a. Fumigation

b. "Looping" due to superadiabatic lapse rates in the
lower levels

c. Normal vertical growth downward of the plume

d. Aerodynamic downwash due to terrain features -~ a
possibility suggested by the photographs

During normal seabreeze days, a wind from the NNE towards Manomet
Hill was usually transient in nature and persisted hardly long
enough for smoke photographs to be obtained. A persistent wind
from this direction is usually associated with a northeaster, and
"dry" northeasters are a rarity. Run 8 was during such an event
and fumigation occurred very close to the tower. In fact, a

I.2-1
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visibility vrestricting plume descended on Recky Hill Road, less
than 1000 ft distant.

9. The general conclusions are:

a. Van der Hoven's model, modified to fit irregular terrain,
appears to provide a reliable tool for predicting the
occurrence of fumigation and the point at which the plume
will touch the ground

b. The most frequently "“fumigated" area at the site is the
section of Rocky Paint between the site and Plymouth Bay

c. The area in which fumigation occurs the closest to the tower
is to the SSW towards Manomet Hill

From the above results and conclusions it is aur recommendation that
short term dosage calculations for the accident analysis should
consider the effects of fumigation occurring at or beyond the site
boundary. A two meter per second minimum wind speed would appear to
be Jjustifiable during periods when a sea breeze prevails. It also
gseems reascnable to assume a moderately stable lapse (+1.5 to
+3.0°C/100 m) - as the initial over water condition for the layer of
air extending from the surface to the top of the stack.

I.2-2
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I.3 DISCUSSION
I.3.1 Theoretical Considerations

When air follows a trajectory over a relatively cold surface (in this
case the Atlantic Ocean and Cape Cod Bay), the lower layers of the
atmosphere become progressively conler such that a stable condition
develops, often to a depth of several hundred to over a thousand ft.
During an onshore wind, such as ocuurs with a seabreeze, this cool,
stable, marine air becomes heated from below and assumes a neutral or
superadiabatic lapse rate in the lower levels while retaining stable
conditions at higher levels. With increased time and distance £from
the shoreline, the heated zone, or 'mixing level! grows vertically
until the last remnant of the stable layer has been "burned off".

If a tall stack located near the shore discharges into the stable
layer, the effluent plume will disperse very little and hold together
in a steady cone as it moves downwind. At some point downwind the
mixing layer will extend upward to the plume level. At this point
material in the plume mixes rapidly downwatrd to cause "fumigation".
BRs the mixing layer continues to grow upward, then vertical mixing
also takes place above the plume, and gradually “normal® diffusion
conditions take over. }

In a paper entitled Atmospheric Transport and Diffusion at Coastal
Sites by Dr. Isaac Van der Hoven appearing in Nuclear Safety,
Volume 8, No. 5, 1967, a nomogram is presented for determining the
depth of the mixing layer as a function of initial over water
stability, and overland travel distance. With a fired source
elevation it is then possihle to determine at what point the plume
will intercept the slope of the mixing zone and fumigation will

occur.

Van der Hoven expresses the product of wind speed and initial
stability as ip@ ., where U = average wind speed over depth of
interest and A® is the difference in potential temperature between
the top and bottom cof the initial inversion layer.

Because of the difficulty in obtaining overwater vertical air-
temperature profiles, a program was initiated at the site to measure
the stability indirectly from the 220 ft metecrological tower
{300 ft msl) temperatures and sea surface temperatures, The
assumption was made that if the tower was close enough to the shore
and had sufficient elevation to remain in the stable layer during the
invasion of a deep layer of marine air, initial overwater stability
could be determined. This is done by taking the air temperature at
the top of the tower, and increasing it adiabatically by lowering the
air parcel to sea level, A then becomes the 300 ft  tower
temperature plus 0.91°C minus the sea surface or sea air interface
temperature. U is taken as the mean wind speed as observed at 150 ft

msl on the tower.

Van der Hoven's nomogram (Figure I.1-1) applies to level terrain.
The technique was modified for irreqular terrain by assuming

I.3-1
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“streamlines"  followed the topography. Elevation profiles for
various onshore directions were thus added to provide the working
nomograms as shown on Figures I.2-1 through I.2-7. In reality, the
wind streamlines would tend to approach closer to the ground as air
passed over a ridge. At the same time the rate of heating on a slope
would very likely be greater than on a level plain. Hence, the two
factors would tend to nullify each other, and making the mixing depth
isopleths follow the terrain contours seems to work in practice.

As the results show, Van der Hoven's model provides acceptable
predictions provided the initial overwater stability is accurate,
Tower data can be used with confidence if it is certain the top
temperature measurement 1is representative of initial overwater
conditions. Unfortunately, tower data could not always be used
because of the rapid upward growth of the mixing level once the air
passed over the warm land surface. Minimum distance between the
shore and the tower is 0.17 kms. If the fumigation distance is egual
to or less than 0.17 kms the tower would not detect it. This is not
serious, however, if the stack is at least 0.17 kms inland, because
beyond that point good vertical mixing takes place, both below angd
above the stack.

I.3.2 Field Program

Routine meteorological observations of wind at 150 and 390 ft msl and
temperatures at 85, 295, and 300 ft msl have been maintained from a
tower at the site for over a yr. See Section 2.3. During the summer
months of 1968 and 1969 sea surface temperature measurements were
taken on a sgemi-routine basis by a variety of methods; hand held
thermistor probes, moored buoys - both automated and manually
serviced, and by airborne infra-red radiometers.

Prior to the smoke-release program of 1969 an IR survey of the entire
Cape Cod Bay was conducted May 1, 1969 to determine the optimum
location for a surface water temperature sensing buoy so as to avoid
anomalies that might be created by local currents. A spot about
0.25 mi offshore was selected as being satisfactory. The buoy holds
two self contained thermographs near the water surface. As an
interim measure, once-daily observations were made from a boat at
approximately 1400 hr local time by means of a thermistor probe and

sounding line.

On days smoke was released, additional water surface temperature
measurements were made from an aircraft with an IR radiometer to get
average values over Cape Cod Bay. IR measurements and water
temperatures measured from boat or buoy agreed within 0.5°C.

Vertical temperature soundings from 30 ft above the water up to
1500 ft were made with a wing mounted bead thermistor. Pressure-
altitude was determined from a strain gauge pressure sensor.
Readings from all of these sensors were recorded by an airborne

multichannel recorder.

I.3-2
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Smoke was generated from a smoke generator mounted on a small
platform near the top of the meteorclogical tower. 0il and water
were pumped to the generator from tanks at the bottom of the tower.

01l used was U.S. Navy specification SGF1l.

The aircraft also served as the photographic base, Plume behavior
was photographically documented when the aircraft was flying parallel
to, and at essentially the same altitude as the plume.

I.3-3
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I.4 DATA AND CALCULATIONS

To determine the point at which the mixing layer theoretically
intercepted the elevated plume, Van der Hoven's corrected nomogram,
Figure 1I.1-1, (the one in Nuclear Safety was drawn incorrectly) was
adjusted by preparihg terrain profiles from the USGS Manomet
quadrangle and adding the ground elevation to the depth of the mixing
level every 100 m downwind. These terrain-~adjusted profiles are
shown for various plume trajectories on Figures I.2-1 through I.2-7.

Presented here are the significant data, uAf point of interception
of the 300 ft plume with the mixing level, etc., for each smoke
release. Actual temperature profiles for each test are shown on
Figures I.4-1 through I.4-7., Dashed lines are adiabatic lapse rates.
A summary of the smoke tests is shown on Table I.1-1.

TEST RESULTS

Test No. 1 2

Date July 9, 1969 July 15, 1969

Wind Direction SE _ ESE

wWind Speed (O) 3.6 msec-!? 3.2 msec-!

Water Temperature 17.1°C 18.0°C

A8 (Aircraft) Not Available 5.9

A9 (Tower) Not Applicable 4.6

THL.Y: Test Unsatisfactory 16.8

How Obtained Average Aircraft and Tower
*predicted Point 0.74 km

of Interception
Obsetved Point of

Interception "Looping" Plume 0.71 km
How Obtained Aerial Photo Aerial Photo
REMARKS :

Test 1: Superadiabatic lapse rate was observed on the tower, which
meant that plume was already in the mixing layer. This was
verified by photographs. "Looping" plume descended to
surface on Plymouth Bay about 1.4 kms from source, Tower
could not ke used as a predictor and aircraft soundings were
not available.

*Distance from shore, not point of smoke release
Test 2; Excellent agreement between observed and predicted.
Aircraft sounding showed stable over water sounding. Upper

half of tower showed neutral condition but essentially same
temperature at 300 ft,

I.4-1



Test No.

Date
Wind Direction
Wind Speed

REMARKS :

Aircraft

Test No.

Date

Wind Direction

Wind Speed

Water Temperature
A8 (Aircraft)

AB (Tower)

ulg

How Obtained

Predicted Point
of Interception

Observed Point of
Interception

How Obtained

REMARKS :

Test 5: Aircraft

out of servive.
runs unsatisfactory.

sounding
showed superadiabatic

PNPS-FSAR

TEST RESULTS

3

July 23, 1969
E
3.0 msec~1

TEST RESULTS

3

July 24, 1969
NE

9.0 msec-1
18.3°C

0.3

0

2.7

Aircraft

None (Adiabatic)

See Remarks
Aerial Observer

cendition,

4

July 23, 1969
SE
4.0 msec~!

Instrumented aircraft not available.

6
July 31, 1969
ESE
3.1 msec-1
17.6°C
6.9
4.5
12.2-18.6

Tower - Aircraft
0.88 - 1.2 km

Vbl 0.6 - 1.0 km

Both

Aerial Photos and Observer

Tower 1is

showed nearly neutral condition, tower
0.26 km from

shore, hence plume was enveloped in mizing layer immediately

and vertical mixing upward

edge of

"fumigation.'"

Test 6: During

of terrain.
of aerodynamic as thermal turbulence.
Tower again

function

limited by high clouds.
conditions.

Breakup thereafter

and downward occurred.
cloud hit hill beyond road to SW, but this was not

Lower

stable portion of plume it tended to follow contours

seemed to be as mach a
Photography
showed superadiabatic




Test No.

Date

Wind Direction

Wind Speed

Water Temperature
AB {Aircraft)

AQ (Tower)

uA8

How Obtained

Predicted Point
of Interception

Observed Point of
Interception

How Obtained

REMARKS ;

Test 7: Plume followed contours hill. Exact point
interception with mixing layer hard to determine from
photograph. Observer noted smoke on ground at edge of
Plymouth Bay, occasicnally on shore.

Test 8: Very persistent wind from NNE after initially veering from
NNW. Plume descended to ground close to  tower and
restricted wvisibility on Rocky Hill Road. Aircraft showed
stable conditions to at least 800 ft. Tower showed neutral
in upper half, unstable below.

TEST RESULTS

Test No. 9 10

Date August 13, 1969 August 26, 1969

Wind Direction ESE NNE

Wind Speed 3.3 msec-! 4.9 msec-1

Water Temperature 19.5°C 19.5°C

Af (Aircraft) 4.1 0

46 (Tower) 5.4 0

uAb 15.7 0

How Obtained Average Average

Predicted Point

of Interception 0.99 See Remarks
Observed Point of
Interception 1.0 km Not Applicable

How Obtained

PNPS-FSAR

TEST RESULTS

?

August 7, 1969
ESE

2.5 msec-1
19.3°C

4.0

6.0

12.5

Average

0.79 km

0.87 km (Est)
Aerial Photos

Aerial Photo
and Observer

I.4-3

8
August 12, 1969
NNE
1.8 msec-?
19.1°C
1.8
5.3
3.2
Aircraft

0.31km

Vbl 0.32 - 0.37 km

Aerial and Ground Observers



REMARKS :

Test 9;

Test 10:

PNPS-FSAR

Stable plume was again observed to follow contours of
terrain until it intercepted mixing level. Considerable
vertical mixing over, and to leeward of, small ridge on
Rocky Point,

Although an onshore wind prevailed during this test the
sounding was essentially adiabatic from the surface to over
1000 ft elevation. Mixing occurred both vertically upward
and vertically downward at the same rate and fumigation did
not occur.

1.4-4
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TABLE I1.4-1

SUMMARY OF SMOKE TESTS

Pt. of Interception Tower Data
with Mixing Lavyer Reliable
Test Fumigation Prediction is
No Wind Observed Observed Predicted Rating Predictors
1 SE No Insufficient data because of

aquipment malfunction
2 ESE Yes 0.71 km 0.74 Good Yes

3 E Yes Insufficient data because of
equipment malfunction

4 SE Insufficient data because of
equipment malfunction

5 NE No Would have predicted Good Yes
no fumigation

6 ESE Yes 0.6-1.0 0.9-1.2 Fair Yes

7 ESE Yes 0.87 0.79 Good Yes

8 NNE Yes 0.32 0.31 Good No*

9 ESE Yes 0¢.90 0.85 Good Yes

10 NE No Would have predicted Good Yes

no fumigation

Prediction Rating: Good = Within 10% of Observed
Fair - Within 20% of Observed

* Tower data would have predicted fumigation, but too far from the
source.,

1 of1l
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APPENDIX J

STATION RESEARCH, DEVELCPMENT, AND FURTHER
INFORMATION REQUIREMENTS AND RESOLUTIONS

J.1 RESOLUTION OF ACRS CONCERNS

The areas specified in the ACRS Construction Permit Letter,
construction Permit Safety Evaluation Report and other recent,
related ACRS Construction Operating Permit letters (up to October
1869) have been formally answered by the resolutions set forth in

Appendix J.

Appendix J remains intact in the updated FSAR in order that NRC may
locate previously submitted information in one document. This
requirement to maintain a historical record meets the intent of the
FSAR Update Rule (10CFR50.71(e)) in NRC letter of December 15, 1980.

J.1.1 Summary Description

The design of the General Electric boiling water reactor (BWR) for
this station is based upon proven technological concepts developed
during the development, design, and operation of numerous similar
reactors. The AEC Staff and the Advisory Committee  for Reactor
Safeguards (ACRS) have, in their review of reactor projects,
identified several technical areas for which further detailed support
information should be obtained. BAll of these development efforts are
of three general types: (a) those which pertain to the broad
category of water cooled reactors, ({b) those which pertain
specifically to BWRs, and {c¢) those which have been noted
particularly for this facility during the construction permit
licensing activities by the AEC Staff and ACRS reviews.

The following discussion is a complete, comprehensive examination of
these concern areas and the Pilgrim Nuclear Power Station
Construction Permit concerns, indicating the planned or accomplished
resolution:

1. Areas Specified in the Pilgrim ACRS Construction Permit
Letters,

2. Areas Specified in the Pilgrim AEC Staff Construction Permit
Safety Evaluation Report.

3. Areas Specified in Other Recent Related ACRS Construction
and Operating Permit letters.

The scope of many of the areas of techhology for items in 1, 2, and 3
above is discussed in detail as part of an official response‘l’ by
the General Electric Company to the various ACRS concern subjects.
General Electric has submitted many Topical Reports to the BAEC in
support of this application and those of other GE-BWR facilities.
Refer to Tables 1.11-2 to 1.11-4,

J.1~-1 Revision 2 - July 1983
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The following significant design changes in Class I components were
incorporated in the PNPS to reflect design changes incorporated on
other, more recent, BWR plants:

L. Incorporated an auto-blowdown interlock based on C(SCS pump
discharge pressure rather than availability and simplified the
ADS logic. See Section 7.4

2. Incorporated low drywell pressure permissive for containment
spray. See Sections 5.2 and 7.3

3. Improved testing capability of CSCS circuits. See Section 7.4

4, Designed Reactor Protection System (RPS), Primary Containment
Isolation System (PCIS), and initiation of C5CS to conform with
the intent of IEEE-279 Standard. See Sections 7.2, 7.3, and 7.4

5. Deleted baffles in suppression pool

The following significant design changes in Class I components were
incorporated as a result of normal design development and engineering

refinement:

1. 1Incorporated 1line filling connections on Core Spray and Re51dua1
Heat Removal Systems, See Figures 7.4-8 and 7.4-10

2. Incorporated additional refueling ventilation exhaust radiation
monitors for improved testing capability. See Section 7.12

3. Incorporated low RPV pressure permissive in series with low RPV
level for ¢SCS initiation to permit continued operation of
drywell coolers in the event of loss of offsite ac power without
loss of coolant accident (LOCA). See Figures 7.4-9 and 7.4-11
through 7.4-13

4. Incorporated four constituent enrichments in fuel assembly design
to reduce power peaking and increase ultimate core output
capability. See Section 3.7

§. Incorporated manual isolation of nonessential cooling loads on
the RBCCW System to improve reliability of system during normal
operation. See Figure 10.5-1

6. Incorporated small bypasses around testable check valves in CS5CS
to improve testing capability. See Figures 4.7-1, 4.8-3, 7.4-1,
and 7.4-8

7. Incorporated capability to individually synchronize the onsite
diesel generators to the unit auxiliary transformer to improve
testing capability of the diesel generator. See Section 8.5

8. Increased the height of the main stack to incredse allowable
stack release limits. See Section 12.2
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The operating license was requested at 1,998 MWt corresponding to the
highest reactor core power level considered in the evaluation of CSCS
performance.
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J.2 AREAS SPECIFIED IN THE ACRS CONSTRUCTION PERMIT LETTER FOR
PILGRIM NUCLEAR POWER STATION

J.2.1 Introduction

"At its ninety-sixth meeting, on April 4-6, 1968, the Advisory
Committee on Reactor Safeguards reviewed the application by the
Boston Edison Cempany for authorization teo construct its Pilgrim
Nuclear Power Station. An ACRS Subcommittee had previously reviewed
the project and visited the site during a meeting with the applicant
in Boston, Massachusetts, on March 26-27, 1968. During a review, the
Committee had the benefit of discussions with representatives and
consultants of Boston Edison Company, General Electric Company,
Bechtel Corporation, and the AEC Regulatory Staff.w¢2}

The ACRS areas of concern as reported in their letter of April 12,
1968 and the Applicant's resolution of these areas are described in

the fellowing sections.

J.2.2 Station Wave Runup and Water Rise Studies

Cancern

"The applicant is continuing his studies of water rise and runup
during severe coastal storms. The design of the structures is stated
to be sufficiently flexible to perform adjustment for an unexpectedly
high calculated flood level."(2?

Resolution

Maximum design still water levels for Pilgrim Station of 17.6 ft mlw
has been established from analysis based on ESSA Hurricane

Report 7-97.

A series of hydraulic model studies of wave action have been
performed to demonstrate the adequacy of the site protection provided
by the offshore breakwaters and the revetment. It was concluded from
the test results that no reactor building flooding would occur.
Refer to Section 2 for further details.

J.2.3 Prcblem Areas Pertaining te Large, Water Cooled, Power
Reactors

Concern

“The Committee has, in the past, called attention to several problem
areas pertaining to large, water cooled, power reactors, - these
apply also to the Pilgrim plant.'(2?

Resolution

Areas of concern, which the Applicant believes may be applicable to
Pilgrim Station, that were reported in the ACRS construction permit

J.2-1
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letters for the Vermont Yankee, Browns Ferry, Peach Bottom, and
Diablo Canyon facilities are discussed in the following Sections.

J.2.3.1 Effects of Fuel Failure on Core Standby Cooling System
Performance

Concern

“Analysis indicates that a large fraction of the reactor fuel
elements may be expected to fail in certain loss-of-coclant
accidents, The applicant states that the principal mode of failure
is expected to be by localized perforation of the <clad, and that
damage within the fuel assembly of such nature or extent as to
interfere with heat removal sufficiently to cause clad melting would
not occur. The Committee believes that additional evidence, both
analytical and experimental, is needed and should be ohtained to
demonstrate that this model is adequately conservative for this power
density and fuel burnup proposed.'t(3?}

Resolution

General Electric Company has conducted both analytical studies and
experimental tests to develop information on the effect of fuel rod
failure caused by deformation of the Zircaley cladding follewing a
postulated Loss of Ccolant Accident (LOCA).‘?%’ Other tests conducted
by the nuclear industry and the national laboratories confirm these

findings.

The overall results indicate that the maximum expected distortion as
a result of bowing, balloening, and perforation of the cladding would
not significantly change the ability of the BWR Emergency Core
Cooling System to accomplish its design objective. Furthermore, it
is concluded that the BWR CSCS can withstand significant degradation
before any gross core damage could result.

J.2.3.2 Effects of Fuel Bundle Flow Blockage

Concetn

“"The applicant considers the possibility of melting and subsequent
disintegration of a portion of a fuel assembly, by inlet coolant
orifice blockage or by other me=ans, +to be remote., However, the
resulting effects in terms of fission product release, local high
pressure production, and possible initiation of failure in adjacent
fuel elements are not well known. Information should be developed to
show that such an  incident will not lead toc unacceptable

conditions."(3?
Resolution

The effects of a fuel bundle flow blockage in a BWR have been
investigated. ‘5’ The consequences in terms of fuel damage, fission
product release, local high pressure production, and possible
propagation to adjacent assemblies have been evaluated. The

J.2-2
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conclusions reached are that a flow blockage incident will not result
in local high pressure production or propagate to adjacent assemblies
even at full reactor power conditions. Fuel cladding failure will
only occur for blockages greater than 90 percent even for the most
severe combination of events, namely a complete flow blockage at full
power, The Reactor Protection System (RPS) offers adequate
protection in preventing cladding or fuel melting.

J.2.3.3 Verification of Fuel Damage Limit Criterion

Concern

“A linear heat generation rate of 28 kW/ft is used by the applicant
as a fuel element damage limit. Experimental verificatien of this
criterion is incomplete, and the applicant plans to conduct
additional tests. The Committee recommends that such tests include
heat generation rates in excess of those calculated for the worst
anticipated transient and fuel burnups comparable to the maximum
expected in the reactor."¢3!

Resolution

A report‘$' has been published which presents a review of General
Electric and non-GE experience and development data. It is shown
that the area of technolegy demonstrated by irradiations of Zircaloy
clad U0, fuel rods and pins in reactors, locps, and capsules goes
beyond the combination of fuel rod power and exposure that will be
experienced in modern BWRs not only for normal continuous operation,
but also for anticipated power transients, A larger guantity of data
at these combinations of fuel rod linear power and burnup will become
available in the future, but the recorded successful irradiations
demonstrate that not only safe but reliable fuel can be designed for
modern BWR conditions. A& value of one percent plastic strain of
Zircaloy cladding is conservatively defined as the limit below which
fuel damage due to overstraining 1s not expected to occur. The
linear heat generation rate required to cause this amount of cladding
strain is calculated to be approximately 28 kW/ft in fresh fuel. The
basis for this definition and its  inherent conservatism is
demonstrated,

J.2.3.4 Effects of Cladding Temperatures and Materials on Core
Standby Cocling System Performance

Concern

"In a loss-of-coolant accident, the core spray and flooding systems
are required to function effectively under circumstances 1in which
some areas of fuel clad may have attained temperatures higher than
those at which such cooling mechanisms have been tested to date. The
applicant is conducting tests of these devices at increased
temperatures and has reported preliminary results which are
promising. The Committee again urges that these tests be estended to
temperatures as high as practicable. The use of stainless steel in

J.2-3
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these tests for simulation of the Zircaloy clad appears suitable, but
some corroborating tests employing Zircaloy should be included."(3?

Resolution

The effects of cladding temperature and material on the BWR Emergency
Core Cooling System (ECCS) performance have been investigated.f?’ The
experimental results of simulated full length, full size bundles with
electrically heated rods subjected to cooling by spraying or flooding
are presented. The results of these experimental tests indicate that
the ECCS is effective at temperature levels significantly higher than
those predicted, over the entire postulated LOCA break area range up
to and including the design basis accident. Therefore, the ECCS c¢an
maintain basic core geometry and prevent melting of the fuel rod
cladding. Furthermore, any effect of material on the performance of
the ECCS is limited to temperature levels above approximately 2,300°F
where the metal-water reaction of the Zircaloy becomes significant.
Also the basic differences in material properties can be accounted

for by analysis.

J.2.3.5 Design of Piping Systems to Withstand Earthquake Forces

Concern

“The Committee recommends that the applicant give special attention
to the design of the critical elements of the plant piping, including
the drywell torus connections, to ensure that these elements are not
overstressed under maximum earthquake forces.'f¢8}?

Resolution

Critical elements of the station piping, including the connections of
that piping to the drywell and torus of the primary containment, are
designed to withstand, without overstress, the maximum forces
resulting from the maximum credible earthquake (0.15g) which 1is
approximately two times the design earthquake (0.08g) to be expected
at the site. This was accomplished by the performance of an
appropriate static or dynamic analysis of the important piping in
systems critical to reactor safety or to safe shutdown of the
station. The stresses vresulting from these earthquake forces have
been calculated and are within the limits for the piping materials
and other associated components involved, according to appropriate
USAS and ASHE Codes. Refer to Section 12 and Appendix C for further

information.
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J.2.3.6 Reevaluation of Main Steam Line Break Accident

Concern

"Fuel clad temperatures following a steam line break should be
further evaluated during detailed design, with due attention to using
conservative  assumptions and methods in  calculating  these
temperatures., Steam line isolation valve closure time as short as
three seconds may be required to maintain acceptably low fuel clad
temperatures in this accident. This applicant has stated that
isolation wvalves with closure times adjustable from 3 to 10 seconds
will be obtained for the plant."(8)

Resolution

The resolution plan for the above concern item was presented in a GE
Topical Report¢l? submitted to the AEC in April, 1968. The FSAR
justifies a 10 sec closure time, both thermal-hydraulic-wise and
radiologically. Refer to Section 14.

A more extensive study of this phenomena was undertaken. The program
was completed and a GE Topical Report!®’ was submitted to the AEC in

October, 1969,

J.2.3.7 Control Rod Block Monitor Design

Concern

"The rod block monitor system for the Vermont Yankee reactor is a
two-channel system, with one channel required for rod blocking
action, The applicant has proposed that, if one channel is bypassed
for maintenance, an appropriately shorter interval between tests will
be wused for the operating channel. The Committee believes that, if
one channel of rod block monitor system is to be out of service for a
long period of time, other measures, in addition to frequent testing
of the operative channel, should be taken to ensure that improper rod
withdrawal is not allowed to occur."t¥)

Resolution

The Rod Block Monitor (RBM) System was incorporated for operational
reasons for the purpose of backing up the reactor operator in
preventing a single operator error or a single equipment malfunction
from causing local fuel damage. The level of reliability provided by
the RBM System is consistent with this application and the Applicant
is satisfied with the level of financial protection provided by this

design.

The control rod block action of the RBM System is not to be confused
with the NIS~APRM rod block function. The RBM is a local power
control system. The APRM rod block is a bulk power control system.
Refer to Sections 7 and 14 for further details and description on

this system.

J.2-5
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An operational analysis was performed on this system.

The analysis detailed in Appendix G support the non-safety status of
this system by indicating that no unacceptable safety results are
encountered because of single operator or single equipment failures
associated with the Control Rod System assuming that the RBM System
was completely unavailable.

J.2.3.8 Main Steam Line Isolation Valve Testing Under Simulated
Accident Conditicns

Concern

"Steam line isclation wvalves are pravided which constitute an
important safeguard in the event of failure of a steam line external
ta the containment. One or more valves identical to these will be
tested under simulated accident conditions prior to a request for an
operating license." 10’

Resolution

General Electric Company implemented a program to test a full size
main steam line isolation valve under simulated accident conditions.
The detailed description of the program was presented in a GE Topical
Report¢!’ submitted to the AEC in April, 1968. The testing programs
under simulated accident conditions have been successfully completed
and reported in a GE Topical Report‘!??’ submitted to the AEC in
March, 1969. Analysis of the accident event is discussed in a GE
Topical Report(??! submitted to the AEC in October 1969.

J.2.3.9 Depressurization Performance of High Pressure Coolant
Injection System

Concern

"The film  condensation coefficient used to predict the
depressurization performance of the High Pressure Coolant Injection
{(HPCI) System 1is based on extrapolation of available heat transfer
data. Additional experiments or other supporting studies are needed
to confirm the effectiveness of the HPCI system, and the results
should be reviewed by the Regulatory Staff.'f12?

Resolution

The resclution of the above concern item is presented in the GE
Topical Report‘l!’ submitted to the AEC in April, 19&8.

The primary function of the HPCI System is to provide cooclant makeup
to the reactor vessz2l to keep the reactor core covered and coocled for
small system breaks. The secondary function is to depressurize the
reactor so that the Low Pressure Coolant Injection System (LPCI) or
the RCSC System in the C5CS network can become effective for somewhat
larger breaks than can be handled entirely by HPCI System inventory
makeup. An analytical model based upon solution to the mass and
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energy balances for the system assuming thermodynamic equilibrium is
used to predict the depressurization characteristics due to HPCI
System operation. Because equilibrium does not actually exist, a
calculated "mixing efficiency" 1is used to represent how nearly the
injected subcooled water is raised to the temperature of the reactor
vessel fluids.

Engineering tests were conducted in which subcooled water was
injected into a constant volume, High Pressure Steam-Water System
designed to simulate reactor conditions and geometry.
Depressurizaion rate, inlet and fluid temperature were measured. aAn
overall mixing efficiency was evaluated. A sufficient range of
variables were included in the tests to determine a mixing efficiency
for each reactor primary system. Refer to Section 6 for further
details of the HPCI System depressurization performance.

The results of this test program were submitted to the AEC in a GE
Topical Reportf13} in June 1969,

J.2.3.10 Core Standby Cooling System Thermal Effects On the Reactor
Vessel and Internals

Concern

“The Regulatory Staff should review analyses of possible effects upon
pressure vessel integrity, arising from thermal shock induced by ECCS

operation," {14}
Resolution

A detailed reactor vessel thermal shock analysis was performed on a
representative GE BWR reactor vessel, The thermal shock analysis
simulating CSCS-LOCA operation was performed on similar reactor
vessel design to the Pilgrim vessel and is reported in a GE Topical
Report¢!5? submitted to the AEC in July, 1969.

The thermal shock analysis simulating CSCS-LOCA conditions was made

on the reactor internals, including the core spray sparger and the
reactor vessel shroud and is described in Sections 3 and 4.

J.2.3.11 Effects of Blowdown Farces on Reactor Primary System
Cemponents

Concern

"The effects of blowdown forces on core and other primary system
components should be analyzed more fully as detailed design

proceeds, {14}
Resolutian
The reactor core structural components are designed to accomodate the

loadings applied during normal operation and maneuvering transients.
Deflections are limited so that the normal functioning of the
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components under these conditions are not impaired, Wwhere deflection
is not the limiting factor, the ASME Boiler and Pressure Vessel Code,
Section I1I, was used as a quide to determine limiting stress
intensities and cyclic loadings for the core internal structure.

The 1loading conditions which occur during excursions or design basis
LOCAs were examined. The reactor core shroud, shroud support, and
jet pump body, which comprise the inner vessel around the core within
the reactor vessel, are designed to maintain a reflooding capability
following a design basis LOCA. Reflooding the reactor core to the
top of the jet pump inlets provides adequate cooling of the fuel.

The design of the jet pump parts takes into account the pressure
loading both in normal and accident conditions, and the reactions at
the supporting brackets due to differential thermal expansion of the

pump and reactor vessel.

The reactor internals were designed to preclude failure which would
result in any part being discharged through the main steam 1line, in
the event of a steam line break, which might block a main steam line
isolation valve,

The structural components which guide the control rods were analyzed
to determine the loadings which would occur in 4 design basis LOCK.
The reactor core structural components are designed so that
deformations produced by accident loadings do not prevent insertion
of control rods.

Refer to Sections 3, 4, and Appendix C for additional details.

J.2.3.12 Instrumentation for Prompt Detection of Gross Fuel Failure

Concern

"Considerations should also be given to the development and
utilization of instrumentation for prompt detection of gross failure
of a fuel element."(1%)

Resolution

Refer to Responses 7.5 and 9.4.2 of Supplement No, 3 and to
Response 7.5 ¢f Supplement No. 5 of the Brunswick Steam Electric
Plant, Units 1 and 2 (AEC Docket Nos. 50-324 and 50-235) where it is
shown that the GE BWR failed fuel element detection capability for
gross failure is conservatively responsive and well within the design

requirements of the concern.

The Brunswick submittal ({referenced) discusses tne design criteria
for the instrumentation for prompt detection of gross failure of a
fuel element which is also applicable for this facility. The
detection system promptly detects and takes the necessary corrective
action for not only gross, immediate, but also minor, long term fuel

failures.
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Refer to Section 7 for further details.

J.2.3.13 Diversification of the Core Standby Cooling System
Initiation Signals

Concern

"Also, he will explore further possibilities for improvement,
particularly by diversification, of the instrumentation  that
initiates emergency core cooling, to provide additional assurance
against delay of this wital function.®w{t®}

Resolution

The preliminary design of sensors for the C5CS equipment consisted of
a reactor vessel low water signal from either of two independent
instrumentation sources to activate the pumping equipment. Further
studies were conducted to ascertain whether reliability could be
improved by utilizing alternate or improved sensors. As a result of
these studies, instrumentation which detects high pressure in the
drywell has been incorpeorated in addition to the reactor low water
level instruments to actuate RCSC, HPCI, and LPCI, and the Standby
Diesel Generator Systems.

Diversity of sensors which initiate CSCS functions has also been
incorporated into the design, That is, two different types of
pressure interlock sensors bellow type and bourdon tube type, are
used for this function in order to circumvent any unknown
phenomenclogical uncertainties associated with pressure parameter
measurements.

J.2.3.14 Control Systems for Emergency Power

Concern

"The applicant stated that the control systems for emergency power
will be designed and tested in accordance with standards for reactor

protection systems.'¢10)

Resolution

Class IE Electrical Systems provide emergency power to Pilgrim
Station, The ac and dc subsystems are each divided inte two
redundant systems with independent control systems. These control
systems are designed and will be tested in a manner which meets the
requirements of the IEEE criteria for Class IE electrical systems and
the applicable sections of IEEE-279. These tests will show that the
ac and dc subsystem meet the intent of the requirements of both of
the above IEEE documents,

Refer to Section 8 for details.
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J.2.3.15 Misorientation of Fuel Assemblies

Concern

"Operation with a fuel assembly having an improper angular
orientation could result in local thermal conditions that exceed by a
substantial margin the design thermal operating limits. The
applicant stated that he is continuing to investigate more positive
means for precluding possible misorientation of fuel assemblies."¢10!

Resolution

Operation with a misoriented fuel assembly would be an econemic
rather than a safety concern. Analyses have shown that less than
10 fuel rods in a misoriented assembly would experience a Minimum
Critical Heat Flux Ratio (MCHFR) less than 1.9. Under normal
operating conditions these 10 fuel rods would, even in the peak power
position, remain at a MCHFR greater than 1.0 and peak linear heat
generation rate less than 28 kW/ft.

Studies into means of precluding possible fuel misorientation have
been completed. It 1is concluded that the present method of
procedural controls 1is the most desirable of the alternates. Fuel
handling operations at operating GE BWRs have shown ' this to be an
efficient, effective method.

Various mechanical devices to prevent inserting a misoriented fuel
assembly were also studied and eventually discarded. These devices
tended to provide greater potent:ials for fuel damage during loading
and storage operations than the misorientation they were designed to
prevent.

Visual identification has been successfully used in all BWRs operated
to date to provide assurance of fuel location and orientation.
Photos taken of the KRB (Gundremmingen) core after the initial fuel
loading clearly showed four different means of identifying a
misoriented fuel assembly: (1) All the assembly numbets point
towards the center of the cell, (2) the spring clip assemblies all
face the control rod, (3) the lugs on the handles point towards the
control rods, (4) cell to cell symmetry. Experience has sghown that
the distinguishing features will be visible during the design
lifetime of the fuel. 1In all cases, fueling procedures require that
the fuel assembly number be verified. As a result of this study and
the accumulated fuel handling exnperience, no further work with
respect to providing an alternate means of preventing fuel assembly
misorientation is planned. The Applicant is satisfied that these
methods and procedures provide adequate protection for the fuel

investment.

Refer to Section 3 for further details.
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J.2.4 AEC General Design Criterion Number 35 - Design Intent and
Conformance

Concern

"The applicant and the Staff should resolve the manner in which the
intent of General Design Criterion Number 35 ( [OCFR50.34 proposed
July 11, 1967) will be met for the Pilgrim Plant."t2)

Resolution

The piping and pressure containing parts of the reactor ceelant
pressure boundary will conform to the Non-Destructive Testing (NDT)
requirements of Criterion 35 ( IOCFR50.34 , proposed July 11, 1967) as
follows:

a. The fracture or notch toughness properties and the operating
temperature of ferritic materials of the reactor coolant
pressure boundary will be controlled to ensure adequate
toughness by maintaining a material service temperature at
least 60°F above the nil ductility transition temperature,
when the system is pressurized to more than 20 percent of
the design pressure.

b. Charpy V notch tests will be performed to demonstrate that
materials and weld metal will meet brittle fracture
requirements at test temperature. The welding procedures
used must be gualified by impact testing of weld metal and
heat affected =zones to the same requirements as the base
metal.

c. Piping and equipment pressure parts having a nominal wall
thickness of 1/2 in or less need not be impact tested
provided the material is normalized or has been fabricated

to a fine grain melting practice.

d. Impact testing is neot reguired on components or piping
within the boundary having a minimum service temperature of

250°F or more.

Protection against the brittle fracture or other failure modes of the
Reactor Coolant Pressure Boundary System components is provided for
all potential service loading temperatures.

Control 1is exercised in the selection of materials and fabrication
and design of equipment and components to meet the above criteria.

Refer to Appendix A for a more detailed discussion of conformance to
the NDT requirements of Criterion 35.

J.2-11



PNPS-7SAR

J.2.5 Fuel clad Disintegration Limitations

Concern

"In connection with postulated loss-of-coolant accidents, the
applicant stated that, using conservative assumptions and allowing
appropriately for fuel element distortion from the original core
geometry, the emergency core cooling systems will be designed to keep
fuel-clad temperatures below the point at which the clad may
disintegrate upon subsequent cooling."t2?

Resolution

With respect to this overall concern of CS5CS effectiveness to cool
overheated fuel rods, the industry had selected a2 maximum allowable
temperature of 3,371°F, the melting temperature of Zircaloy. This
selection was based on a desire to keep the fuel bundle geometry
intact. Refer to a GE Topical Reportt!l? submitted to the AEC.

Even though this criteria has been adopted for CSCS5 equipment design,
experimental effort continues at the General Electric Company and
elsewhere to further refine our knowledge with respect to a proper
tolerable maximum fuel temperature during LOCAs.

Some preliminary data from Argonne which has not been fully evaluated
at this time tends to indicate that possible clad shattering rather
than clad melting would be a more conservative criteria for
maintaining fuel bundle geometry. This clad shattering might occur
at temperatures as much as 400°F below the Zircaloy melt temperature,
Current testing programs at GE for our specific fuel bundie designs
are fully investigating this possibility. GE is also fully
evaluating this new Argonne National Laboratory data.

The current conservative core cooling evaluation techniques used on
this station indicate that the maximum predicted fuel temperatures
following postulated design basis LOCAs (less than 2,200°F) are
sufficiently below the temperatures of clad shattering that there is
no concern regarding loss of fuel geometry. Refer to Section 6 for

details., See Section J.2.3.4.

J.2.6 Automatic Depressurization System - Initiation Interlock

Concern

"The applicant stated that he would give further consideration to a
suitable interlock to ensure that low-pressure cooling capability
would be available before the auto-relief depressurization could be

injtiated."t2?
Resoclution
An auto-relief interlock is included in the design to ensure that low

pressure core cooling capability will be available before the
auto-relief depressurization can be initiated. A system has been
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installed to sense pressure downstream from the core spray and the
residual heat removal (RHR) pumps which will prevent auto
depressurization unless sufficient pumps are operating to assure the
required capability of low pressure core cooling.

Pressure sensors have been installed downstream from each of the low
pressure CSCS pumps. The signals from these pressure sensors feed a
logic matrix unit. If the logic matrix unit determines from the
sensed pressure that adequate core cooling capability is available,
autc blowdown will be permitted to proceed upon receipt of its own
initiation signals.

J.2.7 BApplicants' Role - Quality Assurance Program

Concern

"The Committee recommends that the Boston Edison Company assume an
active role in quality assurance at all stages of fabrication and
construction,"¢2}

Resolution

The Applicant has established a comprehensive gquality assurance
program for the Pilgrim Station.

Refer to Appendix D for program details.
J.2.8 Offsite Emergency Plans

Coricern

"The Committee was informed that the Commonwealth of Massachusetts is
responsible for preparing off-site emergency plans, with inputs
provided by the applicant. The Committee believes that the applicant
should assure himself of the adequacy of all emergency plans."(2}

Resolution

The Applicant assumes complete responsibility for the preparation and
adeguacy of all emergency plans for the Pilgrim Nuclear Power Station
which 1include both onsite and offsite procedures. The offsite
emergency plans and procedures are developed in cooperation with
responsible agencies of the Commonwealth of Massachusetts and of the
Town of Plymouth to assure their familiarity with such plans and to
assure coordination of the Applicant's emergency plans with those of
other authorities that will assist the Applicant in the event of an
offsite emergency. Refer to Section 13 and Appendix N for additional

details,
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J.3 AREAS SPECIFIED IN THE AEC STAFF CONSTRUCTION PERMIT - SAFETY
EVALUATION REPORT FOR PILGRIM NUCLEAR POWER STATION

J.3.1 General

The AEC Staff Construction Permit - Safety Evaluation Report (SER) of
May 20, 1968, identified three general areas of specific concerns:

1. SER Section 5.0, Requirements Further Technical Information

2. SER Section 7.0, Report of the Advisory Committee on Reactor
Safeguards

3. Miscellaneous Selective SER Section Concerns

These areas are discussed in the following sub sections. Also refer
to Table 1-11~3 of the AEC Staff Construction Permit-SER of May 20,

1968.

J.3.2 Requirements for Further Technical Information

J.3.2.1 Introduction

"5.0....A number of areas have been identified that require further
technical information to support the design and safety features of
boiling water vreactors (BWR's) similar to Pilgrim Station. Some of
these areas are pertinent not only to BWR's, but also teo all large
water-cooled power reactors and have been noted in recent ACRS

reports,ni16}
J.3.2.2 Fuel Damage Limits

Statement

"5.1....(1) Fuel Damage Limits - The objective of the program is to
establish the fuel damage threshold for successively larger energy
deposition rates as a function of fuel burnup. The applicant
established a damage limit corresponding to a linear power generation
of 28 kilowatts per foot. Experimental data to date support its
model. Additional work is planned and the results of this program
are expected to be available to confirm the wvalidity of this limit
prior to Pilgrim Station startup operation. The program scope also
includes work sponsored by the Commission at Argonne WNational
Laboratory and at the SPERT facilities. We conclude that there is
reasonable assurance that this program will provide the necessary
information prior to initial operation of the Pilgrim Station."(ié!

Resolution

Refer to Appendix J, Section J.2.3.3.
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J.3.2.3 Flow Channel Blockage

Statement

"5.1....(2} Flow Channel Blockage - The Applicant indicated that flow
blockage during normal operation 1is local in nature, and cannot
prapagate to affect the remainder of the core. Nevertheless, the
applicant has stated that additional analytical and experimental work
will be caonducted to confirm the results of previous studies. At
this stage of the Pilgrim review, we are satisfied with the
applicant's plans to conduct additicnal analytical and experimental
work. The results from this program will be available for review
prior to the proposed initial operating date for Pilgrim

Station."¢16?
Resolution
See Appendix J, Section J.2.3.2.

J.3.2.4 Effect of Fuel Clad Failure on Emergency Core Cooling

Statement

"5.1....(3) Effect of Fuel Clad Failure on Emergency Core Cooling -
Based upon analytical and experimental work done to date, clad
perforation occurs at a localized area of a fuel rod. Perforation is
caused by high internal fuel rod pressure and the region at which
perforation occurs has been observed to be random and localized over
the length of the fuel rod. Further experimental and analytical work
will be continued in order to confirm and further refine the
understanding of this fuel damage model. This work will include
further perforation tests of fuel cladding under various conditions
of temperature, pressure and metal ductility, further heat transfer
analysis of fuel bundles under accident conditions, and other tests
as appropriate. A report of the results of these tests is scheduled
for the end of 1963. Based upon the work done to date and the scope
and schedule for the test programs, we believe there is reasonable
assurance that this area will be satisfactorily resolved prior to the
date proposed for initial operation of Pilgrim Station.*+18)

Resolution
See Appendix J, Secticns J.2.3.1 and J.2.3.4.

J.3.2.5 Control Rod Worth Minimizer

Statement

"5.2....{(1) Contror: Rod Worth Minimizer - The Control Rod Worth
Minimizer is designed to back up operating procedures in assuring
that contrel rod patterns do not result in excessive control red
worths. UDLesign of the RWM 1is essentially complete and has been
evaluated on a preliminary basis in connection with the review of the
Oyster Creek, and Nine Mile Point plants for a provisional operating
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license. We expect that the operating data that will be forthcoming
from these reactor plants will be sufficient to determine the
adequacy of the RWM for the Pilgrim Station."(18?

Resolution

The design of the Control Rod Worth Minimizer {CRWM)} is complete as
reported in a GE Topical Report{!7’ submitted te the AEC in March
1967. See Section 7 for further details.

J.3.2.6 Control Rod Velocity Limiter

Statement

"5.2....{2) Control Rad Velocity Limiter - The Control Rod Velocity
Limiter is designed to limit the freefall velocity of a control rod
to mitigate the consequences of a reactivity insertion transient,
The design is complete and the test program has been reported by
General Electric to have successfully achieved the design cbjectives.
As in item (1) above, the design aspects have been reviewed for the
Oyster Creek and Nine Mile Point plants and the device will have been
installed in other boiling water reactors prior to its application in
Pilgrim Station."t¢18&?

Resolutigg

The design and final test program of the Control Red Velocity Limiter
{(CRVL) is complete as reported in a GE Topical Report{18) submitted
to the AEC in March, 1967. Refer to Section 3 for further details,

J.3.2.7 In-core Nuclear Instrumentation

Statement

"5.2....(3) In~Core Nuclear Instrumentation - The In-Core Nuclear
Instrumentation consists of in-core chambers to monitor local power
density. General Electric has reported on the performance of in-core
monitors from operating experience at the Big Rock Point and KRB
reactors. The applicant states that sufficient data is available to
demonstrate the adegquacy of this component performance.

We have not reviewed such data in detail at this time, but we expect
to closely follow the operation of Oyster Creek and Nine Mile Point
plants in this regard. As with the previous items, we believe that
satisfactory in-ceore testing will have been conducted prior to

operation of Pilgrim Station.''{16)

Resolution

The design and adequate performance demonstration of the Incore
Nuclear Instrumentation System is complete and is reported in a set
of GE Topical Reports‘'?®, 20} submitted to the AEC in August, 1968 and
November, 1968, respectively. See Section 7 for further details.
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J.3.2.8 Jet Pump Development

Statement

"5.2,...(4) Jet Pump Development - Considerable analytical and test
work has been completed on the jet pump system for reactor coolant
recirculation to establish basic design characteristics. Continued
development in progress and planned is summarized in Amendment No. 2.
The development program, and the fact that this component will have
been operated in similar reactor plants prior to its operating
application in Pilgrim, will be adequate to establish its capability
at the operating license review stage.!'(16?

Resolution

The design and test program of the Jet Pump Assemblies is complete
and is reported in a GE Topical Repert‘21’ submitted to the AEC in
September 1968.

J.3.2.9 Load Control Using Variable Speed Recirculation Pumps

Statement

"5.2....{5) Load Control by Variable Speed Recirculation Pumps - This
is principally an analytical program to accurately model the
performance of the recirculation pumps and associated reactor
response. The adequacy of the model will be demonstrated by
comparison of prediction with the results of QOyster Creek and Nine
Mile Point reactor startup tests and substantiated in other BWR plant
operations prior to the Pilgrim Station startup.!f18?

Resolution

The objective of this program is to accurately model the performance
of the Reactor Coolant Recirculation System (RCRS) pumps, and the
reactor response for this system. The modeling program is complete,
with appropriate parameters modified as particular equipment 1is
designed or purchased. The adequacy of the model is routinely
verified by comparison of the prediction with the results of startup
tests. See Sections 7 and 14 for further details.

J.3.2.10 Core Spray Cocling Effectiveness
Statement

"5.2....(6) Core Spray Cooling - The cbjectives of this program are
to confirm the core spray cooling and flooding effectiveness of the
optimized core cooling systems applicable to the current design of
GE-BWR's. An objective of the pregram will be to determine core
cooling effectiveness of a wide range of clad temperatures which will
include predicted temperatures based on the expected performance of
the propesed Pilgrim ECCS. The tests will also include studies with
cladding material similar to that which will be used in the Pilgrim
reactor.

J.3-4
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The results of analytical and test work to date are provided in
documentation for previously approved BWRs. These results, as
applicable to Pilgrim, are summarized in Appendix A of the DAR and in
Amendment Nos. 2 and 4. Tests have been done and will continue on
core spray distributien over a simulated reactor core. In view of
the effort expended on this matter to date and the plans for
coentinued work scheduled through 1968, we believe that this matter
will be resolved satisfactorily prior to initial operation of Pilgrim
Station.!" (16}

Resolution
The design and final test program of the effectiveness of the Core
Spray Cocling System (CSCS) has been completed and reported in a GE

Topical Report(22) gubmitted to the AEC in March, 1968. See
Appendix J, Sectien J.Z,3.4.

J.3.2.11 Boiling Water Reactor System Stability Analysis

Statement
15.2....{(7) System Stability. The objective of this program is to
develop an. analytical. model which would predict the onset of
instabkilities in the reacteor core. Tests have been conducted at

other GE-BWR's, notably the SENN and KRB reactors, and experimental
data were found to agree well with model predictions which show no
significant tendencies for system instabilities. The  General
Electric Company has indicated that it is continuing its studies on
this matter and will keep us informed of the findings as they become
available, We will continue our review of this matter. Additional
analytical results and reactor operating data will become available
prior to anticipated initial operation of Pilgrim Station,"{1§)

Resclution

The development of a BWR Stability Model which would predict the
onset of instabilities in the reactor core in this station has been
completed, and the excellent agreement between model predictions and
experimental data has been reported in the following GE Topical
Reports‘23 24) submitted to the AEC in April 1969 and June 1968 and
in GE memorandum‘2%’, submitted on Peach Bottom Atomic Power Station,
Units 2 and 3, AEC Docket Nos. 50-277 and 50-278. See Section 7.16

for further details.

J.3.2.12 Provisions for Inservice Inspection

Statement

"5.2....{(8) Provisions for In-Service Inspection - The Applicant has
stated that provisions are being incorporated in the design by the
vendor of the nuclear steam supply components to facilitate
inspection of selected areas of the interior of the reactor vessel
and 1its components, as recommended in the report, APED-5450., This
report, titled '"Design Provisions for In-Service Inspection,”" is a
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topical report submitted by the General Electric Company. At this
stage of the review, we are satisfied with the applicant's awareness
of the requirements to provide a detailed in-service inspection
program at the operating license stage, and of its stated intentions
to do sqg."(16}?

Resolution

The Applicant retained the Southwest Research Institute to provide
independent advice regarding inservice inspection techniques and
capabilities. The Southwest Research  Institute provided
recommendations during the design effort regarding access provisions
for inspection and assisted the Applicant in the development of an
inservice inspection program. This inspection program complies with
the intent of the ASME TInservice Inspection Code to the maximum
extent practicable,. The Applicant alsc retained the Southwest
Research Institute to perform the initial testing required during
station startup to obtain base or reference data. $See Appendix K for
a detailed description of the Boston Edison Inservice Inspection

Program.

J.3.2.13 Analysis of Thermal Shock Effects from Core Standby Cooling
Systems

Statement

"5.2....(9) Analysis of Thermal Shock Effects from ECCS. The effect
of thermal shock on the reactor vessel and its appurtenances induced
by injection of emergency core cocling water intoa the higher
temperature reactor system has not yet been fully analyzed. The
Applicant has responded in Amendment No. 4 that General Electric will
perform a detailed stress analysis in connection with the Millstone
Point provisional operating license review. At this stage of the
Pilgrim review, we are satisfied with the applicant's awareness of
the requirement for a detailed thermal shock analysis at the
operating license stage and of 1its stated intentions to provide
one." {163

Resolution
See appendix J, Section J.2.3.10.

J.3.2.14 High Pressure Coolant Injection System- Depressurization
Model (Peak Clad Temperatures)

Statement

"5.2....{10} HPCI System Depressurization Model (Peak Clad
Temperatures)., The principal function of the HPCI system 1s to
maintain water 1inventories sufficient to assure cere cooling for
small breaks. For intermediate breaks, it also serves to
depressurize the pressure vessel to a level such that the core spray
system or low pressure injection system can reach rated flow. The
HPCI system 1s designed to pump 4250 gpm into the reactor pressure
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vessel within a reactor pressure range of about 1100 psig to
150 psigq. Our concern continues to be with the accuracy of the
analytical technigques in predicting vessel depressurization using the
HPCI system. In the Cooper Station application, it was stated that
the required mixing efficiency for the HPCI system would be obtained
by optimizing the feedwater sparger design; i.e., by using a large
number of small sparger holes to maximize the HPCI exit velocity and
jet surface area, and by aiming the sparger holes to maximize wetted
film area. This proposed optimization of the feedwater sparger
design would be based on an analytical model which has not been
verified experimentally. As a result of the continuing interest in
the area of depressurization model and peak clad temperatures, the
General Electric Company has formulated an experimental test program
to determine HPCI mixing efficiencies. It is planned that the
proposed tests will be completed in 1968....

...After the depressurization model is evaluated by comparison with
experiments, the analytical model can be refined to establish the
calculated peak clad temperatures. We believe that the HPCI
depressurization principle is feasible and that the experimental
program can be expected to test its applicability. The results from
this program will be available for review prior to the proposed
operating date for Pilgrim Station,"(16? .

Resgolution
See Appendix J, Section J.2.3.9.

J.3.2.15 Main Steam Line Isolation Valve Operability

Statement

"5.2....(11) Main Steam Line Isolation Valve Operability - General
Electric Company is currently undertaking a program to test main
steam line isolation valves under simulated accident conditions.
This testing program will include testing of valves on a scale to
permit evaluation of hydrodynamics of the blowdown under protetypical
conditions, testing of valves designed for other boiling water
reactors under simulated accident conditions, and testing the steam
line isolation valves during the preoperatiocnal test phase to verify
that the wvalves as installed will meet all functional requirements.
The results of these tests are expected to be available prior to the
Pilgrim Station operating license review. We are presently reviewing
the scope and schedule for these tests and conclude that there is
reasonable assurance that this matter will be satisfactorily resolved
prior to the date proposed for initial operation of Pilgrim

Station,m{(18?
Resoluticon

See Appendix J, Section J.2.3.8.
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J.3.2,16 Electrical Equipment Inside Containment Test Program

Statement

"5.2.,,.(12) Electrical Egquipment Inside Containment - Electrical
equipment which must operate inside primary containment in an
accident environment is limited to cables and operators for isolation
valves, Where practical, the wvalves are designed to fail "as is" or
closed (safe failure). A circuilt failure after the walve has closed
will be a safe failure. In addition to designing the equipment to
withstand the accident enviromnment long encugh te operate the valves,
the applicant has agreed to test the performance of this eguipment.
In Amendment No. 4, the applicant outlines the compeonents and
subsequent tests of the materials to be installed in the Pilgrim
Station primary containment, The tests will demonstrate that the
material and equipment will survive the accident conditions of
simultaneous pressure, temperature, and humidity for a period of time
essential for their operation. Successful demenstration by these
tests will satisfy our requirements. {28}

Resolution

Tests have been completed on cables and operators for isolation
valves, recirculation 1line wvalves and relief valves, The test
results indicate the «capability of the equipment to meet or exceed
the design requirements and to function while under postulated
accident conditions,

J.3.2.17 Primary System Leak Detection

Statement

“5.2....(13y Primary System Leak Detection ~ Detection of leaks in
the primary system will be accomplished by monitoring the sump level
in the containment vessel, by moniteoring the T of the cooling water
of the containment vessel heat exchangers and by monitoring the
containment vessel pressure. Leaks of from less than 1 gpm to up to
40 gpm can be detected by these methods, Selected areas in the
reactor building in the vicinity of the RCIC and RHR equipment will
also be monitored. The above represents the status of leak detection
techniques which are presently proposed; however, we intend to
continue ocur consideration of leak detection techniques to ascertain
that the proposed methods are sufficiently sepnsitive. We conclude
that there 1is reasonable assurance that this matter will be
satisfactorily resolved prior te the date proposed for initial
operation of the Pilgrim Station.'¢16)

Resolution

See Appendix J, Section J.4.9, J.4.11, and Section 4 for further
details.
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J.3.3 Report of the Advisory Committee on Reactor Safeguards

Statement

"7.0....Report of the Advisary Committee on Reactor Safeguards =~ The
Advisory Committee on Reactor Safeguards (ACRS), by letter dated
April 12, 1968 to Chairman Seaborg, reported on the proposed Pilgrim
Nuclear Power Station. A copy of the letter is attached as Appendix
B. In its letter, the ACRS commented or made recommendations on
particular items of fact or concern, all of which have been addressed
in this Safety Evaluation. An index to the discussion of these
comments in this Safety  Evaluation 1is tabulated below.

{Table 7.1.)u¢186)>
Resolution
See Appendix J, Section J.2.

J.3.4 Miscellaneous Selective Safety Evaluation Report Section
Concerns

J.3.4.1 Criterion 35 Intent

Statement

"6.0....5tation Design With Respect to the General Design
Criterion....The capability of satisfying Criterion 3%, which relates
to the prevention of brittle fracture in the pressure vessel and the
other parts of the primary coolant pressure boundary, was discussed
at length with the applicant. In Amendment No. 9 (Comment 4) and
Amendment No. 10 (Comment 1) the applicant defines and discusses the
problem. The Pilgrim pressure vessel meets the requirements of
Criterion 35 as presently phrased; however, the remainder of the
primary system does not meet a literal interpretation of the present
phrasing of the criterion. However, the applicant states that the
Pilgrim Station will meet the requirement of brittle fracture
prevention in all parts of the reactor coolant pressure boundary. We
believe that this approach meets the intent of Criterion 35. Details
of the design and analytical techniques by which the applicant will
assure prevention of brittle fracture in the primary system will be
resolved between the applicant and staff.n(16}

Resclutian
See Appendix J, Section J.2.4

J.3.4.2 Emergency Planning

Statement
"8.3...,Emergency Planning....We consider the applicant's basic
planning acceptable for the construction permit review stage. A

detailed evaluation of emergency planning bases and objectives, and
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of instrumentation provisions within the plant for emergency off-site
evaluation, will be conducted at the operating license stage.' ‘26

Resolution
See Appendix J, Section J.2.8.
J.3.4.3 Meteorological Progiam

Statement

"....2.2 Meteorology ....The applicant has agreed that a final
determination of fumigation will be based on the results of the aon-
site meteorological program. The results of these findings will be
used to establish gaseous release limits at the provisional cperating
license stage of review."!16}

Resolution

The results of the onsite meteorological program are given in
Section 2. Appendix E containz stack release calculations and
Appendix I details the results of the onsite (seabreeze) studies.

J.3.4.4 Hydrology and Oceanography Program

_Statement

Y,...2.4 Hydrology and Oceanography....0ur consultants on flooding
from the Coastal Engineering Research Center indicate that the
applicant's analysis does not account for the meteorological
parameters associated with the Probable Maximum Northeaster. The
applicant has agreed to reanalyze the maximum probable floed
inceorporating these influences based upon the publication of a U.S.
Weather Bureau study on meterological conditions associated with
Northeaster storm surge to be available by about October 1968. He
conclude that this does not represent any engineering problem since
the applicant will provide protection to the agreed-upon maximum
probable flood level, The reports of our consultants on hydrology
and oceanography are attached as Appendix F and Appendix G from U.S.
Geoleogical Survey and U.S. Army Coastal Engineering Research Center,
respectively."(16?

Resolution
See to Appendix J, Section J.2.2.
J.3.4.5 Reactor Pressure Vassel-Stub Tube Design
", ...3.1 Reactor ....Recently, defects have been found in the control
rod drive stub tubes of the Oyster C(reek reactor pressure wvessel.

This problem 1is presently under review by the regulatory staff. It
is not yet entirely clear whether the....

J.3-10
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.+ In order to accommadate our review of this potential problem with
the Pilgrim BStation wvessel at the earliest time, the applicant
informed us that it will provide us with the design' of the stub tubes
and an evaluation of the potential stub tube problems on its vessel.
As indicated in the applicant's Summary of Application, it will
incorporate any necessary corrective action resulting from the stub
tube problem evaluation, in its vessel prior to the completion of its
fabrication. The applicant has indicated that the decign ard
evaluation will be submitted to the staff as soen as information is
available. The proposed plans with respect to the reaztor pressurs
vessel are acceptable to us,"¢!*%’?

Resolution

A GE Topical Report ‘7’ was submitted to the AEC in November, 1963
on the Stub Tube design. The report describes the design, analws:is,
fabrication, and test of the control rod drive penetration typicaily
used in current General Elec:iric Company reactor wvessels. The
penetration described consists of an Inconel internal stub nozzle2
welded inside the reactor wvessel bottom head, and ar aust8nitic
stainless steel control rod drive housing peneirating the reactor
vessel head and welded to the top of the Inconel stub nozzle. This
perietration is +typical of the Dresden II and 1III, Millstone,
Monticello, Browns Ferry, Vermont Yankee, Peach Bottom, and Pilgrim
nuclear power station plants now well along in .construction and on
other plants to follow in the immediate future. Although details of
design and fabrication vary slightly in this series of plants,
principally to accommodate the fabricators' manufacturing preferences
and methods, these differences are not significant and the resulting
penetrations are eguivalent. See Section & for further details.

J.3.4.6 Flow Reference Scram Design

Statement

",...3.4 Instruventation....Reactor scram 1is actuated bv a fized
high~flux scram setting (120% power). We have evaluated the ability
of the proposed system to prevent fuel damage at steady state reducs?
recirculation flow and conclude it is adeguate. However, we have
asked the applicant to continue reviewing the adeguacy of the sysiemz
for anticipated transients at reduced recirculation flow. Results of
this evaluation will determine the regquired APRM functions. This
area will be resolved during the operating license review."‘'®’

Regolution

-

See Appendix J, Section J.4.%8

J.3-11
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J.3.4.7 Reactor Protection System-Paower/Flow Instrumentation
Design - (IEEE-279)

Stat ament

" ...3.4 Instrumentation,...{l} Reactor Protection System Powar/Flow
Instrumentation....The applicant has stated that the design of the
reactor protaction systam power/flow insirumentation will comply with
the Proposad IEEE Standard for Nuclear Power Plant Protsction
Systeme. Our review of the preliminary design indicates that the
proposed svstem can be built to meet the proposed standard. The
adeguacy of the svstiem depends upon the manner in which channzl
independence and isolation are implemented in the £iral design. We
will review this aspect of the final design in detail at the
operating license evaluation."''®’

Resolution
The design bagis and description of the RPS and the poweé&flow
instrumentation are not combinsd, ror are the other systems meationsd
in the AEC-Staff SER Section 3.4 to be associared with., nor combinezd

with the RPS.

The RPS for Pilgrim Station is designed to meet the intent of the
reguirements of IEEE-279. See Appendixz J. Section J.3.4.12 for

further details.

J.3.4.8 Low Pressure Coclant Injection - Logic Control Systzm
Design {IEEE-279}

Statement

"o.o..3.4 Instrumentation....(2)Emergency Core Cooling System
Actuation....The above description applies to the normal two
recirculation loop mede of operation with the egualizer line valves
closad, Two differential pressure gages are connected across the
equalizar line to identify a damaged recirculation loop during a one
loop mode of operation. These gages are connected in a ons out of
two logic scheme. The applicant has statad that this systam is being
desigred to the proposzd IEEE Standard. We will evaluate the final
design of this wital system during the operating license reviag<tq*
ensure that *he reguirements of the IELE Standard are mes. "8
*The equalizer line and walves were removed during the 1983 pipe

replacemsnt program.
Resclution

The design basis and description of the LPCIS Injection Control
System is not in agreemsnt with the interpretation. The Applicant’
documented design is as described in Appendix J, Section J.3.4.12 an
Sectiong 6 and 7.

5
-
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J.3.4.9 Reactor Protaction System - Instrumentation - Test
Capability During Operation

Statement

",....3.4 Instrumentation....(3) Conclusions....All instrument
channels required for reactor protection and the actuation of the
engineered safety features are testable during reactor gperation,
Alse, there is complete separation of <control and safety

functions."t16?

Resolution
€SCS Sensor Testability - Test jacks have been added in the CS5CS
initiation circuitry in order to permit testing of these circuits
using permanently installed equipment, Testing of the RHR, Core

Spray, HPCI, and the Automatic Depressurization Relief Systems 1is
facilitated by this design. Additional alarms and indicating lights,
provided to indicate the operational state of the sensors and relays,
will aid in testing as well as help assure that circuitry 1is returned
to normal after testing is completed. This design is similar to the
design provided recently on the Dresden Nuclear Power Station, Unit
2- AEC Docket No. 50-293-Amendment 17 and the Monticello Nuclear
Generating Plant, Unit 1-AEC Docket No. 50-263 - Amendment 19.

CSCS System Testability - Refer to Section 6 for the system design
and test capabilities.

RPS Testability - See Section 7 for the system testability.

Primary Containment Isolation System (PCIS) Testability - See Section
7 for the system testability.

J.3.4.10 Reactor Protection System and Core Standby Cooling
Instrumentation-Cable Markings and Identification

Statement

"....3.4 Instrumentation....(3) Conclusions....The applicant has
stated that a means will be developed to easily distinguish
protection system cables, wires and components from similar
companents which are net related to protection. We conclude that the
stated intention is sufficient at this stage of review.''!{26}

Resoclution

All cables in the RPS and in the (S5CS5 are uniquely marked at each
termination to distincuish them from other cables. Electrical panels
and components are prominently identified by name plate.

See Section 7 for further details.

J.3-13
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J.3.4.11 Drywell Accident Conditions - Electrical Component Testing

Statement

", ...3.4 Instrumentation....{3)Conclusions....The applicant will
provide test data to confirm that those electrical components,
instruments and <cable located in the primary containment will be
capable of performing their function during and subsequent to a
design basis accident for the length of time required. We consider
this commitment to be adequate for the construction permit review,

Tha data will be evaluated during the operating license review." (18}
Resolution
See Appendix J, Section J.3.2.16.

J.3.4.12 Reactor Protection System and Core Standby Cooling
Instrumentation Design Criteria (IEEE-279)

Statement

*,...3.4 Instrumentation....{3) Conclusions....The applicant has
stated that the reactor protection system and the instrumentation
which actuates the engineered safety features are being designed to
the proposed IEEE Standard. oOur analysis of the preliminary design
indicates that these systems can be built to satisfy the requirements
of the proposed IEEE Standard and we conclude that this 1is adequate
at this stage of review,"'16)

Resolution

Instrumentation in the Pilgrim Nuclear Power Station is classified as
either control instrumentation or protection instrumentation. The
former performs absolutely no safety or protective function, while
the latter performs only protective functions. The former (control
instrumentation) are not designed to meet the requirements of IEEE-
279 since no safety or protective function is provided by these
instruments. The latter group of instrumentation includes not only
that system called the RPS, but also the initiation circuitry for
the €SCS, the Reactor Vessel ard PCIS, and the Reactor Building
Isolation Control System (RBICS). This latter group of instruments
is designed to meet the intent of the requirements of IEEE-279.
Systems which are designed to meet the intent of the requirements of
IEEE-279 are the following:

The Reactor Protection Systems (RPS)
Initiation logis for the Core Standby Cooling Systems (CSCS)

Initiation logic for the Primary Containment Isclation System
(PCIS)

Initiation logic for the Reactor Building Isolation Control
System (RBICS)

J.3-14
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Reactor Protection System

The RPS provides protective reactor trip or shutdown to terminata any
potentially unsafe trend. This system has no control function. ‘The
RPS is designed to meet the intent of the requirements of IEEE-279.
This system includes the Average Power Range Monitor (APRM) and the
Intermediate Range Monitor (IRM) subsystems.

RCRS flow measurement reference signals to the APRM scram circuits
are designed and installed in a manner identical te Dresden 2 and

Oyster Creek 1 facilities equipment arrangements.

The Rod Block Monitor (RBM) System is not a safety system (see
Section 1.4) and is not designed to IEEE-279 requirements. See alseo
Dresden 2/3-Amendments 17 through 20.

Core Standby Cooling Svstems

-

The CSCS are made up of several subsystems., These subsystem':-". are
intended to provide two protective functions. One protective
function is for large primary system breaks, where core spraying or
core flooding is to be accomplished to adequately cool the core. The
Core Spray Cooling subsystems and the LPCI subsystem each
independently provide this protective function, This is referred to
as the "low pressure core cooling™ protective function. The other
protective function is for small primary system breaks. In this
case, the protective function occurs in two steps; the first is the
depressurization of the primary system followed by the second which
is spraying or flooding, as in the large break case. The
depressurization can be performed rapidly by use of the Aauto
Depressurization Subsvstem (ADS), or slowly by the HPCI subsystem
which also provides makeup to the coeolant inventory. The ADS and
HPCIS are each, independently, capable of providing the first step in
the small break protective function. This is known and referred to
as the "high pressure core cooling” protective function.

Each of the two protective functions {(low and high pressure core
cooling)} described above are accomplished by the use of one of two
subsystems. Either the LPCIS or one of the two CSCS loops perform a
“low pressure core cooling” function and either the HPCIS or the ADS
perform a "high pressure core cooling” function. These subsystems
are not individually redundant and independent, but are collectively
designed so that each protective function (high and low pressur
cooling) is achieved with a combined systems design which meets the
requirements of IEEE-279 in both initiation and control. A
discussion -of each subsystem is given below in order to clarify the
applicability of IEEE-279 to each protective function, and the
capability of each subsystem making up the protective function to
itself, meet the IEEE-279 requirements.

1. Low Pressure Core Cooling Protective Function

There are two completely independent, redundant, physically separatzd
core spray subsystem loops. The initiation logic for these two

Cy
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subsystems meets the intent of the requirements of IEEE-279. There
is no control function served by this subsystem nor is there any
automatic control circuitry on the subsystem. Upon initiation, the
subsystem operates continuously at design conditions. The two
subsystems together meet the IEEE-279 requirements.

The initiation logic for the Low Pressure Coolant Injection (LPCI)
subsystem and the loop selection logic meet the single active
component failure criterion, The LPC] subsystem does not meet the
requirements of IEEE-279 because the protective function performed by
the LPCI subsystem is redundant to and can be performed alternately
by the core spray subsystems described above. These thres subsystems
collectively meet the intent of the requirements of IEEE-279.

The LPCIS mode of the RHRS has no automatic control circuitry
associated with it. Like the core spray subsvetems, the LPCIS upon
initiation operates continucusly at design conditions, Subseguent to
reflooding the core after an accident, the LPCI subsystam can be
switched to manual control and system flow reduced to that reguired
for other system functions such as containment cooling modes of
operation. The manual control circuitry required for containment
cooling meets the requirement of IEEE-279.

The flow path used by the LPCIS for injecting water into the reactor
vessel utilizes a single injection wvalve and flow path. The
circuitry which operates this valve does not meet the requirements of
IEEE-279 for the reasons discussed above. The shutdown cooling
function of the RHRS is normally isolated during reactor operation
because of two cleosed valves. This portion of the RHRS does not
provide any safety or protective function and therefore is not
designed to meet the requirements of IEEE-279.

2. High Pressure Core Cooling Protsctive Function

The Auto Depressurization Subsystem (ADS) initiation logic meets the
intent of the requirements of IEEE~279. The automatic control of the
valves meets the single active component failure criterion of
IEEE-279, The protective function of the ADS is redundant to and can
be performed alternately by the HPCI subsystem described below.
Thus, there are two independent and fully redundant subsvstems to
provide the high pressure core coeling protective function. The
valves, when actuated, copen and remain open with no further automatic
control. The valves are powered by redundant single active component
failure proof power sources and power control circuitry. The manual
control of the wvalving meets the single active component failure

proof criterion.

The initiation logic of the HPCI subsystem meets the intent of the
requirements of IEEE~279. This subsvstem has a steam turbine that is
automatically controlled to operate under a wide range of driving
steam conditions from as low as 50 psig to 1.100 psig.

The control instrumentation for the turbine does not mest the

requirements of IEEE-279. The protective function served by the

o
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HPCIS 1is redundant to and can be performed alternately by the ADS
subsystem described above. The initiation and control circuitry of
these two subsystems which perform the depressurization (high
pressure} protective function, when comnsidered together, are designed
to meet the intent of the requirements of IEEE-279.

3. Primary Containment Isolation Systems

The initiation logic for the automatic closure of the primary
containment isclation valves meet the intent of the requirements of
IEEE-279. Two valves are located on each line, one inside and one
outside the containment to meet the single active component failure

criteria.

4. Reactor Building Isolation Control System

The initiation logic for the RBICS is designed to meet the intent of
the requirements of IEEE-279. The system meets the single active
component failure criterion by including two isolation devices for

each ventilation penetration.
Conclusions
A thorough treatment of the protective function design philosophy is

given in Sections 1, 5, 6, 7, and Appendix G. The systems described
above meet the intent of the IEEE-279 requirements as stated.

J.3«17
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J.4 AREAS SPECIFIED IN RECENT, RELATED ACRS CONSTRUCTION AND
OPERATING PERMIT LETTERS

Areas specified in related ACRS Construction and Operating Permit
letters released subsequent to the Pilgrim Station Construction Permit

review are discussed in this section.
J.4.1 Scram Reliability Study

Concern

"The Committee believes that, for transients having a high probability
of occurrence, and for which action of a protective system or other
engineered safety feature is vital to the public health and safety, an
exceedingly high probability of successful action is needed. Common
failure modes must be considered in ascertaining an acceptable level of
protection. In the event of a turbine trip, reliance 1is placed on
prompt control-rod scram to prevent large rises in primary system
pressure. The applicant and his contractors have devoted considerable
effort to providing a reliable protective system. However, systematic
failures due to improper design, operation or maintenance could obviate
the scram reliability. The Committes recommends that a study be made of
further means of preventing common failure modes from. negating scram
action, and of design features to make tolerable the consequences of
failure to scram during anticipated fransients,"(28?

Resclution

Studies have been performed by General Electric Company, a) to evaluate
common mode failures which could negate scram action, 29} and b) of
design features to make tolerable the consequences of failure to scram
during anticipated transients.(39} Neither the Applicant nor the General
Electric  Company consider complete failure of the scram system
(redundant RPS and the 145 individual control rods) a possibility;
nevertheless the studies were performed.

The common mode failure analysis focuses primarily on the plant
variables that are sensed and serve as input information to the plant
protection systems. The vreport shows the extent to which each plant
variable (i.e., flux, flow, pressure, etc.) used to initiate a
protective function, is backed up by a completely different plant
variable in the event that a common mode failure blocks the flow of
information from the first level of protection signal. This approach to
the study was selected because it cuts the broadest slice through an
almost infinite commen mode failure analysis problem, is the most
productive of useful results for an initial effort, and narrows the
scope of follow-on studies to a reasonable effort.

In the course of t.e study, the plant’s reponse to all operational
transients and accidents was tracked, given that the plant protectieon
system was fully sensitive to information flow from the critical plant
variables. Then, each information flow path was assumed to be blocked,
one at a time, by an unidentified common mode failure, and the plant'‘s
response was again tracked for the same operational transients and

J.4-1
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accident conditions. The results provide an assessment of the degree of
resistance of the GE BWR RPS to unknown common mode failures resulting
in loss of the primary protection initiation signals.

Although  the failure to scram study identifies potential design
innovations to ease the severity of the consequences of failure to
scram, it 1is claimed that the degree of reliability, availability, and
performance of the scram function does not necessitate the imposition of
a new design basis or the implementation of these innovations. A
description of this additional protection is presented in the report.
The transients evaluated are based on a per unit generic analysis
representative of all plant sizes embraced by the BWR product line
series currently under construction and entering operational service at
the time of Pilgrim Unit 1 startup.

J.4.2 Design Basis of Engineered Safety Features

VConcern

"For purposes of design of the engineered safety features, the applicant
has proposed using a fission-product source term smaller than that
suggested 1in TID-14844, and a treatment of this source within the
containment different from that recommended in the same document. The
Committee believes that the assumptions of TID-14844 should be used as a
design basis for the engineered safety features of the Brunswick plant,
unless and until the wuse of a different set of assumptions has been
justified to the satisfaction of the Regulatory Staff and the ACRS."¢28)

Resolution

The engineered safety systems for the Pilgrim facility are designed to
perform preventive and mitigative functions when called upon during the
course of any credible design basis accident. These functions are
related to two general objectives: {1) protect the fuel barrier (i.e.,
maintenance of fuel c¢ladding integrity, prevention of c¢lad melt,
minimization of extent of fuel rod perforations, etc.), and (2) minimize
potential offsite doses (i.e., mitigate the cause and consequences of
accidents, containment, filter, control elevated release, etc.). The
design philosophy 1is that these functions must be maintained under all

credible design basis accident conditions.

The radiological consequences accident analysis employed in meeting the
above two objectives was based upon the following criteria:

1. Liberal definitions and conservative assumptions for the
initial accident event

2. Appropriate conservative  proven engineering calculational
methods
3. Conservative actual or predicted system/equipment performance

The design philosphy is to assure that substantial margins exist in the
overall system, component, or equipment design. This is achieved from a
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thorough consideration of all factors, such as the fission product
source terms, plateout, partition, etc., that may be reasonably
expected to occur. Margin 1is applied to each assumption and
calculational method consistent with the confidence level one has in
the data and its uncertainties to achieve an overall margin.

In the spirit of the above general design basis philosophy, the
radiological consequences accident analysis methods and models
employed in the design of the Pilgrim facility are those cited in the
GE Topical Report submitted to the AEC in March, 1969. This document
reflected the approved design described in the construction permit
PDAR documentation and the "as built" station conformance to 10CFR100
1imits which are described in the FSAR.

TID-1484 bili

Although the Applicant and General! Electric Company do not feel that
the TID-14B44 sources are credible and thus required for safety
purposes, the engineered safety features have been analyzed using the
TID-14844 source terms. An assessment of the capability of CSCS
equipment to perform their intended functions along with the offsite
radiological effects of such postulated source assumptions has been
prepared and is included in Section R.6.

J.4.3 Hydrogen Generation Study
ncern

“Studies are continuing on the possible effects of radiolysis of water
in the unlikely event of a loss-of-coolant accident. The Committee
believes the applicant should evaluate all problems which may arise
from hydrogen generation, including various levels of Zircaloy-water
reactions which could occur if the effectiveness of the emergency core
cooling system were significantly 1less than that predicted. The
matter should be resolved between the applicant and the AEC Regulatory
Staff."

Resolution

GE studies are continuing on the possible effects of radiolysis of
water in the unlikely event of a LOCA. The studies will evaluate all
problems which may arise from credible hydrogen generation. The study
is also 1intended to show possible methods of handling postulated
quantities of hydrogen generated by radiolysis. Details on the
studies have been documented and submitted on Supplement No. 4,
Brunswick Steam Electric Plant, Units 1 and 2. (AEC Docket Nos.
50-324 and 50-325).

Two GE Topical Reports, were submitted to the AEC in March, 1968 and
August 1968 which established that very little hydrogen is evolved as
the result of the desfgn basis loss of coolant accident with the
design minimum CSCS equipment available for operation. Even with
further CSCS degradations, the calculated maximum clad temperatures
(of 2,200F) would not increase to levels (2,800F) where clad
shattering or one percent metal water reactions could take place.
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J.4.4 Primary Containment Inerting

Concern

“The Committee believes that, with the present state of knowledge of
the performance of the ECCS and the course of a postulated
loss-of~-coolant accident, the containment should be inerted during
operation of the reactor. However, it is recognized that inerting
increases problems of 1inspecting for and repairing leaks in the
primary system. It is recommended that the requirement for inerting be
periodically reviewed as operating experience and further knowledge
from development work currently underway are obtained, and as other
means of eliminating the hazards from accident generated hydrogen are

found.”
R lution

The Applicant has incorporated a primary contalnment {nerting
capability into the facility design as agreed upon in the Pilgrim
Construction Permit Application (PDAR). The Applicant does not
propose, however, to operate the station with the primary containment
jnerted because of the danger to the health and safety of operating
personnel, and because of the reduction in permissible access to the
primary containment for periodic visual inspection of primary system
components. The Applicant believes the overall safety of station
personnel and the general public will be enhanced more by the periodic
inspections and early detection of potential deterioration of the
primary boundary which are permissibie without inerting than by the
additional containment hydrogen capabiiity provided by inerting.

The Applicant believes that substantial protection to preclude large
metal water reactions with associated gross hydrogen releases to the
primary containment is provided by the redundancy and diversity of
CSCS incorporated in the facility. Substantial protection exists even
assuming severely degraded availability of this equipment. Two
reports prepared by the General Electric Company, are on file with the
AEC which contain technical evaluations showing that reasonable safety
margins are provided in the primary containment design without
inerting.

Comparable safety margins for operating personnel are much more
difficulit to maintain §f fnerted since significant risk of
asphyxiation exists if personnel access were permitted while the
containment is inerted. Even assuming no access is permitted while
the containment is 1nerted, careful adherence to operating procedures
js required during purging to assure that the inerted atmosphere is
all properly vented and that all containment areas are safe for
operator access. These procedures must be carried out with a minimum
of errors. Unlike the CSCS design, redundancy and diversity of
function are not available for these containment purging operations
and fewer errors can be permitted without a total 1loss of the
available safety margins. The Applicant believes the safety
consequences of a failure to properly vent the containment after
inerting are potentially more severe than any reduction of safety
margin due to cperation of the containment without inerting.
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The Applicant has concluded therefore that operation of the
containment with an inert atmostchere is not justified based on
overall safety considerations considering the relative risks. design
margins. and consequences of operation with and without inerting.

J.4.5 Seismic Design and Analysis Models

Concern

"The applicant is reviewing the seismic design of Class I structural
and mechanical components of the plant and will complete his analys:s
before the reactor goes into operation. 1In the event that changes to
the plant should be found necessary, such changes will be made on a
time scale to be agreed upon between the applicant and the Regulatory

Staff."¢??

Resolution

The method used to do the seismic (earthquake) analysis on the
Reactor Coolant Recirculation System loop lines of the Dresden 2/3
Plants was the same as used on other GE BWR Reactor Coolant
Recirculation System loop lines. A reevaluation of the results of
the Dresden 2/3 recirculation lines was made by expanding the
analysis to include the following alteration to the GE standard
method referenced and described in a GE BWR docket [Monticello FSAR
{Method I}]. 1In the expanded analysis the inertia forces for each
mode were used to determine each mode's contribution to the total
internal forces, moments, and stresses in the pipe. The total
combined results were obtained by taking the sguare root of the sum
of the squares of each parameter; 1i.e., forces, moments, and
stresses. This new analysis is identified and called Method II.

A summary of the three highest stresses for Method I in each of the
four components in the Dresden 2/3 recirculation lines and ths
corresponding streszses as calculated by Method II were submitted to
the AEC for purposes of comparison in order to eliminate the subject
concern ahove. The comparison of the stresses of corresponding
points as calculated by Method I were substantially in agreement with
the stresses calculated by Method II.

From the ahove comparison it may be concluded for the Reactor Coolant
Recirculation System loop lines on Dresden 273 that either Method I
or II gives results reasonably close to one another. The Pilgrim
Station recirculation lines are wvery similar to those of the Dresdesn
2/3 Plants. The size of the pump suction, risers, header, and purp
discharge are the same. The length and shape of components are
nearly identical. Since the Pilgrim recirculation lines are sgimilar
in shape and size to the Dresden 2/3 recircuylation lines, it can be
concluded that applying Method II analysis to Pilgrim would result in
strass differences similar to those obtained on Dresden 2/3 Plants.
Therefore, continued use of the geismic results and techniques as
given in the “Report on Dynamic EBarthquake Analysis of the
Recirculation Lines~Appendix A" of the Monticello FSAR, Volume IV
{Method I) gives a conservative design of the recirculation piping
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lines and their supports and is in basic agreement with methods
suggested by others in reviewing the station seismic design.

The Dresden 2/3 reconfirmation of geismic design justification and
conservatism was submitted to the AEC STAFF in October 1969. The
same seismic technigues used on the above GE BWR's have been used on

this facility.

Note: The method wused to do the seismic analysis of the replacement
Reactor Coolant Recirculation System loop lines and the
connecting RHR and RWCU piping iz described in paragraph
12.2.3.5.5.

J.4.6 Automatic Depressurization System - Single Component Failure
Capability - Manual

Operation

Concern

-
-~

"The automatic pressure relief subsystem should be modified so that
at least the manual actuation of the subsystem would not be prevented
by any single failure in the subsystem."‘’*%’

Resolution

In order to provide an additional level of single component failure
capability, the automatic pressure relief subsystem of the CSCS has
been modified to provide the subsystem with the ability to sustain a
dc power failure in any one of its two dc battery feeds. The
subsystem has been designed and installed such that either one of the
two redundant, independent 125 V dc battery system networks is
available, automatically, for the reguired subsystem action. This
modification provides the subsystem (when manually operated) with the
single component failure criteria application capability.

J.4.7 Standby Gas Treatment System Design

Concern
"Several matters are still under discussion bhetween the applicant and
the Regulatory Staff. These include review of the need for
separation of redundant components of the standby gas treatment
system, and final revisions to the technical specifications. The

ACRS believes these matters can be resolved by the applicant and the
Regulatory Staff."‘?%’

Resolution

The Standby Gas Treatment System design provides both electrical and
physical separation between the two treatment trains. This design
provides the highest possible degree of independence, isolation. and
redundancy between the two full capacity treatment trains. See
Sections 5 and 8 for further details.
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J.4.8 Flow Reference Scram

Concern

"In the area of reactor instrumentation, the Committee believes: that
the flux scram point should be automatically reduced to an appropriate
level as the reactor recirculation flow is reduced below the normal

full-power flow.'"(28)
Resolution

Although the Applicant and the General Electric Company do not feel that
a flow reference scram 1is reqguired for safety purposes, the flow
reference scram system is being designed and installed such that the
flux scram point will be automatically reduced to an appropriate level
as the reactor coolant recirculation flow is reduced below the normal

full power flow.

The Flow Reference Scram System will sum the flow sensed in each of the
reactor coolant recirculation loops and provide a flow reference signal
to vary the neutron flux scram setpoint. Flow will be sensed from one
flow measurement venturi in each of the two reactor coolant
recirculation loops,

The station transient analyses (Section 14) demonstrated that, for all
transients considered, the core is adequately protected with a fixed
APRM scram trip setting at 120 percent of rated neutron flux and high
pressure scram. Therefore, the Applicant proposes to ultimately replace
the automatic flow referenced scram with a fixed 120 percent scram
setting, providing that initial power operating confirms the nuclear
behavior characteristics used in these transient analyses.

J.4.9 Development of Instrumentation - Primary Containment Leakage
Detection System - Increased Sensitivity Studies

Concerns

“It is recommended that supplemental and potentially more sensitive
methods of primary system leak detection be studied, evaluated, and
implemented if they provide significant improvements in measurement of
leak rate, in the time needed to measure leak rate, or in distinguishing
the nature of the leak. The study and evaluation should be completed

within a year.' ¢35}
Resolution

The primary contaimment leakage detection capability is described in

Section 4,10, This system collects all the condensed leakage in the
drywell flcor drain sump and measures the discharge flow from the sump
to the 1liquid radwaste system. The Applicant is confident that
continuing gross leakage from the primary pressure boundary within the
drywell will be detected with this method. In additien, the Applicant
is studying other methods for improving the sensitivity and shortening
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the time response of primary system leak rate detection through a
combination of the following techniques:

1. An analytical study is in progress to define (as a function of
leak rate and leak quality) the primary containment ambient
pressure, temperature, and humidity.

2. The eight operating drywell unit coolers each have flow
switches on their condensate drain 1lines that actuate at 2
gal/min. Early operating experience at the station is expected
to show that these flow switches may he set to actuate at lower
condensate flows to improve the sensitivity for detection of
system leaks which raise the drywell humidity and increase the
drywell cooler drain condensate flow rates,

3. A study of the effect of piping the normally expected valve
stem leakoff to the drywell eguipment drain sump as a means of
identifying and quantifying a major expected source of primary
system leakage is underway. If such modifications to the
present design appear to promise a significant reduction in the
"background" leak rate within the drywell, implementation of
the modification at an early stage in the operating lifetime of
the station will be considered.

4, Instrumentation is being provided within the drywell to monitor
temperature and humidity as well as pressure. The Applicant
intends to wuse this instrumentation to evaluate continuous
containment atmospheric leakage rate monitoring procedures.
These procedures require correction for the quantity of water
vapor within the drywell and the Applicant intends to evaluate
water vapor mass balances as a method for sensitive detection
of primary system leakage.

J.4.10 Development of Instrumentation - Vibration and Loose Parts
Detection Studies

Concern

"The applicant has stated that he plans to study possible means of
instrumenting and monitoring for vibration or for the presence of loose
parts in the reactor pressure vessel as well as in other portions of the
primary system and, by the time of the first refueling outage, to
implement such means as are found practical and appropriate."!{36)

Resolution

Confirmatory vibration tests will ke conducted on the Pilgrim reactor
vessel internals. This program will supplement the data obtained from
the Millstone 1 tests which were formulated in accordance with the
acceptance criteria for testing a "first-of-a-kind" plant. See Quad-~
Cities Amendment 19 for a comprehensive description of the develcpment
of vibration testing of BWR reactor vessel internals, As 1is also
indicated in Quad-Cities Amendment 19, the combined efforts of
specialists at General Electric Research & Development Center,
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Schenectady, and at the Atomic Power Equipment Department, San Jose, are
being applied toward the development of a device to be mounted on the
exterior of the reactor vessel which is capable of monitoring vibration
of the reactor internal structure on a continuing and leng term basis.
The results of this program should be available by early 1972.

J.4,11 Core Standby Cooling System Leakage Detection, Protection, and
Isolation Capability

Concern

“Engineered safety systems that are required to recirculate water after
a loss-of-coolant accident should be designed so that a gross system
leak will not result in critical loss of recirculation or in loss of
isolation capability. The Committee believes that exception to this
general rule may be made in respect to a very short run of pipe from the
torus to the first valve, if extremely conseyrvative design of the pipe
(and its connection to the torus) is wused and suitably remote
operability of the valve is provided. The design of these systems also
should provide adequate leak detection and surveillance capability.'"t(2®?

Resolution

The Pilgrim Station design provides a separate leakage detection
capability in each CSCS pump compartment which alarm in the main control
room in the event of water collection within the compartment. It is
anticipated that adequate time would be available to c¢lose the motor
operated isolation wvalves in the system 1f required to minimize
continued leakage into the compartment.

The C5C5 systems are provided with an automatic makeup capability to
maintain the liquid inventory in the system in the event minor leakage
develops when the system is in the standby mode.

The first isolation valve in each core spray and RHR pump suction line
is a manually operated valve with an eXtension rod that permits the
valve to be remotely operated from the reactor building floor above the

suppression chamber.
See Sections 4, 6, and 10 for additiocnal details.

J.4.12 HMain Steam Lines - Standards for Fabrication, Quality Control, and
Inspection

Concern

“The Committee has reviewed the applicant's proposal concerning
standards of design, fabrication, and inspection of the steam lines
downstream of the second isolation valve. The Committee concurs with
the approach used in analyzing the stresses in the piping during an
Operating Basis Earthquake. The Committee recommends that a program of
spot radiography of the field butt welds be employed by the applicant as
a guality control measure. Consideration should be given to an
appropriate program of in-service inspection."!?8)

J.4~9



PNPS5-FSAR

Resolution
A program of 100 percent radiographic examination of welds on main steam

line piping is being employed by the Applicant as a gquality control
measure, See Section 4.
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J.S5 SUMMARY CONCLUSIONS

The necessary research and development programs, additional
information, or special analysis to support the application for a
provisional operating permit for this station is discussed and
justified in the preceding sections. Resolution of Pilgrim ACRS and
AEC 5Staff concern items at the construction permit phase have been
examined and the basis for their resolution 1is presented. See

Section 1.11.

Thus, it 1is concluded that no further research and development or
related activities are necessary for this facility in order to comply
with the concerns and requirements identified during the review of
the Pilgrim Station construction permit application.

J.5-1
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APPENDIX K

INSERVICE INSPECTION PROGRAM

K.1 GENERAL
K.1.1 Introducticn and Summary

Construction Inservice Inspection Program

The Inservice Inspection Program set forth in Sections K.1 to K.5 and
Amendment 20 represents the program implemented for the construction
stages of the Pilgrim Nuclear Power Station located at Plymouth,
Massachusetts. This program remains intact in the updated FS5AR in
order that NRC may locate previously submitted information in one

document .

This requirement to maintain a historical record for the Construction
Inservice Inspection Program 1s outlined in question/responses
concerning the FSAR wupdate rule (10CFR 50.17 (e) in NRC letter of
December 15, 1980).

Operation Inservice Inspection Program

The requirement of the NRC as outlined in Sections K.1 to K.5 of
Appendix K of the initial FSAR have been met with the ongoing
Inservice Inspection Program. The present Inservice Inspection
Program will be superseded by the next ten years interval plan.

The revised Inservice Inspection Program will have the necessary
controls to comply with the requirement of the applicable portions of
the Code of Federal Regulations.

Boston Edison provides a program for inservice inspection for Pilarim
Nuclear Power Station on those systems and components of the Reactor
Coolant System boundary as defined in Section K.1.3..

The Pilgrim Station engineering design effort preceded the guidance
provided by the ASME Code for Inservice Inspection of Nuclear Reactor
Coolant Systems, and, therefore, some inaccessibility inherent in
systems designs and equipment arrangements restricts the extent of
inservice inspections, These inherent limitations are outlined in
Section K.2.1.5, Systems Examination Exclusions.

However, an adequate inspection program has been developed by
adopting, insofar as practicable, the principles and intent of the
ASME Inservice Inspection Code as interpreted from the draft copy
issued in October 1968,

Inspection procedures, in general, cover the portions of the pressure
containing components up to and including the outermost containment
isplation wvalve which could isolate the primary systems in the event
of a Loss of Coolant Accident (LOCA). The program assumes that
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inspections can be accomplished without the necessity of removing
fuel elements solely for the purpose of nondestructive testing.

Certain nondestructive testing of materials, welds, and equipment
were performed by gualified specialists from outside the company.
Records and documentation of all information and inspection results
which provide the basis for evaluation, and which facilitate
comparison with results from subsequent inspections retained by
Boston Edison Company for the active lifetime of the station, and are
readily available for inspection purposes,

K.1.2 Program Purpose and Objectives

The Inservice Inspection Program for Pilgrim Nuclear Power Station is
established to provide the following:

1. Reasonable assurance that no LOCA will occur at Pilgrim
Station as a result of leakage or rupture of pressure
containing components and piping of the reactor coolant
system, portions of the reactor coolant associated auxiliary
systems, portions of the emergency core cooling systems, and
portions of the main steam and feedwater systems.

2. An 1initial reference base nondestructive examination of
components and piping against which future examination
determinations can be compared.

3. Sufficient nondestructive testing of systems and components
during refueling outages to assure that the structural
integrity of these systems and components remains unchanged
from previous safe conditions, or that any cbserved changed
conditions are acceptable for continued station operation,

4. Compliance with the principles and intent of the ASME
Inservice 1Inspection Code insofar as  practicable and
possible by existing designs, equipment arrangements, access
as availilable, and encountered radiation levels,

K.1.3 Definitions

K.1.3.1 Code

Code refers to the Draft Issue of ASME Code for Inservice Inspection
of Nuclear Reactor Coolant Systems dated October 1968, and issued by
the American Society of Mechanical Engineers, 345 East 47th Street,
New York, New York.

K.1.3.2 System Boundary

System Boundary is defined as the outer limit of a particular process
system wherein is contained certain portions of that system.

K.1-2
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K.1.3.3 Reactor Coolant System

Reactor Coolant System (RCS) is that system which contains primary
reactor coolant at operating pressure during normal reactor
operations. The Reactor Coolant System is limited to the system

boundaries given in Section K.2.1.
K.1.3.4 Class A Code Vessels

Class A Code Vessels are those pieces of equipment designed and
constructed to provisions of the ASME Boiler and Pressure Vessel
Code, Section III, Rules for Construction of Nuclear Vessels (Class A

Vessels).
K.1,3.5 Inservice Inspection

Inservice Inspection denotes the program or action of examining a
component or pipe by nendestructive test methods such as visual,
radiographic, ultrasonic, liquid penetrant, and magnetic particle.

K.1.3.6 VUltrasonic Examination

Ultrasonic Examination - an electrcnic pulse echo method as described
in Appendix IX -~ 340 Ultrasonic Examination of Welds of the ASME
Boiler and Pressure Vessel Code, Section III, and in ASTM-E-114 and

ASTM-A~435 Standards.
K.1.3.7 Liquid Penetrant Examination

Liquid Penetrant Examination =~ the surface detection of
discontinuities open to the surface of ferrous and nonferrous
materials which are nonporus, and performed in accordance with
Appendix IX - 360 of Section III of the ASME Boiler and Pressure

Vessel Code.
K.1.3.8 Radiographic Examination

Radiographic Examination - using energy sources such as x~ray, gamma
ray, etc, in conjunction with radiographic film and performed in
accordance with Appendix IX - 330 of Section III of the ASME Boiler

and Pressure Vessel Code.

K.1.3.9 Magnetic Particle Examination

Magnetic Particle Examination ~ a method for the detection of rounded
discontinuities, cracks, and other linear discontinuities in welds,
plates, forgings, tabular products, and castings, and performed in

accordance with Appendix IX - 350 of Section III of the ASME Boiler
and Pressure Vessel Code.

K.1.3.10 Visual Examination
visual Examination -~ that which is performed with the eye within

24 in of the examined surface and at an angle no less than 30 deg
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with the examined surface, or by remote wvisual means such as
TV cameras and monitoring systems, fiber optics, borescopes,
telescopes, and periscopes where the resolution is equal to or
greater than eyesight examination.

K.1.3.11 Safe End

Safe End - a metallic transition piece used to facilitate the weldihg
of dissimilar metals in pipes, nozzles, valves, and fittings.

K.1-4
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K.2 INSPECTION PROGRAM DEVELOPMENT

K.2.1 Systems Boundaries

The Inservice Inspection Program delineates the systems boundaries
and contained piping and components which will be inspected and
tested during the operating lifetime of the station, Primary
consideration is given to the reactor coolant system, portions of the
reactor coolant associated auxiliary systems, portions of the CSCs,
and portions of the main steam and feedwater systems. In certain
systems such as feedwater, RCIC, HPCI, and reactor water cleanup
systems, isolation through the primary containment is accomplished by
means of check valves which are included in the inspection program.

Information obtained from inservice inspections conducted during the
first 5 yr of operation will be evaluated at the end of that period
to take into account experience obtained as a result of the
inspections performed. New inspection capabilities that may have
become available during the first 5 yr period, will be reviewed to
determine if a significant increase in the information available from
the overall inservice inspection program would result from the use of
new equipment and/or techniques.

K.2.1.1 Reactor Coolant System Boundary

The Reactor Coolant System (RCS) which contains primary reactor
coclant at operating pressure during normal reactor operations is
considered to extend out to and include the first containment
isolation valve outside the primary containment in the main steam and
reactor feedwater piping, and to include the RCS safety and relief

valves.
K.2.1.2 Reactor Coolant Associated Auxiliary Systems

Assoclated reactor auxiliary systems in which reactor coolant is
diverted from the RCS either continuously or intermittently in
support of normal reactor operation are considered to extend out to
and include the first containment isclation valve outside the primary
containment. For piping of these reactor auxiliary systems which
contain two valves, both of which are normally closed during normal
operation, the boundary extends to and includes the second of the
valves whether or not the system piping penetrates the primary
containment.

K.2.1.3 Core Standby Cooling Systems

Core Standby Cooling Systems (CSCS) which are connected to the RCS
and which penetrate the primary containment are considered to extend
out to and include the first containment isolation valve outside the
primary containment. For piping of these C(SCSs which do not
penetrate the primary containment, the boundary is considered to
extend to and include the second of two valves normally closed during
normal reactor operations.

K.2-1
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K.2.1.4 Main Steam and Feedwater Systems

The main steam and feedwater systems which supply reactor feedwater
and transport steam to the main turbine generator are considered to
extend from and include the nearest isolation valve outside the
primary containment in the case of the feedwater system, and out to
and include the first containment isolation valve in the main steam
lines outside the primary containment.

K.2.1.5 Systems Examination Exclusions

Those components and piping which are part of, and contained within
the boundaries outlined in Sections K.2.1.1, K.2.1.2, K.2.1.3, and
K.2.1.4, where postulated failure would not result in loss of reactor
coolant that exceeds the capability of normal makeup systems, {as
defined in Section 120 of the 1969 ISI Draft Code), for the interval
of time required to permit the reactor shutdown and orderly cooldown
from the respective conditions of startup, hot standby, operation,
and cooldown, are excluded from Pilgrim Station's inservice
inspection testing requirements as permitted by Section 120d of the
Code.

The engineering, design, and construction of the station; in certain
areas, do not permit compliance with that portion of Section 243 of
the 1969 IS5I Code, which requires that "where less than all the
components are required to be inspected in the first inspection
interval, a similar percentage of <omponents not previously inspected
(other than the preoperational examinations) shall be required in
each successive interval."

No nondestructive inservice inspections are to be performed which
require draining of the reactor vessel or removal of the core solely
for the purpose of accomplishing testing. Inspections of interior
surfaces and internal components of the reactor vessel, particularly
in the lower regions, are in this category.

Items included in the Pilgrim program are based on the assumption
that the areas involved in testing are reasocnably safe for human
access, and unless radiation turns out to be much higher than
anticipated, testing will be accomplished as intended.

Access available inside containment penetrations, in general,
preclude the testing of welded jeoints.

Volumetric examination by ultrasonic methods from external locations
on the inner radius of reactor vessel nozzles are expected to be
limited to less than 10 percent of its perimeter {(those portions of
the nozzle inner radius lying perpendicular to the reactor vessel
centerline). However, these are believed to be the most highly
stressed areas of the inner radius.

A considerable number of nozzle to pipe connections on the reactor

vessel are made by means of safe ends using Inconel welding. He
intend to subject these welded joints to ultrasonic examination even
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though presently available methods produce results with questionable
value. A more reasonable determination will be made after zero

signature test results are analyzed.

Although we have made provisions for access to Category A welds, we
do not except that it will be practical to examine these areas
because of the high radiation esxposure expected. An appropriate
preservice baseline inspection of these welds is planned.

K.2.2 Systems Principal Pressure Containing Compecnents and Piping

The principal pressure containing components and piping which are
considered for inservice inspection, testing, and examination include
the reactor pressure vessel and its appurtenances, pumps, primary

pressure piping, and valves.
K.2.2.1 Reactor Pressure Vessel and Appurtenances

Components and  appurtenances which were subjected to various
nondestructive tests and examinations in and around the reactor
pressure vessel included the following:

Reactor pressure vessel shell

Top vessel closure head

Reactor vessel nozzles and penetrations
Closure studs and nuts

Integrally welded vessel supports
Reactor vessel cladding

Closure head cladding

b =L RS, B PR SR
.

K.2.2.2 Pumps

The reactor recirculation pumps in the RCS, located inside the
primary containment, are included in the inservice inspection

program.
K.2.2.3 Primary Pressure Piping

Pressure piping up to and including the exten& indicated in
Section K.2.1, associated with the RCS, the reactor coolant
associated auxiliary systems, the €5C5, and porticns of the main
steam and reactor feedwater systems were subjected to nondestructive
testing and examination. Pipe and fittings within the applicable
portions of the following systems were included, excepting areas
through the containment penetrations:

Main steam lines

Reactor feedwater lines

Reactor recirculation lines

Control rod drive return lines

Residual heat removal system lines

Core spray system lines

High pressure cooclant injection system steam and feed lines
Reactor core isclation cooling system steam and feed lines

W2 ;b WN e
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9. standby liquid control system lines
10. Cleanup demineralizer system lines
K.2.2.4 Valves
Containment isolation and other valves associated with the piping

systems outlined in Section K.2.2.3 which are within the primary
containment were subjected to inservice inspection as required.

K.2-4
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K.3 INSPECTICON PROGRAM IMPLEMENTATION
K.3.1 System Boundaries Delineation

The system boundary of the Reactor Coolant System (RCS) is that
enclosing the reactor vessel and reactor vessel connected piping out
to and including the first isolation valve outside the primary
containment in the various systems which penetrate the primary

containment.
K.3.1.1 Boundaries Diagram

Figure K.3-1 shows the components, piping and valves, within the
primary containment along the portions of other systems for which
inservice inspection facilities will be provided, insofar as
engineering design and construction permits, and as discussed in

Section K.2.
K.3.1.2 HMajor Test Areas Identification

Adreas of the ©pressure containing components considered for
examination and testing are those requiring examination becauge of
their materials, geometry, stress levels, applied loads, environment,
and type of fabrication.

The entire reactor vessel closure head is clad except in the area
adjacent to the three low alloy steel nozzles. All carbon and low
allay steel nozzles exposed to the reactor coolant have a corrosion
allowance of 1/16 in. The three nozgzles in the closure head and the
unclad areas adjacent to the nozzles do not experience high pressure
steam flow during planned operation., No specific measurement of
reactor vessel closure head or nozzle wall thickness was planned.

Itemized in Table K.3-1 are the areas to be examined and the methods
employed to provide proper evaluation.

K.3.1.3 Frequency of Inspections

Reference 1is made to the applicable code examination categories,
examination extent and fregquency percentages, and nondestructive test
methods to be considered.

K.3-1
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TABLE K.3-1
{NSERVICE INSPECTiON PROGRAM
Section 1: REACTOR VESSEL AND CLOSURE HEAD
ltem Cate=- Examination Inspection During Tentative Inspection
No. gory Examination Area Method 5-Year Interval During 10-Year lnterval
1.1 A Circumferential Volumetric None 5% of the length of the
shell welds in circumferential wetds;
core region welds: 10% of the
length of the longitu-
dinal welds
1.2 B Circumferentiai Voiumetric 5% of the length 5% of the length of the
welds in shell of the circum- circumferential welds;
(other than those ferential welds 10% of the length of
of Categories A and 10% of the the longitudinal welds
and C) tength of the
longitudinal
welds in the
lower panel
section
1.3 C Vessel-to-flange Voiumetric 1/3 of the vesseil- Cumulative 100% of the
and head-to~-flange to-flange and 1/3 vessel-to-flange weld
circumferential of the head-to- and of the head-to-
welds ftange circum-~ flange weld
ferential welid
1.4 D Primary nozzle-to- Velumetric Inspection of Inspection of all

vessel welds and
nozzle-to-vessel
inside radiused
section

five nozzle-to=

shell welds and
inner nozzte
radii

1 of 8

nozzie-to-shell
and inner radius
sections

welds

Rema rks

Although access has been
provided through the sacrificial
shield, the access is minimal,
in addition, this is an eariy
design and removal of the

shielding blocks and insuiation
requires considerable labor,
The required examinaticons wilil
be made at or near the end of
the 10-year inspection interval
provided (1) radiation levels
permit the inspections to be

made without undue
personnel,

exposure of
or {2) techniques or

eguipment are developed that
afllow the inspections to be made
without undue exposure of
personnel.

The required amount of weld
lengths witl be examined at or
near the end of the 10-year
inspection interval, Excluded
are those welds in the lower
head that lie within the CROM
shroud assembly. Meridiconat and
circumferential seam weids in
the vessel bottom head are
exciuded,

Both of these welds are
available for examination
during normail refueling
operations, '

It is planned that the nozzles
will be inspected from the OD.
Although access to the nozzles
has been provided through the

sacrificial shield, the access
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Examination
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TABLE K.3-1 (Cont})

fnspection During Tentative Inspection
No., qory Examination Area Method 5-Year Interval During 10-Year Interval
1.5 E-~1 vYessel penetra- {See Remarks) [See Remarks) {See Remarks})
tions, including
contro! rod drive
penetrations and
control rod
housing pressure
boundary welds
1.6 E-2 vessel penetra- Yisual 10% of the con- Cumulative 25% of the
tions, including trol rod drive control rod drive
control rod drive mechanism and mechanism and of the
mechanism pene- instrumentation instrumentation pene-
trations and con=- penetrations wiil trations will be
trol rod housing be visually visuattly inspected for
mechanism pressure inspected for ieakage
boundary welds leakage
1.7 F Primary nozzle-to- Visual and The dissimilar All of the dissimilar

safe end welds

surface and
volumetric

metal weld on
five nozzies

2 of 8

metal wel!ds on the
vessel nozzles will be
inspected

Rema rks
is minimal. In addition, this
is an early design and removal

of the shielding blocks and
insulation requires considerabie

labor. inspection of the
recirculation intet and outlet
nozzies will be made provided

(1) radiation levels permit the
inspections to be made without
undue exposure of personnef, or
(2) techniques or equipment are
deveioped that allow the
inspections to be made without
undue exposure of personnel.

The control rod drive housing
to stub tube weld can be
examined by removing control
rod drive mechanisms, however
with currently available
technigques stub tube to vesse!

welds cannot be examined,

CRDM housing supports limit
mechanism ejection and limit
flow such that these welds meet

the exclusion criterion of ASME

code, Section Xi, paragraph |S!
of 120(d).
None.

The dissimiiar metal welds of
each nozzle will be inspected

at the same time as the
nozzle-to-shell weld.

Although access to the nozzies
has been provided through the
sacrificial shietd, the access
is minimal, In addition, this
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TABLE K.3-1 (Cont}

inspection During

Tentative

Inspection

Examination Area Method S5=Year lInterval During i0-Year Interval
Closure studs Volumetric Cumuiative 50% Cumulative 100%
and nuts and visual or

surface
Ligaments between Volumetric 1/3 of the Cumulative 100% of the
threaded stud vessei-to-fiange vesset Tlange boit
holes bolt ligaments | igaments

Closure washers,
bushings

Pressure retaining
bolting

Integralily welded
vessel supports

Closure head
cladding

vessel cladding

Visual

{See Remarks)

Voliumetric

Visual and
surface or
volumetric

Visual

Cumuiative 50%
{See Remarks)
None

None

None

3 of 8

Cumulative 100%

(See Remarks)

10% of the wel

100% of selected areas
areas at or near end of

interval

d

During the 10-year

period, 6 patches (each
inches)

36 square

Remarks
is an early design and removal
of the shielding blocks and
insulation requires considerable
labor. inspection of the
recircuiation inlet and outlet
nozzle safe ends will be made

radiation levels
inspections to be
undue exposure of
or {2) techniques or
are developed that
inspections to be made
undue exposure of

provided (1)
permit the

made without
personnel,
equipment
altow the
without

personneli,

100% visual each year for
thread damage.

The ligaments will be examined
at the same time as the filange
weld of ltem 1.3.

None.

There is no bolting
2 inches

less than
in diameter,

None,

During the 10-year period, at
least 6 patches (each 36 square
inches) in the vessel head would
be inspected. A portion of the
ciosure head is not clad,
During the 10-year period, at
least 6 points will be measured
for thickness to determine the
corrosion rate.

None.
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TABLE K.3-1 (Cont}

ltem Cate- Examination inspection During Tentative Inspection
NO. qory Examination Area Method 5-Year Interval During 10-Year linterval Remarks
1.15 N Interior surfaces Visual A critical exami- The inspections made at The examination will inciude
and internals and nation witl be the fourth refueling internal support attachments
integrally welded made of the cycle will be repeated welded to the vassel whose
internal sSUupports interior surfaces at the seventh and failure may adversely affect
made avaiiable by tenth refueling cycle. core integrity provided these
normal refueling are availabte for visual
operations at the examination by components
first refueling removed during normal
cycie. This will refueling operations,
be repeated at
the fourth

refueling cycle
with the amount
of inspection
being dependent
upon results of

the first
inspection and
that made on
other boiling

water systems,

Section 4: PIP{NG PRESSURE BOUNDARY

4.1 F vesse!, pump, and Visual and 50% of dissimilar By the end of the See remarks of ltem 1.7,
- valve safe end-to- surface and metal welds would intervai, a cumulative
primary pipe welds volumetric be inspected 100% of the welds would
and safe ends in have been inspected
branch piping
welids
4.2 J Circumferential Visual and 15% of the butt By the end of the inter- None
and longitudinal volumetric welds, incliuding val, a cumuiative 25§
pipe welds one foot of any of the butt welds in the

longitudinal weld piping system wouid

on either side of have been inspected,

the butt weld including one foot of
any longitudinal weild on
either side of the butt

welds
4.3 G=1 Pressure retaining (See Remarks) [See Remarks) { See Remarks) There is no boiting 2 inches
boiting and farger in the piping
system.
4.4 G-2 Pressure retaining Visual 50% of the bolt- By the end of the in- All bolting is below 2 inches

L of 8
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4.5 K-1
u_A =2
Section 5:
5.1 L-1
5.2 L=-2

Examination
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TABLE K.3-1 (Cont)

Inspection During Tentative Inspection
Examination Area Method 5=¥Year Interval During 10-Year Interval
bolting ing would be terval, 100% of the

inspected bolting woulid-be
inspected

Integrally wetlded Visual and 15% of the 25% of the supports
supports volumetric supports
Piping support Visual 50% of the By the end of the in-

and hanger

PUMP PRESSURE BOUNDARY

Pump casing welds

Pump casings Visual

{ See Remarks)

supports would
be examined

(See Remarks)

None

5 of 8

terval, a cumulative
100% of the supports
would be examined

{See Remarks})

By the end of the in-
terval, a cumulative
100% of the available
inner surfaces of the
required pumps would be
inspected if the pumps
are disassembled for

Remarks

in diameter and would be
visualtly inspected, either in
place if the bolted connection
is not disassembied during the
inspection interval, or whenver
the bolted connection is
disassembled, The bolting to be
inspected wou!d include studs
and nuts. Excluded from
inspection are bolting of a
single connection whose failure

results in conditions that
satisfy the exciusion criteria
of 15-120{d}.

None.

The support members and
structures subject to

inspection would incude those
supports within the system

whose structural integrity is
relied upon to withstand the
design loads and seismic-induced
displacements. The support
settings of constant and
variable spring-type hangers,
snubbers and shock absorbers
would be inspected to verify
proper distribution of design
loads among the associated
sSuUpport components.

There are noc pumps with
pressure containing welds.

The only pumps involived in this
program are the recirculation
pumps.



| tem
No.

5.5

Cate-
qory

[}
|
N

Examination Area

Nozzle-to-safe
end welds

Pressure retaining
bolting

Fressure retaining
bolting

integrally welded
supports

Supports and
hangers

Examination

PNPS=-FSAR
TABLE K.3-1 (Cont)
Tentative

Inspection During Inspection

Method 5-Year lnterval During 10-Year linterval
maintenance and the
rotating elements are
removed.

(See Remarks)

Visual and
volumetric

Visuali

{See Remarks)

Visual

({See Remarks) {See Remarks)

50% of the bolt- By the end of the in-

ing would be terval, a cumulative
inspected 100% of the bolting
would be inspected
50% of the boit- By the end of the in-
ing would be terval, a cumulative
inspected 100% of the bolting

would be inspected

{See Remarks) (See Remarks}

50% of the
supports would
be inspected

Cumulative 100% of the
supports wouid be
inspected

6 of 8

Remarks

There are no dissimilar metal
welds on the pumps.

Bolting 2 inches and larger in
diameter would be inspected
either in place under tension,
or when the bolting is removed
or when the bolting connection

is disassembied, The bolting
and areas to be inspected woul!d
include the studs, nuts,
bushings, threads in the base
materiai, and the flange
tigaments between threaded stud
nholes.

8olting below 2 inches in
diameter would be visually
inspected either in place if

the bolting connection is not

disassembled during the
inspection interval, or whenever
the bolted connection is
disassembied. The boiting to be
inspected would include studs
and nuts., Excluded from
inspection are bolting of a
single connection whose failure

conditions
exclusion
15=-120(d).

results in
satisfy the
of paragraph

that
criteria

The pumps do not have

integraily
welded supports,

None,
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TABLE K.3-1 (Cont)

ltem Cate- Examination Inspection During Tentative inspection
No. gary Examinatign Area et hod 5-Year Interval During 10-Year Interval

Section 6: VALVE PRESSURE BOUNDARY

6.1 M=1 valive body welds (See Remarks) (See Remarks}) {See Remarks)

6.2 M-2 Valve bodies Visual 50% of the valves By the end of the in-
required by the terval, a cumulative
Code would be 100% of the wvalves
inspected required by the Code

would be inspected

6.3 F Valve-to-safe {See Remarks) (S5See Remarks) (See Remarks)
end welds
6.4 G-1 Pressure retaining (See Remarks) (See Remarks) {See Remarks)
bolting
6.5 G~-2 Pressure retaining Visual and 50% of the bolt- By the end of the in=-
bolting volumetric ing would be terval, a cumuliative
inspected 100% of the bolting

would be inspected

6.6 K=1 Integraliy welded {See Remarks) {See Remarks} {See Remarks)
sSupports

7 of 8

Remarks

There are no valves with
pressure retaining welds in
the vaive bodies,

Exciuded from inspection are
the valves in the recirculaticn
piping. These would only be
inspected if the reactor were
drained and defueled for other
purposes.

There are no valves in this
system with dissimitar metal
welds,

There are no vaives with
boiting 2 inches and larger
in diameter,

All bolting is below

2 inches in diameter and
would be visually inspected,
either in place if the boit-

ing connection is not
disassembled at the inspection
interval, or whenever the
bolting connection is

disassembied. The bolting to be
inspected woufd include studs
and nuts, Excluded from
inspection are bolting of a
single connection whose failure
results in conditions that
satisfy the exclusion criteria
of paragraph [15-120(d)}.

There are no valves with
integrally welded supports.
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TABLE K.3-1 (Cont)

inspection During
S5-Year Interval

Tentative Inspection
During 10-Year interval

Supports and
hangers

Visual

50% of the

supports and
hangers would be

inspected

8 of 8

By the end of the in-
terval, a cumulative
100% of the supports
and hangers would be
inspected

Remarks

The support members and
structures subject to inspec-
tion would include those
supports for piping, valves,

and pumps within the system
boundary, whose structural
integrity is vretied wupon to
withstand the design focads and
seismic-induced displacements,
The support settings of constant
and variable spring-type
hangers, snubbers, and shock
absorbers would be inspected to
verify proper distribution of
design foads among the
associated support components.
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K.4 REFERENCE BASE EXAMINATIONS
K.4.1 Reactor Vessel Reference Base

Prior to fuel loading of the Pilgrim reactor vessel, a reference base
nondestructive examination was performed to establish a base record
against which future inservice inspection results could be compared
to determine the integrity of the wvarious included items throughout

their lifetime.

Reference base examinations of the reactor vessel welds were by
visual, dye penetrant, or magnetic particle and ultrasonic test
methods because of the impracticability of radiocgraphic methods after
initial operation. Areas intended for inservice inspection testing
were covered during the reference base examinations. These areas are
outlined on Table K.3-1., No formal inservice inspection program was
planned for systems beyond the limits of the reactor coolant pressure
boundary as described on Table K.3-1. Planned surveillance testing
of wvital systems will normally include visual inspection of leakage
when access is not precluded by high radiation condition,

K.4.2 Reactor Coolant System Reference Base

Preoperational base reference examinations of welded joints and
components within the reactor coolant system were conducted prior to
initial operation and were intended to be as closely representative
of future examinations as is practicable,

K.4.3 Reactor Coolant Associated Auxiliary Systems Base

Portions of the Reactor Coolant Associated Auxiliary Systems, located
within the primary containment and connected to the reactor vessel,
were given base reference examinations.

K.4.4 Core Standby Cooling Systems Base

Piping, valves, and components associated with the Core Standby
Cooling System located within the primary containment and connected
to the reactor vessel were given base reference examinations.

K.4.5 Main Steam Feedwater Systems Base

Piping and valves in the Main Steam and Reactor Feedwater System were
included in the inservice inspecticn program where these systems are
located in the primary containment. Portions of both piping systems
outside the primary containment were also included in the base
reference examination to the limits as defined in Section K.2Z2.

K.4-1
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K.5 DOCUMENTATION AND RECORDS

Documentation and records of plans, schedules, and inspection reports
concerned with preservice and inservice inspection are compiled and
maintained by Boston Edison throughout the life of Pilgrim Station.

In general, the minimum requirements for documentation by Boston
Edison are those references in the ASME-ISE Code and include full
documentation of all of the precperational base examination data and
inservice inspection records of test performed, Comparative analyses
reports form part of the documentary effort, in additioen to
corrective action reports and repair procedures where required.
Ooriginals of all inservice inspection records are maintained in a
central location.

K.5.1 Preoperational Base Examination Records

Records outlining the components and piping to be examined at future
dates wers compiled prior to the initial operating date. These
records include the components and areas subject to examination, the
sampling selection, the extent of examination, the test me thods
employed, and the inspection frequency.

K.5.2 1Inservice Inspection Records
Inservice inspection plans, procedures, methods, testing data,
comparative analyses reports, and corrective actions, where required,

are documented and maintained by Boston Edison.

Evaluation of recorded data from the tests is related teo the original
acceptance standards of the applicable design, manufacturing, and
construction codes.

K.5-1
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